
INSTALLATION 
Westinghouse I .L.  41-945.51K 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT 

RECEIVER EQUIPMENT-TRANSFER TRIP 

Caution: It is recommended that the user of this 
equipment become acquainted with the in­
formation in this instruction leaflet and 
in the system instruction leaflet before 
energizing the system. 

Printed circuit modules should not be 
removed or inserted when the relay is 
energized. Failure to observe this pre­
caution can result in an undesired tripping 
output and cause component damage. 

If the carrier set is mounted in a cabinet, it must 
be bolted down to the floor or othf:!rwise secured be­

fore swinging out the equipment rack to prevent its 
tipping over. 

APPL I CATI ON 
The TCF frequency-shift receiver equipment as 

adapted for transfer-trip applications responds to 
carrier-frequency signals transmitted from the dis­

tant end of a power line and carried on the power 

line conductors. The Guard signal is transmitted 
continuously when conditions are normal. Its recep­

tion indicates that the channel is operative and 
that there is no fault in the protected equipment. 
The Guard frequency is 100 hertz above the center 

frequency of the channel. When a fault occurs at the 

distant end of the power line protective relays 
switch the transmitter located there to a Trip fre­
quency, 100 hertz below the center frequency, and 
may also increase the power output of the transmitter 

(from 1 watt to 10 watts). 

The reception of Trip frequency within a fixed 
interval after disappearance of the Guard frequency 

causes the energization of a high-speed electro­
mechanical relay which closes the breaker trip 
circuit. If trip frequency is not received within this 

interval, the channel is not operating normally and a 

second relay closes contacts to sound an alarm. 
Simultaneously, the Trip relay is locked out so that 

a spurious Trip signal resulting later from line noise 

cannot cause false tripping. Other circuitry, des­

cribed under OPERATION, provides security against 

false tripping caused by severe line noise that over­

rides a normal Guard signal and produces a spurious 

Trip signal. 

SUPERSEDES I .L. 41-945.51J 
*De notes change from superseded issue . 

CONSTRUCTI ON 

The TCF receiver unit for transfer-trip applica­

tions is mounted on a standard 19-inch wide panel 

107'2 inches high (6 rack units) with edge slots for 
mounting on a standard relay rack. All components 

are mounted at the rear of the panel. Fuses, a pilot 
light, a power switch, an input attenuator, a jack for 

metering the discriminator output current, and the 
control for the adjustable time delay in the logic 

circuit are accessible from the front of the panel. 

See Fig. No. 14 

All of the circuitry that is suitable for mounting 
on printed circuit boards is contained in an en­

closure that projects from the rear of the panel and 

is accessible by opening a hinged door on the front 

of the panel. Other components on the rear of the 

panel are located as shown on Fig. No. 6. Reference 

to the internal schematic connections on Fig. 1 will 

show the location of these components in the cir­

cuit. The dotted lines enclosing separate areas of 

Fig. 1 indicate that the components thus enclosed 

are all on the same printed circuit board. 

The enclosure that contains the printed circuit 
boards is divided into seven compartments. The 
partitions between compartments together with the 
outer walls of the enclosure provide complete shield­
ing between adjacent boards and from external 
fields. Frequency shift receivers for transfer-trip 
relaying utilize all compartments if a carrier level 
indicator is provided. If this is omitted, the com­
partment on the extreme right, front view, is left 
vacant. In frequency shift receivers for applications 
other than transfer-trip relaying, the logic circuitry 

is not required and the fifth compartment from the 

left is vacant in such cases. 

The printed circuit boards slide into position in 

slotted guides at the top and bottom of each com­

partment, and the board terminals engage a terminal 

block at the rear of the compartment. Each board and 
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TYP E TCF POWER LIN E CARRIER------------------------

terminal block are keyed so that if a board i s  placed 
in the wrong comp artment, it cannot be inserted into 
the terminal block. A handle on the front of each 
board is labeled to identify its function in the cir­
cuit. 

A board extender (Styl e No . 644B31 5GO 1 )  i s  
availabl e for facilitating circuit voltage measure­
ments or major adjustments. After withdrawing any 
one of the circuit boards ,  the extender i s  inserted in 
that comp artment. The board then i s  inserted into 
the terminal block on the front of the extender. Thi s 
restores all circuit connections , and all compon­
ents and test points on the board are readily acces­
sible. 

A portion of the receiver op erates from a regu­
l ated 20 VDC supply, and th e remainder from a regu­
l ated 45 V . D. C .  supply. Thes e  voltages are taken 
from two Zener diodes mounted on a common heat 
sink. V ari ation of the resistance value between the 
po sitive side of  the unregul ated D . C .  supply and the 
45 volt Zener adapt the receiver for operation on 
48 , 1 25 ,  or  250 V . D . C .  

External connections to the r eceiver are m ade 
through a 24-circuit receptacle ,  J3 (see Fig. 1 ) .  The 
r-f input connection to the receiver is made through 
a coaxi al cable jack, J2 .  

O PERA TI ON 

I nput Control 

The signal s to which the TCF receiver responds 
are received through a coaxial cable connected to 
j ack J2 of Fig. N o .  1 .  R esistor R4 and 20-volt 
Zener diodes CR1 and CR2 protect the recei ver 
from abnormally high voltages received thro ugh the 
coaxial cable .  Input attenuator R5 reduces the signal 
to a l evel suitable for b e st operation of the receiver. 
The attenuator i s  adjustable from the front of the 
panel and can be cl amped at the desired setting. A 
scale on the p anel i s  graduated in db.  While  thi� 
scale is typical rather than individually calibrated, 
it is accurate within one or two db. and is useful in 
setting approximate l evels .  Settings should be mad e  
by observation o f  the db. scale of  a suitable a-c 
voltmeter when po ssibl e .  

Crystal Filter 

From the attenuator, the signal passes through 
a crystal filter , FL 1 .  This filter has a narrow p ass 
band,  and frequencie s  several hundred cycl es above  

2 

or below the center frequency (fc) of th e channel 
are greatly attenuated. Fig. 4 shows a typical curve 
for the crystal filter, as well as a ch aracteri stic 
curve for the intermediate frequ ency filter, FL2 ,  and 
for the discriminator output. Th e narrow p ass  band 
of FL 1 permits clos e  sp acing of channel frequencies 
and reduces the possibil ity of false operation 
caused by spurious signal s such as may result from 
arcing disconnects or corona discharge. 

Osci llator and Mixer 

From the crystal filter , the signal enters the 
oscillator and mixer stage of the receiver. Crystal 
Y 1 1 ,  transistors Q1 2 and Q 1 3,  or IC201 (Fig. 16)  
and their associated resistors and capacitors , com­
prise a crystal-controlled o scil lator that op erates 
at a frequency 20 kHz above the channel frequency, 
fc. The output from this local o scillator i s  fed 
through transformer Tll to potentiometer R12 ,  and 
the later is ad justed to feed a suitab l e  input to the 
base of m ixer transistor Q1 1 .  The o utput of FL 1 i s  

impressed on the emitter-coll ector circuit o f  Q 1 1 .  

A s  the result o f  mixing these two frequencies, the 
primary of transformer T12 will contain frequencies 
of * 20kHz, 2fc + 20kHz, fc + 20kHz and fc. 

IF Amplifier 

The output from the secondary of T 1 2  i s  ampli­
fied by Q31 , in the interm ediate frequency amplifier  
stage, and is impressed on filter FL2.  Thi s i s  a 
two-section filter , with both filters contained in a 
commo n  case.  Its pass band is centered  at 20kHz. 
While its passband is much wider than that of the 
crystal filter , it eliminates the frequenci es present 
at its input that are substantially higher than 20kHz. 

Amplifier and Limiter 

The output from the second section of the IF 
amplifier stage is fed to potentiometer R52 at the 
input of the amplifier and limiter stage. Sufficient 
input i s  taken from R52 so that with minimum inp ut 
signal (5 mv . )  at J2 and with R5 set for zero atten­
uation, satisfactory amplitude limiting will be ob­
tained at the output of th e limiter stage. 

Discriminator 

The output of the limiter stage is fed to the 
discriminator .  The di scriminator is adjusted at the 
factory to have  zero output (as measured by a milli­
ammeter inserted in the circuit at jack J 1 )  at fc-25 
hertz. The adj ustm ent for zero o utput at fc-25 
hertz i s  made by capacitor C88. C83 also  is  ad-
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justed to obtain a maximum voltage reading across 
R84 when the current output is zero. Maximum cur­
rent output, of opposite polarities, will be obtained 

when the frequency is 100 hertz above or below 
the zero output frequency. This separation of 200 

hertz between the current peaks is affected by the 
value of C86, (the actual value of which may be 

changed slightly from its typical value in factory 

calibration if required. ) 

The purpose of offsetting the zero output fre­
quency of the discriminator by 25 hertz 1n the Trip 

direction is to reduce the band of noise-generated 

trip frequencies (between the discriminator center 

frequency and the skirt of the FL 1 filter), and to 

similarly increase the band of noise-generated fre­

quencies on the Guard side of the discriminator 

center. It should be observed that although Guard 
frequency is fc + 100 hertz, after leaving the mixBr 

stage and as seen by the discriminator the Guard 

frequency is 20 kHz-100 hertz. Similarly, the Trip 

frequency is 20 kHz + 100 hertz. The intermediate 

frequency at which the discriminator has zero out­
put then is 20. 025 kHz. 

The discriminator output is connected to the 
bases of transistors Q81 and Q82 in such manner 

that Q82 is made conductive when current flows out 
of terminal 4 (which occurs with trip output) and 
Q81 is made conductive when current flows into 
terminal 4. Consequently, terminal 15 is at a poten­
tial of approximately + 20 volts at Guard frequency 
and terminal 11 is at + 20 volts at Trip frequency. 
These two outputs feed the logic circuit board, and 

through it they control the operation of the loss-of­

channel alarm relay, AL, and the Trip relay, AR. 

As a means of increasing further the security of 
the receiver against false tripping on noise-gener­
ated Trip frequencies, diode CR84 is connected in 
the emitter circuit of Q82. This requires an increase 
of three or four db. in the minimum Trip signal that 
will pick up the Trip relay. However, when the 
transmitter is keyed to Trip, its output is increased 

by 10 db. to assure the reliability of tripping at 

times of severe channel deterioration or simultan­

eous noise conditions, and this amply compensates 

for the reduction of Trip sensitivity caused by diode 

CR84. For applications where severe noise condi­

tions or channel deterioration are not encountered, 

a TCF transmitter with 1 watt output rather than 10 

watts can be supplied. If in such installations it is 

found desirable to increase the reliability of trip­

ping, a jumper may be connected across diode CR84. 

Logic Circuits 

The logic stage of the receiver employs static 

circuitry that permits elimination of separate guard 
and lockout relays but provides all of the function 
of these relays as well as a unique method for min­

imizing the effect of noise signals. The block dia­

gram of the logic circuits is shown on Fig. 3. When 

the discriminator receives Guard signal, its output 
terminal ( 15) supplies positive potential to blocks 
A, D ,  and F on the block diagram. Block A repre­
sents R108, C101 and CR104 of Fig. 1. Capacitor 
C101 will charge in approximately 120 milliseconds 

to the breakdown voltage of Zener CR104 and block 

C (transistor Q102) then will receive input ttl. The 

function of Q10 1 is not indicated on the block dia­

gram, but it discharges C101 quickly when Guard 

signal disappears, so that the full 120 ms. delay is 
obtained on closely repetitive appearances of Guard 

signal. This avoids cancellation of a loss-of-chan­
nel alarm by noise-produced Guard signal. 

When Q102 (block C) receives input #1 or #2, it 

is made conductive and' capacitor C102 receives no 
charge. Q103 is non-conductive since it receives no 
base input through CR105, and its collector is held 

at approximately 10 volts by the voltage divider ef­
fect of R131. and R136 . .  Note that under this condi­

tion, input #1 to block K is supplied. If Guard sig­
nal should disappear but be followed promptly by 

appearance of Trip signal, the trip input fed through 
R102 will not be diverted through CR102 to the col­
lector of Q103 but will flow through CR101 to the 

base of Q102 to keep it conductive. However, if 

Guard signal disappears and Trip signal does not 

appear in approximately 150 ms. , C102 will charge 

to the breakdown point of CR105, making Q103 

conductive. This will remove base input from Q104 
and the alarm relay will drop out, sounding the 

alarm through its normally-closed contacts. (The 
copper slug on the alarm relay adds an additional 
delay of approximately 40 ms. before the alarm 
contacts close. ) When Q103 becomes conductive, 
the saturation voltage at its collector is so low 
that any current flowing through R10 2 as a result of 
a subsequent Trip signal will be diverted through 

Q103 to negative instead of flowing through CR101 
and the base-emitter junction of Q10 2. If Guard 
signal reappears, the discriminator output at term. 
15 will turn Q101 off. C101 will change and after 

120 ms. it will reach the breakdown voltage of 
CR104 and turn Q102 on. This will allow C102 to 

quickly discharge through R123 and Q102 and 
provide the full 150 ms. time delay to be effective 

on any subsequent loss of guard signal. 
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Guard signal also produces input to transistor 
Q109 (block D) . With base input to Q10 9 it has 
negligible voltage o n  its collector. but if Guard 
signal is lost capacitor C104 will charge to the 
breakdown voltage of CR113 in a time ranging from 
about 2 to 20 ms .. as d etermined by the setting of  
R7 . This time d elay also is  quickly reset on reap­
pearance of  Guard signal, as C10 4 discharges 
through Rll4, CR113 and Q10 9 .  Transistors QllO 
and Q111 are a part of logic block I .  When C104 
reaches the conduction voltage of CR113, Q110 
conducts and removes base input from Q111. This 
raises the voltage on the col lector of Q111 to about 
15 volts ,  which constitutes input tt2 to block K. The 
purpo s e  of logic blocks D and I is to provide  an 
adjustable delay b etween the loss of Guard signal 
and the pickup of the Trip relay. It is possible that 
a noise burst might momentarily cancel the Guard 
signal and produce a spurious Trip signal . Provision 
of this adjustabl e del ay provides a considerabl e 
degree o f  protection against such i ncorrect opera­
tions. Resistor R7 is adjustable by means of a knob 
on the front of the panel , and the knob can be cl amped 
at any desired setting. 

When Trip signal appears, input is fed to tran­
sistor Ql06 (block E) through R119 . Und er this con­
dition Q106 beco mes conducting and does not sup­
ply input #1 to Ql07 (block J) .  If input #2 (suppli ed 
through R115 ) also is  l acking for Q107. the latter 
is non-conductive and its coll ector voltage i s  
approximat ely 15 volts. This constitutes input #3 
to AND block K .  Block K is a three-input diode­
AND. with the inputs contributed by the collectors 

of transistors Q103 ,  Q10 7 and Qlll. When one or  
more  of  these transistors i s  conducting , input fed 
from the 45 volt supply through R138 cannot reach 
the base of  QlOS to cause pickup of the Trip relay 
because the voltage drop acro ss  any of the three 
diodes plus the saturatio n  resi stance of a transisto r 
is substantially l ess than the voltage drop across  
one  diode (CRllO) plus the base-emitter voltage 
required to m ake Q108 conductive. 

The logic blocks F and G provid e further pro­
tection against incorrect tripping under noise con­
ditions. Transistor Q105 is represented by block 
F ;  and diode CR107;  capacitor C103 and resisto r 
Rl15 are represented by block G .  Q105 receives 
input from either Trip or Guard signals through 
R101 or R106 , and when either signal is present 
its collector voltage  is a small fraction of a volt. 
When the transmitter is shifted from Guard to Trip 
by closure of a protective relay contact, th e dis-
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criminator shifts its outputs very rapidly and the 
interval during which there is no input to Q105 is 
only 1. 5 to 2. 0 ms. Most of th e charge that builds 
up in C103 during this interval flows to the base �f 
Q107 and keeps it conducting after the appearance 
of Trip signal has removed the input thro ugh R125 . 
However, this delay has approximately the same 
duration as the minimum delay obtained from block 
I and thus do es not increase th e minimum o verall 
tim e  for tripping follo wing a legitimate Trip signal . 

At times when severe random noise is present, 
such as might be produced by opening a nearby 
disconnect switch,  the noise-prod uced signal may 
override the G uard signal and p roduce a discrimin­
ator output that no longer has a constant Guard out­
put but rapidly fluctuates between Guard and Trip 
(and beyond) . There will be relatively long p eriods 
when the discriminator has neither Guard nor Trip 
output. At such times capacitor C103 may appro ach 
or reach its maximum voltage, thereby keeping Q10 7 
conducting for 40 to 50 ms. Also , because of the 
quick reset feature of logic block I, intermittent 
reappearance of Guard signal during noise will fully 
reactivate the time delay for which it has been set. 
If  a fault should occur and Trip frequency be trans­
mitted at a tim e when high l evel noise frequencies 
are present, tripping may be somewhat d el ayed but 
will be accomplished before the cessation of noise 
unless conditions are extremely severe. The recom­
mended 10 db. increase of transmitter outp ut level 
at Trip frequency minimizes such delay. 

It may appear that the function of block E in the 
logi c diagram is duplicated by block F and could 
have been omitted. Thi s is correct when the time 
constants are as normally supplied,  but block E was 
retained to make the circuit adaptable to possible 
extreme conditions with minimum change .  

In summary, the logic circuit provides the  fol­
lowing functions: 

1. Energizes alarm in case of lo ss of signal . 

2. Prevents canc ellation of an alarm by noise­
produced signal . 

3. Allows tripping upon reception of legitimate 
Trip signal . 

4 . Prevents tripping if channel i s  not operative 
immediately prior to reception of Trip signal .  

5 .  Minimizes effect o f  noi se-produced signals 
by utilizing noise characteri stics to i ntro­
duce additional Trip del ay.  
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O utput Circuits 

The output stage of the receiver contains the 
alarm relay (AL) and the tripping relay (AR). Either 
relay is energized from the regulated 45 volt supply 
when the logic circuit has determined that the 
existing conditions require such op eration. The AL 
relay is a telephone typ e  relay with a copper slug 
on the end of the core oppo site the armature .  It has 
two sets of Form C contacts, all points of which 
are connected to terminals of j ack J3. The AR relay 
has two normally-open and two normally-closed 
contacts.  The two sets of normally-open contacts 
and one set of normally-clo sed contacts are con­
nected to terminals of jack J3. The AR relay has 
been designed to provide very high speed operation 
with negligible contact bounce. While normally it is  
energized only briefly, it  will not be damaged by 
continuous energization. 

Carrier Level I ndicator (When Supplied) 

With the lo gi c  circuit connection s sho wn on Fig. 
1, th e AL relay clo ses contacts to energize an 
alarm when there is absence of both Guard and Trip 
signal for a definite time interval. This is satis­
factory when the channel fails suddenly and com­
pletely. However ,  the signal m ay weaken gradually 
from various causes ,  and it i s  desirabl e to have  a 
means for providing a visual indication of the chan­
nel condition as well as for energizing an alarm 
when the signal has weakened seriously but has not 
reached the point of complete failure.  These func­
tions are provided if a carrier level indicator stage 
is included in the receiver. 

The carrier level indicator is  housed in the 
right-hand compartment of the enclos ure that con­
tains the circuit boards. Fig. 2 sho w s  the connec­
tions of the components on this circuit board and 
al s0 the external connections of the board.  All other 
stages of the receiver are identical with those  
shown on Fig. 1 .  The same AL relay i s  used ,  but it 
is energized through transistor Q104 of the logic 
stage when the receiver does not include carrier 
level indication and through Q154 of the carrier level 
indicator when the latter is  supplied. A TCF r e­
ceiver in which the carrier level indicator was not 
included at time of assembly c an have this feature 
added later by installing the printed circuit board 
and guides in the right hand compartment and mak­
ing minor changes in the wiring . 

The r .f .  input to the carrier lev el indicator i s  
taken from the collector of Q51, the first transistor 
in the amplifier and limiter stage. The input, which 
varies approximately as the signal at the receiver 

input, i s  amplified by Q151 and Ql52 . Diodes CR151 
and CR152 together with capacitors C15 7 and Cl58 
establish a d- e voltage across C158 that controls 
the conductivity of Q153 . The base current of Q153 
together with the current through Rl64 is  measured 
by a milliammeter (supplied by the customer) located 
at a point convenient for observation. Thi s current 
can also be metered at the receiver by means of 
jack Jl51 on the printed circuit board. Thermistor 
Rl66 with its associated resi stors ,  and Sensi stor 

R15 2 ,  provide compensation to minimize the varia­
tion of the metered current with ambient temp era­
ture.  When Q153 becomes conductive ,  it supplies 
base input to Q154 to turn it on and pick up alarm 
relay AL. When the signal at the receiver input 
drop s sufficiently, AL will drop out and close  the 
alarm circuit. The signal level at which this will 
occur i s  determined by the setting of R156 in the 
emitter of Q151.  

The input to the carrier level indicator is not 
affected by frequency variations that are within the 
pass b and of the crystal input filter, but only by 
the level of the receiver input signal . When t he 
al arm relay is energized through translstor Q104 
of the logic stage (in a receiver without carrier level 
indicator- Fig. 1) , the alarm will be activated on 
complete loss of signal or on lo ss  of Guard signal 
if Trip signal does not appear within approximately 
150 ms.  After the alarm rel ay has dropped out and 
activated the alarm, the relay will not be picked up 
by subsequent appearance of Trip signal but only 
by the reappearance of Guard signal. It is desirable 
to retain this alarm feature when the carrier level 
indicator is  supplied , and a singl e alarm relay can 
b e  caused to respond· to frequency change as well 
as to signal level by the interconnection between 
the 1t19 terminal s of the logic and carrier level 
indicator circuit boards .  

When Guard signal i s  b eing received,  the volt­
age at the collector of Q103 in the logic circuit is  
approxim ately 10 volts, but this v oltage is blocked 
from the base of Q154 in the carrier level indicator 
circuit by diode CR 155 .  However , if the discrimin­
ator Guard o utput should fail because of a sufficient 
frequency shift either above or below Guard fre­
quency , Q103 would become conductive and the 
collector current of Ql5 3 would be diverted to 
negative through CR155 and Q103 rather than enter­
ing the base of Q154 .  The latter would become non­
conductive and the alarm relay would drop out , 
closing the alarm circuit even though the signal 
level is unchanged. 
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Fig. 5 i s  typical of the variation of the carrier  
level indicator current with the receiver input level. 
With Guard signal being r eceived, the signal level 
just belo w  which the discriminator Guard output 
drop s to zero is the minimum op erating level of the 
receiver. The AL relay should energize the alarm at 
a signal level somewhat above this .  For usual 
operating conditions it should be satisfactory to set 
the input attenuator (R5) 15 db . abov e  the minimum 
op erating level and set the AL relay (by means of 
R156) to drop out at a signal 5 db.  above the mini ­
mum operating level. Fig. 5 show s  that with such 
settings the carrier level indicator current would be 
approximate ly 2 .25 rna.  with the normal input signal. 
The alarm would be energized when the indicator 
current dropped to slightly less  than 0 .6 rna. 

A TCF receiver in which the carri er level i ndi­
cator was not i ncluded at time of  assembly can 
have thi s  feature added later by installing the 
printed circuit board , guides, and terminal block in 
the right-hand comp artment of the circuit bo ard 
enclosure, and making minor changes or additions 
to the wiring. The upp er and lower guides are held 
in po sition by a snap fastener, and the terminal 
block by screws and nuts. The terminal block in­
clude s  an in sert located to m ate with a correspond­
ing slot in the end of the carri er l evel indicator 
circuit board only, which p revents accidental in­
insertion o f  any o th er circuit board in thi s  com­
p artment. 

R eference to the internal schematic diagrams, 
Figs. 1 and 2, will show the wiring changes re­
quired. Connect terminal 2 to the adjacent terminal 
2 of the output board, terminal 9 to terminal 9 of the 
logic board, terminal 12 to terminal 12 of the outp ut 
bo ard (and remove connection from the later to 
terminal 12 of  the logic board), terminals 14 and 17 
to terminal s 18 and 19 resp ectively o f  J 3 , termin al 
16 to terminal 16 o f  the limiter board, terminal 18 to 
terminal 18 of the di scriminator board and termin al 
19 to terminal 19 o f  the logic board. 

Power Supply 

The regulated 20 V. D.C. and 45 V. D.C. circuits 
of the rec ei ver are supplied from Zener diodes 
mounted on a common heat sink on  the rear of  the 
panel. R esi stors (R2 ,  R3) of suitable value are con­
nected bet ween the station battery supply and the 
45 volt Zener to adapt the recei ver for use on 48 , 
125 or 250 V. D.C. battery circuits. The receiver i s  
connected to the external supply thro ugh a switch 
and fuses,  a11d a pilot light indi cates whether th e 
D.C. circuits are energized. Capacitors C1 and C 2  
byp ass r .f. or  transient voltages to gro und. Cho k e s  
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L 1  and L 2  i solate the receiver from transient volt­
ages that may appear on the D .C. supply. 

CHARAC TER! S T I  C S  

Frequency range 

Sensitivity ( no ise­
free channel) 

Input Impedance 

B andwidth ( crystal 
filter) 

Discriminator 

Operating time 

Frequency spacing 

A. For two or 
more signals 
over one-way 
channel 

B. For two- way 
channel 

Ambient temp erature 
range 

B attery voltage 
variations 
R ated voltage 

48 V. D.C. 
125 V. D.C. 
250 V. D.C. 

B attery drain 

Dimensions 

Weight 

30-300 kHz 

0 . 00 5  volt (65 db b elow 1 
watt for limiting) 

5000 ohms minimum 

down < 3 db at 220 her tz 
down > 6 0  db at 1000 hertz 

Set for 200 cycles shift 
from Guard to Trip fre­
quency. Offset 25 hertz 
to favor Guard for all 
relay-output applications.  

9 ms .  channel (trarism. 
and recvr. ) 

2 m s. min. logic delay 

+ 3 m s. AR relay 

14 m s. minimum tim e  

+ 18 m s .  m ax. added logic 
tim e  ( if req' d. by nois e  
conditions)  

3 2  m s. m aximum tim e  

500 hertz minimum 

* 1000 hertz . minimum 
between tran sm itter and 
adjacent 
quencies.  

receiver · fre-

-2ooc to +55°C temper ature 
around chassis . 

Allowable variation 
4 2- 56 V. D.C. 

105 - 140 V.D .C.  
210 - 280 V . D . C. 

0 .  20 a. at 48 V.D.  C. 

0 .  27 a.  at 125 or 250 V. D. C. 

P anel height - 10%"or 6 r. u.  
Panel width - 19" 

13 l b s. 
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INSTALLATION 

The TCF receiver i s  generally supplied in a 
cabinet or on a relay rack as p art o f  a complete car­
rier assembly. The location must be free from dust, 
excessive humidity, vibration, corrosive fumes ,  or 
heat. The m aximum ambient temperature around the 
chassis must not exceed 55°C . 

ADJUSTMENTS 

All factory adjustments of the TCF receiver 
h ave  been carefully m ade and should not be altered 
unless  there i s  evidence of damage or m alfunction­
ing. Such adjustments are: frequency and output 
l evel of the o scill ator and mixer; input to the am­
plifier and limiter; discriminator offset from center 
frequency; frequency spacing and m agnitude of 
discriminator output p eak s.  Adjustments that must 
be m ade at time of inst allation are: setting of input 
attenuator R5;  setting of the logic time del ay by 
R7 ; adjustment of R 156 o n  the carrier l evel indica­
tor ( if supplied) to operate the alarm at the desired 
input l evel.  The input attenuator and the logic time 
delay adjustments are m ade by knobs on the front of 
the p anel .  A screw driver adjustment of a potentio­
m eter at the front and top of the printed circuit bo ard 
sets the point at which the 1 evel indicator al arm 
operates. 

The receiver should not be set with a greater 
m argin of sensitivity than i s  need ed to assure cor­
rect operation with the m aximum e xp ected v ariation 
in attenuation of the transmitter signal .  In the ab­
sence of data o n  this ,  the receiver m ay be set to 
op erate on a signal that i s  1 5  db below the e xpected 
m aximum signal. After install ation of the receiver 
and the corresponding transmitter, and with a normal 
Guard signal being received, input attenuator R5 
should be adjusted to the po sition at which the 
al arm rel ay drops out. R5 then should be readjusted 
to increase the voltage suppl i ed to the receiver by 
15 db. The scale m arkings for R5 p ermit an approxi­
m ate setting to be made but it i s  preferable to m ak e  
this setting by means o f  the db scale s  o f  an a-c 
VTVM connected from ground to the sliding cont act 
of R5 . 

In case the transmitter has a 1 Watt/ 1 Watt out­
put and diode CR8 4  in the discriminator i s  not by­
p assed ( se e  discussion under OPERATION- Dis­
criminator), the transmitter should be keyed to trip, 
transistor Q l0 3  should be k ept  non-conducting by 
connecting a short clip l e ad acros s  R 1 28 ,  and R5 

should be adjusted to the po sition at which the trip 
relay just pick s up. R5 then should be readjusted 
for a 15 db increase in receiver input, and the jump­
er acro ss  R 1 28 should be removed. If CR84 is by­
p assed the input l evel s at which the AL and AR 
relay s  just op erate will be approximately the same,  
and the AL relay minimum operating  point can be 
used as reference for arriving at the R5 setting,  as 
described in the preceeding paragraph. 

If the receiver h as a carrier l evel indicator, the 
procedure for setting R5 is somewhat different. Turn 
R 1 56 to m aximum clockwise position and adjust R5 
to the po sition at which the al arm rel ay just drops 
out. At thi s point the signal h as been attenuated to 
the point that the discriminator no longer h as Guard 
output although it still would be sufficient to pro­
duce output from the carrier l evel indicator, and the 
hase input to Q 1 5 4  on the carrier l evel indicator i s  
diverted to negative through Q 10 3  o n  t h e  logic 
circuit bo ard. ( Note that a milliammeter reading at 
J 1 5 1  has no significance at thi s  abnormal setting of 

R 15 6 . )  Then readjust R5 to increase the input sig­
nal by 5 db and adjust R 15 6  to the p o si tion at which 
the al arm relay again drop s out. Again  readjust R5 
to increase the signal by an additional 10 db and 
clamp the k no b  in thi s  po sition. 

It i s  recommended that R7 be set for m aximum 
time del ay ( full clockwi se rotation) unl e s s  field 
test s  h ave shown that a shorter del ay can be used 
without danger of false tripping under conditions of 
severe line noise,  such as m ay be caused by the 
opening of nearby disconnect switches. 

Potentiometer Rl2, where applicable, in the 
oscil lator and mixer should be set for 0 . 3  volt, m ea­
sured with an a-c VTVM con nected between TP 11 and 
terminal 1 8  on the circuit board ( ground terminal of 
v oltmeter) . A frequency counter can be connected 
to the same points for a check on the frequency, 
which should be 20kHz above the channel frequency. 
The frequency is fixed by the crystal used, e xcept 

that it  m ay be changed a few cycles by the value of 
capacitor C 1 2 .  Reducing C 1 2  incn�ases the 
frequency , but the capacity should never be less 

than a value that insures reliable starting of o scil­

l ation .  The frequency at room temperature is usually 

several cycles above the crystal nominal frequency 
as thi s  reduces t he frequency deviation at the 
temperature extreme s .  

T h e  adjustment o f  the amplifier and limiter is  

made by potentiometer R52 .  An o scillo scope should 
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TYPE TCF POWER LINE CARRIER 

be connected from the base of transi stor Q54 to 
terminal 18 of the limiter. With 3 mv. of Guard fre­
quency on the receiver input (R5 at zero) ,  R52 
should be adjusted to the point where the pe aks of 
the oscilloscope trace begin to flatten . This should 
appear on the upper and lower peaks at approximate­
ly the same s etting. 

Adjustment of the discriminator is  made by 
capacitors C83 and C88.  In order to offset the 
discriminator by 25 Hertz in the Trip direction, 
apply to the receiver input a 5 mv. signal taken from 
an oscillator set at fc-25 Hertz (R5 at zero. )  
Connect a 1 .5-0-1 .5  milli ammeter in the circuit at 
J 1  and a VTVM across R84 .  Adj ust C88 for zero 
current in the milliammeter and C83 for maximum 
voltage across R8 4 ,  rechecking the adj ustments 
alternately until no further change i s  observed. 
Remove the VTVM from across R84 and observe 
the milliammeter reading as the oscillator frequency 
is varied. Positive and negative peak s should occur 
at fc + 75 Hertz and fc- 125 Hertz, with the latter 
peak being 20% or 25% lower than the former b e­
cause of diode CR84 in the Trip output path .  

In case a check i s  desir ed of  any of  the del ay 
times of the receiver (such as channel time or logic 
del ays), thi s can be done most conveniently by 
means of an oscilloscope with a calibrated triggered 
sweep. A two-pole toggl e switch , checked to have 
l e s s  than 1 ms. interval between pole closures, c an 
be used to impress the signal and trigger the swe ep.  

MAl NTENANCE 

Periodic checks o f  t h e  received carrier signal 
and the receiver sensitivity will det ect gradual 
deterioration and permit its correction b efore failure 
can result. The carrier level indicator ,  when pro­
vided, permits ready observat ion of the rec eived 
signal level.  With or without a carrier level indica­
tor, an overall check can be m ade with the attenua­
tion control R5 . A change in operating margin from 
the Qriginal setting can be det ected by observing 
the change in the dial setting required to drop out 
the alarm rel ay. If there is a substantial reduction 
in margin, the signal voltage at the receiver input 
should be check ed to see whether the reduction i s  
due t o  loss o f  signal o r  l o s s  o f  receiver sensitivity. 

All adjustable component s on the printed circuit 
boards are accessible when the door on the front of 

8 

the panel is opened. (An offset screwdriver would 
be required for adjusting R 12 .) However , as des­
cribed under "CONSTRUCTION", any board may 
be made entirely accessible whil e permitting elec­
trical operation by using board extender Style No. 
644B315G01. This permits attaching i nstrument 
leads to the various t est points of terminals when 
making voltage,  oscilloscope or frequency check s.  

It i s  advisable to record voltage values after 
adj ustment in order to establish reference values 
which will be useful when checking the apparatus.  
The readings will  remain fairly constant over an 
indefinite period unl e ss a failure occurs. However, 
if t ransistors are changed, there may be considera­
ble difference in these readings without the overall 
perform ance being affected. 

Typical voltage values are given in Table I and 
II . Voltages should be measured with a VTVM . Some 
readings may vary as much as ± 20%. 

TABL E I 

R E CE I V ER D-C MEASUR E M ENTS 

Not e: All voltage readings t aken with ground of d-e 

VTVM on terminal 9 (neg. d . c . ) .  Receiver adjust ed 
for 15 db operating margin with Guard signal down 
50 db from 1 watt and Trip signal down 40 db . Un­
less  otherwise indicated, voltage will not vary 
appreciably whether signal is Guard , Trip or zero. 

Collector of Volts 
Transistor (+) 

Q 11 < 13 
Q 12 15 (Guard or Trip) 

Q 13 15 (Guard or Trip) 

Q31 2 . 5  

Q32 2.5 

Q5 1 11.5 
Q52 12 
Q53 15 .5  
Q54 2 .5  
Q81 < 1 (No sig. or Trip) 

Q8 1 19 . 5  (Guard) 

Q8 2 < 1 (No sig. or Guard) 

Q82 19 . 5  (Trip) 

Q10 1  < 1 (No sig. or Trip) 

Q10 1 7 (Guard) 

Q10 2 2 1  (No signal) 

Q 102 < 1 (Guard or keyed Trip tt) 
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TYPE TCF POWER LINE CARRIER 

Q 1 0 3  < 1 (No signal) 
Q 1 0 3  10 (Guard or k eyed Trip) 
Q104 45 (No signal) 
Q 1 0 4  < 1 (Guard or keyed Trip) 

Q105 40 (No signal) 
Q 1 05 < 1 (Guard or Trip) 
Q 1 06 15 (No sig. or Guard) 
Q106 < 1 (Trip) 
Q 1 0 7  < 1 (No sig. or Guard) 
Q107 15 (Trip) 
Q108 45 (No sig. or Guard) 
Q 1 08 < 1 (K eyed Trip) 
Q109 10 (No sig. or Trip) 
Q 1 0 9  < 1 (Guard) 
Q110 < 1 (No sig. or Trip) 
QllO 15 (Guard) 
Q l 1 1 1 5  (No sig. o r  Trip) 
Q 1 11 < 1 (Guard) 
Q151 6 (No signal) 
Q151 6 (Guard) 
Q152 9 . 8 (No signal) 
Q152 10 (Guard) 

Q 153 < 1 (No signal) 
Q153 19 (Guard) 
Q154 45 (No signal) 
Q154 < 1 (Guard) 

It - "Keyed Trip" signifie s minimum transition time 
from Guard to Trip. 

TABL E  I I  

R E CE I V E R  RF M E A SUR EM ENTS 

Note: Voltmeter readings tak en b etween receiver 
input and Q32 are not meaningful or feasible be­
cause of waveform or effect of instrument loading. 
Receiv er adjusted as in Table I. 

I.L. 41-945.51K 

Coll ector of Volts (1 Volts (10 
Tran sistor watt-Guard) watts-Trip) 

Q32 .25 . 8  

Q51 . 3  .9 

Q52 .4 . 65 

Q53 2 . 1  2. 2 

Q54 4 . 8  4 . 5  

R E LAY MAI NT E NANCE AND 
ADJUSTMENT 

The AL and AR relay contact s should be cleaned 

periodically. A contact burnisher Slt18 2A836HO 1 is 
recommended for this purpose. The use of abrasive 
material for cleaning contacts is not recommended, 
because of the danger of embedding small particl es 
in the face of the soft silver and thu s impairing 
the contact. Care must be taken to avoid distorting 
the contact springs during burnishing, particularly 
in the case of the AR relay. 

These relays have been properly adj usted at 
the factory to insure correct operation, and under 
normal field conditions they should not require 
readj ustment .  If, howev er , the adj ustments are 
disturbed in error, or if it becomes necessary to 
replace some part, the following adjustment pro­
cedure should be used. 

In the AL relay the armature gap should be 
approximately 0 . 004 inch with the armature closed. 
This adjustment is made with the armature stop 
screw and locknut .  The contact leaf springs should 
be adjusted to obtain at least 0 .015 inch gap on all 
contacts when fully open. There should be at least 
0 . 010 inch follow on all normally-open contacts and 
0 . 005 inch follow on all normally-closed contacts. 
The relay should pick up at approximately 35 volts .  

ADD E N D U M  

With shipmen ts of sets starting i n  early 1 973, 
the germanium transist ors used in the variou s 
module s were r eplaced with silic on transistors . In 
addition , due to the nature of s i licon transistors , 
some resistor values in the circuits had to be changed 
In order to c orrectly bias these transistors.  There­
fore the tr ans istor s are not replaceable on a pin for 
pin basis throughout the receive r .  Before atte mpting 

to replac e a germ anium transistor with a silicon 
transistor on ol der sets using germanium, please 
check the schematics on the following pages to see 
if the location where the replacement is desired h as 
add itional component c hanges . If that is the cas e ,  

then the r eplaceme nt can only b e  made by the same 
designation transistor or the additional component 
ch anges must also be mad e .  It s hould be pointed ou t 
that the module s c ontaining the silicon transistors 
ar e completely interchange able with the modules 
containing germanium transistors. Therefore , there 
is no proble m  with intermixing the silico n transistor 
module s i n  the same receiver .  Thus comple te new 
modules containing silicon transistors can be ordered 
and used as replacements in older receivers having 
germanium transistor modul e s .  The new modu les have 
the s arne style numbers as the old germ ani urn 
trans is tor modules they replace . 
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F I LTER R ESPONS E 
M EASU R E M  E N  TS 

The crystal input filter (FL 1) and the IF filter 
(FL2) are in sealed containers and repairs can be 
made only by the factory. The stability of the 
original response characteristics is such that in 
normal usage no appreciable change in response will 
occur. However the test circuits of D wg. 849A109 
can be used in case there is reason to suspect that 
either of the filters has been damaged. 

Fig. 4 shows the -3db and -60db check point s 
for the crystal filters .  The response curve of the 
IF filter shows the combined effect of the two 
sections, and was obtained by adding the attenua­
tion of each section for identical frequencies. The 
scale of Fig. 4 was chosen to show the crystal filter 
response, which permitted only a portion of the IF 
filter curve to be shown. The check points for the 
pass b and of each section of the latter are ' ·' down 
3db maximum at 19 . 75 and 20. 25 kHz, and for the 

stop band are "down 18 db minimum at 19 .00  and 
21.00 k Hz. The signal generator voltage must be 
held constant throughout the entire check. A value 
of 20 db (7 .8  volts) is suitable. The reading of VM2 
at the frequency of minimum attenuation should not 
be more than 2 2db below the reading of VMl. It 
should be noted that a limit measured in this m an­
ner is for convenience only and does not indicate 
actual insertion loss of the filter. The insertion 
loss would be approximately 16db less than the 
measured difference because of the input resistor 
and the difference in input and output impedances 
of the filter. 

Because of the extreme frequency sensitivity of 
the crystal filter, the oscillator used in its test 
circuit should have very good frequency stability 
and a close vernier control. The oscillator s u sed 
for factory testing have special modifications for 
this use. A value of approximately 10db ( 2 . 45 volts) 
is suitable for the constant voltage at which to hold 
VM1 throughout the check . The reading of VM2 at 
the frequency of minimum attenuation will vary 
somewhat with the channel frequency but should 
not be more than l l db below the reading of VMl. 
(The filter insertion loss is approximately 6db less 
than the difference in readings . )  

CONVERSI ON OF R E CE I V E R  FOR 
CHANGED CHANN E L  FR E QUENCY 

The parts required for converting a TCF receiver 
for operating on a different channel frequency con­
sist of a new crystal filter (FL l ) ,  a new local 
oscillator crystal (Y l l ) and probably a different 

feedback capacitor (C12) . Because the wide range 
of channel frequencies precludes maintaining a 
factory stock of the various crystals ,  immediate 
shipment of the filter and the o scillator crystal can­
not be made. After the crystals have been procured 
and the filter has been completed, it is recommend­
ed that the receiver be returned to the factory for 
the conversion and for complete test and adjustment . 
However, if the time that the receiver can be out of 
service must be kept to a minimum, the conversion 
may be made by customers who are equipped for 
this work. 

R E COMMENDED T E ST E QUI PME NT 

I. Minimum Test Equipment for Installation. 

a. A-C vacuum Tube Voltmeter (VTVM).  

Voltage range 0. 003 to 30 volts, frequen­
cy range 60 Hz to 330 k Hz ,  input 
impedance 7.5 megohms.  

b .  D-C V acuum Tube Voltmeter (VTVM) . 

Voltage Range: 1.5 to 300 volts 
Imput Impedance: 7.5 megohms 

c. Milliammeter, 0-3 range (if receiver has 
carrier level indicator) . 

II. Desirable Test Equipment for Apparatus 
M aintenance 
a. All items listed in I. 

b .  Signal Generator 
Output Voltage: up to 8 volts 
Frequency Range: 20-kHz to 330-kHz 

c. O scilloscope 

d. Frequency counter 

e. Ohmmeter 

f .  Capacitor checker 

g. Milliammeter, 0-1.5 or preferably 1.5-0-
1.5 range, for checking discriminator. 

Some of the functions of the recommended test 
equipment are combined in the type TCT carrier 
test meter unit , which is designed to mount on a 
standard 19" r ack but also can be removed and 
used as a portable unit. 

RENE WAL PARTS 

Repair work can be  done most satisfactorily at 
the factory. However, replacement parts can be 
furnished, in most cases, to customers who are 
equipped for doing repair work. When ordering parts, 
always give the complete nameplate data, the elec­
trical value, style nu-mber , and identify the part by 
its designation on the Internal Schematic drawing. 
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CIRCUIT 
SYMBOL 

C 1  

C 2  

Cll 

C 1 2-C 1 6  
�---

C 1 3  

C 1 4  

C 1 5  

C31 

C32 

C33 

C34 

C35 

C5 1 

C52  

C53 

C54 

C55 

C56 

C57 

C58 

C59 

C60 

C8 1 

C82 

C83 

C84 

C85 

C86 

C87 

C88 

C89 

C90 

C9 1 

C 1 0 1  

C 102  

C 103 

C 104 

C l 0 5  

C 1 5 1  

C 1 5 2  

16 

ELECTRICAL PARTS LIST 

D E S C R I P T I O N  

CAPACITORS 

Oil-filled;  0 . 5  mfd . ;  1 500 V . D . C .  

Oil-fill ed; 0 . 5  mfd . ;  1 500 V . D . C. 

Metallized paper; 0 . 25 mfd . ;  200 V . D . C .  

Mica, capacity a s  required; 5 0 0  V . D . C .  
-��----- -- ----� --�---�- ---- --- - -- -- - - - � 

M etallized paper; 0 . 25 mfd . ;  200 V . D . C .  

M etallized paper; 1 . 0  mfd. ; 2 0 0  V . D . C .  

Metal lized paper; 1 . 0 mfd . ;  200 V . D . C .  

Metallized paper; 0 . 25 mfd . ;  200 V . D .C .  

Metal lized paper; 0 . 25 mfd. ; 200 V . D . C .  

Metallized paper; 0 . 25 mfd . ;  200 V . D . C .  

Metallized paper; 1 . 0  mfd. ; 200 V . D . C .  

Metallized paper; 0 . 25 mfd. ; 200 V . D . C .  

Metallized paper; 0 . 25 mfd . ;  200 V . D . C .  

M et al lized paper; 0 . 25 mfd . ;  200 V . D . C .  

Metallized paper; 0 . 1  mfd . ;  200 V . D . C .  

Dur-Mica, 1300  pf. ; 500 V . D . C .  

M etallized paper; 0 . 1  mfd.;  200 V . D . C .  

Metallized paper; 0 . 25 mfd . ;  200 V . D . C .  

M et allized paper; 0 . 1 mfd. ; 200 V . D . C .  

M etallized paper; 0 . 25 mfd . ;  200 V . D . C .  

M etallized paper; 0 . 25 mfd . ;  200 V . D . C .  

Metallized paper; 1 . 0  mfd . ;  2 0 0  V . D . C .  

Mylar; 0 . 2 2 mfd . ;  50  V . D . C .  

Mylar; 0.22 mfd.; 5 0  V . D . C . 

V ariable;  4. 5 - 100 pf. 

Polystyrene ,  9 100 pf. ; 200 V . D . C .  

- - -- -----

Temp. compensating; 1 50 V . D . C . ;  pf. as required 

1 00 pf. ; zero temp. coef. 

Temp. compensating; 1 50 V . D . C.; pf. as r equired 

Variable;  4. 5 - 100 pf. 

Pol ystyrene; 9 1 00 pf. ; 200 V . D .C .  

Mylar; 0 . 22  mfd . ;  50 V . D . C .  

Mylar; 0 .22 mfd . ;  50  V . D . C .  

Tantalum, 4. 7 mfd.,  35 V. D . C. 

Tantalum,  6 . 8  mfd. ; 35 V. D.C. 

Metal lized paper; 0 . 5  mfd. ; 200 V . D. C. 

M etallized paper; 0 . 5  mfd. ;  200 V . D . C .  

Ceramic ,  0 . 05 mfd. ; 50 V . D . C .  

Metallized paper; 0 . 25 mfd. ; 200 V . D . C .  

M etallized paper; 0 . 25 mfd . ;  200 V . D . C .  

WESTINGHOUSE 
DESIGNATION 

1 877962 

1 877962 

187 A624H02 

- ��-t------� .. 
1 8 7A624H0 2  

1 87A624H04 

1 8 7A624H04 

1 8 7A624H0 2 

187A624H0 2  

1 87A624H02 

1 87A624H04 

1 8 7A624H0 2 

1 87A624H02 

1 8 7A6 24H02 

187A6 24H0 1 

187  A584H 1 5  

1 87A624H0 1 

1 87A624H0 2 

1 8 7A624H0 1 

187A6 24H02 

1 87A624H0 2 

1 87A6 24H04 

762A703H0 1 

762A703H0 1 

762A736H02 

1 87A624H 1 6  

1 87A684H08 

762A736H0 2 

1 87A624H 1 6  

76 2A703H0 1 

76 2A703H0 1 

1 8 4A66 1H 1 2  

1 84A66 1 H25 

1 87A624Hll 

1 87A624H l l  

1 84A663H0 2 

187A624H0 2  

1 87A624H02 
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TYP E TCF POWER L I N E  CARR I E R  -----------------------'-· L_. _4 1_-9_4_s ._s t_K 

C I R C U I T  
SYMB O L  

ELECTRI CAL PARTS LIST (Cont ' d . )  

D E S C R I P T I O N 

C A P A C I T ORS (C ont ' d . )  

WE ST I N G H O U S E  
D E S I G N AT I O N  

C 1 53 Metalli zed p aper ; 1 . 0  mfd . ;  200 V . D . C. 187A624H04 
C 1 54 Metal li zed p aper;  0 . 25 mfd. ; 200 V . D. C. 8 1 7 A6 24H0 2 
C 1 5 5  M etal l ized paper; 0 . 25 mfd . ; 200 V . D . C .  1 87A624H02 

� __ C_1_5_6 __ -4 __________ M __ et_a_ll�i_ze�d�pa�p�e�r�; _0�. 2�5_m_f�d�. ;_2_0_0_V __ . c_._c_. __________ +-_____ 1_8_7�A�6_2_4H_0_2�--� 
C 1 57 Metall ized p aper;  0 . 25 mfd . ;  200 V . D. C .  1 87 A6 24H0 2 

i---------=C--'-1--'-5--'-8----+-----------M:__:_cet alli zed paper; 0 . 25 mfd . ; 200 V . D . C. 1 87A624H02 
C 2 1 1  Durmica ;  1 00 mmf to 1000 mmf 1 8 7 A695H 
C 2 1 2  Cerami c ; . 1  mf, 50 v . d. c. 1 84A663 H04 

___ C __ 2_1 3  ____ +------------c __ e_r_.c._a_m_ic_;_:__l___mf_, _50 ___ v . d_. c_. ___ �------- - - f----------1_84 __ A_6_6_3_H_0_4 ____ __..., 

I-----�C�2�1�4----l-----------D�ur�m�i�c�a;�.5�6�m�m�f�--- 1 87A69 5 H 1 7  
I-----__ C_2_1_5 __ --+------------C __ er_a_m__:_ic�; __ __:_· _l __:_m__:_f�, �50 __ v__:_. d�.--'-c�· ---------------

-
---+-----1_84_A_663 H0 4 

C 2 1 6  Metallized p ap er ;  1 m f  1 8 7  A624H04 I-------------+----------
C 2 17 Metal l i zed P aper; 1 mf 187A6 24H04 

D I OD E S - G E N E R AL P U R POSE 

CR5 1 IN457A; 60 V . ;  200 l\1A. 1 84 A8 55 H07 11 r-���--+----------=������-���--------------------�---------��-�------- · 

r---C_R_5_2 __ �----------I_N_4_7_5_A__:_; �60�V_.�; _2�0�0 _M_A_. ____________________ � _____ 1 __ 8_4__:_A�8_5__:_5_H_0_7 _____ 1 
CR53 IN45 7A; 60 V . ;  200 MA. 1 84 A855H07 --------�---+----
CR8 1 IN9 1 ;  100 V . ; 1 5 0  M A .  182P.88 1 H0 4  
CR82 IN9 1 ;  100 V . ; 1 50 MA. 1 8 2A88 1H04 
CR83 IN9 1 ;  100 V . ;  1 50 M A  1 8 2A88 1H04 
C R84 IN4 75A; 60 V . ; 200 MA. 1 84A885H07 -------
CR85 IN628;  1 2 5  V . ; 30 MA. 1 84A85 5 H 1 2  

f--�C'-"R"-"8:.:::6 __ -+----------'I:::N:_:6:.:::2:.::_8.!__; ....:1�2�5_V:...:._._; _:::3�0�M�A�----------------------+------�1 8-...:4:_-:_A::8�5.::.5H::_:_1::_2 
_____ ! 

CR 10 1 IN4 5 7 A ;  60 V . ;  200 MA. 1 84A885H07 i CR 1 0 2  IN4 5 7 A; 6 0  V . ;  200 M A .  184A885H07 
CR 103 IN457A; 60 V . ;  200 MA . 1 84 A885H07 
CR106 IN4 5 7A; 60 V . ;  200 MA. 1 8 4 A885H07 j 

��C�R�1�0�7--4---------�IN�4�5�7�A�;_,6�0�V�.;....:2�0:.:::0....:M�A�--- ------ -- --- --------+-----�184 A885H07 
CR 1 0 8  IN4 5 7 A ;  6 0  V-; 200__.M�.A�-�---�----�--

-
--------t----- -----l_8_4_�A_8_8_5_H_0_7 ____ ----jl 

� __ 
C_R_1_0_9 

__ 4-------�---IN_4_57A; 60 V . ;  200 MA . --- - -
-

-I-- -
-

----18_4_A_88_5_H_0_7 ___ -,I 
CR l lO IN457A; 60 V . ;  200 MA. 1 84A885H07 

�---=C=-=R�1:..:1::..::1'--4----------.:ciN�4 5:::._7�A..:c>;,_6::-.0 V . ;  200 MA. ·----
-

-----I--------=184A885H07 
1 ___ C_R.:__1_1_2 __ +-------------1�4 5 7 A_;__�Q_y_._;�00 MA. _ ____ _ _ ________ ____ _ _ _______ _ ------- ---------1 

CR 1 5 1  IN4 5 7 A; 6 0  V . ;  200 MA. 1 84A885H07 
184 A885H07 

r---------,_ ________________________________________ ______ _  _ 
r-�C�R�1=5�2:_,_ _____ ___ -=IN���l&�������-�A. _ _____________ _______ �------'-1�84�A:.:..8:...:8�5:.:..H�0,_7 _____ � 

CR 1 53 IN4 57 A; 60 V_.'!_ 200 _MA_, __________________ ____ +--____ 1_8'--4�A�8_8_5.::.cH_0 __ 7 ____ --1 r-�C�R�1�5�4�,_ ________ -=IN'--4.:__5'--7�A�-�; _6_0_V'--.�; _2_00 __ M�A�. ---------------------4------1--'-8--'-4�A:...:8_8�5 H�0_7 ____ � 
CR 1 5  5 IN45 7 N 60 V . ;  200 M"'-'A'=-. -----------------------+---------=1.:-.8.:::.4 A=88::::5-...:H::..:0:._-7 ___ ----I 
C R 1 5 6  IN4 57A; 60 V . ;  200 MA. 1 84 A855H07 

D I O D E S  - Z E N E R  

I-------C--=R:.:..1 ___ -+-----------=IN....:3::..:.:0 27 A; 20 V. ± 10%; 1 W .  188A302 Hl0 1----------------------4 
CR2 IN30 27A; 20 V .  ± 10o/c; 1 W .  188A302H 1 0  

r----- ---------------------+-------�----------4 
CR104 IN95 7B; 6 . 8 V .  ± 5%; 400 MW . 1 86A797H06 

�R105 ___ 1--------- IN368_§_!L2Q��; 750 MW. --- -----1-- 1 8 5A2 1 2H06 
CR 1 1 3  IN957B; 6 . 8  V .  ± 5o/c ;  400 M W .  1 86A797H06 --c�----t 
V R l  IN28 28B ; 4 5 V .  ± 5% ; 5 0  \V. 1 84 A854H0 6  1---;.....=_:_'------1---------------- --- - ---- --- - - ---------- --- ---------- 1----------=-----=-�--=--c-----' 
VR2 IN2� 84B;_ �Q � - ± 5% ; 1_0 _ __\\,'�- - _ ___ \--- 7 62A63 1 H0 1  

'---------=Z'--2=--0_l __ ___L __________ �I N,_._7 5 3A ;_fU V. v 5'rc; 400 MW. 86 2A606H0 1 ----- -'-----------------------' 
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TYP E T C F  POWER L I N E  CAR R I E R  

EL ECTRICAL PARTS LIST (Cont 'd . )  

C I R C U I T  D E S C R I P T I O N  
W E S T I N G H O U S E  

S Y M B O L  D ES I G N A T I O N  

P O T E N T I O M E T E R S  

R5 1 0 K ;  2 W .  1 8 5A08 6 H 1 0  
-�-----

R7 250K; 2 W. 1 85A086H 1 1  

R 1 2  1 K ; � W. 6 29A430H02 

R52 I K ; 1;.4 W. 6 29 A645H04 

R 1 56 2 . 5 K ;  � W. 6 29A645H07 

R E SI STO R S  

R1 400 ohms ± 5%;  25 W .  1 202587 

R2 26 . 5  ohms ± 5%; 40 W. (For 48 V .  Supply) 0 4 D 1299H44 

R2 150 ohms ± 5%; 40 W.  (For 1 25 V .  Supply) 1 20 24 99 

R2 300 ohm s  ± 5%; 50 W.  (For 250 V .  Supply) 763A963H0 1 

R3 1 50 ohms ± 5%; 40 W. (For 1 2 5  V. Supply) 1 20 2499 

R3 500 ohms ± 5% ;  1 00 W .  (For 250 V .  Supply) 629A843H03 

R4 1 00 ohms ± 5%; 1 W.  Composition 1 8 7A643H03 

R6 10K ± 5% ;  Yz W. C omposition 1 84A763H5 1 

R8 1 OOK ± 5%; 1 W .  Composition 1 87A643H75 --
R 1 1 1 0 K  ± 5% ;  Yz W. Composition 184A763H5 1 

-- ---

R 1 3  5 . 6K ± 5%;  Yz W .  Composition 1 84A763H45 

R 1 4  3 .  3K ± 5 % ;  Yz W .  Composition 1 8 4A763H39 

R 1 5  3 3 0  ohms ± 5 % ;  Yz W .  Composition 1 8 4 A763 H 1 5  

R 1 6  1 0 K  ± 5%; Yz W.  Composition 1 8 4 A763H5 1 
----

R 1 7  33K ± 5%; Yz W .  Composition 1 84A763H63 

R 1 8  3 . 3 K  ± 5 % ;  Yz W.  Composition 1 8 4A763H39 
---- - ·- -- -

R 1 9  3 . 3K ± 5%; Yz W .  Composition 1 84A763H39 

R20 10K ± 5%; Yz W. Composition 1 84A763H5 1 --
R21  33K ± 5% ;  Yz W .  Composition 1 84A763H63 

R22 330 ohms ± 5%; Yz W.  Composition 1 84A763H 1 5  

R23 10K ± 5% Yz W. Compo sition 1 8 4A763H5 1 

R3 1 3 . 3K ± 5%; Yz W. Composition 1 8 4A763H39 

R32 22K ± 5%; Yz W .  Composition 1 84A763H59 

R33 680 ohms ± 5%; Yz W. Composition 1 84A763H23 

R34 68  ohms ± 5%; Yz W. Composition 1 8 7 A 290H2 1 

R35 10K ± 5%; Yz W. Composition 1 8 4 A763H5 1 

R3 6 330 ohms ± 5%; Yz W .  Composition 1 84A763H 1 5  

R37 3 . 3K ± 5% ;  Yz W.  Composition 1 8 4 A763H39 

R38 1 000 ohms ± 5%; Yz W .  Composition 1 8 4A763H27 

R39 22K ± 5% ; Yz W. Compo sition 1 84A763H59 
- ----�---

R40 680 ohms ± 5%; Yz W. Composition 1 8 4 A763H23 
� 

R4 1 68 ohms ± 5% ; Yz W. Composition 1 87A29 0 H 2 1  

R42 lOK ± 5%; Yz W. Composition 1 84A763H 5 1  

R5 1 4 .  7K ± 5%; Yz W. Composition 1 84A763H43 
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TYP E TCF POWER L I N E  CAR R I E R  

C I RCU I T  
SYM B O L  

R53 

R54 

R55 

R56 

R57 

R58 

R59 

R60 

R6 1 

R62 

R63 

R64 

R65 

R66 

R67 

R68 

R69 

R70 

R7 1 

R72 

R8 1 

R8 2 

R83 

R84 

R85 

R l O l  

R 102  

R 103 

R 1 0 4  
r--·---� 

R 1 0 5  

R106  r------� ---·--
R107 

- .  

R108 f------·- --- ---
R 109 1-- -----------
R l l O  

ELECTRICAL PARTS LIST (Cont' d . )  

D E S C R I P T I O N  

R ES I STO R S  ( C ont' d.)  

27K ± 5%; 1/z W .  Composition 

2. 2K ± 5%; Yz W. Composition 

27 ohms ± 5%; Yz W .  Composition 

1 0 K  ± 5%; Vz W. Composition 

4. 7K ± 5%; Yz W. Composition 

27K ± 5%; Vz W. Composition 

1 . 5K ± 5% ;  %. W .  Composition 

180 ohms ± 5%; Yz W .  Composition 

4. 7K ± 5%; 1/z W .  Composition 

1 . 5K ± 5%; Vz W. Composition 

3 . 3 K  ± 5% ;  Yz W .  Composition 

2 . 7 K  ± 5% ;  1fz W. Composition 

680 ohms ± 5%; Vz W. Composition 

68 ohms ± 5% ;  1/z W. Composition 

4 .  7 K  ± 5%; liz W. Composition 

2 . 7 K  ± 5% ;  1/z W. Composition 

1 8 K  ± 5% ;  1fz W. Composition 

220 ohms ± 5%; Yz W. Composition 

270 ohms ± 5%; Wire Wound 

330 ohms ± 5% ;  1/z W .  Composition 

4 .  7 K  ± 5%; 1/z W. Composition 

4 . 7K ± 5% ;  1/z W. Composition 

2. 2K ± 5%; Vz W. Composition 

2. 2K ± 5%; 1/z W. Composition 

6 . 8K ± 5%;  Yz W. Composition 

39K ± 5%; Yz W. Composition 

3 3K ± 5%; 1/z W .  Composition 

1 0 K  ± 5%; Yz W. Composition 
- - ------- - - - - - - - -----� ---�----

27K ± 5%; 1/z W .  C'omposition 
-�--�-------- - - -

1 0K ± 5%; Yz W. Composition 
�--- ----- ----- --- -- -- - ---- - ----

39K ± 5%; 1/z W.  Composition 1--· ----------- ---- - -- ------- --�----

18K ± 5%; 1/z W. Composition 
- --- - - - --- --- ------- ---- -

56K ± 5%; 1/z W. Composition f------- --�-� -- - - - - -------- �---�-------�-----

10K ± 5% ; 1 W. Composition 
- ·--·-- - - - --

6 . 8K ± 5%; 1 W .  Composition 
c--------- t-

470 ohm s  ± 5%; 1/z W. Composition Rl l l  
--

R l 1 2  1---------
R 1 1 3  

--- ------ ---- --- -

R l 1 4 
-- . ------ - ---- -- - -

R1 1 5  

- ------- - - - -- --- -- -- - -- --- --· - --- -- - - -- - -- --- -- �- - - -· - --

1000 ohms ± 5%; 1/2 W .  Composition 
- ---- - - -· -- --- - - - -- - -- ---- - - --------·-- -- -- --- - ---

-. 
470K ± 5% ; 1/z W. Composition 

-- - -- - --- - -- - ---- - ----·-- -- - -- - - - ----- · - - - -- -- --- -- -

1000 ohms ± 5%; 1/z W .  Composition 
. --

-- --- -- -� - �- - -- - -�- - - - - ------------ - - -

82K ± 5% ; Yz W. Composition 

I . L .  41 -945.51 K 

W EST I N G H O U S E  
D E S I G N A T I O N  

1 8 4 A763H6 1 

1 84A763H35 

1 8 7A290H l l  

1 84 A763H5 1 

1 8 4 A763H43 

1 8 4 A763H6 1 

1 8 4 A763H3 1 

1 8 4 A763H09 

1 8 4 A763H43 

1 8 4 A763H3 1 

1 84 A763H63 

1 84A763H37 

1 84A763H23 

1 87 A290H2 1 

1 8 4 A763H43 

1 8 4 A763H37 

1 8 4 A763H57 

1 8 4 A763H 1 1  

09D832G 1 9  

1 8 4 A763H 1 5  

1 84 A763H43 

1 8 4 A763H43 

1 8 4 A763H35 

1 8 4 A763H35 

1 8 4 A763H47 

1 8 4 A763H65 

1 84A763H63 

1 84A763H5 1 

1 8 4 A7 63H6 1 

1 84A763H5 1 

1 8 4 A763H65 
--

1 8 4 A763H57 

1 8 4 A763H69 
---- --------

1 8 7 A643 H 5 1  

1 87 A643H47 

1 8 4 A763H19  
�-------- - ----- --�--

184A763H27 
-----

1 8 4 A763H9 1 1-- ·-·- ------- - - ----- -

1 8 5 A763H27 
- - -------· - ---

1 8 4 A763H73 
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TYPE TCF POWER LINE CARRIER 

CIRCUIT 
SYMBOL 

R l 16 

R 1 1 7  

R 1 18 

R l 1 9  

R l 20 

R121  
R 1 22 

R 1 23 

R 1 24 

R 1 2S 

R 1 26 

R 1 27 

R 1 28 

R129 

R130 
R 1 3 1  

R l 3 2  

R133 

R134 

Rl35 

Rl36 

Rl37 

R138 

R 1 5 1  

R152 

R153 

R 1 54 

R155 

R157 

R 1 5 8  
R 1 59 

R160 

R l 6 1  

R162 

R163 

R164 

R165 

R166 

R 167 

R 168 

R 2 1 1  

R 2 1 2  

R 2 1 3  

R214 

R215 

R216 

R217 

R218 

R219 

R220 

20 

ELECTRICAL PARTS LIST (Cont ' d . )  

D E S C R I P T I O N  

RESIS TORS 

l OK + 5%; 1h W .  Composition 
lOK + 5%· 12 W. Composition 
lOK + 5%; 12 W .  Composition 

l OOK + 5%· 12 W. Composition 
39K ± 5%; 12 W. Composition 
68K ± 5%; 12 W. Composition 
68K + 5%· 12 W. Composition 

1000 ohms ± 5%; 12 W .  Composition 
33K ± 5%; 12 W. Composition 
33K ± 5%; 12 W. Composition 
10K ± 5%; 12 w. Composition 

lOK ± 5%; 12 W. Composition 
10K ± 5%; 12 W. Composition 
68K ± 5%; Y2 W. Composition 
68K ± 5%; 12 W .  Composition 
1 2K ± 5%; 12 W. Composition 
33K ± 5%; 1h W. Composition 
33K ± 5%; 12 W. Composition 
10K ± 5%; 12 W. Composition 
lOK ± 5%; 12 W. Composition 

3 . 3K ± 5%; 12 W. Composition 
800 ohms ± 5%; 3 W. Composition 

lOK ± 5%; 12 W. Composition 
2. 7K ± 5%; 12 W. Composition 
2 . 2K Sensistor Type TM14 (Tex. Inst . Co . )  

220 ohm s  ± 5%; 12 W .  Composition 
2 . 2K ± 5%; 12 W .  Composition 

15K ± 5%; 12 W. Composition 
4 .  7K ± 5%; 12 W. Composition 
4 .  7K ± 5%; Yz W. Composition 

1 5K ± 5%; 1h W- Composition 
560 ohms ± 5%; 12 W. Comp osition 

1 .  2K ± 5%; % W. Compos{tion 

1 80 ohms ± 5%; 12 W. Composition 
180 ohms + 5%; 12 W. Composition 
4 70 ohm s  ± 5%; % W. Composition 

1000 ohms + 5%; 12 W. Composition 
3K Thermistor TYPe ID20 1 (G.E.  Co. ) 

18K + 5%; 1h W. Composition 
lOK ± 5%; 12 W. Composition 
10K ± 5%; Composition 

lK ± 5%; Composition 
10K ± 5%; Composition 

2. 7K ± 5%; Composition 
lOK ± 5%; Composition 

8. 2K ± 5%; Composition 
2K ± 5%; Composition 

150 ohm s ± 5%; Composition 
330 ohms ± 5%; Composition 

4 7K ± 5%; Composition 

. --�-

WESTINGHOUSE 
DESIGNAT I ON 

184A 763H5 1 

184A763H51 

184A763H 5 1  

184 A763H75 

1 84A763H65 

184A763 H71 
184A76 3H7 1 

184A763H27 

1 84A763H63 

184A763 H63 

184A763 H5 1 

1 84A763H5 1 

184 A763H5 1 

184A763H7 1 

1 84A763H71 
1 84A76 3H53 

184A763H63 

184A763H63 

1 84A763H5 1 

1 84A763H5 1 

184A763H39 

184A859H06 

184 A76 3H5 1 

184A763H37 

187A685H0 1 

184A763 H l l  

184A763H35 

1 84A763H55 

184A763H43 

184A763H43 
1 84A763H55 

1 84A763H2 1 

184A76 3H29 

1 84A763H09 

184A763H09 

184A76 3H 1 9  

184A763H27 

185A21 1H08 

1 84A763H57 

184A763H5 1 

184A763H5 1 

1 84A763H27 

184A763H5 1 

184A763H37 

184A763H5 1 

184A76 3H73 

1 84A763H34 

184A763H07 

184A763H15 

184A763H67 
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TYP E TCF POWE R  L I N E  CARR I E R  I . L .  41 -945.51 K 

ELECTRICAL PARTS LIST {Cont 'd . )  

C IR CU I T  
D E S C R I P T I O N W E ST I NG H O U SE 

S Y M B O L  D E S I G N A T I O N  

T R AN S F O RM E R S  

T l l  Toroidal type , 10000 /400 ohms 205C0 4 3G03 
T 1 2  Toroidal type ,  25000/300 ohms 20 5C04 3G0 3 
T8 1 Pot. Core type 606B533G0 1 
Ts 2  Pot. Core type 606B53 3G0 2 
T 2 1 1  lOK: l O K  7 14B67 7G0 1 
T 2 1 2  25K: 300 20 5C0 43G 0 1  

T R ANSISTORS 

Q l l  2N65 2A 1 84A638H 1 6  
Q 1 2  2N 1396 848A89 2H0 1 
Q 1 3  2 N l 3 9 6  848A89 2H0 1 
Q3 1 2N274 187A270H0 1 
Q32 2N274 187A270H0 1 
Q5 1 2N396 7 6 2A575H03 

_Q5 2 2N3 9 6  76 2A57 5H03 
Q53 2N396 762A575 H03 
Q54 2N396 7 6 2A585H03 
Q8 1 2N652A 1 84A638H 1 6  
Q82 2N652A 1 84 A638H 1 6  
Q l O l  2N65 2A 1 84 A6 3 8H 1 6  
Q l0 2  2N696 762A585H0 1 
Q 10 3  2N697 1 84A63 8H 1 8  
Q104 2N699 1 84 A6 3 8H 1 9  
Q105 2N699 184A638H 19 
Q 1 0 6  2N696 7 6 2A5 85H0 1 
Q 107 2N698 7 6 2A585H0 2 
Q 1 0 8  2N699 184A€38H 19 
Q 109 2N699 1 84A638H 19 
Q l lO 2N696 7 62A585H0 1 
Q l l l  2N696 76 2A585H0 1 
Q l 5 1  2N396 76 2A5 85fl03 

--

Q 1 5 2  2N396 76 2A585H03 
Q l 5 3  2N396 7 6 2A585H03 
Q l 5 4  2N699 1 84A63 8H19 
Q2 1 1  2N65 2A 1 84A63 8H 1 6  

MISC E LL A N E O U S  

Y l l  O scill ator Crystal ( Freque ncy 20 k H z  above Channel Frequ ency) 76 2A800 H 0 1  + (R eq. Fre q. ) 
FL l Crystal input Filter 40 1 C4 6 6  + (Req. Freq. ) 
F L 2  l . F .  Filter 76 2A6 1 3G0 1 
PL Pilot Light Bulb - For 48 V. Supply 187A l33H02 

Pilot Light B ul b  - For 1 2 5  or 250 V.  Supply 1 83A955H 0 1  
F l ,  F 2  Fuse , 1 . 5  A .  1 1D9 195H26 
AL Alarm Re l ay 4 0 8C062H07 
AR Trip R el ay  408C84 5G03 
L l- L 2  Chok e 29 2B096G0 2  

IC20 1 Fairchild UA 7 10C ( Int. Ckt . ) 20 1 C 826H04 
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TYP E TCF POWER L IN E  CAR R I E R  

ALARM SOUNDS 
ON DROPOUT 

G 

763A3 1 5  
Fig. 3 B lock diagram of output logic circuit 

3.5 

3.0 

2.5 

"' 
0 ... 
j 2.0 
" 
z 

� 
w 
> 
w 
� 1 5  I-t-

t-1--"' 
w "' I-t-

t-1-"' :3 1 .0 
"' 
w "' 
w 
a. 

I "' 
" 0 5  ::; 
...l "' I 

0 -

SIGNAL LEVEL AT  p EFFECTIVE " LOSS OF 
t- (:P����� ;'J'o

0
��TTHROUGH] J t- Ji51 OR < I VOLT AT 

DISCRIMINATOR P. C. f- BOARD TERMINA;,_ 15) ,/ 

I 
I v 
� v 
I 

15 -10 

I 

I 

LEVEL AT W H I C H  
ALARM I S  ADJUSTED 

(BY Rl56) TO OPERATE 
I I 
I I -

� I 
l I II 

D EC I BELS  

NORMAL L E V E L  OF  
RECEIVER INPUT 
SIGNAL 

+5 +10 

836A931  
Fig. 5 Typ ical curve of the carrier level indicator 

c urrent vs.  receiver margin above m in imum 
operating leve l. 

22 

D B  DOWN f--220Hl � 
(FilTER S ONLY ) 

0 

- 3  
L.-1t:=" Itt-

201<1<�-!r--t-)',. I I  F
.
I
I
LT f R

I t-
- 1 0  1/ 1"-, v. '\, II 

- 20 
I DISCR I M INATOR 

I 1/ 1\- o nu l t-
II I )\ t;P RYSTAL 1 \  FILTER t-1--

- 30 ' I 1 7110\� II I ill 
l\ r -I 

- 4 0 rr ' I  I I  
"'' 1\ 1 

- 5 0 -200Hl 
I ' 1\ I 

- 6 0  l\ 

500 400 300 200 100 Fe 100 200 300 400 5CXJ 
HERTZ INPUT F RE QUENCY HERTi! + 

f c • CENTER FREQUENCY OF CRYSTAL FILTER 

836A932 
Fig. 4 Filter ancl di scriminator characteri stics 

of the type TCF receiver 

� []  
8 .1  _____ �- - - u 

R E A R  VIEW 

606B894 
Fig. 6 Component locations on th e type 

TCF recei ver p an el 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE TCF POWER LINE CARRIER 

() []]I] 
G e  

Q TP I I (0 
1 c .. 1 r-l �-l 

�PI2 Y i l � r:ffM 

� 0 ,  ..o @  IJIT!J nflT' - TPI3 / � R IB I 

1 C 12 l 8 
CBDJ 

7 63A292 
Fig. 7 Component location s  o n  the oscillator 

and mixer p rinted circuit board. 

1 9  I 

i I I I I I I I I I I  I I  I I I I I I 

763A294 
Fig. 9 Component locations on th e amplifier 

and I imiter printed c ircuit board. 

I . L .  41-945.51 K 

---- ---- ···----------, 

� 1 9  I r--

1 I I I I I  I I I I I I I  I I I I I I  
�--·------------------------� 

763A293 
Fig. 8 Compon ent locations on the / . F . 

amplifier printed circuit board. 

�--1 T P 84 TP83 0 
L _ 0 [c·SIJ () 

, ,., l� � � � "' I 
I TTc 9iJ I c9��f 1 Ll Jl 

_ _  __J ICRB5I I �e4 J � jCRB6j _ 

8EJ [§..] 

[]]I] cm=J T 8 1  

G �-s() � t;;;;) CR84 a f.-WHEN 
V �  _- U S E D  

1 9 I I I I I l l \  I I l l  I I  I I I I I I  

763A29 5 
Fig. 10 Component location s on the discrimin ator 

printed circuit board. 
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T YP E TCF POWER L I N E  CARRI E R  _______________________ _ 

24 

A L  
ALAR M 
R E LAY 

A R  
T R I P RELAY 

I 

TPIO I 
[R120 ]OQ [c@ 8TQ2 

1 c I 0 2 +1 1 R l 2 3 1 e LC IOS] IRiill 
[[[o s j  lcRt04 1  I � 1 1 6 ] r-C--;-03 l [ C I O I  +] _ �� �I I J [Rfc3� ) [� 
�:@I] [E_g_§J � �Ricir t � IRT22 1 � [ R 1 0 5] � I R I 28JY!Ri251 

/ �TPI05� s� � �) 0 0105 I R I I B  -j 0106 1- �3i_j 
I R I O�j R I 09  R l 29- 8P107[ R l30] 
[ B I I [J TP IOG 0  8 [Bill] �� lfRIIz-1 'Ri2T' O l i O  [ RTRl 0 1 1 1  0 107 0 

. �-"-! l_� TP104 
[ Rl CD � [iijfl] � 0 
li I [RTFJ � 

TPt t o L f<_i_ffi [cRi06] e: [cRtoel 
[ CR IO t l  LRIOi] ol R�I � 5  \Riill eli!()� 
[CR I02[ � ,;;� Q IOS [ c R I I O [  R l 38 

�c � l:Ff1 ITJ  '--- 19 I -I I I I I I  I I I l l  I I  I I I I I I  
763A296 

Fig. 1 1  Component locations on the logic 
printecl circuit boarcl. 

J l 5 1  

� 
I Cl53 I � I lL-----1� -@!D-t 

� TPI52 

�w � o � 166 � T�54 � � � u  � � u 

I 
o; -e

t55 ® - 1 53 I � � Rl60 fa\ J 0 � � 0 
-- �@ ---li\ill- r;J�@g �� _, C l5 4 r �tfi$ � � � TPI55 (0\, 

--lliill--- � 0 � � 

'---- 19 I r-- 'i I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  l 
r I I I I I I I I I I I I I I I I I I 

7 63A297 
Fig.  12  Compon en t  locations on the output 

p rintecl circuit bo arcl. 

836A522 
Fig. 13  Component locations on the carrier 

level inclicator printecl circuit boarcl. 
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TYPE TCF POWER L INE CARRIER ______________________ I . L_._4_1 --94_s_. s_1 K_ 

:::. � FOR 2.50 OR 1 25 / 2 5 0  V.O.C. ONLY 

��� ----- - , r� WIDE X t DEEP - FOUR SLOTS 

--, _--;-""l<D l roj P U T  POWER J 
-IN 

0 

I ""'"'"" ,A, r'\ � n� 
�� 0 � ''--_) '\S_� 

!:I� l- 0 

/ .__ ____ _ __ _ " '  

;;;I� G. L -- 5 -- -

_ I -
·-�-·- -� ! -- � West.nghouse ® I I _ L__,___ ·-- -- _____________ .::_ _ _=c__---l__j 

II ... - --- - 1 8t MTG. CENTERS ---- - I 
---- -- 1 9 - -

Fig. 14 Outline ancl drilling plan for the typ e TCF receiver assembly. 

I .  F. FI LTER TEST C I RCU IT CO NNECTIONS 

INPUT FILTER TEST Cl  RCU I T  CONNECT IONS 849Al09 

Fig. 15.  Test Currents for TCF Frequency Sh ift Receiver Filters. 

41 0C495 
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N 
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r-� � --�---------------------------it------1 

Q l l  

I 
I 
I 
I 
I 
I 
I 

Tlrr �l 
------------------------- -------.2s.�--�:£_c_g;��. 

COMPONENT STYLE REQ REF 
TRANSISTOR 

Q l l  Q 12 Q l3 849A441H03 3 2N4249 

RESISTOR 

R 15-R22 184A763H15 2 3300 1/2W +5% 

R 14-R 18-R 19 184A763H39 3 3.3K 1/2W +5% 

R l3 184A763H45 1 5.6K 1/2W +5% 

R ll-R 16-R20-R23 184A763H51 4 !OK 1/2W +5% 

R 17-R21 184A763H63 2 33K 1/2W +5% 

R24 184A763H83 1 220K 1/2W +5% 

R25 184A763H43 1 4. 7K 1/2W +5% 

CAPACITOR 

C l l-C13-Cl7 187A624H02 3 .25MFD. 200V. 
C 14-C15 187A624H04 2 1MFD. 200V. 

C 12 SEE NOTE 'f 
C 16 SEE NOTE • 

POTENTIOMETER 

R 12 629A430H02 1 10000 

TRANSFORMER 

T 1 1  205C043G01 1 10,000/400 
T12 205C043G03 1 25,000/300 

CRYSTAL 

Y l l  -- SEE NOTE Cl_c___ -

'f =C 12 RANGE 4 TO 390Pf. AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS. 

• = C 16 RANGE 22 TO 100Pf. AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS. 

o = Y l l  RANGE-50 TO 220 KHZ. 

REF COMPONENT LOCATION- 763A292 

2 6 4 C 8 5 5  

* Fig. 18.  Internal Schematic 30-200KHz Oscillator one/ M ixer Silicon Transistor Version 
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N 
...... 

r - - 2r �TP2�------------------------9f---------� 
I I I I I I I 0 2 1 1  

C216 

lJ: 
6 1 I I I I I I I �· ----------------------�!��· �I .__- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _1!!_

v 
_j �2.£.9QZ�1J 

COMPONENT STYLE 
TRANSISTOR 

0 2 1 1  849A441H03 

RESISTOR 

R 2 1 1-R213-R215 184AZ63H51 

R212 184A763H27 

R214 184A763H37 

R 2 16 184A763H49 

R217 184A763H34 

R218 184A763H07 

R 2 19 184A763HI5 

R220 184A763H67 

R22 i 184A763H83 

R222 184A763H43 

CAPACITOR 

C 2 1 1  S E E  NOTE ... 
C 2 12-C213-C215 184A663H04 

C214 SEE NOTE 0 
C216-C217 187A624H04 

C 2 18 187A624H02 

ZENER DIODE 

Z201 862A606H01 

INTERNAL CIRCUIT 

IC201 201C826H04 

TRANSFORMER 

T2 1 1  7 148677001 

T212 205C043G03 

C RYSTAL 

Y 1 1  SEE NOTE 0 

.t1. = C 2 1 1  RANGES FROM lOOP!. TO l,OOOPf. 

REO. REF 

1 2N4249 

3 !OK 1/2W +5% 

1 lK 1/2W +5% 

1 2.7K 1/2W +5% 

1 8.2K 1/2W +5% 

1 2K 1/2W +5% 

1 1500 1/2W +5% 

1 3300 1/2W +5% 

1 47K 1/2W ±5% 
1 220K 1/2W +5% 

1 4. 7K 1/2W +5% 

3 . 1MFD. 50V. 

2 1 MFD. 200V. 

1 .25 MFD. 200V. 

1 1N753A 

1 UA7 10C 

1 

1 

L ------- -

O = C2 14 STYLE NO. 187A695H17 .56Pf. BUT MAY VARY UP TO 100Pf. 

0= Y 1 1  FREQUENCY EQUALS RECEIVER (CHANN ELl FREQUENCY 
PLUS 20 KHZ . 

* Fig. 1 9. Internal Schematic 200.5-300KHz. Oscillator and Mixer Silicon Transistor Version 

2 6 4 C 8 4 4  

-t -< ""0 m 
-t n , 
""0 0 � m :::0 
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N 
00 
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- - - 9� - - - - - - - - - - - - - - - - - - - - - - - - - - , 

4 « • I ! 
I 
I 6 <.< + 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

14 1 �> 
I 

12 1 �> I 

I 

!_---�  � - - - - - - - - - - - - - - - - - - - -L 4E£l�G,£lj 

C O MPONENT 

TRANSISTOR 

03 1-032 

RESISTOR 

R34-R41 

R36 

R33-R40 

R38 

R3 1-R37 

R35-R42 

R32-R39 

CAPACITOR 

C3 1-C32-C33-C35 

C34 

C36 

FILTER 

. FL2 

¢ • COMMON TERMI NAL 

* Fig. 20. Internal Schematic I . F. Amplifi er - Silicon Transistor Version 

STYLE R EQ 

849A44 1H03 2 

187A290H21' 2 

184A763 H 1 5  1 

184A763H23 2 

184A763H27 1 

184A763H39 2 

184A763H 5 1  2 

184A763H59 2 

187A624H02 4 

187A624H04 1 

762A757H01 1 

762A6 13G 0 1  1 

R E F  

2N4249 

680 1/2W +5% 

3300 1/2W +5% 

6800 1/2W +5% 

1K 1/2W +5% 

3:3K 1/2W +5% 

lOK 1/2W +5% 

22K 1/2W +5% 

.25MFD. 200V 

1MFD. 200V. 

100 Pf. 

·-

2 6 4 C 8 5 6 

-t -< "'0 m 
-t () 
"T1 
"'0 0 � m ;:o 
r 
z m 
() > ;:o ;:o 
m ;:o 
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N 
-o 

I ' { ( 
� 

,--,/"-----16�----------------------------, 
I I 
I I 
I I 
I 1 1  
I ? 

<

' 14 C60 I I I TP55 
5 ! I 0 ' » I (( . . 

C59 

.... ----=��------- ------------------------�� ��o_:_j 

COMPONENT 

TRANSISTOR 

Q5 1-Q52-Q53-Q54 

RESISTOR 

R66 

R55 

R70 

R72 

R65 

R59 

R54-R62 

R64-R68 

R5 1-R57-R61-R67 

R56 

R69 

R53-R58 

R63 

R 7 l  

R 60  

R73 

CAPACITOR 

C54 

C 5 1-C52-C56-C58-C59 

C53-C55-C57 

C60 

DIODE 

D51- D52-D53 

POTENTIOMETER 

R52 

* Fig. 2 1 .  Intern al Schematic Amplifier ancl L im i ter - Sili con Tran sistor Version 

STYLE 

849A44 1H03 

187A290H2 1  

187A290H l l  

184A763H l l  

184A763H15 

184A763H23 

184A763H 3 1  

184A763H35 

184A763H37 

184A763H43 

184A763H5 1  

184A763H57 

184A763H6 1  

184A763H63 

09D8326G20 

184A763H09 

6 2 9 A 5 3 1 H0 2  

187A584H 15 

187A624H02 

187A624H0 1 

187A624H04 

184A855H07 

629A645H04 

REQ. 

4 

1 

1 

1 

1 

1 

1 

2 

2 

4 

1 

1 

2 

1 

1 

1 

1 

1 

5 

3 

1 

3 

1 

( 

REF 

2N4249 

680 1/2W ±5% 

27n 1/2W ±5% 

2200 l/2W ±5% 

3300 1/2W ±5% 

6800 1/2W +5% 

l.5K 1/2W ±5% 

2.2K 1/2W ±5% 

2.7K 1/2W ±5% 

4. 7K 1/2W ±5% 

!OK 1/2W +5% 

18K 1/2W ±5% 

27K 1/2W ±5% 

33K 1/2W +5% 

1000 ±2% 

1800 1/2W ±5% 

56 n 112w "-2% 

l300MMF. 500V. 

.25MFD. 200V. 

0. 1MFD. 200V. 

1.0MFD. 200V. 

1N457A 

1K 

2 6 4 C 8 4 1  

-i -< 
., m 
-i n 
"T1 
., 0 ::E m :::0 
r 
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w 
N 

r - - - - - - - - - - - - - - - - - - - - - - - - - �s-41--- - - - - - - - - - 12 '�' - - - - - , 

Dl03 

I 5 I I Zl 04 I /?.. -= 1 - ·-l • • ' 14 • I RI36 !---+--+f J QI04 
¢' 

0106 

I 9 
' I I  

0109 
0108 

OliO OJ I I  

0 108 

2 

I 
6 

3 

� - - - - - - - - - - - - - - - - - - - - - - - - ���� -J 

COMPONENT 

TRANSISTORS 

0 10 1  

0 102- 106- 110- 1 1 1  

0 103 

0 107 

0 105- 108- 109-104 

R ESISTORS 

R llO 

R !09 

R 137 

R 1 11 

R 1 12-R 114-R 123 

R !36 

R 103- 105- 116 TO 1 18-
126 TO 128-134-135-138 

R !31 

R l07 

R 104 
R 102- 124 -125- 132-133 

R !Ol- 106-120 

R 108 

R 121- 122-129-130 

Rl15 Rl!9 
R l l3 

CAPACITORS 

C !O l  

C l05 

C l02 
C !03- 104 

DIODES 

D 1 14 

D!Ol TO 103- 106 TO I I2 
1 1 5  

DIO-ZENER 

Z l05 

Z ! l3- 104 

* Fig. 24. Internal Schematic Logic Board - Silicon Transistor Version 

) ) 

STYLE REO 

849A441H03 1 

762A585H01 4 

184A638HI8 1 

762A585H02 I 
184A638Hl9 4 

187A643H47 1 

187A643H51 1 

184A859H06 1 

184A763Hl9 1 

l84A763H27 3 

184A763H39 I 

184A763H51 I I  

184A763H53 1 

184A763H57 I 
184A763H61 1 

184A763H63 5 

184A763H65 3 

184A763H69 1 

184A763H71 4 

1B4A763H73 1 

l84A763H75 1 

184A763H91 1 

l84A66 1Hl2 1 

l84A663H02 1 

184A66 1H25 1 

l87A624Hll 2 

182A88 1H07 1 

184A855H07 I I  

l85A212H06 1 

186A797H06 2 

REF 

( 2N4249 ) 

( 2N696 ) 

( 2N697 ) 

( 2N698 ) 

( 2N699 ) 

( 6.8K !W +5%) 

( !OK !W +5%) 

< 8oo n 3W> 

( 470 I/2W t 5 %) 
( JK l/2W t 5"1.) 
( 3.3K l/2Wt5% 

(I OK I/2W t 5%) 
( 12K l/2W +5%) 
( 18K l/2W +5"1,) 

( 27K l/2W ±5"1,) 

(33K l/2W +5%) 

( 39K 1/2W +5%) 

( 56K l/2W +5%) 

( 68K l/2W +5%) 

(82K l/2W +5%) 

( lOOK 112W +5%) 

( 470K 112W +5%) 

(4.7MFD. 10%) 

( .05MFD. 50V) 

( 6.8MFD.) 

( .5MFD. + 10%) 

( IN !OOA ) 

( IN457Al 

( IN3686B ) 

( IN957B ) 

2 6 4 C 8 4 5  

) 

-t -< '"0 m 
-t (") "11 
'"0 0 � m ;:o 
r 
z m 
(") ]> ;:o ;:o 
m ;:o 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E T C F  P O W E R L 1 N E  C A R R I E R _______________________ I_. L_. _4_1_-9_45�. 5.:.._1 K 

� G  U O TP I I 
0 
Q l l  

� .----, C l5 �R���2 Y l l  � oom 

IRT5] OQI2 1 J) 0 Q 13 
[!H4] r:RJ1J '--T-PI_J3 / � [[i[J 

0 EJ []JD @JU 
00:1 [liD] 

-, 19 I \ I I  I I I  I I I I  I I  ! I l l  I I  I I 
7 6 3A 2 9 2 

Fig. 25. Componen t Locations 3D-200KHz. Oscil lator 
and Mixer Silicon Tran si stor Vers ion 

I+C35I IR42 I I R35 I  I C36] '
132+1

1 [R4Q"fP33� ;=' �-==---,1 TP31 Q3 1 R33 OOTI Oc32 CH + 
. 0 0 I R34 l I R39l R32 

I R37 I I R3B I I R36 l 0 TP32 
fC333 2 I 

FL 2 

19 7 I �- --- --� 
7 6 3A 2 9 3  

Fig. 27. Componen t  Lo cations / . F .  Amp lifier - Silicon 

Trans istor Version 

TP216 
0 

0 TP214 
1 9  �--

TP2 15 
0 

Y l l 
@ 

._______..I I C 2 1 7 I 
_______ I -� 

2 0 2 C 9 3 4 
Fig. 26. Component Lo cations 200.5-300KHz. Oscillator 

and M ixer S il icon Transistor Version 
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T Y P E  TCF POWER L I N E  CARRI ER·-------------------------
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I N S T A L L A TI O N  • 

Westi nghouse I . L . 4 1 -945 . 1 2  
O PE R A T I O N  • M A I N T E N A N C E  

I N S T R U C T lJ © N S  
TYPE TCF POWER LINE CARRI ER FREQU ENCY-SHI FT 

TRANSMITTER EQU IPMENT 

3 FREQUENCY - 1 0  WATT I 1 WATT I 1 0  WATT 

CAUT I ON: It is recommended that the user of this 
e quipment becom e thoroughly famil iar with the 
information in this in struction l eaflet before ener­
gizing the carrier assembly"  Failure to obs erve 
this precaution may result in damage to the equip­
m ent.  

If the carrier set is mounted in a cabinet, it 
must be bolted down to the floor or otherwi s e  se­
cured before swinging out the equipment rack to 
prevent its tipping over" 

A P P LICAT I ON 

A widely used high speed relaying system used 
for transmi ssion line protection consists of  direc­
tional-comparison unblock relaying plus a transfer­
trip channel for breaker failure protection . Normally 
these systems of relaying require two fre quency­
shift channels ,  wideband for unblocking and n arrow­
band for transfer trip. A saving in channel spectrum 
can be effected by using a three frequency trans­
mitter for the two relaying functions and two sep­
arate receivers , one for each function ,  as shown in 
Figure 7. 

SYST EM O P E R AT ION 

The three frequency TCF carrier transmitter 
provides for the transmi ssion of any of three clo sely 
control led discrete frequencies.  all within the 
e quivalent spacing of a single wide-band channel .  
The center frequency of the c hannel can vary from 
from 30 kHz to 300 kHz in 0. 5 kHz step s .  The 

transmitter normally operates at a frequency that 
is 100 hz above the channel  center frequency (fc). 
This frequency serves as the ' 'guard' ' fre quency 
for the transfer-trip receiver and as the ' 'block ' '  
frequency for the unblock receiver. Note that the 
discriminator characteri stic in the unblock receiver 
in this case is reversed from the normal unblock 
receiver u sed with the standard two fre qu ency 
transmitter. This " guard" "block " frequency is  
transmitted continuously when conditions are normal. 
It indicates at the receiving end of the line that 

NEW INFORMAT ION 

the c hannel i s  operative and serves to prevent 
false operation of the receiver by line noise.  The 
lowest frequency , which is 100 hz less than fc, 

is  the "transfer trip" frequency and is transmitted 
as a signal that an operation ( such as tripping a 
c ircuit breaker) shoul d be performed at the receiving 
end of the line" The high est frequency , which is  
300 hz above fc , is the "unblock " frequency and 
is transmitted as an unblock signal for directional 
comp arison relaying. If a subsequ ent transfer-trip 
operation is c alled for, the transmitter will shift 
to fc - 100 hz which is the "trip " frequency for 
the transfer trip (narrow-band receiver. 

Note that when the transmitter shifts to " un­
block , "  the fre quency i s  completely outside the 
passband of the narrow band transfer-trip receiver. 
Normally, this would cause a low- signal alarm 
output from that receiver. Sim ilarly , when the fre­

quency is s hifted to ' 'trip' ' ( fc- 100 hz) ,  the signal 
is w ell removed from the "block" peak of the wi de­
han d receiver discriminator. In order to prevent a 
similar alarm output in this c as e ,  the checkback 
output of each receiver is cro ss-connected to the 
guard or block input of the opposite receiver (through 
an OR logic circuit) .  This logic is shown in Figure 
8 .  The checkback output i s  a receiver output that 
indicates that a proper signal has been received 
witho ut going through any time delays or other 
logic used for the actual relaying o utput .  With 
this cross-connected logi c ,  both receivers will 
function when re quired, but will not give any in­
correct output indications. 

The transmitter normally operates at an output 
level of one watt at the " guard " "blocking" fre­
quency , but increases to ten watts for either "trip" 
or "unbl ock " output. An interlock is provided in 
the tran smitter keying circuit to give tran sfer-trip 
preferenc e .  This m eans that even while the trans­
mitter is shifted to the "unblock " fre quency, if  
the transfer-trip k eying circuit is  energized, the 
transmitter will shift to the "trip " frequency with­
out del ay. 

EFFECTIVE JULY 1971 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  T C  F P OW E R  Ll N E C A R  R l  E R ---------------------------------

CONSTRUCTION 

T h e  10 watt/ 1 watt/ 1 0  watt TCF transmitter 
unit is mounted on a standard 19-inch wide panel 
1 2% inches ( 7 rack units) high with edge slots 
for mounting on a standard relay rack , A j ack for 
m etering the amplifier collector current is  acces­
sible from the front of the paneL See Fig ,  6, All 
of the circuitry that is  suitable for printed circuit 
bo ard mounting is on two such boards,  as shown 
in Fig ,  2 The components mounted on each printed 
circuit board or other sub-assembly are shown 
enclo sed by dotted lines  on the internal schematic, 
Fig,  L The location of components on the three 
printed circuit boards are shown on separate ill us­
tration s ,  Fig.  3, 4 & 5,  

Extern al connections to the assembly are made 
through a 1 2-circuit receptacle, J3.  The r, f, output 
connection to the assembly is m ade through a coax­
ial cable j ac k ,  J2 ,  

O PE R ATION 

The transmitter is m ad e  up of four main stages 
and two filters . The stages include two crystal 
osc illators operating at fre quencies that differ by 
the desired channel c enter fre quency , a mixer and 

buffer amplifier, a driver stage and a power am ­
plifier. T h e  interstage filter i s  located between the 
driver and the power amplifier. The output filter 
removes harmonics that may be generated by dis­
tortion in the power amplifier. 

A single crystal d esigned for o scillation in the 
30 kHz to 300 kHz range cannot be forced to o sc il­
l ate away from its n atural fre quency by as much 
as ± 100 hz. In order to obtain thi s  desired frequency 
shift , it is necessary to use crystals in the 2 MHz 
range.  The  crystals are Y 1  and Y 2 of Fig. 1 .  The 

frequency of Y2 is 2. 00 MH z when op erated with a 
specified amo unt of series capacity, and the fre­
quency of Y 1  is 2 . 0 0  MHz plus the channel center 
frequency , or 2 . 0 3  MHz for 30 kHz center fre­
quency. Capacitor C55 and crystal Y2 in series 
are connected between the positive side of the sup­
ply voltage and the b ase of transistor Q5 1 , which 
operates in the emitter fol lo wing mode, The emitt er 
is coupl ed to the base through C 5 7 .  With Y 2  re­
m oved the base of Q5 1 would be held at approxi­
mately the midpoint of the supply volt age by R 5 1  
and R52 .  The crystal serves as a s eries-resonant 
c ircuit with very high inductance and low c ap ac i-

2 

tance . The circuit can be made to oscil late at other 
than the natural fre quency of the crystal by varyin g  
the seri e s  c apacitor, C 5 5 .  Increasing C5 5 will 
lower the fre quency of oscillations and red ucing 
C55 will raise the frequency, 

Cap acitor C 7 3  ( in parallel with C70) is not 
effective until D 55 is biased in the forward direction 
and becomes conductive .  It is bi ased in the reverse 
direction until the k eying control for unblock is 
closed which places 45V. de at terminal 12 of the 
printe d circuit board. With D55 conducting, C73  
and C70 are placed in parallel with C 5 5  and C74.  
The adjustment of C73 will reduc e the frequency 
of the Y2 circuit by 200 hz. Since Y2 is  the lower 
of the two fre quencies deri ved from Y 1  and Y2 ,  
the  difference frequency, which is the  frequency 
transmitted, i s  now increased by 200 hz.  Thus 
the frequency transmitted in now 200 hz above 
the guard frequency or 300 hz above the center 
frequency. 

Crystal Y 1  is connected in a circuit that is  
simil ar except for the  addition of C5 3 and diodes 
D5 1 and D52. By adj ustment of  C 5 2  this circuit 
is made to o scil l ate at 100 hz above its marked 
frequency. Capacitors C53 and C76 are not ef­
fective until D 5 1 is biased in the forward direction 

and becomes conductive . It  is biased in the reverse 
direction until the keying control is closed,  which 
places 45 V .  de at terminal 1 of the printed circuit 
board . With D 5 1  conducting , C53 and C76 are effec­
tively in parallel with C52 and C75 . The adjustment 
of C53 will  reduce the fre quency by 2 00 hz . The 

crystals taken individually have a greater variation 
of frequency with temperature than would be ac­
ceptable.  However, by proper m atching of the two 
crystals , the variation in their difference frequency 
can be k ept within limits that permit h olding the 
frequency station of the overall tran smitter to 
± 10 hz over a temperature range of - 20 to +55°C. 

The fre quencies produced by the two oscillators 
are coupled to the base of mixer transistor Q53 
through C 62 and C63.  The sum of the two fre quen­
cies is so high th at a n egligible amount app e ars 
on the secondary of tran sformer T5 1 ,  but the d if­
ference frequency is accepted and amplified by Q53 
and Q54 .  

When the k eying control is closed ,  i t  increase s  
the o utput power from 1 watt to 10  watts a s  well as 
changing the frequency from Guard to Transfer or 
Unblock Trip . Thi s is effected by reducing the 
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TY P E  T C F  P O W E R  L I N E  C A R R I E R  

l'mitter resistance of buffer-amplifier tran s i stor Q54 
When the keying control is  open , tran sistor Q55 
receives no basP current and is  non-conducting 
Emitter resi stor R70 th erefore is effectively open­
circuited The level of output po wer is adjusted to 
1 watt by means of R 64 .  When Q55 i s  m ade con­
ductive by closing the k eying control circuit ,  R70 
is pl ac ed in parallel with R 68 and the amount of 
emitter resistance unbypassed by C66 can be ad­
justed as required to obtain a 10-watt output leveL 

Note in the k eying board that diode D 12 serves 
as interlock ing logic connection between the k eying 
for "unblock " and the k eying for "tran sfer trip " .  
Thi s  logic p ermits the  "tran sfer trip" k eying to 
take p reference over the "unblock " k ey ing.  That 
is even if we have "unblock " keying and then get 

"transfer trip" k eying, the "transfer trip " will  tak e  
imme diate preference o ver the "unblock " keying 
Thi s  is accompl ished by the "transfer trip " k ey ing 
cau sing tran si stor Q 1 2  to conduct which in turn 
shunts out the keying voltage input to transistor 
Q22 through diode D 1 2 . Thus whi le Q 1 2  becomes 
conducting and consequently Q l l , effecting "trans­
fer trip " keying, this conduction of Q 12 al so pre­
vents Q 22 from becoming conducting and prevents 
' 'unblocking ' '  keying. 

As is  shown on the Internal Schematic,  Fig. 1 ,  
th e voltage for the keying circuit is  obtained from 
the 4 5-volt regulated supplY in the transmitter. 

The driver stage consists of tran sistors  Q5 6 and 
Q57 conn ected in a conventional push-pull circuit 
with input suppl ied from the col lector of Q54 through 
transformer T5 2.  Thermistor R73 and resi stors R74 
and R75 are connected to provide a vari able bias 
that reduces  the effect of varying ambient tempera­
tures on the input l evel .  In addition,  network R67 ,  
R79,  and potentiometer R80 are used in the bias 
circuit and are adjusted by means of RSO to limit 
the qui scent current in the driver stage comm on to 
0. 2 rna. This adjustment is m ade by unsoldering 
the l e ad going from pin 2 of the transmitter to 
terminal 2 of  transformer T1 and inserting a d- e 
milliammeter (0- 1 .  0 rna) between this pin 2 and 
terminal 2 of T l .  The R 80 is adjusted to produce 
0. 2 rn a ± . 05 in thi s circuit ,  aiter thi s ,  the milli am­
m eter is  removed and the l ead replaced .  

The  driver filter, FL 10 1 ,  consi sts of a series­
resonant inductor and capacitor connected between 
the driver and power amplifier stages by appropriate 
transformers T 1 and T2 .  This filter greatly im-

I.L. 4 1 -945. 1 2  

proves the waveform of thi s signal appl ied t o  the 
power amplifier 

The power amplifier uses two seri es- connected 
power transistors,  Q l0 1  and Q 10 2 ,  op erating as a 
class B push-pull ampl ifier with sin gle-ended out­
puL Diodes D 10 1 and D 103 provide protection for 
the base- emitter junctions of the power transi stors. 
Zener diodes 2 105  and Z 106 protect the coll ector­
emitter junctions from surge s that m i ght come in 
from the power line through the coaxial c able . 

The output transform er T3 coupl es the power 
transistors to the output filter FL 1 0 2. The output 
filter i ncludes two trap circuits ( L 10 2 , C B and 
L 10 3 ,  C c) which are factory tuned to the second 
and third harmonics of the transmitter frequency 
Capacitor C D approximat ely cancels the inductive 
reactance of the two trap circuits at the op erating 
frequency. Protective g ap G 1  is a small  l ightning 
arrester to limit the magnitude of switching surges 
or other line di sturbances reaching the c arrier set 
through the line turner and coaxial c abl e.  Auto­
transform er T4 m atches the filter i mpedance to 
co axial cable of 50,  60 , or 70 ohms .  

The serie s resonant circuit composed of L 105 ,  
and CE i s  tuned to  the  transmitter fre quency , and 
aids in providing resistive termination for the output 
stage.  Jack J 1 0 2  is mounted on the rear panel of 

FL 10  2 and is used for measuring the r . f. output 
current of the transmitter into the coaxial cable.  
It should be noted that the fil ter contains no s hunt 
reactive el ements ,  thus providing a re serve imp ed­
ance that i s  fre e of p os sible "across-the-line" 
reson ances.  

The power supply is  a series-type tran si storized 
d-e voltage regulator which has a very lo w stand-by 
current drain when there is no output current dem and. 
The Zener diode Zl holds a constant base-to­
negative voltage on the series-conn ected power 
transistor Q 1. Depending on the load current , the 
d-e voltage drop through transistor Q 1 and resistors 
R 1  and R 2  varies to m aintain a c onstant output 
voltage. The Zener diode Z2 serves to protect 
the collector-base junction of Q l  from surge volt­

ages.  Capacitor C 1 provide s a low carrier-frequency 
impedan ce acro ss the d-e output voltage.  Capaci­
tors C 2  and C3 byp ass ro f. or transient voltages to 
ground, thus preventing damage to the transi stor 
circuit . 
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T Y P E TC F P O W E R  L I N E C A R R I E R--------------------------------

C HA RAC TE R I S T I CS 

Frequency 
Range 

Output 

Frequency 
Stability 

Fre quency 
Spacing 

Harmonics 

Input voltage 

Supply voltage 
variation 

Battery drain 

K eying circuit 
current 

Temperature 
range 

Dimen sion s 

Weight 

30- 300 kHz 
1 watt guard - 10 watts transfer 
trip ( into 50 to 70 ohm resi stive 
load) - 10 watts unblock . 

± 10 hz from - 20 oc to +55°C.  

3000 hz min.  between transmitter 
and adjacent receiver frequencies. 

Down 55 db ( min . )  from output 
l ev el 

48 or 1 25 v . d . c. 

42- 5 6  v. for nom. 47 v. supply. 
105- 1 40 v. for nom .  1 25 v. supply. 

0 . 5  a. guard 
1 .  15 a. trip 

0 .  5 a. guard 
1 .  15 a. trip 

4 rna. 

48 v. d. c. 

125 v. d. c. 

-20 to +55°C . Around chassis. 

P anel h eight - 12�" or 7 r.u.  
P anel width - 1 9 "  

1 2  lbs.  

I NS TAL LAT I ON 

The TCF transmitter is generally supplied in a 
c abinet or on a rel ay rack as part of a complete 
carrier assembly. The l ocation m ust be free from 
dust, excessive humidity , vibration , corrosive 
fum es,  or h e at.  The m aximum ambient temp erature 
around the chassis must not exceed 5 5°C.  

ADJUS T MENTS 

The TCF l OW/ 1 W/ lOW 3 frequency transmitter 
is shipped with the power output controls R64 and 
R70 set for outputs of 1 w att and 10 watts into a 60 
ohm load. If it  is desired to check these adjust­
ments or if repairs have m ade readjustment neces­
sarY, the coaxial cable should be di sconnected from 
the assembly t erminals and replaced with a 50 to 
70 ohm non-inductive resistor of at l east a 10 w att 

4 

rating. U se the value of the expected input impe­
danc e of the co axial cable and line tuner. If this 
is not known, assum e 60 ohm s. Connect the T4 
output l ead to the corre sponding t ap .  Connect an 
a-c v acuum tube voltmeter ( VTVM) acros s the load 
resistor. Turn power output control R 64 to minimum 
( ful l counter-clockwise).  Turn on the power switch 
on the panel and note the d-e voltage acro ss ter­
minals  5 and 7 of J3 . If thi s  is in the range of 42  
to  46 volts , rotate R64 clockwi se to  obtain 4 or  5 
volts across the load resistor used. At this point 
check the adj ustment of the series output tuning 
coil L 105 by loo sening the knurled shaft-locking 
nut and m oving the adj ustable core in and out a 
sm all amount from its initial position. L eave it at 
the point o f  m aximum voltage across the load 
resi stor used. Then rotate R64 farther clockwise 
to obtain the correct voltage for 1 watt in the l o ad 
resistor,  as shown in the following tabl e.  For above 
200 kHz , tuning coil L 105 is a screw type adjust­
ment and not a plunger with knurled s haft and 
locking nut. 

Then change to Trip frequency by connecting 
together terminal s 2 and 3 of the transmitter printed 
circuit board ( which is appro ximately equivalent to 
connecting together terminal s 7 and 8 of J3) , and 
rotate R70 until the voltage across the load resistor 
is as shown in the following t able for a 10 watt o ut­
put. Recheck the adj ustment o f  L 1 0 5  for m aximum 
output voltage and readj ust R70 for a 10  watt output 

if nece ssary. Tighten the locking nut on L 1 0 5 .  Open 
the power switch, remove the j umper used to k ey 
the transmitter to the 10 watt l evel , remove the lo ad 
resistor, and reconnect the co axial cabl e circuit to 
the transmitter. 

T 106 
Tap 

50 
60 
70 

Voltage for 
1 Watt Output 

7 . 1 
7 . 8  
8 . 4  

Voltage for 
10 Watts Output 

22. 4 
24. 5 
26 . 5  

Follow the procedure o utlined in the line tuner 
instructions for its adjustment. 

Normally the output filter ( FL 1 0 2) will require 
no readjustment except as noted above. It is factory 
tuned for m aximum second and third harmonic rej ec­
tion ,  and for series  resonance ( m aximum outp ut at 
the fundamental fre quency) with a 60-ohm l o ad.  A 
small amount of reactance in the transmitter o utput 
load circuit m ay be tuned out by readjustment of  the 
movabl e core o f  L 10 5 .  Thi s m ay be necessary with 
some types  of line coupling equipment. The adjust-
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TY P E  T C F  P O W E R  L I N E C A R R I E R  ___________________________ _:I::..:. L=-:•:...:4!..!1.:.;·9�4:::;5.!..!1�2 

abl e cores of L 1 0 2  and L 103  have been set for 
m aximum harmonic rejection and no change shoul d 
be made in these settings unl ess suitable instru­
ments are available for measuring the second and 
third harmonic present in the transmitter output. 

The operating frequencies of crystals Y 1 and 
Y 2  h ave  been carefully adjusted at the factory and 
good stability can be expected" If it i s  desired to 
check the frequencies of the individual crystal s ,  
this can be done by turning t h e  m atched p air 180° 
and inserting a crystal in its proper socket with 
other crystal unconnected" A sensitive frequency 
coun ter with a range of at l e ast 20 3 MHz can be 
connected from TP5 1 to TP54 0 ( Connection to 
TP54 rather than to TP5 3  provides a better signal 
to the counter input c ap acitance on the oscillator 
circuiL ) While  m easurement of the oscillator crystals 
individually is necessary for the initial adjustment 
of the oscill ators,  generally any subsequent check s 
m ay be made with a lower range counter connected 
at the transmitter outpuL If any minor adj ustment of 
the Guard and Trip frequencie s  should be needed, 
the G uard adju stment should be made with capacitor 
C52  and the Trip adj ustment with C53 "  

MAl N TEN A N CE 

P eriodic check s  of the transmitter Guard and 
Trip power outputs will detect impending failure so 
that the equipment can be taken out of  service for 
correction" At regular m aintenance interval s ,  any 
accumulated dust should be removed, p articularly 
from the heat sink s" It is also desirabl e to check 
the transmitter power o utput at such times,  m aking 
any necessary readj ustments to return the equipment 
to its initial settings" 

Voltage values should be recorded after adjust­
ment in order to establi sh reference val ues  which 
will be useful when checking the apparatus" The 
readings will remain fairly constant over an indef­
inite p eriod unless a failure occurs" How ever, if  
transistors are changed,  there m ay be considerable 
difference in these readings without the overall 
performance being affected" 

Typical voltage val ues  are given in the follow­
ing tables. Voltages should be measured with a 
VTVM. Readings m ay vary as much as -t 20%. 

T A B L E 

T R ANSMI T TE R  D - C  MEASU REMENTS 

Note: All voltages are positive with respect to 
N eg. 45 V .  ( TP 5 1) .  All voltages read with 
d-e VTVM. 

Voltage at Voltage at 
1 Watt 10 Watts 

Test Point Output O utput 

TP5 2  20 20 
TP53 5 . 4 5 . 4 
TP54 3 . 4  3 . 4  

TP55 2 1  18 . 5 
TP56 2 1  18 . 5 
TP57 * < 1 . 0  * < 1 . 0  

TP58 44. 3 44. 1 
TP59 * < 1 . 0 * < 1 . 0  
TP 10 1 0 0 

TP 1 0 3  2 1  -±: 2 2 1  ± 2 
TP 105 44. 3 44.0 

T A B L E I I  

T R ANSMI T TE R  R F  MEASUREME N TS 

Note: Voltages taken with transmitter set to indi­
cated output across  60 ohms. These voltages 
subj ect to variations,  depending upon fre­
quency and transistor characteristics. T5 1-3 = 

Terminal 3 of transformer T5 1 .  Other trans­
former terminals identified similarly. All 
read with a-c VTVM. 

Voltage at Voltage at 

1 Watt 10 Watts 
Test Point Output O utput 

TP54 to TP 5 1  0 . 0 1 5 - 0 . 0 3  0 . 0 1 5 - 0 . 0 3  
TP 57 to TP 5 1  0 . 0 5  - 0.09  0 . 3  - 1 .  2 
TP59 to TP5 1  0 . 0 5  - 0. 09 0 . 3 - 1. 2  

T 1- 1  to TP 5 1  1 . 6 5  5 . 6  
T 1- 3  to TP5 1  1 .  45 4. 9 
T 1-4 to Gnd. . 6  2 . 0  

T 2- 1  to Gnd. . 57 1 . 8 5  
TP 10 1 to TP 10 3 5 . 2 1 7 . 0  
T P  10 3 t o  T P  1 0 5  5 . 2 1 7 . 0  

T3-4 to Gnd. 35 1 1 2 
T4-2 to Gnd. 3 1  1 10 
TP 109 to Gnd. 9 . 8  3 1  

J 10 2 to Gnd. 7 . 8  24. 5 
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T Y P E  TC F P O W E R  L I N E  C A R  R l  ER --------------------------------

C O N VE R S I O N  O F  T RAN SMI T TER F O R  

FREQUE N C Y  C HAN GED C HAN NEL 

The p arts required for converting a 1W/ l O W  

TCF transmitter for op eration o n  a different channel 

frequency consi st of a pair of matched crystal s for 

the new channel frequency, new capacitors C103 and 

C 104 on the power amplifier circuit bo ard if the old 

and new fre quencies are not in the s ame frequency 

group ( see tabl e on internal schematic drawing) and, 

in general ,  new or modifi ed filters FL 10 1 and 

FL 10 2. Inductors L 10 1 ,  L 10 2  and L 103 in these 

fil ters are adjustabl e over a limited range, but 

thirty-two combinations of cap acitors and inductors 

are required to cover the frequency range of 30 

to 200 kHz . The widths of the frequency groups vary 

fr om 1 . 5 kHz at the low end of the channel frequency 

range to 13 kHz at the upper end . A particular assem­

bly can be adjusted over a somewhat wider range 

than the width of its assigned group sinc e some 

overlay is necessary to allow for component toler­

ances.  The nominal kHz adjustment ranges of the 

group are : 

30 .0-3 1 . 5  6 1 . 0- 64. 0 1 13 . 0- 1 19 . 5  20 7. 1-2 14. 0 

32 . 0-3 3 . 5  64 . 5- 68.0 120 . 0- 127 .0  2 1 4. 1- 22 2.0 

34.0-36 .0  6 8 . 5- 72.0 127. 5- 1 35 . 0  222. 1-230 . 0  

36 . 5-38. 5 72 .5- 76. 0  135 . 5- 143. 0 230 . 1- 240 .0 

39 .0- 4 1 . 0  76. 5- 80 . 0  143 . 5- 15 1 . 0  240. 1-250 . 0  

4 1 . 5-44.0 80 . 5- 84. 5 15 1 . 5- 1 59 . 5  250. 1-262 . 0  

44 . 5 -47 . 0  85 .0- 8 9 . 0  1 60 . 0 - 169. 5 262. 1- 274 . 0  

47. 5-50 . 0  89 . 5- 94 . 5  170 . 0- 180 . 0 274 . 1- 287.0 

50. 5-53 . 5  95. 0- 100 . 0 180. 5- 19 1 . 5  287. 1- 300 . 0  
54.0-57.0 100 . 5- 106. 0 19 2 . 0- 2 20 . 0  

57. 5-60 . 5  106 . 5- 1 12. 5 200. 1-207 . 0  

If the n e w  frequency lies within th e same fre­

quency group as the o ri ginal frequency, the filters 

can be readjusted. If the fre quenci es are in different 

group s ,  it is po ssi bl e that changes o nly in the fi xed 

capacitors may be required. In general , however, it 

is desirable to order compl ete filter assemblies ad­

justed at the factory for the specified frequency. 

A signal gen erator, a frequency counter and a 

vacuum tube voltmeter are required for readjustment 

of FL 10 1.  The sign al generator and the counter 

should be co nnected acro ss terminal s  4 and 5 of  

transformer T1 and the voltmeter across terminal s  

1 and 2 of  transformer T 2 .  The signal generator 

shoul d be set at the channel c enter frequency and 

at 2 to 3 volts output. The core screw of th e small 

inductor should be turned to the position th at gives 

6 

a true m aximum reading on the VTVM . Turning the 

screw to either side of this position should def­

initely reduc e the reading. The change in inductance 

with core position is l e ss at either end of the travel 

than when near the center and consequently the 

effect of core scre w rotation on the VTVM reading 

will be l e ss when th e resonant inductance oc curs 

near the end of core travel. 

Th e pro cedure for readjustment of the 2nd and 

3rd harmonic trap s  of filter FL 10 2 is somewhat 

simil ar. A signal generator and a counter should be 

connected to terminal s 3 and 4 of transformer T3 ,  
and a 500 ohm resi stor and a VTVM t o  the termin­

al s of protective gap G l. The ground or shiel d  l ead 

of all instruments shoul d be connected to th e 

grounded terminal of the transformer. Set the signal 

generator at exactly twice the channel c enter fre­

quency and at 5 to 10 volts output. Turn th e core 

screw of the large inductor, L 10 2 , to the po sition 

that gives a definite minimum reading on the VTVM. 

Simil arly, with the signal generator set at exactly 

three times th e channel c enter frequency and 5 to 

10 volts output, set the core screw of the small 

inductor, L 103 , to the po sition that gives a definite 

minimum reading on the VTVM . Then remo ve the 

instrum ents and the 500 ohm resistor. 

After the new pair of  matched crystal s h av e  

been adjusted, a s  described under " ADJUSTMENTS" , 

the transmitter c an be operated with a 50 to 70 ohm 

load ( d ep ending on which tap of T4 is used) con­

nected to its output. and inductor L 105 can be read­

justed for maximum output at th e changed channel 

frequency by the procedure described in the same 

section. 

If a frequency- sensitive voltmeter is availabl e, 

the 2nd and 3rd harmo nic trap s may be adjusted 

without using an o scill ator as a source of do ubl e 

and triple the channel frequency. Connect the fre­

quency- sensitive voltmeter from TP 109 to ground 

and adjust the transmitter for rated o utput into the 

selected load resistor. Set the voltmeter at twice 

the channel frequency and, using the tuning dial and 

db range switch, obtain a m aximum on- scal e  reading 

of the 2nd harmonic. Then vary the core position of 

L 10 2 until a minimum voltmeter reading i s  obtained. 

Simil arlY, tune the voltmeter to the third harmonic 

and adjust L 103 for minimum voltmeter reading. 

Although the transmitter frequency will differ from 

the channel center frequency by 1 00 Hz, the 

effect of thi s differenc e  on the adj ustment of the 

harmonic trap s will be negligi bl e .  It should be 
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TY P E  TC F P O W E R  L I N E C A R R I E R  -----------------------------'-· L_-_4_1_- 9_4_5_. 1_2_ 

noted that the• true m agnitude o f  the harmo nic s  c an­
Il! J l  b e  m t• as ured i n  this manner because o f  th e pre­
ponderan c e  of the fundamental frequency at the vo l t­
m eter terminal s .  Accurat e  m e asurement of th e har­
moni c s  requires use o f  a filter between TP 109 and 
the vo l tmeter that provi d e s  h i gh rej ection of th e 
fundam ental .  Tht� i n ::; ertion l o s s e s  of thi s fil ter fo r 
the 2nd and 3rd h armo nics m ust be m e asured and 
tak en i nto account. 

R E C OMMEND ED TEST E Q U I PM ENT 

I .  Minim um T e st E quipment for I n st al l ation. 

a. 60-ohm 10- w att non- inductive resi stor. 

b. A-C vacuum Tube Voltmeter ( VTVM).  Voltage 
range 0. 003 to 30 vol t s ,  frequency range 60 
h z  to 330- k H z ; input impedan c e  7. 5 megohms. 

c. D-C V acuum Tube Voltmeter ( VTVM) . 
Voltage R ange: 1 . 5 to 300 volts.  
Input Imp e d ance: 7 . 5  m e gohms. 

II . D r'si rabl e Test E quipment for Apparatus Main­
tenan c e .  
a .  A l l  i t C' m s  l i sted i n  I .  
b.  Si g n al G enerator 

O utput Voltage up to 8 volts.  
Frequency R ange':  20 -kHz to 330-k Hz. 

c. O scilloscope 
d. Fre quency counter 
e. Ohmmeter 
f .  Cap acitor checker.  
Some o f  the function s  of the recommended test 

equipment are combined in the type TCT c arrier t e st 
meter unit ,  which is designed to mount on a stan­
dare! 1 9 "  rack but also c an be remo v ed and u sed as 
a portab l e  unit.  

R EN E W AL P A RTS 

R ep ai r  work can be done mo st satisfactorily at 
the factory. Ho wever, rep l ac ement p arts c an be 
furni sh e d ,  i n  most c ase s ,  to customers who are 
equipped for doing repair work . When o rdering p arts,  
al ways give the compl ete namep l ate data and i dent­
ify the p art by i t s  design ation on the I nternal Sch e­
m atic drawing.  

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  T C F  P O W E R  L I N E  CA R R I E R-----------------------------

C I R C U I T  
S Y M B O L  

C1 
C2 

C3 

C l l 

C 2 1  

C5 1 

C 5 2  

C5 3 
C54 

C55 

C56 

C57 

C58 

C59 

C60 

C 6 1  

C62 

C 63 
C64 

C65 
C66 

C67 

C68 

C69 

C70 

C7 1 

C 7 2  

C7 3 
C74 

C75 

C7 6 
C 1 0 1 

C 10 2  

C 10 3  & C 10 4  

C 10 3  & C 1 0 4  

C 1 0 3  & C 104 

C 10 3 & C 10 4  
C 10 3  & C 104 

D l l 

D 1 2  

D 1 3  

D 14 

8 

ELECTRICAL PAR TS L IST 

D E S C R I P T I O N  

C A P AC I TO R S  
Oil-filled;  0 . 45 mfd . ;  330 V . A.C .  

Oil-filled ; 0 .5 mfd . ;  1 500 V. D .C .  

Oil-filled ;  0 . 5  mfd . ; 1 500  V . D . C .  

Metallized Paper, . 047 mfd . ;  
- --

Metallized Paper ,  .047 mfd. ; 
---��--- �- --------------

D ur-Mica, 1500 pf. ; 500 V. D .C .  
------ ----�--�-------

Variable ,  5 . 5- 1 8  pf.  
--�- ---�- -- - - - --�--- --

variable 5 .  5 - 1 8  pf. 
- � - ---- ----

Metal lized paper,  . 1  mfd. ; 200 V . D .C .  

Variabl e ,  5 . 5- 18 pf. 

D ur-M ica . 2000 pf. ; 500 V . D . C. 

------ -� --- - ·-----

--- - -- - - -----

W ES T I N G HO U S E  

D E S IG N A T I O N  

1723408  

1 877962 

1 8 779 6 2  

849A437H04 

849A437H0 4  

7 62A757H03 

879A834H0 1  

87 9A83 4H01 

187  A624HO 1 

7 6 2A736HO 1 

1 8 7A584H0 1 
- -------·------�--------- ·---- ---- --· 

D ur-Mica, 2000 pf. ; 500 V . D . C .  
'----

1 87A58 4HO 1 

Metallized paper , 0 . 25 mfd. ; 200 V. D . C .  1 87 A624H0 2 

D ur-Mica ,  100 pf. , 500 V . D . C .  7 6 2A757H0 1 
--- -- -

D ur-Mica, 100 pf. , 500 V . D . C .  762A75 7H0 1 
-- �--

M etallized pap er , 0 . 2 5  mfd , ;  200 V . D. C .  1 87 A624H0 2 
- t--- --

D ur-Mica , 4700 pf. ; 500 V . D . C .  7 6 2A757H0 4 
- --

D ur-Mica, 1 0 00 pf. ; 500 V . D . C .  7 6 2A7 57H0 2 

Metallized p aper,  0 . 25 mfd . ; 200 V. D . C .  1 87 A624H02 
t------

Metallized p ap er ,  0 . 25 mfd . ; 200 V . D . C .  1 87A6 24H0 2 

Metal l ized paper ,  0 . 2 5  mfd . ;  200 V . D . C. 187A624H0 2  
Metallized paper, 0 . 25 mfd . ,  200 V . D . C .  1 87 A 624H02 

Metall ized pap er, 0 . 5  mfd . ,  20 0  V. D . C .  1 8 7A624H0 3 

Metallized p aper ,  0 . 25 mfd. , 200 V . D .C .  187A624H02 

3 pf. 86 1 A846H03 
·- - - ---- ··----�- -------�---�- ---

------- - -

Metallized pap er ,  0 . 25 mfd . ;  200 V . D . C .  18 7A624H02 

D ur-Mica ,  30 0 pf, 500 V. D . C .  1 87 A584H09 

V ariable ,  5 . 5- 18 pt. 879A 8 34H0 1 

3 pf. 8 6 1A84 6H0 3 

3 pf. 8 6 1A846H03 

3 pf. 8 6 1 A 84 6H0 3 
-

Metallized p aper,  0 . 25 mfd . ;  200 V . D . C .  187A624H0 2 

Metallized pap er ,  0 . 25 mfd . ; 200 V. D .C .  1 87A624 H0 2 

( 30-50 KC) - Exte nded foi l ,  0 . 47 mfd . ; 400 V . D . C .  1 88A 293H0 1 

( 50 . 5 - 75  KC) - Extended foil ,  0 .  22 mfd. ; 400 V . D . C .  1 88 A 29 3H0 2  

( 75 . 5 - 100 KC) - Extended foil , 0 . 15 mfd . ,  400 V . D . C .  1 8 8 A 293H0 3 

( 100 . 5 - 150 KC) - Extended foil ,  0 . 10 mfd . ,  400 V. D.C. 188 A 29 3H04 

( 1 50 . 5 - 300 KC) - Extended foil , 0 .047  mfd . ;  400 V. D . C .  188A29 3 H0 5  

D I O D E S - G E N E R A L  P U R P O S E  

1N645A 837 A69 2H03 

1 N 645A 837 A69 2 H0 3  

1N48 22 188 A34 2H l l  

1 N48 22  188A 34 2H l l  
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C I R C U I T  

SYMB OL 

D 1 5  
D 1 6  
D 2 1  
D 2 2  
D 23 
D 24 
D 25 
D5 1 
D52 
D53 
D55 
D 5 6  
D57 
D lO 1 
D 10 2  
D 10 3  
D 10 4  

Z 1  
Z 2  
Z 1 1  
Z 1 2  
Z 1 3  
Z 1 4  
Z2 1 
Z22 
Z 23 
Z 24 
Z 5 4  
Z 105 
Z10 6 

R 1  
R 2  
R 3  
R 3  
R 4  
R5 
R6 
R7 
R 1 1  

R 1 2  
R 1 3  

ELECTRICAL PARTS L IST 

D E S C R I P T I O N  

D I O D E S  - G E N E RAL P U R P OS E  

1N48 2 2  
- - - - -

- ---- --- - -- - - -- - �- - - - - ---- -- �- --- - -- - - - - - - -- ---� 1N 48 2 2  �-

--- ------ - -1N 645A - - - - --- - -- --·· ---- - --- --- - -" -- -
- ---- -- -- -- - --- ------ -- - - ---1N 4 8 2 2  

1N4822 
- - - --- ----- - ---- - -- - - - - -�----- -- - -- -- · - - - -------------1N48 2 2  

---------------- --- -- - -- ---- - - --- --- --------1N48 22 --
- ----1N 628;  1 25 V . ; 30 MA. 

1N 628;  1 25 V. , 30 MA. 
1N 4 5 7 A ;  60 V . ,  20 0  MA. 

---- 1 2 5V ;  30 MA. 

WE S T I N GHOU S E  

D E S I G N A T I ON 

188 A34 2H 1 1  
1---------------188A342H 1 1  -

- -
-----

837A69 2H03 
----- -

----
188A342H 1 1  

--
188 A34 2H 1 1  

- - --lS8A34 2H �-- -

- --- -- ---------188A.3 4 2H 1 1  
-- - ------ -----18 4A885 H 1 2  

-----1 84 A8 8 5 H 1 2  
1 8 4A 8 85 H0 7 
1 84 A 8 85H 1 2  1N 6 28 ;  --r----- -

1N 628;  125 V . , 30 MA. 
1N45 7A; 60 V . , 200 MA. 
1 N 5 3 8 ;  200 V . ;  750 W <\. 
1N9 1 ;  100 V . , 1 50 MA. 
1N538;  200 V . , 750 MA. 
1N9 1; 100 V . ;  1 5 0  MA. 

DIOD ES - Z E N E R  

1N2828 B ;  45V . ± 5%; 50 w. 
1N3009A; 130 v. ± 10%; 10 w. 
1N 957B 
1N3688A 
1N 3688A 
1 N 3 6 86B 
1 N 957B 
1N3 688A 
1 N 3 6 88A 
1 N 3 6 86B 
1N3 68 6B ;  20 V. ±5%; 7 5 0  MW. 

1N2999 A ; 56 V. ± 1 0%; 10 w. 
1N29 99A; 56 V. ± 10%; 1 0  w. 

26. 5 ohms 

2 6 . 5  ohms 

26. 5  ohms 

500 ohms 

100 ohms 

1 K  
3K 

15K 

R ESISTORS 
± 5%; 40 W. (For 1 25 V Supply) 

±5%; 40 W. (For 1 25 V Supply) 

± 5%; 40 W. (For 48 V Supply ) 

± 5 %; 40 W. (For 1 25 V Supply) 

± 10%; 1 W. Composition 

± 10%; 1/z W. Composition 

± 5%; 5 W. Wire Wound 

± 10%; 2 W. Composition 

4 . 7K ±2%; liz Wo Metal Glaze 

1 2K ± 2%; Vz W .  Metal Glaze 

10K ± 2%; 1/2 W. Metal Glaze 

1 8 4A885H 1 2  ---
- 1 84A88 5H07 

40 7C703H0 3 
18 2A8 8 1H04 
40 7C703H0 3  
1 8 2A 8 8 1 H04 

1 8 4A85 4H06 ----1 84A 6 1 7H 1 2  
1 8 6A797H06 
86 2A 28 8H0 1 
8 62A288H0 1 
1 8 5 A 2 1 2H06 
186A797H0 6 
8 6 2A 28 8H0 1 
86 2A 288HO 1 
1 8 5A 2 1 2H06 
185A2 1 2H0 6 

184A6 1 7 H l 3  
1 8 4A 6 1 7H l 3  

04D 1299H44 
04D 1 2 99H44 
04D 1 299H44 
1 26804 7  
187 A 64 4H03 
1 87 A64 1H 27 
1 88 A 3 1 7H0 1 
1 87A64 2H55 
629A53 1 H 48 
62 9A5 3 1 H58 
62 9A53 1 H 5 6  
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TY P E  TC F P O W E R  L I N E C A R R I E R
-------------------------------

C I R C U I T  I S Y M BO L  

R 1 4  

R 15 

R 1 6 

R 1 7  

R 2 1  

R 22 

R 23 

R 24 

R 25 

R26 

R 27 

R 5 1  

R52  

R53  

R54 

R55  

R56 

R57 

R 58 

R 59 

R60 

R61 

R62 

R63 

R64 

R 65 

R66 
R67 

R68 

R69 

R70 

R7 1 

R72 

R73 

R74 

R75 

R76 

R77 

R78 

R79 

R 80 

R8 1 

1 0  

6 . 2 K ± 2%; 

4. 7K ± 2%; 

47K ± 2%; 

4 . 7 K  ± 2%; 

4 .7K ±2%; 

ELECTR ICAL PARTS LIST 

D E S C R I P T I O N  

R E S I ST O R S  (Co n t i n ued)  

liz W.  M et al Glaze 
---- ·- - - - - -

liz W. Metal Glaze 

lj2 W. M et al 3l aze (For 1 25 Vdc) 

liz W. Metal Jlaze 
�- �- - �� 

Yz W .  M et al Gl aze 
---- - -- -- - ----------

- - -- -

1 2K ± 2%; liz W. M e t al Glaze 

10K ± 2%; liz W. Metal Glaze 
--

6 . 2 K ± 2%; liz W .  M et al Glaze 

4 . 7K ± 2%; ljz W. M et al G l aze 

15 K ± 2%; 1fz W. M et al Glaze (For 48 Vdc) 

4 . 7K ± 2%; 1fz W. M e t al Glaze 

lOK ±5%; 1fz W. Comp o sition 

lOK ± 5%; Yz W. C omposition 

lO K ±5%; Yz W. C omposition 

lOK ±5%; Yz Vv. Composition 
�------ �-- ---�� 

100 ohms ±5%; 1fz W. C omposition 
---- -

3. 6K ±5%; 1fz W. C o mp osition 
----------- -----

3 . 6K ±5%; Yz W. C o mposition 

100 ohms ±5%; 1fz W. C o mposition 

10K ± 5%; 1/z W. Composition 

5 . 6 K  ±5%; Yz W. Composit ion 

15K ±5%; 1fz W. C o mpo sition 

10K ±5%; 1fz W. Composition 

1K ±5%; liz W. C omp osition 

P ot entiometer, 1K ; lJt W. 

l . BK ±5%; Yz W .  Composit i on 

8. 2K ±5%; Yz W. C omposition 

1 2K ±5%; liz W.  C omposition 

330 ohms ± 5%; liz W. C omposition 

8 00 ohms ±5%; liz W. Camp osition 

P ot e ntiometer , 1K ; % W .  

4 .  7K ±5%; Yz W. Composition 

39K ±5%; liz W. Composition 

T hermistor, 30 ohms , Typ e 3D202 ( G . E . C . )  

1 80 Ohms ±5%; 1fz W. C o mposition 

100 ohms ± 5%; Yz W. C omposition 

2K ±5%; liz W.  C omposition 

1 0  ohms ±5%; Yz W. C o mp o sition 

10 ohms ±5%; liz W. Co mposition 

20K ±20%;  liz W .  M et al Gl aze 

25 K P otentiometer ± 20% ;  lJt W .  
1 K  ± 1  % 1  Yz W ,  M e t al F ilm 

W E ST IN G H O U S E  

D E S IG N A T I O N  

629 A53 1 H 5 1  
-� 

6 29 A53 1H48 
�--

629A53 1H72 

629 A53 1H48 

6 29A5 3 1H48 

629A5 3 1 H58 

629A5 3 1 H 5 6  
--

629 A5 3 1 H 5 1  
-

629A53 1H48 

629A5 3 1H 60 

629A5 3 1H48 

1 84A763H5 1 

184A 763H51  

1 84A7 63H5 1 

1 84A763H5 1 

184A763H0 3  
-� 

1 84A76 3H40 
�-

1 84 A763H40 
---

1 84A76 3H0 3 

184A763H5 1 

184A7 63H45 

184A 7 63H55 
--

18 4A763H5 1 

184A763 H 27 

629A 4 3 0 H0 2  
1 84A7 63H02 

184A763H49 

184A763H 53 

184A763 H 1 5  

1 84A8 59H06 

6 29A430 H0 2 

184A7 63H43 

184A 7 63 H 65 

1 8 5 A 2 1 1H06 

1 84A763H0 2  

1 84A763 H0 3  

1 84A 763H34 

1 87 A 290HO 1 

187  A290 HO 1 

629A53 1 H63 

629A430H09 

849A81 9H48 
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T Y P E  T C F  POW E R  L I N E C A R R I E R  I. L. 41-945.1 2 

E LECTRICAL PARTS LIST 

C I R C U I T  
D E S C R I P T I O N  

W E S T I NG H O U S E  
SYMBOL D E S I G N A T I O N  

R E SI S T O R S  ( C o n t ' d . )  

R8 2 5 K  Pot ± 20%; lfz W.  629A430H07 

R83 1 0 . 2K ± 1% ; lfz W .  Metal Film 848A820H46 

R84 27 Ohms ± 5%; lfz 1'! . Composition 1 87A290H l l  

R85 Thermistor 3D40 2 10 o hms 185A 2 1 1 H03  

R86 750 ohms ± 1 %;  lfz W .  Metal Film 848A81 9H36 
... 

R87 10K ± 5%; lfz W .  Composition 1 84 A763H5 1 

R lO 1 10 ohms ± 5%; Vz W. Composition 1 87A280H01  

R l02  2. 2K ± 10%; 1 W. Composition 1 87A644H35 

R 1 0 3  2 . 7  ohms ± 10%; lfz W. Wire Wound 184A636H 14 

R 104 0 .  27 o hms ± 10%; 1 W. Wire Wound 1 84A63 6 H 1 8  

R 10 5  1 0  ohms ±5%; Vz W. Composition 1 87A 290HO 1 

R 10 6  4 . 7K ± 10%; 1 W. Composition 1 87A644H43 

R 107 2. 7 o hms ± 1 0%; lfz W.  Wire Wound 184A6 3 6H 14 

R 108 0 . 27 ohms ± 10%; 1 W. Wire Wound 1 84 A 63 6H 18 

T R ANS F O R M E R S  

T 1  Driv er Output Transformer 606B4 10G0 1 

T 2  P ow er Amp.  Input :rransformer 292B526G0 1 

T3 Power Amp . Output Transformer 292B5 26G0 2 

T4 L oad-Matchin£ Auto-Transformer 2 92B5 26G03 

T5 1 Buffer Amplifier Transfor mer 60 6B5 37G0 1 

T 5 2  Driver Input Transformer 60 6B5 37G0 2 

T RA N SI STO R S  
Q l l  2N4 356 849A44 1H02 

Q 1 2  2N 699 184A638 H 1 9  
-

Q 2 1  2N4356 849A4 4 1 HO 2 

Q22 2N699 1 84 A638H 19 

Q 5 1  2N697 184A638H 1 8  

Q5 2 2N 697 184A638 H 1 8  

Q53 2N 69 7 184 A638H 1 8  

Q54 2N699 184 A638H 19 

Q55 2N 697 1 84 A638H18 

Q56 2N27 26 762A672H07 

Q57 2N27 26 762A67 2H07 

Q l0 1  2N 1 908 ( Use in M atched P airs )  1 87A673H02 

Q 102 2N 1 908 (Use in Matched Pair s )  1 87A673H02 

M I SC E L L A N EO US 

Y l-Y2 Supplied for  Desired Channel Frequency in  40 8C74 3  
Pair Matched Per Specifications on Dr awing 

FL 10 1 Driver Filter 40 8C 2 6 1  + (Req. Freq . )  

FL 10 2 Output Filter 5 4 1 D 2 1 4  + (Req. Fre q . )  

PL Pilot L ight Bulb - For 48  V. Supply (When supplied) 1 87 A l 33 H0 2  

P ilot Li£ht B ulb - For 125 o r  250 V .  Supply ( Whe n s upplied) 183A955HO 1 

F 1 ,  F2 Fus e, 1 .5 A  (Whe n supplied) 1 1 D9 1 95 H 26 
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TCF 3- F R EQ U ENCY OPERATION 

R EC EIVER C HARACTER ISTICS 

200 Hz 

U N B LK 

D I SC R I M I NATO R C HAR. 
W. B.  RCVR. W. B RCVR C HAR. 

- 100 0 + 100 +200 +300 Hz 

D I SC R I M I NATOR C HAR. 
OF N . B .  RCVR. 

( OFFSET 25 Hz ) 

T 

N . B .  REC EIVER C HAR. 

...- - T RANSM ITTER "c EN TER" F R EQ. 

lOO Hz "G U A R D" FOR TRANSFER-T R I P  

G 

R ELAYI N G  
" B LO C K" F O R  U N B LO C K  R E LAYI N G  

( 100 Hz ABOVE RATED C H AN N E L  
F R EQ U EN C Y ) 

fc = RATED C HAN N EL F R EQ U EN C Y  

8 8 0 A 9 8 6  

Fig. 7. Three F requen cy Operation - R e c ei ver Characteri stics 
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I N S T A L L A TI O N  • O P E R A T I O N  • M A I N T E N A N C E 

TYPE TCF-10  POWER L INE CARRIER FREQUENCY-SH IFT RECEIVER EQU IPMENT-TRANSFER TRIP (WITHOUT CARRIER LEVEL INDICATOR) 
CAUTI O N :  It is recom mended that the user of this 
equipment become acquainted with the informa­
tion in this instruction leaflet and in the system 
instruction leaflet before energizing the system. 

P rinted circuit modules should not be removed 
or inserted when the relay is energized. Failure to 
observe this p recaution can result in an undesired 
tripping output and cause component damage. 

If the carrier set is mounted in a cabinet, it 
must be bolted down to the floor or otherwise 
secured before swinging out the equipment rack to 
prevent its tipping over. 

APPLICATI O N  

The TCF- 1 0  frequency-shift receiver equip­
ment as adapted for transfer-trip applications re­
sponds to carrier-frequency signals transmitted 
from the distant end of a power line and carried on 
the power line conductors . The Guard signal is  
transmitted continuously when conditions are nor­
mal. Its reception indicates that the channel is 
operative and that there is no fault in the protected 
equipment. The Guard frequency is 100 hertz above 
the center frequency of the channel. When a fault 
occurs within the protected equipment, protective 
relays switch the transmitter located there to a Trip 
frequency, 1 00 hertz below the center frequency, 
and also increase the power output of the transmit­
ter (from I watt to IO watts). 

The reception of Trip frequency within a fixed 
interval after disappearance of the Guard frequency 
causes the energization of a high-speed electro-

mechanical relay which closes the breaker trip cir­
cuit . If trip frequency is not received within this 
interval, the channel is not operating normally and 
a second relay closes contacts to sound an alarm. 
Simultaneously, the Trip relay is locked out so that 
a spurious Trip signal resulting later from line noise 
cannot cause false tripping. Other circuitry, de­
scribed under OPERATION, provides security 
against false tripping caused by severe line noise 
that overrides a normal Guard signal and produces 
a spurious Trip signal. 

C O N STRUCTION 

The TCF- IO  receiver unit for transfer-trip ap­
plications is mounted on a standard I 9-inch wide 
Chassis 5 I I 4 inches high ( 3 rack units) with edge 
slots for mounting on a standard relay rack.  All 
components not mounted on P rinted Circuit M od­
ules are mounted at the rear of the panel. An input 
attenuator, a jack for metering the discriminator 
output current, and the control for the adjustable 
time delay in the logic circuit are accessible fro m  
the front o f  the Chassis See Fig. I 5 .  

All of the circuitry that i s  suitable for moun­
ting on printed circuit boards is contained on 
printed circuit modules that plug into the chassis 
from the front and are readily accessible by remov­
ing the transparent cover on the front of the chassis. 
The power supply components and external con­
nectors are located at the rear of the chassis as 
shown in Figure 5. Reference to the internal sche­
matic connections of Figure I will show the loca­
tion of these components in the circuit. 

. 1 // po 1 1 ihle cont ingencies 1rh ich m a r  arise during ins tallation.  operat io n .  or main tenance.  and all 
detail' and \ '(/ria tinns of this equipment  do not  purport to he cm·ered h r  these ins tru c t ions.  If  further 
in/nmlil t inn i.1 desired h 1 · purchaser regarding h is particular ins talla tion ,  operat ion or maintenance of 
11 1 1 CC{ l i i{J I I l en t .  the local Wes tinghouse tJec tric Corporat ion representat i i 'C sh ould he  contacted. 
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The printed circuit modules slide into position 
in slotted guides at the top and bottom of the 
chassis, and the module terminals engage a terminal 
block at the rear of the chassis . A handle on the 
front of each module is labeled to identify its func­
tion, and also identify adjustments and indicating 
lights if any are available at the front of the module. 
Of particular significance, is the input attentuator 
contained on the front of the filter module which is 
used in adjusting the input receiver signal during 
initial field installation. 

A module extender (Style No. 1 447C86G01 )  is 
available for facilitating circuit measurements or 
major adjustments. After withdrawing any one of 
the circuit modules, the extender is inserted in that 
position. The module is then inserted into the ter­
minal block on the front of the extender. This re­
stores all circuit connections and renders all com­
ponents and test points on the module readily 
accessible. 

The receiver operates from a regulated +20V 
supply and a + 1 OV supply operating from a regu­
lated +45dc supply. These voltages are taken from 
three zener diodes mounted on a common heat 
sink. Variation of the resistance value between the 
positive side of the unregulated de supply, and the 
45 volt zener adapt the receiver for operation on 48 
or 1 25 volts de.  

External connections to the receiver are made 
through a 36 terminal recepticle, 13 . The r-f input 
connection to the receiver is made through a coax­
ial cable jack 12. 

O PERATION 

I N PUT M O D U LE 

The input module contains the input control 
and the input filter. The signals to which the TCF-
10 receiver responds are fed through a coaxial cable 
connected to jack 12 at the rear of the chassis to the 
input module. The input control R5, accessible at 
the front of the input module, attenuates the signal 
to a level suitable for the best operating range of the 
receiver. 

A scale on the panel is graduated in dB. While 
this scale is typical rather than individually cali-

2 

brated , it is accurate within several dB and is useful 
in setting approximate levels. Settings should be 
made more accurately utilizing a suitable ac 
voltmeter with a dB scale when possible. 

C RYSTAL F I LTER 

From the attenuator, the signal passes through 
a crystal filter, FLl .  This filter has a narrow pass 
band, and frequencies several hundred cycles above 

OSCI LLATO R ,  M IX E R ,  A N D  I F  AM PLI F I E R  
M O D U LE 

From the input filter, the signal enters the 
oscillator and mixer stage of the receiver. Crystal 
Y 1 1 ,  transistors Q 1 2  and Q 1 3, and their associated 
resistors and capacitors, comprise a crystal­
controlled oscillator that operates at a frequency 
20kHz above the channel center frequency, fc . The 
output from this local oscillator is fed through 
transformer T1 1 to potentiometer R 1 2, and the 
latter is adjusted to feed a suitable input to the base 
of mixer transistor Q 1 1 . The output of filter FL20 1 
is impressed on the emitter-collector circuit of Q 1 1 .  
As a result of mixing these two frequencies, the 
primary of transformer will contain frequencies of 
20kHz, 2fc + 20kHz, fc + 20kHz, and fc . 

The output from the secondary of T12  is am­
plified by Q3 1 in the intermediate frequency (IF) 
stage, and is impressed on FL2. This is a two­
section filter, with both filters contained in a com­
mon case. Its pass band is centered at 20kHz. Since 
its pass band is narrower than that of the input 
filter, it eliminates the frequencies present at its 
input that are substantially higher than 20kHz. The 
output of this filter is the IF output which is fed to 
both the amplifier-limiter and the S I N  Detection 
module. The output from the secondary of trans­
former T12, the RF output, is also fed to the S / N  
detection module. 

AMPLI F I ER LIM ITER A N D  
D I SC R I M I N ATO R M O D U LE 

AMPLI F I E R  A N D  L I M ITER 

The output from the second section of the IF 
amplifier stage is fed to potentiometer R52 at the 
input of the amplifier and limiter stage. Sufficient 
input is taken from R52 so that with minimum 
input signal (5 mv.) at 12 and with R5 set for zero 
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attenuation, satisfactory amplitude limiting will be 
obtained at the output of the limiter stage. 

D I SC R I M I N ATO R 

The output of the limiter stage is fed to the 
discriminator. The discriminator is adjusted at the 
factory to have zero output (as measured by a milli­
ammeter inserted in the circuit at jack J 1) at fc-25 
hertz. The adjustment for zero output at fc-25 hertz 
is made by capacitor C68. C63 is adjusted to obtain 
a maximum voltage reading across R80 when the 
current output is zero. Maximum current output, 
of opposite polarities, will be obtained when the 
frequency is 100 hertz above or below the zero 
output frequency. This separation of 200 hertz 
between the current peaks is affected by the value of 
C66 (the actual value of which may be changed 
slightly from its typical value in factory calibration 
if required .) 

The purpose of offsetting the zero output fre­
quency of the discriminator by 25 hertz in the Trip 
direction is to reduce the band of noise-generated 
trip frequencies (between the discriminator center 
frequency and the skirt of the FLl filter), and to 
similarly increase the band of noise-generated fre­
quencies on the Guard side of the discriminator 
center. It should be observed that although Guard 
frequency is fC + 100 herz, after leaving the mixer 
stage and as seen by the discriminator the Guard 
frequency is 20 kHz - 100 hertz. Similarly, the Trip 
frequency is 20 kHz + 100 hertz. The intermediate 
frequency at which the discriminator has zero out­
put then is 20.025 kHz. 

The discriminator output is connected to the 
bases of transistors Q55 and Q56 in such a manner 
that transistor Q56 is made conductive when cur­
rent flows, from the discriminator output, in the 
forward direction of diode 054, (which occurs with 
Trip output) and Q55 is made conductive when 
current flows in the forward direction of diode 055 
(which occurs with Guard output) Consequently, 
terminal 35 is at a potential of approximately +20 
volts at Guard frequency and terminal 1 is at +20 
volts at Trip frequency. These two outputs feed the 
logic circuit board, and through it they control the 
operation of the loss-of-channel alarm relay, AL, 
and the Trip relay, AR. 

I .L.  41 -945.85 

As a means of increasing further the security of 
the receiver against false tripping on noise­
generated Trip frequencies, diode 056 is connected 
in the emitter circuit of Q56. This requires an 
increase of three or four db. in the minimum Trip 
signal that will pick up the Trip relay. However, 
when the transmitter is keyed to Trip, its output is 
increased by 10 db. to assure the reliability of 
tripping at times of severe channel deterioration or 
simultaneous noise conditions, and this amply 
compensates for the reduction of Trip sensitivity 
caused by diode 056. For applications where severe 
noise conditions or channel deterioration are not 
encountered, a TCF-10 transmitter with 1 watt 
output rather than 10  watts can be supplied. If in 
such installations it is found desirable to increase 
the reliability of tripping, a jumper may be con­
nected across diode 056. 

LOG I C  C I R C U ITS 

The logic stage of the receiver employs static 
circuitry that permits elimination of separate guard 
and lockout relays but provides all of the function 
of these relays as well as a unique method for 
minimizing the effect of noise signals. The block 
diagram of the logic circuits is shown on Fig. 3 .  
When the discriminator receives Guard signal, its 
output terminal ( 1 5) supplies positive potential to 
blocks A, 0, and F on the block diagram. Block A 
represents R 108, C 1 0 1  and 0 1 04 of Fig. I .  Capaci­
tor C l O l  will charge in approximately 1 20 millisec­
onds to the breakdown voltage of Zener Z 104 and 
block C (transistor Q 1 02) then will receive input 
# 1 .  The function of Q 1 0 1  is not indicated on the 
block diagram, but it discharges C 1 0 1  quickly when 
Guard signal disappears, so that the full 1 20 ms. 
delay is obtained on closely repetitive appearances 
of Guard signal. This avoids cancellation of a loss­
of-channel alarm by noise-produced Guard signal. 

When Q 102 (block C) receives input # 1 or 
# 2, it is made conductive and capacitor C 102 
receives no charge. Q 103 is non-conductive since it 
receives no base input through Z 1 05,  and its collec­
tor is held at approximately 10 volts by the voltage 
divider effect of R 1 3 1  and R 1 36. Note that under 
this condition, input # 1 to block K is supplied. If 
Guard signal should disappear but be followed 
promptly by appearance of Trip signal, the trip 
input fed through R l02 will not be diverted 
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through D I 02 to the collector of Q I 03 but will flow 
through D I 0 I to the base of Q I 02 to keep it con­
ductive. However, if Guard signal disappears and 
Trip signal does not appear in approximately 1 50 
ms. ,  C l 02 will charge to the breakdown point of 
Z l 05 making Q 1 03 conductive. This will remove 
base input from Q l 04 and the alarm relay will drop 
out, sounding the alarm through its normally­
closed contacts. (The copper slug on the alarm relay 
adds an additional delay of approximately 40 ms. 
before the alarm contacts close .) When Q 1 03 be­
comes conductive, the saturation voltage at its 
collector is so low that any current flowing through 
R l 02 as a result of a subsequent Trip signal will be 
diverted through Q 1 03 to negative instead of flow­
ing through D 1 0  I and the base-emitter junction of 
Q l 02.  If Guard signal reappears, the discriminator 
output at term. 1 5  will turn Q 1 0 1  off. C 1 0 1  will 
change and after 1 20 ms. it will reach the break­
down voltage of Z 1 04 and turn Q 1 02 on. This will 
allow C l 02 to quickly discharge through R l 23 and 
Q 1 02 and provide the full 1 50 ms. time delay to be 
effective on any subsequent loss of guard signal. 

Guard signal also produces input to transistor 
Q l 09 (block D). With base input to Q 1 09 it has 
negligible voltage on its collector, but if Guard 
signal is lost, capacitor C l 04 will charge to the 
breakdown voltage of Z 1 1 3 in a time ranging from 
about 2 to 20 ms.,  as determined by the setting of 
R 7. This time delay also is quickly reset on reap­
pearance of Guard signal, as C I 04 discharges 
through R l l 4, Z l l 3  and Q l 09. Transistors Q I I O  
and Q l l l  are a part o f  logic block I .  When C l 04 
reaches the conduction voltage of Z l l 3 , Q I I O  con­
ducts and removes base in put from Q I l l . This 
raises the voltage on the collector of Q I l l  to about 
1 5  volts, which constitutes input # 2 to block K. 
The purpose of logic blocks D and I is  to  provide an 
adjustable delay between the loss of  Guard signal 
and the pickup of the Trip relay. It is possible that a 
noise burst might momentarily cancel the Guard 
signal and produce a spurious Trip signal. Provi­
sion of this adjustable delay provides a considerable 
degree of protection against such incorrect opera­
tions. Resistor R 7 is adjustable by means of a knob 
on the front of the panel, and the knob can be 
clamped at any desired setting. 

When Trip signal appears, input is fed to tran­
sistor Q l06 (block E) through R l 1 9. Under this 

4 

condition Q 1 06 becomes conducting and does not 
supply input # I to Q 107 (block J). If input # 2 
(supplied through R l l 5) also is lacking for Q 1 07, 
the latter is non-conductive and its collector voltage 
is approximately 1 5  volts. This constitutes input 
# 3 to AND block K.  Block K is a three-input 
diode-AND, with the inputs contributed by the 
collectors of transistors Q l 03,  Q l 07 and Q l l l . 
When one or more of these transistors is conduct­
ing, input fed from the 45 volt supply through R l 38 
cannot reach the base of Q 1 08 to cause pickup of 
the Trip relay because the voltage drop across any 
of the three diodes plus the saturation resistance of 
a transistor is substantially less than the voltage 
drop across one diode ( D l l O) plus the base-emitter 
voltage required to make Q 1 08 conductive. 

The logic blocks F and G provide further 
protection against incorrect tripping under noise 
conditions. Transistor Q 1 05 is represented by block 
F; and diode D l 07 capacitor C 1 03 and resistor 
R l l 5  are represented by block G. Q l05 receives 
input from either Trip or Guard signals through 
R I O !  or R l 06,  and when either signal is present its 
collector voltage is a small fraction of a volt. When 
the transmitter is shifted from Guard to Trip by 
closure of a protective relay contact, the discrimina­
tor shifts its outputs very rapidly and the interval 
during which there is no input to Q 1 05 is only 1 .5 to 
2.0 ms. Most of the charge that builds up in C 1 03 
during this interval flows to the base of Q l 07 and 
keeps it conducting after the appearance of Trip 
signal has removed the input through R l 25 .  How­
ever, this delay has approximately the same dura­
tion as the minimum delay obtained from block I 
and thus does not increase the minimum overall 
time for tripping following a legitimate Trip signal. 

At times when severe random noise is present, 
such as might be produced by opening a nearby 
disconnect switch, the noise-produced signal may 
override the Guard signal and produce a discrimi­
nator output that no longer has a constant Guard 
output but rapidly fluctuates between Guard and 
Trip (and beyond). There will be relatively long 
periods when the discriminator has neither Guard 
nor Trip output. At such times capacitor C 103 may 
approach or reach its maximum voltage, thereby 
keeping Q 1 07 conducting for 40 to 50 ms. Also,  
because of the quick reset feature of logic block I,  
intermittent reappearance of Guard signal during 
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noise will fully reactivate the time delay for which it 
has been set. If a fault should occur and Trip 
frequency be transmitted at a time when high level 
noise frequencies are present, tripping may be 
somewhat delayed but will be accomplished before 
the cessation of noise unless conditions are ex­
tremely severe. The recommended 1 0  db. increase 
of transmitter output level at Trip frequency mini­
mizes such delay. 

It may appear that the function of block E in 
the logic diagram is duplicated by block F and 
could have been omitted . This is correct when the 
time constants are as normally supplied, but block 
E was retained to make the circuit adaptable to 
possible extreme conditions with minimum change. 

In summary, the logic circuit provides the 
following functions: 

1 .  Energizes alarm in case of loss of signal. 
2. Prevents cancellation of an alarm by noise­

produced signal. 
3. Allows tripping upon reception of legitimate 

Trip signal. 
4. Prevents tripping if channel is not operative 

immediately prior to reception of Trip signal. 
5. Minimizes effect of noise-produced signals by 

utilizing noise characteristics to introduce addi­
tional Trip delay. 

O UTPUT C I R C U ITS 

The output stage of the receiver contains the 
alarm relay (AL) and the tripping relay (AR). 
Either relay is energized from the regulated 45 volt 
supply when the logic circuit has determined that 
the existing conditions require such operation. The 
AL relay is a telephone type relay with a copper 
slug on the end of the core opposite the armature. It 
has two sets of Form C contacts, all points of which 
are connected to terminals of jack 13. The AR relay 
has two normally-open and two normally-closed 
contacts. The Four sets of contacts are connected to 
terminals of jack 13. The AR relay has been de­
signed to provide very high speed operation with 
negligible contact bounce. While normally it is 
energized only briefly, it will not be damaged by 
continuous energization. 

I .L. 41-945.85 

CAR R I E R  LEVEL I N D I CATO R (WH E N  S U P­
PLI E D )  

With the logic circuit connections shown on 
Fig. 1 ,  the AL relay closes contacts to energize an 
alarm when there is absence of both Guard and 
Trip signal for a definite time interval. This is 
satisfactory when the channel fails suddenly and 
completely. However, the signal may weaken grad­
ually from various causes, and it is desirable to have 
a means for providing a visual indication of the 
channel condition as well as for energizing an alarm 
when the signal has weakened seriously but has not 
reached the point of complete failure. These func­
tions are provided if a carrier level indicator stage is 
included in the receiver.  

The carrier level indicator is housed in the 
right-hand compartment of the enclosure that con­
tains the circuit boards. Fig. 2 shows the connec­
tions of the components on this circuit board and 
also the external connections of the board. All 
other stages of the receiver are identical with those 
shown on Fig. 1 .  The same AL relay is used, but it 
is energized through transistor Q 104 of the logic 
stage when the receiver does not include carrier 
level indication and through Q 1 54 of the carrier 
level indicator when the latter is supplied. A TCF-
1 0  receiver in which the carrier level indicator was 
not included at time of assembly can have this 
feature added later by installing the required circuit 
boards and making minor changes in the wiring. 

The S j N  detection module (carrier level indi­
cator) has one basic function: to measure incoming 
in-band signal level and provide both an output to a 
carrier level indicating instrument and to an alarm 
circuit in the output module for alarming at the 
desired low level of signal. 

This same output is also fed to an alarm circuit 
on the output module (contact output) for alarming 
at low signal levels. 

The narrow-band signal of 220 hertz band­
width called the I . F. is fed into the S / N  detection 
board through isolation transformer T32. The 
amount of signal fed into the board is adjustable by 
means of potentiometer R i l l . The circuit com­
posed of operational amplifiers IC7 and I C8 and 
associated components is an RMS circuit which 
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converts the signals into a de voltage proportional 
to the r .m.s.  value of the ac signals present in the I F  
bandwidth. 

The output of the I F  rms circuit is then fed to 
the logarithmic circuit composed of I C 1 1 A, I C 1 2A, 
and I C l l B  which puts out a de signal level linearly 
proportional to signal level in dB for feeding a 
microammeter calibrated with a linear dB scale 
with 1 OdB equal to 33 1 I 3 microamperes, is con­
tained on the output module (contact output). 

The input to the carrier level indicator is not 
affected by frequency variations that are within the 
pass band of the crystal input filter, but only by the 
level of the receiver input signal. When the alarm 
relay is energized through transistor Q 1 04 of the 
logic stage (in a receiver without carrier level indi­
cator-Fig. 1 ),  the alarm will be activated on com­
plete loss of signal or on loss of Guard signal if Trip 
signal does not appear within approximately 1 50 
ms. After the alarm relay has dropped out and 
activated the alarm, the relay will not be picked up 
by subsequent appearance of Trip signal but only 
by the reappearance of Guard signal. It is desirable 
to retain this alarm feature when the carrier level 
indicator is supplied, and a single alarm relay can 
be caused to respond to frequency change as well as 
to signal level by the interconnection between the 
terminals of the logic and carrier level indicator 
circuit boards. 

When Guard signal is being received, the volt­
age at the collector of Q 1 03 in the logic circuit is 
approximately 1 0  volts, but this voltage is blocked 
from the base of (Q 1 54) in the carrier level indicator 
circuit by diode D 1 55 .  However, if the discrimina­
tor Guard output should fail because of a sufficient 
frequency shift either above or below Guard fre­
quency, Q 1 03 would become conductive and the 
collector current of ( Q 1 53) would be diverted to 
negative through D 1 55 and Q 1 03 rather than enter­
ing the base of (Q 1 54). The latter would become 
nonconductive and the alarm relay would drop out, 
closing the alarm circuit even though the signal 
level is unchanged . 

With Guard signal being received, the signal 
level just below which the discriminator Guard 
output drops to zero is the minimum operating 
level of the receiver.  The AL relay should energize 
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the alarm at a signal level somewhat above this. For 
usual operating conditions it should be satisfactory 
to set the input attenuator (R5) 1 5  db. above the 
minimum operating level and set the AL relay (by 
means of R 1 56) to drop out at a signal 5 db. above 
the minimum operating level. 

POWER S U PPLY 

The regulated 20 V . D.C. and 45 V.D.C.  cir­
cuits of the receiver are supplied from Zener diodes 
mounted on a common heat sink on the rear of the 
panel. Resistors ( R2, R3) of suitable value . are 
connected between the station battery supply and 
the 45 volt Zener to adapt the receiver for use on 48, 
1 25 or 250 V.D.C.  battery circuits. The receiver is 
connected to the external supply through a switch 
and fuses , and a pilot light indicates whether the 
D.C.  circuits are energized. Capacitors C 1  and C2 
bypass r.f. or transient voltages to ground. Chokes 
L l  and L2 isolate the receiver from transient volt­
ages that may appear on the D.C.  supply. 

CHARACTE R I STIC S  

Frequency range 

Sensitivity (noise­
free channel) 

30-300 kHz 

0.005 volt (65 db below 1 watt for 
limiting) 

Input Impedance 5000 ohms minimum 

Bandwidth 
(crystal filter) down < 3 db at 220 hertz 

down > 60 db at 1 000 hertz 

Discriminator Set for 200 cycles shift from Guard 
to Trip frequency. Offset 25 hertz 
to favor Guard for all relay-output 
applications. 

Operating time 9 ms. channel (transm. and 
recvr.) 

2 ms. min. logic delay 
+ 3 ms. AR relay 

14 ms. minimum time 
+ 1 8  ms. max. added logic time (if 

req'd. by noise conditions) 
32 ms. maximum time 
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Frequency spacing 
A. For two or 
more signals 
over one-way 
channel 
B. For two-way 
channel 

Ambient 
temperature 
range 

Battery voltage 
variations 

Rated voltage 
48 V.D.C. 

1 25 V.D.C. 
250 V.D.C. 

Battery drain 

Dimensions 

Weight 

500 hertz minimum 

1 000 hertz, minimum between 
transmitter and adjacent receiver 
frequencies .  

-20° C to +55° C temperature 
around chassis. 

Allowable variation 
42 - 56 V.D.C. 

105 - 1 40 V.D.C. 
2 1 0 - 280 V.D.C. 

0 .20 a. at 48 V.D.C. 
0.27 a. at 1 25 or 250 V.D.C. 

Chasis height - 5 1 / 4" or 3 r.u. 
Chassis width - 19" 

1 3  1bs . 

I N STALLATION 

The TCF- 1 0  receiver i s  generally supplied i n  a 
cabinet or on a relay rack as part of a complete 
carrier assembly. The location must be free from 
dust,  excessive humidity, vibration,  corrosive 
fumes, or heat. The maximum ambient temperature 
around the chassis must not exceed 55° C. 

ADJ U STM E NTS 

All factory adjustments of the TCF- 1 0  receiver 
have been carefully made and should not be altered 
unless there is evidence of damage or malfunction­
ing. Such adjustments are: frequency and output 
level of the oscillator and mixer; input to the ampli­
fier and limiter; discriminator offset from center 
frequency; frequency spacing and magnitude of 
discriminator output peaks. Adjustments that must 
be made at time of installation are: setting of input 
attenuator R5; setting of the logic time delay by R 7.  
The input attenuator and the logic time delay ad-

I.L. 41 -945.85 

justments are made by knobs on the front of the 
panel. 

The receiver should not be set with a greater 
margin of sensitivity than is needed to assure cor­
rect operation with the maximum expected varia­
tion in attenuation of the transmitter signal. In the 
absence of data on this, the receiver may be set to 
operate on a signal that is 1 5  db below the expected 
maximum signal. After installation of the receiver 
and the corresponding transmitter, and with a nor­
mal Guard signal being received, input attenuator 
R5 should be adjusted to the position at which the 
alarm relay drops out. R5 then should be read­
justed to increase the voltage supplied to the re­
ceiver by 1 5  db.  The scale markings for R5 permit 
an approximate setting to be made but it is prefer­
able to make this setting by means of the db scales 
of an ac VTVM connected from ground to the 
sliding contact of R5.  

In case the transmitter has a 1 Watt/ 1 Watt 
output and diode D56 in the discriminator is not 
bypassed (see discussion under OPERATION­
Discriminator), the transmitter should be keyed to 
trip, transistor Q 1 03 should be kept non-conduct­
ing by connecting a short clip lead across R 1 28,  and 
R5 should be adjusted to the position at which the 
trip relay just picks up. R5 then should be read­
justed for a 1 5  db increase in receiver input, and the 
jumper across R 1 28 should be removed. If D56 is 
bypassed the input levels at which the AL and AR 
relays just operate will be approximately the same, 
and the AL relay minimum operating point can be 
used as reference for arriving at the R5 setting, a s  
described i n  the preceeding paragraph. 

The only other adjustment which may be nec­
essary at the time of initial installation is the adjust­
ment of the CL 1 instrument to correspond to 
proper variation of signal level from normal. This 
may be necessary if the instrument was not supplied 
with the receiver and was not adjusted by the fac­
tory. If this instrument was supplied and adjusted 
by the factory, then it could be used in adjusting 
R5.  In this case, it would be necessary only to 
adjust R5 with a normal signal being received so 
that the instrument indicates OdB. 

If the instrument was not previously adjusted 
by the factory, then the following procedure should 
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be used in adjusting the instrument. (Note: When 
CLI instrument is supplied within the chassis, this 
is factory adjusted.) 

I .  Set incoming level into receiver at + I OdB above 
normal level. 

2. Adjust span adjustment, R I47, so that the 
voltage at TP72 with respect ot TP62 (com­
mon) is +3.000 volts. 

3. Reduce incoming signal into receiver by 30dB. 
4 .  Adjust full scale adjustment, R I 53,  so that 

instrument now reads -20dB. (This is approxi­
mately 0 microamperes). 

5. Increase signal to + I OdB level. (This is I OO 
microamperes). 

6. Adjust slope adjustment R I 55 to read + I  OdB 
on instrument. 

7. Reduce signal to normal level. Instrument 
should read OdB. If desired, instrument could 
be adjusted to read OdB with R I 55 with sacri­
fice in reading accuracy for + I  OdB. 

It is  recommended that R 7 be set for maxi­
mum time delay (full clockwise rotation) unless 
field tests have shown that a shorter delay can be 
used without danger of false tripping under condi­
tions of severe line noise, such as may be caused by 
the opening of nearby disconnect switches. 

FACTOR Y  ADJ U STM E NTS 

In case the factory adjustments have been 
altered or there is suspicion of improper adjust­
ments or malfunctioning, then the following proce­
dures can be used. In addition, alterations to the 
settings used by the factory for low signal level 
clamping and low signal-to-noise ratio clamping 
can be made using these procedures if desired. 

Potentiometer R I 2  in the oscillator and mixer 
should be set for 0.3 volts, measured with a VTVM 
connected between TP I I  and terminal 33 on the 
circuit board (ground terminal of voltmeter). A 
frequency counter can be connected to the same 
points for a check on the frequency which should be 
20kHz above the channel center frequency. The 
frequency is fixed by the crystal used, except that it 
may be changed a few cycles by the value of capaci­
tor C 1 2. Reducing C 1 2  increases the frequency, but 
the capacity should never be less than a value that 
assures reliable starting of oscillation. The fre-
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quency at room temperature is usually several cy­
cles above the crystal nominal frequency as this 
reduces the frequency deviation at the temperature 
extremes. 

The adustment of the amplifier and limiter is 
made by potentiometer R52. An oscilloscope 
should be connected from TP56 at the base of Q54 
to terminal 33 of the limiter. With 5 millivolts of 
higher frequency on the receiver input (R5 set at 
zero), R52 should be adjusted to the point where 
the peaks of the oscilloscope trace begin to flatten. 
This should appear on the upper and lower peaks at 
approximately the same setting. (Note: Input atten­
uator R5 could be used to produce 5 mv of signal 
across input test jacks J l  and J2 if desired.) 

Adjustment of the discriminator is made by 
capacitors C63 and C68 . In order to offset the 
discriminator by 25 Hertz in the Trip direction, 
apply to the receiver input a 5 mv. signal taken 
from an oscillator set at fc-25 Hertz (R5 at zero.) 
Connect a I .5-0- I . 5  milliammeter in the circuit at 
J l  and a VTVM across R80. Adjust C68 for zero 
current in the milliammeter and C63 for maximum 
voltage across R80 rechecking the adjustments al­
ternately until no further change is observed. Re­
move the VTVM from across R80 and observe the 
milliammeter reading as the oscillator frequency is 
varied. Postive and negative peaks should occur at 
fc + 75 Hertz and fc-1 25 Hertz, with the latter peak 
being 20% or 1 5% lower than the former because of 
diode D56 in the Trip output path. 

In case a check is desired of any of the delay 
times of the reciver (such as channel time or logic 
delays), this can be done most conveniently by 
means of an oscilloscope with a calibrated triggered 
sweep. A two-pole toggle switch, checked to have 
less than 1 ms. interval between pole closures, can 
be used to impress the signal and trigger the sweep. 

MAI NTE N A N C E  

Periodic checks of the received carrier signal 
and the receiver sensitivity will detect gradual dete­
rioration and permit its correction before failure 
can result. The carrier level indicator, when pro­
vided, permits ready observation of the received 
signal level. With or without a carrier level indica­
tor, an overall check can be made with the attenua-
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tion control R5. A change in operating margin 
from the original setting can be detected by observ­
ing the change in the dial setting required to drop 
out the alarm relay. If there is a substantial reduc­
tion in margin, the signal voltage at the receiver 
input should be checked to see whether the reduc­
tion is due to loss of signal or loss of receiver 
sensitivity. 

All adjustable components on the printed cir­
cuit boards are accessible when the front cover is 
removed. However, as described under "CON­
STRU CTION", any board may be made entirely 
accessible while permitting electrical operation by 
using board extender style no. 1 447C86G0 1 .  This 
permits attaching instrument leads to the various 
test points of terminals when making voltage, oscil­
loscope or frequency checks. It also contains 
switches to facilitate trouble shooting. 

It is advisable to record voltage values after 
adjustment in order to establish reference values 
which will be useful when checking the apparatus. 
The readings will remain fairly constant over an 
indefinite period unless a failure occurs. However, 
if transistors are changed, there may be consider­
able difference in these readings without the overall 
performance being affected . 

Typical voltage values are given in Table I and 
II .  Voltages should be measured with a VTVM. 
Some readings may vary as much as ±20%. 

TABLE I 

R EC E IV E R  D-C M EASU R E M ENTS 

N OTE : All voltage readings taken with ground of 
de VTVM on terminal 9 (neg. d .c.) .  Receiver ad­
justed for 1 5  db operating margin with Guard 
signal down 50 db from 1 watt and Trip signal 
down 40 db. Unless otherwise indicated, voltage 
will not vary appreciably whether signal is Guard, 
Trip or zero. 

Collector 
Transistor 

Q I I 
Q I 2  
Q I 3  
Q3 I 

< I 3  

Volts 
(+) 

I 5  (Guard or Trip) 
15 (Guard or Trip) 
2.5 

I.L. 41 -945.85 

Q32 
Q5 1 
Q52 
Q53 
Q54 
Q55 
Q55 
Q56 
Q56 
Q l O I  
Q 1 0 1  
Q 1 02 
Q I02 
Q 1 03 
Q 103 
Q I 04 
Q l 04 
Q l 05 
Q l 05 
Q I 06 
Q 106 
Q I 07 
Q 1 07 
Q 1 08 
Q 108 
Q l 09 
Q 109 
Q l l O  
Q l l O  
Q l l i  
Q l l l  

2.5 
1 1 .5 
1 2  
1 5 .5  
2 .5  

< 1 (No. sig. or  Trip) 
I 9.5 (Guard) 

< I (No sig. or Guard) 
I9.5  (Trip) 

< 1 (No sig. or Trip) 
7 (Guard) 

2 I  (No signal) 
< I (Guard or keyed Trip # )  
< 1 (No signal) 

1 0  (Guard or keyed Trip) 
45 (No signal) 

< I (Guard or keyed Trip) 
40 (No signal) 

< 1 (Guard or Trip) 
I 5  (No sig. or Guard) 

< I (Trip) 
< I (No sig. or Guard) 

1 5  (Trip) 
45 (No sig. or Guard) 

< 1 (Keyed Trip) 
IO  (No sig. or  Trip) 

< I (Guard) 
< I (No sig. or Trip) 

1 5  (Guard) 
1 5  (No sig. or Trip) 

< 1 (Guard) 

# - "Keyed Trip" signifies minimum transition time 
from Guard to Trip. 

TAB LE I I  

R EC E IV E R  R F  M EAS U R E M E NTS 

N OTE: Voltmeter readings taken between receiver 
input and Q32 are not meaningful or feasible be­
cause of waveform or effect of instrument loading. 
Receiver adjusted as in Table I. Reference to +20V. 

Collector of 
Transistor 

Q32 
Q5 1 
Q52 
Q53 
Q54 

Volts 
( I  watt-Guard) 

.25 

.3 

.4 
2 . 1 
4.8 

Volts 
( 1 0  watts-Trip) 

.8  

.9 

.65 
2.2 
4.5 

R ELAY M A I NTE NAN C E  A N D  

ADJ U STM ENT 

The AL and AR relay contacts should 
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be cleaned periodically. A contact burnisher 
S # 1 82A836H0 1 is recommended for this purpose. 
The use of abrasive material for cleaning contacts is 
not recommended, because of the danger of embed­
ding small particles in the face of the soft silver and 
thus impairing the contact. Care must be taken to 
avoid distorting the contact springs during burnish­
ing, particularly in the case of the AR relay. 

These relays have been properly adjusted at the 
factory to insure correct operation, and under nor­
mal field conditions they should not require read­
justment. If, however, the adjustments are dis­
turbed in error, or if it becomes necessary to replace 
some part, the following adjustment procedure 
should be used. 

In the AL relay the armature gap should be 
approximately 0.004 inch with the armature closed. 
This adjustment is made with the armature closed. 
This adjustment is made with the armature stop 
screw and locknut. The contact leaf springs should 
be adjusted to obtain at least 0.0 1 5  inch gap on all 
contacts when fully open. There should be at least 
0.0 1 0  inch follow on all normally-open contacts 
and 0.005 inch follow on all normally-closed con­
tacts. The relay should pick up at approximately 35 
volts. 

F I LTER R ES P O N S E  

M EAS U R E M ENTS 

The crystal input filter ( F L I )  and the I F  filter 
(FL2) are in sealed containers and repairs can be 
made only by the factory. The stability of the 
original response characteristics is such that in 
normal usage no appreciable change in response 
will occur. However the test circuits of Dwg. 
849 A 1 09 can be used in case there is reason to 
suspect that either of the filters has been damaged. 

Fig. 4 shows the -3db and -60db check points 
for the crystal filters. The response curve of the I F  
filter shows the combined effect of the two sections, 
and was obtained by adding the attenuation of each 
section for identical frequencies. The scale of Fig. 4 
was chosen to show the crystal filter response, 
which permitted only a portion of the IF filter curve 
to be shown. The check points for the pass band of 
each section of the latter are "down 3db maximum 
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at 1 9.75 and 20.25 kHz, and for the stop band are 
"down 1 8  db minimum at 1 9.00 and 2 1 .00 kHz. The 
signal generator voltage must be held constant 
throughout the entire check. A value of 20 db (7.8 
volts) is suitable . The reading of VM2 at the fre­
quency of minimum attenuation should not be 
more than 22db below the reading of VM 1 .  It 
should be noted that a limit measured in this man­
ner is for convenience only and does not indicate 
actual insertion loss of the filter. The insertion loss 
would be approximately 1 6db less than the meas­
ured difference because of the input resistor and the 
difference in input and output impedances of the 
filter.  

Because of the extreme frequency sensitivity of 
the crystal filter, the oscillator used in its test circuit 
should have very good frequency stability and a 
close vernier control. The oscillators used for fac­
tory testing have special modifications for this use . 
A value of approximately 1 0db (2.45 volts) is suit­
able for the constant voltage at which to hold VM 1 
throughout the check. The reading of VM2 at the 
frequency of minimum attenuation will vary some­
what with the channel frequency but should not be 
more than 1 1 db below the reading of VM I .  (The 
filter insertion loss is approximately 6db less than 
the difference in readings.) 

C O NVE R S I O N  OF R EC E IVE R  FOR 

C H AN G ED CHAN N E L  F R EQU E N CY 

The parts required for converting a TCF- 1 0  
receiver for operating o n  a different channel fre­
quency consist of a new crystal filter (FL 1 ) ,  a new 
local oscillator crystal (Y 1 1 ) and probably a differ­
ent feedback capacitor ( C 1 2) .  Because the wide 
range of channel frequencies precludes maintaining 
a factory stock of the various crystals, immediate 
shipment of the filter and the oscillator crystal 
cannot be made. After the crystals have been pro­
cured and the filter has been completed, it is recom­
mended that the receiver be returned to the factory 
for the conversion and for complete test and adjust­
ment. However, if the time that the receiver can be 
out of service must be kept to a minimum, the 
conversion may be made by customers who are 
equipped for this work. 
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R EC O M M E N D E D  TEST EQU I PM E NT 

I .  Minimum Test Equipment for Installation. 
a. AC vacuum Tube Voltmeter (VTVM). 

Voltage range 0.003 to 30 volts, frequency 
range 60 Hz to 330 kHz, input impedance 7.5 
megohms. 

b.  DC Vacuum Tube Voltmeter (VTVM). 
Voltage Range: 1 .5 to 300 volts 
Imput Impedance: 7.5 megohms 

c. Milliammeter, 0-3 range (if receiver has car­
rier level indicator). 

II. Desirable Test Equipment for Apparatus Main­
tenance 
a. All items listed in I .  
b.  Signal Generator 

Output Voltage: up to 8 volts 
Frequency Range: 20-kHz to 330-kHz 

c. Oscilloscope 
d. Frequency counter 

I.L. 41-945.85 

e. Ohmmeter 
f. Capacitor checker 
g. Milliammeter, 0-1 .5 or preferably 1 .5-0- 1 .5 

range, for checking discriminator. 

Some of the functions of the recommended test 
equipment are combined in the type TCT carrier 
test meter unit, which is designed to mount on a 
standard 19" rack but also can be removed and used 
as a portable unit. 

R E N EWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, replacement parts can be 
furnished, in most cases, to customers who are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data, the 
electrical value, style number, and identify the part 
by its designation on the Internal Schematic draw­
mg. 
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RECE IVER I I N P U T  

1 9  
R: 
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7 7 5 8 7 1 2  
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J 2 ni_ 1 

L"'""' I 
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Z3 ( 1 N297 4 B )  762 A 6 3 1 H I 7  I I 
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C3 W47 MFO ) B49 A4 37H04 I I 

C HOKE 
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R2 7 5 -"- 1336124(401299) I I 
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Fig. 1 Internal Schematic of Transfer Trip RecfJiY 
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0 1  SCRIMIN ATOR 

T R I P  OUTPUT 

GUARD OUTPUT 

T. D. 

12.0 M.S. A 

PI C K U P 

c 

T. D. 

1 5 0 M.S. H 

DROPOUT 

I 
T. D. 

2 -20 M.S 

PI CKUP 

ALARM SOUN OS 

ON DROPOUT 

Fig. 3 .  Block Diagram of Output Logic Circuit 
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Fig. 4. Filter and Discriminator Characteristics of the Receiver 
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Fig. 5. Component Location of the Receiver Panel 
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Fig. 6. Component Location of the Input Filter Module 
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Fig. 7.  Component Locations 30-200Hz. Oscillator and Mixer I .  F. Amplifier 
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Fig. 8. Component Locations 200.5-300Hz. Oscillator and Mixer /. F. Amplifier 

Fig. 9. Component Locations Amplifier and Limiter Discrimina tor Module 
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LOGIC 1461C03G SUB.2 NOTCH 

Fig. 10. Component Locations Logic Board for Transfer Trip 

OUTPUT 1 46 2C96G S U B. N OT C H  

( 
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D 

I 

ijt= 
� 

� = 

Fig. 1 1. Component Locations of the Output Printed Circuit Board 
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I. F. F I LTER TEST C I RCU IT CONNECTION S 

I N P U T  FILTER TEST Cl RCU I T  CON N ECT I O N S  

Fig. 13. Test Currents for Frequency Shift Receiver Filters 

COMPONENT DESCRIPTION 

R4 RESISTOR 100.0 .SOW 
R 6  RESISTOR IO.OK .SOW 
R S POTENTIOMETER IO.OK 2W 
FLI FILTER 
TJI TIP JACK BLACK 
TJ2 TIP JACK RED 
Z l  Z EN E R  I N 3027B 
Z 2  Z E N E R  I N 302 7 B  

S% 
S'l'o 

STYLE NO. 

184A763H03 
184A763H51 
185A086HIO 

0 
187A332H02 
187A332HOI 
I BBA302H07 
1 88A302H07 

Sub. 1 
849A 109 

0 = D ETERMI N E D  BY CHAN N E L  F R EQUE N CY PE R O R D E R .  

Fig. 1 3  Test Circuits for Frequency Shift Receiver Filters 
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N E G  
INPUT POWER SUPPLY I' , - - - - - - - - - - - - - - - - - - - - - - - - - - - l l  - - - - ---, 

L - - - - - - - - - - - - - - - - - - -
+ 

RF OUTPUT 

I 

I 

y 

CIIIHP8NI:NT D!:SCRI,.TI8N 
--------- -----------
' "  
' "  
' "  
' "  
' "  
" '  
' "  
"' 
"' 
'" 
'" 
"' 
'" 
" '  
"" 
.. . 
"" 
... 
"" 
... 
"" 
"" 
" '  
" "  
" "  
"' 
"" 
"' 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
,,. 
"' 
"' 
"" 
" ' '  
Jill  
" '  
. . .  
" '  
. . .  
' "  
"' �\� 
"' 

CAPACIT8111 oi2$0UI' 200\1 
CAPACITOR SEE NOTI! 9 
CAPACIT8111 o250UI' 200\1 
CAPACIT8111 l o000UJ" 200Y 
C.IIPACITIIII l oOOOUI' 200\1 
CAPACITOR SEE NOT£ . 
CAPACITIIII o 2 50U,. 200V 
CAPACITelll o250UI' 200Y 
CAPACIT811: o250UI'" 200\1 
CAPACITU IQQ,QOOP,. SOOV 
CAPII.CITIR o 2 50UI" 200V 
CAPIIICIT8111 l o000UF 200Y 
CAPACIT81t o250UF 200V 
R[$1 ST8R I O .OIC . sow n 
JI[SI STeR .noo.o .sow Sl 
R£SISTIR 3300-0 .sow st 
R£SISTIJR 
R£SIST8R 

=��! �i:: 
RES! STIR 
RESISTIU 
R£SISTI!IR 
RtSISHlR 
RESISTI!IR 
R£SI STI!IR 
RESI STeR 
RESISTIIR 
RESISTeR 
RESISTI!IR 
RESI STIIR 
RESI STIIR 
RESISTIIR 
RESI STeR 
RESI STeR 
RESI ST8R 
RESI ST8R 
RESI ST8R 
RESI STiilR 
"' 
Jli"'PEit 

TRANSIST8R 
TRANSISTBR 
TRANSIST8R 
TRANSI STGR 
TRANSISTGR 

330•0 .:;ow s& 
I O o OIC .sow ss 
JJ.OIC . 5011 51 

JJOOoO o!>OW 51 

JJOOoO o!>OW SI 

1 0 . 01( . sow ss 
JJoOI( . sow s'l 

JJOoO .sow s& 
JO,OK .so11 s'l 

220.01( .5011 51 

•1oo.o .sow Sl 
JJoo.o oSOW SI 

22.01( . sow 51 
681) . 0 .5011 5'1 

68 . 0 .5011 5'1 
\ 0.01( .5ow ss 

JJO.O .5011 5'1 

JJoo.o .sow s& 
1000.0 .5011 5'1 

22.01( .SOW S'I 
680 o 0  o5011 5l 

u.o .sow ss 
10.01( o50W 5'1 

l o01( o ! 211 

0 8HH RESISTelt 
2H<I2•9 
2N<I2•9 
2N•2<19 
2N·2·9 
I!N.2<1'J 

TRANSFOR�ER 
TRANSFOR�ER 
CRYSTAL SEENOTEQ 
fiLTER 

I.L. 41 -945.85 

STYLI: Nil• 
---------

1 87A62-4H02 

1 8ToU24HOI 
1 81A62<1HO• 
1 1 7A624HO• 

1 11 7A62•H02 
18TA62•H68 
1 1 7A62<1H02 
762A7'5TH01 
1 11 7A6tUH02 
II"PA62"H04 
l l lA624H02 
18UT63HSI 
1 8o411.763H4l 
1 8•Vo76;)HJt 
IIUA763H15 
11•1U6JHSI 
18<1A16JH63 
IR<IA163H3t 
1 8 <1A763H39 
I I <IA163HSI 
l i <IA763H63 
II<IA76JH I S  
\1<1Al6JH51 
18•Al63Hil 
1 8 .A76JH•J 
1 8 .A76JHJ9 
I I•Alt.JHS9 
I B•AlliJHtJ 
1 8 7A290Htl 
18<1AlUHSI 
18<1Al63H15 
18<1Al6JHJ9 
I I •A763H21 
\ I <IA763H59 
I I UA763H23 
I B7A290H21 
l i!I .Al6JH51 
629A<IJOH02 

862A.78HOI 
8•9A••JHOJ 
8•9A<I<IIHOJ 
1•9A .. IHOJ 
a••A•••HoJ 
1!1.9AUJHOJ 
205CO<IlGOI 
205C043G03 

762A6llGOI 

y•CI2 RANGE 4 TO 390Pf AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS 

•·CI6 RANGE 2 2  TO IOOPf AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS 

O·YII RANGE�50 T0 220KHZ 

0•COMMON TERMINAL 
Sub 4 
1444C52 

Fig. 15. Internal Schematic 30-200Hz. Oscillator and Mixer /. F. Amplifier Module 

I , - - - - - - - - - - -
1 'c''�"�--��---------��-��--��--t--1t----� 
I 
l ozn 
I 
I 
I 
I 
I 
I 
I 

L _ _ _ _ _ _  _ 
" 

OUTPU? 

" 
OUTPUT 

Y l l  C R Y STAL 5([ NOT E 0 

I � � A l �  l�,>) 
I� H•�''J�? I 

Ot I >i4A7"1"� I 
�I I >1 4 A  '" l" I � 

l � lA290oPI 
� '  I 14A l h  1� >1 

T211 T RANSF 7 1 . 8 6 7 7 G O I  

T l 1 2  T R ,I, N S F  205C0<13G03 

• C 2 1 1  RANGES �AO� IOOPr TO IOOOPf 

0 C 2 1 4  �AY VARy U P  TO lOON 187A695H01 THROUGH H2l 

0 Yll FREQ. E Q U A L S  R C V R  ( CHA�N[L) fREQUENCY 

PLUS 20KHZ 

Sub. 1 
1458C60 

Fig. 1 6. Internal Schematic 200.5-30dHz. Oscillator and Mixer /. F. Amplifier Module 
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1\) en 

� Cil t §.  () 
� �  

� -
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L _ _  _ 

C63 C64 

D5<t 

D55 

0 C67 
TP C68 C69 

_ _ _ _ _ _  �44C48G� 

CBHPINENT DESCRII"TIIN 
--------- --·-··-·---
CSI 
CS2 
CS3 
CS4 
css 
CS6 
CS7 
csa 
C59 
C60 
C 6 1  
C62 
C65 
C64 
C65 
C66 
C67 
C68 
C69 
C70 
C71 
C72 
C73 
05 1 
052 
053 
054 
055 
056 
057 
058 
R5 1 

R53 
R54 
R 5 5  

R56 
R57 
R58 

R>o 

R60 

R61 

R62 

R63 

••• 
R65 

R66 
R61 

R68 

••• 
R70 

R7 1 

R72 

R7 3 
RH 

R75 .n6 
R7 7  
R19 
RBO 
R52 
051 
052 
053 
054 
055 
056 
T21 
T22 
Jl 

CAPACITIR e 2 50Uf' 200V 
CAPftClTIR . esour eoov 
CAPACITOR • I DOUf' 200V 
CAPACITOR 1 300. QOOPF SOOV 
CAI'ACIT8R • I OdUF 200V 
CAPACITIR .esour eoov 
CAPACITIR . aoour eoov 
CAPACI TIR .esour eoov 
CAI'ACIT8R .esour eoov 
CAPACJTIR 1. ooour eoov 
CAPACITIR e 220Uf' 50V 
CAPACJTBR e 220UF 50V 
CAPACITOR 4.5 TO IOOPF 
CAPACI TOR 9 I OO . OOOPF 200V 
CAPACITOR SEE NOTEO 

CAPACITBR I O O . OODPF SOOV 
CAPACITOR SEE NOTE O 
CAPACITOR 4.510 JOOPF 
CAPACITOR 9 J OO . OOOPF' 200V 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPAC ITOR 
0 1 00£ 
0 1 00[ 
0100£ 
DUDE 
0100[ 
DI ODE 

DIODE 
0100£ 
RESI ST0R 

RESI ST0R 

RESI ST0R 

RES I ST0R 

RESI ST0R 

RES I ST0R 

RESI ST0R 

RESI ST0R 

RESI ST0R 

RESJ ST0R 

RESIST0R 

RESI STOR 

RESI ST0R 

RESI ST0R 

RESI ST0R 

RESI ST0R 

RESISTOR 

RESI ST0R 

RES I STCR 

RES I ST0R 

RESI ST0R 

RESI STOR 

RESISTOR 

RESI STO� RES I SUP. 

RES I ST0H 
RESI ST0R 
RESJ STOR 
POT 

TRANSI STOR 
TRANSl STBR 
TRANS I ST0R 
TRANS I STOR 
TRANS] ST0R 
TRANSI STOR 

. 220UF 50V 

. 220UF 50V 
330.000P1' 200V 
330.000PF 200V 

I N 4:S7A t N4 57A 
trrrf457A 
1 N 457A 
1 N 457A 
1 N 457A 
I N 628 
I N 628 

4700 o 0  • SOW 5� 

27 . QI( . sow S% 

2200· 0 • SOli.' s:: 

2 7 · 0  • s o w  S% 

I O · OK . SO W  S% 

4700 . 0  0 sow S% 

2 7 . 0K o SO W  S% 

1 5 0 0 · 0  • sow S% 

1 8 0 · 0  • s o w  S %  

41700 · 0  • s o w  S %  

2200o 0 • sow 5% 

33. OK • SOW S% 

2700 . 0  • s o w  5% 

68 0 o 0  • s o w  5% 

68 o 0  • SOW S %  

o4700 o 0  0 s o w  S %  

2700 o 0  • s o w  5 %  

I S . OK · SO W  5 %  

220 o 0  o SOI>.! 5 %  

68 o 0  o SOW 2% 

330 · 0  • s o w  S %  

S 6 o 0  • s o u  2 %  

1 2 o OK o SOW 5 %  

JOOOo 0 • SOW S% 
3000 0 0 0 sow 5% 

220 · 0  • s o w  S %  
2200. 0 • sow 5% 
2200.0 • sow 51 

t . OK . sow 
2N�249 
2N4249 
2N4249 
2N4249 
2N364115 
2N3645 

TRANSFORMER 
TRANSFORMER 
TELEPHONE JACK 

STYLE Nle 
- · - - - - - - -
1 8 7A62o4H02 
1 8 7A62"'H02 
1 8 1'A62 .. HOI 
187AS8 4H I S  
1 8 7A62o4HOI 
1 8 7A62o4H02 
1 8 7A62-4HOI 
1 8 7A62o4H02 
1 8 7A62o4H02 
1 8 7A62 .. HO .. 
762A703HOI 
'162A703HOI 
762A736H02 
1 8 7A62 .. H 1 6  

1 87A68 .. H08 

762A736H02 
1 8 7A624H16 
762A703HDI 
'762A703H01 
890A397H0t 
880A397HOI 

1 8 41A85:)HQ7 

18 .. A8 55H07 

1 8 4A8 55H0 7 

1 84A855H07 

1 8 4A855H07 

1 8 4A8SSHQ7 

1 8 41A8 S SH 1 2  

1 8 4A85SH 1 2  
1 8  .. A763K4J 

1 6 4A763H61 

1 8 4A763HJS 

1 8 7A290H I I  

1 8 4A 7 6 3 H S 1  

1 8 4A763H43 

1 8 4A7'63H61 

1 8 4A 7 6 3 H J I  

1 8 4A763H09 

1 8 4A76JH43 

1 8 4A763HJS 

1 8 4A763H63 

1 8 4A763H37 

1 8 4A763H23 

1 8 7A290H21 

1 8 4A763H43 

1 8 4A763H37 

1 8 4A76JH57 

1 8 4A763H I I 

629ASJI HOo4 

1 8 .11A 7 6 3H I S  

629AS31H02 

1 8 .11A763H53 

1 8 4A 7 6 JH38 1 8 4A763ri33 
1 8 4A763H l l  
1 8 .11A763H3 5 
1 8 4A763H35 

629A645HO� 

8�9A441H03 
I49A4411 1H03 
849A441H03 
8�9A441H03 
8�9A411':4 1 HO I  
84119A44IHOI 
6068533GOI 
6068533602 
187A606HOI 

D-ONE OR TWO CAPACITORS USED; VALUES 
DETERMINED IN TEST. 

Fig. 17. Internal Schematic Amplifier and Limiter Discriminator Module 
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+20V GUARO I N  � - - - - - - - - - - u - - 29""" - - - - - - - - - - � - - - - - -- ---, 
I I I 9 1 Gu A R O  

h5 I O U T  

I 

L - - - - - - - - - - - - - - - - �- - -- - - - - - ----����d 

Fig. 1 8. Internal Schematic Logic Board for Transfer Trip Module 
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I N P U T  o s c . AM PL. S / N  O U T P U T  

0 FI LT E R  M I X E R  L I M .  OUT.  
D ISC R .  

© 
0 

f== 
.......:... 

A B c D E F G H J K L M 

Fig. 19. Module Location 

QIOS IC8-\01·i12·1l4 :-�� 
Q!ll 849A441!i02 

R i l l  
R \ 1 2 - R l l 4 - R I 2 3  

RI03 105 116TOII9- J35 
139-12�-121-128-!34 

tBIA64JHsl 

\25 " ' 2 133 I81A76)H6] 
l84AI63H65 

I .L. 41 -945.85 

r-H���� : 
1� 

II [10� I/2W t 5"1.1 

1 1a� J/2.'1 -s·, 

2 1\� 
l84A76]H i l  4 I t o �  J/2 .'1 -� ,, 

�TORS 

IMA163><73 I82K J f.? :1 •S' 

' 
' 

849A437>'04 j J  

13 1 1��57A) 

2 I '�' 35�6 8 I 

Sub 3 
1461 C04 

[ W H E N  U S E D  

..=-::!, 

S / N  
O U T. 

<=-=I 
1\1 p 

C) 

© 
C) 

Sub. 1 
1463C 1 8  
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Westi nghouse I . L. 41 -945.84 

I N S T A L L A TI O N  • O P E R A T I O N  • M A I N T E N A N C E 

TYPE TCF-1 0 POWE R LI N E  CAR R I ER 
F R E Q U E N CY-S H I FT R ECE IVE R EQ U I P M ENT 

STU- U N B LO C K-WI D E  BAN D WITH 
D C/DC CONVE RTER POWER S U P PLY 

CAUTI O N :  It is recommended that the user of this 
equipment become acquainted with the informa­
tion in this instruction leaflet and in the system 
instruction leaflet before energizing the system. 
Printed circuit modules should not be removed or 
inserted when energized . Failure to observe this 
precaution can result in an undesired tripping out­
put and cause component damage. 

If the carrier set is mounted in a cabinet, it 
must be bolted down to the floor or otherwise 
secured before swinging out the equipment rack to 
prevent its tipping over. 

APPLI CATI O N  

The TCF- 1 0  frequency-shift receiver equip­
ment as adapted for STU-Unblock applications 
responds to carrier-frequency signals transmitted 
from the distant end of a power line and carried on 
the power line conductors. The block signal is 
transmitted continuously when conditions are nor­
mal. Its reception indicates that the channel is 
operative and that there is no fault in the protected 
equipment. The block frequency is 1 00 hertz above 
the center frequency of the channel. When a fault 
occurs at the d istant end of the power line, protec­
tive relays switch the transmitter located there to 
an unblock frequency, 1 00 hertz below the center 
frequency, and also increases the power output of 
the transmitter (from I watt to 1 0  watts). 

C O N ST R U CTION 

The TCF receiver unit for STU Unblock appli­
cations is mounted on a standard 1 9-inch wide 
chassis 5 I I 4 inches high (3 rack units) with edge 

slots for mounting on a standard relay rack. An 
input attenuator and a jack for metering the dis­
criminator output current, are accessible from the 
front of the chassis. 

All of the circuitry that is suitable for moun­
ting on printed circuit boards is contained on 
printed circuit modules that plug into the chassis 
from the front and are readily accessible by remov­
ing the transparent cover on the front of the chassis. 
The power supply components and external con­
nectors are located at the rear of the chassis as 
shown in Figure 6. Reference to the internal sche­
matic connections of Figure I will show the loca­
tion of these components in the circuit. 

The printed circuit modules slide into position 
in slotted guides at the top and bottom of the 
chassis, and the module terminals engage a terminal 
block at the rear of the chassis. A handle on the 
front of each module is labeled to identify its func­
tion, and also identify adjustments and indicating 
lights if any are available at the front of the module . 
Of particular significance, is the input attenuator 
contained on the front of the filter module which is 
used in adjusting the input receiver signal during 
initial field installation. 

A module extender (Style No. 1 447C86GO I )  is 
available for facilitating circuit measurements or 
major adjustments. After withdrawing any one of 
the circuit modules, the extender is inserted in that 
position. The module is then inserted into the term­
inal block on the front of the extender. This res­
tores all circuit connections and renders all compo­
nents and test points on the module readily 
accessible. 

1 II !) ( ' '  1 /h/c oi l l l ingcncic.\ H1l ich m a r  arise du ring inslalla l io n .  opera/ io n .  or mainlenance.  and all 

dctuil 1  und ' oriu t h i l l l  of r h is cqu ipnlcn/  do n o /  purporl 10 he cm·ered h r  1hese ins /me rion\ .  If fun h er 

1 n tu m w t l r i l /  / 1  de1 /rcd h 1 · p1 1rchm cr regarding h is parlicular ins ralla l ion . opera/ion or main renance of 

fu , ('l{ l i lf l i iU'Il l .  the  local l f 'cs t inglw u l c  1:"/eC!ric Corpora /ion represenlatin' s hould he conlacred. 
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The receiver operates from a regulated + 1 2V 
and - 1 2V supply derived from a self-contained DC 
to DC converter. The power supply module con­
taining the DC to DC converter has links which 
enable it to operate from either 48 volts or 1 25 volts 
de. 

External connections to the receiver are made 
through a 36-terminal receptacle , 13 . The r-f input 
connection to the receiver is made through a coax­
ial cable jack 12. (See Figures I ,  2, or 3). 

O P E RATI O N  

I N PUT M O D U LE 

The input module contains the input control 
and the input filter. The signals to which the TCF­
IO receiver responds are fed through a coaxial cable 
connected to jack 12 at the rear of the chassis to the 
input module. The input control R5, accessible at 
the front of the input module, attenuates the signal 
to a level suitable for the best operating range of the 
rece1ver. 

A scale on the panel is graduated in dB. While 
this scale is typical rather than individually cali­
brated, it is accurate within several dB and is useful 
in setting approximate levels. Settings should be 
made more accurately utilizing a suitable ac 
voltmeter with a dB scale when possible. 

LC F I LTER (WI D E  BAND R EC EIVE RS) 

From the attenuator, the signal passes through 
a band pass LC filter, FL 20 I .  This filter has a 
passband of approximately 1 600Hz which is rela­
tively wide in comparison to the I F  filter which has 
a passband of approximately 500Hz. Still, frequen­
cies several kHz above or below the center fre­
quency (fc )  of the channel are greatly attenuated. 
Figure 5a shows a typical curve for the LC filter as 
well as a characteristics curve for the IF (intermedi­
ate frequency) filter, FL2, and the discriminator 
output. This apparently wide bandwidth for the 
input filter in relation to the I F  filter is necessary to 
both achieve high speed data transmission and to 
achieve proper operation of the noise clamp by 
sampling noise in the frequency band surrounding 
the IF band. 

2 

This is generally recommended in STU­
Unblock applications. However, if the frequency 
spectrum is too crowded to permit the use of the 
wide band channel and a slower response time can 
be tolerated, then the narrowband receiver using a 
crystal filter is recommended. This operation is 
described below. 

CRYSTAL F I L  TEA-
NARR OW BAN D R E C E IVERS O N LY 
(SH OWN FOR C O M PA R I S O N  O N LY) 

From the attenuator, the signal passes through 
a crystal filter, FL l .  This filter has a narrow pass 
band, and frequencies several hundred cycles above 
or below the center frequency (fc )  of the channel are 
greatly attenuated. Figure 5b shows a typical curve 
for the crystal filter, as well as a characteristic curve 
for the intermediate frequency filter, FL2 and for 
the discriminator output. The narrow pass band of 
FL2 permits close spacing of channel frequencies 
and reduces the possibility of false operation caused 
by spurious signals such as may result from arcing 
disconnects or corona discharge. This narrow input 
filter does not permit the use of the same type of 
noise clamp as the wide band filter . 

OSCI LLATO R ,  M IX E R ,  A N D  I F  
AM PLI F I E R  M O D U LE 

From the input filter, the signal enters the 
oscillator and mixer stage of the receiver.  Crystal 
Y I I , transistors Q I 2  and Q I 3 , and their associated 
resistors and capacitors, comprise a crystal­
controlled oscillator that operates at a frequency 
20kHz above the channel center frequency, fc . The 
output from this local oscillator is fed through 
transformer T I I  to potentiometer R I 2, and the 
latter is adjusted to feed a suitable input to the base 
of mixer transistor Q I I . The output of filter FL I is 
impressed on the emitter-collector circuit of Q I I . 
As a result of mixing these two frequencies, the 
primary of transformer will contain frequencies of 
20kHz, 2fc + 20kHz, fc + 20kHz, and fc . 

The output from the secondary of T l 2  is am­
plified by Q3 1 in the intermediate frequency ( I F) 
stage, and is impressed on FL2. This is a two­
section filter, with both filters contained in a com­
mon case. Its pass band is centered at 20kHz. Since 
its pass band is narrower than that of the input 
filter, it eliminates the frequencies present at its 
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input that are substantially higher than 20kHz. The 
output of this filter is the I F  output which is fed to 
both the amplifier-limiter and the S / N  Detection 
module. The output from the secondary of trans­
former T l l ,  the RF output, is also fed to the S / N  
Detection module. 

AM PLI F I E R  LIM ITER AN D 
D I SC R I M I N ATOR M O D U LE 

AMPLI F I E R  AN D LIM ITE R 

The output from the second section of the I F  
amplifier stage i s  fed t o  potentiometer R52 at the 
input of the amplifier and limiter stage. Sufficient 
input is taken from R52 so that with minimum 
input signal ( 1 6  mv.) at J2 and with R5 set for zero 
attenuation, satisfactory amplitude limiting will be 
obtained at the output of the limiter stage. 

D I SC R I M I N ATOR 

The output of the limiter stage is fed to the 
discriminator. The discriminator is adjusted at the 
factory to have zero output (as measured by a 
milliammeter inserted in the circuit at jack J 1 )  at fc-
25 hertz. The adjustment for zero output at fc-25 
hertz is made by capacitor C68. C63 also is adjusted 
to obtain a maximum voltage reading across R80 
when the current output is zero. Maximum current 
output, of opposite polarities, will be obtained 
when the frequency is 1 00 hertz above or below the 
center frequency. This separation of 200 hertz be­
tween the current peaks is affected by the value of 
C66, (the actual value of which may be changed 
slightly from its typical value in factory calibration 
if required). 

The purpose of offsetting the zero output fre­
quency of the discriminator by 25 hertz in the 
unblock direction is to reduce the band of noise­
generated trip frequencies (between the discrimina­
tor center frequency and the skirt of the F L l  filter), 
and to similarly increase the band of noise­
generated frequencies on the block side of the dis­
criminator center. It should be observed that al­
though block frequency is fc + 1 00 hertz, after 
leaving the mixer stage and as seen by the discrimi­
nator the block frequency is 20 kHz- 1 00 hertz. 
Similarly, the unblock frequency is 20 kHz + 1 00 
hertz. The intermediate frequency at which the 
discriminator has zero output then is 20.025 kHz. 

I.L. 41 -945.84 

For use with a three frequency transmitter and 
a second receiver for transfer trip, the discriminator 
is adjusted opposite in sense to that described above 
for the standard STU-Unblock. That is, the dis­
criminator is adjusted so that the block output is at 
1 25 hertz below the zero output frequency instead 
of 1 25 hertz above while the unblock output is at 75 
hertz above the zero output frequency. This is 
shown in Figure 5c. Since the channel center fre­
quency, fc, is at 1 00 hertz below the block fre­
quency, the discriminator is thus adjusted for block 
output at fc + 1 00 hertz and unblock at fc + 300 
hertz with zero output at fc + 225 hertz. Because of 
this requirement, the STU-Unblock receiver for 
three frequency operation can only be used with a 
wide band filter, FL20 1 .  

The discriminator output is connected to the 
bases of transistors Q55 and Q56 in such a manner 
that transistor Q56 is made conductive when cur­
rent flows, from the discriminator output, in the 
forward direction of diode D54, (which occurs with 
trip output) and Q55 is made conductive when 
current flows in the forward direction of diode D55 
(which occurs with guard output). Consequently, 
terminal 35 is at a potential of approximately + 1 2  
volts at guard (block) frequency and terminal 1 is at 
+ 1 2  volts at trip (unblock) frequency. 

LOG I C  C I RCU ITS 

The block diagram of the logic circuits is 
shown in Figure 4. Note that the logic involves 
three modules; the unblock logic module, the S / N  
output module, and the S /  N detection module. 

When the discriminator receives block signal, 
its output terminal 35 supplies positive potential to 
block AND #2 and 200 / 0  timer on the logic board . 
At the same time, if there is good signal level into 
the receiver, there will be a good signal input into 
AND #2 from the CLl  on the S / N  detection mo­
dule. This will result in an input to the 1 20 / 0  timer 
on the logic board which consists of R2, C I ,  and 
Z l .  Capacitor C l  will charge in approximately 1 20 
milliseconds to the breakdown voltage of Z 1 ,  and 
block OR # 1  will receive an input # 1 .  OR # 1  con­
sists of diodes D2, D3, and Q2. The function of Q 1 
is not indicated on the block diagram, but it dis­
charges C I quickly when Guard (block) signal dis­
appears, so that the full 1 20 milliseconds delay is 
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obtained on closely repetltlve appearances of 
Guard signal. This avoids cancellation of a loss-of­
channel alarm by noise-produced Guard signal. 

When OR # 1  receives input # 1  or input #2, Q2 
is made conductive and capacitor C3 receives no 
charge. This capacitor along with Z2 and Q3 repre­
sents the 0 I 1 50 timer on the block diagram. Note 
that the absence of an input into the 0 I 1 50 timer 
represents an input # 1  into AND # 1 .  However, an 
input #2 which is a no input from AND #2 is 
required for AND # 1 to put out a trip unblock 
signal. If guard (block) signal should disappear but 
be followed promptly by appearance of trip (un­
block) signal, the unblock input fed through AND 
#3 and OR # 1 ,  will prevent the 0 1 1 50 timer from 
operating and input # 1 will still be presented to 
AND # 1 .  However, the loss of guard signal will be a 
no input for input #2 of AND # 1 ,  and there will be 
an immediate trip unblock output out of AND # 1 .  
This trip unblock output is fed through a buffer 
output on the S I N  output board to the protective 
relaying system. However, if guard (block) signal 
disappears and unblock signal does not appear in 
approximately 1 50 milliseconds, then capacitor C3 
of the 0 I 1 50 millisecond timer will change to the 
breakdown point of Z2, making Q3 conductive in 
effect removing input # 1  to AND # 1 .  This makes 
Q5 of AND # 1  non-conducting and Q7 of AND # 1  
conducting thus removing the trip unblock output 
after 1 50 milliseconds loss of both guard and trip 
unblock signals. This bit of logic accounts for the 
receiver putting out a trip unblock signal for 1 50 
milliseconds upon loss of channel. 

The output of 0 I 1 50 timer is also fed through 
OR #2 to AND #3. OR #2 consists of D 1 0, D 1 1 ,  
and Q l O  while AND #3 consists of D 1 3 , D 1 4, D 1 5 , 
D 1 6, and Q9. AND #3 assures that as long as you 
have good signal , no signal to noise clamp, a trip 
unblock signal, and have not timed out to 01 1 50 
timer, you will put out a trip unblock signal to the 
relaying system. However, if the 0 I 1 50 timer has 
timed out because you did not receive a trip signal 
within 1 50 milliseconds of losing the guard (un­
block) signal, then the system will lock out and not 
trip for any subsequent trip signal unless it has been 
preceded by a guard signal for at least 1 20 millise­
conds. 

4 

The logic comprising AND #4, 1 000 1 0  timer, 
200 1 0  timer, FLIP-FLOP, and OR #2 is to insure 
trip unblock on open breaker keying even if the 
channel is lost for 1 50 milliseconds after receiving 
trip. It contains a link which can be removed by the 
customer if it is desired not to use this feature. 
Without this logic, if the receiver is receiving trip 
unblock under open breaker keying of the transmit­
ter and the channel is lost for 1 50 milliseconds so 
that the 0 I 1 50 timer times out, then the receiver will 
lock out unless a guard (block) signal is received for 
1 20 milliseconds. This is guard return. However, 
with this logic in, if the receiver has been receiving 
trip for over 1 000 milliseconds,  then if the channel 
is lost for over 1 50 milliseconds,  the channel will 
not require a guard return but instead will go to trip 
immediately upon receipt of trip signal. 

With the receipt of trip , input # 1  is satisfied 
into AND #4. Also at this time, if the 01 1 50 timer 
has not timed out, (signifying a receipt of trip 
within 1 50 milliseconds of lost of guard) input #2 is 
also satisfied into AND #4. Thus, there will then be 
an input into the 1 000 I 0 timer.  After 1 000 millise­
conds of continuous receipt of trip, this timer will 
put out an input into the flip-flop setting the flip­
flop. This output is fed back to AND #3 where it is 
used in place of the trip signal to prevent the 0 / 1 50 
timer from timing out so that a lost of trip for over 
1 50 milliseconds will not lock out the receiver and 
necessitate a guard return signal. This flip-flop 
output through OR #2 is also fed back to AND #4 
to lock in the setting of the flip-flop. Now if a guard 
signal comes in and lasts for over 200 milliseconds, 
the 200 I 0 timer will time out and reset the flip-flop 
so that it again will take 1 000 milliseconds of trip 
signal to set the flip-flop. AND #4 consists of D 1 2, 
D 1 7 , and Q 1 1 ; 1 000 I 0 timer consists of R40, C4, 
Z5, and Q 1 2; 200 I 0 timer consists of D20, Q 1 5 , C5, 
R5 1 ,  Z6, and Q 1 6; while the flip-flop consists of 
R46, D 1 8 , D 1 9, R47, Q 1 3 , Q 1 4  and associated 
resistors. 

The checkback trip output is used for checking 
channel operation. It signifies a receipt of trip fre­
quency. It is only supervised by the S I N  clamp of 
the detection board. It will put out a check back trip 
upon receipt of trip as long as there is no signal to 
noise clamp. It utilizes AND #5 composed of D77, 
R l 7 1 ,  and Q65 of the S I N  output module. 
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Please note also that it takes a good signal to 
noise ratio to prevent the Of 1 50 timer from timing 
out when receiving trip regardless of the CL l condi­
tion or the flip-flop condition. H owever, a noise 
burst at the instant of sending trip will not delay 
trip unblock as the trip unblock is derived from the 
loss of guard (block) signal and not the receiving of 
the trip unblock signal. 

It should also be noted that when a trip power 
boost in the order of 10 dB is used when sending 

trip, this sudden A. M .  increase in power could 
momentarily activate the S I N  clamp as this sudden 
increase in power level does generate A . M .  side­
bands which, after all, is noise . However, as noted 
above, it does neither delay nor effect trip as trip 
unblock is derived from the loss of guard signal. It 
manifests itself as only a momentary blip of the 
S / N  noise clamp LED light and should be of no 
concern. 

S j N  D ETECTI O N  M O D U LE 

The S / N  detection module has three basic 
functions; first to determine the in-band signal to 
noise ratio and provide clamping output at the 
desired level of signal-to-noise ratio, second to 
measure incoming in band signal level and provide 
both an output to a carrier level indicating instru­
ment and to a clamping circuit in the output mod­
ule for clamping at the desired low level of signal, 
and third to provide a clamping output when the 
desired signal level exceeds the normal received 
level by a substantial amount, typically 25dB. 

The method of determining signal to noise 
ratio utilizes the measurement of signal level in two 
different bandwidths, that of the input filter which 
is 1 600 hertz, and that of the IF filter which is 500 
hertz. The total signal plus noise in the 500 hertz 
bandwidth is subtracted from the signal plus noise 
in the 1 600 hertz bandwidth and this difference is 
then compared with the signal plus noise in the 500 
hertz bandwidth to arrive at a true in-band signal­
to-noise ratio using logarithmic circuits . See Figure 
29 . 

If the ratio of signal to noise is less than the 
value selected, typically 1 0dB,  then there will be a 
+6V out of IC 1 3  (TP75 and terminal 27). This is a 
high noise condition and this voltage is used as a 
clamp to prevent erroneous interpretation of data 

I.L. 41 -945.84 

being received due to high noise conditions. Under 
normal low noise conditions, typically signal to 
noise ratio greater than l Od B, the voltage out of 
IC 1 3  (TP75) is -6V and no clamping is done.  

The wide band signal of 1 600 hertz bandwidth 
called the RF signal is fed into the S / N  detection 
board through isolation transformer T3 1 .  Opera­
tional amplifiers IC 1 and I C2 along with their 
associated components, R82 through R92 and C8 1 
through C90, constitute a 4 pole low pass filter 
which passes the mixed band of frequencies in the 
bandwidth of 1 600 Hz centered about the 20kHz I F  
frequency, and blocks all the higher multiples such 
as in the IF amplifier.  Operational amplifier IC3 
and associated components amplifies the signal for 
feeding into the RMS circuit composed of I C4 and 
IC5 with adj ustable potentiometer R94 controlling 
the amount of amplification. This latter circuit 
converts the signals into a de voltage proportional 
to the R M S  value of the ac signals. Operational 
amplifier I C6A and associated components is used 
for inversion and isolation of this de voltage before 
being fed into the summation amplifier IC68.  

The narrow-band signal of  500 hertz band­
width called the I F  is fed into the S / N  detection 
board through isolation transformer T32. The 
amount of signal fed into the board is adjustable by 
means of potentiometer R l l l . The circuit com­
posed of operational amplifiers IC7 and IC8 and 
associated components is an R M S  circuit which 
converts the signals into a de voltage proportional 
to the R M S  value of the ac signals present in the I F  
bandwidth. The output of this circuit is  also then 
fed into the summation amplifier IC6B. 

The summation amplifier takes the difference 
between the R M S  values of the I F  signal and the 
RF signal and feeds it into one half of the logarith­
mic amplifier composed of IC9 and associated 
components. At the same time, the R M S  value of 
the IF signal is fed into the other half of this 
logarithmic amplifier. The logarithmic amplifier 
takes the logarithmic difference between these two 
signals (which is equivalent to I F  divided by (RF­
I F) from the summer). The constants of the circuits 
are set up so that the output of the logarithmic 
amplifier is positive when the ratio of the signal to 
noise ratio in these bandwidths is greater than 
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l OdB, and is negative when the signal to noise ratio 
is less than 1 OdB. (Note: The point at which the 
change in polarity occurs can be altered to other 
than 10dB signal to noise ratio by altering the 
adjustments of R94 and R 1 1 1 ) .  In addition, the 
output of the logarithmic amplifier is also negative 
when the signal level is approximately 25dB above 
normal for high level clamping. 

The output of the logarithmic amplifier is fed 
through networks consisting of IC10A and IC13A 
to  the level detector circuit IC13B which has a fast 
pickup and slow dropout when it receives a signal 
from the logarithmic amplifier indicating a lower 
than desired signal to noise ratio (lower than 1 OdB 
is initially set when shipped). This will put out a +6 
volts out of terminal 27 for this condition. For high 
signal to noise ratio this output will be -6 volts. 
This circuit will also put out +6 volts out of termi­
nal 27 for very high signal levels. This is a high 
signal clamp and occurs for signal levels approxi­
mately plus 25dB above normal level. 

The output of the IF RMS circuit is also fed to 
the logarithmic circuit composed of IC1 1 A, IC12A, 
and I C l l B  which puts out a de signal level linearly 
proportional to signal level in dB for feeding an 
external microammeter calibrated with a linear dB 
scale with l OdB equal to 33-1 13  microamperes. 

O UTPUT M O DU LE 

The output module provides four buffered 
outputs to the relay system. They are block, un­
block, SI N level, and not low signal with red indi­
cating light emitting diodes for these outputs and a 
yellow indicating light emitting diode for normal 
level (satisfactory signal level). In addition, the 
output module has logic which will prevent either a 
+ 1 2V block or + 1 2V unblock output whenever the 
Sl N level drops to an unsatisfactory level or the re­
ceived signal level drops to an unsatisfactory level. 

The higher frequency output of plus 1 2  volts 
(when present) from the discriminator is fed into 
the output module through terminal 25 into the 
"and" gate consisting of diodes D7 1 ,  D72, D73, and 
D74, transistors Q62 and Q63, and associated com­
ponents R 163, R 1 64, R 1 65,  R 1 66, R 1 67, R 1 68,  
D88,  D75, and Z22. If there is  no low level signal or 
low signal to noise ratio signal to prevent transistor 

6 

Q62 from becoming conducting, then transistor 
Q62 becomes conducting, causing Q63 to become 
conducting and a plus 1 2  volts signal to appear out 
of terminal 29 from which it is fed to the outside 
world. In a similar manner, the lower frequency 
output of plus 1 2  volts when present from the 
discriminator is fed into the output module through 
terminal 1 5  into the "and" gate built around transis­
tors Q65 and Q66. Just as in the case of the higher 
frequency output, the lower frequency output of 
plus 1 2  volts will appear out of terminal 27 for 
feeding to the data acquisition equipment if there is 
no low level clamp or low signal to noise ratio 
clamp. If there is a clamp, both of these outputs will 
be clamped to minus 12 volts output. 

The low-signal-level clamp operates off the 
carrier level signal of the S 1 N detection module 
which is basically the same signal level fed to the 
CLI  instrument. 

It is fed through terminal 7 into the voltage 
comparator circuit built around operational ampli­
fier IC2 1 B. This comparator compares this signal 
level with the voltage reference from IC2 1 A, and if 
the signal level is greater than the low level at which 
clamping is desired, the output of I C21 B will be 
negative causing the yellow LED to glow indicating 
OK level and there will consequently be no low 
signal clamping. If the signal level is below the level 
at which clamping is desired, then the output of 
IC2 1 B  will be positive causing the red LED to glow 
indicating low level. In addition, both transistors 
Q67 and Q64 will become conducting. Transistor 
Q64 conducting will prevent plus 1 2  volt signals 
from appearing on the outputs going to the outside 
world by preventing transistors Q65 and Q62 from 
conducting. Transistor Q67 conducting causes Q68 
to become non-conducting and thus removes the 
not low signal output from terminal I .  Under good 
or OK signal level, this not low signal output at 
terminal I of this module is plus 1 2  volts. 

The S I N  clamp output from the S I N  detection 
module is fed into terminal 35 of this module . At 
low signal-to-noise ratio level, this +6 volt signal 
will cause transistors Q70 and Q61 to conduct. 
Transistor Q70 conducting will cause both the red 
LED to glow indicating low S I N  and transistor 
Q7 1 to conduct supplying plus 12 volts out of 
terminal 1 3  to the outside world. Transistor Q6 1 
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conducting will prevent both transistors Q62 and 
Q65 from conducting, and thus prevent plus 12 volt 
signals from appearing at their respective outputs 
to the outside world. It should be noted that the 
SI N clamp also operates for a high signal level of 
approximately plus 25dB above normal when set to 
operate at l OdB signal to noise ratio. 

OUTPUT M O D U LE�C O NTACT OUTPUT 

The output module-contact output performs 
two functions; alarming on low signal level using a 
telephone relay with two form C contacts, and 
indicating signal level with its self-contained CL l 
instrument. 

The alarm circuit consists of all components 
associated with ICl ,  IC2, Q l ,  Q2, Q3, and relay 
AL. The signal level from the SI N detection mod­
ule is fed into a level detector consisting of I C 1 B 
and resistors R6, R7, R8, and R9. An adjustable 
reference for the level detector consisting of ICl A  
and R l ,  R2, R l 7, R3, R4, and R5 is also fed into 
the level detector. As long as the signal level ex­
ceeds the value set by the reference, there will be 
approximately plus 1 2  volts out of the level detector 
into the photo-optical isolator. This causes Q 1 to 
become non-conducting and thus transistors Q2 
followed by transistor Q3 to become conducting. 
As a consequence, the alarm relay AL is picked up 
on signal levels above the alarm level. When the 
signal level drops below the alarm level set by the 
reference, the output of the level detector will be 
minus 12 volts causing Q l  to become conducting 
and Q2 and Q3 to become non-conducting and 
drop out the alarm relay AL. The alarm relay has a 
delay of approximately 40 milliseconds on dropout 
to prevent undesirable alarming on short tempo­
rary loss of signal. Note that the level of alarm is set 
by adjusting alarm level R 17 ,  accessible from front 
of module, independent of the low signal level 
output from the output module (which is set by 
L. L. ADJ. R 1 78). Also both of these outputs oper­
ate on total signal level within the passband of the 
receiver. 

The CLl  instrument operates directly on signal 
level received from the S I N  detection module. It 
measures signal level in the entire bandwidth of the 
receiver and thus closely correlates with the low 
level clamp (L.L.  ADJ .) and the low signal alarm 

l.l. 41 -945.84 

AL (alarm level). It thus can be used in setting both 
of these adjustments. 

POW E R  S U PPLY 

The + 1 2  volt de, - 1 2  volt de, and the +45 volt 
de supply voltages for the receiver are derived from 
the power supply module and R3, R7, and Z l  
mounted in rear of chassis. 

The + 12 volt de supply and the - 1 2  volt de 
supply are both derived from the DC to DC con­
verter and are regulated for input voltages to the 
regulator of from 42 volts to 56 volts. For nominal 
48 volt input units, the DC to DC converter has 
sufficient range so that the preregulator consisting 
of R3, R7, and Z l  is not necessary and is omitted. 
In this case, then, the +45 volt supply is derived 
directly from the input supply voltage and is not 
regulated . 

For nominal 1 25 volt input units, the pre­
regulator consisting of R3, R 7, and Z 1 is necessary 
and is supplied. In this case, then, the +45 volt 
supply is derived from this pre-regulator and is 
regulated. 

The LED's D 1 and D2 indicate when the 
power supply is energized with either 48V or 1 25V 
by the proper one glowing. Since this module is 
always supplied with 48V, the 48V diode will light. 
A 48V supply can be converted to a 1 25V supply 
simply by adding R3, R7, and Z l  jumpers. Simi­
larly, a 1 25V supply can be converted to a 48V 
supply by removing R3, R 7, and Z l .  Capacitor C l  
and C 2  bypass rf o r  transient voltages to ground. 
Choke L l  with capacitor C3 form a trap to isolate 
the receiver from transient voltages in the 20kHz 
range that may appear on the de supply and which 
could affect the receiver. 

C H ARACTE R I STICS 

Frequency Range 

Sensitivity 
(noise-free 
channel) 

30kHz - 300kHz 

For crystal filter (narrow band) 
0.005 volt = 65dB 
below 1 watt for limiting 

For L-C filter (wide band) 
0.0 1 5  volt = 55dB 
below l watt for limiting 
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Input Impedance 5000 ohms minimum 

Bandwidth Crystal filter (narrow band) 
Down <3dB at 220 Hz B.W. 
Down >60dB at 1000 Hz B.W. 

L-C filter (wide band) 
Down <3dB at 600 Hz B.W. 
Down >40dB at 2000 Hz B.  W. 

Discriminator Set for 200 Hertz shift from block 
to unblock frequency. Offset 25 
Hertz to favor block. 

Operating Time Narrow Band 

Frequency spacing 
A. For two or 
more signals 
over a one-
way channel 
B. For two-way 
channel 

Signal-to-noise 
ratio clamp 
setting 

Ambient 
Temperature 
Range 

Battery Voltage 
Variations 
Nominal 48V de 
Nominal I 25V de 

Battery Drain 

Dimensions 

Weight 

CLI Accuracy 

8 

9 ms channel (Transmitter 
and Receiver) 

Wide Band 
4 ms channel (Transmitter and 
Receiver) 

Narrow Band 
500 Hertz minimum 

Wide Band 
1000 Hertz minimum 

Narrow Band 
1 000 Hertz minimum 

Wide Band 
2000 Hertz minimum 

IOdB SNR (as shipped) Nominal 
for wide band receivers 

42V dc - 56V de 
1 05V de - 140V de 

0.25 Amperes 

Panel Height = 5 I I 4 inches ( 3 R U) 
Panel Width = 19 inches 

1 3  pounds 

±2dB between - 1 5dB and OdB. 

I N STALLATION 

The TCF-1 0  receiver is generally supplied in a 
cabinet or a relay rack as part of a complete carrier 
assembly. The location must be free from dust, 
excessive humidity, vibration, corrosive fumes, or 
heat. In particular equipment which generates ex­
cessive heat such as power supplies should not be 
mounted directly bene:�.th the TCF-1 0. Heat rising 
will tend to raise the ambient temperature immedi­
ately around the chassis above acceptable levels. 
The maximum ambient temperature around the 
chassis must not exceed 55° C. In addition, sudden 
fluctuations in ambient temperature caused by 
these power supplies due to variations in load can 
cause variations in performance due to uneven 
heating of the receiver introducing abnormal tem­
perature variations in the receiver. 

ADJ U STM E NTS 

All factory adjustments of the TC-1 0 receiver 
have been carefully made and should not be altered 
unless there is evidence of damage or malfunction­
ing. Such adjustments are: frequency and output 
level of the oscillator and mixer; input to the ampli­
fier and limiter; frequency spacing and magnitude 
of discriminator output peaks; pickup of alarm 
relay; and pickup of low signal level clamp. The 

adjustment that must be made at time of installa­
tion is the setting of input attenuator R5 . The in­
put attenuator adjustment is made by a knob on 
the front of the panel of the input module. 

The receiver should not be set with a greater 
margin of sensitivity than is needed to assure cor­
rect operation with the maximum expected varia­
tion to attenuation of the transmitter signal. In the 
absence of data on this, the receiver may be set to 
operate on a signal that is 1 5dB below the maxi­
mum expected signal. After installation of the re­
ceiver and the corresponding transmitter, and with 
a normal space signal level being received, input 
attenuator R5 should be adjusted to the position at 

which the receiver low signal clamp operates .  The 
attenuator R5 should then be readjusted to in­
crease the voltage supplied to the receiver by 1 5dB .  
The scale markings for RS  permit approximate 
settings to be made, but it is preferable to make 
this setting by means of the dB scales of an ac 
VTVM connected across the terminals indicated at 
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the front panel of the input module. The red ter­
minal is connected to the wiper arm of R5 and the 
black terminal is connected to ground. With this 
setting, a 1 5d8 drop in signal will cause a low 
signal level clamp operation which will lock the 
output of the receiver into neither an unblock nor a 
low signal output at the point at which the receiver 
just drops out of limiting. 

The only other adjustment which may be 
necessary at the time of initial installation is the 
adjustment of the CLl instrument to correspond to 
proper variation of signal level from normal. This 
may be necessary if the instrument was not supplied 
with the receiver and was not adjusted by the fac­
tory. If this instrument was supplied and adjusted 
by the factory, then it could be used in adjusting 
R5. In this case, it would be necessary only to 
adjust R5 with a normal signal being received so 
that the instrument indicates OdB. 

If the instrument was not previously adjusted 
by the factory, then the following procedure should 
be used in adjusting the instrument. (Note: When 
CL I instrument is supplied within the chassis, this 
is factory adjusted). 

1 .  Set incoming level into receiver at + 1 OdB above 
normal level. 

2. Ad just span adjustment, R 14 7, so that the 
voltage at TP72 with respect to TP62 (com­
mon) is +3 .000 volts. 

3. Reducing incoming signal into receiver by 
30d8.  

4. Adjust full scale adjustment, R l 53, so that 
instrument now reads -20d8. (This is approxi­
mately 0 microamperes). 

5 .  Increase signal to + 1 OdB level. (This is 100 
microamperes). 

6. Adjust slope adjustment R l 55 to read + l OdB 
on instrument. 

7. Reduce signal to normal level. Instrument 
should read OdB. If desired, instrument could 
be adjusted to read OdB with R 1 55 with sacri­
fice in reading accuracy for + l OdB.  

FACTO RY A DJ USTM E NTS 

In case the factory adjustments have been 
altered or there is suspicion of improper adjust­
ments or malfunctioning, then the following proce-

I.L. 41-945.84 

dures can be used . In addition, alterations to the 
settings used by the factory for low signal level 
clamping and low signal-to-noise ratio clamping 
can be made using these procedures if desired. 

Potentiometer R 12 in the oscillator and mixer 
should be set for 0.3 volts, measured with a VTVM 
connected between TP 1 1  and terminal 33 on the 
circuit board (ground terminal of voltmeter). A 
frequency counter can be connected to the same 
points for a check on the frequency which should be 
20kHz above the channel center frequency. The 
frequency is fixed by the crystal used, except that it 
may be changed a few cycles by the value of capaci­
tor C 1 2. Reducing C 1 2  increases the frequency, but 
the capacity should never be less than a value that 
assures reliable starting of oscillation. The fre­
quency at room temperature is usually several cy­
cles above the crystal nominal frequency as this 
reduces the frequency deviation at the temperature 
extremes. 

The adjustment of the amplifier and limited is 
made by potentiometer R52. An oscilloscope 
should be connected from TP56 at the base of Q54 
to terminal 33 of the limiter. With 5 millivolts of 

unblock frequency on the receiver input (R5 set at 
zero), R52 should be adjusted to the point where 
the peaks of the oscilloscope trace begin to flatten . 
This should appear on the upper and lower peaks 
at approximately the same setting. 

The adjustment of the signal to noise ratio 
clamp for clamping at l OdB signal to noise ratio is 
as follows: 

1 .  Set the incoming signal into receiver at nominal 
level (28 mv). 

2. Adjust IF input with R i l l  so that signal at 
TP68 of the S I N  detector module is + 100 mv 
de (with respect to TP62). 

3. Adjust RF input with R94 so that signal at 
TP63 is + 145 mv de (with respect to TP62). 

4. Adjust log amplifier balance potentiometer 
R 1 29 so that S I N  clamps operates. This will be 
+6 volts de at TP75. This will also appear as 
+ 12 volts at TP9 1 of the output board and the 
red S I N  level indicator will light. 

5 .  Go back and readjust RF input with R94 so 
that signal level at TP63 is now 74.4 mv de. 
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The adjustments above are for operation of the 
clamp at l OdB or less signal to noise ratios. If it is 
desired to clamp at other than l OdB or less, the 
following values can be used in place of the 145 mv 
value in step 3.  

For S / N  of OdB set TP63 to 297 mv. 
5dB set TP63 to 200mv. 
1 5dB set TP63 to 1 14mv. 
20dB set TP63 to 97mv. 

N OTE:  When the SNR clamp is set to clamp at a 
1 OdB signal to noise ratio, the receiver will also 
clamp at a high signal level of approximately 25dB 
above normal. 

The low signal level clamp is set to operate at 
the signal level where the receiver just drops out of 
limiting. This is accomplished as follows: 

I .  With a normal unblock frequency signal being 
received and with an oscilloscope connected 
across TP56 and terminal 33 of the limited 
module, adjust input attenuator R5 to the 
point where the peaks of the oscilloscope trace 
just begin to flatten . (An alternate adjustment 
would be to set incoming signal level into 
receiver at 1 6mv with R5 set at zero which is 
the point at which limiting shou ld begin.  

2. Adjust the -V Ref. adjustment R l 78 on the 
output module so that the low level clamp just 
picks up. This will be indicated by the red low 
level light of the output module coming on. 
There also will be + 12 volts at TP86 on the 
output module. 

3.  Adjust input attenuator R5 to increase signal 
into receiver by desired margin of operation. 
This normally should be 1 5dB. This is done by 
reducing the R5 attenuator setting. 

The alarm level is set to alarm at a signal level 
5dB above the signal where the receiver just drops 
out of limiting. This will result in an alarm being 
given at a point where the signal level has dropped 
I OdB from the initial nominal setting but the re­
ceiver signal level is still 5dB above limiting. 

1 .  With a normal higher frequency signal being 
received and with an RF voltmeter connected 
across the input module input test jacks T J 1 
and TJ2 (available at front on module), adjust 

1 0 

input attenuator R5 to where signal level is 
28mv across these test jacks. 

2. Adjust the alarm level R 1 7  on the output mod­
ule-contact output to the point where the 
alarm relay AL just drops out. 

3. Adjust input attenuator R5 to increase signal 
level into receiver by l OdB. (This is for opera­
tion with 1 5dB margin. For other than 1 5dB 
margin, this value should be changed accord­
ingly). This is done by reducing the R5 attenu­
ator setting by I OdB. 

MAINTE N A N C E  

Periodic checks of  the received carrier signal 
level and the receiver sensitivity will detect gradual 
deterioration and permit its correction before fail­
ure can result. The carrier level indicator, when 
provided, permits ready observation of the received 
signal level. With or without a carrier level indica­
tor, an overall check can be made with the attenua­
tion control, R5. A change in operating margin 
from the original setting can be detected by observ­
ing the change in the dial setting required to cause a 
low signal level clamp to operate as indicated by the 
red low level LED becoming lit. If there is a sub­
stantial reduction in margin, the signal voltage at 
the receiver input should be checked to see whether 
the reduction is due to loss of signal level or loss in 
receiver sensitivity. 

All adjustable components for normal field 
adjustments on the printed circuit modules are 
accessible when the front cover on the chassis is 
removed. All other adjustable components on the 
printed circuit modules may be made entirely acces­
sible while permitting electrical operation by using 
module extender style number 1447C86G0 1 .  This 
permits attaching instrument leads to the various 
test points of terminals when making voltage, oscil­
loscope or frequency checks. 

R ELAY M A I NTENAN C E  
A N D  ADJ U STM ENT 

The AL relay contacts should be cleaned peri­
odically. A contact burnisher S # 1 82A836H0 1 is 
recommended for this purpose. The use of abrasive 
material for cleaning contacts is not recommended, 
because of the danger of embedding small particles 
in the face of the soft silver and thus impairing the 
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contact. Care must be taken to avoid distorting the 
contact springs during burnishing. 

These relays have been properly adjusted at the 
factory to insure correct operation, and under nor­
mal field conditions they should not require read­
justment. If, however, the adjustments are dis­
turbed in error, or if it becomes necessary to replace 
some part, the following adjustment procedure 
should be used. 

In the AL relay the armature gap should be 
approximately 0.004 inch with the armature closed. 
This adjustment is made with the armature stop 
screw and locknut. The contact leaf springs should 
be adjusted to obtain at least 0.0 1 5  inch gap on all 
contacts when fully open. There should be at least 
0.0 1 0  inch follow on all normally-open contacts 
and 0.005 inch follow on all normally-closed con­
tacts . The relay should pick up at approximately 35 
volts. 

TABLE I 

R EC E IVER DC M EAS U R E M E NTS 

N OTE: All voltage readings taken with the negative 
of de VTVM on terminal 1 7  (negative de). Receiver 
adjusted for 1 5dB operating margin with space and 
mark signals down 50dB from I watt or 60dB down 
from 10 watts. Unless indicated otherwise, voltage 
will not vary appreciably whether signal is lower 
frequency, higher frequency, or zero. 

Collector of 
Transistor or 

Test Point 

Q l l 
Q l 2  (TP 1 2) 
Q l 3(TP 13)  
Q l 4(TP 14) 
Q l 5(TP 1 5) 
TP l l  
TP52 
Q5 l (TP5 l )  
Q52(TP53) 
Q53(TP54) 
Q54(TP55) 
TP56 
Q55 
Q55 
Q56 
Q56 

< 1 5  

Voltage 
(Positive) 

1 7  (Lower or Higher Freq .) 

17 (Lower or H igher Freq . )  

3 
3 

22 
1 9  
1 4  
1 4.5 
1 8  
3 

1 9  
< 1 (Lower Freq. or No Signal) 

23 (Higher Freq.) 
23 (Lower Freq.) 

< l ( Higher Freq. or No Signal) 

I.L. 41 -945.84 

N OTE : The following readings are taken with the 
negative of de VTVM on terminal 3 (common of de 
power supply) of either the S / N  detection module 
or the output module . 

TP6 1 
TP62 
TP63 
TP64 
TP65 
TP66 
TP67 
TP68 
TP70 
TP7 1 
TP72 
TP73 
TP74 
TP8 1 
TP8 l 
TP82 
TP82 
TP83 
TP83 
TP84 
TP84 
TP85 
TP86 
TP86 
TP87 
TP87 
TP88 
TP89 
TP90 
TP90 

+ 4 
0 

+ 0.4 
+ 6 
- 1 2  

0 
+ 0.5 
+ 0.5 
- 6 
+ 6 
+ 1 . 5  
+ 0.8 
+ 0.3 
+ 12 (Higher Frequency) 
- 1 2  (Lower Freq. or No Signal) 
+ 1 2  (Lower Frequency) 
- 1 2  (Higher Freq. or No Signal) 
+ 1 2  (Higher Frequency) 
- 1 2  (Lower Freq. or No Signal) 
+ 1 2  (Lower Frequency) 
- 1 2  ( Higher Freq. or No Signal) 
+ 0.3 
+ 1 2  (Low Level clamp) 

0 (No clamp) 
+ 6 (Low SNR clamp) 
- 6 (No SNR clamp) 
+ 1 2  
- 1 2  
+ 1 2  (Good Signal Level) 
- 1 2  (Low Signal Level clamp) 

TA BLE I I  

R E C E IVE R R F  M EAS U R E M E NTS 

N OTE: Voltmeter readings taken at any point from 
receiver input to stage involving transistor Q 1 5  are 
neither meaningful or feasible because of either 
waveform variations or the effect of instrument 
loading on the readings. Receiver adjusted as in 
Table I .  

Collector of  Transistor 
or Test Point 

Q l 5(TP 1 5) 
Q5 l (TP5 1 )  
Q52(TP53) 
Q53(TP54) 
Q54(TP55) 
TP6 l 
TP67 

Volts with Signal At 
+ lOdB Above Normal Level 

0.8 
0.9 
0.65 
2.2 
4.5 

. 0 1 3  

.275 
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LC F I LTER R ES PO N S E  
M EAS U R EM E NTS 

The LC input filter (FL20 1 )  and the IF filter 
(FL2) are in sealed containers, and repairs can only 
be made by the factory. The stability of the original 
response characteristics is such that in normal 
usage, no appreciable change in response will oc­
cur. However, the test circuits of Figure 27 can be 
used in case there is reason to suspect that either of 
the filters is not performing correctly. 

Figure 5 shows the -3dB and -35dB check­
points for the IF filter, and the -3dB checkpoints 
for the input filter. The response curve of the IF 
filter shows the combined effect of  the two sections, 
and was obtained by adding the attenuation of each 
section for identical frequencies. The scale of Fig­
ure 5 was chosen to show the IF filter response, 
which permitted only a portion of the input filter 
curve to be shown. The checkpoints for the pass­
band of each section of the IF filter are down 3dB 
maximum at 1 9.75 and 20.25 kHz, and for the stop 
band are down 1 8dB minimum at 1 9.00 and 
2 1 .00kHz for each section. The signal generator 
voltage (Figure 27) must be held constant through­
out the entire check. A value of 7.8 volts is suitable. 
The reading of VM2 at the frequency of minimum 
attenuation should not be more than 22dB below 
the reading of VM 1 .  It should be noted that a limit 
measured in this manner is for convenience only, 
and does not indicate actual insertion loss of the 
filter. The insertion loss would be approximately 
1 6dB less that the measured difference because of 
the input resistance and the difference in input and 
output impedances of the filter. 

In testing the LC filter, a value of approxi­
mately 2 .45V is suitable for the constant voltage at 
which to hold VM 1 throughout the check. The 
reading of VM2 at the frequency of minimum 
attenuation will vary somewhat with the channel 
frequency, but should not be more than 1 8dB below 
the reading of VM 1 .  (The filter insertion loss is 
approximately 6dB less than the difference in read­
mgs. 

C RYSTAL F I LTE R R ES P O N S E  
M EAS U R EM ENTS 

The input filter (FL l )  and the IF filter (FL2) 
are in sealed containers and repairs can be made 

1 2  

only by the factory. The stability of the original 
response characteristics is such that in normal 

usage no appreciable change in response will occur. 
However, the test circuits of Figure 23 can be used 
in case there is reason to suspect that either of the 
filters has been damaged. 

Figure 5 shows the -3dB and -60dB check 
points for the crystal filters. The response curve of 
the IF filter shows the combined effect of the two 
sections, and was obtained by adding the attenua­
tion of each section for identical frequencies .  The 
scale of Figure 5 was chosen to show the crystal 
filter response, which permitted only a portion of 
the IF filter curve to be shown. The check points for 
the pass band of each section of the latter are 
"down 3dB maximum at 1 9.75 and 20.25 kHz, and 
for the stop band are "down 1 8dB minimum at 
1 9.00 and 2 1 .00 kHz. The signal generator voltage 
must be held constant throughout the entire check. 
A value of 20dB (7.8 volts) is suitable. The reading 
of VM2 at the frequency of minimum attenuation 
should not be more than 22dB below the reading of 
VM 1 .  It should be noted that a limit measured in 
this manner is for convenience only and does not 
indicate actual insertion loss of the filter. The inser­
tion loss would be approximately 1 6dB less than 
the measured difference because of the input resis­
tor and the difference in input and output imped­
ances of the filter. 

Because of the extreme frequency sensitivity of 
the crystal filter, the oscillator used in its test circuit 
should have very good frequency stability and a 
close vernier control. The oscillators used for fac­
tory testing have special modifications for this use . 
A value of approximately l OdB (2.45 volts) is suit­
able for the constant voltage at which to hold V M l  
throughout the check. The reading o f  VM2 at the 
frequency of minimum attenuation will vary some­
what with the channel frequency but should not be 
more than l ldB below the reading of VM l .  (The 
filter insertion loss is approximately 6dB less than 
the difference in readings). 

C O NV E R S I O N  OF R E C E IVER FOR 
CHAN G E D  CHAN N EL FR EQU E NCY 

The parts required for converting a TCF-10  
receiver for operating at  a different channel fre­
quency consist of a new LC input filter (FL20 1) ,  a 
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new local oscillator crystal (Yl l )  and probably a 
different feedback capacitor (Cl 2) .  There are two 
ways of effecting this change. The easiest and pre­
ferred method is to order a new input filter module 
and a new oscillator mixer module for the new 
frequencies from the factory. The new modules 
would then just have to be plugged in as replace­
ments for the original modules. The second method 
would involve ordering just replacement filter, 
FL20 1 ,  and new local oscillator crystal for the new 
frequencies and making the substitution on the 
modules. These substitutions on the modules are 
not difficult as the crystal plugs in and the filter has 
five leads to be soldered. However, testing of the 
local oscillator for easy starting will have to be 
made, and the value of C l 2  chosen to assure this 
easy starting of oscillation. The whole receiver 
should then be checked out for correct perform­
ance. 

R ECOM M E N D E D  TEST EQU I P M E NT 

I. Minimum Test Equipment for Installation 
a. AC Vacuum Tube Voltmeter (VTVM). Volt­

age range 0.003 to 30 volts, frequency range 
60 hertz to 330 kHz, input impedance 7.5 
megohms. 

b. DC Vacuum Tube Voltmeter (VTVM). 
Voltage range: 1 .5 to 300 volts 
Input impedance: 7.5 megohms 

c. CLI Microammeter, range 0-l OOJ..LA, style 
number 606B592A26, (if receiver has carrier 
level indicator) 

I.L. 41 -945.84 

II .  Desirable Test Equipment for Apparatus Main­
tenance 

a. All items listed in I .  
b. Signal Generator 

Output Voltage: up to 8 volts 
Frequency Range: 20kHz to 330kHz 

c.  Oscilloscope 
d. Frequency counter 
e. Ohmmeter 
f. Capacitor checker 
g. Milliammeter, 0-1 .5 or preferably 1 .5-0- 1 .5 

range, for checking discriminator. 

Some of the functions of the recommended test 
equipment are combined in the type TCT carrier 
test meter unit, which is designed to mount on a 
standard 1 9" rack but also can be removed and used 
as a portable unit. 

R E N EWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, replacement parts can be 
furnished, in most cases, to customers who are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data, the 
electrical value, style number, and identify the part 
by its designation on the Internal Schematic 
drawing. 
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I.L. 41-945.84 

Fig. 1b. Internal Schema/ 
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_, 

1 9 1  
1 4 6 1  C29GOI \ u3 23 i T 

Fig. 2. Internal Schematic S 
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------- - --- ------- --- ---------�---, ·h-f----
---�,:s:: A I.",P L .  & 

23 
-----<1::: 

1 1 

L I M ITER I D I S C i ' W,\ I N ATOR 
1 4 4 4 C 4 9  

(SCHE M E l  
POS. E 

17 

35 
� �C7��------------------------�� y 

C O M PO N E N T  

�� 
Zl ( I N 2 8 2 8 Bl 

C A PA C I TO R  

C I - C 2 ( 5MF0 ) 
C 3 ( 04 7 M FO ) 

C H O K E  
L I 

� 
R 3 - R 7  1 5 0 {1. 

S T Y L E  

1 8 4 A 8 5 4 H  0 6  

1 8 7 7 9 6 2  ( 1 4 C  9400 ) 
8 4 9 A 4 3 7 H 0  

2 9 2 B 0 9 6 G  0 2  

1 2 0 2 4 9 9  

J3 
r--

36, + 1 2 V  

4 8 V  1 2 5 V  

14 ,.. 
5 ... 

S I N  OUTPUT C L A M P  
- 1 2 V  * 

I.L. 41-945.84 

135 
1::: 
17  

S / N  O U TPUT 
1 4 6 1 C 2 2  1::: 

1 3 
(SCHE M E )  

-1 -1 5---h� 
29 9 ,.. 

;:>-t---�---+-2� 

�--��-----�a ,.. 

� 
9 1  � 

27 1 
� 

{+ 1 2 V ..W H E N  RCVG 

UNB LOC K TR I P  - �zo
v
w

w���oN OT 
RCVG LOW F R E O .  LOW L E V E L  C LAMP {+ IZV W H E N  RCVG-

C H ECK BACK TR I P  LOW F R E O .  
- 12 V  W H E N  N O T  

R C V G  L O W  FREO_ 
L IS B U F F E R E D  OUTPUT 

� 1--

1::: 
1 25 

.-<< I I 4 6 1 C24GOI ! 

1 1 3 -y' 33 !<' 
17 
7 

FO R 48 V D C  
O M I T  R3, R7, Z I  

TU Unblock 3-Frequency 

POS H 

I I  

SI N OUTPUT 
1 449C 44 
( S C H EM E )  

P O S . M  

R 3 

I I � 
13 I 

� �d ·y 

2,] * 2�1 t � 
3� 

� 2� 
#- z i  

R 7  L l  

� 
C3 

-;fC I  
f

C 2  C H A S S I S  -=!=-
G R OUND 

19
,.. 

17 

3 

2� 
27 
z!{ 
29., 
30 

24 

3:{ 
4 ,._ 
I I  
I� P' 
1__., 

'----

(t 12 V NORJ.IAL SIGNAL) 

S I N  BU F F E R ED O U TPUT 
( - 1 2  N O R MAL ) 

N EG. D C  I N PUT S U P P LY 

c 

p 

LOW S I G N A L  
A L A RM 

OMMON ( FO R  :t 1 2 V .  O U T P U T l 
OS . 

c. L.I. 
F U T U R E  

G R O U N D  
• U S E  A S  T H E  COMMON 

CONN E C f i ON'"  IN -S Y S T E M S  
REQUIR I N G + 2 4 V  O U T P U T S  

Sub. 6 
1 333002 
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TCF 3-FREQUENCY OPERATION 

...--- _!BANS}�!I.���.NT£R" FREQ. 
"GUARD" FOR TRANSFER-TRIP 

RELAYING 

I GUARD 
"BLOCK"FOR UNBLOCK RELAYING ( 100Hz ABOVE RATED CHANNEL 

FREQUENCY) 

lc - RATED CHANNEL FREQUENCY 

I.L. 41 -945.84 

C- 3 F R E Q U E N C Y  R E C E I V E R  8 8 0 A9 8 6  

0 J I 1--

5 OO�l�. 2lTDB -fl--i-+--+-++-+\�1-_l___'i_l_ _ __l---j h�±-rz ;'""'-''',-Jf-j-j-f----J--1--1--J--\)\t-- 20KH 2' I -F  =� F ILTER 
�---1-f-1-�+++-�--J--J-�- ( E A C H  0 ---j---f-f-+1++++-+--J--J--J-J-\ SE G T I O N  

f---�---J-�'-J--J--J--+-+-��-J--+1-\\1 �g���Efg� l---j--j-ft-f-+-++-+-++-t--+l�_BOTH �s,_ 

,_ I m· I 
1\ s,ECTI ON 

� I:SI-t---r __ --i,if_j_-:__t--i---t---ltf-----_---lt--lt--1�,--+r_-+r_j-_t'--i-�\r\f':· -�t�t_-J :i T I 
I 

·� f-:!=�tt 1 t=t�:-rn��"' *��=r:ttltt l tl ;-;:: 2of-
H---JH-++-+---'-lri�""' 1 -+---IT-+--+-l l+ � 

� 
: 2 51---HIH--i-1--+--+-+-1+ I I  fl--+-=1 OISCRIMlNATOR 

OUTPUT -:oF\SEIT z1sH l , 
0 

I I  
otjttj�_t_=f;J_--+j_-�L-..:.:"�"tr=-' 1--l'asl-,1----i------

H---++-+---H-+-1 +-1-----+--1--:--j-1'-- I-
-\r-

lOOO 800 600 400 200 >c 200 400 €00 800 1000 
HERTZ H INPUT F R EQ U ENCY hERH I+) 

Fe • CENTER F R E Q U E N C Y  OF F ILTERS 

A - W I D E B A N D R E C E I V E R  3499A90 

D B  (FIL TER 
0 

- 3 

- 1 0  

- 2 0  

- 30 

- 4 0 

- 5 0 

- 6 0  

D O W N  -220HZ -
S ONLY ) 

...-t::" 
/ 1\ ' 20KH2: I F 

I F1 T E R  -
/ ['... I I I T 2,1 S CR I M IN A T O R  

I I "' onu'i 
I I ��fRYSTAL \ Fll T E R  --

I 1 7F'•'r 
R E F  

1\  I I  I 
1/ l 1/ 

f.,,;. 1\ I \ 
I �200HZ- 1\  

v 
1\ 

500 400 300 200 1 00 f� I 00 200 300 400 500 

HERTZ: INPUT F RE Q U E N C Y  HERTZ: + 
f c �  C E N T E R  F R E Q U E N C Y  OF CR Y STAL FILT E R  

B - N A R R O W B A N D R E C E I V E R  8 3 6 A9 3 2  

Fig. 5. Filter and Discriminator Characteristics 
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- - 1 
1 I 0 I Z I O I I I I I I I 

I I I I I I I I I I I I I I I 
1._ I I I I Ll I 

Fig. 6. Component Location 
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COMPONENT DESCRIPTION 

R4 RESISTOR 100.0 .50W 5% 
R6 RESISTOR IO.OK .SOW 5,.. 
R5 POTENTIOMETER IO.OK 2W 
FL201 FILTER 
TJI TIP JACK BLACK 
TJ2 TIP JACK RED 

0 • TO BE DETERMINED. 

Fig. 7. Internal Schematic Filter Module 30-200 KHz 

FL201 C8MP8NDH DESCR I PTUN 

- - · ------ ... ... ...... .... ... .. ... ... ... 
R4 RESISTIR 1 0 0 · 0  • s o w  5 1  

4 0  

s o  I 
I TJI 

ILIC. I :1"1'9 I TI

Q

TP4 I 

I TP3 .. TP!I , I  I ' 
L - - - - - - - - --

�r-;,.-�-.-C 7-6-GO-,-_J---: 

H6 RESI STeR 

Z l  ZEHER 

Z l'  Z EH ER 

Fl201 FILTER 
R!l POT 
T l  TRAIISF 

Fig. B. Internal Schematic Filter Module 200.5-300 KHz 

I O • OK . sow u 

I"N3027B 2 0 o O V  

IN30271 20 • 0 V  

D.SP£C 
IO IC 2W 

I.L. 41 -945.84 

STYLE NO. 

184A763H03 
184A763H51 
185A086HIO 

0 
187A332H02 
187A332HOI 

Sub. 1 
7758394 

STYLE Nl. ... ...... .. ... ... ... ...... 
1 8 "'A'763H03 

1 8 4A763H5 1  

1 88A302H07 

1 8 8A302H07 

li!IAOIIHIO 
7141177101 

Sub. 2 
7758920 
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I I 

I I 

I I 
41'1 M)IIIINAL ( 42-51'10C ) 1 7  vn R "'"· t_:�R "'"· •• : 

I ;+ 45 " 

I 
I 
1,. 

L-----g-- I 

[� 3�:HV _ ,  
o c  / oc 

CONVERTER GROUNO�---------____, <�COMMON 
r- 5�-12V I I 

I 
I 
I 

C2 '----
---

-----' 6wHITE � 
I 
I 
I 

I I 
I ,  . : 

� 
Cl CAPA C I T O R  
C2 CAPACITOR 
Cl CAPACITOII 

Ol loiFO 
047 1!1FO 

3�16.l36HOI 

B4g.t.4l1H04 

41 OR 12!1 'I DC 

... 
�� �------------------�--------------------+----�---------�t US£0 

I I NU 

26 

: I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _!��c]�5��3_i(i� =� 

Fig. 9. Power Supply Module 

N E G  
INPUT POWER SU PPLY I' , - - - - - - - - - - - - - - - - - - - - - - - - - - - ,, - - - - --, 

L - - - - - - - - - - - - - - - - - - -
+ 

RF OUTPUT 

I 

I 

'" '" "'  '" '" i'.'., 
"' "' "' '" "' " '  '" 

" '  " '  
" '  '" "' "' 
.,. '" 

. . . 
�:� '" "' 

o 2 !JQUr 200\1 

CAPACiTOR SEE NOT!. 
CAPAC! Tilt • 2�our 200\1 

CN"AC!TIIt 1 .ooou,. 200V 

CAPAC! Tilt 1 .ooour 200\1 
CAPACITOR SEE NOT£. 

CAPAC! Till ·2!iOUr 200V 

CAPAC! Tilt . 2!iOU1' 200V 

CAPAC! Tilt o 2!i0Vf 2001/ 

CAPACITIIII IOO.OOOPf 5001/ 
CIV"ACI TIR o!i!SOU, 200V 
CAPAC! Tilt l o 000U' 200V 

CAPAC! Tilt o 2SO Uf 200\I 
R[SISTIR 1 0 . 0 1(  .sow " 
R£51 5TIIt 4700.0 .sow " 
RES! STIR 3300.0 .sow " 
RES! STIR llo.o .sow " 
R£51 5TIIt 1 0 .011. . ..  ow .. 
R[SIS.TIIIII 3l.OK .sow " 
RES! STIR 3300.0 . ..  ow " 
II[SISTIR 3300.0 o 5 0 W S'l 

R[SI STIR 1 0 . 0 1(  . s o w  " II[S I STiillt 3J.Oit .sow .. 
RE515T8R JJO.O .sow " 
RES I STIR 1 0 . 0 1(  . s o w  " 
R [ S I S TIIIR 220 . 01( .sow " 
RES! STIR 4700 . 0 . s o w  " 
RESI STIR 3300.0 .sow " 
RES! STIR 22.011 . sow " 
R£SI STIR 680.0 . so w  " 
R£SI STiilR 611 . 0  . s o w  " 
RES! STIR ! O . OH .sow " 
RES! STIR J J O , Q  .SOW S'l 

RESI STeR JJOO.o o$011 5'1 

R£51 5TBII 1000.0 .sow " 
RESI STIIIR 22.011 .sow .. 
RES! STill 6 1 0 . 0  . s o w  " 

6 1 . 0  .sow " 
R [ S I S TIII A 1 0 . 0 11  . s o w  " "' 
.Jlt'IPI:It ' "" RES I STltlt 

7RANSJSTltR 2N•249 

TRAN S I STIJR 2N•249 

7RAN S I ST0R 

TIIANSJSHIR 2N•249 
TRAN SJ ST0R 2No�249 �::::�;g:��= CRYSTAL S££NOTEQ 

FILTER 

Sub. 1 
1 458C61 

UlA624HOt 

lllA6::!4H04 

l l lA624H04 

l l l A624HOt 

l l lA624HOt 

1111A624HOt 

l62Al!ilHOI 

11!17AU�Ot 
l l lA624M04 

l llA62<1HOI 

I I 4Al63HSI 

1 1 4Al63H4l 

1 8 4AT63H39 

. . ..... 7631115 

11<1Al63HSI 

I I 4Al63H6l 

1 1'1 4A763H3' 

114Al63H39 

II4Al63HSI 

! 8 4Al63H63 

l i 4 A l 6 3lo4 1 S  

1 14A"'6JHSI 

! 1 4Al6JHil 

114A"'UHU 

HUA"'63Hlt 

II4Al 63HS9 

11 ! 4AUJHt3 

117A290H21 

I I 4Al63HSI 

1 1 4A763HIS 

114A"'6JH39 

I I 4A763H2l 

1 1 4Al63HS9 

1 1 4A7UH2l 

1 17A290H21 

629AUOHOt 

162Ao17IHOI 

149A441H0l 

849A441H0l 

1•9A441H03 

s•9AUIHOJ 

l!o19A UIHOl 20�C04lGOI 
20�C043GOl 

··C)2 RANGE 4 TO 390Pf AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTER)STICS 

•·CI6 RANG£ 22 TO IOOPf AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS 

Q·YII RANGE-50 T0 220KHZ 

!Z)·COMMON TERMINAL 

Sub. 4 
1444C52 

Fig. 10. Internal Schematic 30-200 KHz Oscillator & Mixer 
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1\) """' 

I 
I 
I 
I 
I 
I 
I 

INPUT 

L _ _  

NU 

"i1 - - - - ,  

R '  
OUTI'UT 

Fig. 1 1. Internal Sche_matic 200.5-300 KHz Oscillator & Mixer 

I 
I 
I 

I f  

OUTPUT 

POS· 

CtJf'tPIIII[rH U[SCioll PT I  "" Sffl[ HO, 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C l 6  CAt'ACI U R  · 2'l0Uf 200'1 1 8 lA6241'10Z C l 9  CAPAC I T I R  • 2';,0UF 2 0 0 V  1 8 lA62AHQ2 

C20 CAPAC I TOR I 00. OOOYF ')00 II 7 6 2 A 7 5 l �i U I  

C 2 1  C A r> A C I  T 0 H  • 2!:oO.JF'" 200\1 1 8 lA6241-102 

C 2 2  C A P A C  I H H I  1 .  ooou• zoov I IJ 7A624H04 

1.:2) CAPoftoCI T8R • 2!:oOUF 200\1 1 ¥ lA624H02 & C 2 1 l CAPAC I T O H  S[( NOTE A 
C 2 1  l CAt>ACI HJR , J QOU' .. , 1 8 4A663H04 

C21 !:o CAPAC I H I M  o i OOUF .. , 1 8 4A66)H04 

'� ' '  CAPAC! T O R  1 .  ooou• zoov 1 8 7A624Jo404 

C 2 1 7  CAt'ACI U H  1 • ooour zotHI l lll lA624P404 

C 2 1111 CAPAC I T O R  o 2 !:oO J F  200\1 18 7A6241'102 

0 C Z I 4  CAPACITOR SE£ •oH 0 

I C 2 0 1  t N T  ( I( J  I'IAl i O  2 0 1  CI26HOl 

J l  Jl.II1P[R 0 0 1-tM R E S I .STJII I62M.A1Brl01 

"" I'!ESI SUR 3300 - 0  • ') Q ,j  !:o l  I IJ 4.t. 7 6 JHJ9 

" ' '  H E S I  S T O R  2 2 · 01'1 . !,IQ W  !:o l  I I UA 7 6 ) 1-1 !:o '  

H�8 H [ S J  S T � �  6 8 0 - 0  • ')Qo. !:o l  l d 4A l 6 J H 2 J  

... RESt S T 8 1(  61:1 - 0  . :,o w  � �  l it 1 Ao 2 f 0 H 2 1  

k l O  �(SJ S T 0 1t  I Q ,  O o<  • ')Ow � �  l ll · d U J H ':I I  

R J I  H E S J  ST0� J J O . Q  - �o• ".II 1 � · Ao 7 6 J>il '!. 
H 3 2  K E S I  S H I M  JJOO · 0 • �UOI �� l ts • A 7 6 3 >1 l" 

R J J  R E S I S T O R  \ 00 0 · 0  - �0 \o'  � �  �� �  • A  1 6  J..t?'l' 

.,. RES I S T IJ .Iol  2 2 - o...: . �o w � �  1 1! •A 7 6 J I-I � f  

. ,  RES I S T o �  6!!0 . 0  • �001 � �  l d •A 7 6 3 1-1 2 J  

H l 6  1'([51 S f 0 R  68 · 0  • sow s z  I H 'l'A 2 t Oii :? l  

H l l  �on;:;,l S T 0 R  I O . Oo< · SOw H l d •A 7 6 J ..t S I  

R2 1 1  H [ S I  S T O R  I Q ,  Oo< . ')Q io  ':11 l ts <liA 7 6 3 H ':I I  

R2 1 2  H E S I  S T O �  1 00 0 . 0 • �o�o st 1 8 <l1 Ao 7 6 J I-I 2 1  

H.c! I J 1'( [ ::, 1  S T O .Iol  1 0 · 0-< • ':10 111 ., ,  1 8 <liA 7 6 J H S I  

""" ' "  H ( S I  S T 0 H  2 70 0 · 0  • S O lo  S l  1 ts • A 1 6 J M J 1  

H2 1 ':1  M E S J  STaR 1 0 · 01< • SO ill S l  I J! <li A H •Jri ') l  

W .i!  I 6 W [ S J  ST0K 8200 . 0  • <:. o w  � �  I .S •A 7 6 3 M d  

1'12 1 1  lo: E S I  S l lil l'(  .woo . o  • S O lo  S l  l tj <� A 7 6 J I-I J "'  

H 2 1 8  R E S  I SUR I ':1 0 .  0 • SOlo Sl l tj •A 1 6 J.t07 

H2 1 f  RES I S T 0 1o:  ) J Q . Q  • SO• Sl t a •A 7 6 .J H I S 

k220 kESI ST0R <ll 'l' . IJo< • S O li  ':II l d111A H , J M 6 l  

H22 1 M [ <; J S U R  2 2 0 .  oo< • �ow st  1 8 <l1 Ao 1 6 1 M IJ J  

H 2 2 2  H E S J  S T O R  .- 1 00 · 0  , S O W  Sl I ! UA. l 6 J H • J  

O I A  THAIII S I  S T 0 P  2 � "' 2 "' ll "' f Ao 4<ll l M O J  

0 1 >  TRA�!il S T O R  21'U2•t 0 4 of A 4 4 I HO J  

IJ2 1 1  TRA.'I S I  S T O R  2'1 <ll2 <llf 8<li.A44 I H() 1  

l 2 0 1  ! £.>t £ R  ! 't l S JAo 6 · 2 11  I U 2 A 6 0 6 H O I  

Y l l  CRYSTAL S([ NOT[ 0 
TZII TRA�SP: 7 14 1 1 7 7GOI 
TZI2 TRJtNSP: .Z05C041GOJ 

A C 2 1 1  RANGES FROM IOOPr TO 1000 Pf 

0 C 2 14 MAY YART UP TO IOOPf' 1 8 7At,SHOI THROUGH H2S 

0 Y l l  'REQ. EQUALS R C Y R  ( CHANNELl 'REQUENCY 
PLUS 2 0 1C H Z  

Sub. 1 
1458C60 
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[CA c:P'\. J SPACE 
��J-, ------------

n
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�4

-.l--�l�c
-
6
-� -��--��---� o� ��  

I 

I 
I 
I 
I 

I I I W(2 � I )iMARK 

I I I 

TP TTP 

C66 

_ _ _  JI.¥.:4C48-G� 

Fig. 12. Internal Schematic Amplifier and Limiter 

) 

CIHPIN£NT DESCRJPTIIN STYLE NG. 
- - - - - - - · - - - - - - · - - - - - --- - - ----
t > l  CAPAC I U R  a 2 50UF' 200\1 1 8 lA62o4H02 

t>2 CAPt,CJ TIR • esour eoov 1 8 1A62o4H02 

t>l CAPAC I U R  o i OOUF' 200\1 1 1!1 7A624H01 

t>4 CAPACITOR I JOOa OOOPF SOOV 1 8 7AS84HI S 

t »  CAPAC I TOR • I OdUF' 200'1 1 8 7A62-4HOI 
t>6 CAPAC I TOR o 2 SOUF' 200V 1 8 7A62 .. H02 
t > t  CAPAC I TBR • I OOUF' 200\1 I B 7A62o4HOI 
t>B CAPAC I T0R . e sour eoov 1 8 7A62 .. H02 
t>9 CAPAC I U R  • 2 S O U F'  200\1 1 8 7A624H02 
t60 CAPACJ TBR I • OOOUF 200\1 1 8 7A624H04 
t 6 1  CAPAC J TBR o 22QUF' >ov 762AlOJHOI 
t62 CAPAC I T0R · 220UF' >ov 762A703HOI 
C63 CAPACITOR 4..5 TO IOOPF 762A736H02 
c•• CAPAC I U R  9 1 QQ . QOOPF' 200V 1 8 7A624H I 6  
C6> CAPAC I TOR SEE NOTE 0 
C 6 6  CAPAC I T 0 R  I 0 0 .  OOOPF SOOV 1 8 7A68o4H08 

C67 C APACITOR SEE NOTE D 

C68 CAPACITOR 4.5TO IOOPF ?62A736H02 
t69 CAPAC I TOR 9 1 00 . QOOPF 200V 1 8 1 A62-4H 1 6  
t70 CAPAC I TDR • 220UF 50V 7 6 2A7QJHOI 
C 7 1  CAPAC I T0R . 220UF' 50V 162A103HOI 
C7 2 CAPACI TOR 330.000PF �ov BBOA397 HOI en CAPAC I TOR 330.000PF 20rN 880A397HOI 
0 > 1  D l 0 U E:  I N � � 7 A  1 8  4 A S � :, H Q 7  

0>2 0 1 0 0 £:  I N 4 5 7A 1 8 4A 8 5 5 1 1 0 7  

0 5 3 0 1 00£ I N .o1 5 7A 1 8 4A8 5 5 H 0 7  

o 5 •  D U D E  I N 4 5 7 A 1 8 JIA S S S H Q 7  

05 5  0 1 00£ I N 457A 1 8 -4A8 5 5 H Q 7  

0 5 6  0 1 0 0 £  I N 4 5 7A 1 8 .oijA 8 5 5 M 0 7  

0 5 7  0 1 00£ I N 628 I B .o1A 8 5 5 H I 2  

058 D I D  DE I N 628 1 8 4 A 8 5 S H 1 2  

" ' '  R E S I  STJR •n o o . o  • 5 0 \.1  S l.  1 8 4A 7 6J.;.-J 

R 5J RES I S T 0 R  2 7 . QK • 5 0 \ol  5 %  1 8 4A 7 6 3 H 6 !  

R 5 4  RES I S T 0 R  2200 . 0  • 5 0 "'' s :  1 8 4A 7 6 3r l 3 5  

R 5 5  R E S !  S T 0 R  2 7 . 0  • s o w  5 %  1 8 7A29 0 H 1 1  

R5 6 R E S I  S T 0 R  I Q . QK . SO W  5 1  1 8 4 A 7 6 J H 5 1  

R 5 7  R E S I S H l R  <4 7 Q Q . Q  • sow 5 1  1 8 4A 7 6 3 H 4 3  

R 5 8  R E S  I ST(3R 2 7 . 0K . SO W  51 J 8 4A 7 6 3 H 6 1  

R 59 RES I S TC l �  t s oo . o  • s o w  5 1  1 8 4A 7 6 3 H J I  

R 6 0  R E S !  STOR 1 a a .  a • 5 0 \ol  51 1 6 4 A 7 6 JHO'i 

R 6 1 RESJ ST0R 4 7 Q Q . Q  • 5 0 \ol  5 %  1 6 11 A 7 6 J t U J  

R 6 2  RES! S T 0 R  220 0 . 0  • sow 5 %  1 6 11A 7 6 J H 3 5  

R6J R E S !  ST0R 33• O K  , 5 0 \1.' 5 1  1 8 4A 7 6 3 H 6 3  

R 6 4 R E S !  ST0R 2 7 Q o . o  • 5 0 \ol  5 %  1 8 4A 7 6 3 H 3 7  

R 6 5  R E S I S T � R  6 8 0 ·  0 • 5 0 \tl  5% I B 4A 7 6 3 H 2 3  

R 6 6  R E S !  S T 0 R  68 · 0  • saw s 1  1 8  7 A 2 9 0 H 2 1 

R 6 7  RESI ST0R 4 7 Q Q , Q  , SOW 5% I I3 4A 7 6 3 H 4 3  

R 6 6  R E S l  SHlR 2 7 0 0 - 0  • 5 0 \tl  5 %  1 8 4A 7 6 3 H 3 7  

R69 R£51 ST0R 1 8 - 0K . SO W  5 1  1 8 4 A 7 6 3 H 5 7  

R 7 0  R � S l  STOR 220 - 0  • 50 1'' 5 %  1 6 11 A 7 6 J H I I  

R 7 1 RI::S J S H l R  6 8 o Q  • s o w  2 %  629A S J I H 0 4  

R 7 2  R E S I  S T 0 R  J JO . a  • sow 5% 1 8 11A 7 63H 1 5  

R 7 J  R E S  I S H l R  5 6 . 0  • 5 0 \J  2 1  629 A 5 3 1  H02 

R 7 4  RESI STOR 1 2 - 0K · 5 0 \oJ  5 %  1 8 11A 7 6 3 H � J  

R 7 5  R E S  I S T O rl  JOQO . Q  • 5 0 \rol  5 1  1 6 4A 7 6 3 H J8 
1'\ 7 6  R E � I  S T 2 2  J O C O .  0 , SOlo/ 5i l d '-IA 7 6 3 n J O  

R 7 1 R E S I  S T 0 R  220 - 0  • 5 0 1.1  5 1  1 6 4 A 7 6 3 '-1 1 1  
R79 RESI ST0R 2200 . 0  • sow 5 1  1 8 4A7 6JH J S 
RBO RESI SHlR 220 0 . 0  • sow 5 1  1 8 4A763H3S 
R>2 POT l o OK • sow 629A6<45H04 

., TRANSI ST0R 2N<42<49 1!1 4 9 A 4 4 1 H 0 3  
052 TRANS I ST0R 2N<42<49 1!1 4 9 A 4 4 1 H 0 3  
0 5 3  TRANS I ST0R 2N42<49 8<49A o4 4 I H03 
.,. TRANS I ST0R 2N<42<49 8 <4 9 A <4 <4 1 HOJ 
055 TRANSI ST0R 2 N 3 6 4 S  8<49A<4� 1 H0 1  
. . .  T R AN S I  S T 0 R  2 N 3 6 4 S  1!1 4 9 A 4 -4 1 H O I  
T21 TRANSFORMER 6068533GOI 
T22 TRANSFORMER 606B533G02 
Jl TELEPHONE JACK 1 9 7A606HOI 

O- ONE OR TWO CAPACITORS USED; VALUES 
DETERMINED IN TEST. 
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Fig. 13. Internal Schema! 
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SIN 
OUTPUT 
CLAMP 

I.L. 41 -945.84 

� - - - - - - - - -- - - �� - - - - - - - - - - - - - - - - - - --

I 
TP62 I --�----��----�--+--+----------+--r----� 

I 
- - - - - - - - - - - - - - - - - - - - - - - - - -

ic SIN Detection 

,..------11 2_ _ _ _ _ _  !E4�80G� _j 

Sub. 1 
1 3340 1 5  

30 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I.L. 41-945.84 

LON SIGNAL IN L<:Ni 

{FROM CUI SIGNAL OUTPUT �-- - - - - - - - - - - -, - -
-, -

-
- ,  1 123 puARO IN

I 
I 

TPI 

f'---�' UNBLOCK 7 TRIP 

-12V r-l l Itt������������ I ,. 0/150 
·SIN CLAMP 1Nii<E,-++-++--------1t4-'--�8----, 

" CAPACIT0R s .ooouF '" 862A117HOT " CAPACITiilR .a sour '" ! 8 .-A663H02 " CAPACITQIR 22oOOOUF I II .- A 6 6 1 H I J  " CAPACI T 0 R  4l.OOOUF 1 8 7AS06Hi2 " CAPAC I Hill 22.000UF \ 8 4 A 6 6 1 H I J  

" 0180€. IH457A " 0100[ ll't<ISTA 1 8 4AB55H07 
DHlDE 16"'A855H07 

.. DUDE IB"'A855H07 " 0100E IB<IA8SSH07 " 010DE 1 84A8SSH07 " 010DE \84A8SSH01 " DiiDE 18<1A8SSH07 " 1 8 <1A8SSH07 

. . .  I II "'AI!:!>:!>H07 " '  0100E IN "'S7A  1 8 <1A8SSH07 

., 0100£ IN<IS7A 1 8 "1A85SH07 '" 0100£ IN<I57A li!<IA855H07 
IN<157A 1 8 <1A855H07 '" 0100£ IN<IS7A 1 8 <1A8SSH07 '" 0100£ IN<IS7A 1 8 <1A8S:!>H07 '" OJBOE IN<I57A 1 8 <1A8SSH07 '" D llii D£ IN'ISlA 1 8 "1A8SSH07 "' Dli!IOE IN<I57A 1 8 <1A85SH07 '" DUIOE U ! 4A855H07 "' 0100£ IN457A 1 8 <1A855H0l "' DUDE IN"'SlA 1 8 "1A'855H07 

., 1 8 ·0K . so w s:t 1 8 4Al6JH57 " S600·0 . so w s:t 1 8 '1A763H'IS 
470·0 • sow s:t 18<1A76JHI9 

.. RESI STeR 1 8 <1A76JH51 " RESI STeR 1 8 <1A76JH59 " t o o o . o  .sow s:t 1 8 <1A76JH27 
to.o..: .sow s:t 1 8 '1A76JHSI " RESI ST0R ] 2 .Q K 1 · 0 0 W 5% 1 8 7A6"1JHSJ " RESI ST9R 5600.0 .sow s:t 1 8 4A76JH45 "' RESIST0R I O .OK . so w sx 18<1A76JH51 "' 18<1Al6JH51 "' RESIST0R 1 8 4A76JHSI "' RESI STOR 1 8 7A6<1JH5:0 

... RESIST0R 184A76JH51 '" RESIST0R 18<1A76JH51 "' RESIST0R I B · O K  .sow s:t 1 8 .11A76JH51 '" RESI STeR 1 2 • 0 K I . OO W S% 1 8 7A6�JHSJ "' RESISTOR t O .QK . so w sz I 8 .11Al6JH51 '" RESJST0R 1 8 <1A76JHSI "' RESI STeR 1 2 · 0K I · OO W S% 1 87A6<13H53 '" RES1ST0R JJ.OK .sow sx 1 8�A76JH6J '" RES1ST0R 1 8 �A76JHSI '" RESI STeR 1 8 7A6<1311SJ '" RESIST0R 1 8 <1A76JHSI '" RESI ST0R 18<1A76JH51 '" RESI STeR ] 2 o O I< I · OOW 5 1  I 8 7A64JH53 '" RESI STeR I O · O K  .sow s:t 18<1A16JH51 

Fig .. 14. Internal Schematic 

'" "' '" "' '" "' 
,,. '" 

... 
,., 

,., "' '" '" '" '" 
,,. '" 
" " " 
.. " " 
., " 
.. 
. . .  ' "  ' "  '" "' "' 

" " " " " " 

Unblock 

RESISTiill'l 
RES I SUR 
RESISTiilR 
R E $ 1 $T0R 
RESI STiilR 
RESI ST0R 
RESISTiilR 
RESI STeR 
RESISTeR 

RES(ST0R 

RESIST;,R 
R E S I STBR 
RESIST0R 
RESI SHIR 
R E S I ST0R 
RESISTIJR 
RESIST0R 
RPHST0R 
RESIST0R 
RESISHIR 
RESlSTiilR 

TRANSIST0R 
TRANSIST0R 

TRANSIST0R 
TRANSIST0R 
TRANSIST0R 
TRANSISHIR 

TRANSIST0R 
TRANSISTI3R 
TRANSISH!R 
TRANSI ST0R" 
TRANS!ST0R 

ZENER 
ZENER 
ZENER 

1 0 - 0 K  .sow s:c 
l O - O K  . s o w s:t 
10 oOK • SO� 51 
IO·OK .sow st 

t O - O K  .sow st 
1 2 - 0 K t .oow st 
1 o . o K  .o;ow s:c 
J o . o K  .sow st 
\ 2 . Q K \ .QOW 5t 
I O · O K  .SOloi St 
t o . o K  .sow st 
JJ.QK ·SOW S%. 

1000 . o  • 50� S%. 
IO·O K .sow s:t 
22·0K .sow s:t 

t o o o . o  .sow s:r. 
t o .o..: . so w s:t 
! 2 o 0 K i o00W SZ 
56.QK .sow s:t 
1 0 · 0>< .sow s: 
I O o O K  oSOW S%. 
1 2 • 0K J . QO W S:t 
t s .oK .sow s:t 
S6·DK . s o w s% 

470.0 .sow s:t 
] Q . O K  .sow s:t 
22-m < . so w s:t 

1 0 o o . o  . s o w s:t 

2N4249 
2N696 
2N69l 

2N696 
2N696 
2N696 
2N696 
2N696 
2N696 

2N697 
2N696 

2N42'19 
2N696 

S . 6 V  
! O . O V  

\ N 9 6 1 B  ! D · O V  
I N 9 6 1 8  1 0 - 0 V  

Module 

AND I 

l i3 4A76JHS\ 
164A76JH5l 
l 8 7A64JHSJ 
1 8 �Al6JH51 
18 .. A76JHS! 
1 !1 7A64JHSJ 

184A76JH5l 
1 8<1A76JH6J 

18<1A763H51 
187A6"13H53 
18"1Al6JH69 

184A763HSI 
1 8 7A64JHSJ 
1 8 '1A763H57 
1 8 <1A76JH69 

1 8 '1A763H51 
I S<IA76JH59 

8'19A<I'IIHOJ 
762AS8SHOI 

762A585HOI 
762A585HOI 
762A585HO! 

762A585HO! 
762A585HOI 
762AS8SHOI 
762A585H01 
18<1A6J8H18 
762A58SHO! 
762A585HOI 

HI6A797H07 
\86A797H07 
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3 4  

UNBLOCK TRIP 
t NtUT 

BUFFERED LL CLAMP OUT 
UNBLOCK ( OVNORMAL 

TRIP OUT + ZOV ON LOW LEVELl SIN CLAMP 

l+16V FOR ����IIE'"'--.---------<o>-0 
SIN LEVEL IE''+-+-------, 

z. - - - . - ---- - - - - - - - - 1 
TP83 

���tu{���,� r--rt-�--���====:Jr:==:Jr:==t=====l=====:------r-r----l I 

+ 12V 

I 
I 
I 
I 
I 
I 
I 
I 

L
5i���L

! N  K---t-----jf--+----_J 
COMMON 

BTl 
"' 

"' 
"' 

"' 
"' 
" '  
' "  
"' l" " 

'" 
"' 
"' 

J l 2 ] 
J l 22 

J l 2 3 

R l 63 
R l 6. R l 65 r\ 1 66 
'1 1 6 7  
Rl6'3 

.'1 1 72 

R l 7 3  
Rl 74 

R l 7 5 

Rl 75 

R l 79 
R I !JO 
"1 1 8 1  

"1 1 8 2  
'I I  � 3  

Ft 1 13 4  

BUBE 
c u � c E  

CHlOE 

D U D E  

D U D E  

DIIJD[ 

CIIICE 

CIIOE 
Dill fiE 
Oil! DE 

DI�CE: 
OUOE 
0100[ 

JUi'!P£� 
JU�!"E!I. 
d 1': 

'l£5!51'3'1. 

R E S I STS'! 

'l£S!ST0'1 
". E S ! S T 0 R  

'l E S t  SUR 

� E S I S T S 'I  

R E S ! ST!llt 

RESISn'l 

REH§f8A 
Ai&iliU!I 
!l E S ! SHIR 

RES!ST0R 

R E S I S U 't  

't E S I S U 't  

� E S  IST0i1 
't E S ! S T e "l  

�ESIST3"l 

R E S ! STI!'t 

R E S I S T 0 "l  

" E S ! S U 'l  

116-5 
I N645A 

I N545A 

B1645A 

1�645A 

IN45 7A 

IN5•SA 
"' 
"' 
"' 
"' 
"' 

0 �Hi'! R E S ! ST�'l 

0 0ll� :'l.ES!ST0"l 

0 03M �ES!ST0� 

' QJJ FII'ESJ5T8R 

I O , O K  . 5 0 11  " 
1 2 0 . 0 11  . � o v  " 

1 2 0 . 0 11  . s o v  " 
� 7 0 0 . 0  • so�· " 
2400.0 .so�o� " 

1 5 0 . 0  3 . 00'J " 

129 911 591 -· 
J J , O K  ,SO!J " 

1 2Q , QK . s o �  " 
4 7 0 0 . 0  .SOli' " 
2 4 0 0 . 0  . S O loi St 

1 5 0 . 0  J , OOII " 

4910.0 o $011 " 
69 1 0 . 0 . sov u 

5 5 2 o 0 K  .SOli u 
S I I . O K  .SOli " 

f:I:H 69£1183 
!1. 1 8 7  \ 6 2 0 · 0  ,SQioi' " 

BJ7A592H03 
R I BS 1 6 2 0 . 0  . sov I �  

R l !l 9  J J , O K  . s o w s' 

.'! ! 90 6B . OK . s o v st 

'1. 1 9 1  5!1. 0!{ .SOII S t  
!1. 1 92 J J , O K  . SOioi' S l  

S3 7A5921103 R l 93 1 2 0 . 0 K  . s o w s' 

' H 94 R E S ! Sfe"'t I O . O K  ,SOW Sl 
83 7A692H03 

'1. 1 9 5  't E S ! S T I& R  I B . O K  . 50\1 51 
BJ7A69'i'HOJ 

1'1. 1 9 6  RESIST!&!'! 8 2 , 0K .SOli' S' 
!B4AB551101 FIES!ST0't 1 s o . o  J , OQV Sl 

'1.19!1 !I. E S ! S T 0 !1.  J J , Q K  . s o w  " i H 9 9 RES I SU't 6B . OK .so�o� " 83 7A592f!03 !l. f S ! S T ;!I 'l.  uo o .o :;g� ;! JS08A22H02 !1.201 HES!STIIR 2QOO·O 
J 509A22110l 

!'!202 :u:SIS'l'i!R B2oOK o 50\i 5 l 
J S08A 22H 0 1  L s o . o  J , OO\i " 
3509A221101 

J508A22110 1 

TRANS! ST�R 2N699 
T"At.IS!STIIR 2 N59� 
TP.ANS!STr.!R 2N3M� 

1362AI.I7SHOI "' TRANS!ST3R 
862A47�HO I '" TRI\NS!ST0'l. 

T�ANS l S U 'l  2�ll'>9 9 
T'lANS!STQR 2N3 54S 

] Q . 0\1 

2 <!1. . 0'1 
u� a !£ E;A 1119618 19 9 

J i3 4 A 763H63 " '  ZENER I N3688A 2 4 . 0 11  
I '3 4 A 7 � 3 H 7 7  l ?EI9 1a a 

IN3688A 2 4 . 0 11  

" '  1 � 9 6 1 8  I O , O V  

" '  I N3638A 

ISU753JTT 
! 84A 7S3H63 

! 8 4A 76JH43 

1 '34A 75 3c!36 

762 A57?110 1 

I.J1.13A320rl45 

5 4 6 A '3 2 1 H 2 6  

9.Q�A320'i I 6 
8.Q9A820H29 

9 4 8 A 3 2 2 11 1 5  

8(13A322H l l  

Fig. 15. Internal Schematic SIN Output Module 

1 !14A 763HS7 

!8GA763f!7J 

1 !14A 763H 7 1  
l e 4A76JH4J 
I SQA76 3113 6  
I 04A7�31!7J 

1 8 Q A 6 3 8 H i 9  
134.<16381119 

94�AI.I4l HOI 
li!QA53!11119 
l 8�A63Sll l 9 
'349A4<ii. I H O I  
l84AI'>313HI9 
8<!1.9AUIH01 

!�����:=��� 
186 ?Hif:ll' 
8 62A263110 1  

186AB71107 
'3S2A2SSH0 1  

I 
I 
I 
I 
I 
I 
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I.L. 41-945.84 

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 
I I 
I 

+ 12 v.i<'' ""'"-' ---+--------------� 
I 
I 
I 
I 
I 
I ,-�----------�--�--------�·�; + 45V 

COMM�----r-��----------�---+----------------------
1 
I 

11 
- 1 2  V. <E'-'----.__ ______________ _ 

SIGNAL _ "'I :.!_7 ________________________ _j 
LEVEL IN! 

COMM 

I 
I 
I 

I 
I 
I 
I 

I 

35 f" + 
C L I 

I N S TRUMENT 

-

I 
I 
I 
I 
I 

L_ __ ._ ____ _. __________ _. __ _. __ ����·�: NEG 
I 

! :.�·:) �;�::' 
t NO OUTPUT 

NC 
I 

I 
I 
I 

I I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  S���0�� 

C O M P O N E N T  D E S C R I P TI O N  S T Y L E  NO. 

Rl RESISTO R / O K  . 5 0W 5 %  / 8 4 A 7 6 3 H 5 / 
R2 RES I S TO R  ! O K  . 50 W  5 %  1 8 4 A 7 6 3 H 5 1  
R 3  RES I S  TO R 6.8 / K .50W 1 %  8 4 8 A 8 2 0 H 2 9  
R 4  RES/  S T O R  4.99K . 50W I 0/o 8 4 8A 8 2 0 H / 6  
R 5  R E S /  STOR 6.8 / K  . 50W J 0/o 8 4 8 A 820H29 
R6 R E S I S TOR 2 .0 K  · 5 0 W  I 0/o 8 4 8A8 / 9 H 7 7  
R 7  R E S I S T O R  2 OK . 50W 1 %  848A 8 1 9 H  7 7  
R 8  R E S I S T O R  5 6 2 . K . 2 5W / %  848A 8 2 2 H 1 5  
R 9  R E S I S T O R  5 1 1  K . 50W 1 %  848A 8 2 2 H I I  
RIO RE S I S T O R  3.3K . 50W 2 %  62 9 A 5 3 / H 4 4  
R / 1  R E S I S T O R  / 5 K  . 50W 2 %  629A 5 3 / H60 
R/2 R E S I S T O R  1 2 0 K  . 5 0W 2 %  6 2 9 A 5 3 / H 8 2  
R l3 R E S I S TO R  1 3 . 3 K  . 5 0 W  I 0/o 8 4 8 A 820 H 5 7  
R / 4  R E S  I S  T O R  1 5  K . 5 0 W  2 %  6 2 9 A 53 / H 60 
R / 5  R E S I STOR 6. 8 K  . 5 0 W  2 %  6 2 9A 5 3 1 H 5 2  
R / 6  R E S I S T O R  6 . 8 K  . 50 W  2 %  62 9 A 5 3 1 H 5 2  
R / 7  P O T  2. 5 K  . 2 5 W  / 0 %  62 9A 64 5 H 0 7  
J l  J U M P E R  0 OHM R E S I StO R  8 6 2 A 4 7 8 HOI 
D l  D I O DE I N 6 4 5 A  837A 6 9 2  H03 
D2 D I O D E  I N 6 4 5A 83 7A6 9 2 H03 
Z l  Z E N E R  I N 9 5 7 B  / 8 6 A7 97 H 0 6  
Q l  TRAN S /  S TO R 2N34 1 7  8 4 8A 8 5 /  H02 
Q 2  TRANS I S T O R  2 N 6 9 9  / 8 4 A 6 3 8 H / 9  
Q 3  TR A N S I S TOR 2 N 36 45 8 4 9A 4 4 / HO /  
/ C I  I N T. C K T. 747 D M  / 4 4 3 C 5 2 H O I  
I C 2  I N T. C KT. 50 8 2 -4 3 7 1  7 75 8 6 2 / HO I  
C l  CAPACITOR ,25 MFD. 200 VDC 187A625H02 
CLI  I NSTRUMENT 6068592H26 
AL RELAY 408C 062H07 

Sub. 5 
1449C44 

Fig. 16. Internal Schematic SIN Output (Contact) Module 
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..J lL ® � r [i) � I{) �� o�0�®ij � --ill}-

1 4 4 4 C 5 1 G  

Fig. 17. Component Location 30-200 KHz Oscillator & Mixer 

OSC MIX. 1458C59GOI SUB I NOTCH 

Fig. 18. Component Location 200.5-300 KHz Oscillator & Mixer 
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F I L T E R  1458 C 76 G O I  S U B  N O TCH 

Fig. 19. Component Location Filter Module 200.5-300 KHz 

1 4 4 4 C 4 8 G  

Fig. 20. Component Location Amplifier a n d  Limiter 
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Fig. 21.  Component Location Discriminator-Power Supply Module 

Fig. 22. Component Location SIN Detection Module 
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S I N  OUTPUT 1 4 6 1 C2 4 G  SUB. N OTCH 

Fig. 23. Component Location SIN Output Module 

LOG I C  1461 C 29G SUB NOTCH 

Fig. 24. Component Location Unblock Logic Module 

I .L. 41 -945.84 
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4 0  
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q_ 
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� ® ® @  @] � � �� s a:: -
UJ 
1-- , � = �Qi w C1> a:: 

a:: 
UJ :J @� f/��0 � ::E - ij �s 1[ 

1--

[1] R l 7  I Q � 
1 4 4 9 C 4 5 G  

Fig. 25. Component Location SIN Output Contact and Meter Module 

I 13.83� 13�1 4091 
1!1775 1400 ���  

f!o--------- 17.434 -------------+ 1442.821 

- =  

g: l�J 

I 

10 ,..---, 
!<} �  _I 

Sub. 2 
7758666 

10.000 
{2� ... 0001 

REMOVEAILE SHROUD 
1--------------�·�� ��� ----------� t------------ ���37�;JMTG CENTERS i I �=-----.----�--.---� -T , 

4. 991 52t9 2 2!K> 0 
112:1.171 

1132 5011 {57 1�1 l ,t.-�--��--------------�====�L-�-�·L'_"JJ_M_I £=========================================�===1 
�-

tZ.541 
(4 PLACES) 

Fig. 26. Outline and Drilling Plan 

I 
I 

Sub. S 
1445C80 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I F. F I LTER TEST C I R C U I T  CO N N EC T I O N S  
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Fig. 27. Test Circuits for TCF- 10 
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Westinghouse I .L . 4 1 -945.74 

I N S T A L L A TI O N  • O PE R A T I O N  • MA I N T E N A N C E 

I N S T R U C T r! © N S  
TYPE TCF-1 0 POWER L I N E  CAR R I E R  

FREQUENCY-SH I FT TRANSM ITTE R E Q U I PMENT 

3 FR E Q U E N CY- 1 0  WATT/1 -3.25 WATT/1 0 WATT -WITH VO I C E  

CAUTI O N :  I t  i s  recommended that the user o f  this 
equipment become thoroughly familiar with the 
information in this instruction leaflet before ener­
gizing the carrier assembly. Failure to observe this 
precaution may result in damage to the equipment. 

If the carrier set is mounted in a cabinet, it 
must be bolted down to the floor or otherwise 
secured before swinging out the equipment rack to 
prevent its tipping over. 

APPLICATI O N  

A widely used high speed relaying system used 
for transmission line protection consists of 
directional-comparison unblock relaying plus a 
transfer-trip channel for breaker failure protection. 
Normally these systems of relaying require two 
frequency-shift channels, wideband for unblocking 
and narrowband for transfer trip. A saving in chan­
nel spectrum can be affected by using a three fre­
quency transmitter for the two relaying functions 
and two separate receivers, one for each function, 
as shown in Figures I 0 and 1 1 . 

SYSTEM OPERATIO N  
The three frequency TCF-10  carrier transmit­

ter provides for the transmission of any of three 
closely controlled discrete frequencies, all within 
the equivalent spacing of a single wideband chan­
nel. The center frequency of the channel can vary 
from 30 kHz to 300 kHz in 0.5 kHz steps. The 
transmitter normally operates at a frequency that is 
100 Hz above the channel center frequency (fc). 
This frequency serves as the "guard" frequency for 

the transfer-trip receiver and as the "block" fre­
quency for the unblock receiver. Note that the 
discriminator characteristic in the unblock receiver 
in this case is reversed from the normal unblock 
receiver used with the standard two frequency 
transmitter. This "guard" "block" frequency is 
transmitted continuously when conditions are nor­
mal. It indicates at the receiving end of the line that 
the channel is operative and serves to prevent false 
operation of the receiver by line noise. The lowest 
frequency, which is 1 00 Hz less than fc is the "trans­
fer trip" frequency and is transmitted as a signal 
that an operation (such as tripping a circuit 
breaker) should be performed at the receiving end 
of the line. The highest frequency, which is 300 Hz 
above fc, is the "unblock" frequency and is trans­
mitted as an unblock signal for directional compar­
ison relaying. If a subsequent transfer-trip opera­
tion is called for, the transmitter will shift to fc-1 00 
Hz which is the "trip" frequency for the transfer trip 
(narrow-band receiver.) 

Note that when the transmitter shifts to "un­
block," the frequency is completely outside the 
passband of the narrow band transfer-trip receiver. 
Normally, this would cause a low-signal alarm 
output from that receiver. In order to prevent a 
similar alarm output in this case, the checkback 
output of the unblock receiver is cross-connected to 
the guard or block input of the transfer trip receiver 
(through an OR logic circuit). This logic is shown in 
Figure 10 .  The checkback output is a receiver out­

put that indicates that a proper signal has been 
received without going through any time delays or 
other logic used for the actual relaying output. 

. I ll fWisihlc con tinRcnc ies wh ich may arise during installation . operatio n .  or maintenance. and all 

detai/1 and mriat io ns of this equipment do not purport to be covered by these instructions. 1/Ji�rther 

inform a t ion is desired hr purchaser regarding his particular installatio n .  operation or main tenance of 

h is eq 1 1 1jnnen t .  the local Westingh ouse Electric Corporation representatire should be con tacted. 
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With this cross-connected logic, both receivers will 
function when required, but will not give any incor­
rect output indications. 

The transmitter normally operates at an out­
put level of one watt at the "guard" "blocking" 
frequency, but increases to ten watts for either 
"trip" or "unblock" output. An interlock is pro­
vided in the transmitter keying circuit to give 
transfer-trip preference. This means that even while 
the transmitter is shifted to the "unblock" fre­
quency, if the transfer-trip keying circuit is ener­
gized, the transmitter will shift to the "trip" fre­
quency without delay. 

The transmitter can also be amplitude modu­
lated at 3 .25 watts to provide a voice channel. 

C O N ST R U CTION 

The 10 watt/ 1 -3 .25 watt/ 10  watt TCF-1 0  
transmitter unit is mounted o n  a standard 19-inch 
wide chassis 5 1 I 4 inches (3 rack units) high with 
edge slots for mounting on a standard relay rack. 
See Fig. 8 .  All of the circuitry that is suitable for 
printed circuit board mounting is on four such 
boards, as shown in Fig. 15 .  The components 
mounted on each printed circuit board or other 
sub-assembly are shown enclosed by dotted lines on 
the internal schematic. Fig. 1 .  The location of com­
ponents on the four printed circuit boards are 
shown on separate illustrations, Fig. 3, 4, 5 ,  & 6. 

External connections to the assembly are made 
through a 36-circuit receptacle, J3 .  The r.f. output 
connection to the assembly is made through a 
coaxial cable jack, J2. 

O P ER ATI O N  

The transmitter i s  made up of four main stages 
and two filters. The stages include two crystal oscil­
lators operating at frequencies that differ by the 
desired channel center frequency, a mixer and buf­
fer amplifier, a driver stage and a power amplifier. 
The interstage filter is located between the driver 
and the power amplifier. The output filter removes 
harmonics that may be generated by distortion in 
the power amplifier. 

A single crystal designed for oscillation in the 

2 

30 kHz to 300 kHz range cannot be forced to 
oscillate away from its natural frequency by as 
much as ± 1 00 hz. In order to obtain this desired 
frequency shift, it is necessary to use crystals in the 
2 MHz range. The crystals are Y 1  and Y2 of Fig. 1 .  
The frequency of Y2 is 2 .00 M Hz when operated 
with a specified amount of series capacity, and the 
frequency of Y 1  is 2 .00 M Hz plus the channel 
center frequency, or 2.03 MHz for 30 kHz center 
frequency. Capacitor C55 and crystal Y2 in series 
are connected between the positive side of the sup­
ply voltage and the base of transistor Q5 1 which 
operates in the emitter following mode. The emitter 
is coupled to the base through C57. With Y2 re­
moved the base of Q5 1 would be held at approxi­
mately the midpoint of the supply voltage by R5 1 
and R52. The crystal serves as a series-resonant 
circuit with very high inductance and low capacit­
ance. The circuit can be made to oscillate at other 
than the natural frequency of the crystal by varying 
the series capacitor, C55. Increasing C55 will lower 
the frequency of oscillations and reducing C55 will 
raise the frequency. 

Capacitor C79 (in parallel with C78) is not 
effective until D59 is biased in the forward direction 
and becomes conductive. It is biased in the reverse 
direction until the keying control for unblock is 
closed which places 45V. de at terminal 1 2  of the 
printed circuit board. With D57 conducting, C79 
and C78 are placed in parallel with C55 and C73. 
The adjustment of C79 will reduce the frequency of 
the Y2 circuit by 200 hz. Since Y2 is the lower of the 
two frequencies derived from Y 1 and Y2, the differ­
ence frequency, which is the frequency transmitted, 
is now increased by 200 hz. Thus the frequency 
transmitted is now 200 hz above the guard fre­
quency or 300 hz above the center frequency. 

Crystal Y 1  is connected in a circuit that is 
similar except for the addition of C53 and diodes 
D5 1 and D52. By adjustment of C52 this circuit is 
made to oscillate at 100 hz above its marked fre­
quency. Capacitors C53 and C71 are not effective 
until D51  is biased in the forward direction and 
becomes conductive . It is biased in the reverse 
direction until the keying control is closed, which 
places 45 V. de at terminal 1 of the printed circuit 
board. With D 5 1  conducting, C53 and C7 1 are 
effectively in parallel with C52 and C72. The adjust­
ment of C53 will reduce the frequency by 200 hz. 
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The crystals taken individually have a greater varia­
tion of frequency with temperature than would be 
acceptable. However, by proper matching of the 
two crystals, the variation in their difference fre­
quency can be kept within limits that permit hold­
ing the frequency stability of the overall transmitter 
to ± I 0 Hz over a temperature range of -20 to 
+55° C. 

The frequencies produced by the two oscilla­
tors are coupled to the base of mixer transistor Q53 
through C62 and C63. The sum of the two frequen­
cies is so high that a negligible amount appears on 
the secondary of transformer T5 1 ,  but the differ­
ence frequency is accepted and amplified by Q53 
and Q54. 

When the keying control is closed, it increases 
the output power from I watt to I 0 watts as well as 
changing the frequency from Guard to Transfer or 
Unblock Trip. This is effected by reducing the 
emitter resistance of buffer-amplifier transistor 
Q54. When the keying control is open, transistor 
Q55 receives no base current and is non­
conducting. Emitter resistor R 70 therefore is effec­
tively open-circuited. The level of output power is 
adjusted to I watt by means of R64. When Q55 is 
made conductive by closing the keying control 
circuit, R 70 is placed in parallel with R68 and the 
amount of emitter resistance unbypassed by C66 
can be adjusted as required to obtain a 1 0-watt 
output level. 

Note in the keying board logic there is that 
interlocking logic between the keying for "unblock" 
and the keying for "transfer trip". This logic per­
mits the "transfer trip" keying to take preference 
over the "unblock" keying. That is, even if we have 
"unlock" keying and then get "transfer trip" keying, 
the "transfer trip" will take immediate preference 
over the "unblock" keying. This is accomplished by 
the "transfer trip" keying causing transistor Q I to 
conduct which in turn shunts out the keying voltage 
input to transistor Q3 through diode D9. Thus 
while Q l  becomes conducting and consequently 
Q2, effecting "transfer trip" keying, this conduction 
of Q l  also prevents Q3 from becoming conducting 
and prevents "unblocking" keying. 

As is shown on the Internal Schematic, Fig. I ,  
the voltage for the keying circuit is obtained from 

I.L 41 -945.74 

the 45-volt regulated supply in the transmitter. 

The driver stage consists of transistors Q56 
and Q57 connected in a conventional push-pull 
circuit with input supplied from the collector of 
Q54 through transformer T52. 

The driver filter, FLI  0 I ,  consists of a series­
resonant inductor and capacitor connected between 
the driver and power amplifier stages by appropri­
ate transformers T I and T2. This filter greatly 
improves the waveform of this signal applied to the 
power amplifier. 

The power amplifier uses two series-connected 
power transistors , Q 1 0 1  and Q 1 02,  operating as a 
class B push-pull amplifier with single-ended out­
put. Diodes D 10 I and D 1 03 provide protection for 
the base-emitter junctions of the power transistors. 
Zener diodes Z l 05 and Z 1 06 protect the collector­
emitter junctions from surges that might come in 
from the power line through the coaxial cable. 

The output transformer T3 couples the power 
transistors to the output filter FLI 02. The output 
filter includes two trap circuits (Ll02, CB and 
L l 03,  CC) which are factory tuned to the second 
and third harmonics of the transmitter frequency. 
Capacitor CD approximately cancels the inductive 
reactance of the two trap circuits at the operating 
frequency. Protective gap G I is a small lightning 
arrester to limit the magnitude of switching surges 
or other line disturbances reaching the carrier set 
through the line turner and coaxial cable. Auto­
transformer T4 matches the filter impedance to 
coaxial cable of 50, 60, or 70 ohms. 

The series resonant circuit composed of L 105, 
and CE is tuned to the transmitter frequency, and 
aids in providing resistive termination for the out­
put stage. Jack J 1 02 is mounted on the rear panel of 
FL102 and is used for measuring the r .f. output 
current of the transmitter into the coaxial cable. It 
should be noted that the filter contains no shunt 
reactive elements, thus providing a reverse imped­
ance that is free of possible "across-the-line" reso­
nances. 

The power supply is a series-type transistorized 
de voltage regulator which has a very low stand-by 
current drain when there is no output current de-
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mand. The Zener diode Z 1  holds a constant base­
to-negative voltage on the series-connected power 
darlington transistor Q 1 .  Depending on the load 
current, the de voltage drop through transistor Q 1 
and resistor R 1  and R2 varies to maintain a con­
stant output voltage. The Zener diode Z2 serves to 
drop the 1 00v regulated supply to 45v for use with 
both the keying circuit and the external TCF voice 
adapter. It is placed in series so that it does not 
draw current unless called upon by the external 
voice adapter. Capacitor C3 provides a low carrier­
frequency impedance across the de output voltage. 
Capacitors C 1  and C2 by pass across the de output 
voltage. Capacitors C l  and C2 by pass r.f. or tran­
sient voltages to ground, thus preventing damage to 
the transistor circuit. 

When keyed for voice by the voice adapter, 
transistor Q55 is keyed into class A operation so 
that its conduction can be modulated by the voice 
input from the voice adapter. Potentiometer R82 is 
adjusted so that the nominal output of carrier is 
3 .25 watts ( 1 4  volts across 60 ohms). The voice 
input modulates the carrier through this transistor 
by varying the amouJ;tt of conduction of Q55 so that 
the output power of carrier varies with the voice 
amplitude following the voice frequency compo­
nents. Since with Q55 completely nonconducting, 
R64 has been set to produce a 1 watt output, 
maximum modulation on the side to shut off Q55 
will not result in an output level of less than 1 watt 
carrier at any time. Also since the output level has 
been set at 10 watts with Q55 completely conduct­
ing by the adjustment of R 70, the maximum modu­
lation on the side of turn on of Q55 will not result in 
a carrier output level of greater than 10 watts at any 
time. Thus the modulation for voice will not result 
in the output carrier level dropping below 1 watt 
and endangering the guard frequency for relaying 
purposes. 

The buffer keying board in addition to provid­
ing proper buffering, also contains logic for the 
proper keying of both frequency and output level in 
regards to protective relaying operation, voice a­
dapter operation, and 52b contact operation. 

It should be remembered that protective relay­
ing operation has first priorty. If the protective 
relay operates and puts a voltage input into any of 
the three input points labeled carrier auxiliary key-

4 

ing, the transmitter will both frequency shift to trip 
frequency and full 10 watts output whether voice is 
called for or not. 

The operation of the 52b contact will remove 
the 10 watt keying output and permit the voice 
adapter to key to 3 .2  watts output for AM voice 
modulation. This allows voice modulation on un­
block frequency after the 52b contact has operated .  

CHARACT E R I STICS 

Frequency 
Range Output 

Frequency 
Stability 

Frequency 
Spacing 

Harmonics 

Input Voltage 

Supply Voltage 
Variation 

Battery Drain 

Keying Circuit 
Current 

Temperature 
Range 

Dimensions 

Weight 

30-300 kHz, 1 watt guard- 10 
watts trip-(both transfer and un­
block)-3.2 watts voice (into 50 to 
70 ohm resistive load) at nominal 
rated input voltage (48 V. or 1 25 
v.d.c.) 

± 10 Hz from -20° C to +55C. 

Two_-way channel,-See Voice 
Adapter Instruction Leaflet. [ 4 1 -
945.6] 

Down 55 db (min.) from output 
level. 

48 or 1 25 v.d.c. 

42-56v. for nom. 48v. supply. 
1 05-140v. for nom. 1 25v. supply. 

0.5 A. guard } 48 d 
1 1 5  A 

. v . .  c. 
. . tnp 

. 1 25 v.d.c. 
0.2 A. guard } 
0.4 A. tnp 

4 rnA. 

-20 to +55° C. around chassis. 

Chassis height-S 1 / 4  or 3 r.u. 
Chassis width- 1 9" 

1 2  lbs. 
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I N STAllATION 

TYPE TCF-10  transmitter is  generally sup­
plied in a cabinet or on a relay rack as part of a 
complete carrier assembly. The location must be 
free from dust , excessive humidity, vibration, cor­
rosive fumes, or heat. The maximum ambient tem­
perature around the chassis must not exceed 55° C. 

ADJ U STM E NTS 

TYPE TCF- 1 0  l OW/ l -3.2W/ l OW 3 Fre­
quency transmitter is shipped with the power out­
put controls R64, R82 and R 70, set for outputs of I 
watt, 3.2 watts and 10  watts into a 60 ohm load. If it 
is desired to check the adjustments or if repairs 
have made readjustment necessary, the coaxial 
cable should be disconnected from the assembly 
terminals and replaced with a 50 to 70 ohm non­
inductive resistor of at least a 1 0  watt rating. Use 
the value of the expected input impedance of the 
coaxial cable and line tuner. If this is not known, 
assume 60 ohms. Connect the T4 output lead to the 
corresponding tap. Connect an ac vacuum tube 
voltmeter (VTVM) across the load resistor. Turn 
power output control R64 to minimum (full 
counter-clockwise). Turn on the power switch on 
the panel and note the de voltage across terminals 
3 and 7 of 13. If this is in the range of 42 to 46 volts, 
rotate R64 clockwise to obtain 4 or 5 volts across 
the load resistor used. At this point check the 
adjustment of the series output tuning coil L l 05 by 
loosening the knurled shaft-locking nut and moving 
the adjustable core in and out a small amount from 
its initial position.  Leave it at the point of maxi­
mum voltage across the load resistor used. Then 
rotate R64 farther clockwise to obtain the correct 
voltage for I watt in the load resistor, as shown in 
the following table . 

Then change to Trip frequency by connecting 
together terminals 7 and I 2  of the transmitter con­
nector 13, and rotate R 70 until the voltage across 
the load resistor is as shown in the following table 
for a I O  watt output. Recheck the adjustment of 
L l 05 for maximum output voltage and readjust 
R70 for a I O  watt output if necessary. Tighten the 
locking nut on L l 05 .  Open the power switch and 
remove the jumper used to key the transmitter to 
the 1 0  watt level. Key for voice by opening any 
connection terminal to 1 0  of 13. Turn the power 

I.L. 41-945.74 

back on. Adjust R82 for a 3.2 watt output across 
the load resistor ( 14V across 60 ohms). Open the 
power switch, reconnect connection to terminal I 0 
of 13, remove the load resistor, and reconnect the 
coaxial cable circuit to the transmitter. Note on 
frequencies above 200 KHZ, L l05 adjustment is a 
screw-driver adjustment. There is no knurled shaft­
locking nut . 

VO LTAG E FOR 

T I 06 I WATT 3.2 WATTS 10  WATTS 
TAP OUTPUT OUTPUT OUTPUT 

50 7 . 1  1 2 .7 22.4 
60 7.8 14 24.5 
70 8.4 1 5  26.5 

Follow the procedure outlined in the line tuner 
instructions for its adjustment. 

Normally the output filter (FLI 02) will require 
no readjustment except as noted above. It is factory 
tuned for maximum second and third harmonic 
rejection, and for series resonance (maximum out­
put at the fundamental frequency) with a 60-ohm 
load. A small amount of reactance in the transmit­
ter output load circuit may be tuned out by read­
justment of the movable core of L l05. This may be 
necessary with some types of line coupling equip­
ment. The adjustable cores of L l 02 and Ll03 have 
been set for maximum harmonic rejection and no 
change should be made in these settings unless 
suitable instruments are available for measuring the 
second and third harmonic present in the transmit­
ter output. 

The operating frequencies of crystals Y I and 
Y2 have been carefully adjusted at the factory and 
good stability can be expected. If it is desired to 
check the frequencies of the individual crystals, this 
can be done by turning the matched pair I 80° and 
inserting a crystal in its proper socket with the other 
crystal unconnected. A sensitive frequency counter 
with a range of at least 2.3 MHz can be connected 
from TP5 1 to TP54. (Connection to TP54 rather 
than to TP53 provides a better signal to the counter 
and avoids some error from the effect of the count­
er input capacitance on the oscillator circuit.) While 
measurement of the oscillator crystals individually 
is necessary for the initial adjustment of the oscilla­
tors, generally any subsequent checks may be made 
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with a lower range counter connected at the trans­
mitter output. If any minor adjustment of the 
Guard and Trip frequencies should be needed, the 
Guard adjustment should be made with capacitor 
C52, the Transfer Trip Adjustment with C53, and 
the unblock frequency with C79. 

M A I NTENAN C E  

Periodic checks of the transmitter Guard and 
Trip power outputs will detect impending failure so 
that the equipment can be taken out of service for 
correction. At regular maintenance intervals, any 
accumulated dust should be removed, particularly 
from the heat sinks. It is also desirable to check the 
transmitter power output at such times, making any 
necessary readjustments to return the equipment to 
its initial settings. 

Voltage values should be recorded after adjust­
ment in order to establish reference values which 
will be useful when checking the apparatus . The 
readings will remain fairly constant over an indefi­
nite period unless a failure occurs. However, if 
transistors are changed, there may be considerable 
difference in these readings without the overall 
performance being affected. 

Typical voltage values are given in the follow­
ing tables. Voltages should be measured with a 
VTVM. Readings may vary as much as ±20%. 

TAB LE I 

TRANSM ITTER DC MEASUREMENTS 

Note: All voltages are positive with respect to Neg. 
(TP5 1) .  All voltages read with de VTVM. 

Test 
Point 

TP52 
TP53 
TP54 
TP55 
TP56 
TP57 

TP58 
TP59 
TP 10 1  

Voltage at 
l Watt 
Output 

48V l 25V 
units units 

20 20 
5.4 
3.4 
2 1  20 
2 1  20 

< 1 .0 

44.3  100 
< 1 .0 

0 0 

TP103 2 1  ± 2  50 
TP105 44.3  100 

6 

Voltage at 
10 Watts 
Output 

48V 1 25V 
units units 

20 20 
5.4 
3 .4 

1 8.5  1 8. 5  
1 8 .5 1 8 .5 
< 1 .0 

44. 1 100 
< 1 .0 

0 0 

2 1 ± 2  50 
44.0 100 

Voltage at 
3 .2 Watts 

Output 
(For voice) 

48V l 25V 
units units 

20 20 
5.4 
3 .4 

TAB LE I I  

TRAN S M ITTER R F  M EAS U R E M E NTS 

Note: Voltages taken with transmitter set to indi­
cated output across 60 ohms. These voltages subject 
to variations, depending upon frequency and tran­
sistor characteristics. T5 1-3 = Terminal 3 of trans­
former T5 1 .  Other transformer terminals identified 
similarly. All read with a-c VTVM. 

Voltage at 
1 watt 

Test Point Output 

TP54 to TP5 1 0.0 1 5-0.03 
TP57 to TP5 1 0.05 -0.09 
TP59 to TP5 1 0.05 -0.09 

48V 

T l - 1  to TP5 1 1 .65 
T l -3 to TP5 l 1 .45 
T l -4 to Gnd. .6  

T2-1 to Gnd. .57 
TP 1 0 1 -TP l 03 5.2 
TP 103 to TP 105 5.2 

T3-4 to Gnd. 35 
T4-2 to Gnd. 3 1  
TP109 to Gnd. 9 .8 

1 102 to Gnd. 7 .8  

Voltage at 
10 watts 
Output 

0.01 5-0.03 
0 .3  - 1 .2 
0.3 - 1 .2 

l 25V 48V 

5 .6 
4.9 
2.0 

1 . 85 
1 7 .0 
1 7 .0 

35 1 1 2 
3 1  1 1 0 
9 .8  3 1  

7 .8  24.5 

Voltage at 
3 .2  watts 
Output 

(For Voice) 

1 25V 

1 1 2 
1 10 
3 1  

24.5 14  

C O NVE R S I O N  O F  TRAN S M ITTER FOR 

CHANGED C H A N N E L F R EQU E N CY 

The parts required for converting a 1 W / lOW 
TCF transmitter for operation on a different chan­
nel frequency consist of a pair of matched crystals 
for the new channel frequency, new capacitors 
C l 03 and C l 04 on the power amplifier circuit 
board if the old and new frequencies are not in the 
same frequency group (see table on internal sche­
matic drawing) and, in general, new or modified 
filters FLl O l  and FL 102. lnductors L l O l ,  L 1 02 and 
L l 03 in these filters are adjustable over a limited 
range, but forty-two combinations of capacitors 
and inductors are required to cover the frequency 
range of 30 to 300 kHz. The widths of the frequency 
groups vary from 1 . 5  kHz at the low end of the 
channel frequency range to 1 3  kHz at the upper 
end . A particular assembly can be adjusted over a 
somewhat wider range than the width of its as-
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signed group since some overlap is necessary to 
allow for component tolerances. The nominal kHz 
adjustment ranges of the group are : 

30.0-3 1 .5 
32.0-33 .5  
34.0-36.0 
36.5-38 .5 
39.0-4 1 .0 
4 1 .5-44.0 
44.5-47.0 
47.5-50.0 
50.5-53 .5 
54.0-57 .0 
57 .5-60.5 

6 1 .0- 64.0 
64.5- 68.0 
68.5- 72.0 
72.5- 76.0 
76.5- 80.0 
80.5- 84.5 
85.0- 89.0 
89.5- 94.5  
95.0- 1 00.0 

1 00.5- 1 06.0 
1 06.5- 1 1 2 . 5  

1 1 3 .0- 1 19 .5  
1 20.0- 1 27.0 
1 27 .5- 1 35.0 
1 35 .5- 143.0 
143 .5- 1 5 1 .0 
1 5 1 . 5- 1 59.5 
1 60.0- 1 69.5 
1 70.0- 1 80.0 
1 80.5- 1 9 1 .5 
1 92.0-200.0 
200. 1 -207.0 

207. 1 -2 1 4.0 
2 1 4. 1 -222.0 
222. 1 -230.0 
230. 1 -240.0 
240. 1 -250.0 
250. 1 -262.0 
262. 1 -274.0 
274. 1 -287.0 
287. 1 -300.0 

If the new frequency lies within the same fre­
quency group as the original frequency, the filters 
can be readjusted. If the frequencies are in different 
groups, it is possible that changes only in the fixed 
capacitors may be required. In general, however, it 
is desirable to order complete filter assemblies ad­
justed at the factory for the specified frequency. 
Since all the modules are plug in modules frequency 
change is simply a matter of plugging in these new 
filters. 

A signal generator, a frequency counter and a 
vacuum tube voltmeter are required for readjust­
ment of FLI O I .  The signal generator and the coun­
ter should be connected across terminals 4 and 5 of 
transformer T I  and the voltmeter across terminals 
I and 2 of transformer T2. The signal generator 
should be set at the channel center frequency and at 
2 to 3 volts output. The core screw of the small 
inductor should be turned to the position that gives 
a true maximum reading on the VTVM. Turning 
the screw to either side of this position should 
definitely reduce the reading. The change in induct­
ance with core position is less at either end of the 
travel than when near the center and consequently 
the effect of core screw rotation on the VTVM 
reading will be less when the resonant inductance 
occurs near the end of core travel. 

The procedure for readjustment of the 2nd and 
3rd harmonic traps of filter FL1 02 is somewhat 
similar. A signal generator and a counter should be 
connected to terminals 3 and 4 of transformer T3, 

I.L. 41 -945.74 

and a 500 ohm resistor and a VTVM to the termi­
nals of protective gap G I .  The ground or shield lead 
of all instruments should be connected to the 
grounded terminal of the transformer. Set the signal 
generator at exactly twice the channel center fre­
quency and at 5 to 10  volts output. Turn the core 
screw of the large inductor, L 102, to the position 
that gives a definite minimum reading on the 
VTVM. Similarly, with the signal generator set at 
exactly three times the channel center frequency 
and 5 to 1 0  volts output, set the core screw of the 
small inductor, L 1  03, to the position that gives a 
definite minimum reading on the VTVM. Then 
remove the instruments and the 500 ohm resistor. 

After the new pair of matched crystals have 
been adjusted, as described under "ADJUST­
MENTS", the transmitter can be operated with a 50 
to 70 ohm load (depending on which tap of T4 is 
used) connected to its output, and inductor L 1  05 
can be readjusted for maximum output at the 
changed channel frequency by the procedure de­
scribed in the same section. 

If a frequency-sensitive voltmeter is available, 
the 2nd and 3rd harmonic traps may be adjusted 
without using an oscillator as a source of double 
and triple the channel frequency. Connect the 
frequency-sensitive voltmeter from TP 1 09 to 
ground and adjust the transmitter for rated output 
into the selected load resistor, set the voltmeter at 
twice the channel frequency and, using the tuning 
dial and dB range switch, obtain a maximum on­
scale reading of the 2nd harmonic. Then vary the 
core position of L l 02 until a minimum voltmeter 
reading is obtained. Similarly, tune the voltmeter to 
the third harmonic and adjust L l  03 for minimum 
voltmeter reading. Although the transmitter fre­
quency will differ from the channel center fre­
quency by I OO Hz, the effect of this difference on 
the adjustment of the harmonic traps will be negli­
gible. It should be noted that the true magnitude of 
the harmonics cannot be measured in this manner 
because of the preponderance of the fundamental 
frequency at the voltmeter terminals. Accurate 
measurement of the harmonics requires use of a 
filter between TP I 09 and the voltmeter that pro­
vides high rejection of the fundamental. The inser­
tion losses of this filter for the 2nd and 3rd harmon­
ics must be measured and taken into account. 
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R EC O M M E N D E D  TEST EQU I P M E NT 

I. M inimum Test Equipment for Installation. 
a. 60-ohm 10-watt non-inductive resistor. 
b. AC Vacuum Tube Voltmeter (VTVM). Volt­

age range 0.003 to 30 volts, frequency range 
60 hz to 330-kHz; input impedance 7.5 
megohms. 

c. DC Vacuum Tube Voltmeter (VTVM). 
Voltage Range: 1 .5 to 300 volts 
Input Impedance: 7 .5 megohms. 

II .  Desirable Test Equipment for Apparatus Main­
tenance. 

8 

a. All items listed in I .  
b .  Signal Generator 

Output Voltage: up to 8 volts. 
Frequency Range: 20-kHz to 330-kHz. 

c. Oscilloscope 
d. Frequency counter 
e. Ohmmeter 
f. Capacitor checker. 

Some functions of the recommended test 
equipment are combined in the type TCT carrier 
test meter unit, which is designed to mount on a 
standard 19" rack but also can be removed and used 
as a portable unit. 

R E N EWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, replacement parts can be 
furnished, in most cases, to customers who are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data and 
identify the part by its designation on the Internal 
Schematic drawing. 
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�- - - - --l 
I I 

COMPONENT DESCRIPTION STYLE 

C3 CAPACITOR 0 . 5  UF 200 VDC 1 87A624HU 
Cl Capacitor 0 . 5  UF 705 VDC 1877962 
C2 Capacitor 0 . 5  UF 750 VDC 1877962 
Rl Resistor 2 6 . 5  40W 5 \  4012991:144 
R2 Resistor 26.5 40W 5 \  4Dl299H44 
RJ Resistor 6K lOW 1\ 8 7 8A330H06 
R4 Resistor 100 lW 10\ 1 8 7A6UH03 
RS Resistor U :  .SW 10\ l87A641H27 

TRANSMITTER POWER AMF' I OUTPUT FILTER t::J I �--+---<i!:: l7 27)i 
8 D I F I 

1 set£. 1462C!57) (SCHE. 14n847) J ISCHE. 1461C42) J 
'>----+--<K�::�

vJ1 
3� ::>. 

I I = 

RJ Resistor 300 lOW 762A679H25 
Zl Z:ener IN30448 188A302H05 
Z2 Zener IN28328 184A854HI4 
J2 Receptacle l8 7A663H01 
JJ Connector 3 S 0 8A3SH01 
Ql Transistor PMD- 16K-l00 3520A42H01 
Tl TriUls former 606B410G01 
T2 Transformer 292B526G01 

FLlOl 408C261 + {Req. Freql 

I I 
J '461C4QGOI-�2 J � - - - - - - J3 t���================��========���r-1 

lS I AuDIO 

I - OJ 
REAR VIEW OF CHASSIS 

17 I AUDIO RETURN 

---F- - I I 
I I f �� 

I 
3 II NEG. D.C. INPuT 

I 13 
POWER S KEYING 

4 POS. D. C. INPuT 

�� A 
10 1 4� V D C - VOICE ADAPTER (NORMAL·I·IJUMPER 

I S I IZS VO C }TO PIN 7 1F VA.IS NOT USE0 

31 {SCHE 1462C78) 

I 
52b CONTACT r---1:29 II 148 V D C  

�21 I 1 9  1s'"'vDc } 
I__ - -I�C,Z!g�� 20 48 VDC 

�23 19 - 1 21 1 125VDC UNBLOCK 

14 1 1s
•

vDc } 
,--------+--+-J• I3 1 125VDC TRANSFER 

TRIP ,-------------,_ ____ ,_-T. I2 , 48VDC 

• SuiTABLE FOR 20 V 
kEYING CIRCUITS AS 
WELL AS P.iV 

.rl"-+-::14-_...-T• 1 I REGuLATED 45 vee Pos. FOR use: OF I VOICE ADAPTER ONLY. 0.1 AMPS MAX) 

48 v e e  
OMIT R t  8 R2 
R3• 300 1\.. 
Z l  • IN303!58 
OMIT Z2 
TRANSMITTER BOARD 1462C!5!5GOI 

12!5 v e e  
R t •  26.!5 n 
R2• 26.!5 n 
R3• 6K, lOW 
Z t  • IN3044B 
l2 • 1N2832 8 
TRANSMITTER BOARD 1462C5!5G02 

Fig. 1 Internal Schematic of Transmitter 

I I 4 5 J NEG. O.C . INPUT (fUSED) FOR USE WITH VOICE 

� 1 GROUND ADAPTER ) 

� LJ 
WIRING a HARNESS DWG. 14e3COf 

1463C05 

Sub. 3 
1462C85 

;-, . .,. .... t Ul :.... .,. 
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T2 

GJ � '@' fij G B , 0  
...... _ • .1 LIOI R5Q - riJ 

3 

R4Q 36 

0 B 
R I . R2 S.Z2 OMITTED FOR 48 V. D.C. 

Fig. 2 Component Location Transmitter Assembly 

Fig. 3 Component Location Transmitter Module 

1 0  

Sub. 1 
1 461 C93 

Sub . 4 
1 477898 
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u "' m "" 
u u u 

. . 

Fig. 4 Component Location Power Amplifier Module 

0$$®®� B ®��®cv ��� ���®�� 0 ���� 
@ 

�� �®®W[)$®� ®��®�®�®®®� � ®®�®® � 

l.l. 41 -945.74 

-= 

Sub. 1 
1477858 

�@������@®��(!)����@�� � � @����N L,..J'-r-J 
TCF-10 KEYING 1462C76G SUB NOTCH 

Fig. 5 Component Location Power A mplifier Keying Module 
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OUTPUT FILTER 1461C40G SUB NOTCH 

Fig. 6 Component Location Output Filter Module 

1 2  

- =  . I 
I 
I 
I 

�U 

-l I 
I 
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i I �= 

Sub. 3 
1477828 

Sub 1 
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[125V� 
UI'<FlLuC K �g� � �---_-=Ji---:::l 

TRANSF ER ( 12SY<:;'-fOR 
TRIP �g�� 

VA 
·o·· t 45V 
"l··ov 

LOGIC FOR 3 FREQ. WITH VOICE 

OSC I I  ----[7'), ') FREO.SHIFT 

7 I OSC t 2  
FREO.SHIFT a 
tow· BOOST 

::»---------?> lOW ROOST 

3.2W BOOST 

UN 

� 
I 
I 

�-I 
I 
I 

_ _ I 
I 
0 
0 
0 

� 
0 
0 
0 

TRUTH TABLE- 3 FR EQ. WITH VOICE 

INFUT KEYING OUTPUTS 

TT 
�-� �r- UN 

VA ' FREQ. F REO. 3 . 2 \Y  lOW 
SHI F T SH I F T  BOOS T  BOOST --

r- I 
0 0 0 0 0 0 0 
0 0 0 0 I 0 I -· 1--

� 0 0 I 0 ., I 

-� I �- 0 I 0 I t-·� 0 0 f--� I 0 I 
I I 0 I 0 0 I - -�--0 I I 0 I I I) 

---
I 0 I I 0 0 I -
I I I I 0 I 0 f----I 0 0 I 0 0 I 

0- -
I I I 0 .0 I --
I 0 I I 0 0 I 
! I I I 0 �--�- � 0 I *'  0 o •  I 0 I 
0 I ll!  I a lii I I 0 --
0 0 I 0 0 I 0 

GUArw 1§1 
�fffu! T. T. IOW� 
U111�� 
u11%r, (J' 

10':/ lj' 
UN�t,'\., @ 

T Tl OW §> -� TTIO'.'/� 
TT I0\'1!1 · r r�� 
T� � UNBT� a· 1 \Y  NflL�K�I'/� 

GUtu'lD3 � 

• = STU RELAY AFTER ISO MS OPERATION OF 5 2 b  \'/ILL K EY  TO 
U�RLC•� K. IN THIS CAS E ,  THE UNBLOCK KEY!NG IS N O T  DONE 
BY THE LOGIC REPRES� IIITI::D BY THESE LOGIC BOAROS. 

Sub. 1 
1480882 

Fig. 7 Logic for 3 Frequency With Voice 
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REMOVEABLE SHROUD 

15.775 

.7fiJ 
( 19.050) 

13.835 
(351.�09) 

L I 

f--

H--------- 17.434 -+1 (442.82 ) 

(400 !;851 

(49 1 . 592 ) 1----------------- 19.354 

1.. 18.375 MTG. CENTERS � 

10.000 
(254.000) 

r= �l (466.725) I 

4.991 1 '" j Tll·0·" · 
1 1 26.11 1 1 .-: 5219 2.250 

(132.556) (57.150) 

I 

0 
� 

12. 54 )  

f--1 1• 
1.484 

(37.703) /+ L(7.061) (10.318) 
.278 x .406 SLOTS 

(4 PLACES) 

Sub. 5 
1 445C80 

Fig. 8 Outline & Drilling for Transmitter Assembly 
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-750Hz 

T C F  3 - F R E Q U E N C Y O P E R AT I O N  

R EC EIVER CHA RACTERISTICS 

I.L. 41 -945.74 

IF. F I L TE R  UNB L O C K  RECEIVER 
(CENTERED ABOUT fc:+IOO) 

lOOHz 

5 0 Hz 

- 200 - 1 00 0 + 1 0 0  + 200 + 300 H z  +760Hz 

fc-100 fc + IOO 

I 
(UNBLOCK) 

� T RANSFER T R I P  RECEI VER 
DISCRI MI NATOR ( NOT CONSIDER­
I NG EFF E C T  OF NARR OW 
BAND I N PUT FI LTE R )  

0-0 U TPUT 
U N B LOCK R C VR .  

DISCR I MI NATO R 

fc: +300 

fc: = RATED CHANNEL FREQ U EN CY 

Fig. 9 Three Frequency Operation-Receiver Characteristics 
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3 FREQUENCY 
TRANSMITTER 

fc - J O O H Z  

fc +IOOHZ 

GUARD 

fc + 300HZ 

UNBLOCK 

LI NE 

, - - - - - -1 
1 I 
I 
I 
I lf NOTE• UNBLOCK FREQUENCY OF fe + 300HZ 

GIVES I F  OF (fc +- 20.0KHZ)- (fc '+300HZ) 

I : 19.7KHZ WHICH IS ALSO GUARD IN 
THIS RECEIVER. WHEN WE IGNORE THE 
NARROW BAND INPUT F I LTER. HOWEVER 
THE UNBLOCK FREQUENCY IS OUT OF 
THE PASS BAND OF THIS RECEIVER. �T TRANSFER TRIP RECEIVER (SOLID STATE) 

.6.NOTE= D I RECT TRANSFER TRIP FREQUENCY 
OF fc -IOOHZ GIVES IF O F  
(fc + 20.1 KHZ}- {fc - 100HZ): 20.2 KHZ 
WHICH IS ALSO A BLOCK IN THIS 
RECEIVER. 

UNBLOCK RECEIVER -- -- --

GUARD 

TR I P  
LOW SIGNAL 

I 0 i..i CHECK BACK 

L----------�� NOISE 

L__j 

- l 29 TRIP I ) UNBLOCK 

1 LOW I ) SIGNAL 

I 
I 
I I 
I TPB4 _j �CHECKBACK 

z TRIP 
--� --- --� -- --

Sub. 1 
1467C24 
Sheet 1 

Fig. 10-1 Receiver Logic Diagram - Solid State Output 
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3 FREQUENCY 
TRANSMITTER 

ft: - I O O H Z  �I N E  

TRANSFER TRIP 
� - - - - - -

ft; +100HZ 

GUARD 

fc + 300HZ 

UNBLOCK 

, - - - - - -1 
I 

I 
I 
I 
I lf NOTE• UNBLOO< FREOOJEIICY OF lc • 300HZ 

GIVES IF OF{fc t 20.0r<HZ)·(fc "t300HZ) 

I = 19.7KHZ YI H I C H LS ALSO GUARD IN 
THIS RECEIYER. WHEtl WE IGNORE THE 
NARROW B�NO lll�IJT F I LTER.HOWEVER 
THE UNBLO:t< FR£QIJENCY IS OUT OF 
THE PASS EAND OF THIS RECEIVER. I - -- :� TRANSF::R Tli\F RECEIVER (ELECTRO-� MECHANICAU 

GUARD 

TR IP 
I 
I 
I 
I 
I 

_j 

f ALARM 
SOUNDS ON DROPOUT 

l.. l.. 
T T 

---- ------------� 

�NOTE• DIRECT Tr:.A.USFE:R TRIP FREQUENCY 
OF fc -IOOHZ GIVES IF OF 
(fc + 201 KHZ)- Vc -IOOHZ): 20.2KHZ 
WHICH IS l.LSO A BLOCK IN THIS 
RECEIVER. 

L:�::R __ _ -----
• I L___j I ------

Fig. 1 0-2 Receiver Logic Diagram - AR Relay Output 

29 TRIP I ) UNBLOCK ! 
I LOW I ) SIGNAL 

I I 1 I I 
_ _j  
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Rl l 
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02 

Z l  

_9 _ 

Fig. 1 1  Internal Schematic Power & Keying Module 
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<0 

� --15 t I 

7 - - - - - -· - - - - - - - - -1 

L 

C78 
057 

TP52 

058 I I 
� I 

27
1 
I I I I I I I l l 

I I I 

I 
I I • + • 

C75 2'21 ' )� C74 I 
C68 I s l 

-- -- __ __ __ __ __ __ __ __ __ 
'1462c55Goi-=-G041 -- --- --- --- --- -- -- ___J :.::;:: __ -- ::.::::.J 

· - GOI (48 V.O.C.)USE R69 ( O M I T  R87 8 RB9) 
�-G02 (125 V.O.C.)USE R69 8 R87 (OMIT R89 ) 

( ON-OFF 1.\00E) ti -G03 (48V.D.C) USE R69 (OMIT RB7 8 R76) 
(ON-OFF MODE ) + - G04 ( 125V.D.C l USE R69 8 R87 (OMIT 76) 

()- REMOVE FOR VOICE ABOVE 60 KHZ 

Fig. 12 lnte•"lal Sche�1etir; Transmitter Modulo 
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� • 
03 

Z2 I I 
C4 ::!::c3 1 

17 ....... ' 

Z4 I � 

• • • •  �·?. 

Fig. 13 Internal Schematic Power Amplifier Module 
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UJ 
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rt 4  
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0 2 , 04 

GOI - FOR 

G02 - FOR 
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K t: ::) J S T :J �  . 2 7  l . o u • l u 4  I � L.I A (d A H I � 

TRANSISTOR 2N6341 ( M ATCHED) 3508A21H04 
PAIR 

30 -70 KHZ USE C l ,  C2,C3,C4 = . 4 7  UF. 

70-150'KHZ U SE C 2 , C 4  = .47 U F  O M IT C l a C3. 
150 TO 300 KHZ USE C 2 , C4 = . 2 2  UF OMIT Cl a C3. 

Sub. 6 
1 477847 
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1461C40 GOI,G43 

COMPONENT 

Cl CAPACITOR 
CZ CAFti.CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C1 CAPACITOR 

LI02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTION 

2500 MMF 500\1 
2700 MMF 500V 
1500 MMF 500 v 
3300 \4MF 500 \1 
4000 MMF 1200 V 
4000 MMF 1200 II 
7000 PF 300011 

STYLE 

861A846H20 
861A846H21 
762A757H03 
187A584H26 
187A705HI5 
t87A705"115 
20�C872H� 

670 81:BG04 
67QBI33G06 
292B086GOI 

2928526004 
2928521%03 

3K! 5% BW 12 REQ) 188A317H01 
ISK 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AII6HOI 

1461C40G05 G47 

COMPONENT 

Cl CAPACITOR 

C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

Ll02 POT CORE 
Ll03 POT CORE 
LIOS COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

3000 MMF 500V 

820 MMF 500 V 
2000 MMF 500V 
2500 MMF 1200 V 
2500 MMF 1200 V 
4200 PF .5000V 

_STYLE 

187A584H06 

762A757H22 
187A584HOI 
187A705Hl3 
187A705H13 
<:!O!C8721iZ5 

670 8 13JG04 
6708133G06 
292BOB6GOI 

2928526G04 
29285Z6G03 

I.L. 41 -945.74 

, - - - - - - - - - - - - - - - - - - - - - -, 
I I I I I I I 
I I I I I I 

I I I 
TP109 I I _ _  J l 0 2  : 

SAME A S  ���� 
FIG. I 

1----------'·�· : I 

L _ _ _ _ _ _ _ --- _ _ __ _ _ __ ll�l<e_4Q_G_L>_ J 
£.!Q1 .E!.lL£ (OTHERWISE SAME AS FIG. I l 

30 TO 200 KC * -GO I THRU G32 G43 THRU G74 200.1 TO 300 KC ,19.S.S4"/"18L Y - /<¥�/C.._.O 
caft?P �c . 1-'>'77828 
PC 8 l.tr't;/C?'/ L>- G33 THRU G42 G75 THRU G84 

Fig. 14 Internal Schematic Output Filter 

1 4 6 1 C 40 GOZ,G44 

COMPONENT 

Cl CAPACITOR 
CZ CARIIoCITOR C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

LI02 POT CORE 
U03 POT CORE 
LI05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

2500 \IIMF 500 V 
2000 MMF 500\1 
1000 MMF 500 V 
3300 MMF 500\1 
2500 MMF1200V 
5000 MMF 1200 V 
6000 PF 3000\1 

PARTS LI ST 
_Sl""'LE 

861A846H20 
187A584 HOI 
762A757H02 
187A 584H26 
197A705HI3 
187�7Q5HI6 
20!CB"f2H28 

6708133G04 
6708133G06 
292808€GOI 

29285215004 
29285£6G03 

1 4 6 1 C 4 0 G03 G45 

COMPONENT 

Cl CAPACITOR 
CZ CAFti.CITOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

L!02 POT CCRE 
L•03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

�SCR'PTION 

2000 MMF 500\1 
2000 �MF 500 V 
390 \IIMF 500 11 
3300 MMF 500V 
2500 MMF 1200 \ 
4000 MMF 1200 II 
5500 PF 3000\ 

STYLE 

187A584HOI 
187A584HQI 
762A757HI5 
187A584H26 
187A705HI3 
187A705 HI5 
203C 872 1-127 

6708133G04 
670813JG06 
2928086:.01 

292852�G04 
292B526G03 

R6 RESISTOR 
R7 RESISTOR 

3K !  5% SW !2 AEQ) 188A317HQI R6 RESISTOR 3K ! �,.,. SW (2 AEQ) 188A317HOI 
ISK 10.,. 2W 187A642H55 R7 RESISTOR ISK 10.,. 2W 187A64?.H55 

Gl LIGHTNING ARRESTER 

1 4 6 1 C 4 0 G06,G48 

COMPONENT 

Cl CAPACITOR 
C2 CAFACITOR C3 CAPACITOR 

C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

U02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

.Q!:SCRIPTlON 

2500 MMF 500V 
150 MMF" 50QV 
150 MMF 50Q V  

200 MMF 1200 li 
4000 MMF 1200 V 
350 0 PF 3000 V 

877AII6H01 

STYLE 

861A846H20 
861A846H25 
861A 846H25 

137A705�104 
187A70 5 H I 5  
20:!CB72H23 

670813JG04 
670813JG06 
2928086GOI 

2928526C.C4 
2928526G03 

Gl LIGHTNING ARRESTER 

1 4 6 1 C 40G07 G49 

COMPONENT 

Cl CAPACITOR 
CZ CtiA!.CITOR 
C3 C.IIPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

L102 POT CORE 
U03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

.Q!:SCR PTION 

300 MMF 500\1 
2000 MMF 500 V 
180 MMF 500 V 
2000 lo!MF � V  
1500 \1MF 1200 \1 
2000 MMF 1200 V 
3200 PF 300(· \1 

877AII6H01 

STYLE 

187A584K09 
187A 584H OI 
762.A757HI0 
187A 584H O I  
tB7.n05'1 1 1  
18'71\70 5 H 1 2  
20!C672 1-122 

670 8 13:SG04 
67081 3]G06 
2926086GOI 

292B52GO:.C4 
292852GG03 

1 4 6 1 C 4 0 G04G46 

COMPONENT 

Cl CAPACITOR 
C2 CARI.CITOR 

C4 CAPACITOR 
C!i CAPACITOR 
Ci. CAPACITOR 
C";' CAPACITOR 

L 02 POT CORE 
U03 POT CORE 
LIOS COIL 

T3 TRAN5FORMER 
T4 TRANSFORMER 

.Q.��:PTION 

1500 MMF 500\1 aJ00 MMF!IOQV 

3300 ,_.MF 5()') '1 
3000 MMF12(()V 
2� t.4MF12{)0 V 
5000 PF 3000V 

Sub. 5 
1461 C42 
Sheet 1 

_g'I'LE 

762A757H03 
187A584H01 

187A584H26 
187A705HI4 
187,nO�HI3 
20:!C872 H26 

670 8133004 
6708133G06 
292BOB6GOI 

2928526004 
2928526G03 

R6 RESIS"rQR 
R7 RESISTOR 

3K ! �% BW (2 REO) 188A317HOI 
ISK 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 

1 4 6 1 C 40 G08,G50 

COMPONENT 

Cl CAPACITOR 
C2 CAFACiTOR C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

U02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

30 �MF 500V 
2000 MMF 500 V 
390 MMr SOQ V  
1500 \4 M F  500 V 3000 MMF 1200 V 

200 MMF 12(() \ 
2800 PF 3000\' 

877AU6H01 

ill!:!... 
763A209HIZ 
187A584HO! 
762A 757HI5 
762A757H03 
187A.7Q�HI4 
187.\705H04 
20!C872H20 

6708133G04 
6708133G06 
2928006001 

2928526004 
2928521iG03 

R6 RESISTOR 
R7 RESISTOR 

3K ! 5% BW 12 REQ) 188A317HOI R6 RESISTOR 3K !  5% BW 12 REO) IBBA317HOI R6 RESISTOR 3K! 5.,. BW {2 REO) 188A317ri01 R6 RESISTOR 3K ! 5% BW 12 R[Q) 188A317HOI 
15K 10.,. 2W 187A642H55 R7 RESISTOR 15K 10% 2W 187A642r-155 R7 RESISTOR 15K 10.,. 2W 187A64<!H55 R7 RESISTOR 15K 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER B77AII6H01 

1 4 6 1 C 40 G09.G51 

COMPONEIIT 

Cl CAPACITOR 
C2 CAMCITOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 \..APACITOR 

LI02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER f.4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

.Q!:SCRIPTION 

300 MMF 500\1 
1500 MMF 500 V 
180 MMF .500 V 
1500 MMF 500 V 
2000 MMF1200V 

2200 PF 3000V 

Sr'LE 

187A 584H09 
762A757H03 
762A 757HIO 
762A 757H03 
187A705HI5 

20:3C872Ht7 

670 8133004 
6708133(;06 
292B086GOI 

2928526(,()4 
2928526G03 

3K ! 5'%. 8W {2 R[QI 188A3t7HOI 
15K 10% 2W t87A642H55 

Gl LIGHTNING ARRESTER 877AII6H01 

Gl LIGHTNING ARRESTER 877AII6H01 

COMPONENT 

Cl CAPACITOR 
C2 CAAII.CITOR 

C4 CAPACITOR . 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

Lt02 POT CORE 
U03 POT CORE 
LIOS COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

.Q!:SCR.PTION 

82 \1MF 50QV 
1500 'ofMF 500 V 

150() 'ofMF 500 V 
3000 MMF 1200 V 
500 MMF 1200 V 
3500 PF 3000 V  

sm.• 

763A209H23 
762A757H03 

762A7�7H03 
IS7.\705HI4 
187A705H09 
203C872H23 

6708133i,Q4 
670813�G06 
.292B086Ci01 

2928526�"...04 
292852QG03 

3k !  5% 8W 12 REO) 18BA317HOI 
15K 10'%. 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AII6H01 

Gl LIGHTNING ARRESTER 877AII6H01 

COMPONENT 

Cl CAPACITOR 
C2 CAA!.C TOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

Ll02 POT CORE 
U03 POT CORE 
Ll05 COIL 

T3 TRANS.FORMER 
T4 TRANSFORMER 

R6 RESISTO R 
R7 RESISTOR 

.Q!:�'PTION 

1000 �MF 5QOV 
390 \4MF 50QV 
1000 MMF 500 V 
300 MMF SOO V 
3000 MMF1200\ 

300 PF JOOOV 

STYLE 

762A757H02 
762A757HI5 
762A757H02 
187A 584H 09 
187A7C5HI4 

20!C872H21 

6708 133!:04 
670BI33G06 
292 8086GOI 

292B526C<l4 
2928526-:>03 

3K !  5% BW (2 Jt[O) la8A317H01 
15K 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 877A116HOI 

Gl LIGHTNING ARREST£R 

1 4 6 1 C 40 GI2 G54 

COMPONE'f!:. 

Cl CAPACITOR 
C2 CAFti.CITOR 
C3 CI',PACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

Ll02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRAN!FORMER 

�SCRIPTION 

1000 MMF 500V 
250 MMF 500V 
1000 MMF 500 V 
180 MMF 500 V 
300 MMF 1£00 \' 
2500 MMF 1200 \' 
2800 PF 3000V 

877AU6H01 

sm.E 

762A757H02 
861A846HII 
762A757H02 
762A757HIO 
o87A7C5H06 
187A705HI3 
20!.C872H20 

670 8133G04 
670 BI33G06 
2929086GOI 

.2928526004 
2928526003 

R6 RESISTOR 
R7 RESISTOR 

3K !  5% BW 12 REQI 188A317HOI �k 10% 2W 187A64?..H5!5 

Gl LIGHTNING ARRESTER 877AU6H01 
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1461C40GI31G�� 

Cl CAN.CITOR 
C2 CAMCITOR � C3 ;APACITOR 

I �  �=�:�g: � C7 CAPACITOR 

l U02 � CORE  lj Ll03 POT aJRE: 
LIO$ COIL 
T3 -AANSFORIIIER 

, T4 "'"MNSFORMER 
j : =� ��!��= 

OESCRIPTK!i_ 
1000 MfotF 50CV 
!00 M�F 500V 
'000 MW 500V 
)6 MMF � V  
� 0  MUFI�OOV 

Jtt ! �% fiW l2 RIQI 
·�I( IQ% 2W 

STYLE 
1'62:A757H02 
762A757HOI 
762A757H02 
763A2.09H14 
IA7A705H 13 

203C812H19 1 
6709133G04 
<i70813,G06 
�929086001 
2CJ29526004 1 
l92B526G03 I 
•BI!A317HOI I 
11&7A642H55 , 

� Gl LIGHTNING ARREST£R 877A116HOI I 

COMPONENT 
Cl CAPACitoR 

C3 :APACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

CT CAPACITOR 

LI02 POT COR£ 
Ll03 POT COR£ 
LI05 COIL 
T3 ;RANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

� 
1500 NMF' SOQV 

270 MMF 500 V 
1500 MMF 500 V 4000 MMF 1200 V 

2400 PF 3000V 

STYLE 
762A757H03 

76ZA757HIZ 
762A757H03 
187A705HI5 

2C3C872H18 

6708133G05 
6708133G07 
292B086GOI 
292e26004 
2928526003 

3K t 5� 8W IZ RfQ) 188A317HOI 151< IO"Jr. 2W 187A642H55 

� 
Cl CAPACITOR 
C2 CAAU:ITOR C3 CAPACITOR 
C4 CAPACITOR 
C!> CAPACITOR 
C6 CAPAC I TOR 
C7 CAPACITOR 

L102 POT CORE: 
L•03 �T CORE 
Ll05 COIL 

I T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

DESCR PTION 
360 MMf' 500V 
620 \4MF 500V 
820 MMF 500 V 
100 ... MF 500 V 
200 \4�4F 1200 I. 
2000 \4MF 1200 V 
2200 Pf 300C· \' 

.ill'!£ 
762A757HI4 
187A584HII 
762A757H22 
'162A757 HOI 
iS7A 70'H04 
187A70�i H 12 
203C872H17 

I 
6708 133�04 , 
670813JG06 Z9280El6GOI 
:O:�l8526({)4 1 292852tic.o3 ! 

i 
3ft 1 5% 8W 12 RIE.Q) 188A317!101 ' 
l!iK 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AII6HOI 

1461C40GII,G60 

� 
Cl CAPACITOR 
C2 CAFaCITOR C3 CAPACI'TOR 
C4 :APACITOR 
C, CAPI'CITOR 

C7 •.;APACITOR 

LI02 POT CCI£ 
Ll03. POT CORE 
LID' COIL 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

� 
1000 MMF' !SOOV 
360 MMF !500V 
82 MMF 500V 
1500 MMF 500 V 4000 MMF' 1200 V 

2100 PF 300\)V 

STYLE 
'T62A757H02 
f62A757HI4 
763A209H23 
762A757H03 
187A705HI5 

2C3C872HI6 

67JBI33G05 
67·JBI33G07 
292B086GOI 
2928526004 
2928526003 

3k 1 5% OW 12 REQl IE8A317H01 
�k IO"Jr. 2W !67A642H55 

1--'Go_l -'L.:IG=:HT"'N"ING=-..::AIIR£STE==""------'8"-'7.:_7A:.:1::16::.:HO:<:I...J Gl LIGHTNING ARRESTER 877AII6HOI 

1461C40GZI,G6:5 

� 
Cl CAPilCITDR 
C2 CAMCITOR C5 CAPACilOfli 
C4 CAPACITOR Q CAP!f.CITOR 
C7 CAPACITOR 

U02 POT COR£ 
Ll03 POT COR£ 
LIOS COIL 
T3 TRANSFORMER 
T4 TRANSFORMER· 

DESCRIPTION 
560 MMF SOOV 
62.0 ,.. 500V 
1000 MMF !500V 
130 lriiMF SOOV 
2500 MMFI2COV 

I� Pf' 300CV 

STYLE 
762A757HI4 
187A584HII 
762.A757H02 
762A757H07 
187A705HI3 

203C872HII 

6108133G05 
6708133G07 
2929086GOI 
2928526004 
292B526G03 

R6 RESISTOR 
w R7 RESISTOR 

31< t Mit 8W 12 R£Q} 188A317HOI �K 10� 2W 187A642H55 

G.! LIGHTNING ARR£ST£R 

1461C40 G25,G67 

COMPONENT 
Cl CAPACITOR 
C2 CAMCITOR C3 CAF"ACilOR 
C4 :APACITOP. 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

ll02 POT CORE 

j t:&� �L 
CORE 

T3 TRANSfORMER 
T4 TRANSFORMER 

� 
300 M'-'F 500V 
300 MMF !SOOV 
82 MMF !500V 
120 MMF 500 V 
200 MMF 1200 \,' 
1500 hi�F 12CX> V 
900 PF 5000V 

877AII6HOI 

-� 
187A584H09 
187A584H09 
763A209HZ3 
187A584HII 
187A705H04 
187A705HII  
203C872H06 

6708133G05 
670BI33G07 
2928086G01 
2928526004 
29285Z6G03 

R6 RESISTOR 
R7 RESISTOR 

3K t 5% 8W 12 REO) 188A317H01 
1$K 10"'- 2W 18i"\642H55 

Gl LIGHTNING ARRESTER 877A116H01 

r------
-- ---'=' •=•=' c=·=���='•�o7_' 

____ __, � DESCRIPTION 
Cl CAPACITOR 180 MMF 500V 
C2 CAFACITOR 200 MMF 500 V 
C3 CAPACITOR 200 MMF 500V 
C4 CAPACITOR 250 MMF 500 V 
C5 CAPACITOR 1500 MMF 1200 V 

C7 CAPACITOR 

ll02 POT CORE 
Ll03 POT CORE 
LID$ COIL 

900 PF 3000V 

STYLE 
762A757HI0 
762A757H11  
762A757HII 
861A846HI1 
187A705Hll 

203C872� 

6708133G05 
6708133G07 
2928086-:iOI 

1461C40G22,G64 

COMPONENT 
Cl CAPACITOR 
C2 CAPACITOR C3 CAPACITOR 

C5 CAP!f.CITOR 

C7 CAPACITOR 

LI02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTION 
250 MMF SOOV 
620 M\W 500 V 
1000 MMF 500 V 

2500 MMF 1200 V 

1300 PF 500::1V 

STYLE 
861A846HII 
187A584HII 
762A757HC2 

187A705Hi3 

203C872HI0 

67·::18133G05 
6708133001 
292B086GOI 
292B-J26G04 
2i28�26G03 

3K 1 5'7. 8W 12 REQ} 18eA317H01 
15K 10% 2W 187A642H55 

Gl LIGHTNING ARR£5T£R 877A116H01 

1461C40 G26,G68 

COMPONENT 
Cl CAPACITOR 
C2 CAMCITOR 

C4 :APACITOR 
C5 ::APACITOR 

C1 CAPACITOR 

U02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 
T3 ·rRANSFORMER 
T4 .'"RANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

OESCRIPTIC!i_ 
270 MMF 50C V  
270 M MF'  50CV 

620 MMF 50C V  
1500 hiMF 1200 V 

800 PF 3000V 

.STYLE 
762A757tt2 
762A757HI2 

187A584HU 
IS7A705HII 

203C872H05 

670BI33G05 
6708133G07 
2928086MI 
2928526004 
292B526G03 

3K 1 5% IIW 12 REQ) 188A317H01 
15K 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AII6H01 

COMPONENT 
Cl CAPACITOR 
CZ CAFACITOR 
C3 CAPACITOR 

C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

LI02 POT CORE 
L103 POT CORE 
Ll05 COIL 

1 4 G I C 4 0 G30,G72 

DESCRIPTIO.!:!.. 
82 MMF 500V 250 MMF SOC· V 
390 MMF 500V 

400 MMF 1200 V 
1000 MMF1200V 
750 PF 3000V 

STYLE 
763A209H23 
861A846HII 
762A757HI5 

131A705H08 
137A705HO 
203C872HQo: 

6708133G05 
6708133G07 
2928086GOI 

1461C40GI5,G57 

COMPONEIIT 
Cl CAPACITOR 
C2 CARI.C TOR C3 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

LI02 ?OT CORE 
Ll03 POT CORE 
ll05 COIL 
T3 TRAN�FORMER 
T4 mANSFORMER 

R6 R:ESISTOR 
R7 RESISTOR 

���P-ICN 
2!)0 .. MF 500V 
620 'otMF �V 
82.0 MMF 500 V 

!500 MMF 1200 V 

2000 PF 3000V 

� 
861A846HI I 
187A584HII 
7f;2A757t£2 

•87A70'5HU 
20�CB72HI5 

0708 133GQ4 
670813JG06 29280fi6GOI 
292852t5W4 
.:92B521)c.m 

3k t !;'f. 8W {2 MQ) l8M317H01 
15K 10% 2W '87A642H55 

Gl LIGHTNING ARRESTER 871A116H01 

1461C40GI91G61 

COMPONENT 
Cl CAPACITOR 
C2 CAMCITOR C3 CAPACITOR 
C4 •:APACITOR 
C5 ':APACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

ll02 POT tatE 
Ll03 POT CORE 
Ll05 COIL 
T3 TRANSFORMER 
T4 7RANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

D�RIPTION 
1000 M'-IF SOOV 
200 a.NF 500V 1000 MMF SOC V 
390 MMF �V 
3000 MYF 1200 V 
500 MMF 1200 V 
1900 PF .30Qi)V 

STYLE 
762A757H02 
762A�7HII 
762A757H02 
762A757H15 
18"7A705HI4 
187A705 H09 
203C872H 14 

6708133G05 
6708133G07 
2928086GOI 
2928526004 
2928526G03 

3K t 5% 8W 12 REQI 188A317HOI 
15K 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 817AII6H01 

1461C40G23,G65 

COMPONENT 
Cl CAPACITOR 
C2 CAAlCITOR C3 CAPACilOR 
C4 CAPACITOR 
C5 CAP!f.CITOR 
C6 CAPACITOR 
C7 :APACITOR 

LIOZ POT CORE 
U03 POT CORE 
Ll05 COIL 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTION 
150 hiMF 500V 
620 MMF 50QV 
62 MMF 500V 820 MMF 50C V  
200 MMF 1200 V 2000 hiMF1200V 
1100 PF 5000V 

STYLE 
861A846H� 
187A584HII 
763A209H20 
762A757H22 
1d7A705H04 
187A705HI2 
203C872H08 

6708133005 
6708133G07 
2928086001 
2928526004 
292B526G03 

3 K !  5% OW IZRUI 188A317HOI 
15K 10"'- 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AII6HOI 

1461C40G27,G69 

� 
Cl CAPACITOR 
C2 CAFIII.CITOR C3 CAPACITOR 
C4 CAPACITOR 
C$ CAPACITOR 
C6 CAPACITOR 
C1 CAPACITOR 

UOZ POT CORE 
Ll03 POT CORE 
Ll05 COIL 
T3 ·-RANSFORMER 
T4 "I"RANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

� 
300 MMF 50CV 
180 hl-"'f 50CV 
300 MMF 500 V 
250 MhiF !500V 
400 MMF 1200 V 
1500 MMF 1200 V 
1100 PF 3000V 

STYLE 
187A584H 09 
762A757HI0 
187A584H09 
861A846HII 
187A705H08 
IB7A705 HI I  
203C872H08 

6708133G05 
6708133GQ7 
292B086"'�1 
2928526004 
292B526G03 

3K t 5% 8W (2 REQI 188A317H01 
15K 10% 2W 187A642H55 

Gl liGHTNING ARRESTER 871A116H01 

COMPONENT 
Cl CAPACITOR 

C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 :APACIT,OR 
C7 :APACITOR 

LI02 POT CORE 
ll03 POT COFiE 
Ll05 COIL 

1 4 6 1 C 4 0 G31 ,G73 

�().!!_ 
300 MMF 500V 

150 MMF500V 
200 MMF 50CV 
200 MMF 1200 V 
1000 MMF 1200 V 
650 PF 3000V 

STYLE 
187A584H09 

861A846H 25 
7G2A757HII  
1 8 T A 705H04 
187A705H10 
203C672 H02 

6708133G05 
670BI33G07 
292B086GOI 

1461C40GI6.G58 

COMPONEI:!!_ 
C1 CAPACITOR 
C2 CAAfi.CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C1 �PACITOR 

ll02 POT CORE 
Ll03 POT CORE 
LIO$ COIL 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

_Q!:�IPTION 
ISO MMF 500V 
620 MMF 500V 
130 MMF 500 '/ 
620 MMF500V 
300 MMF1200 V 
1500 MMF 1200 V 
1800 Pf 1000V 

STYLE 
762A757HIO 
187A584HII 
762A 757H07 
187A584H II 
$ 7 0. 7051-()6 
187A705 HII 
203C872HI3 

�ifO EI133G04 
'i70BI33G06 
J�2 9086GOI 2:928:'\26004 .?9285C.6G03 

3K :!: 5% 8W 12 REOI •88A317H()I 
I�K 10% 2W i97A642H55 

Gl liGHTNING ARRESTER IJ77A116H01 

COMPONENT 
Cl CAPACilOR 
C2 CAMCITOR C3 CAPACitoR 
C4 CAPACITOR 
C5 :APACITOR 

C7 CAPACITOR 

LI02 POT CORE 
L103 POT CORE 
LJ05 COIL 
T3 "-RANSFORMER 
T4 TRANSFORMER 

R6 FtESISTOR 
R7 RESISTOR 

DESCRIPTION 
1000 MMF 500V 
82 frtr.tf' 500V 1000 MMF 500 V 
250 MMF 500 V 3000 hiMF 1200 V 

1700 PF 5000V 

_STYLE 
762A757H02 
763A209H23 
762A757H02 
861,A$46 Hll 
187A705HI4 

203C872HI2 

6708133005 
670BI33G07 
2928086GOI 
2928526004 
2928526603 

3K t 5% ftW 12 REQI 188A317H01 
15K 10% 2W 167A642H55 

Gl liGHTNING ARRESTER 877AII6H01 

1461C40G24,G66 

COMPOHENT 
Cl CAPACITOR 
C2 CAFACITOR C3 CAPACITOR 
C4 CAPACITOR 
C6 CAPACITOR 

C7 CAPACITOR 

LI02 POT CORE 
L103 POT CORE 
Ll05 COIL 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTION 
56 MhiF 500V 
620 MMF 500V 
390 MMF 500V 
390 MMF 50C V  2000 MMF 1200 V 

1000 PF 3000V 

� 
763A209H I9 
187A 584HII 
762A757HI5 
762A757HI5 
187A705HI2 

203C872Ha7 

670BI33G05 
6708133G07 
2928086GOI 
2928526004 
292B526G03 

3K t 5% OW 12 REQ) 188A317HQI 
15K 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 877Ait6HOI 

1461C40G28,G70 

CO,.PONENT 
Cl CAPACITOR 
C2 CAPACITOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAF'tlCITOR 
C6 CAPACITOR 
C7 CAPACITOR 

UOZ POT CORE 
Ll03 POT CORE 
ll05 COIL 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

_DESCRIPTION 
180 hiMF500V 
250 MMF 500V 
250 MMF 500V 
250 MMF 500 V 
200 MMF 1200 V 
1500 MMF 1200 V 
1000 PF 3000V 

_!TYLE 
762A757HIO 
861A846HIJ 
861A846HU 
861A846HII 
167A705H04 
187A705HII 
203C872H07 

67•JBI33GO!i 
67oJ8133G07 
2928086GOI 
2928526004 
2928526003 

3K :!: 5% 8W 12 REQ) IE6A317HQI 
15K 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AII6H01 

COMPONENT 
Cl CAPACITOR 
C2 CAFr�CITOR 
C3 CAPACITOR 
C4 CAPACITOR 

C6 ':APACITOR 
C7 ::APACITOR 

ll02 POT CORE 
U03 POT CORE 
Ll05 COIL 

1 4 6 1 C 4 0 G32, G74 

DESCRIPTION 
20 MMF 500V 
250 MMF 500V 
130 MMF 500 V 
180 MMF500V 

1000 MMF 1200 V 
600 PF 3000V 

STYLE 
763A209H07 
861A846HII 
762A757H07 
762A757HI0 

l87A705HI0 
203C872H02 

6708133G05 
6708133G07 
292 8086GOI 

T3 iRANSFORI,I[R 
T4 "rRANSFORMER 

2928526004 T3 TRANSFORMER 2928!126004 T3 TRANSFORMER 2'326526004 T3 ·rRANSFORMER 2928526G04 
2928526G03 

R6 RESISTO R 
R7 RESISTOR 

292B526G03 T4 TRANSFORMER 

3K ! 5't'. 8W tz REQ) 18&A3l7H01 R6 RESISTOR 
15K 10% 2W 167A642H55 R7 RESISTOR 

292B526G03 T4 TRANSFORMER 

3K t 5�. BW (2 REO) 188A317HOI R6 RESISTOR 
�K 10-r. 2W 187A642H55 R7 RESISTOR 

2928526G03" T4 TRANSFORMER 

3K ! 5�. UW (2 REQ) 186A317H01 
15K 10�. 2W 187A642H55 

R6 RESISTO R 
R7 RESISTOR 

3K t 5�. OW (2 REOI 188A317H01 
15K 10,-. 2W 187A642H55 

Gl liGHTNING ARRESTER 877AII6HOI LG�I�L��H�T�NI�NG�AA�R�E�ST�E�R--------�·7��� Gl LIGHTNING ARRESTER 877A1 16 HOI Gl L�HTNING��·�R�RE�ST"'E�R ________ �8�77�A�i16�H�0�1 � 
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1 4 6 J C 4 0 G 3�G75 

� DESCRIPTION 

Cl CAPACITOR MMF 500V 
C2 CAR\.CITCR MMF 500V 
C3 CAPACITOR MMF 500 V 
C4 CAPACITOR MMF500V 
C5 CAPAC ITO.!'( MMFI200 V 
cs CAPACITOR M'-'F 1200 V 
C7 CAPACITOR PF 3000V 

ll02 
Li03 
LIOS 

T3 TRANSFO'l'![R 
T4 TRAI\SFOC!�.'ER 

RG RESISTOR 3K ± so;., 8W (2 REO) 
R7 RESISTOR '" 10% 2W 

Gl LIGHH.m;:; A'lPESTER 

1 4 6 1 C  40 G3?,_G79 

C2 CAFJl.CITOR 
C3 CAPACITOR 
C4 r.APACITOR 

C6 CAPACITOR 
C7 CAPACITOR 

U02 POT CORE 
ll03 POT CORE 
U05 POT CORE 

T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

MMF SQOV 
MMF 500V 
MMF 500V 

MMF 1200 V 
PF 3000V 

3K ± S"fo BW I2 REQ) 
15K 10% 2W 

Gl LIGHTNING ARRESTER 

STYLE 

763A209HI9 
762A757HI2 
762A757Hit 
763A 209 H I 2  
t87A7Q5r;o4 
187A705H09 
203C872H09 

670 8 1 3 3 G09 
670Bi33GC8 
6708133G09 

2928526004 
292B52GG03 

188A317H01 
167A642H55 

87U..I IGHOI  

861A846 H I I  
861A846H25 
763A2 09H07 
187A705 H09 
203C872H07 

6708133G09 
6708133G08 
670BI33G09 

2928526004 
292B526G03 

188A317HOI 
187A642H55 

877AII6H01 

1 4 6 1 C 4Q G34.!.G76 

� DESCRIPTION 

" LAR\.CITOR MMF 500V 
C3 CAPACITOR Mt.1F 500V " CAPAC ITOR MMF 500V 
C5 CAPACITOR MMF 1200 V 
C& CAPAC I l OR MMF 1200 V 
C7 CAPACITOR PF 3000V 

L'02 POT 
L103 POT 
LIOS POT 

T3 TRAt�SFORI,{ER 
T4 TRANSFOR MER 

RS RESISTOR 3K ± s% 81'1 (2REQI 
R 7  RESISTOR '" 10% 2W 

VI LIGHTNING ARRESTER 

COMPONENT 

C l  CAPACITOR 
C2 CAPACITOR 
C3 CAPACITOR 
Ccl CAPACITOR 

C6 CAPACITO::l 
C7 CAPACITOR 

Ll02 POT CORE 
Li03 POT CORE 
L105 POT CORE 

T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

OESC!liPTION 

MMF 500V 
MMF 500V 
MMF 500V 
MMF 500V 

MMF1200 V 
PF 3000V 

3K t 5�/g SW (2 REQ) 
15K 10% 2W 

Gl LIGHTNING ARRESTER 

COMPONENT 

Cl  CAPACITOR 
C2 CARI.CITOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

U02 POT CORE 
ll03 POT CORE 
L105 POT CORE 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

MMf SOOV 
MMF 500V 
MMF SOOV 
MMF 500V 
MMf 1200 V 

PF 3000\r' 

�O G35,G77 

STYLE COMPO��EI>J!_ DESCRIPTION 

Cl CAPACITOR MMF SOOV 
1 8 7 A 584H09 C2 CAAlCITOR MMF 500V 
762A75 7 H I I  C3 CAPACITOR MMF 500 V 
763A209H07 C4 CAPACITOR MMF 5COV 
187A 705HQ4 C5 CAPACITOR MMF 1200 V 
187A705 H09 C6 CAPACITOR MMF1200 V 
203C872 H09 C7 CAPACITOR PF 3000V 

670 8 1 3 3 G09 Ll02 POT CORE 
670BI33GC3 ll03 POT CORE 
670BJ33G09 Ll05 POT CORE 

292B526G04 T3 TRANSFOR�.'ER 
292B526G03 T4 TRANSFORI,I[R 

18BA317H01 RS RESISTOR 3K ± 5�/o BW (2 R£QI 
187A642H55 R7 RESISTOR '" 10% 2W 

877AIISH01 Gl LIGHTNif�3 AF:RESTER 

1 4 6 1 C 40 G3'3,G81 

STYLE � 
76 3A209HI2 
762A757HII 
762A 7571-107 
763A209HI2 I �a;3

A
C
7�7

5
2 ��6 � 

670 BI33G09 11. 
670BI33G08 
6708133GO� 

COMPONENT 

C l  CAPACITOR 
C2 CARl.CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

LIOZ POT CORE 
U03 POT CORE 
LI05 POT CORE 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

MMF 500V 
MMF 500V 
MMF 500V 
MMF 500\r' 
MMF 1200 V 

PF 3000V 

29?8526004 ! 
2928526G03 i 
188A31n:QI I 
187A642H55 I 

877AIIGHOI I i �� :�;:;�g: �� t 5:�
%

8��2 REQJ 

l.9�TNING ARRESTER 

1 4 6 1 C 4 0 G42,G84 

STYLE 

763A209H07 
861A846H25 
762A757HOI 
763A209 H07 
1 8 7 A 705H08 

203C872 H02 

CZ CARI.CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

6708133G09 L102 POT CORE 
6708133G08 Li03 POT CORE 
670BI33G09 Ll05 POT CORE 

2928526004 T3 TRANSFORMER 
2928526G03 TRANSFORMER 

MMf SOOV 
MMF SOOV 
MMF 500V 
MMF I?OO V 
PF 3000V 

STYLE 

861A846H25 
861A846H25 
861A 846H25 
763A209 H I 9  
187 A 705H08 187A705H04 
203C8721-!08 

670 8133G09 
6708133G08 
670B I33C09 

2928526G04 
2928526G03 

188A317H01 
187t.642N3� 

877t'.IIGH01 

STYLE 

763A209HI9 
8 6 1 A 846H25 
763A209H20 
7S3A2.09H23 1 
187A70�H08 

203C872H05 

670 B I33G09 
670BI 33GOB 
670 8 133G09 

2928526G04 
2928526G03 

188A317H01 
187A642H55 

877AII6H01 

861A846 H 25 
763A209H23 
763A209HI2 
187A705HOB 

203C872H01 

670 8133009 
670 8133G08 
670BI33G09 

2928526004 
292B526G03 

RG RESISTOR 
R7 RESISTOR 

3K t 5% SW (2 REQ) 188A317H01 R6 RESISTOR 3K t 5% 8W(2 REQI 188A317H01 
1511. 10% 2W 187A642H55 R7 RESISTOR 1511. 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AI16H01 Gl LIGHTNING ARRESTER 877A116HQI 

I.L. 41 -945.74 

1 4 6 1 C 4 0 G36,G78 

� DESCRIPTION 

Cl CAPACITOR MMF �OV 
C2 CAAlCITOR MMF 50QV 
C3 CAPACITOR MMF 500V 
C4 CAPACITOR MMF50011 
C5 CAPACITOR MMF 1200 V 
cs CAPACITOR MMF 1200 V 
C7 CAPACITOR PF 3000 V 

Ll02 POT CORE 
Li03 POT CORE 
Ll05 POT CORE 

T3 TRANSFORh'.ER 
T4 TRANSFORMEP. 

RS RESISTOR 3K ± 5"fo 8W (2 R£QI 
R7 RESISTOR '" 10% 2W 

Gl LIGHTNING ARRESTER 

COMPONENT 

C l  CAPACITOR 
C2 CAA:\.CITOR 
C3 CAPACITOR 
C<t CAPACITOH 
C"> CAPACITOR 

C7 CAPAC ITOR 

Ll02 POT CORE 
ll03 POT CORE 
L105 POT CORE 

T3 TRANSFOR'-'t:R 
T4 TRANSFORMER 

OESCRIPTI� 

MMF 500V 
MMF 500V 
MMF 500 'v 
MMF500V 
MMF 1200 V 

PF 3000V 

� 
763A209H20 
762A75 7 H I I  
763A209H20 
762A757H07 
187A70�H08 
1 8 7A70� HQ4 
203C 872 H08 
6708i33G09 
6708133GC6 
670BI3"3GO'l 

292B526GG4 
292B526G03 

188A317HQ· 
187A642HS:O 

877AIIGHO• 

STYLE 

763A2091-!j4 
861Afi46H25 
7€.2A757H01 
763A209H I? 
187A 705H08 

203C872H03 

670 8133(;09 
670BI33G08 
670 B I 33G09 

292B526GC4 
2928526G03 

R6 RESISTOR 3K ± 5% 8W ( 2  REQI 188A3J71-101 j 
R 7  RESISTOR 1511. 10% 2W 187A642H55 

I 
Gl LIGHTNING ARRESTER 877AII6� 
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Westinghouse I .L .  41 -945.71 
I N S T A L L A TI O N  • O P E R A T I O N  • M A I N TE N A N CE 

I N S T R U C T I @ N S  
TYPE TCF- 1 0  POWER L I N E  CAR R I E R  

FREQUENCY-SH I FT TRANS M I TTER EQU IPMENT 

1 WATT/1 0 WATT FOR KEYED AN D VOICE APPL I CATI O N S  

CAUTI O N :  I t  i s  recommended that the user of this 
equipment become thoroughly familiar with the 
information in this instruction leaflet before ener­
gizing the carrier assembly. Failure to observe this 
precaution may result in damage to the equipment. 

If the carrier set is mounted in a cabinet, it 
must be bolted down to the floor or otherwise 
secured before swinging out the equipment rack to 
prevent its tipping over. 

APPLICATIO N  

The Type TCF-10  carrier transmitter equip­
ment provides for the transmission of either of two 
closely controlled discrete frequencies, both within 
a narrow-band channel, over high-voltage trans­
mission lines. The center frequency of the channel 
can vary from 30 to 300 KHz in 0.5 KHz steps. The 
two frequencies transmitted are separated by 200 
Hz, one being at center frequency (fc) plus 1 00 Hz 
and the others at center frequency minus 100 Hz. 
The higher frequency, termed the Guard frequency, 
is transmitted continuously when conditions are 
normal. It indicates at the receiving end of the line 
that the channel is operative and it also serves to 
prevent false operation of the receiver by line noise. 
The lower frequency, termed the Trip frequency, is 
transmitted as a signal that an operation (such as 
tripping a circuit breaker) should be performed at 
the receiving end of the line. 

When frequency shift carrier is used in protec­
tive relaying applications, it is recommended that 
the trip frequency be transmitted at a higher power 
level to increase reliability of the system under 

conditions of abnormally high channel losses or 
line noise. The frequency is shifted from Guard to 
Trip by the closing of a protective relay contact, 
and the same contact also shifts the transmitter 
from a 1 -watt to a 10-watt output level. 

When electro-mechanical relays are used for 
keying from guard to trip frequency, the contact 
used is connected to the high voltage input of a 
buffering keying board. This board buffers the 
input so that random noise does not key the cir­
cuits. When solid state relays are used, the 20 V 
D.C. voltage used for keying is connected to the 
low voltage input of the buffering keying board. 

C O N STR U CTI O N  

The 1 watt/ 10  watt TCF-10  transmitter unit is 
mounted on a standard 1 9-inch wide chassis 5 1 I 4 
inches (3 rack units) high with edge slots for mount­
ing on a standard relay rack. Fuses, a pilot light, 
and a power switch are accessible from the front of 
the panel. See Fig. 6 .  All of the circuitry that is 
suitable for printed circuit board mounting is on 
four such boards, as shown in Fig. 13 The compo­
nents mounted on each printed circuit board or 
other sub-assembly are shown enclosed by dotted 
lines on the internal schematic. Fig. 2. The location 
of components on the four printed circuit boards 
are shown on separate illustrations, Fig. 3 ,  4, 5, & 6. 

External connections to the assembly are made 
through a 36-circuit receptacle, J3.  The r.f. output 
connection to the assembly is made through a 
coaxial cable jack, 12. 

. · I ll ross ihle con lingencies which may arise during installatio n .  operatio n .  or maintenance. and all 
dewi/.1 and \ 'aria l ions of this equipment do not purport to be covered by these instructions. !fji1rth er 
injomwlion is desired h 1 · purchaser regarding his particular installation ,  operation or maintenance of 
his eq ui[Jnlell l .  !he local Westinghouse Electric Corporation representative should be contacted. 
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A module extender test card, S# l 447C86G01 is 
available to facilitate testing. 

O P ER ATI O N  

The transmitter i s  made up  of four main stages 
and two filters. The stages include two crystal oscil­
lators operating at frequencies that differ by the 
desired channel frequency, a mixer and buffer am­
plifier, a driver stage and a power amplifier. One 
filter is located between the driver and the power 
amplifier and the second filter removes harmonics 
that may be generated by distortion in the power 
amplifier. 

A single crystal designed for oscillation in the 
30 KHz to 300 KHz range cannot be forced to 
oscillate away from its natural frequency by as 
much as ± 100 Hz. In order to obtain this desired 
frequency shift, it is necessary to use crystals in the 
2 MHz range. The crystals are Y l  and Y2 of Fig. l O  
The frequency of Y2 is 2.00 MHz when operated 
with a specified amount of series capacity, and the 
frequency of Y l  is 2.00 M Hz plus the channel 
frequency, or 2.03 MHz. Capacitor C55 and crystal 
Y2 in series are connected between the positive side 
of the supply voltage and the base of transistor 
Q5 1 ,  which operates in the emitter follower mode. 
The emitter is coupled to the base through C57, and 
with Y2 removed the base of Q5 1 would be held at 
appoximately the midpoint of the supply voltage by 
R5 1 and R52. The crystal serves as a series­
resonant circuit with very high inductance and low 
capacitance. The circuit can be made to oscillate at 
other than the natural frequency of the crystal by 
varying the series capacitor, C55. Increasing C55 
will lower the frequency of oscillations and reduc­
ing C55 will raise the frequency. 

Crystal Y 1 is connected in a circuit that is 
similar except for the addition of C53 and diodes 
D5 1 and D52. By adjustment of C52 this circuit is 
made to oscillate at 100 Hz above its marked fre­
quency. Capacitor C53 is not effective until D5 1 is 
biased in the forward direction and becomes con­
ductive. It is biased in the reverse direction until the 
relay control contact is closed, which places 45 
V.D.C. at terminal 3 of the printed circuit board. 
With D5 1 conducting, C53 is effectively in parallel 
with C52, and adjustment of C53 will reduce the 

2 

frequency by 200 Hz. The crystals taken individu­
ally have a greater variation of frequency with 
temperature than would be acceptable. However, 
by proper matching of the two crystals, the varia­
tion in their difference frequency can be kept within 
limits that permit holding the frequency stability of 
the overall transmitter to ± 1 0  Hz over a tempera­
ture range of -20 to ± 60° C. 

The frequencies produced by the two oscilla­
tors are coupled to the base of mixer transistor Q53 
through C62 and C63. The sum of the two frequen­
cies is so high that a negligible amount appears on 
the secondary of transformer T5 1 ,  but the differ­
ence frequency is accepted and amplified by Q53 
and Q54. 

When the relay control, or keying, contact is 
closed, it increases the output power from 1 watt to 
10 watts as well as changing the frequency from 
Guard to Trip. This is effected by reducing the 
emitter resistance of buffer-amplifier transistor 
Q54. When the keying contact is open, transistor 
Q55 receives no base current and is non­
conducting. Emitter resistor R 70 therefore is effec­
tively open-circuited. The level of output power is 
adjusted to 1 watt by means of R64. When Q55 is 
made conductive by closing the keying contact. R 70 
is placed in parallel with R68 and the amount of 
emitter resistance not bypassed by C66 can be 
adjusted as required to obtain a 1 0-watt output 
level. 

As is shown on the Internal Schematic, Fig. 1 ,  
the voltage for the keying circuit is obtained from 
the 45-volt regulated supply in the transmitter, and 
opening the single power switch deenergizes both 
the transmitter and the keying circuit. 

The driver stage consists of transistors Q56 
and Q57 connected in a conventional push-pull 
circuit with input supplied from the collector of 
Q54 through transformer T52. 

The driver filter, FLl O l ,  consists of a series­
resonant inductor and capacitor connected between 
the driver and power amplifier stages by appropri­
ate transformers T l  and T2. This filter greatly 
improves the waveform of the signal applied to the 
power amplifier. 
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The power amplifier uses two series-connected 
power transistors, Q2 and Q4 operating as a class B 
push-pull amplifier with single-ended output. Di­
odes D2 and D4 provide protection for the base­
emitter junctions of the power transistors. Zener 
diodes Z2 and Z4 protect the collector-emitter junc­
tions from surges that might come in from the 
power line through the coaxial cable. 

The output transformer T3 couples the power 
transistors to the output filter FL102. The output 
filter includes two trap circuits (L l 02, Cs.and L l 03, 
Cc) which are factory tuned to the second and third 
harmonics of the transmitter frequency. Capacitor 
Co approximately cancels the inductive reactance 
of the two trap circuits at the operating frequency. 
Protective gap G 1 is a small lightning arrester to 
limit the magnitude of switching surges or other 
line disturbances reaching the carrier set through 
the line tuner and coaxial cable. Auto-transformer 
T4 matches the filter impedance to coaxial cables of 
50, 60, or 70 ohms. 

The series resonant circuit composed of L l  05 
and CE is tuned to the transmitter frequency, and 
aids in providing resistive termination for the out­
put stage. Jack 1 102 is mounted on the front panel 
of the filter module and is used for measuring the 
r.f. output current of the transmitter into the coax­
ial cable. It should be noted that the filter contains 
no shunt reactive elements, thus providing a reverse 
impedance that is free of possible "across-the-line" 
resonances. 

The power supply is a series-type transistorized 
de voltage regulator which has a very low stand-by 
current drain when there is no output current de­
mand. The Zener diode Z 1  holds a constant base­
to-negative voltage on the series-connected power 
transistor Q 1 .  Depending on the load current, the 
de voltage drop through transistor Q 1 and resis­
tors R 1  and R2 varies to maintain a constant out­
put voltage. Capacitor C3 provides a low carrier­
frequency impedance across the de output voltage. 
Capacitors C 1  and C2 bypass r.f. or transient volt­
ages to ground, thus preventing damage to the 
transistor circuits. 

When keyed for voice by the voice adapter, 
transistor Q55 is keyed into class A operation so 
that its conduction can be modulated by the voice 
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input from the voice adapter. Potentiometer R82 is 
adjusted so that the nominal output of carrier is 
3 .25 watts ( 14  volts across 60 ohms). The voice 
input modulates the carrier through this transistor 
by varying the amount of conduction of Q55 so that 
the output power of carrier varies with the voice 
amplitude following the voice frequency compo­
nents. Since with Q55 completely non-conducting, 
R64 has been set to produce a 1 -watt output, maxi­
mum modulation on the side to shut off Q55 will 
not result in an output level of less than 1 -watt 
carrier at any time. Also since the output level has 
been set at 10  watts with Q55 completely conduct­
ing by the adjustment of R 70, the maximum modu­
lation on the side of turn on of Q55 will not result in 
a carrier output level of greater than 10 watts at any 
time. Thus the modulation for voice will not result 
in the output carrier level dropping below 1 watt 
and endangering the guard frequency for relaying 
purposes. 

The buffer keying board in addition to provid­
ing proper buffering, also contains logic for the 
proper keying of both frequency and output level in 
regards to protective relaying operation, voice 
adapter operation, and 52b contact operation. 

It should be remembered that protective relay­
ing operation has first priority. If the protective 
relay operates and puts a voltage input into any of 
the three input points labeled carrier auxiliary key­
ing, the transmitter will both frequency shift to trip 
frequency and full 10  watts output whether voice is 
called for or not. 

The operation of the 52b contact will remove 
the 10  watt keying output and permit the voice 
adapter to key to 3 .2 Watts output for AM voice 
modulation. This allows voice modulation on the 
trip frequency after the 52b contact has operated. 

Frequency 
Range 

Output 

Frequency 
Stability 

CHARACTE R I STICS 

30-300 kHz 

1 watt guard-1 0  watts trip-3.2 
watts voice (into 50 to 70 ohm 
resistive load) 

± 1 0 Hz from -20° C to +55° C. 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Frequency 
Spacing 

Harmonics 

Input Voltage 

Supply Voltage 
Variation 

Battery Drain 

Keying Circuit 
Current 

Temperature 
Range 

Dimensions 

Weight 

Two-way channel,-See Voice Ad­
apter Instruction Leaflet. 

Down 55 db (min.) from output 
level. 

48 or 1 25 v.d.c. 

42-56v. for nom. 48v. supply. 1 05-
1 40v. for nom. 1 25v. supply. 

0.5 a. guard 48 v.d.c. 
1 . 1 5a.  trip 

0.25 a. guard 1 25 v.d.c. 
0.5 a. trip 

4 rna. 

-20 to +55° C. around chassis. 

Panel height-S 1 / 4" or 3 r.u. 
Panel width- 1 9" 

1 2  lbs. 

I N STALLATION 

The TCF-10 transmitter is generally supplied 
in a cabinet or on a relay rack as part of a complete 
carrier assembly. The location must be free from 
dust, excessive humidity, vibration, corrosive 
fumes, or heat. The maximum ambient temperature 
around the chassis must not exceed 55° C. 

ADJ U STM E NTS 

The TCF - 10  1 W f lOW transmitter is shipped 
with the power output controls R64, R82 and R 70, 
set for outputs of 1 watt, 3.2 watts and 10 watts into 
a 60 ohm load. If it is desired to check the adjust­
ments or if repairs have made readjustment neces­
sary, the coaxial cable should be disconnected from 
the assembly terminals and replaced with a 50 to 70 
ohm non-inductive resistor of at least a 10 watt 
rating. Use the value of the expected input imped­
ance of the coaxial cable and line tuner. If this is 
not known, assume 60 ohms. Connect the T4 out-

4 

put lead to the corresponding tap. Connect an ac 
vacuum tube voltmeter (VTVM) across the load 
resistor. Turn power output control R64 to mini­
mum (full counter-clockwise). Turn on the power 
switch on the panel and note the de voltage across 
terminals 5 and 7 of 13. If this is in the range of 42 
to 46 volts, rotate R64 clockwise to obtain 4 or 5 
volts across the load resistor used. At this point 
check the adjustment of the series output tuning 
coil L 105 by loosening the knurled shaft-locking 
nut and rotating the adjustable core in and out a 
small amount from its initial position. Leave it at 
the point of maximum voltage across the load 
resistor used. Then rotate R64 farther clockwise to 
obtain the correct voltage for 1 watt in the load 
resistor, as shown in the following table. 

Then change to Trip frequency by connecting 
together terminals 7 and 1 2  of 13), and rotate R 70 
until the voltage across the load resistor is as shown 
in the following table for a 10 watt output. Recheck 
the adjustment of L105 for maximum output volt­
age and readjust R70 for a 10 watt output if neces­
sary. Tighten the locking nut on L 1 05. Open the 
power switch and remove the jumper used to key 
the transmitter to the 1 0  watt level. Key for voice by 
opening connection between terminals 1 2  and 7 of 
13. This is done by removing handset from tele­
phone hook switch of corresponding voice adapt­
er. 

Turn the power back on Adjust R82 for a 3 .2 
watt output across the load resistor ( 1 4V across 60 
ohms). Open the power switch, remove the jumper, 
remove the load resistor, and reconnect the coaxial 
cable circuit to the transmitter. 

VOLTAGE FOR 

T 1 06 1 WATT 3 .2  WATTS 1 0  WATTS 
TAP OUTPUT OUTPUT OUTPUT 

50 7. 1 1 2.7  22.4 
60 7.8 1 4  24.5 
70 8.4 1 5  26.5 

Follow the procedure outlined in the line tuner 
instructions for its adjustment. 

Normally the output filter (FL102) will require 
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no readjustment except as noted above. It is factory 
tuned for maximum second and third harmonic 
rejection, and for series resonance (maximum out­
put at the fundamental frequency) with a 60-ohm 
load. A small amount of reactance in the transmit­
ter output load circuit may be tuned out by read­
justment of the movable core of L 105. This may be 
necessary with some types of line coupling equip­
ment. The adjustable cores of L 1 02 and L l 03 have 
been set for maximum harmonic rejection and no 
change should be made in these settings unless 
suitable instruments are available for measuring the 
second and third harmonic present in the transmit­
ter output. 

The operating frequencies of crystals Y I and 
Y2 have been carefully adjusted at the factory and 
good stability can be expected. If it is desired to 
check the frequencies of the individual crystals, this 
can be done by turning the matched pair 1 80° and 
inserting a crystal in its proper socket with the other 
crystal unconnected. A sensitive frequency counter 
with a range of at least 2.2 MHz can be connected 
from TP5 1 to TP54. (Connection to TP54 rather 
than to TP53 provides a better signal to the counter 
and avoids some error from the effect of the count­
er input capacitance on the oscillator circuit.) While 
measurement of the oscillator crystals individually 
is necessary for the initial adjustment of the oscilla­
tors, generally any subsequent checks may be made 
with a lower range counter connected at the trans­
mitter output. If any minor adjustment of the 
Guard and Trip frequencies should be needed, the 
Guard adjustment should be made with capacitor 
C52 and the Trip Adjustment with C53 .  

MAINTENANCE 

Periodic checks of  the transmitter Guard and 
Trip power outputs will detect impending failure so 
that the equipment can be taken out of service for 
correction. At regular maintenance intervals, any 
accumulated dust should be removed, particularly 
from the heat sinks. It is also desirable to check the 
transmitter power output at such times, making any 
necessary readjustments to return the equipment to 
its initial settings. 

I.L. 41-945.71 

Voltage values should be recorded after adjust­
ment in order to establish reference values which 
will be useful when checking the apparatus. The 
readings will remain fairly constant over an indefi­
nite period unless a failure occurs . However, if 
transistors are changed, there may be considerable 
difference in these readings without the overall 
performance being affected. 

Typical voltage values are given in the follow­
ing tables. Voltages should be measured with a 
VTVM. Readings may vary as much as ±20%. 

TAB L E  I 

TRAN S M ITTER DC M EAS U R E M E NTS 

Note: All voltages are positive with respect to Neg. 
45 V. TP5 1 ). All voltages read with de VTVM. 

Test 
Point 

Voltage at 
I Watt 
Output 

Voltage at 
10 Watts 
Output 

Voltage at 
3 .2  Watts 

Output 

48V 1 2SV 48V 1 2SV (For Voice) 

TPS2 20 20 20 20 20 

TPS3 S.4 SA S.4 S.4 SA 

TPS4 3.4 3.4 3.4 3.4 3 .4 

TPSS 2 1  2 1  1 8.S 1 8 .S 

TPS6 2 1  2 1  1 8 . S  1 8.S 

TPS7 *< l .O l .O *<l .O l .O 

TPS8 44.3 1 00 44. 1  100 

TPS9 *< l .O l .O *< 1 .0 l .O 

TERM 1 POWER 0 0 0 0 

TER M  1 7  AMP 2 1  ± 2 SOY 2 1  ± 2 SOY 

TERM 3 1  MODULE 44.3 100 44.0 1 00 

TABLE I I  

TRA N S M ITTE R R F  M EAS U R E M ENTS 

Note: Voltages taken with transmitter set to indi­
cated output across 60 ohms. These voltages subject 
to variations, depending upon frequency and tran­
sistor characteristics. T5 1 - 3 = Terminal 3 of 
transformer T5 1 .  Other transformer terminals iden­
tified similarly. All read with ac VTVM.  
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Voltag e 
at 3.2 

Voltage at Voltage at Watts 
I watt 10 watts Output 

Test Point Output Output (For 
Voice) 

TP54 to TPS I 0.01 5 - 0.03 0.0 1 5  - O.Q3 -

TP57 to TPSI 0.05 - 0.09 0.3 - 1 .2 -

TP59 to TPS I 0.05 - 0.09 0.3 - 1 .2 -

TI-l to TPS I 1 .65 5.6 -

Tl-3 to TP5 1  1 .45 4.9 -

Tl-4 to Gnd. .6 2.0 -

T2-1 to Gnd. PO WER .57 1 .85 -

TERM I TERM 17 �AMP 5.2 17.0 -

TERM 17 TERM 3 1  MODULE 5.2 17.0 -

T3-4 to Gnd. 35 1 12 -

T4-2 to Gnd. 3 1  1 10 -

TP109 to Gnd. 9.8 3 1  -

J l 02 to Gnd. 7.8 24.5 14 

C O NVE R S I O N  OF TRA N S M ITTER FOR 

CHAN G ED C HAN N E L F R EQU E N CY 

The parts required for converting a 1 WI l OW 
TCF-10  transmitter for operation on a different 
channel frequency consist of a pair of matched 
crystals for the new channel frequency, new capaci­
tors C l03 and C l04 on the power amplifier circuit 
board if the old and new frequencies are not in the 
same frequency group (see table on internal sche­
matic drawing) and, in general, new or modified 
filters FL1 0 1  and FL1 02. Inductors L lO l ,  L l02 and 
L 1 03 in these filters are adjustable over a limited 
range, but forty-two combinations of capacitors 
and inductors are required to cover the frequency 
range of 30 to 300 kHz. The widths of the frequency 
groups vary from 1 .5 kHz at the low end of the 
channel frequency range to 1 3  kHz at the upper 
end. A particular assembly can be adjusted over a 
somewhat wider range than the width of its as­
signed group since some overlap is necessary to 
allow for component tolerances. The nominal kHz 
adjustment ranges of the group are: 

30.0-3 1 .5 6 1 .0-64.0 1 1 3 .0-1 19.5 207 . 1 -2 14.0 
32.0-33.5 64.5-68.0 1 20.0-127.0 2 14. 1-222.0 
�4.0-36.0 68.5-72.0 1 27.5-1 35.0 222. 1-230.0 
36.5-38.5 72.5-76.0 1 35.5-143.0 230. 1-240.0 
39.0-4 1 .0 76.5-80.0 143.5- 1 5 1 .0 240. 1 -250.0 
4 1 .5-44.0 80.5-84.5 1 5 1 .5-159.5 250 . 1 -262.0 
44.5-47.0 85.0-89.0 1 60.0-169.5 262. 1 -274.0 
47.5-50.0 89. 5-94.5 170.0-1 80.0 284. 1-287.0 
50.5-53.5 95.0-100.0 1 80.5- 19 1 .5 287 . 1 -300.0 
54.0-57.0 100.5- 106.0 192.0-200.0 
57.5-60.5 106.5- 1 12.5 200. 1 -207.0 

6 

If the new frequency lies within the same fre­
quency group as the original frequency, the filters 
can be readjusted. If the frequencies are in different 
groups, it is possible that changes only in the fixed 
capacitors may be required. In general, however, it 
is desirable to order complete filter assemblies ad­
justed at the factory for the specified frequency. 

A signal generator, a frequency counter and a 
vacuum tube voltmeter are required for readjust­
ment of FLl O l .  The signal generator and the count­
er should be connected across terminals 4 and 5 of 
transformer T l  and the voltmeter across terminals 
1 and 2 of transformer T2. The signal generator 
should be set at the channel center frequency and at 
2 to 3 volts output. The core screw of the small 
inductor should be turned to the position that gives 
a true maximum reading on the VTVM. Turning 
the screw to either side of this position should 
definitely reduce the reading. The change in induct­
ance with core position is less at either end of the 
travel than when near the center and consequently 
the effect of core screw rotation on the VTVM 
reading will be less when the resonant inductance 
occurs near the end of core travel. 

The procedure for readjustment of the 2nd and 
3rd harmonic traps of filter FL102 is somewhat 
similar. A signal generator and a counter should be 
connected to terminals 3 and 4 of transformer T3, 
and a 500 ohm resistor and a VTVM to the termi­
nals of protective gap G 1 .  The ground or shield lead 
of all instruments should be connected to the 
grounded terminal of the transformer. Set the sig­
nal generator at exactly twice the channel center 
frequency and at 5 to 10  volts output. Turn the core 
screw of the large inductor L 1  02, to the position 
that gives a definite minimum reading on the 
VTVM.  Similarly, with the signal generator set at 
exactly three times the channel center frequency 
and 5 to 10  volts output, set the core screw of the 
small inductor, L 1 03 ,  to the position that gives a 
definite minimum reading on the VTVM. Then 
remove the instruments and the 500 ohm resistor. 

After the new pair of matched crystals have 
been adjusted, as described under "ADJUST­
MENTS", the transmitter can be operated with a 50 
to 70 ohm load (depending on which tap of T4 is 
used) connected to its output, and inductor L 105 
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can be readjusted for maximum output at the 
changed channel frequency by the procedure de­
scribed in the same section. 

If a frequency-sensitive voltmeter is available, 
the 2nd and 3rd harmonic traps may be adjusted 
without using an oscillator as a source of double 
and triple the channel frequency. Connect the 
frequency-sensitive voltmeter from TP109 to 
ground and adjust the transmitter for rated output 
into the selected load resistor. Set the voltmeter at 
twice the channel frequency and, using the tuning 
dial and db range switch, obtain a maximum on­
scale reading of the 2nd harmonic. Then vary the 
core position of L1 02 until a minimum voltmeter 
reading is obtained . Similarily, tune the voltmeter 
to the third harmonic and adjust L l 03 for mini­
mum voltmeter reading. Although the transmitter 
frequency will differ from the channel center fre­
quency by 100 Hz, the effect of this difference on 
the adjustment of the harmonic traps will be negli­
gible. It should be noted that the true magnitude of 
the harmonics cannot be measured in this manner 
because of the preponderance of the fundamental 
frequency at the voltmeter terminals. Accurate 
measurement of the harmonics requires use of a 
filter between TP I 09 and the voltmeter that pro­
vides high rejection of the fundamental. The inser­
tion looses of this filter for the 2nd and 3rd har­
monics must be measured and taken into account. 

R ECOM M ENDED TEST EQU IPM ENT 

I .  Minimum Test Equipment for Installation. 

I.L. 41 -945.71 

a. 60-ohm 1 0-watt non-inductive resistor. 
b. AC vacuum Tube Voltmeter (VTVM) or 

equivalent. Voltage range 0.003 to 30 volts, 
frequency range 60 hz to 330 kHz; imped­
ance 7.5 megohms. 

c. DC Vacuum Tube Voltmeter (VTVM) or 
equivalent. 

d. Module Extender Test Card S 1 447C86G01 
II .  Desirable Test Equipment for Apparatus Main­

tenance. 
a. All items listed in I .  
b. Signal Generator 

Output Voltage: up to 8 volts. 
Frequency Range: 20-kHz to 900 kHz 

c. Oscilloscope 
d. Frequency counter 
e. Ohmmeter 
f. Capacitor checker. 

Some of the functions of the recommended test 
equipment are combined in the type TCT carrier 
test meter unit, which is designed to mount on a 
standard 1 9" rack but also can be removed and used 
as a portable unit. 

R EN EWAL PARTS 
Repair work can be done most satisfactorily at 

the factory. However, replacement parts can be 
furnished, in most cases, to customers who are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data and 
identify the part by its designation on the Internal 
Schematic drawing. 
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� .2 
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AL :i= 4 } TO CALlO" 
ALARM DEV I C E  ';t 5 -

6 I 

7 2 

8 3 
Hsj 9 4 

1 0 5 
HS I I I  6 -r.1 c �--' 1 2  7 I 

t=C .. ;: -

P O S ,  D.C 

l 5 2 b  

-
I 

L -

P RO T E C T I V E  R E L AY O U T P U T  { = = 
(CARRIER AUX I L IARY ) - -
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1 7  
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• 22 
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-
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1-
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EG, D.C. INPUT 

OS. D.C.  INPUT 

EGULATED P O S . 4 5 V.D.C. 

5 V. D.C. 5 2 b  CONTACT 

O I C E  L E V E L  K E Y I N G  

8 V. O.C. 5 2 b  C O N TACT 

e v.D.c.} 
5 V D C  

CARRIE R AUXIL IARY RELAY 
• · • K E Y I N G  ( F S K  a lO W )  

o v.o.c. 

U D I O  RETURN 

U D I O  I N PUT 

JAC K \ 
REMOVE JU MPER � 

WHEN REMOTE 
HOOKSWITCH I S  USED 

kMOTE HOOKSWITCH ASSEMBLY ( WHEN USED) N OTE: ALL HOO K SWITCH CONTACTS ARE SHOWN 
I N  STAN DBY CONDITION < TELEPHONE -
HANDSET PLUGGED I N ,  AND HANGING ON H OO K )  
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FUSED NEG OUTjC I I 

- - - - - - - - - - - - -l 
I � lO W BOOST 

�---f-----::.: FREQ SHIFT 

25 1  
I 
I I 
I 
I 

COMMOO OR�, ��----------��------.-��--�---+--�--1---f--------i----���--� 
FUSED NEG. I I 

{ 48 v 52 b 125 v 

VOICE ADAPTER 

I I 1 15 1 17 

I I 1 27 
[_ 

02 

I 
I 
I 
I 
I .1 3 .2S W BOOST 

I 
I 

_ _ _ __ __ _ _ IJ:§oCB4GOI/G02] 
GOI FOR 48V 
G02 FOR 125V 

c·v,�P0NENT D E S C K I P T I 0o'l Sl'r' L E  N J ,  

C l  

C 2  

C J  

0 1  
02 

OJ 

04 
05 
06 

J l  

J 2  

R l  

R2 

R3 

R 4  

" '  

R 6  

R 7  

R6 

R9 

R I O  

R l l 

R l 2  

R I J  

. . .  

" "  

R l 6  

R l 7  

R I B  

R l 9  

R20 

R21 

R22 

R2J 

H24 

R25 

R26 

R27 

R26 

R29 

R30 

RJI 

RJ2 

RJJ 

RJ< 
a R3S j6 R35 

0 1  
02 

OJ 

0 4  

05 

06 
07 

08 

09 

Z l  

Z 2  

Z J  

Z 4  

Z 5  

Z 6  

F l  

F 2  

S l  

CAPAC! TOR 

CAPAC! T0R 

CAPAC I TOR 

, Q.t�7UI' 200V 84�A4371"!04 

, Q 4 7 UF 200V 64'JA43-rl0<4 

o 0 47UF' 200V 849A4: ' li0 4  

O I (iHl E  

D I 0 D E  

DI 0 D E  

DI �DE DI 0DE 
D I O D E  

JU,'1PER 

JU:-IPER 

I N 4 � 7 A  

I N 6 4 5 A  

I N 6 45A 

) .'l457A 

l.'l4"::>7 A  
L E O  

0 0t1M H E S I  ST<JR 

0 <JH1'1 R£.:>1 STJR 

J 8 , QI( o 50 h  �4 
S l o OK . � o .. 2 l  

RES I STDR 

RESI STDR 

RESl STCR 

RESI STCR 

RESI ST�Ii 

RES I ST"R 

R E S I S T O R  

H.ESI � T 0 R  

RESISTOR 

RESI STOR 

RESI STOR 

R E S I S H l R  

R E S I  S H l R  

R E .S l  S T 0 R  

R E S I  S T 0 R  

RESI S T 0 R  

RES I ST.JR 

HESl STOR 

RESJ STOR 

R E S I S T ;:l R  

R E S I  ST0R 

RESI ST0R 

R E S I S T O R  

f( £ 5 1  STOR 

RESISTOR 

RESl ST0R 

R E S I S T O R  

RES I ST0R 

RES I ST0R 

RESt STOR 

RES! SHlR 

RESIST0R 

RESISTOR 

RESl ST�R 
RESI STOR 
RESISTOR 

I S Q Q , Q  • so ... 2 1  

\ 8 . 0-1 • s o  .. 21 

S l o OK o SO W  2 %  

J S . QK o SO W  21 

1 50 0 · 0  • 5 0 �  2 %  

6 2 Q Q , Q  • SOlo 2·.: 

6 2 0 0 ·  0 . so w  21 

1 50 0 ·  0 • sow 21. 

6200· 0 • 50� 21 

1 5 0 0 · 0  • s o w  2 '%  

J Q , QK . SOlo/ 21 

J Q , QK . �ow 2% 

I 2 ,  OK • 5001 2% 

2 7 ·  o..: • 501!1 2 2.  

1 2 ·  Q,{ 0 s o w  2:4 

2 7 - 01'( o SO \rJ  21 

2 7 . 0.< . �ow 21 

j Q . Q.( • sow 2:0: 

} Q . Q,( . so w  21 
•
l 2 o Or< . SO l.· 21 

4 o 7)( o SOW 21 

J 2 , QK . so ;,  2% 

J 2 o QI( o !:! Q ioo 2% 

2 7 o OK , 5 0 \rJ  2 l  

2 7 o OI< • 5 0 \ol  2 %  

J Q . OK • 5010 2 2.  

4 o  71( o S Q \ol  2% 

1 2 . 01< . so �o�  21 

J 2 , QK . so w  2 1  

J Q , QK . SO W  2 :0:: 

) 2 o Q\{ • SO W  21 

4 .  ?K • SOW 2% 
IO.OK 3.00W 5% 

27.5K 3.00W 5"1. 

TRANSISTim 2N699 

TRA.'>ISI ST0R 2N699 

TRANSI ST<JR 2.'-.1 3 6 4 5  

Tk>v�Sl S H l R  2N699 

TRA\l S I ST0R 2N699 

TRANSI SHlR 2:'11 699 
TRANS! STOR 2NJ64S 

TRANS I ST0R 2N699 

TRANS I ST0R 2N3645 

ZENER I N J 6 8 6 B  2 0 . 0 V  
ZENER I N J 6 8 6 8  20. o v  
ZENER I N 3 6 8 6 fl  2 0 · 0 V  
Z E N E R  I N 9 5 7 B  6 · 8 V 
ZENER 11�9576 6 o 8 V  
ZENER I N 9 5 7 B  6 - S V  

FUSE I . S AMP 
FUSE 1. 5 AMP 
SWITCH 

1 � 4 A�55H.07 

S J ?A692t10J 

8 3 ? A 692ri03 

1 8 4A855H07 
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350BA22HOI 

8 6 2 A 4 7 0 H 0 1  

�62A478HOI 

62"} A 5 3 J H62 

6<:: � M 5 3 ! H.73 

6 2 '> 1- � ::'l l  H38 

62� � ':>3 J H62 

629 A � 3 1 H ? J  

629A531 H62 

6 2 9 A 5 3 1 H J 6  

629 A 5 3 1 1"1 5 1  

6 2 9 A 5 3 1 H 5 1  

6 2 9 A 5 3 1 H 3 6  

6 2 9 A 5 3 1 H S I  

6 2 9 A 5 3 1 H 3 6  

6 2 9 A 5 3 ! H 5 6  

6 2 9 A 5 3 1 H 5 6  

629 A 5 3 1 H58 

6 2 9 A 5 3 1 H 6 6  

6 2 9 A 5 3 1 H 5 8  

6 2 9 A 5 3 \ H 6 6  

6 2 9 A 5 3 1 H 6 6  

6 2 9 A S 3 1 H 5 6  

629A531r156 

6 2 9 A 5 3 1 H S 8  

6 2 9 A 5 3 1 H 4 d  

6 2 9 A 5 3 1 H 5 8  

6 2 9 A S J ! H 5 8  

6 2 9 A 5 3 i H 6 6  

6 2 9 A 5 3 1 H 6 6  

6 2 9 A 5 J I  H56 

629A5JIH48 

629A53!H58 

629ASJ I HSS 

6 2 9 A S J I H 5 6  

6 2 9 A 5 3 ! H 5 8  

629A53!H48 
763A I 2 7 H I 5  
763A I 2 6 H60 

1 8 4A638HI9 

1 8 4A 6 3 8 H 1 9  

� 4 9 A 4 4 1 H O I  

1 8 4A638H I 9  

1 8 4 A 6 J i! H 1 9  

1 8 4A 6 J 8 H I 9  

8 4 9 A 44 1 H O I  

\ 8 4A6J8 H 1 9  

8 4 9 A 4 4 1 H Q I  

1 8 5A2 1 2H06 

1 8 5A21 2ri06 

l t:! SA 2 1 2 H 0 6  

1 8 6AH7H06 
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1 � 6A797H06 

183A961H23 
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0-FOR GROUPS I S 2  
· - FOR G02 1<25 V £l C:  
b. - FOR GOI � 8 '/  OC 

@-OMIT FOR VOICE ABOVE 60KHZ 
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C62 

C59 

TP58 
R67 

TP56 TP59 

, I  

I 
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e-FOR GROUPS 3S4 (ON-OFF MODEl !If-FOR G04 (125 V D C. I 
frFOR G03 !48 V.D C J 

@-OMIT FOR VOICE ABOVE 60KHZ 

Fig. 10. Internal Schematic Transmitter Module 
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CAPAC I TOII ISOO· OOOPf SOOV 
CAPACITOR • IOOUF 200V 
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:����� ���� 
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Q
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CAPACinJR · 2 �0ur 20011 
CAPACIT0R .2sour 2oo11 
CAPACITI/JR o2S0Uf 2CIOV 
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CAPACITOR .:aour 20011 
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�:;

FORMER 
INJ6S68 

TRANSFORIIIER 

CAPACITOR · 1 00Uf 200V 
CAPACI TOR 2000.000P f SOOII 
CAPACI T0it 2000.0I)OPF 500II 
CAPACIHIR -2�0JF 20011 
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CJ,1Pil="I:::N T  UE::iC I H P r t o:� S T Y L E  .\Ia .  
- - - - - - - - - - -

C l  CAI-'ACI T 0 R  • 470UF 400V l o:HS A2'1 3 11 0 1  

G2 CAPAC I T 0 H:  • 470UF 4 0 0 V  l d d fi 2 9 3 H O I  

GJ CAPAC I T 0 R  • 4 7 0UF 4 0 0 V  I dtiA293110 I 

G• CAPAC I T O R  • 4 7 0 Uf .t!OO V l d i3A�93r101  

G 5  C A P A C  I Tilt-! • 25UUF 200 V 1 0 7A624HO?. 

G 6  CAPAC I T 0 R  • 25UJF 200V l d 7 0:.624H02 

C2 CAPAC I TOR . 220UF 400V 188A293H02 
C4 CAPACITOR • 220UF 400V t88A293H02 
1>1 L H oll UE I N 4022 l d � A 3 4 ?.H I I  

02 O l-0DE 1 1"402� 1 � 1:'\ A J .ti.� H  I I  

OJ L H OUE I N 48 2 2  I >:> O A J 4 2 H  I I  

D4 L H IJUE I N 4d22 I EHSAJ42H I I  

Z2 ZENER IN2009C 1 84A61 7H I4 
Z4 ZENER IN2009C 184A6 17H 14 
K l  � E S I  SHlK 2.7 I W  o•• 629A371 H.24 
R� R � S I  S T O R  lOO K 1 · 0 0 \ol  " I �  7AA�4H75 
HJ rtE�l S T O �  51 K 1 • DOW ,, J 6 7 R 6 4Jrl68 
ri4 k E S l  :::iT J R  2.7 I W .o•t. 629A371 H24 
H 5  KESI .'l T J K  1 a .  o . so�. 5Z 1 -i 7 A �'}()rl :) l  

"' H E S l STJrt . 27 J . Q Q '-. I O "l  1 8 4A 1', 3 6 r t H  

" 1 0  KESl S T J R  1 0 . 0  • s u  .. " I d 7 A ?. 9 Q ii,) l 

k l l � E ::i i  S T 0 R:  .27 1 · 0 0 '•- 1 0 4 l ri 4A6JI'> rl l ><l 
02,04 TRANSISTOR 2N634t ( MATCHED) 3508A21H04 

PAIR 

GOI - FOR 30-70 KHZ USE CI, C2,C3,C4 • .47 UF. 
G02- FOR 70-150'KHZ USE C2 ,C4• .47 UF 0t<IT C IS. C3. 
G03- FOR 150 TO 300 KHZ USE C2,C4 • .22 UF Ot<IT Cl a C3. 

Sub 6 
1477847 

Fig. 1 1 . Internal Schematic Power Amplifier Module 
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1461C 40 GOI,G43 

� D£SCRIPTION � 
Cl CAPACITOR 2�0 MMF 50011 861A846H20 
C2 CAAII.CITOR 2700 o.!MF �V 861A846H21 
C3 CAPACITOR 1500 MMF 50011 762A757H03 
C4 CAPACITOR 3300 'IIMF 500 V 187A584H26 
co CAPACITOR 4000 MMF 1200 V 187A705HI5 
C6 CAPACITOR 4000 MMF 1200\ 

�a;:z�1
'
2�� C7 CAPACITOR 1000 Pf :IOO()V 

LI02 POT COR£ 6708133G04 
Ll03 POT CORE 6708133G06 
LIO� COIL 2928086GOI 

73 TRANSFORMER 292852�004 
T4 TRANSFORMER 2928526C..o3 

R6 RESISTOR 3k t 5"JJo 8W 12 R[Q) 188A317HOI 
R7 RESISTOR ... 10"1. 2W 187A642H55 

Gl L.GHTNING ARREST[R 871AU6H01 

FIG. I 
30T0200 K C  * -GOI THRU G32 

G43THRU G74 

�- G33 THRU G42 
G75 THRU G84 

Fig. 1 2. Internal Schematic Output Filter Module 

PARTS L I ST 
1461C40G02,G44 1461C40G031 G45 

� DESCRIPTION _STYLE � �SCR"PTION 

Cl CAPACITOR 2500 \IMF 50011 861A846H20 Cl CAPACITOR 2000 MMF 500V 
C2 CAFllCITOR 2000 MMF 50011 187A584H01 C2 CAAU:ITOR 2000 MMF 500V 
C3 CAPACITOR 1000 MMF 500 V 762A757H02 0 CAPACITOR 390 \4Mf 500 V 
C< CAPACITOR 3300 MMF 500 V 187A 584H26 C4 CAPACITOR 3300 MMF 500V 
C5 CAPACITOR 2500 MMF 1200 V 187A70�Ht13 co CAPACITOR 2� MMF1200 \ 
C6 CAPACITOR 5000 MMF1200V 187.l.705 HI6 C< CAPACITOR 4000 MMF 1200 \' 
C7 CAPACITOR 6000 Pf :lOOOV ZO!CB7ZH28 C7 CAPACITOR 5500 PF JOOO\ 

,., POT COR£ 670 8133(-04 Ll02 POT CORE 
ll03 POT CORE 6708133G06 L•03 POT CORE 
ll05 COIL 292908WOI L105 COIL 

n TRANSFORMER 292852•i004 T3 TRANSFORMER 
T4 TRANSFORMER 292851:6003 T4 TRANSFORMER 

•• RESISTOR 3K t 5% 8W 12 II:EQ) 188A317HOI R6 RESISTOR 3K t 5% 8W 12 RfQI 
R7 RfSISTOR ... tO% 2W 187A642H�5 R7 RESISTOR ... 10,.. 2W 

Gl LIGHTNING ARREST£R 871AU6H01 Gl LIGHTNING ARREST£R 

FIG.2 (OTHERWISE SAME AS FIG . I I  
200.1 TO 300 KC ;9-SS�M-"" Y - /+'f..IC"o/0 

t"Oft?.P � - /-¥77BZI 
p. c . .s - 1"1'&-IC"fl 

1461C40 G04 G46 

STYLE � �SCR:PTION 

187A584HOI Cl CAPACITOR 1!!100 MMF 500V 
187A584HOI C2 CAFilCITOR 2000 a.lf :.oov 
762A757HI5 
187A584H26 C4 CAPACITOR 3300 MMF 500 'I 
187A705HI3 co CAPACITOR 3000 MMF 12(10 V 
187A705HI5 co CAPACITOR Z!lOO MMF1200V 
Z03CB72H27 c' CAPACITOR 5000 Pf :!OOOV 

6708133G04 L-02 POT COfl£ 
6708133G06 L�0:5 POT roM: 
2928086:.01 Ll05 COIL 

2928526004 n TRAN�FORMER 
292852�G03 T4 TRANSFORMER 

Sub 5 
1461 C42 

.F"LE 

762A757HO:J 
187A584H01 

187A584H26 
187.\705HI4 
187A705HI3 
ZO!C872HZ6 

6708133004 
6708133G06 
2929086GOI 

2928�6004 
2928526005 

188A317HOI •• RfSISTOR lK t: 5"Jto 8W ll ll£0) 188A317H01 
187A64?.H55 R7 RESISTOR ... 10% 2W 187A642H55 

817AU6H01 Gl LIGHTNING ARR£STER 877Ait6H01 
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1461C40G05 G47 

COMPONENT 

Cl CAPACITOR 

Cl CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

LIOZ POT CORE 
L103 POT CORE 
Ll05 COIL 

T5 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

3000 MMF 500V 

82D MMF 500 V 
2000 MMF�V 

2500 MMF 1200 V 
2500 MMF 1200 V 
4200 PF 3000V 

_STYLE 

187A584H06 

762A757H22 
187A5S4H01 
187A705H I 3  
187A705H13 
<:O�·C 872 HZ5 

6708133G04 
6708133G06 
2928086GOI 

2928526004 
292B526G03 

1 4 6 1 C 40G06,G48 

COMPONENT 

Cl CAPACITOR 
C2 CAAri.CITOR Cl CAPACITOR 

C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

Ll02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

�SCRIPTION 

2500 MMF 500V 
150 MMF 500 V 
150 MMF 5QOV 

ZOO MMF 1200 V 
4000 MMF 1200 � 
3500 PF 3000V 

STYLE 

861A846H20 
861AB46H25 
861A846H25 

137A705 H04 
187A70SH15 
20�C87Z HZ3 

670 8133G04 
670813JG06 
2928066GOI 

2928526GC4 
29285Z6G03 

1461C .. O G07 G49 

COMPONENT 

CJ CAPACITOR 
C2 CAFACITOR C3 C,c,PACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

Ll02 POT COO£ 
U03 POT CORE 
U05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

�SCR'PTION 
300 MMF 500V 
2000 MMF !50QV 
180 MMF 50Q V  
2000 M M F 50Q V  

1500 JAMF 1200 II 
2000 '>1MF 1200 � 
3200 PF 300C• V 

STYLE 

187A584H09 
187A584HOI 
762.A757HIO 

187A 584H01 
187 l70 5 ' 1 1 1  

18?A70 � H I 2  

20� c 872 1-t 22 

67QBI 3:1G04 
670 8 1 3 :1G06 
2926086GOI 

292852Gr:..c4 
2928526G03 

1461C40G08 GSO 

COMPONENT 

Cl CAPACITOR 
C2 CAAri.C'•TOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

Ll02 POT CORE 
U03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 
30 '-1MF 500V 
2000 MMF 500 V 
390 MMf !50QV 
1500 MMF 50QV 

3000 M M F I Z OO V  

200 MMF 12(•0 \ 
2800 PF 3000\' 

STYLE 

763A209HI2 
187A584HOI 
762A 757HI5 
76ZA757H03 
187A70'5HI4 
187oH05 H04 
20�C872H20 

6708133G04 
6708133G06 
292 8066GOI 

2926526004 
292852GG03 

R6 RESISTOR 
R7 RESISTOR 

3K t !\"- 8W 12 REQI 188A317HOI R6 RESISTOR 3K 1 5% SW 12 REQ) 188A317HOI R6 RESISTOR 3K t 5% BW 12 R£0) 188A317�01 R6 RESISTOR 3K t S"Ye SW t2 R£01 188A317H01 
ISK 10"- ZW 187A64ZH55 R7 RESISTOR 15K IO"Ye 2W 187A642d55 R7 RESISTOR 1!5K 10"'1. 2W 187A64lH55 R7 RESISTOR 15K 10'"1. 2W 187A642H55 

Gl LIGHTNING ARREST£R 

� 
Cl CAPACITOR 
C2 CAMCITOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 "-"'PACITOR 

LI02 POT CXK 
L103 POT COR£ 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

.Q!SCRIPTION 

300 MMF 500 V eoo MMF 500 V 
180 MMf 500 V 
e<>O MMF 500 V 
2000 MMF 1200 V 

ZZOO PF 3000V 

877AI16H01 

STY\.E 

187A584H 09 
762A757H03 
76lA 757H t0 
762A 757H03 
187A705HI5 

203C872H17 

6708133004 
6708133(06 
2928086GOI 

2928!526(.()4 
2928526003 

Gl LIGHTNING ARRESTER 

1 4 6 1 C 4o..:.\2..G52 

COMPONENT 

Cl CAPACITOR 
C2 CAAri.CITOR 

C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

LI02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

.Q!:SCR,PTIQN 

82 'AMF 5QOV 
1500 'AMF 50QV 

150Q ... MF 500 V 3000 MMF 1200 V 
500 MMF 1200 V 
3500 PF 3000V 

877AI16H01 

STYLE 

763A209HZ3 
762A757H03 

762A757H03 
197A705HI4 
187A70�H09 
203C87Z H23 

6708133t,04 
670813:SG06 
292 8086Ci01 

29285261...04 
2928526G03 

Gl LIGHTNING ARRESTER 

1461C4�53 

COMPONENT 

Cl CAPACITOR 
C2 CAAI.CiTOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C1 CAPACITOR 

LJ02 POT CORE 
L103 POT CORE 
LL0!5 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

��IPTION 

1000 IAMF 50QV 
390 \IMF 50QV 
1000 folMF 50Q V  
X) O  'otMF !500 V 3000 MMF 1200 V 

300 PF 3000\' 

877A116HOL 

STVLE 

762A757HOZ 
76ZA757H 15 
762A757H02 
187A584H 09 
187A7C5HI4 

20�C872 H21 

670 8133G04 
670BI33G06 
292B086GOI 

2928526(.04 
2928526�>03 

Gl LIGHTNING ARRESTER 

l46 1 C 40 G I 2  G54 

COMPONE'f!_ 

Cl CAPACITOR 
C2 CAFACITOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

L!OZ POT CORE 
Ll03 POT CORE 
LI05 COIL 

T3 TRANSFORMER 
T4 TRAN�FORMER 

.Q!i:SCRIPTIQN 

1000 MMF 500V 

250 M�4F SOOV 
1000 MMF 500 V 
180 MMF 50Q 'J  

300 MMF 1200 \ 
2500 MMF 1200 \" 
2800 PF 3QOOV 

877AII6H01 

.E!!:L 
762A757H02 861A846HII 
762A757H02 
762A757HIO 
o87A7C'5H06 
t87A705HI3 
20�C872H20 

670 8l33G04 
670 Bt33G06 
2928086001 

2928526004 
2928526003 

R6 RESISTOR 
R7 RESISTOR 

3K t 5"J. 8W 12 RIQI 188A317HOI R6 RESISTOR 31< t 5"- 8W l2 REQJ 188A317HOI R6 RESISTO R 3K 1 5"- 8W 12 REO I laSA317HOI R6 RESISTOR 3 K :!:  5% SW (2 AEOI t88A3t7HQI 
15K 10% 2W 187A64?.:H55 15K 10"- 2W 187A642H!55 R7 RESISTOR 15K 10% 2W 187A642H55 R7 RESISTOR 151( 10% 2W 187A642.H!55 R7 RESISTOR 

Gl LIGHTNING ARR£STER 

1461C40GI3 1G55 

COMPONENT 

Cl CAPACITOR 
C2 CAMCITOR 
Cl :APACITOR C4 :APACITOR � :APACITOR 

C7 CAPACITOR 

LI02 POT CORE 
L103 POT CORE 
LI05 COIL 

n 7RANSFORM£R 
T4 TRANSFORMER 

DESCRIPTI(!!_ 

1000 M .. F 50C V  
1 00  M._.F 500 V 
1000 MMF 500 V 36 M.,_F 500 V 
2500 MMFI?OOV 

2500 PF 500JV 

877AI16H01 

STYLE 

162A757H02. 
762A757H OI 
762A757H02 
763A209HI4 
IR7A705H13 

203C872H19 

6708133G04 
6708133G06 
2928086GOI 

2928526004 
2928526003 

Gl LIGHTNING ARRESTER 

COMPONENT 

Cl CAPACITOR 
CZ CAAlCITOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

L102 POT CORE 
L103 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

OESCR PTION 

360 MMf 5QOV 
620 \4Mf 50QV 
820 MMF 50QV 
100 'otMF 50Q V  
200 ... Mfl200 \o 
2000 \4MF 1200 V 

ZZOO PF 300('\' 

877AII6H01 

�:!4... 
762A757H14 
187A584HII 
762A757H22 
76ZA757HOI 
ISO A 70'l -104 
IB7A70!o H I2  
203CB72H17 

6708133!:04 
670813:1G06 
29280£l6{,QI 

2928526({)4 
292B5Z•:iC.03 

Gl LIGHTNING ARRESTER 

146 1 C 40 GI!5,G57 

� 
Cl CAPACITOR 
C2 CAFAC TOR C3 CAPACITOR 

C5 CAPACITOR 

C7 CAPACITOR 

LI02 ?OT CORE 
U03 POT CORE 
U0!5 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

���P-ICN 

250 1.4MF 500V 
620 MMF 500V 
820 MMF !50QV 

1500 MMF 1200 V 

2000 PF 3000V 

877AII6HOI 

STYLE 

861A846HII 
IB7A584HI I  
762A7571-22 

187A70'5H11 

20�C872HI5 

670 8 133!:04 
6708133(:06 
2928086GOI 

29285215(...04 
2928526(,03 

Gl LIGHTNING ARRESTER 

1 4 6 1 C 4 0 G I 6 , G58 

COMPONEifL 

Cl CAPACITOR 
C2 CAA!.CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

U02 POT CORE 
U03 POT CORE 
Ll05 COIL 

T3 TRANSF"ORMER 
T4 TRANSFORMER 

.Q!i:�IPTION 

180 MMF 500V 
620 MMF SQOV 
130 MMF 500 'I 
620 MMF 500 V 

300 MMF 1200 V 
1500 MMF 1200 V 
1800 Pf 3000V 

877AI16H01 

SrYLE 

76ZA757HI0 
187A584HII 
762A 757H07 
187A584HII 
187&.705H;)6 
187A705 HII 
20:!-C872 H13 

670 BI33G04 
670 5133006 
2928086GOI 

2928�26004 
292B52.6G03 

R6 f/ESISTOR 
R7 HESISTOR 

3K t 5-Jr. SW l2 ltt:Q} ISeA317HQI R6 RESISTOR 3K t ��% 8W 12 REQ) 188A317H01 R6 RESISTOR 3K 1 5"- 8W 12 R£0) 188A317H01 R6 RESISTOR 3K !: 5% SW 12 R£0) IB8A317HOI 
15K 10"- 2W 187A642H55 R7 RESISTOR 15K 10% 2W 187A64<!H5!5 R7 RESISTOR 15K 10% 2W 187A64C!H!55 R7 RESISTOR 15K 10% 2W IS7A642H5!5 

Gl LIGHTNING ARRESTER 

� 
Cl CAPACITOR 

C3 :APACrl"'tf 
C4 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

LI02 POT CCR: 
Ll03 POT COM 
LI05 COIL 

T3 'RANSFORMER 
T4 TRANSFORMER 

� 
1500 MMF 500 V 

Z70 MMF 500 V 
1500 MMF 500 V 4000 MMF 1200 V 

2400 PF 3000V 

877AII6H01 

lmL 
162A757H03 

162A757HI2 
752A757H03 
t87A705H1!5 

2C3C872H18 

6708133G� 
6708133G07 
2928086001 

2928526004 
2928526G03 

Gl LIGHTNING ARRESTER 

1461C40G18,G60 

COMPONENT 

Cl CAPACITOR 
CZ CAPACITOR 
Cl ':APACITOR 
C4 ::APACITOR 
" .::APACITOR 

C7 •.:APACITOR 

LI02 POT CORE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

� 
1000 MMF 500 V 360 MUF 50()V 
82 MMF 500 V 
1500 MMF 500 V 4(X)O MMF 1200 V 

2100 PF 3000V 

877A116HOI 

E!!&... 
'T62A757H 02 
f62A757HI4 
763A209H23 
762A757H03 
187A705HI5 

2C3C872HI6 

67J8133GO!i 
67J8133G07 
2928086GOI 

2928526004 
2928526G03 

Gl LIGHTNING ARRESTER 

1461C40GI9 G61 

COMPON£NT 

Ct :APACITOR 
C2 ':AAI.CITOR C3 :APACITOR 
C4 ·:APACITOR 
C5 ':APACITOR 
C6 CAPACITOR 
C1 CAPACITOR 

LI02 POT CORE 
U03 POT CORE 
LI05 COIL 

T3 TRANSFORMER 
T4 ""RANSFORMER 

O";:SCRIPTION 

1000 M\IF 500 V 
200 M._.F 500 V 
1000 MMF 500 V 
390 hi\4F 500 V 
3000 M'AF 1200 V 
500 M""F 1200 V 
1 900 PF 3QO.JV 

877AII6H01 

.1m!.-
762A757H02 
762A7!57HII 
762A7�7H02 
762A757HI!5 
18"TA705HI4 
187A70!5H09 
203C872H 14 

6708 133G0!5 
67•)8133G07 
2928086GOI 

2928�6004 
2928526G03 

R& RESISTOR 
R7 RESISTOR 

3K t 5'1. 8W (Z REQ) 188A317H01 
�K 10"'- 2W 187A642H55 R6 RESISTOR 

RESISTOR 
3K! 5'1. OW 12 REO I IE8A31 7H01 AS RESISTOR 

RESISTOR 
3K � 5% fiW 12 REO I 188A3t7HOI 

15K 10"' 2W 

I-'"'-' -'L"'IG"'HT"N!!!ING,_,AIIR£STt:,.,,_,_.,0,_ ___ __,8!!!7.!;1AO!I!!I6-"HO><!I...J Gl LIGHTNING ARR£ST£R 

1461C40G21,G&3 

� 
Cl CAPACITOR 
C2 CAAtoCITOR C3 CAPACITOR 
C4 CAPACITOR � CAPACITOR 

CT CAPACITOR 

LI02 POT CORE 
Ll03 POT COR£ 
LI05 COIL 

n TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

360 MMF !500V 
62.0 MMf 500V 
1000 MMF 500 V 
IX) MMF 500 V 
2500 MMF IZCO V 

1500 PF 300CV 

STY\.E 

162A757Ht4 
187A 584HI I  
762A757H02 
162A7!57H07 
187A705HI3 

203C872HII 

670 8133G05 
6708133G07 
2929086001 

2928526G04 
2928526G03 

1461C40 G22,G64 

COWONENT 

Cl CAPACITOR 
C2 �ITOR C3 CAPACITOR 

C5 CAPACITOR 

C7 CAPACITOR 

LI02 POT CORE 
Ll03 POT CORE 
LI05 COIL 

T3 TRANSFORMER 
T4 iRANSFORMER 

DESCRIPTION 

250 MMF 500 V 
620 M\tf !500 V 
1000 MMF 500 V 

2500 MMF 1200 V 

1300 PF 500011 

167A642H55 

877AI16H01 

STYLE 

861A846HII 
187A584HII 
762.A757H(2 

187A705H13 

203C872HI0 

67J8133G05 
6708133007 
292 8086GOI 

2928�26004 
2328!.26G03 

15K 10% 2W 187A642H55 
Gl LIGHTNING ARRESTER 877AU6H01 

1 4 6 1 C 40 G23,G65 

COMPONENT 

Cl CAPACITOR 
CZ CAAII.CITOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 :APACITOR 

LIOZ POT CORE 
Ll03 POT CORE 
LI05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

150 hiMF 50(1V 
620 MMf 50QV 
62 MMF 50Q V  820 MMF 50C V  
ZOO MMF 1200 V 2000 MMF1200V 
1100 PF 30QOV 

� 
861A846H25 
187A!5EI4HII 
763A209H20 
762A757HZZ 
IQ7A705H04 
187A705HI2 
203C872H08 

6708133005 
6708133G07 
2928086GOI 

2928526004 
292B526G03 

R6 RESISTOR 
R7 RESISTOR 

3iC 1 5"J. 8W 12 REOI 188A317HOI R6 fiESISTOR 
ISK IO"J. 2W 187A642H55 R7 RESISTOR 

3K t 5"- 8W 12 RfQ) 18EA317H01 
15K 10"- 2W 187A642H55 

R6 RESISTOR 
R7 RESISTOR 

3K 1 5"- 8W I2RU) 188A317HQI 
1!5K 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 

1461C40 G2S,G67 

� 
Cl CAPACITOR 
C2 CAMCITOR C3 CAPACITOR 
C4 ::APACITOP. 
C5 CAPACITOR 
C6 •:APACITOR 
C7 CAPACITOR 

U02 POT ceRE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 

3PQ MMF 500 V 
300 MMF 500 V 
82 MMF 500 V 
QO MMF 500 V 
200 M�F 1200 \' 
1500 M'AF 1200 V 
900 PF SOOOV 

877AU6HOI Gl LIGHTNING ARRESTER 

1461C40GH,G68 

.Wli. 
187A584H09 Cl CAPACITOR 
187A 584H 09 C2 CAPACITOR 
763A209H23 
187A!584HII C4 :APACITOR 
187A705H04 C5 :APACLTOR 
187A70 !5 H I I  
203C872H06 C7 CAPACITOR 

6708133G05 
6708133007 
2928086GOI 

2928526004 
2928!526G03 

Ll02 POT CORE 
LL03 POT CORE 
LI05 COIL 

T3 "rRANSFORMER 
T4 "'lU.NSFORMER 

DESCRIPTI<!!_ 

270 MMF 50CV 
270 MMF 50C V  

62 0  MMF 50C V  

1500 MMF 1200 V 

800 PF 30QOV 

877A116HOI Gl LIGHTNING ARRESTER 

1461C 40 G27,G69 

_STYLE 

762A757H2 Cl CAPACITOR 
762A757H I2 C2 CAAr!.CITOR 

C3 ::APACITOR 
187A584Hll C4 CAPACITOR 
187A70!5HII C5 CAPACITOR 

C6 CAPACITOR 
2G3C872H05 C7 r;AF"ACITOR 

670 8133G05 
6708133G07 
292 8086G0t 

2928526004 
2928526G03 

U02 POT CME 
U03 POT CORE 
Ll05 COIL 

T3 ""RANSFORMER 
T4 "rRANSFORMER 

OESCRIPTI(lN 

300 MMF 50CV 
180 MMF 50C V  
300 MMF 50Q V  
250 MMF 50Q V  
400 MMF 1200 V 
1500 MMF1200V 
1100 PF 3QO:lV 

877AI16H01 

STYLE 

JB7A584H09 
762A757HIO 
187A584H09 
861A846H11 
187A 705H08 
187A70 5 H I I  
203CB72H08 

670 8133G05 
6708133GQ7 
2928086'301 

2928526004 
2928526G03 

R& RESISTOR 
R7 RESISTOR 

3K ! 5"1. BW 12 REQ) 188A317HQI 
15K 10"- ZW 187A642H5!5 

R6 RESISTOR 
R7 HESISTOR 

3K 1 5% IJW {2 R£0) 188A317H01 
15K 10"- 2W 187A642H55 

R6 RESISTOR 
R7 RESISTOR 

3K !: 5% 8W 12 REQ) 188A317H01 
1!5K 10% 2W 187A642H,!5 

Gl LIGHTNING ARREST£R 877AII6HQI Gl LIGHTNING ARRESTER 877A116HOI Gl LIGHTNING ARRESTER 877AII6 HQI 
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Gl LIGHTNING ARRESTER 877AII6H01 

1461C40GZ01G62 

COMPONENT 

Cl CAPACITOR 
C2 ':AR'.CITOR C3 ::APACITOR 
C4 CAPACITOR 
C5 :APACITOR 

C7 CAPACITOR 

LIOZ POT CORE 
U03 POT CORE 
LJ05 COIL 

T3 -RANSFORMER 
T4 TRANSFORMER 

R6 F�ESISTOR 
R7 RfSISTOR 

DESCRIPTION 

1000 MMF 500V 
82 �MF 50QV 
1000 MMf 500 V 
250 MMF 500 V 
3000 MMF 1200 V 

_ffihL 
762A751H02 
763A209HZ3 
762A757H02 
861,A846 Hll 
187A70!5HI4 

203C872HI2 

6708133G05 
6708133G07 
292 8086GOI 

2928!526004 
2928526G05 

31< � 5"- flW 12 REO) 18eA317HOI 
15K 10% 2W 167A642H55 

Gl LIGHTNING ARAEST£R 877AII6H0t 

1461C40G24,G66 

COMPOI!!!!!.. 

Cl CAPACITOR 
CZ CAR'.CITOR C3 CAPACITOR 
C4 CAPACITOR 
C6 CAPACITOR 

C7 CAPACITOR 

LI02 POT CORE 
L103 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRA�SFORMER 

R6 RESISTOR 
R7 RESISTOR 

� 
56 MMF !50CV 
620 MMF 500 V 
390 MMF 500 V 
390 MMF 50C V  

2000 MMF 1200 V 

1000 PF 3000V 

.1!!!£ 
763A209HI9 
187A584HII 
762A757Ht5 
762A757HI!5 
187A 705HI2 

203C872H07 

670BI33G05 
6708133007 
2928086GOI 

2928526004 
2928526003 

3K 1 !5% OW 12 R£Q) 188A317HOI 
15K 10"1. 2W 187A642H5!5 

Gl LIGHTNING ARRESTER 877A116H01 

1461C40 G28,G70 

CO�PONENT 

Cl CAPACITOR 
C2 ':AA!.CITOR C3 CAPACITOR 
C4 CAPACITOR 
C!5 CAPACITOR 
C6 CAPACITOR 
C1 CAPACITOR 

LI02 POT CORE 
L103 POT CORE 
U05 COIL 

T3 IRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

_OESCRIPTION 

180 MMF 500V 
250 MMF 500V 

250 MMF 500 V 
250 MMF 50Q V  
200 MMF 1200 V 
1500 MMF 1200 V 
1000 PF 3000V 

STYLE 

762A757HIO 
861A B46HII 
861A846HII 
861AB46HII 
167A 70!5H04 
187A70!5HII 
203C872HOT 

67·JBI33G0!5 
67oJ 8133G07 
2928086GOI 

2928!526004 
2328526G03 

3K :!: S'"le BW (2 R£0) IE6A317HQI 
ISK 10% 2W 187A64ZH!55 

Gl LIGHTNING ARRESTER 877AII6H01 
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1 4 6 1 C 4Q_��G7< 
.---�--- --------------

� DESCRIPTION 
Cl  CAPACITOR 180 MMF 500'1 
CZ CAFACITOR 200 MMF 500 'I 
C3 CAPACITOR 200 MMF 500 'I 
C4 CAPACITOR 250 MMF 500 II 
C5 CAPACITOR 1500 MMF 1200 II 

C7 CAPACITOR 

Ll02 POT CORE 
U03 POT CORE 
LIDS COIL 

T3 iRANSFOR�ER 
T4 ·rRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

900 PF 3000V 

3 K !  S"'. BW (2 REO) 
t5K IO"'e 2W 

Gl LIGHTNING ARRESTER 
1 4 6 1 C  40 G33,G75 

COMPONENT 
Cl CAPACITOR 
C2 CAPil.CITOR 
C:5 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

U02 POT CORE 
L103 POT CORE 
LIDS POT CORE 

T3 TRANSFOR'.�ER 
T4 TRANSFOR�.� ER 

DESCRIPTION 
MMF 50011 
MMF SOOV 
MMF SOQV 
MMF SOOV 
MMF 1200 V 
MMF 1200 V 
Pf 3000V 

STYLE 
762A757HIO 
762A757H I I  
762A757HII 
861A846Htl 
187A 705HII 

203CB'2l 
670BI33G05 
670813 3G07 
292 8086C.OI 

292BS26G04 
2928526G03 

18&A317H01 
167A642H55 

877A116HOI 

STYLE 
763A209H19 
762A757HI2 
762A757HII 
763A 209 H I 2  
187A705�:04 
187A705H09 
203C872H09 

67QBI33G09 
670BI33G08 
670BI33G09 

2928S26G04 
292B526G03 

R6 RESISTOR 
R7 RESISTOR 

3 K !  5% 8W 12 REO) 188A317H01 
ISK 10% 2VI 187A642H�5 

Gl LIGHTNIKG ARRESTER 877At1SH01 

1 4 6 1 C 4 0  G3�,_G79 

C2 CAR\CITQR 
C3 CAPACITOR 
C4 t.APACITOR 

C6 CAPACITOR 
C7 CAPACITOR 

L102 POT CORE 
Ll03 POT CORE 
LIDS POT CORE 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

MMF SQOV 
MMF SOO V 
MMF 500V 

MMF1200 V 
Pf 300011 

861A846HII 
861A846rl2S 
763A209H07 

187A705H09 
203CB72H07 

6708133G09 
670BI33G08 
670B!33G09 

292BS26G04 
292BS26G03 

3K ! 5% BW (2. REO) 188A317H01 
ISK 10% 2W 187A642H5S 

Gl LIGHTNING ARRESTER 877AII6H01 

�_§_!_�q G30,�
- ------

COM_F'QNENT 
Cl CAPACITOR 
C2 CAFACITOR 
C3 CAPACITOR 

CS CAPACITOR 
C6 CAPACITOR 
C7 ':;.APACI"TOR 

U02 POT CORE 
L103 POT CORE 
LIDS COIL 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

0ESCRIPTIQ!:!_ 

82 MMF 500V 
250 MMF 50GV 
390 MMF 500'1 

400 MMF 1200 V 
1000 MMF 1200 V 
750 PF 3000V 

3K ! s•t .. 8W (2 REO) 
I�K IQ')'. 2W 

� 
763A209H23 
861A846HI I  
762A757HI5 

1 3 7 A 70S H08 
137A705HIO 
203C872H 

6708133GOS 
670BI33G07 
292 8086GOI 
2928�26GC4 
2928526G03 

188A317H01 
187A642H5S 

L'CG<_.,L<'CH:..CT:':N<,NG'--'A"'RRC'Ec"ST,_,E"'R ____ �87c-7 A I  16 HOI 
1 4 6 1 C 40G34,G76 

l2 <..AA'l.CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

L102 POT CORE 
L103 POT CORE 
LIDS POT CORE 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

MMF 500V 
MMF SOOV 
MMF 500V 
MMF 1200 V 
MMF 1200 'I 
PF 3000V 

1 8 7 A S84H09 
762A7S7HII 
763A209H07 
187A705H04 
187A70SHQg 
203C872H09 

67QBI33G09 
670BI33GC3 
6708 133G09 

292B526G04 
2928526G03 

3K .± 5% 8W (2 REO) 188A317H01 
15K 10% 2W 187A642H55 

Gl l\GHTNI�JG ARRESTER 877AIISHQI 

1 4 6 1 C 40G38 GBO 

COMPO� 
Cl CAPACITOR 
C2 Cf,FACITOR 
C3 CAPACITOR 
C4 CAPACITOR 

C6 CAPACITOR 
C7 CAPACITOR 

L102 POT CORE 
U03 POT CORE 
LIDS POT CORE 

T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTION 

MMF 500V 
MMF SOOII 
MMF 500 V 
MMF 50011 

MMF120011 
PF 3000V 

STYLE 
76 3A209MI2 
762A757HII 
762A 7571-107 
763A209HI2 

187A705H69 
203C872H06 

670 BI33G09 
6708133G08 
670B!33G09 

292B526G04 
292B526G03 

3K ! 5% 8W (2 REO) 188A317t:OI 
15K 10% 2W 187A642H5S 

Gl LIGHTNING ARRESTER 877AitGHOI 

1 4 6 1 C 40 G41 G83 

COMPONENT 
Cl  CAPACITOR 
C2 CAFACITOR 
C:5 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 

C7 CAPACITOR 

U02 POT CORE 
Ll03 POT CORE 
LIDS POT CORE 
T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 
MMF 500V 
MMF 500V 
MMF SOO V 
MMF SOO V 
MMF 12QO V 

PF 3000V 

STYLE 
763A209H07 
861A846H2S 
762A757HO! 
763A209 HQ7 
187A705H08 

203C872H02 

6708133G09 
6708133GQB 
670 BI33G09 

2928526004 
2928526G03 

1 4 6 1 C 4 0 G31 ,G73 
�----'" 

COMPONENT 
Cl  CAPACITOR 

C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 :APACI10fl 
C7 :APACI1QR 

U02 POT CORE 
Ll03 POT COME 
LIDS COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

OESCRIPTIO_!:L 
300 MMF 500'1 

150 MMF SOOV 
200 MMF SOCII 

200 MMF 1200 V 
1000 M�F 1200 V 
650 PF 3000V 

STYLE 
187A584H09 

861A846H 2S 
762A7S7HII  
1 8 T A 70SH04 
187A70 S H IO 
203C872H02 

6788133G05 
670BI33GQ7 
292B086GOI 
292B526G04 
292B526G03 

3K ! 5"1• UW (2 REO) 186A317HQI 
ISK IO"'a 2W 187A642H5S 

Gl LIGHTNING ARRESTER 877AI16HQI 

COMPONENT 
Cl CAPACITOR 
C2 CAFACITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

Ll02 POT CORE 
L103 POT CORE 
LIDS POT CORE 

T3 TRANSFORI,'ER 
T4 TRANSFORI,1 E R  

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTION 
MMF SOOV 
MMF 50011 
MMF SOQV 
MMF SOOII 
MMF1200 V 
MMF 1200 V 
PF 3000V 

� 
861A846H25 
861A846H25 
8 6 1 A 846H25 
763A209 H 1 9  
l87A705HQ8 
187A705HQ4 
203C872H08 

6706133G09 
670BI33GOe 
670B I33C09 

292B526G04 
292BS26G03 

3K � S% BW 12 FIEOI 188A517HQI 
15K \0"1. 2W 187A642H5� 

Gl LIGHTNiNG ARRESTER 877t-.115HOI 

1 4 6 1 C 4 0 G3!J,GBI 

COMPONENT 
Cl CAPACITOR 
C2 CAFACITOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 

C7 CAPACITOR 

Ll02 POT CORE 
Ll03 POT CORE 
LIDS POT CORE 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

� 
MMF 50011 
MMF 50011 
MMF SOOV 
MMF SQOV 
MMF 1200 II 

PF 30QOV 

.§!!!£ 
763A209 HI9 
B61A846H2S 
763A209H20 
763A2-09H23 
187A 70�H08 

203C872 HQ5 

6708133G09 
6708133G08 
670 8 1 33G09 

2928526004 
2928S26G03 

3K ! S"'. BW (2 REO) 18BA317HQI 
15K IQ"f., 2W 187A642H55 

LG:c<_::L<:::H::_T::_:N<::_:NG'__'CA".::RR.:_::E::_:ST'":E"R ____ __:-877AII6 HOI 

1 4 6 1 C 4QG42 G 8 4  

C2 CAA1.CITQR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

L102 POT CORE 
L103 POT CORE 
LIDS POT CORE 
T3 TRANSfORMER 
T4 TRANSFORMER 

MMF 50011 
MMF SOOV 
MMF SOQV 
MMFI?:OO V 

PF 3000V 

861A846H25 
763A209H23 
763A209HI2 
187A705HCle 

203C872H01 

670BI33G09 
670 B I 33GQB 
6708!33G09 

2928526004 
292B526G03 

R6 RESISTOR 
R7 RESISTOR 

3K ! S"'e 8W 12 REOI 188A317H01 R6 RESISTOR 3K ! 5�. 8W !2 REO) L88A317HOI 
15K IQ�. 2W 187A642H55 15K 10�. 2W 187A642H55 R7 RESISTOR 

Gl LIGHTNING ARRESTER 877A116HOI Gl LIGHTNING ARRESTER 877AU6HOI 

1 4 6 1 C 40G32,G74 

�IPONENT 
Cl  CAPACITOR 
CZ CAFACITOR 
C3 CAPACITOR 
C4 CAPACITOR 

C6 ':APACITOR 
C7 :::APACITOR 

ll02 POT CORE 
Li03 POT CORE 
LIDS COIL 
T3 rRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

� 
20 MMf�OV 
250 MMF 500'1 
130 MMF 50011 
180 MMF 500 11 

1()0() MM� 1200 V 
600 PF 3000V 

3K ! 5"1 .. OW 12 REO) 
ISK 10"1. 2W 

Gl LIGHTNING ARRESTER 
1 4 6 1 C 4 0 G36 G78 

� 
Cl CAPACITOR 
C2 CAFACITOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

L102 POT CORE 
L\03 POT CORE 
LIDS POT CORE 

T3 TRANSFOR�ER 
T4 TRANSFORMEr� 

DESCRIPTION 
MMF SOOV 
MMF 50011 
MMF SQQII 
MMF 50011 
MMF 1200 V 
MMF 1200 V 
PF 3000 11 

� 
763A209H07 
861A846HII 
762A757H07 
762A757HIO 

187A705HI0 
203C872 H02 

670BI33G05 
6708133G07 
2928086GOI 

292B526G04 
292B526G03 

188A317H01 
187A642H55 

877AII6H01 

� 
763A209H20 
762A75 7 H I I  
763A209H20 
762A757H07 
187A70SH08 
187A70S H04 
203C872HQe 

6708133(;09 
670 8 1 33GC8 
670BI33G03 

2928526004 
292B526G03 

R6 RESISTOR 
R7 RESISTOR 

3K ! S"/., BW {2 REO I 188A317HQI 
15K 10"1.. 2YI 187A642H55 

Gl LIGHTNING ARRESTER 

1 4 6 1 C 4�G82 

COMPONENT 
Cl  CAPACITOR 
C2 CAf'l:I.CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C"'i CAPACITOR 

C7 CAPACITOR 

Ll02 POT CORE 
LI03 POT CORE 
LIDS POT CORE 

T3 TRANSFORM�R 
T4 TRANSFORMER 

� 
MMF SOOV 
MMF 500 V 
MMF SOOV 
MMF SOOV 
MMF 1200 V 

PF 30QOV 

877AI\GH01 

STYLE 
763A209H� 
861A846H2S 
762A757H01 
763A209H I 2  
187A705H08 

203C872H03 

670BI33G09 
670 B I 33G08 
6708133G09 

2928526GC4 
2928526G03 

R6 RESISTOR 
R7 RESISTOR 

3K ! 5•1. BW !2 REQJ 188A317HQI 
ISK 10% 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AII6HOI 
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Fig. 13. Module Location 
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I N S T A L L A TI O N  • 

Westinghouse I .L.  41 -945.61 
O P E R A T I O N  • M A I N T E N A N C E 

TYP E  TC F-1 0 POW E R  L I N E  CARRI ER FREQ U E N CY S H I FT 
REC EIVER EQ U I PM ENT FO R DUAL P H AS E  -

C O M PARI S O N  CARRIER R E LAY I N G  ( S P C U ,  S K B U ,  
O R  S I M I LAR SYST E M S) WITH D C/D C C O NVERTER 

C A UTION 

I t  is recommended that the user of this equipment become 

acqua inted with the information in this instruction leaflet, 

and in the system instruction leaflet before energizing the 

system . 

Printed circuit modules should not be removed or inserted 

when the equipment is energized. Failure to observe this 

precaution may result in an undesired tripping output or 

cause component damage. Care should also be exercised 

when replacing modules to assure that they are replaced in the 

same chassis position from which they either were removed or 

the module they are replacing was removed. 

If the carrier set is mounted in a cabinet, it must be bolted 

down to the floor or otherwise secured before swinging out 

the equipment rack to prevent its tipping over. 

APPLICATI O N  

The TCF- 1 0 Receiver described i s  for use with either the 

SPCU or SKBU Dual Phase Comparison relaying systems or 

similar systems utilizing frequency-shift keying (FSK).  The 

TCF- 10  frequency sh ift receiver responds to carrier­

frequency signals transmitted from the distant end of a power 

line, and carried on the power line conductors. The space 

frequency (sometimes referred to as trip negative) is 1 00 hertz 

above the center frequency of the channel (which can be 

selected within the range of 30 kHz to 300 k Hz). The mark 

frequency (sometimes referred to as trip positive) is 100 hertz 

below the channel center frequency. Generally, phase com­

parison information is conveyed over the channel during load 

current flow or fault conditions. The transmitter at each end 

of the channel is switched at a 60-hertz rate between space (or 

trip negative) and mark (or trip positive) so as to produce at 

the receiving end, the desired operation of the relaying 

system . 

CONSTRU CTION 

The TCF- 10  receiver unit for dual phase comparison 

relaying applications such as the SPCU or SKBU systems, is 
mounted on a standard 19 inch wide chassis 5 11• inches high (3 

rack units) with edge slots for mounting on a standard relay 

rack . 

All  of the circuitry that is suitable for mounting on printed 

circuit boards is contained on printed circuit modules that 

plug into the chassis from the front and are readily accessible 

by removing the transparent cover on the front of the chassis. 

The power supply components and external connectors are 

located at the rear of the chassis as shown in Figure 9. 

Reference to the internal schematic connections of Figure I 
will show the location of these components in the circuit. 

The printed circuit modules slide into position in slotted 

guides at the top and bottom of the chassis, and the module 

terminals engage a terminal block at the rear of the chassis. A 

handle on the front of each module is labeled to identify its 

function, and also identify adjustments and indicating lights if 

any are available at the front of the module. Of particular 

sign ificance, is the input attentuator contained on the front of 

the filter module which is used in adjusting the input receiver 

signal during initial field installation. 

A module extender (Style No. 1 447C86GOI )  is available 

for facilitating circuit measurements or major adjustments. 

A fter withdrawing any one of the circuit modules, the ex­

tender is inserted in  that position. The module is then inserted 

into the terminal block on the front of the extender. This 

restores all circuit connections and renders all components 

and test points on the module readily accessible. A carrier 

level indicator instrument, Style No. 606B592A26, with a 

linear dB scale is also available. 

The receiver operates from a regulated + 20V supply and 

a + l OY supply operating from a regulated +45dc supply. 

These voltages are taken from three zener diodes mounted on 

a common heat sink. Variation of the resistance value 

between the positive side of the unregulated de supply, and the 

. · 1  II pos1 ihle cont inf{encies which m a r  arise during installatio n ,  operation , or maintenance. and all 
details and \ '(/ria l ions of this eq uipment  do n o t  purport to be cm·ered h 1 · these instruct ions. !/further 
in/nmw 1 ion is de1 ired h 1 · purchaser regarding h is particul-ar ins tal/a 1 ion ,  opera/ ion or maintenance of 
!1 1 1  C(j l l tp n t c n t .  the local Wes tinghouse Elec tric Corporation represen tatil 'e should he contacted. 
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TYPE TC F-1 0  R E C E IVER---------------------------

45 volt zener adapt the receiver for operation on 48 or 1 25 

volts de. 

External connections to the receiver are made through a 

36 terminal recepticle, J3 .  The .  r-f input connection to the 

receiver is made through a coaxial cable jack J 2 .  

O PE RATI O N  

I N P UT M O D U L E  

The input module contains the input control and the input 

filter. The signals to which the TCF- 1 0  receiver responds are 

fed through a coaxial cable connected to jack J2 at the rear of 

the chassis to the input module. The input control RS, accessi­

ble at the front of the input module, attentuates the signal to a 

level suitable for the best operating range of the receiver. 

A scale on the panel is graduated in dB .  While this scale is 

typical rather than individually calibrated, it is accurate 

within several dB and is useful in setting approximate levels. 

Settings should be made more accurately utilizing a suitable 

ac voltmeter with a dB scale when possible. 

From the attentuator, the signal passes through a band­

pass LC filter, FL 20 I .  This filter has a passband of approxi­

mately 1600Hz which is  relatively wide in comparison to the 

I F  filter which has a passband of approximately 500Hz.  Still, 

frequencies several kHz above or below the center frequency 

(fc) of the channel are greatly attentuated. Figure 1 5  shows a 

typical curve for the LC filter as well as a characteristics 

curve for the I F  (intermediate frequency) filter, FL2, and the 

discriminator output. This apparently wide bandwidth for the 

input filter in relation to the I F  filter is necessary to both 

achieve high speed relaying by minimizing channel delay and 

to achieve proper operation of the noise clamp by sampling 

noise in the frequency band surrounding the I F  band.  

OSCI LLATOR, M I X ER, AND IF AMPLIFIER 
MODULE 

From the  input fi lter, the  signal enters the  oscillator 

and mixer stage of the receiver. Crystal Y I I .  transistors 

Q 1 2  and Q 1 3, and their associated resistors and capacitors, 

comprise a crystal-controlled oscillator that operates at a 

frequency 20k Hz above the channel center frequency, fc . The 

output from this local oscillator is fed through transformer 

T I I  to potentiometer R 1 2, and the latter is adjusted to feed 

a suitable input to the base of mixer transistor Q I I . The 

output of filter F L20 I is impressed on the emitter-collector 

circuit of Q I I . As a result of mixing these two frequencies, 

the primary of transformer T l 2  will contain frequencies 

of 20kHz, 2fc + 20 kHz, fc + 20kHz, and fc. 

The output from the secondary of T 1 2  is amplified by Q3 1 

in the intermediate frequency ( I F) stage, and is impressed on 

FL2. This is a two-section filter, with both filters contained in 

a common case. Its pass band is centered at 20kHz. Since its 

2 

p<!ss band is narrower than that of the input filter, it 

eliminates the frequencies present at its input that are sub­

stantially higher than 20k Hz. The output of this filter is the 

I F  output which is fed to both the amplifier-limiter and the 

S/N Detection module. The output from the secondary of 

transformer T l 2, the RF output, is also fed to the S/N detec­

tion module. 

AMPLIFIER LI M I TE R  A N D  D I S C R I M I N ATO R 
MODULE 

The IF  output signal from the  IF  amplifier i s  fed into the 

amplifier limiter through potentiometer R52 at the input of 

the amplifier limiter stage. Sufficient input is taken from R52 

so that with minimum input signal (5  mv.) at J2 and with in­

put control RS set for zero attentuation, satisfactory 

amplitude l imiting will be obtained at the output of the limiter 

stage. 

The output of the limiter stage is fed to the discriminator. 

The discriminator is adjusted at the factory to have zero 

output (as measured by a milliammeter inserted in the circuit 

at jack J I )  at the channel center frequency, fc . The adjust­

ment for zero output at fc is made by capacitor C68. In addi­

tion, C63 is adjusted for maximum voltage reading across 

R80 when the output current is zero. M aximum current out­

put, of opposite polarities, will be obtained when the frequen­

cy is I 00 hertz above or below the zero current output fre­

quency. This separation of 200 hertz between the current 

peaks is affected by the value of C66 (the actual value of 

which may be changed slightly from its typical value in fac­

tory calibration if required). 

It should be observed that although the space frequency is 

fc + 1 00 hertz, after leaving the mixer stage, and as seen by 

the discriminator, the space frequency is 20kHz- I OO hertz. 

Similarly the mark frequency as seen by the discriminator is 

20kHz + 1 00 hertz. The intermediate frequency at which the 

discriminator has zero output then is 20kHz.  The dis­

criminator is adjusted so that the mark and space outputs are 

of equal lengths for equal periods of mark and space signal 

frequencies. 

The discriminator output is connected to the bases of tran­

sistors Q55 and Q56 in such a manner that transistor Q56 is 

made conductive when current flows, from the discriminator 

output, in the forward direction of diode 054, (which occurs 

with mark output) and Q55 is made conductive when current 

flows in the forward direction of diode 055 (which occurs 

with space output.) Consequently, terminal 35 is at a poten­

tial of approximately + 20 volts at space frequency and ter­

minal I is at +20 volts at mark frequency. 

S/N D ETECTION M O D U L E  

The S/N detection module has  three basic functions; first 
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to determine the in-band signal-to-noise ratio and provide 

clamping output at the desired level of signal-to-noise ratio, 

second to measure incoming in-band signal level and provide 

both an output to a carrier level indicating instrument and to 

a clamping circuit in the output module for c�amping at the 

desi red low level of signal, and third to provide a clamping 

output when the desired signal level exceeds the normal 

received level by a substantial amount, typically 25dB. 

The method of determining signal-to-noise ratio utilizes 

the measurement of signal level in two different bandwidths, 

that of the input fi lter which is 1 600 hertz, and that of the I F  

filter which is 500 hertz. The total signal plus noise in the 500 

hertz bandwidth is subtracted from the signal plus noise in the 

1 600 hertz bandwidth and this difference is then compared 

with the signal plus noise in the 500 hertz bandwidth to arrive 

at a true in-band signal-to-noise ratio using logarithmic 

circuits. See Figure 2 1 .  

I f  the ratio of signal to noise is less than the value selected, 

typically 10 ,  then there will be a +  1 6V out of IC I 3  (TP75 and 

terminal 27). This is a high noise condition and this voltage is 

used as a clamp to prevent erroneous interpretation of data 

being received due to high noise conditions. Under normal 

l ow noise conditions, typically  signal-to-noise ratio greater 

than I 0, the voltage out of IC 13 (TP75) is  +4 V and no clamp­

ing is done. 

The wide band signal of 1 600 hertz bandwidth called the 

R F signal is fed into the S/N detection board through isola­

tion transformer T3 1 .  Operational amplifiers IC I and IC2 

along with their associated components, R82 through R92 

and C8 1 through C90, constitute a 4-pole low-pass filter which 

passes the mixed band of frequencies in the bandwidth of 1 600 

Hz centered about the 20kHz I . F .  frequency, and blocks all 

the higher multiples such as in the I.  F. amplifier. Operational 

amplifier IC3 and associated components amplifies the signal 

for feeding into the rms circuit composed of IC4 and ICS 

with adjustable potentiometer R94 controlling the amount of 

amplification. This latter circuit converts the signals into a de 

voltage proportional to the rms value of the ac signals. 

Operational amplifier IC6A and associated components is 

used for inversion and isolation of this de voltage before being 

fed into the summation amplifier IC6B. 

The narrow-band signal of 500 hertz bandwidth called the 

I . F. is fed into the S/N detection board through isolation 

transformer T32. The amount of signal fed into the board is 

adjustable by means of potentiometer R I l l . The circuit com­

posed of operational amplifiers IC7 and I C8 and associated 

components is an rms circuit which converts the signals into 

a de voltage proportional to the rms value of the ac signals 

present in the IF bandwidth . The output of this circuit is also 

then fed into the summation amplifier IC6B. 

The summation amplifier takes the difference between the 

rms values of the IF signal and the RF signal and feeds it into 

one half of the logarithmic amplifier composed of IC9 and 

associated components. At the same time, the rms value of 
the I F  signal is fed into the other half of this logarithmic 

amplifier. The logarithmic amplifier takes the logarithmic 

difference between these two signals (which is equivalent to I F  

divided by [ R F-I F ]  from the summer). The constants of the 

circuits are set up so that the output of the logarithmic 

amplifier is positive when the ratio of the signal to noise ratio 

in these bandwidths is greater than I OdB, and is negative 

when the signal to noise ratio is less than I OdB .  (Note: The 

point at which the change in polarity occurs can be altered to 

other than IOdB signal to noise ratio by altering the ad­

justments of R94 and R I l l ) . In addition, the output of the 

logarithmic amplifier is also negative when the signal level is 

approximately 25dB above normal for high-level clamping. 

The output of the logarithmic amplifier is fed through 

networks consisting of IC l OA and I C I 3A to the level detector 

circuit IC 1 3 B  which has a fast pickup and slow dropout when 

it receives a signal from the logarithmic amplifier indicating a 

lower than desired signal-to-noise ratio (lower than IOdB is in­

itially set when shipped). This will put out a + 1 6  volts out of 

terminal 27 for this condition. For high signal-to-noise ratio 

this output will be +4 volts. This circuit will also put out + 1 6  

volts out o f  terminal 2 7  for very high signal levels. This i s  a 

high signal clamp and occurs for signal levels approximately 

plus 25dB above normal received level. 

The output of the I F  rms circuit is also fed to the 

logarithmic circuit composed of IC I I A, IC I 2A, and I C I I B  

which puts out a de signal level linearly proportional to signal 

level in dB for feeding an external microammeter calibrated 

with a linear d B  scale with I OdB equal to 33- 1 /3 

microamperes. 

OUTPUT M O D U L E  

The output module provides four buffered outputs to the 

relaying system . They are mark (or trip positive), space (or 

trip negative), S/N level. and "not low signal" with red in­

dicating light emitting diodes for these outputs and a yellow 

indicating light emitting diode for normal level (satisfactory 

signal level). In addition, the output module has logic which 

will prevent either a mark or space output whenever the SJN 

level drops to an unsatisfactory level or  the received signal 

level drops to an unsatisfactory level. 

The space output of plus 20 volts (when present) from the 

discriminator is fed into the output module through terminal 

25 into the "and" gate consisting of diodes 07 1 ,  072, 073, 

and 074, transistors Q62 and Q63, and associated com-
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TYPE TC F- 1 0  RECEIVE R----------------------------

fixed by the crystal used, except that it may be changed a few 

hertz by the value of capacitor of Cl2 .  Reducing C l 2  increases 

the frequency, but the capacity should never be less than a 

value that assures reliable starting of oscillation. The frequen­

cy at room temperature is usually several hertz above the 

crystal nominal frequency as this reduces the frequency devia­

tion at the temperature extremes. 

The adjustment of the amplifier and limiter is made by 

potentiometer R52. An oscilloscope should be connected 

from TP56 at the base of Q54 to terminal 33 of the limiter. 

With 16 millivolts of space frequency on the receiver input (R5 

set at zero), R52 should be adjusted to the point where the 

peaks of the oscilloscope trace begin to flatten. This should 

appear on the upper and lower peaks at approximately the 

same setting. (For greater sensitivity when required, the 

receiver can be set to 5 millivolts for beginning of limiting. 

However this makes the receiver more susceptible to locally 

generated noise within the cabinet and should not be used un­

less absolutely necessary and chassis is located in a noise free 

area.)  

The adjustment of the signal-to-noise ratio clamp for 

clamping at I OdB signal-to-noise ratio is as follows: 

I .  Set the incoming signal into receiver at nominal level (90 

mv. for 1 6  mv normal clipping level; 28mv. for 5 mv max­

imum sensitivity level) .  

2 .  Adjust I .  F. input with R I l l  so  that signal a t  TP68 of the 

S/N detector module is + 1 00 mv de (with respect to 

TP62). 

3 .  Adjust RF input with R94 so that signal at TP63 is + 145 

mv de (with respect to TP62). 
4. Adjust log amplifier balance potentiometer R 1 29 so that 

S/N clamps operates. This will be +6 volts de at TP75 to 

TP62. This will also appear as + 1 2  volts at TP9 1 of the 

output board with respect to board terminal 3,  and the red 

SfN level indicator will light. 

5. Go back and readjust RF input with R94 so that signal 

level at TP63 is now 74.4 mv de. (with respect to TP62). 

The adjustments above are for operation of the clamp 

at I Od B  or less signal-to-noise ratios. If it is desired to 

clamp at other than I Od B  or less, the following values can 

be used in place of the 145 mv value in step 3 .  

6 

For S/N of OdB set TP63 to 297mv. 

5dB set TP63 to 200mv. 

1 5d B  set TP63 to 1 14mv. 

20dB set TP63 to 97mv. 

Note: When the SNR clamp is set to clamp at a I Od B  signal-

to-noise ratio, the receiver will also clamp at a high 

signal level of approximately 25dB above normal. 

The low signal level clamp is set to operate at the signal 

level where the receiver just drops out of limiting. This is ac­

complished as follows: 

I .  With a normal space frequency signal being received and 

with an oscilloscope connected across TP56 and terminal 

33 of the limiter module, adjust input attenuator R5 to the 

point where the peaks of the oscilloscope trace just begin 

to flatten. (An alternate adjustment would be to set in­

coming signal level into receiver at 1 6mv with R5 set at 

zero which is the point at which limiting should begin). 

2 .  Adjust the low-level (LL) adjustment R l 78 on the output 

module panel so that the low level clamp just picks up.  

This wil l  be indicated by the red low level light on the out­

put module coming on. There also will be + 1 2  volts at 

TP86 on the output module. 

3 .  Adjust input attenuator R5 to increase signal into receiver 

by desired margin of operation. This normally should be 

1 5dB.  This is done by reducing the R5 attenuator setting. 

MAI NTEN AN C E  

Periodic checks o f  the received carrier signal level and the 

receiver sentitivity will detect gradual deterioration and per­

mit its correction before failure can result. The carrier level 

indicator, when provided, permits ready observation of the 

received signal level .  With or without a carrier level indicator, 

an overall check can be made with the attenuation control, 

R 5 .  A change in operating margin from the original setting 

can be detected by observing the change in the dial setting 

required to cause a low signal level clamp to operate as in­

dicated by the red LED becoming lit. If there is a substantial 

reduction in margin, the signal voltage at the receiver input 

should be checked to see whether the reduction is due to loss 

of signal level or loss in receiver sensitivity. 

All adjustable components for normal field adjustments 

on the printed circuit modules are accessible when the front 

cover on the chassis is removed. All other adjustable com­

ponents on the printed circuit modules may be made entirely 

accessible while permitting electrical operation by using 

module extender style number 1447C86GOI .  This permits at­

taching instrument leads to the various test points of ter­

minals where making voltage, oscilloscope or frequency 

checks. 

TAB LE I 
RECEIVER D-C M EASUREMENTS 

NOTE: A l l  voltage readings taken with ground of de 

VTVM on terminal 17 (negative de). Receiver ad-
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justed for 1 5dB operating margin with Space and 

Mark signals down 40dB from I watt or 50dB down 

from 10 watts. U nless indicated otherwise, voltage 

will not vary appreciably whether signal is mark , 

space or zero. 

Collector of Transistor 

or Test Point 

Q l l 

Q l 2  (TP I2)  

Q l 3  (TP I 3) 

Q l 4  (TP I4) 

Q l 5  (TP I 5) 

TP I I  

TP52 

Q5 1 (TP5 1 )  

Q52 (TP53) 

Q53 (TP54) 

Q54 (TP55 

TP56 

Q55 

Q55 

Q56 

Q56 

1 5  

Voltage 

(Positive) 

1 7  ( Mark or Space) 

1 7  (Mark or Space) 

3 

3 

22 

19 

14  

14 . 5  
1 8  

3 

1 9  

I (Lower Freq. o r  N o  Signal) 

23 (Higher Freq.) 

23 (Lower Freq.) 

I (Higher Freq. or No Signal) 

NOTE: The following readings are taken with the negative 

of de VTVM on terminal 3 (common of de power supply) 

of either the SjN detection module or the output module . 

TP6 1 + 4  

TP62 0 

TP63 + 0.4 

TP64 + 6  

TP65 - 1 2 

TP66 0 

TP67 + 0.5 

TP68 + 0.5 

TP70 - 6  

TP7 1 + 6  

TP72 + 1 . 5 

TP73 + 0.8 

TP74 + 0.3 

TP8 1 + 1 2  ( Higher Frequency) 

TP8 1  - 1 2  (Lower Freq. o r  No 

Signal) 

TP82 + 1 2  (Lower Frequency) 

TP82 - 12 (Higher Freq. or No 

Signal) 

TP83 + 1 2  (Higher Frequency) 

TP83 - 12 (Lower Freq. or No 

Signal) 

TP84 + 1 2  (Lower Frequency) 

TP84 - 1 2  (Higher Freq. or No 

Signal) 

TP85 + 0.3 

TP86 + 1 2  (Low level clamp) 

TP86 0 (No clamp) 

TP87 + 6 (Low SN R clamp) 

TP87 - 6 (No SNR clamp) 

TP88 + 1 2  

TP89 - 1 2 

TP90 + 1 2  (Good Signal Level) 

TP90 - 1 2  (Low Signal Level clamp} 

TABLE I I  

R E C E I VER R F  M EASUREM E NTS 

NOTE: Voltmeter readings taken at any point from receiver 

input to stage involving transistor Q 1 5  are neither 

meaningful or feasible because of either waveform 

variations or the effect of instrument loading on the 

readings. Receiver adjusted as Table I .  

Collector of Transistor 

or Test Point 

Q 1 5 (T P I 5 )  

Q5 1 (TP5 1 )  

Q52 (TP53) 

Q53 (TP54) 

Q54 (TP55) 

TP6 1 

TP67 

Volts with Signal At 

+ 1 0d B  Above Normal Level 

0.8 

0.9 

0.65 

2 .2  

4 .5 

.0 1 3  

.275 

FI LTER RESPONSE M EASUREM ENTS 

The LC input filter (FL20 I )  and the I F  Filter (FL2) are in 

scaled containers, and repairs can only be made by the fac­

tory. The stability of the original response characteristics is 

such that in normal usage, no appreciable change in response 
wi l l occur. H owever, the test circuits of Figure 16 can be used 

i n  case there is reason to suspect that either of the filters is not 

performing correctly.  

Figure 15 shows the - 3dB and - 35dB checkpoints for the 

I F  filter, and the - 3d B  checkpoints for the input filter. The 

response curve of the I F  fi lter shows the combined effect of 

the two sections, and was obtained by adding the attenuation 

of each section for identical frequencies. The scale of Figure 

1 5  was chosen to show the I F  filter response, which permitted 

only a portion of the input filter curve to be shown. The 

checkpoints for the passband of each section of each section 

of the I F  filter are down 3dB maximum at 19 .75 and 

20.25k Hl, and for the stop band are down ! 8dB minimum at 

1 9 .00 and 2 1 .00k Hz for each section .  The signal generator 

voltage ( Figure 1 6) must be held constant throughout the en­

t i re check . A value of 7.8 volts is suitable. The reading of 

VM2 at the frequency of minimum attenuation should not be 
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8 

more than 2 2d B below the reading of VM I .  It should be 

noted that a limit measured in this manner is for convenience 

only,  and does not indicate actual insertion loss of the filter. 

The insertion loss would be approximately 1 6dB less than the 

me�sured difference because of the in·put resistance and the 

difference in input and output impedances of the filter. 

In testing the LC filter, a value of approximately 2.45V is 

suitable for the constant voltage at which to hold VM I 
throughout the check.  The reading of VM2 at the frequency 

of minimum attenuation will vary somewhat with the channel 

fre4uency, but should not be more than 1 8dB below the 

reading of VM I .  (The filter insertion loss is approximately 

6d B less than the difference in readings). 

CONVERSION OF RECEIVER FOR C H A N G E D  
C H A N N E L  FREQU E N C Y. 

The parts required for converting a TCF receiver for 

operating at a di fferent channel frequency consist of a new 

LC input filter (FL20 I ), a new local oscillator crystal (Y I I ) 
and probably a different feedback capacitor (C 1 2). There are 

two ways of effecting this change. The easiest and preferred 

method is to order a new input filter module and a new os­

cillator mixer module for the new frequencies from the fac­

tory . The new modules would then just have to be plugged in 

as replacements for the original modules . The second method 

would involve ordering just replacement filter, FL20 1 ,  and 

new local oscillator crystal for the new frequencies and mak­

ing the substitution on the modules. These substitutions on 

the modules are not difficult as the crystal plugs in  and the 

filter has five leads to be soldered . However, testing of the 

local oscillator for easy starting will have to be made, and the 

value of C 1 2  chosen to assure this easy starting of oscillation. 

The whole receiver should then be checked out for correct 

performance. 

RECOM M ENDED TEST EQUIPM ENT 

1. Minimum Teat Equipment for Installation 
a. A-C vacuum Tube Voltmeter (VTVM).  Voltage range 

0.003 to 30 volts, frequency range 60Hz  to 330kHz, in­

put impedance 7.5 megohms. 

b .  D-C Vacuum Tube Voltmeter (VTVM). 

Voltage Range: 1 .5 to 300 volts 

Input Impedance: 7.5 megohms 

c. CLI M icroammeter, range 0- 1 00 J1 A, style number 

606B592A26, (if receiver has carrier level indicator) 

II. DESIRABLE TEST EQUIPM ENT FOR APPARATUS 

MAI NTENANCE 

a.  All  items listed in  I .  

b. Signal Generator 

Output Voltage: 

Frequency Range: 

c. Oscilloscope 

d .  Frequency counter 

e. Ohmmeter 

f. Capacitor checker 

up to 8 volts 

20kHz  to 330kHz  

g. Milliammeter, 0- 1 . 5  or preferably 1 . 5-0- 1 .5 

Some of the functions of the recommended test equipment 

are combined in the type TCT carrier test meter unit which is 

designed to mount on a standard 1 9" rack but also can be 

removed and used as a portable unit .  

REN EWAL PARTS 

Repair work can be done most satisfactorily at the 

factory. However, replacement parts can be furnished, i n  

most cases, t o  customers w h o  are equipped for doing repair 

work . When ordering parts, always give the complete 

nameplate data, the electrical value, style n umber, and iden­

tify the part by its designation on the I nternal Schematic 

drawing. 
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I N P U T  osc. 

F I L T E R 8 
M I X E R  

RF 

REMOVEABLE SHROUD 

1 1  

TCF- 1 0  

DISCRI- f-
I F  AMP LIMITER MINATOR f-

I F  I A N D  
S / N  

S / N  
DETEC- LOW LEVEL T I O N  L AND 

MARK L 
A N D  

SPACE L 
AND 

r-

S I N  t� -
�RED = LO W  S / N  

:,. LOW LEVEL= GOOD SIGNAL � �r1 YELLOW : GOOD SIGN A L  

G(" 7 RED : LOW SIGNAL � 

.. 
?.l 

-
Q�ED = MARK 

.. -
Q�ED = SPACE 
� 

MARK 

SPACE 

Sub. 1 7758408 

Fig. 2. Receiver Logic for Dual Phase Comparison. 

4.991 
1126.771 
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it-------- 17.434 ---------------+ 
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(491 .5921 �--------------- 19.354 
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Fig. 3. Outline TCF-1 0 Receiver. 
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1 2  

COMPONENT 

R4 RESISTOR 
R6 RESISTOR 
R5 POTENTIOMETER 
FL201 FILTER 
TJI TIP JACK 
TJ2 TIP JACK 

0 = TO BE DETERMINED. 

Fig. 4. Internal Schematic Input Filter Module (Below 200 kHz) 

TJI 
BLK. 

-- -- -- �0-- �2-- -----, 
RED 

4 0 

5 0 

2 .. :rpg TI

Q

TP4 , I 

Tn T� » � 
I I 3 

L - - - - - - - - - �,....I4-5-IIC-7-6G-:0-, -_j-i 

C0HP0NEHT 
. ... ... ... ... ... ... ... ... 
R4 RESISTeR 
R6 RESIST0R 

Z l  ZENER 
Z2 ZENER 

FLZOI FILTER 
R5 POT 
Tl TRANSF 

DESCRIPTION 

100.0 .50W 5"/o 
IO.OK .SOW 5"/o 
IO.OK 2W 

BLACK 
RED 

DESCRIPTU,. 
- - - - - - - - - - -

1 00 · 0  . sow 51 

I O · OK . so w  51 

IN3027B 2 0 · 0 V  

. ..  30278 20 · 0 V  

O.SPEC 
IOK zw 

f Input Filter Module (Above 200 kHz) 
Fig. 5. Internal Schema rc 

I.L. 41 -945.81 

STYLE NO. 

184A763H03 
184A763H51 
185A086HIO 

D 
187A332H02 
187A332HOI 

S U B . 1 
7 7 5 B 3 9 4  

STYLE ..... 
---------
1 8 -4A763H03 

1 8 4A763HSI 

1 88A302H07 

1 88A302H07 

185AOIIHIO 
714BSnGOI 

Sub 2 
7758920 
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TYPE TC F-1 0 R E C E I VER ---------------------------I ._L._4_1_-9_4_s._&1 

NEG  
INPUT POWER SUPPLY �- � - - - - - - - - - - - - - - - - - - - - - - - - - - - ll - - - - ---, 

I 
I 

Clli'IPI!IHEHT 

" '  
'" 
" '  
, . .  
" '  
" '  
" '  
' "  
" '  
"' 
"' 
"' 
"' 
'" 
" '  
, . .  
" '  
" '  
" '  
' "  
" '  
"' 
"' 
"' 
'" 
,,. 
"' 
'" 
'" 
"' 
"' 
"' 
"' 
"' 

"' 
'" 

CN"ACITIIR •2'50UF 200Y 

CAPACITOR SEE NOT£ '9' 
CAPACITIIR .esour 200V 

CAPAC I Tii!IR J ,QQOUF 200V 

CAPACIT&R J , QQOUF 200V 
CAPACITOR SEE NOTE. 
CAPACITBR .esour 200V 

CAPACITIR . 2SOUF 200Y 

CAPACI TI!IR . I!  SOUP' 200V 

CAPAC I Tii!IR J o o . oooPr 500\1 

CAPAC I TeR .esou,. eoov 

CAPACITii!IR J , ooour eoov 

CAPACIT8R o250UF 20011 

RESIST9R J Q , OK . o; o w n 

RESI STIIR <1700·0 . s o w s s  

RESISTEIR JJOO . O  . s o w n 

IUSI STiiR JJQ,Q . s o w sl 

RESI STI.!IR J Q , QIC . s o w  " 
R[SI STiiR JJ,QK . s o w  " 
RESI ST0R J:JOO o O .o;ow " 
R€SIST0R :J:JOOoO . s o w  " 
RESI STeR I Q . O K  . s o w  " 

RESIST0R JJO oO . s o w  " 
R[SI ST0R 

IIESISNR 220.01( .sow " 
R[SI STI!IR .roo.o .sow " 
RESI STeR JJOO o O  . s o w  " 
RESIST0R 22.01( . sow " 
R£51 Stl!IR 680.0 .5ow " 
RESI STeR u . o  . 5 0 W  " 

I O o OK .o;ow " 
RESI STeR 330·0 ·50W " 
RESISTeR JJOO.O .sow " 
RESI STSR 1000.0 o50W " 
R£SI ST0R 22 o OK . s o w  " 
RESISTSR 680o0 .sow " 
R£51 STI'IR 68 o0 . !> O W  " 
RESISTiliR 

' '" RESISTeR 

TRANSISTeR 

TRANSISTiiR 

TRANSISTI!IR 

TIIANSIST0R 
TRANSI ST"R 
TRANSFORMER 
TRANSFORMER 
CRYSTAL SEE NOTE Q 
FILTER 

STYLI: N •• 

1 87At.24H02 
UlA6�.oiiHO<I 
1 87A62<1HO .. 

J 8 7A62<1H02 
1 1!17A62<1HOR 
1 87A62<1HOR 
762A757HOI 
1 87A624H02 
1 8 7A62<1H04 
1 8 7A62<1H02 

1 8<1A763H51 
1 8<1A763H<IJ 
1 8  .. A763Hlt 
1 8 <111176JHIS 
1 8 <1A74JH51 
1 8 <1A763H63 
1 8 <1AT63H39 
1 8<1AT63H39 
J 8 4AT63H51 
J !I <IAT63H63 
I B 4AT63H 1 5  
IB<IAT6JH51 
18<1A'J6JHB3 
I B <IA'J63H<13 
I B <IAT63HJ9 
I II<IAT6JH59 
1 8<1AT63H23 
! 8 7A290H21 
U<IA76JH51 
18<1AT63Hl5 
I B <IAT63H39 
1 8<1AT6JH27 
1 8 <1AT6JH59 
1 8<1A76JH23 
1 87A290H21 
1 8 <1AT6JHSI 

B62A<I18HOJ 

8<19A<I<IIHOJ 
8<19A<I<IIH03 
8<19A<I<IIH03 
80A<I<IIHOJ 
849A<I<IIH03 
205C043GOI 
Z05C043G03 

762A613GOI 

··CI2 RANGE 4 TO 390Pf AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS 

•·CIS RANGE 22 TO IOOPf AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS 

Q•YII RANGE-50 T0 220KHZ 

0•COMMON TERMINAL 

Sub 4 
1444C52 

Fig. 6. Internal Schematic Oscillator-Mixer-IF Amplifier Module (Below 200 kHz) 

I NPUT 

I , - - - - - - - - - - - - - - - - - - - -- - - - -
1 ''c'�"�--�r----------�--�---�--�-�----l 
I 

I 
I 
I 
I 
I 
I 
I 

L�� - �-� -
" 

OUTPUT 

" 

I 
I 
I 
I 
I 
I 
I 

" 
OUTPUT 

' "  
''" 
" '  
" '  

. C� I I 

C l 1 3  

C./ 1 7 

C 2 1  � 

0 C2 14 

"'' 

"' 

"' 

"' 

>t2 1 !  

�2 1 � 

"2 1 B  

" "  
U2 1 1  

" '  
T211 
T212 

0 C2!4 

CA�AC! T01l 

(APAC I T0R 

CAPACi fO>t 

CA�ACI T0R 
CAPAC I T011 
CAPA C I TOR 

CAJ>A(I I(!I! 

CAPAC I T (I R  
CAPACITOR 

.c�Sl ST�� 
I!ESIST0o< 
"'ES! �Tilt! 

tl l � ! S U tl  

H l � l  S T � >t  

tl��� STOR 

tl � � �  Sh!� 
� E S I  S T J H  
l i E S !  S T � �  

1! [ � 1  � � � R  

� E � l  S I � H  

THAN S I ST0R 

TI!ML I � T Q R  

TI!A.�SI STO>t 

CRYSTAL 
T RANS � 
TRAtnr 

• ��our 200V 

•l">O-JF lOOV 
100. OOO�F ">oJ0\1 

• 2 �0JF 200V 

t . o aour 200V 
· 2 �0llf 200V 
S[[ HOT[ . 

. 1 00ur ">OV 

· I OOUF ")(ly 
l · OOOUF 20CV 

1 .  ooou� 200v 
• 2�0Jf 200Y 

SE[ NOTt 0 

• �0� " 
• ">0� " 
. so• 
. � o,.. " 

. �o• " 

· SU o  " 

• �ow " 
" 

. �o• " 
" 

. �o• " 

. so .  " 

. so .. " 
• �ow 

<?�424, 

!f.[ NOTf 0 

I �7A62.HO;! 

l li 7A62.H02 

762A7�7 .. UI 

I 8 4A66J>IO• 

I BU.U)H04 

I � 7  ... 62<1><04 

1 8 7A�2<0>I02 

I �<OA16J .. �· 

ld7A2t0H2l 

lli4AHJI!�I 

l l! <O A 1 6 J  .. I � 

ld4A74JH2J 

J ij 7A2tOM2 1 

! ij " A 7 6 J H � I  

1 5 4A16Jt�l7 

I �4<1763.-i�l 

l d 4A76)H4t 

lli4A16JrlH 

l 8 4 A 1 6 1 H � J  

I � 4 A 7 6 J H <O ]  

<IHA4<0 l ><OJ 

6<0,A44IHOJ 

11411ST7GOI 
20�C04lGOl 

RANGES FRO"' IOOPr TO IOOOPI 

"'AY VARY UP TO IOOPt IBTA695H01 T>tROUGH H2l 

0 Y I I FR[Q. [QUALS RCVR ( CHANNELI FREQUENCY 

Sub 1 
1458C60 

Fig. 7. Internal Schematic: Oscillator-Mixer-IF Amplifier Module (Above 200kHz) 
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-1. � 

r 

L _ _  _ 

0 5 4  

055 

I I I W(2 � I )iMARK 
I ' I 

0 
C67 

TP C68 C69 

_ _ _ _ _ _  E44C�G� 

Fig. 8. Internal Schematic Amplifier Limiter-Discriminator Module 

teHPINENT DESCRJPT18N STYLE Ne. 
... ... ... .......... ..... ... .. ... ...... ... ..... .. ... ... ... ...... ... .............. 

C > l  CAPACIHIR . e sour eoov 1 8 7A6241H02 
C>2 CAP/,ClTBR .esour eoov 1 8 7A624H02 
C>l CAPACI TO R  • IOOUF 200V 1 8 7A624HOI 
C>4 CAPACIT0R 1 3QQ.QOOPF SOOV 18 7A58"'HI 5 
C» CAPAC! T0R . t odur eoov 1 8 7 A624HOI 
C>6 CAPAC I T0R . esour eoov 1 8 7A62<4H02 
C>? CAPACITOR • IOOUF 200Y 1 8 7A62<4HOI 
C>B CAPACIT0R .esour eoov 1 8 7A62<4H02 
C>9 CAPACITIR . esour eoov 1 87A62.4H02 
C60 CAPACIT0R a . ooour eoov I 8 7A624H041 
C 6 1  CAPACITOR .eeour >ov 762A703HOI 
C62 CAPACI T0 R  .eeouF >ov 762A703HO I 
C63 CAPACITOR 4..5 TO IOOPF 762A736H02 
C64 CAPAC I T O R  9 1 QO . OOOPF 200V 1 8 7A62<4H 1 6  
C65 CAPACITOR SEE N O T E D  
C 6 6  CAPAC! T0R I 00 • OOOPF SOOV 1 8 1A68<4H08 
C67 CAPACITOR SEE NOTE D 
C68 CAPACITOR 4.5TO JOOPF 762A736H02 
C69 CAPAC I T0R 9 1  QQ. OOOP, 200V 1 87A624H 1 6  
C70 CAPAC I T0R ·220UF 50V 162A703HO I 
C7 1 CAPAC I T0R • 220UF 50V 762A703H01 
C72 CAPACI'TUR 330.000PF 2POV BBOA397 HOI 
C73 CAPAC ITOR 330.000PF 200V 880A397HOI 
0 5 1  010UE I N .II � U t  I B 4A85�H07 
052 0100£ 1 N 4S 7 A  1 8 4A 8 5 5 H 0 7  
0 5 3  0 1 0 0 [  1 N 4S 7A 1 8 4A8SSH07 o>• 0100[ I N 4 S 7A 1 8 4A855HQ7 
0 5 5  0 1 0 0 [  I N 45 7 A  1 8 4 A 8 5 5 H 0 7  
05 6 0 1 0 0 [  I N 45 7A 1 8 4A 8 5 5 H 0 7  
05 7 0 1 00 £ I N628 1 8 4A8S5H t 2  
058 0 1 0 D E  I N 628 1 8 4A S S SH 1 2  
R :) J  R E S  I STJR 4700 · 0  • sow s:; 1 8 4A763ri43 
R 5 3  RES I S T 0 R  2 7 o QK o SOW 5% 1 8 4A 7 6 3 H 6 1  
R 5 .  R E S l  ST0R 2200· 0 • sow 5% 1 8 4A763HJS 
R 5 5  RES I S T 0 R  2 7 · 0  • s o w  5% 1 8 7A290H l l  
R 5 6  R E S  I ST0R t a . aK . sa w  sx 1 8 4A 7 6 3 H 5 1  
R 5 7  RESl S T 0 R  4700 o 0  • sow 5 %  1 8 4A 7 6 3 H 4 3  
R58 RESI ST0R 2 7 . QK · SO W  S:Z 1 8 4A763H 6 1  
R59 R E S I S T O R  I S O O o O  • SOW S% I B .t!A 7 6 J H J I  
R 60 R E S I S T O R  1 8 0 o 0  • SOW S% 1 8 .t!A763H09 
R 6 1  RESI ST0R 4700 o 0  • SOW S% l 8 4A 7 6 3 H 4 3  
R62 RESI ST0R 2200 . 0  • sow S% 1 8 4A 7 6 3 H 3 5  

R 6 3  R E S I S T O R  33· OK • SOW 5 %  1 8 .t!A763H6J 

R6• RESI STOR 2700 . 0  • s o w  5% 1 8 4A763HJ7 
R 6 5  RESI ST0R 680 . 0  • 50\t,l 5% 1 8 4A76JH23 
R 6 6 RESI ST0R 6 8 · 0  ' . sa w  S% 1 8 7A 2 9 0 H 2 1  

R67 RESI ST0R 4700 . 0  • sow 5 2:  1 8 4A76JH4J 

R 68 RESI SHlR 27QQ . Q  • sow 5 %  1 8 4A76JHJ7 

R69 RESI ST0 R ) 8 o 0K o SO W  5% 1 8 4A76JH57 

R 7 0  RESI STOR 22Q . Q  • 501-.' S% 1 8 4A 7 6 JH I I  

R7 1 Rt.: S I S T " R  6 8 o  0 • sow 2 %  629ASJ I H0 4  

R 7 2  H E S I  ST0R 3 30 . 0  .• sow S% 1 8 4A 7 6 3H t 5  

R7 3 RESI STOR 5 6 . 0  • sou 21 629ASJI H02 

RH RESI STOR J 2 . QK • SOW 5% 1 8 4A 7 6 3 H � J  

R 7 5  R E S I  STOK Jooo . a  • SOW S% 1 8 4A763HJ8 , n 6  RE.::.-1  STJP. JOCO • 0 • SOW 5"l 1 8 4A 7 6 3riJO 
R 7 7  R E S  I ST01{  2 20 · 0  • S O  !.I S %  1 8 4A 7 6 3 H i  t 
R79 RESI ST0R 22 00 . 0  • S O W  S %  1 8 4A1 6:lH J 5 
RBO RES! ST0R 2200o 0 • SOW S% l 8 4A763HJS 
R>2 POT l o OK . sow 629A6o45H0-4 
0 5 1  TRANSJ ST0R 2No42-49 8-49A441H03 
052 TRANS I ST0R 2No42-49 8o49Ao44IH03 
0>3 TRANS I ST0R 2N42o49 8o49A4o41H03 
.,. TRANS I ST0R 2N"'249 8o49A44IH03 
O S >  TRANS I ST0R 2N:l6-45 8-49A4'Ji i H O I  
. , .  TRANSI ST0 R 2N36o4S 8<49A44 1 H O I  
T 2 1  TRANSFORMER 6068533GOI 
T2 2  TRANSFORMER 6068533G02 
JO TELEPHONE JACK 187A606HOI 

D -ONE OR TWO CAPACITORS USED; VALUES 
DETERMINED IN TEST. 

Sub 4 
1444C49 

-t < 'V m 
-t 
0 , I ... 0 
::D m 
0 m 
< m ::D 
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TYPE TCF-10 R E C EIVER-----------------------------

COMPO N E N T  D E SC R I P T I O N  STYLE N � . 

RB I R E S I STOR 1 00 0 . 0  . s o ;: 1 :4  8 48 M 3 1 9 H 4 8  
R8 2  R E S  I ST9 R 22 1 0 · 0  • SO i.' I % 8 48 AS I 9 HS I 
R8 3  R E S I STOR l 0 o 2K · 2 5\·: 1 7.  8 48 A 3 2 0 H 4 6  

RS .Il R E S I S T O R  I O · OK • 2 5 �: 1 %  8 43 A8 2 0 H 4 S  
R8 5 R E S !  S H l R  5 6 o Z. K  · 2 5 '1! 1 %  8 4B A 8 2 1 H I 8  
R8 6  R E S I STOR I O . O:< • 5 0 \·: I %  8 4 8 A 8 2 0 H 4 5  

R8 7  R E S I STOR 22 1 0 · 0  • 50 \·; I %  8 4 S A R 1 9 H8 1 

R8 8  R E S I STOR l 0 o 2K • 2 5 �! 1 7.  8 48 A 3 20 H 4 6  

R8 9  R E S I STOR J o . o:< . 2 5 W  1 :1.  8 43 A 3 2 0 H .I! S  

R9 0  R E S I STOR 82. SK • 50 '1.' ] 7,  8 48 A8 2 1 H 3 4 
R9 1 R E S !  STOR I O . OX • s o �: 1 7.  8 48 A 3 2 0 'i 4 5  

R9 2  R E S I STOR 6 1 9 0 · 0  • s o �: 1 7.  8 48 A 3 20 H 2 5  

R9 3 R E S I S T O R  49 9 0 . 0  • 5 0 �1 1 7.  8 4 8 A8 20 H I 6 

R9 5 R E S !  STOR 4 7 5 0 . 0  . 2 5\o.' ] 7,  8 43 A 3 2 0 H I  4 

R9 6  R E S I S T O R  4 7 50 . 0 · 2 5 \·: I t  8 4 R .0. 8 2 0 H  I 4 

R9 7 R E S I STO R 49 9 0 · 0 • s o •  .. : I t  8 48 A !l 20 H 1 6  

R9 8  R E S I STOR I s . ox • 5 0 ',.! I %  8 48 A820H 6 2 
R9 9 R E S I STOR 49 9 0 . 0  • s o ;1 17. 8 48 A8 20 H 1 6 

R I O O R E S I STOR 49 9 0 . 0  . S O H  1 %  8 43 A8 2 0H 1 6  
R I O  I R E S I STOR 4 9 9 0 . 0  ... S O H  1 7.  8 48 A8 2 0 H 1 6  

R I 0 2 R E S I STOR J O . OK . s o :·: I %  8 48 A8 20H 4 5  
R I 0 3 R E S I STOR J O . OX . s o H  17. 8 48 A8 20H 4 5 
R I 0 4  R E S I S T O R  I O o OK . S O \\  17. 8 48 A3 20H 4 5 
R I O S  R E S !  STOR J O . O:< • s o w  ll! 8 48 A 8 20 H 4 5  
R I 0 6 R E S I STCR J O . OK • S 0 \·1 J :<:  8 48 A 8 2 0 H 4 5  
R l 0 7 RES! SHJR I O o OX • 5 0 �·� 1 %  8 43 A 3 2 0 H 4 S  
R I O S R E S !  STOR I O O . OK • s o �· 1 %  8 48 A 8 2 1 H 4 2  
R l 09 R E S I S T O R  J O . OX • 50 \·: 17. 8 48 A8 2 0 H 4 5  
R I I O  R E S !  STO R 1 00 0 . 0  • 5 0 '.-J 1 %  8 48 A 8 1 9 H 4 8 

R l l 2  R E S I STO R 4 7 SO . o  · 2 5 \-1  17. 8 48 A8 2 0 H 1 4  
R l l 3  R E S !  S T:J R  4 7 5 0 . 0  . 2 5\·! 17. 8 48 A8 20 H 1 4 
R l l 4  R E S I STOR I So OX . S O H  1 7.  8 4B A 8 2 0 H 6 2  
R I I S  R E S !  STOR 49 9 0 . 0  • 5 0 1.·! 1 7.  8 48 A: 3 2 0 H I 6  

R 1 1 6  R E S !  STOR 49 9 0 o 0  . s o w  17. 8 48 AR20H 1 6  
R 1 1 7  R E S I S T O R  4 9 9 0 . 0  . s o H  17. 8 48 A!l 2 0H 1 6  

R I I S  R E S !  STO R 4 9 9 0 . 0  . S OH 17. 8 4 8 A8 2 0H 1 6  
R t l 9  R E S I S T O R  I O . O K • S O \� u 8 4fl A8 2 0 H 4 5  
R 1 20 R E S !  STOR 1 0 0 0 . 0  • s o :,;  1 %  8 4 8 A8 1 9 H 4 8  
R 1 2 1 R E S I STQR t S . OK . SO 't! t % 8 4 8 A 3 2 0 H 6 2  
R t 22 R E S !  SHlR I s . Ol< • 5 0 ';! 1 %  8 48 A 8 2 0 H 6 2  
R 1 2 3 R E S !  STO R t o . ox . S O \·! 1 %  8 48 A 8 2 0H 4 5  
R l 2 4 R E S I STO R J O . OK • 5 0 \� 17. 8 48 A 8 2 0 H 4 S  
R 1 2 S R E S I STOR t o . ox • S O h' 1 :0:  .8 4 8 A 8 2 0 H 4 S  
R t 2 6  R E S I S T O R  I O o OX • 50 �·.' 1 7.  8 48 A 8 2 0 H 4 5  
R 1 2 7 R E S I STOR 2 o OK . SO lo.' 1 %  8 48 A8 1 9 H 7 7  
R 1 2 8  R E S !  STO R 9 S J0 o 0  • 5 0 �1 1 %  8 48 A 8 2 0 H 4 3  
R t 30 R E S I STOR 9 S J O .  0 . S OH 1 %  8 48 A 8 20 H 4 3  

R 1 3 1 R E S I S T O R  t o . ox . S O\-! 17. 8 48 A8 2 0 H 4 5  

R t 32 R E S I ST!JR I O o OK • so,.· I %  8 48 A8 2 0 H 4 5  

R 1 33 R E S I S T O R  t o . ox • sot• 1 %  8 48 A8 20 H .I! S  

R l 3 4 R E S I STOR t o . oK . SO \·! 1 %  R 48 A R 2 0 H 4 S  

R I J S R E S I S T O R  t o . o:< . so t·! t %  8 48 A8 20H4S 
R 1 3 6  R E S I S T O R  I S · OK • S O t·.' 1 %  8 48A820H62 
R l 3 7  R E S I STOR I O . OK • 5 0 �! 1 %  8 48 A 8 2 0 H 4 5  R l 36 R E S I STOR J O . O:< • s o �.· 1 %  8 48 A B20H4 5 
R l 39 R E S I S T O R  I O · OK · 5 0 ';1 1 %  8 48 A 8 2 0 H 4 S  
R t 40 R E S I STOR 4 7 S · O X  · 2 5 !·.' J :<  8 48 A822H08 R t 4 1 R E S I S T O R  z. oo . O!<  • 50 \·! 1 1.  8 4 8 Af'2 1 "7 1 R l 42 R E S I STOR I S O . o  • S O lo.'  1 %  8 48 A8 1 8 H 6 8  
R t 4 4  R E S I STOR 7 5 0 . 0  • SO \·: 1 %  8 48 A8 1 9 H 3 6  R I 4 S R E S I STOR 1 8 .  7K • s o t,• t %  8 48 A8 20 H 7 1 
R l 4 6  R E S I STOR 4 9 9 0 . 0  • SO\\ 1 7:  8 4 8 A8 20 H 1 6  
R t 48 R E S I STO R t o oo . o  • S O t:.' 1 %  8 4'J A 'J I 9 H 4 8  R l 49 R E S I S T O R  t s . o:< . so ·.: I %  8 48 A 3 2 0 H 6 2  R I SO R E S I STO R 2 . 0K • SO\·! t % 8 48 A B I 9 H 7 7  R I S I  R E S I S T O R  2 . 01{ . so ·  .. : l :l  8 .<!8 M I 9 H 7 7  
R l 52 R E S I S T O R  t 7 . 8K . 2 St.: J %  8 48 A 3 2 0 '-l 69 
R l 5 4  R E S I STOR I · OK • SO :·: t ::  8 4 � !\ � 1 9 H4 8 
R I S S R E S I S T O R  I . OK • 25W 20% 6 2 9A430 H02 
R I S 6 r�� s r �T'"'�� 1 50 · 0  · 50W l l  8 48A8 1 8Hii8 Rl 57 RESI STOR 2 0 . 0K . 50W 1% 84&A820H7'4 Rl 58 RESI STOR 2 0 . 0K . 50\v 1% 848A820H74 

Component Part! 
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C0MPO N E N T  D E SCRI PT I O N 

R9 4  P 0 T  20 o OK • s o �: 

R i l l  P O T  so . oK • S0 \·1 

R l 29 P0 T 2 o SK o 2 SH 

R l 4 7 P O T  2SQ . Q K  • 7 S �I 

R I S 3 P O T  2 o SK o 2 S \-J 

CB I CAPACI-TOR 20QQ , Q Q Q ? F  soov 

C 8 2  CAPAC I TO R  I O Q Q , Q O O P F  2 0 0 V  

C8 3  CAPAC I T O R  22Q . Q O O P F  2 0 0 V  
C 8 4  CAPACI T O R  . Q I O UF s o v  

CB S CAPAC I TO R  l o OO O U F  s o v  

C 8 6  CAPACI T O R  . O I O UF sov 

CB 7 CAP AC I TO R 2 0 Q Q , O O O P F  s o o v  

.C88 CAPAC I TO R  I O O Q . O O O (' F  2 D O V  
C 8 9  CAPAC I T O R  J J , O OO P F 2 0 0 V  
C9 0  CAPAC I TO R  o O I OUF sov 

C9 1 CAPAC I TO R  , Q J O U F  s o v  

C9 2 CAPACI T O R  I . OOOUF S O V  
C9 3 CAPAC I T O R  o O I O UF s o v  

C9 4  CAPACI T O R  JJ , Q O OPF 2 0 0 V  
C9 5 CAPAC I TO R  . O I O UF sov 

C9 6 CAPACI T O R  o O I O UF sov 

C9 7  CAP.ACI T O R  o 4 7 0 U F  s o v  

C9 8  CAPA C I H J R  J J , O OO PF 2 0 0 V  
C99 CAPAC I T O R  . O I O UF s o v  

C l O D CAPACI T O R  , Q J O UF s o v  

C I O I CAPAC I TO R  3 3 . 0 0 0 P F 2 0 0 V  
C I 0 2 CAP AC I TO R . O I O UF S O V  

C I 0 3  CAPAC I TO R  3 3 o O OO P F  2 0 0 V  
C I 0 4 CAPAC I TOR . O I O UF s o v  

C I O S CAPAC I T O R  o O I O UF s o v  

C I 0 6  CAPACI TO R . 0 4 7 UF S O V  
C l 0 7  CAPA C I T O R  3 3 . 000PF 200V 
G l O B CAPA C I T O R  o O I O UF s o v  

C I 09 CAPAC I TO R  . O I O U F  s o v  

C l i O CAPAC I T O R  . 2 2 . U F I OOV 

I C I  ! N T  CK T S E 5 3 J T 

I C2 I N T  CK T SE 5 3 1 T 

I C 3 I N T  CKT S E 5 3 1 T  
I C 4 I N T CKT S E 5 3 J T  
I C S  I N T CK T SE 5 3 1 T 

I C 6 ! N T  CK T 7 4 7 Di'1 

I C 7 I N T CK T SE 5 3 1 T 

I CB I N T  CK T SE 5 3 1 T 
I C9 I NT CK T SN 5 6 502 

I C I O  I N T  CK T 7 4 7 DM 

I G i l I N T  CK T '7 4 7 D I'.  

I C 1 2  I N T  CK T SN 5 6 502 
I C I 3 J N T  CK T 7 4 7 D;"' 

D 6 1  D H J DE I N 4 1 48 

D62 D I O D E  J N 4 1 48 

D63 D I O D E  I N 4 1 48 

D64 D I O DE I N 4 1 4S 

D65 D I O DE I N 4 1 48 

Z l l Z EN E R  I N 8 2 5A 6.2 v 

Z 1 2  Z EN E R  I N 825A 6.2 v 

Z l l 3  Z E N E R  I N8 2 5A 6 . 2 V  

J i l l  JUMPER 0 0 H M  R E S I STOR 

J l l 2  J UMP Ell 0 0Hf·1 RE S I STO R 

J J J 3  JUMPER 0 0HM R E S I S T O R  

J J I 4 J ll'l P E R  0 0HM R E S! STO R 

T3 1 TRANSFORMER 

T32 TRANSFORMER 

List _ SNR Detection Module 

18 

STYLE NO . 

629 A 6 4 SH O S  
6 2 9 A 6 4 S H 1 2  
629 A 6 4 SH0 7 
8 B OA S 2 6 H I O  
6 2 9 A 6 4 5HrJ 7  

1 8 7 A S P, 4 H O I 

8 8 0 A 39 7 H 0 7  
8 7 9 A9 8 9 H  I 7 
1 8 4 A 6 6 3HO I 

3 S I 2AOP.HO J 

1 8 -" A 6 6 3HO J 
1 8 7 A 5 8 4HO J 

B R O A 39 7 H 0 7  
8 79 11 9 8 9 H 0 7  
1 8 4 A 6 6 3 HO J 

I 8 4 A 6 6 3 H O J 

3 5 1 2A0 8 H O J 
1 8 4 A 6 63HO J 

8 79 A 9 8 9 H 0 7  
1 8 4A 6 6 3HO J 

1 8 4A 6 63HO I 

7 6 2A68 0 H 0 4  
8 7 9 A98 9.Y 0 7  
1 8 4 A 6 6 3H O J 
1 8 4 A 6 6 3 H O J 
8 7 9 A 9 8 9 H 0 7  
J R 4A 6 6 3H O I  
8 79 A 9 8 9 H 0 7  
1 8 4 A 6 6 3HO J 
1 8 4 A 6 6 3HO I 
8 48 A 6 4 6 H 0 7  
8 7 9 A9 8 9 H 0 7  
1 6 4 A 66 3H O J 

J 8 4A 6 6 3i-I O J 
3 5 1 2A08H 0 2  

35 1 2A I O HO J 

35 1 2A I O HO J  
3 5 1 2A J O H O J 
35 1 2A J OHO J 

35 1 2A I O H O I 
I 44 3C 52HO J 
35 1 2A I O H O I  
35 1 2A J OHO I 
3 5 1 2A0 9 HO I  

1 44 3 C 5 2H O J 
I 4 43C52HO J 
3 5 1 2A09 HO J 
1 4 4 3C 52H O J 

8 3 6 1\ 9 28 H 0 5  
8 3 6A928 H 0 "  
8 3 6 A 9 2 B H 0 6  
8 36 A9 2BH0 6 

8 36 A 9 2R H 0 6  

&62A288H06 

862 A 2 8 8H06 

8 621\2il R H 0 6  

8 6 2 A 4 7 B H O J 
8 62A4 78 HO I 

8 62A 4 7 8 H O I 
8 6 2 A 4 7 8 H O I  

714.B677GOI 

714B617GOI 

I.L. 41 -945.81 

Sub 1 
1334015 
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SPACE OUT LL CLAMP OUT 
SPACE (+12V ON H IGHE R FREQ. ( - 12V NORMAL 

IN -1211 ON LOWER FREO.) + 12 VON LOW LEVELl SIN CLAMP 
(+ 6V FOR ����k�" • • ( 

zs- -- - - - ,.29 - - -11\9 - ---- - - -- - - - - --, 
SIN LEVEL OUTPUT ������?s"d 

SIGNAL 
LEVEL I N  

I TP91 

I 
I 
I 
I 
I 
I 
I 
I 

7 

COMMO N I<3 I • 1 1 � J 

L WL13 
- - - - - - - - - -- -- -- -- - - - --
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I 
I 
I 
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::5 
t;>. ()" 
0 <:: 
-u 
s. 
� 
0 
a. <:: 

N 0 

!D 

I C O M P O N EN T  
D 7 1  D I O D E  

D 7 2  D I O D E  

D 7 3  D I O D E  

D 7 4  D I O D E 

D 7 5  D I O D E  

D 7 6  D I O D E  

D 7 7  D I 0 D E  

D 7 8  D I O D E  

D 7 9  D I O D E 

D8 0 D I O DE 

D8 I D I 0 D E  

D8 2 D I O D E  

D 8 3 D I 0 D E  

D8 4 D I O D E  

D8 5 D I O D E  

D8 6 D I O D E  

D8 7 D I O D E  

R l 6 1  R E S I S T O R  

R l 6 2 R E S I S T O R  

R l 6 3  R E S I S T O R  

R l 6 4  R E S I S T O R  

R 1 6 5 R E S I ST O R  

R 1 6 6  R E S I S T O R  

R l 6 7 R E S I S T O R 

R l 68 R E S I S T 0 R  

R 1 6 9 R E S I  ST0 R 

R l 7 0 R E S I S T O R  

R l 7 1  R E S I S T O R  

R l 7 2  R E S I S T O R  

R l 7 3  R E S I S T O R  

R 1 7 4  R E S I S T O R  

R l  7 5  R E S I S T O R  

R l 7 6 R E S I STO R 

R l 7 7  R E S I S T O R  

R l 7 9 R E S I  SH J R  

R l 8 0 R E S I S T O R  

R l 8 1  R E S I S T O R  

R 1 8 2  R E S I S T O R  

R l 8 3  R E S I S T O R  

R l 8 4  R E S I S T O R  

R l 8 5  R E S I STO R 

R l 8 6  R E S I S T O R  

R l 8 7  R E S I S T O R  

R l 8 8 R E S I S T O R  

R 1 8 9 R E S I S T O R  

R l 9 0  R E S I S T O R  

R l 9 1  R E Sl ST O R  

D E S C R I P T I O N  

1 N 6 4 5 A  
I N 6 .ll 5 A  
I N 6 .ll 5 A  
J N 6 .li 5 A  
1 N 6 4 5A 
J N 6 4 5 A  
J N 6 4 5 A  
1 N 6 4 5 A  
1 N 6 4 5 A  
I N 6 4 5 A 
I N 4 5 7 A  
1 N 4 5 7 A  
I N 6 4 5 A  
I N 6 4 5 A  
L E D  

L E D  

L E D  

I O . OK • s o �: 5 7.  
1 2 0 .  Ol< • 5 0 1/ 5 7.  

3 3 .  O K  • s o w  5 �  
1 2 0 . 0K • 5 0 �' 5% 

4 . 7 K  . s o w  5 �  
2 . 4K . s o w  5 �  

I O . OK . 50W 1% 
4 9 9 . 0  . 50W 1"/o 

I O . QK . S O \\'  5� 
1 2 0 .  OK • 5 0 \� 5 �  

3 3 . 0K • 5 0 �1 5:% 
1 2 0 . 0K • 5 0 �.' 5% 

4 .  7K • 5 0 1-.'  5� 
2 .4K • sow 57. 

I O . O K  . 50W 1% 
4 9 9. 0 . 50W 1% 

1 o . oK . s o �-' 1 %  
I O . OK · 5 0 1>:  1 %  
6 8 o i K  • 5 0 \� I �  

4 9 9 0 . 0  • 5 0 \·J I :?;  
6 8 1 0 . 0  • 5 0 �1 I :'4 

2 . 0K . s o w  I �  
2 . 01-< • 5 0 \·.' I �  

5 6 2 . 0 '< . 2 5 \'' 1 %  
5 1  I • OK • 5 0 \·: I �  

1 6 20 . 0  • 2 S w  I %  
1 6 20 . 0  • 2 5 \ol  I �  

3 3 . 0'< . s ol� ,57. 
6 8 . 0K . s o �: 5 %  
6 8 . 0'< • 5 0 �1 5 7.  

STY L E  NO . COMPONENT 

8 3 7 A 69 2 H 0 3 R l 9 2 R E S I ST O R  

8 3 7 A I\ 9 2 H0 3 R l 9 3  R E S I S T O R  

8 3 7 � 6 9 2 H 0 3  R l 9 4  R E S I S T O R  

8 3 7 A 69 2 H 0 3  R J 9 5  R E S I S T a R  

8 3 7 A 69 2 H 0 3  R J 9 6 R E S I S T O R  

8 3 7 A 6 9 2 H 0 3 R l 9 7  R E S I S T O R  

8 3 7 A 6 9 2 H 0 3  R l 9 8 R E S I S T O R  

8 3 7 A 69 � H 0 3  R l 9 9 R E S I S T O R  

8 3 7 A 6 9 2 H 0 3 R 2 0 0  R E S I S T O R  

8 3 7 A 69 2 H 0 3  R 20 1 R E S I S T O R  

1 8 -4 A 8 5 5H 0 7  R20 2 R E S I STO R 

1 8 4 A8 5 5 H 0 7  R20 3 R E S  I S H i �  

8 3 7 A 6 9 2 H 0 3  0 6 1 T R A:"J S I S T O R  
8 3 7 A 69 2 H 0 3  0 6 2  T R A:"J S I S T O R  
3 5 0 8 A 2 2 H 0 2  0 6 3  T RA'J S I  STOR 
3 5 0 8 A 2 2 H O I 0 6 4  TR .AN S I  S H J R  
3 5 0 8 A 2 2 H O I  0 6 5  T R A \J S I S T 0 R  

1 8 4 A 7 6 3 H S I  0 6 6  T RAN S !  S T O R  

1 8 4 A 7 6 3 H 7 7  0 6 7  T RAN S I S T O R  

1 8 4 A 7 6 3 H 6 3  0 6 3  T R AN S I S T O R  

I 8 4A 7 6 3 H 7 7  Q 6 9  T RA N S I S T O R  

1 8 4 A 7 6 3 H S I  Q 7 0  T R A'J S I S T O R  

1 8 4 A 7 6 3 H 5 7  0 7 1 T R AN S I  S T 0 R  

848A820H45 
Z 2 1  Z EN E R  

848A 8 1 9 H I 9  Z 2 2  Z EN E R  
1 8 4 A 7 6 3 H 5 1 
1 8 4 A 7 6 3 H 7 7  

Z 2 3  Z E N E R  

1 8 4 A 7 6 3 H 6 3  
Z 2 4 Z EN E R  

1 8 4 A 7 6 3 H 7 7  
Z 2 S  Z EN E R  

1 8 4 A 7 6 3H 5 1  
Z 2 6  Z E :\J E R 

1 8 4 A 7 6 3 H 5 7  
Z 2 7  Z EN E R  

848A 820H45 
Z 23 Z E "' E R  

848A8 19 H I9 R l 7 8 P O T  
8 48 A8 2 0 H 4 5  I C 2 1  I N T  CK T 
8 4 8 A 8 2 0 H 4 5  

J I 2 1 J UM P E R  
8 48 A8 2 1 H 2 6  
8 48 A8 2 0 H 1 6  

J l22 JUMPER 

8 4 8 A 8 2 0 H2 9  
J 1 2 3 JUMPER 

8 4 8 A 8 1 9 H 1 7  
8 4 8 A 8 1 9 H 7 7  088 DIODE 

8 4 8 A 8 2 2H 1 5 0 8 9  DIODE 

8 4 8 A 8 2 2 4 1 1  
8 4 8 A 8 1 9 H t,13 
8 4 8 A 8 1 9 H 6 8  
1 8 4 A 7 6 3 H 6 3 
1 8 4A 7 !'> 3H 7 1 
1 8 4 fi 7 6 3H 7 1  

DESCRIPTION 

3 3 . 01-< • 5 0 \·: 5 �  
1 2 0 . 0K • 5 0 \·.' 5 ?.  

1 o . or< • 5 0 k  5 �  
I B . O K • 5 0 \·.' 5 7.  
I O . OK . 50W 1% 

4 9 9 . 0  . 50W 1°/o 
3 3 . 0K . S O \·; 5 7.  
6 8 .  0!< • 5 0 \.J 5 7.  

4 7 0 0 . 0  • 5 0 \o.' 5 %  
2 4 0 0 . 0  • S O \·.' 5 %  

I O . OK . 5 0 W  1 %  
499 . 0 .50 W 1 %  

2-'J 69 9  
2 'J 6 9 9  
2 'J 3 6 4 5  
2 \J 6 9 9  
2 N 6 9 9  
2 N 3 6 .ll 5 
2.'J 6 9 9  
2 N 6 9 9  
2 N 3 6 4 5  
2 '1 6 9 9  
2 '1 3 6 4 5  

l t\! 9 A I 8  I O . O V 
IN4752A 3 3. 0V 
I N 9 6 1 8  I O . O V 
I N 475 2 A  3 3 . 0V 
I N 9 6 1 8  1 o . o v 
I N4 752 3 3. 0V 
I N 9 6 1 B  I O · O V 
I N 4752 3-a . O V  

2 ·  SK • 2 5 �: 

7 4 7 DM 
0 O H:� R E S I S T O R  

0 O H M  RES I S TOR 
0 OHM RESISTOR 

LED 
LED 

S TYLE N O. 

1 8 4 A 7 6 3 H � 3  
1 � 4 A 7 A 3H 7 7  
I 8 4 A 7 6 3 H 5 1  
l f-1 4 A 7 (, 3 H 5 7  

848A820H45 . 
848A8 1 9 H I9 
1 8 4A 7 6 3 H 6 3  
1 8 4 A 7 6 3 H 7 1 
1 8 4 A 7 6 3H 4 3  
1 8 4 1\ 7 6 3� 3 6  

848A820H45 
848A81 9 H I 9  

I K 4 A 6 3 13 H 1 9  
1 8 4 A � 3 8 H J 9  
13 A 9  �- 4 11  I H O I  
P l .ll A 6 3 8 H 1 9  
1 8 A A 6 38 l-1 J 9  
8 n9 A 4 4 1 HO J  
1 8 4 A 6 3 8 H 1 9  
I 8 4 A.4 3 � H  1 9  
8 49 A 4 4 1 H O I  
J 8 4l• 6 3 R H J 9  

8 4 9 A 4 4 1 H O J 

l f3 � {1 7 9 7 H 0 7  

849A51 5H02 J R (, f> 7 9 7 H ') 7  
849A5 15H02 
1 8 6 A 7 9 7 H 0 7  
849 A 515H 0 2  
1 1'1 6 A 7 9 7 H 0 7  
849A51 5 H 0 2  

6 29 A 6 4 SH,J 7 

1443C 52HOI 

8 (, 2 A il 7 3 H O I  
8 6 2A47 8 H Oi 
8 62A478 HO I 

350 8 A 22HOI 
3508 A 2 2HOI 

r 
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� • Ul i:JI 
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TYPE TCF-1 0 RECEIVER --------------------------1-·L_. 4_1_-9_4_5·_61 

GEB� $�� <0 a: 
1-0 

� - I ClJ 
v ���i� �t (\j _J 

LL. 

I() � � � ----!JIJ- - I _______j 

1 4 4 4 C 5 1 G  

Fig. 1 4. Component Location Oscillator Mixer IF Amplifier Module (Below 200kHz) 

OSC. MIX. 1 458C59GOI SUB I NOTCH 

Fig. 15. Component Location Oscillator-Mixer-IF Amplifier Module (Above 200kHz) 

® 

- c:::::J 

:llc:::::J 

SUB . 1 
7758318 

Sub 1 
7758922 
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TYPE TCF- 1 0  R E C E I VE R--------------------------

1 4 4 4 C 4 8 G  

Fig. 16. Component Location Amplifier Limiter-Discriminator Module. 

SUB . 1 
77583 1 7  

S ub  1 
7758761 ¥� �------------------------------------------------------------�� 

Fig. 1 7. Component Location SNR Detection Module. 
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I.L. 41 -945.61 TYPE TCF- 1 0  RECE IVER---------------------

OJ 
OJ 
[JJ 

1«4C82G 

Fig. 18. Component Location Output Module. 

Sub1 
1478823 
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TYPE TC F- 1 0  RECEIVER-----------------------

26 
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>­...J 
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30 
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160 0 Hl MIN. 
!f- 4 5 0  H Z:  --. 

- Vf ' r-1->l , \ ... R-EC EI V E� I 
r 1 � I-I N P U T  I � 

v \ F I LT E R  " 

J � '/ t - 20KH� I - F  
' F I LT E R  

( BOJH \ S E C T I O NS )  

\ 
\ 

'I' \ 
\ 

\ 
\ \ 

�'ERC R : F  � \ 
\ 1\ \ 

l 
1.. :---- D I S C R I MtNAT O R  

\J O U T P U T  

y '� 
"-f-l. I O O H Z  

' 
� 
1 \  
\ 

-1/ \ 1-35 

lOOO 800 600 400 200 f' c 200 400 600 800 1000 
HERT2 (- ) I N P U T  F R EQ U E N CY H ERTr (+) 

fc = C E N T E R  F R E Q U E N C Y  OF F I LT E R S  SUB . 7 
849A342 

Fig. 1 9. Filter and Discriminator Characteristics of the Type TCF- 10 Receiver 
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I.L. 41 -945.81 
TYPE TC F-1 0 RECEIVER-------------------------

COUNTER 3 6 07 
I .  F. F I LTE R 

( FL 2 ) 

6 
S E C � I  

o' 
o3 5 

I . F. FI LT E R 
( F L 2 ) 

7 

S E C .t-f: 2 

I .  F. F l  L T E R  TE S T  C I R C U I T  C O N N EC T I O N S 

F L-20 1 

-- • - x r M �t .  No r CON�ICTED TO ' L  20 1  TlltM'I 4 
I N P U T  F I LT E R  T E ST C I R C U I T  C O N N EC T I O N S a a  ' o" aoo • ·  

100 IC H  Z .  

Fig. 20. Test Circuits for TCF- 10 Receiver Filters. 

SUB . 2 
877A 794 
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TYPE TCF- 1 0  RECEIVER------------------------

28 

� =  � =  

fc 

/ IF BAN DWI DTH 

/ 

SIGNAL + NARROW BAND NOISE 

SI GNAL + WIDE BAN D NOISE - ( SIGNAL + NARROW BAN D NOISE ) 
NOISE IN  SURROUND ING  BAND 

� � 
AREAS USED FOR SNR A RE OR � fi 

Fig. 21. Signal to Noise Ratio 'Characteristics. 

S ub  2 
3513A90 
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TYPE TCF-1 0 REC EIVER __________________________ ::::I .L:..:.. • .::..4..:.:1 -.::94�5�.61 

0 
w 
en 
::::> 
z 
w 
J: 
� 

a 
p 
I 

I I 
\: I� 

� 
� � 

b. 
� 
� 

� 

� lL 
c� 

0 (Q) 0 
""-----' D 

0... 

z t--' =>  en o z 

I I 
� a: a.. 3: a.. a.. => en 

z �-'  I 
'- =>  en o I 
z t-=  
'- W  
en o 

...J 
a.. . a: ::!E ::::E u 
< - en ...J -0 

I w 
I 

· a:  I � w  0 
o x 

::::E 
u 

t-- lr 
::::> w 
a.. � Z -- u.. 

0 <( 

0 © 0 
Fig. 22. Type TCF- 10 Receiver, Circuit Board Location. 

Sub. 1 
1458C95 
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TYPE TC F·1 0 R E C E I VER--------------------------------------------------------

48V MOIIIIINAL ( 4 2-5!-'IDC 1 

r - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -, 

c-r��, ... i1_ 
1 1  

I 
I 

I 
I � J2 � FOR 48V. I I  I �--------;.;+ 4 �  v 

I 

1
CI 3�:+ 12V 

: +�co••o• GROU"'D'!'<l:o--' -----------1 r 
C2 of., _L, ___ __Js �:II-12V 

IODICATION 

48 OR I25 VOC �--------�._-------------4-----4-------�9 IFUSE D NEG. I NEG I 
I 

_ _ _ _ _  - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __!��(i_05�C�i_i0[ =� 

Fig. 23. Internal Schematic - Power Supply Module 

"j 

� 0 � � 8 � CY :J  

� � QZ] 
[IT] QZ] 

� 

Fig. 24. Component Location - Power Supply Module 

COMPO .. UIT 
" 
C2 CAPACITOfl 
Cl CAPACITOR 

0 O �m  RESISTOR 
O OH 'I RESISTOR 

35164361'101 
84<'1A43TH04 

(Dwg. 1458C61 Sub 1) 

tr 
lJJ 

<..> f-
Q a: 

' lJJ 
<..> > 
Q z 

0 
<..> 

- =  � I 
I 
I : : I 

�= 

Sub. 1 
(Dwg. 1481 823) 

W E S T I N G H O U S E  
R E LAY - I N ST R U M E NT D IV I S I O N  

E L E C T R I C  C O R P O R A T I O N  
C O R A L  S P R I N G S .  F L. 
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Westinghouse I .L. 41 -945.59A 

INSTALLATION • OPERATION • MA INTENANCE 

I N S T R U C T I O N S  
TYPE T C F- 1 0  POWER L I N E  C A R R I E R  FREQ U E N CY-S H I FT 

RECEIVER EQ U I P M ENT - WITH RS232C I NTERFAC E 
FOR D ATA SET A P P L I C AT I O N S  

CAUTIO N  

I t  is recommended that the user of this equip­
ment become acquainted with the information in 
this instruction leaflet, and in the system instruction 
leaflet before energizing the system. 

Printed circuit modules should not be removed 
or inserted when the equipment is energized . Fail­
ure to observe this precaution may result in an 
undesired tripping output or cause component 
damage. Care should also be exercised when re­
placing modules to assure that they are replaced in 
the same chassis position from which they either 
were removed or the module they are replacing was 
removed. 

If the carrier set is mounted in a cabinet, it must 
be bolted down to the floor or otherwise secured 
before swinging out the equipment rack to prevent 
its tipping over. 

APPLIC ATIO N  

The TCF- 10 frequency-shift receiver equipment 
as adapted for data set applications responds to 
carrier-frequency signals transmitted from the 
distant end of a power line and carried on the power 
line conductors. The Mark frequency is 1 00 hertz 
above the center frequency of the channel (which 
can be select�d within the range of 30kHz to 
300kHz), and it is transmitted continuously when 
conditions are normal and no information is to be 
conveyed over the channel. Its reception indicates 
that the channel is operative. The space frequency 
is 1 00 hertz below the channel center frequency. 
When data is to be conveyed over the channel, the 
transmitter at one end of the channel is switched 
alternately between mark and space so as to pro­
duce at the receiving end a desired number of mark 
and space outputs. Control of the durations of the 
intervals of the marks and spaces can be utilized to 
convey information over the channel. 

C O N ST R U CT I O N  

The TCF- 1 0  receiver i s  mounted on  a standard 
1 9-inch wide chassis 5 1!4 inches high (3 rack units) 
with edge slots for mounting on a standard relay 
rack. 

All of the circuitry that is suitable for mounting 
on printed circuit boards is contained on printed 
circuit modules that plug into the chassis from the 
front and are readily accessible by removing the 
transparent cover on the front of the chassis.  The 
external connectors are located at the rear of the 
chassis as shown in Figure 10 .  Reference to the 
internal schematic connections of Figure 1 will 
show the location of these components in the circuit. 

The printed circuit modules slide into position 
in slotted guides at the top and bottom of the chassis, 
and the module terminals engage a terminal block 
at the rear of the chassis. A handle on the front of 
each module is labeled to identify its function, and 
also identify adjustments and indicating lights if 
any are available at the front of the module. Of 
particular significance is the input attenuator·con­
tained on the front of the filter module which is 
used in adjusting the input receiver signal during 
initial field installation. 

A module extender (Style No. 1447C86G01 )  is 
available for facilitating circuit measurements or 
major adjustments . After withdrawing any one of 

All possible contingencies which may arise during 
installation, operation, or maintenance, and all 
details and variations of this equipment do not 
purport to be covered by these instructions. If 
further information is desired by purchaser re­
garding his particular installation, operation or 
maintenance of his equipment, the local West­
inghouse Electric Corporation representative 
should be contacted. 
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the circuit modules, the extender is inserted in that 
position. The module is then inserted into the ter­
minal block on the front of the extender. This restores 
all circuit connections and renders all components 
and test points on the module readily accessible. 

The receiver operates from a regulated + 1 2V 
and - 1 2Y supply derived from a self-contained 
DC �8 DC converter. The power supply module 
containing the DC to DC converter has links which 
enable it to operate from either 48 volts or 1 25 
volts de. 

External connections to the receiver are made 
through a 36-terminal receptacle, J3 .  The r-f input 
connection to the receiver is made through a coaxial 
cable jack J2 .  

OPERATI O N  

I N PUT M O D U LE 

The input module contains the input control 
and the input filter. The signals to which the .TCF - 10 
receiver responds are fed through a coaxial cable 
connected to jack J2 at the rear of the chassis to 
the input module. The input control R5, accessible 
at the front of the input module, attenuates the sig­
nal to a level suitable for the best operating range 
of the receiver. 

A scale on the panel is graduated in d B .  While 
this scale is typical rather than individually calibrated, 
it is accurate within several d B  and is useful in set­
ting approximate levels .  Settings should be made 
more accurately utilizing a suitable ac voltmeter 
with a dB scale when possible. 

From the attenuator, the signal passes through 
a bandpass LC filter, FL 20 l .  This filter has a pass­
band of approximately 1 600Hz which is relatively 
wide in comparison to the I F  filter which has a 
passband of approximately 500Hz. Still, frequencies 
several k Hz above or below the center frequency 
(fc) of the channel are greatly attenuated. Figure 
2 shows a typical curve for the LC filter as well as 
a characteristics curve for the I F  (intermediate 
frequency) filter, F L2, and the discriminator out­
put . This apparently wide bandwidth for the input 
fi lter in relation to the IF filter is necessary to both 
achieve high speed data transmission and to achieve 
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proper operation of the noise clamp by sampling 
noise in the frequency band surrounding the I F  
band . 

O S C I LLATOR, MIXER, A N D  I F  

A M P L I F I E R  M O D U LE 

From the input filter, the signal ent(:rs the oscil­
lator and mixer stage of the receiver. Crystal Y 1 1 ,  
transistors Q 1 2  and Q l 3 , and their associated re­
sistors and capacitors, comprise a crystal-controlled 
oscillator that operates at a frequency 20kHz above 
the channel center frequency, fc. The output from this 
local oscillator is fed through transformer T l 1 to 
potentiometer R l 2 , and the latter is adjusted to feed 
a suitable input to the base of mixer transistor Q 1 1 . 
The output of filter FL I is impressed on the emitter­
collector circuit of Q 1 1 .  As a result of mixing these 
two frequencies, the primary of transformer will con­
tain frequencies of 20kHz, 2fc +20kHz, fc + 20kHz, 
and fc. 

The output from the secondary of T 1 2  is am­
plified by Q3 1 in the intermediate frequency ( IF) 
stage, and is impressed on FL2. This is a two-section 
filter, with both filters contained in a common case. 
Its pass band is centered at 20kHz .  Since its pass 
band is narrower than that of the input fi lter, it 
eliminates the frequencies present at its input that 
are substantially higher than 20k Hz. The output 
of this filter is the I F  output which is fed to both 
the amplifier-limiter and the S/N Detection module. 
The output from the secondary of transformer 
T l 2 , the RF output, i s  also fed to the S/N Detec­
tion module. 

A M PLI FIER LI M ITER A N D  

D I S C RI M I NATOR M O DULE 

The IF output signal from the IF amplifier is  
fed into the amplifier limiter through potentiometer 
R52 at the input of the amplifier limiter stage. Suf­
ficient input is taken from R52 so that with minimum 
input signal (5 mv.) at J2  and with input control 
R5 set for zero attenuation, satisfactory amplitude 
limiting will be obtained at the output of the limiter 
stage. 

The output of the l imiter stage is  fed to the dis­
criminator. The discriminator is adjusted at the 
factory to have zero output (as measured by a milli­
ammeter inserted in the circuit at jack J 1 )  at the 
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channel center frequency, fc. The adjustment for 
zero output at fc is made by capacitor C68. In  ad­
dition, C63 is adjusted for maximum voltage read­
ing across R80 when the output current is zero. 
Maximum current output, of opposite polarities, 
wi l l  be obtained when the frequency is 1 00 hertz 
above or below the zero current output frequency. 
This separation of 200 hertz between the current 
peaks is affected by the value of C66 (the actual 
value of which may be changed slightly from its 
typical value in factory calibration if  required) . 

It should be observed that although the mark 
frequency is fc + 1 00 hertz, after leaving the mixer 
stage, and as seen by the d iscriminator, the mark 
frequency is 20kHz- I 00 hertz. Similarly the space 
frequency as seen by the discriminator is 20kHz 
+ I  00 hertz. The intermediate frequency at which 
the discriminator has zero output then is 20kHz.  
The discriminator is adjusted so that the mark and 
space outputs are of equal lengths for equal periods of 
mark and space signal frequencies. 

The discriminator output is connected to the 
bases of transistors Q55 and Q56 in such a manner 
that transistor Q56 is made conductive when cur­
rent flows, from the discriminator output, in the 
forward direction of diode 054, (which occurs with 
space output) and Q55 is  made conductive when 
current flows in the forward direction of diode 055 
(which occurs with mark output.) Consequently, 
terminal 35 is at a potential of approximately + 1 2  
volts at mark frequency and terminal 1 is at + 1 2  
volts at space frequency. 

5/N DETECT I O N  M O DULE 

The S/N detection module has three basic func­
tions; first to determine the in-band signal to noise 
ratio and provide clamping output at the desired 
level of signal-to-noise ratio, second to measure 
incoming in band signal level and provide both an 
output to a carrier level indicating instrument and 
to a clamping circuit in the output module for 
clamping at the desired low level of signal, and third 
to provide a clamping output when the desired sig­
nal level exceeds the normal received level by a 
substantial amount, typically 25dB.  

The method of  determining signal to  noise ratio 
utilizes the measurement of signal level in two 
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different bandwidths, that of the input filter which 
is  1 600 hertz, and that of the I F  filter which is 500 
hertz . The total signal plus noise in the 500 hertz 
bandwidth is subtracted from the signal plus noise 
in the 1 600 hertz bandwidth and this difference is 
then compared with the signal plus noise in the 
500 hertz bandwidth to arrive at a true in-band 
signal-to-noise ratio using logarithmic circuits. 
See Figure 2 1 .  

I f  the ratio of signal to noise is less than the 
value selected, typically 1 OdB,  then there wil l  be a 
+6V out of IC  1 3  (TP75 and terminal 27). This is a 
high noise condition and this voltage is used as a 
clamp to prevent erroneous interpretation of data 
being received due to high noise conditions .  U nder 
normal low noise conditions, typically signal to 
noise ratio greater than l OdB,  the voltage out of 
IC 1 3  (TP75) is  -6V and no clamping is done. 

The wide band signal of 1 600 hertz bandwidth 
called the RF signal is fed into the S/N detection 
board through isolation transformer T3 1 .  Opera­
tional amplifiers IC l and IC2 along with their 
associated components, R82 through R92 and C8 1 
through C90, constitute a 4 pole low pass filter 
which passes the mixed band of frequencies in the 
bandwidth of 1 600 Hz centered about the 20kHz  
I F  frequency, and blocks a l l  the higher m ultiples 
such as in the I F  amplifier. Operational amplifier 
IC3 and associated components amplifies the sig­
nal for feeding into the R M S  circuit composed of  
IC4 and IC5 with adjustable potentiometer R94 
controlling the amount of amplification. This 
latter circuit converts the signals into a de voltage 
proportional to the R M S  value of the ac signals .  
Operational amplifier IC6A and associated com­
ponents is used for inversion and isolation of this 
de voltage before being fed into the summation 
amplifier IC6B.  

The narrow-band signal of  500 hertz bandwidth 
called the I F  is fed into the S/N detection board 
through isolation transformer T32.  The amount of 
signal fed into the board is adjustable by means of 
potentiometer R 1 1 1 . The circuit composed of 
operational amplifiers IC7 and IC8 and associated 
components is an R M S  circuit which converts the 
signals into a de voltage proportional to the R M S  
value of the ac signals present i n  the I F  bandwidth. 
The output of this circuit is also then fed into the 
summation amplifier IC6B. 
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The summation amplifier takes the difference 
between the RMS values of the I F  signal and the 
RF signal and feeds it into one half of the logarith­
mic amplifier composed of IC9 and associated 
components. At the same time, the RMS value of 
the IF signal is fed into the other half  of this l oga­
rithmic amplifier. The logarithmic amplifier takes 
the logarithmic difference between these two signals 
(which is equivalent to I F  divided by [RF-IF]  from 
the summer). The constants of the circuits are set 
up so that the output of the logarithmic amplifier 
is positive when the ratio of the signal to noise 
ratio in these bandwidths is greater than l OdB ,  and 
is negative when the signal to noise ratio is less 
than I Od B .  (Note: The point at which the change 
in polarity occurs can be altered to other than 
1 OdB signal to noise ratio by altering the adjust­
ments of R94 and R I l l ) .  I n  addition, the output 
of the logarithmic amplifier is  also negative when 
the signal level is  approximately 25dB above nor­
mal for high level clamping. 

The output of the logarithmic amplifier is fed 
through networks consisting of IC l OA and IC 1 3A 
to the level detector circuit IC 1 3 B  which has a fast 
pickup and slow dropout when it receives a signal 
from the logarithmic amplifier indicating a lower 
than desired signal to noise ratio (lower than 1 OdB 
is initially set when shipped) .  This will put out a 
+6  volts out of terminal 27 for this condition .  For 
high signal to noise ratio this output will be -6 
volts. This circuit will also put out +6 volts out of 
terminal 27 for very high signal levels.  This is a 
high signal clamp and occurs for signal levels approx­
imately plus 25dB above normal level .  

The output of the IF RMS circuit is also fed 
to the logarithmic circuit composed of IC l l A, 
I C 1 2A ,  and I C 1 1  B which puts out a de signal level 
linearly proportional to signal level in dB for feed­
ing an external microammeter calibrated with a 
linear d B  scale with 1 OdB equal to 33- 1 j3 micro­
amperes. 

OUTPUT M ODULE 

The output module provides four buffered out­
puts to the data aquisition system. They are mark, 
space, S/N level,  and not l ow signal with red indi­
cating l ight emitting diodes for these outputs and 
a yellow indicating light emitting diode for normal 
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level (satisfactory signal level) . I n  addition, the 
output module has logic which will pn;!vent either 
a +  1 2V mark or + 1 2V space output whenever the 
S/N level drops to an unsatisfactory level or the 
received signal level drops to an unsatisfactory 
level .  

The higher frequency output of plus 1 2  volts 
(when present) from the discriminator is  fed into 
the output module through termical 25 into the 
"and" gate consisting of diodes D7 1 ,  D72,  D73 ,  
and D74, transistors Q62 and Q63 , and associated 
components R l 63, R l 64, R l 65, R 1 66, R l 67, R 1 68,  
D88,  D75 ,  and Z22.  I f  there is  no  l ow level signal 
or low signal to noise ratio signal to prevent tran­
sistor Q62 from becoming conducting, then tran­
sistor Q62 becomes conducting, causing Q63 to 
become conducting and a plus 1 2  volts signal to 
appear out of terminal 29 from which it is fed to 
the outside world .  In a similar manne1r, the lower 
frequency output of plus 1 2  volts when present 
from the discriminator is fed into the output mod­
ule through terminal 1 5  into the "and '' '  gate built 
around transistors Q65 and Q66. J ust as in the 
case of the higher frequency output, the lower fre­
quency output of plus 1 2  volts will appear out of 
terminal 27 for feeding to the data acquisition 
equipment if there is  no low level clamp or low 
signal to noise ratio clamp. I f  there :is a clamp, 
both of these outputs will be clamped to minus 
12 volts output. 

The low-signal-level clamp operates off the 
carrier level signal of the S/N detectilon module 
which is basically the same signal fed to the CLI 
instrument. 

I t  is fed through terminal 7 into the voltage 
comparator circuit built around operational ampli­
fier IC2 1 B .  This comparator compares. this signal 
level with the voltage reference from IC2 1 A, and 
i f  the signal level is greater than the low level at 
which clamping is desired, the output of I C2 1 B  
will be negative causing the yellow L E D  to glow 
indicating OK level and there will consequently be 
no low signal clamping. If the signal level is below 
the level at which clamping is desired, then the output 
of I C2 1 B will be positive causing the red L E D  to 
glow indicating low level. I n  addition, both transistors 
Q67 and Q64 will become conducting. Transistor 
Q64 conducting will prevent plus 1 2  volt signals 
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from appearing on the outputs going to the outside 
world by preventing transistors Q65 and Q62 from 
conducting. Transistor Q67 conducting causes Q68 to 
become non-conducting and thus removes the not 
low signal output from terminal  I .  Under good or 
OK signal leve l ,  this not low signal output at ter­
mina l  I of this module is  plus 1 2  volts. 

The S/N clamp output from the S/N detection 
module is  fed into terminal  3 5  of this module .  At 
low signal-to-noise ratio l evel ,  th is  +6  volt  signal  
wi l l  cause transistors Q70 and Q61  to conduct . 
Transistor Q70 conducting wi l l  cause both the red 
LED to glow indicating low S/N and transistor 
Q7 1 to conduct supplying plus 1 2  volts out of ter­
minal 1 3  to the outside world.  Transistor Q6 1 con­
ducting will prevent both transistors Q62 and Q65 
from conducting, and thus prevent plus 1 2  volt 
signa ls from appearing at their respective outputs 
to the outside world. It should be noted that the 
SjN clamp also operates for a h igh signal l evel of 
approximately plus 25d 8 above normal when set 
to operate at I Od B  signal to noise ratio .  

O UT P U T  M O D U LE - CO NTACT O UT P UT 

The output module-contact output performs 
two functions; a larming on low signa l  level using 
a telephone relay with two form C contacts, and 
indicating signal level  with its self-contained C L I  
instrument. 

The alarm circuit consists of al l  components 
associated with I C I ,  IC2, Q l ,  Q2, Q3, and relay 
AL. The signal level from the S/N detection module 
is fed into a level detector consisting of IC I 8 and 
resistors R6, R 7,  R8, and R9. An adjustable refer­
ence for the level detector consisting of IC I A and 
R I ,  R2, R 1 7 , R 3 ,  R4, and RS  is also fed into the 
level detector .  As long as the signal level exceeds 
the value set by the reference, there wi l l  be approx­
imately plus 1 2  volts out of the level detector into 
the photo-optical isolator. This causes Q l  to become 
non-conducting and thus transistors Q2 fol lowed 
by transistor Q3 to become conducting. As a con­
sequence, the alarm relay AL is picked up on signal 
levels above the a larm level . When the signal level 
drops below the alarm level set by the reference, 
the output of the level detector wi l l  be minus 1 2  
volts causing Q I to become conducting and Q2 and 
Q3 to become non-conducting and drop out the 
alarm relay AL. The alarm relay has a delay of 
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approximately 40 mi l l iseconds on dropout to pre­
vent undesirable  alarming on short temporary loss 
of signal . Note that the level of alarm is set by 
adj usting alarm level R 1 7 , accessible from front of 
module, independent of the low signal level output 
from the output module (which is set by L . L .  A DJ .  
R 1 78 ) .  Also both of these outputs operate on total 
signal  level within the passband of the receiver . 

The CLI  instrument operates direct!y on signal 
level received from the S/N detection modu le .  It 
measures signal  level in  the entire bandwidth of the 
receiver and thus closely correlates with the l ow 
level c lamp (L .L .  A DJ .) and the low signal a larm 
A L  (alarm level) .  I t  thus can be used in setting 
both of these adjustments. 

POWER SU PPLY 

The + 1 2  volt de, - 1 2  volt de, and the +45 volt 
de supply voltages for the receiver are derived from 
the power supply module .  

The + 12 volt de supply and the - 1 2 volt de 
supply are both derived from the DC to DC con­
verter and are regulated for input voltages to the 
regu lator of from 42 volts to 56 volts. For nominal  
48 volt  input units, the DC to DC converter h as 
sufficient range so that the preregulator consisting 
of R 1 ,  R4, and Z I is not necessary and is not con­
nected by omitting jumpers J 1 and J3 and supply­
ing J7 and J2. In this case, then, the +45 volt 
supply is derived directly  from the input supply 
voltage and is not regulated . 

For nominal  1 25 volt input un its, the pre-regu­
lator consisting of R 1 ,  R4, and Z 1 is necessary and 
is connected by supplying jumpers J I and J3 and 
omitting J7 and J2 .  I n  this case then, the +45 volt 
supply is derived from this pre-regulator and is 
regulated . 

The L E D's  D I and D2 indicate when the power 
supply is  energized with either 48V or 1 25V by the 
proper one glowing. Since a l l  components are sup­
plied in each power supply, a 48V supply can be 
converted to a 1 25V supply simply by removing 
jumpers J7 and J2 and inserting J l  and 13. Similarly, 
a 1 25V supply can be converted to a 48V supply by 
removing jumpers J I and J3 and inserting J7 and 
J2 .  Capacitor C I and C2 bypass rf or transient 
vol tages to ground.  C hoke L l  with capacitor C3 
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form a trap to isolate the receiver from transient 
voltages in the 20kHz range that may appear on 
the de supply and which could affect the receiver. 

C H ARACTE R I STI C S  

Center Frequencies 
Available 

Maximum Sensitivity 
(Noise free 

Input Impedence 

Bandwidth ( Input 
L C Filter) 

Overall receiver 
selectivity 

Operating Time 

Signal-to-noise ratio 
clamp setting 

Ambient Tempera­
ture Range 

30kHz to 300kHz in 0.5kHz 
increments 

0.005 volts (65dB below 1 
watt for limiting) 

5000 ohms minimum 

Down 3dB at ± 800 hertz 
Down 30dB at ± 5000 hertz 

Down 3dB at ± 225 hertz 
Down 35dB at ± 1 000 hertz 

4 milliseconds channel 
(Transmitter and rece1ver 
back to back) 

l Od B  SNR (as shipped) 
Nominal 

Battery Voltage Variations 
Nominal 48V de 42V de - 56V de 
Nominal l 25V de 1 05V de - 1 40V de 

Battery Drain 

Dimensions 

Weight 

CLI Accuracy 

0.25 A mperes 

Panel Height= 5 1/4 inches 
(3RU) 

Panel Width = 1 9  inches 

1 3  pounds 

±2dB between - 1 5d B  and 
OdB .  

I N STALLATION 

The TCF- 1 0 receiver is generally supplied in a 
cabinet or a relay rack as part of a complete carrier 
assembly. The location must be free from dust, 
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excessive humidity, vibration, corrosive fumes, or 
heat. In particular equipment which generates 
excessive heat such as power supplies should not be 
mounted directly beneath the TCF- 1 0 .  Heat rising 
will tend to raise the ambient temperature immedi­
ately around the chassis above acceptable levels .  
The maximum ambient temperature around the 
chassis must not exceed 55°C.  I n  addition, sudden 
fluctuations in ambient temperature caused by these 
power supplies due to variations in load can cause 
variations in performance due to uneven heating of 
the receiver introducing abnormal temperature 
variations in the receiver. 

ADJ USTM ENTS 

All factory adjustments of the TCF- 1 0  receiver 
have been carefully made and should not be altered 
unless there is evidence of damage or malfunction­
ing. Such adjustments are: frequency and output 
level of the oscillator and mixer; input to the am­
plifier and limiter; frequency spacing and magnitude 
of discriminator output peaks; pickup of alarm 
relay; and pickup of low signal level clamp.  The 
adjustment that must be made at time of installation 
is the setting of input attenuator R5 .  The input 
attenuator adjustment is  made by a knob on the 
front of the panel of the input module .  

The receiver should not be set with a greater 
margin of sensitivity than is needed to assure correct 
operation with the maximum expected variation to 
attenuation of the transmitter signal. I n  the absence 
of data on this, the receiver may be set to operate 
on a signal that is 1 5d B  below the maximum ex­
pected signal . After installation of the receiver and 
the corresponding transm itter, and with a normal 
space signal level being received, input attenuator 
R5 should be adjusted to the position at which the 
receiver clamps into neither a mark nor space out­
put. The attenuator R5 should then be readjusted 
to increase the voltage supplied to the receiver by 
1 5d B .  The scale mark ings for R5 permit approxi­
mate settings to be made, but it  is preferable to 
make this setting by means of the dB scales of an 
ac VTVM connected across the terminals indicated 
at the front panel of the input module. The red ter­
minal is connected to the wiper arm of RS and the 
black terminal is connected to ground . With this 
setting, a 1 5dB drop in signal will cause a low signal 
level clamp operation which will lock the output of 
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the receiver into nether a mark nor  a space output 
at the point at which the receiver j ust drops out of 
limiting. 

The only other adjustment which may be nec­
essary at the time of initial installation is the 
adjustment of  the CL I instrument to correspond 
to proper variation of  signal level from normal . 
This may be necessary if the instrument was not 
supplied with the receiver and was not adjusted by 
the factory.  If this instrument was supplied and 
adjusted by the factory ,  then it could be used in 
adjusting R5.  In  this case, it  would be necessary 
only to adjust R5 with a normal signal being received 
so that the instrument indicates OdB .  

I f  the instrument was not previously adjusted 
by the factory, then the following procedure should 
be used in adjusting the instrument. (Note: When 
CL I instrument is supplied within the chassis, this 
is factory adjusted . )  

I .  Set incoming level into receiver at + l OdB  above 
normal level . 

2 .  Adjust span adjustment, R \ 47 , so that the volt­
age at TP72 with respect to  TP62 (common) is 
+ 3 .000 volts.  

3 .  Reduce incoming signal into receiver by 30d B .  

4 .  Adjust fu l l  scale adjustment, R ! 5 3 ,  so that in­
strument now reads -20d B .  (This is approxi­
mately 0 microamperes). 

5 .  Increase signal to + I  Od B level . (This is I 00 
microamperes) . 

6. Adjust s lope adjustment R ! 55 to read + ! Od B  
o n  instrument. 

7. Reduce signal to normal level . Instrument should 
read Od B.  If desired, instrument could be ad­
justed to read Od B with R \ 55 with sacrifice in 
reading accuracy for + ! Od B .  

FACTORY ADJ U STMENTS 

In case the factory adjustments have been altered 
or there is suspicion of improper adjustments or  
malfunctioning, then the fol lowing procedures can 
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be used. In addition, alterations to the settings used 
by the factory for low signal level clamping and 
low signal-to-noise ratio clamping can be m ade 
using these procedures if desired . 

Potentiometer R 1 2  in the oscillator and mixer 
should be set for 0.3 volts, measured with a VTV M 
connected between T P ! l and terminal 3 3  on the 
circuit board (ground terminal of voltmeter) . A 
frequency counter can be connected to the same 
points for a check on the frequency which should 
be 20k Hz above the channel center frequency . The 
frequency is fixed by the crystal used, except that 
it may be changed a few cycles by the value of ca­
pacitor C 12 .  Reducing C 1 2  increases the frequency, 
but the capacity should never be less than a va lue 
that assures reliable starting of osci l lation . The 
frequency at room temperatu re is usual ly several 
cycles above the crystal nominal frequency as this 
reduces the frequency deviation at the temperature 
extremes. 

The adjustment of the amplifier and limiter is 
made by potentiometer R52. An oscilloscope should 
be connected from TP56 at the base of  
Q54 to  terminal 3 3  of the  l imiter. With 5 mil livolts 
of space frequency on the receiver input ( R5 set at 
zero), R52 should be adjusted to the point where 
the peaks of the oscilloscope trace begin to flatten . 
This should appear on the upper and lower peaks 
at approximately the same setting.  

The adjustment of the signal to noise ratio clamp 
for clamping at !OdB signal to noise ratio is as 
foll ows: 

I .  Set the incoming signal into receiver at nominal 
level (28 mv. )  

2 .  Adjust IF input with R i l l  so  that signal at  TP68 
of the S/N detector module is + 100 mv de (with 
respect to TP62). 

3 .  Adjust RF input with R94 so that signal at TP63 
is + 145  mv de (with respect to TP62).  

4 .  Adjust log amplifier balance potentiometer 
R 1 29 so that S/N clamps operates .  This wi l l  be 
+6 volts de at TP75 . This will also appear as 
+ 12 volts at TP9 1 of the output board and the 
red S/N level indicator will light .  
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5 .  Go back and readjust R F  input with R94 so 
that signal level at TP63 is now 74.4 mv de. 

The adjustments above are for operation of the 
clamp at 1 OdB or less signal to noise ratios.  I f  it  is 
desired to clamp at other than l Od B  or less, the 
fol lowing values can be used in place of the 1 45 mv  
value in  step 3 .  

For S/N o f Od B  set TP63 t o  297mv. 
5dB set TP63 to 200mv. 

1 5d B  set TP63 to 1 14mv.  
20dB set TP63 to 97mv. 

N OTE: When the SNR clamp is set to clamp at a 
1 OdB signal to noise ratio, the receiver will also 
clamp at a high signal level of approximately 25dB 
above normal. 

The low signal level clamp is set to operate at 
the signal level where the receiver just drops out of 
limiting. This is accomplished as follows: 

1 .  With a normal space frequency signal being re­
ceived and with an oscilloscope connected across 
TP56 and terminal 3 3  of the limited module, 
adjust input attenuator RS to the point where 
the peaks of the oscilloscope trace just begin to 
flatten . (An alternate adjustment would be to 
set incoming signal level into receiver at 5mv 
with R5 set at zero which is the point at which 
limiting should begin. 

2 .  Adjust the -V Ref. adjustment R 1 78 on the out­
put module so that the low level clamp just picks 
up.  This will be indicated by the red low level 
light of the output m odule coming on. There 
also will be + 1 2  volts at TP86 on the output 
module. 

3. Adjust input attenuator R5 to increase signal 
into receiver by desired margin of operation.  
This normally should be 1 5d B .  This is done by 
reducing the RS attenuator setting. 

The alarm level is set to alarm at a signal level 
SdB above the signal where the receiver just drops 
out of limiting. This will result in an alarm be given 
at a point where the signal level has dropped 
1 OdB from the initial nominal setting but the receiver 
signal level is still 5dB above limiting. 

8 

I .  With a normal higher frequency signal being 
received and with an RF voltmeter connected across 
the input module input test jacks TJ l  and TJ2 (avail­
able at front on module), adjust input attenuator 
R5 to where signal level is  9mv across these test 
jacks. 

2 .  Adjust the alarm level R 1 7  on the output 
module - contact output to the point where the 
alarm relay AL just drops out. 

3.  Adjust input attenuator R5 to increase sig­
nal level into receiver by l OdB.  (This is for operation 
with 1 5d B  margin . For other than 1 5d B  margin , 
this value should be changed accordingly.) This is 
done by reducing the R5 attenuator setting by l OdB.  

M A I N T E N A N C E  

Periodic checks of the received carrier signal 
level and the receiver sensitivity will detect gradual 
deterioration and permit its correction before failure 
can result. The carrier level indicator, when pro­
vided, permits ready observation of the received 
signal level. With or without a carrier level indicator, 
an overall check can be made with the attenuation 
control, R5. A change in operating margin from 
the original setting can be detected by observing 
the change in the dial setting required to cause a 
low signal level clamp to operate as indicated by 
the red low level LED becoming l it . ][ f there is  a 
substantial reduction in  margin, the signal voltage 
at the receiver input should be checked to see whether 
the reduction is due to loss of signal level or loss in 
receiver sensitivity. 

All adjustable components for normal field 
adjustments on the printed circuit modules are acces­
sible when the front cover on the chassis is removed. 
Al l  other adjustable components on the printed 
circuit modules may be made entirely accessible 
while permitting electrical operation by using module 
extender style number 1 447C86G0 1 .  This permits 
attaching instrument leads to the various test points 
of terminals when making voltage, oscilloscope or 
frequency checks. 

RELAY M AI NTENAN C E  A N D  ADJU STMENT 

The AL relay contacts should be cleaned peri­
odically.  A contact burnisher S # l 82A836H0 1 is 
recommended for this purpose. The use of abrasive 
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material for cleaning contacts is not recommended, 
because of the danger of embedding small particles 
in the face of the soft si lver and thus impairing the 
contact. Care must be taken to avoid distorting the 
contact springs during burnishing. 

These relays have been properly adj usted at 
the factory to insure correct operation, and under 
normal field conditions they should not require 
readjustment. I f, however, the adjustments are dis­
turbed in error, or if it becomes necessary to replace 
some part, the fol lowing adjustment procedure 
should be used . 

In  the A L  relay the armature gap should be ap­
proximately 0.004 inch with the armature closed. 
This adjustment is made with the armature stop 
screw and locknut .  The contact leaf springs should 
be adjusted to obtain at least 0.0 1 5  inch gap on al l  
contacts when ful l y  open . There should be at least 
0.0 I 0 inch fol low on all normally-open contacts 
and 0 .005 inch fol low on a l l  normal ly-closed con­
tacts.  The relay should pick up  at approximately 
35 volts .  

TABLE I 

REC EIVER D-C M EASUREMENTS 

NOTE: Al l  voltage readings taken with the nega­
tive of de VTVM on terminal 1 7  (negative de) . Re­
ceiver adj usted for 1 5d B  operating margin with 
space and mark signals down 50dB from 1 watt 
or 60d B down from 10 watts . Unless indicated 
otherwise, voltage wi l l  not vary appreciably  
whether signal i s  lower frequency, higher frequency, 
or zero. 

Collector of Transistor 

or Test Point 

Voltage 

( Positive) 

Q l l < 1 5  
Q 1 2  (TP 1 2) 
Q 1 3  (TP 1 3 ) 
Q 1 4  (TP 1 4) 
Q i 5  (TP 1 5) 
T P I I 
TP52 
Q5 1 (TP5 1 )  
Q52 (TP53)  
Q53 (TP54) 

1 7  (Mark or Space) 
1 7  (Mark or Space) 
3 
3 

22 
1 9  
1 4  
1 4 . 5  
1 8  

Q54 (TP55)  
TP56 
Q55  
Q55  
Q56 
Q56 

3 
1 9  

I.L. 41 -945.59A 

< 1 (Lower Freq. or No Signal) 
23 (Higher Freq . )  
23 (Lower Freq. )  

< 1 (Higher Freq. or  No Signal) 

N OTE: The fol lowing readings are taken with the 
negative of de VTVM on terminal 3 (common of 
de power supply) of either the SjN detection mod­
ule or the output module .  

TP6 1 + 4 
TP62 0 
TP63 + 0.4 
TP64 + 6 
TP65 - 1 2 
TP66 0 
TP67 + 0 .5  
TP68 + 0 . 5  
TP70 6 
TP7 1 + 6 
TP72 + 1 . 5 
TP73 + 0 .8  
TP74 + 0 . 3  
TP8 1 + 1 2 (Higher Frequency) 
TP8 1 - 1 2 (Lower Freq. or N o  

Signal) 
TP82 + 1 2 (Lower Frequency) 
TP82 - 1 2 (Higher Freq . or N o  

Signal) 
TP83 + 1 2  (Higher Frequency) 
TP83 - 1 2  (Lower Freq . or No 

Signal) 
TP84 + 1 2 (Lower Frequency) 
TP84 - 1 2  (Higher Freq. or N o  

Signal)  
TP85 + 0 .3  
TP86 + 1 2  (Low level clamp) 
TP86 0 (No clamp) 
TP87 + 6 (Low S N R  c lamp) 
TP87 - 6 (No S N R  clamp) 
TP88 + 1 2  
TP89 - 1 2 
TP90 + 1 2  (Good Signa l  Level) 
TP90 - 1 2 (Low Signal  Level 

clamp) 
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TAB L E  I I  

RECEIVER RF M EASU REM ENTS 

NOTE: Voltmeter readings taken at any point 
from receiver input to stage involving transistor 
Q 1 5  are neither meaningful or  feasible because of 
either waveform variations or the effect of instru­
ment loading on  the readings. Receiver adjusted as 
in Table I .  

Collector of Transistor 

or Test Point 

Q i 5 (T P 1 5) 
Q5 1 (TP5 1 )  
Q52 (TP53) 
Q53 (TP54) 
Q54 (T P55)  
TP6 1  
TP67 

Volts with Signal At 

+ 1 0d B  Above Normal Level 

0 .8 
0.9 
0.65 
2 . 2  
4 . 5  

.0 1 3  

.275 

FILTER RESPO N S E  M EA S U REMENTS 

The LC input filter ( FL20 1 )  and the I F  filter 
( FL2) are in sealed containers, and repairs can 
only be made by the factory .  The stability of the 
original response characteristics is such that in 
normal usage, no appreciable change in response 
wil l  occur. However, the test circuits of F igure 1 9  
can be used i n  case there i s  reason t o  suspect that 
either of the filters is  not performing correctly.  

Figure 2 shows the - 3d B  and -35dB check­
points for the I F  filter, and the -3dB checkpoints 
for the input filter . The response curve of the I F  
filter shows the combined effect of the two sections, 
and was obtained by adding the attenuation of 
each section for identical frequencies. The scale of 
Figure 2 was chosen to show the IF filter response, 
which rerm itted only a rortion of the input filter 
curve to be shown . The checkpoints for the pass­
band of each section of the I F  filter are down 3dB 
maximum at 1 9 .75  and 20 .25kHz, and for the stop 
band are down 1 8dB  minimum at 1 9 .00 and 
2 1 .00kHz for each section .  The signal generator 
voltage ( Figure 1 9) must be held constant through­
out the entire check. A value of 7.8 volts is suitable. 
The reading of V M2 at the frequency of minimum 
attenuation should not be more than 22d8 below 
the reading of VM I .  I t  should be noted that a l imit 
measured in this manner is for convenience only, 

1 0  

and does not indicate actual  insertion loss of the 
filter. The i nsertion loss would be approximately 
1 6d 8  less that the measured difference because of 
the input resistance and the difference in input and 
output impedances of the filter . 

In testing the LC filter, a value of approximately 
2 .45V is suitable for the constant voltage at which 
to hold VM I throughout the check . Th�: reading of 
VM2 at the frequency of minimum attenuation 
will vary somewhat with the channel frequency, 
but should not be more than 1 8d B  below the read­
ing of VM 1 .  (The filter insertion loss is approxi­
mately 6d8 less than the difference in readings . 

CONVERSION O F  RECEIVER FOR C HANGED 

C HA N N E L  FREQ U E N C Y  

The parts required for converting a TCF- 1 0  
receiver for operating at a different channel fre­
quency consist of a new LC input filter ( F L20 I ) , 
a new local oscillator crystal (Y I I ) and probably 
a different feedback capacitor (C l 2) .  There are 
two ways of effecting this change . The easiest and 
preferred method is to order a new input f:llter module 
and a new osci l lator m ixer module for the new fre­
quencies from the factory. The new modules would 
then just have to be plugged in as replacements for 
the original modules. The second method would in­
volve ordering just replacement filter, F L20 I ,  and 
new local oscillator crystal for the new frequencies 
and making the substitution on the modules . These 
substitutions on the modules are not difficult as 
the crystal plugs in and the filter has five leads to 
be soldered. However, testing of the local oscillator 
for easy starting will have to be m ade, and the 
value of C 1 2  chosen to assure this easy starting of 
oscil lation. The whole receiver should then be 
checked out for correct performance. 

REC O M M E N D ED TEST E Q U U, M E N T  

I .  M inimum Test Equipment for Instal lation 

a. A-C Vacuum Tube Voltmeter (VTVM ) .  
Voltage range 0 .003 t o  3 0  volts, frequency 
range 60 hertz to 330 kHz,  input impe­
dance 7 . 5  megohms.  

b .  D-C Vacuum Tube Voltmeter (VTV M) .  
Voltage range: 1 .5 to 300 volts 
Input impedance: 7 . 5  megohms 
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c. C LI Microammeter. range 0- 1 OOJ1A, style 
number 6068592A26, (if receiver has car­
rier level indicator) 

I I .  Desirable Test Equipment for Apparatus 

Maintenance 

a .  Al l  items l isted in I .  

b .  Signal Generator 
Output Voltage: 
Frequency Range: 

c. Oscilloscope 

d .  Frequency counter 

e. Ohmmeter 

f. Capacitor checker 

up to 8 volts 
20k Hz to 330kHz 

I.L. 41 -945.59A 

g. Milliammeter, 0- 1 .5 or preferably 1 .5-0- 1 .5 
range, for checking discriminator . 

Some of  the functions of the recommended 
test equipment are combined in the type TCT car­
rier test meter unit, which is designed to mount 
on a standard 1 9" rack but also can be removed 
and used as a portable unit . 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, replacement parts can be 
furnished, in most cases, to customers who are 
equipped for doing repair work . When ordering 
parts, a lways give the complete nameplate data, 
the electrical value, style number, and identify the 
part by its designation on the Internal Schematic 
drawing . 
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r,�"" 9 1'1 ':>3 1  ' 1 0 2  
I <> 4 A 7 6 .Jrl ;-, l  

1 8 -'iA 7 A 3 . qJ.i 
l d '" ' ' "" ' 
1 d .l,(\ 7 b 3 i l )  
1 8 4 A 7 6 J H J S  
1 8 4A 7 6 3 H 3 S  

6 2 9 A 6 -'1 5 H0 4  

8 4 9 A 4 4  I HOJ 
8 4 9 A 4 4 1 H03 
8 4 9 A 4 4 1 H 0 3  
849A44 1 H O J  

8 4 9 A 44 1 HO J  
849A44 1 HO I  
6068533GOI 
606853 3 G 0 2  
1 87A606HOI 

D-ONE OR TWO CAPACITORS USED; VALUES 
DETERMINED IN TEST. 

(Dwg. 1444C49 Sub. 4) 

0 Fig. 5. Internal Schematic Amplifier Limiter-Discriminator Module. 
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1\) .... 
S/N CLAMP 

(+ 6V FOR ����TP) jJ -----.---D TP87 
SIN LEVEL 

OUTPUT ���� ���S
R
E) I 

I TP91 

I I I I I I I I --

SPACE OUT  L L  CLAMP OUT 
SPACE (+ 12V ON HIGHER FREQ ( - 12V  NORMAL 

IN - 12V ON LOWER FREQ.) +12 'ION LOW LEVEL) 25 - - - - - 11\29 - - -;f\9 - - - - - - - - - - - - - , 
I 
I I I I I 

MARK OUT 
(-J2V ON H IGHER FREQ I WHICH  IS MARK ) 
(+ 1 2V  ON LOWER FREQ 
W H I C H  I S  SPACE I ���ci1���gu��cv 1 

15 1 L____ � MARK IN 

+ 1 2 Y�--�-----.----------�--------+------�--�--�-�-------r--_J 

SIGNAL 
L EVEL I N  TP89 

COMMON � 

"'' "" 

OKUVEL • • • • • • ' .� • •  M�M J i2V  

1 K �·' 7 �  < 1 7  7 

COMPONENT 

o·,_, 
" '  

7 ? ",  
"' 

I C? l  
J l 2 1  

J l 2 2  

J l 2 3  

O BB 

0 8 9  

J•J'·r ::: il 
JUMPER 

J U M P E R  
D I O D E  

DESCRIPTION STYLE NO 

848A819H65 
848A819HI9 

1 R il'I7(.J<jl'· 
848A819H65 
8 4 8A 8 1 9 H I 9  

' 
"1 849A515H02 

o O r(  I m : s r s T 'l "  
0 O H M  RESISTOR 

0 OHM R E S I S T O R  

C E O  
C E O  

I �  � r  7•/7'· "17 
849A51 5H02 
1 �r.r. ? ,  7 .. rn 
849A515H02 
J -> ( '."ll"r • r. 7  
849A515H02 

862A478HOI 

862A478H01 

350BA22H01 
3508A22H01 

Fig. 7. Internal Schema tic Output Module. 

(Dwg. 1452C90 Sub. 4) 
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N N 
r - - - - - - - - - - - - - - - - -

: 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

+ 1 2 v. ' 3 3  

- - - l 

I 

I 

I 

1 

: 
I 

I I I 
I 

I I I I 
I 
I 
I 
I I 

9 1 + 45V 

COMM I� �3�---+--��---
1 -------r--�------

- 1 2 V.
1(17 • SIGNAL I 7 

I 
I 
I 

I 

I 

1 9  I N EG 
I I 

23 I 

I
N C  LEVEL IN:'I �------------------------______j � � NO] � 3 l�l 

O U T P U T  

2 I 
A L A R M  I I 

COMM <. r 1 + : IN i\�1UMENT I I 

1 
NO G9_,! I N C  � J  

I 

I 

L - - - - - - - - - - - _ _  - - - - -- - - _ _ _  - - - - -- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __Ji�4��G!?�-_J 

C O M PONENT 

A I  RESISTOR 
R2 RESISTOR 
R3 R E S I STOR 
R4 RESISTOR 
R 5  RESI STOR 
R6 R E S I S TO R  
R 7  R E S  I S  TOR 
A S  R E S I S T O R  
R 9  R E S I S T O R  
RIO RESISTOR 
Al l  R E S I S T O R  
Rl2 R E S I S T O R  
R l 3  R E S I S T O R  
R l 4  R E S I S T O R  
R l 5  R E S I STOR 
Rl6 R E S I STOR 
Rl7 POT 
Jl J U M P E R  

D l  D I O D E  
0 2  D I O D E  

Z l  Z E N E R  
Q l  TRANSISTOR 

0 2  TRANSISTOR 

0 3  TRAN S I S TOR 
I C I  I N T  C K T  

I C 2  I N T  C K T  
C l  CAPACITOR 

CLI  INSTRUMENT 

A L  R E L AY 

D E S C R I P� 
IOK .50W 5 %  
IOK .SOW 5 %  
6 8 1 K  SOW 1 %  
4 99K .SOW 1 %  
6 8 1 K  .SOW 1 %  
2.0K ·SOW I %  
2 O K  sow 1 %  

562_K 25W 1 %  
5 1 1  K .SOW 1 %  
33 K .sow 2 %  

1 5 K  . sow 2 %  
1 2 0 K  sow 2 %  
1 3 . 3 K  .SOW I %  
1 5 K  .sow 2 %  

6 . 8 K  5 0 W  2 %  
6 . 8 K  . 5 0 W  2 %  
2 . 5 K  . 2 5 W  1 0 %  
0 OHM RESIStOR 

I N 6 4 5 A  

I N 6 4 5A 

I N 9 5 7 8  
2N34 1 7  

2 N 69 9  

2 N 36 4 5  

7 4 7 i) M  

5 0 8 2 - 4 3 7 1  
, 2 5  MFD.200VDC 

STY L E  �Q_ 
1 8 4 A l6 3 H 5 1  
1 84 A 7 6 3 H 5 1  
848A820H29 
848A820HI6 
848A820H29 
8 4 8 A 8 1 9 H 7 7  
848A 8 1 9 H 7 7  

848A82 2 H 1 5  
848A 8 2 2 H I I  
6 2 9 A 5 3 1 H 4 4  

6 2 9 A 5 3 1 H60 
629A53 1 H 8 2  
848A820H57 
629A531  H60 
6 2 9A 5 3 1 H 5 2  
6 2 9A 5 3 1 H 5 2  
629A645H07 
B62A478HOI  

837A692H03 

837A692H03 

1 8 6A797H06 
8 4 8 A 8 5 1  H02 

1 8 4A 6 3 8 H I 9  

8 4 9A441  HOI 

1 4 4 3 C 5 2 H O I  

7 7 5 8 6 2 1 H0 I 
187A625H02 

6068592H26 

4 0 8 C 0 6 2 H 0 7  

� 

R E L A Y  

(Dwg. 1449C44 Sub. 4) 

O Fig. B. Internal Schema tic Output Module-Contact Output. 
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0 Fig� 9. Internal Schematic Power Supply Module. 

C O M P O N E N T 
Cl CAPA C I T O R  
C Z  C A P A C I T O R  
C 3  C A P A C I T O R  Rl,4,5,6 R E S I S T O R  
R Z  RES I S  T O R  
R 3  R E S I S T O R  

z r  Z E N E R  
J l  JUM P E R  
J O  J U M P E R  
J 3 J U M P E R  
J 7  J U M P E R  
sw 1 SW I T C H  
D l D I O D E  
D 2  D I O D E  
L l  CO I L  

O E S C R I  P T I O N  
0 1  M F D  
01 M FO 
047 MFD 

rsn 2s w 4.7K SOW 2 %  
4 7 K  . S O W  2 %  

I N 2 8 2 8 B  
0 O H M  RESI STOR 
0 OHM R E S ISTOR 
0 OHM RESISTOR 
0 OHM RESISTOR 
D P D T  

L E D  
L E D  

S T Y L E  N O  
3516 A 3 6 H O I  
3 5 1 6 A 3 6 H O I  
849A437H04 
1 2 67270 
6 2 9 A 5 3 1 H 4 8  
6 2 9 A 5 3 1 H 4 8  

1 8 4 A 8 5 4 H06 
862A478HOI 
862A478HOI 
862A478 H O I  
8 6 2 A478HOI 
8 4 9 A 2 99HO I 
3508A22H02 
3508A22H02 
2928096G02 

(Dwg. 1452C65 Sub. 7) 
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(Dwg. 77513318 Sub. 1) 

Fig. 12. Component Loca tion Oscilla tor-Mixer-IF Amplifier Module. 

(Dwg. 77583 1 7  Sub. 1) 

Fig. 1 3. Component Location Amplifier Limiter-Discriminator Module. 
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(Dwg. 7758 761 Sub. 1) 

Fig. 14.  Component Loca tion SIN Detection Module. 
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0 Fig. 15. Component Loca tion Output Module. 
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Fig. 1 6. Component Location Output Module - Contact Output. 

(Dwg. 7758666 Sub. 1) 
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0 Fig. 1 7. Component Location Power Supply Module. 
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0 Fig. 18. Outline TCF- 1 0 Receiver. 
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J 3 5 7 
0 0 
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F L-20 1 

.. - xrMR . N o r  
CON�ECT E D T2 
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I N P U T  F I LT E F  T E S T C l  R C U I T  C O N N L: C T I O N S  
a s  F o� 200 s -
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(Dwg. 87i'A 794 Sub. 2) 

Fig. 1 9. Test Circuits for TCF- 1 0 Receiver Filters. 
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(Dwg. 35 13A90 Sub. 2) 

Fig. 2 1. Signal to Noise Ratio Characteristics. 
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Westinghouse I . L. 41 -945.58 

INSTAL LATION • O PERAT I ON • MAINTENANCE 

I N S T R U C T I O N S  
TY P E  T C F- 1 0 POW ER L I N E  C A R R I E R  F R EQ U E N CY-S H I FT 

REC EIVER EQ U I P M ENT - WITH RE LAY O UTPUT FOR 
S U P ERVI S O RY C O NTROL AND TE L E M ET E R I N G  

CAUTION 

I t  i s  recommended that the  user of this equip­
ment become acquainted with the information in 
this instruction leaOet, and in the system instruction 
leaflet before energizing the system .  

Printed circuit modules should not be removed 
or inserted when the equipment is energized . Fail­
ure to observe this precaution may result in an 
undesired tripping output or cause component 
damage . Care should also be exercised when re­
placing modules to assure that they are replaced in 
the same chassis position from which they either 
were removed or the module they are replacing was 
rem oved . 

I f  the carrier set is mounted in a cabinet, it must 
he bolted down to the floor or otherwise secured 
before swinging out the equipment rack to prevent 
its tipping over. 

APPLI CAT I O N  

The TCF- 1 0 frequency-shift receiver equipment 
as adapted for supervisory control and certain tele­
mctering applications 1·esponds to carrier-frequency 
signals  transmitted from the distant end of a power 
line and carried on the power line conductors. The 
M a rk frequency is 1 00 hertz above the center fre­
quency of the channel (which can be selected within 
the range of 30k Hz to 300kHz),  and it is trans­
mitted continuously when conditions are normal 
and no information is to be conveyed over the 
channe l .  Its reception indicates that the channel is 
operative . The Space frequency is 1 00 hertz below 
the channel center frequency . When supervisory 
control or telcmetering information is to be con­
veyed over the channel,  the transmitter at one end 
of the channel is switched alternately between Mark 
and Space so as  to produce at the receiving end a 
desired number of operations of a rel ay activated 

NEW I NFORMAT I O N  

hy  the Space frequency. Control of the durations 
of the intervals that the relay contacts are open 
and closed also can be util ized to convey informa­
tion over the channel . 

CON STR U CTION 

The TCF- 1 0  receiver i s  mounted on a standard 
1 9-inch wide chassis 5 1/4 inches high (3 rack units) 
with edge sl ots for mounting on a standard relay 
rack . 

Al l  of the circuitry that is suitable for mounting 
on printed circuit boards is contained on printed 
circuit modu les that plug into the chassis from the 
front and are readily accessible by removing the 
transparent cover on the front of the chassis . The 
external con nectors are located at the rear of the 
chassis as  shown in Figure I 0. Reference to the 
in terna l  schematic con nections of Figure I will 
show the location of these components in the circuit. 

The printed circuit modules slide into position 
in slotted guides at the top and bottom of the chassis, 
and the module terminals engage a terminal block 
at the rear of the chassis. A handle on the front of 
each modu le is labeled to identify its function, and 
a lso iden tify adjustments and indicating lights if 
any arc avail able at the front of the module. Of 
particular significance is the input attenuator con­
tai ned on the front of the filter module which is 
used in adjusting the input receiver signal during 
initial field instal lation .  

A ll  possible contingencies which may arise during 
installation, operation, or maintenance, and all 
details and variations of this equipment do not 
purport to he covered by these instructions. If 
further information is desired by purchaser re­
garding his particular installation,  operation or 
maintenance of his equipmen t, the local West­
inghouse Electric Corporation representative 
should he contacted. 

EFFECTIVE M AY 1 977 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



A module extender (Style No. 1 447C86G0 1 )  is 
available for facilitating circuit measurements or 
major adjustments. After withdrawing any one of 
the circuit modules, the extender is inserted in that 
position . The module is then inserted into the ter­
minal block on the front of the extender. This restores 
all circuit connections and renders all components 
and test points on the module readily accessible. 

The receiver operates from a regulated + 1 2V 
and - 1 2V supply derived from a self-contained 
DC to DC converter. The power supply module 
containing the DC to DC converter has links which 
enable it to operate from either 48 volts or 1 25 
volts de. 

External connections to the receiver are made 
through a 36-terminal receptacle, J 3 .  The r-f input 
connection to the receiver is made through a coaxial 
cable jack J2 .  

OPERAT I O N  

I NP U T  M O D U LE 

The input module contains the input control 
and the input filter. The signals to which the TCF- 1 0 
receiver responds are fed through a coaxial cable 
connected to jack J2 at the rear of the chassis to 
the input module. The input control R5,  accessible 
at the front of the input module, attenuates the sig­
nal to a level suitable for the best operating range 
of the receiver. 

A scale on the panel is graduated in d B .  While 
this scale is typical rather than individually calibrated, 
it is accurate within several d B  and is useful is set­
ting approximate levels.  Settings should be made 
more accurately util izing a suitable ac voltmeter 
with a dB scale when possible . 

From the attenuator, the signal passes through 
a crystal filter, FL I .  This filter has a narrow pass 
band, and frequencies several hundred hertz above 
or below the center frequency (fc) of the channel 
are greatly attenuated . Figure 2 shows a typical 
curve for the crystal filter, as well as a characteristic 
curve for the intermediate frequency filter, FL2, 
and for the discriminator output. The narrow pass 
band of FL I permits close spacing of channel fre­
quencies and reduces the possibility of false opera-

2 

tion caused by spurious signals such as may result 
from arcing disconnects or corona discharge. 

OSCI LLATOR, M IXER, AND I F  

AMPLIFIER M O D U LE 

From the input filter, the signal enters the oscil­
lator and mixer stage of the receiver. Crystal Y 1 1 , 
transistors Q 1 2  and Q 1 3 , and their associated re­
sistors and capacitors, comprise a crystal-controlled 
oscillator that operates at a frequency 20kHz above 
the channel center frequency, fc. The output from this 
local oscillator is fed through transformer T l l to 
potentiometer R 1 2, and the latter is adjusted to feed 
a suitable input to the base of mixer transistor Q 1 1 .  
The output of filter FL l is impressed on the emitter­
collector circuit of Q 1 1 . As a result of mixing these 
two frequencies, the primary of transformer will con­
tain frequencies of 20kHz, 2fc +20kHz, fc + 20kHz, 
and fc. 

The output from the secondary of T 1 2  is am­
plified by Q3 1 in the intermediate frequency ( I F) 
stage, and is impressed on FL2. This is a two-section 
filter, with both filters contained in a common case. 
Its pass band is centered at 20kHz .  It eliminates 
the frequencies present at its input that are sub­
stantially higher than 20kHz. The output of this 
filter is the IF output which is fed to both the ampli­
fier-limiter and the S/N Detection module. 

A M P L I F I ER L I M I T E R  A N D  
D I S C R I M I NATOR M O D U L E  

The I F  output signal from the IF  amplifier i s  
fed into the amplifier limiter ,through potentiometer 
R52 at the input of the amplifier limiter stage . Suf­
ficient input is taken from R52 so that with minimum 
input signal (5 mv.)  at J2 and with input control 
R5 set for zero attenuation, satisfactory amplitude 
limiting will be obtained at the output of the limiter 
stage. 

The output of the limiter stage is fed to the dis­
criminator. The discriminator is adjusted at the 
factory to have zero output (as measured by a milli­
ammeter inserted in the circuit at jack J l )  at the 
channel center frequency, fc. The adjustment for 
zero output at fc is made by capacitor C68 . I n  ad­
dition, C63 is adjusted for maximum voltage read­
ing across R80 when the output current is zero .  
Maximum current output, of opposite polarities, 
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will be obtained when the frequency is 1 00 hertz 
above or below the zero current output frequency. 
This separation of 200 hertz between the current 
peaks is affected by the value of C66 (the actual 
value of which may be changed s l ightly from its 
typical value in factory calibration i f  required) .  

I t  should be observed that although the mark 
frequency is  fc + I  00 hertz, after leaving the mixer 
stage, and as seen by the discr im inator, the mark 
frequency is  20k Hz- ! OO hertz. Similarly the space 
frequency as seen by the discriminator is 20kHz  
+ I  00  hertz. The intermediate frequency at which 
the discriminator has zero output then is  20kHz.  
The discriminator is adjusted so that  the mark and 
space outputs are of equal lengths for equal periods of 
mark and space signal frequencies. 

The discriminator output is connected to the 
bases of transistors Q55 and Q56 in such a manner 
that transistor Q56 is made conductive when cur­
rent flows, from the discriminator output, in the 
forward direction of diode 054, (which occurs with 
space output) and Q55 is  made conductive when 
current flows in the forward direction of diode 055 
(which occurs with mark output . )  Consequently, 
terminal 35 is at a potential of approximately + 20 
volts at mark frequency and terminal 1 is at + 20 
volts at space frequency. 

S/N DETECTION M O D U L E  

The SjN detection module has one basic func­
tion: to measure incoming in-band s ignal level and 
provide both an output to a carrier level indicating 
instrument and to an alarm circuit in the output 
module for alarming at the desired low level of 
signal . 

The narrow-band signal of 220 hertz bandwidth 
called the I .  F. is fed into the S j N  detection board 
th rough isolation transformer T32.  The amount of 
signal fed into the board is  adjustable by means of 
potentiometer R 1 1 1 . The circuit composed of opera­
tional ampl ifiers IC7 and IC8 and associated com­
ponents is an RMS circuit which converts the signals 
into a de voltage proportional to the r .m .s .  value 
of the ac signals present in the I F  bandwidth . 

The output of the I F  rms circuit is then fed to 
the logarithmic circuit composed of IC l l A, IC1 2A, 

I .L. 41 -945.58 

and ICl l B which puts out a de signal level 1inearly 
proportional to signal level in dB for feeding a 
m icroammeter calibrated with a l inear d B  scale 
with ! Od B  equal to 33- 1 /3 m icroamperes, is con­
tained on the output module (contact output) . 

This same output is also fed to an alarm circuit 
on the output module (contact output) for alarming 
at low signal levels .  

OUTPUT M O D U LE 

The output module provides three buffered 
outputs to the telemetering system. They are mark, 
space and not low signal with red indicating l ight 
emitting diodes for these outputs and a yellow in­
dicating light emitting diode for normal level (sat­
isfactory signal level) . 

The lower frequency of plus 1 2  volts (when 
present) from the discriminator is  fed into the output 
module through terminal 1 5  into the gate consisting 
of diodes 078 and 079, transistors Q65 and Q66, and 
associated components R 1 7 1 ,  R l 72, R 1 73 ,  R l 74, 
R 1 75 ,  R 1 76, 080, and Z24 . Transistor Q65 then 
becomes conducting, causing Q66 to become con­
ducting and a plus 1 2  volts to appear at terminal 
27 as well as causing LED 089 to glow. This output 
labeled " M ark" is then fed into the output module 
- contact output - where it  i s  used to energize the 
mercury wetted relay for contact outputs. N ote 
that this " M ark" output is plus 1 2  volts on lower 
frequency and minus 1 2  volts on either h igher fre­
quency or no signal .  

In a similar manner, the higher frequency output 
of + 1 2  volts when present from the discriminator 
is fed into the output module through terminal 25 
into the gate built about transistors Q62 and Q63 .  
Just as in the case o f  the "mark" output, the "space" 
output of plus 1 2  volts wil l  appear out of terminal 
29. This output is wired out to the output connector 
J3 for external use if desired. N ote also that this 
"space" output is plus 1 2  volts on h igher frequency 
and minus 1 2  volts on either lower frequency or no 
signal .  

The low-signal-level clamp operates off the car­
rier level signal of the SjN detection module which 
is basically the same signal fed to the CLI instru­
ment. 
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It is fed through terminal 7 into the voltage com­
pari! tOr circuit built around operational amplifier 
IC2 1 B. This comparator compares this signal level 
with the voltage reference from IC2 l A, and if the 
signal level is greater than the low level at which 
clamping is desired, the output of IC2 l B will be 
negative causing the yellow LED to glow indicating 
OK level and there will consequently be no low 
signal clamping. I f  the signal level is below the 
level at which clamping is desired, then the output 
of IC2 1 8 will be positive causing the red L E D  to 
glow indicating low level .  In addition,  transistor 
Q67 will become conducting. Transistor Q67 con­
ducting causes Q68 to become non-conducting and 
thus removes the not-low-signal  output from ter­
minal I .  Under good or OK signal  level ,  this not­
low-signal output at terminal l of this module is 
plus 1 2  volts . 

OUTPUT M OD U LE - CO NTACT OUTPUT 

The output module-contact output performs 
three functions; contact output of mark and spaces 
using a mercury wetted relay with two form C con­
tacts, alarming on low signal level using a telephone 
relay with two form C contacts, and indicating 
signal level with its self-contained CLI  instrument. 

The mercury wetted relay is energized by the 
mark output of the output module and picks up on 
the lower frequency and drops out at the higher fre­
quency. 

4 

The alarm circuit consists of all  components 

associated with IC l , IC2 ,  Q J ,  Q2, Q3, and relay 
AL. The signal level from the S/N detection module 
is fed into a level detector consisting of IC l B and 
resistors R6, R7,  R8,  and R9. An adjustable refer­
ence for the level detector consisting of IC l A and 
R 1 ,  R2, R 1 7 , R3, R4, and R5 is also fed into the 
level detector . As long as the signal  level exceeds 
the value set by the reference, there will be approx­
imately plus 1 2  volts out of the level detector into 
the photo-optical isolator. This causes Q l to become 
non-conducting and thus transistors Q2 fol lowed 
by transistor Q3 to become conducting. As a con­
sequence, the alarm relay AL is picked up on signal 
levels above the alarm level . When the signal level 
drops below the alarm level set by the reference, 
the output of the level detector will be minus 1 2  
volts causing Q l to become conducting and Q2 and 
Q3 to become non-conducting and drop out the 

alarm relay A L .  The a larm relay has a delay of 
approximately 40 mil l iseconds on dropout to pre­
vent undesirable alarming on short temporary loss 
of signal . Note that the level of alarm is set by 
adjusting a larm level R l 7 ,  accessible from front of 
module, independent of the low signal level output 
from the output module (which is set by L . L .  A DJ .  
R 1 78) .  Also both of these outputs operate on total 
signal level within the passband of the receiver . 

The CLI  instrument operates directly on signal 
level received from the S/N detection module. I t  
measures signal level i n  the entire bandwidth of  the 
receiver and thus closely correlates with the low 
level clamp ( L . L .  ADJ . )  and the low signal  alarm 
AL (alarm level) .  It thus can be used in setting 
both of these adjustments . 

POWER S U PPLY 

The + 1 2  volt de, - 1 2 volt de, and the +45 volt 
de supply voltages for the receiver are derived from 
the power supply module. 

The + 1 2  volt de supply and the - 1 2 volt de 
supply are both derived from the DC to DC con­
verter and are regulated for input voltages to the 
regulator of from 42 volts to 56 volts. For nominal 
48 volt input units, the DC to DC converter has 
sufficient range so that the preregulator consisting 
of R I ,  R4, and Z 1 is not necessary and is not con­
nected by omitting jumpers J 1 and J3 and supply­
ing J7 and J2. In this case, then, the +45 volt 
supply is derived directly from the input supply 
voltage and is not regulated . 

For nominal 1 25 volt input units, the pre-regu­
lator consisting of R I ,  R4, and Z 1 is necessary and 
is connected by supplying jumpers J I  and J3 and 
omitting J7 and J2 .  In this case then, the +45 volt 
supply is derived from this pre-regulator and is 
regulated . 

The LED's  D l  and D2 indicate when the power 
supply is energized with either 48V or 1 25V by the 
proper one glowing . Since al l  components are sup­
plied in each power supply, a 48V supply can be 
converted to a 1 25V supply simply by removing 
jumpers J7 and J2 and inserting J l  and B. Similarly, 
a I 25V supply can be converted to a 48V supply by 
removing jumpers J 1 and J3 and inserting J7 and 
J2. Capacitor C l  and C2 bypass rf or transient 
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voltages to ground. Choke L l  with capacitor C3 
form a trap to iso late the receiver from transient 
voltages in the 20k Hz range that may appear on 
the de supply and which could affect the receiver. 

C H ARACTERISTICS 

Frequency range 

Sensitivity (noise­
free channel) 

Input I m pedance 

Bandwidth 
(crystal filter) 

Discriminator 

Operating Time 

Frequency 
spacmg 
A .  For two or 

more signals 
over one-way 
channel 

B .  For two-way 
channel 

Ambient tempera­
ture range 

Battery voltage 
variations 
Rated Voltage 

48 V de 
1 25 V de 

Battery drain 

Dimensions 

Weight 

30-300kHz 

0.005 volt 

5000 ohms minimum 

down < 3dB at 220 Hz. 
down > 60dB at 1 000 Hz. 

Set for zero output at chan­
nel center frequency and for 
max. outputs at l 00 hertz 
above and below center fre­
quency. 

9 ms .  channel (transm.  and 
recvr . )  

2 ms. HG relay operate and 
release times 

500 hertz minimum 

1 000 hertz minimum be­
tween transmitter and ad­
jacent receiver frequencies 
with proper hybrids .  

- 20°C to + 55 ° C  temper­
ature around chassis. 

Allowable Variation 
42- 56 V de 

1 05- 1 40 V de 

.25 a.  at 48 V de or 1 25 V de 

Panel height - 5 1J4'' or 3 r.u. 
Panel width - 1 9" 

1 3  lb .  

I .L. 41 -945.58 

I N STALLAT I O N  

The TCF- 1 0 receiver i s  general ly supplied in a 
cabinet or a relay rack as part of a complete carrier 
assembly. The location must be free from dust, 
excessive humidity, vibration, corrosive fqmes, or 
heat. In particular equipment which generates 
excessive heat such as power supplies should not be 
mounted directly beneath the TCF- 1 0 .  Heat rising 
will tend to raise the ambient temperature immedi­
ately around the chassis above acceptable levels .  
The maximum ambient temperature around the 
chassis must not exceed 55°C .  I n  addition, sudden 
fluctuations in ambient temperature caused by these 
power suppl ies due to variations in load can cause 
variations in performance due to uneven heating of 
the receiver introducing abnormal temperature 
variations in the receiver. 

ADJ U STMENTS 

All  factory adjustments of the TCF- 1 0  receiver 
have been carefully made and should not be altered 
unless there is evidence of damage or malfunction­
ing. Such adjustments are: frequency and output 
level of the oscillator and mixer; input to the am­
plifier and limiter; frequency spacing and magnitude 
of discriminator output peaks; pickup of alarm 
relay; and pickup of low signal level clamp. The 
adjustment that must be made at time of installation 
is the setting of input attenuator R5 . The input 
attenuator adjustment is made by a knob on the 
front of the panel of the input module. 

The receiver should not be set with a greater 
margin of sensitivity than is needed to assure correct 
operation with the maximum expected variation to 
attenuation of the transmitter signal. In  the absence 
of data on this, the receiver may be set to operate 
on a signal that is 1 5d B  below the maximum ex­
pected signal . After installation of the receiver and 
the corresponding transmitter, and with a normal 
space signal level being received, input attenuator 
R5 should be adjusted to the position at which the 
low level clamp operates, causing a red LED low 
level l ight. The attenuator R5 should then be read­
justed to increase the voltage supplied to the receiver 
by 1 5dB .  The scale markings for R5 permit approxi­
mate settings to be made, but it is preferable to 
make this setting by means of the d B  scales of an 
ac VTVM connected across the terminals indicated 
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at the front panel of the input module. The red ter­
minal is connected to the wiper arm of R5 and the 
bla-ck terminal is connected to ground.  With this 
setting, a 1 5d B drop in signal will cause a low signal 
level clamp output which will produce a - 1 2V 
output at the low level output, cause the red L E D  
low level light to come on, and cause the yellow 
LED 0. K .  level light to go out. 

The only other adjustment which may be nec­
essary at the time of initial installation is the 
adjustment of the C L I  instrument to correspond  
to  proper variation of signal level from normal.  
This may be necessary if  the instrument was not 
supplied with the receiver and was not adjusted by 
the factory. If this instrument was supplied and 
adjusted by the factory, then it could be used in 
adjusting R5 .  I n  this case, it  would be necessary 
only to adjust R5 with a normal signal being received 
so that the instrument indicates OdB .  

I f  the instrument was not previously adjusted 
by the factory, then the following procedure should 
be used in adjusting the instrument. (Nate: When 
CL I in�trument is supplied within the chassis, this 
is factory adjusted .) 

I .  Set incoming level into receiver at + ! Od B  above 
normal level .  

2 .  Adjust span adjustment, R l 47,  so that the volt­
age at TP72 with respect to TP62 (common) is 
+ 3 .000 volts. 

3. Reduce incoming signal into receiver by 30dB .  

4 .  Adjust full scale adjustment, R ! 53 ,  so that in­
strument now reads -20dB .  (This is  approxi­
mately 0 microamperes). 

5. Increase signal to + ! Od B level . (This IS  I 00 
microamperes). 

6 .  Adjust slope adjustment R ! 55 to read + I  OdB 
on instrument. 

7 .  Reduce signal to normal level. Instrument should 
read Od B .  If desired, instrument could be ad­
justed to read Od B with R l 55 with sacrifice in 
reading accuracy for + I Od B .  

6 

FACTORY ADJ U STMENTS 

In case the factory adjustments have been altered 
or there is suspicion of improper adjustments or  
malfunctioning, then the following procedures can 
be used. In addition, alterations to the settings used 
by the factory for low signal level clamping and 
low signal-to-noise ratio clamping can be made 
using these procedures if  desired. 

Potentiometer R 1 2  in the oscillator and mixer 
should be set for 0.3 volts, measured with a VTVM 
connected between T P  I I  and terminal 33 on the 
circuit board (ground terminal of voltmeter). A 
frequency counter can be con nected to the same 
points for a check on the frequency which should 
be 20k Hz above the channel center frequency. The 
frequency is fixed by the crystal used, except that 
it may be changed a few cycles by the value of ca­
pacitor C l 2 . Reducing C l 2  increases the frequency, 
but the capacity should never be less than a value 
that assures reliable starting of oscillation . The 
frequency at room temperature is usually several 
cycles above the crystal nominal frequency as this 
reduces the frequency deviation at the temperature 
extremes. 

The adjustment of the amplifier and l imiter is 
made by potentiometer R52. An oscilloscope should 
be connected from TP56 at the base of  
Q54 to  terminal 33 of the limiter. With 5 mil l ivolts 
of higher frequency on the receiver input ( R5 set at 
zero), R52 should be adjusted to the point where 
the peaks of the oscilloscope trace begin to flatten .  
This should appear o n  the upper and lower peaks 
at approximately the same setting. (Note: I nput 
attenuator R5 could be used to produce 5mv of 
signal across input test jacks J I and 12 if  desired .) 

The low signal level clamp is set to operate at 
the signal level where the receiver just drops out of 
limiting. This is accomplished as follows: 

I .  With a normal higher frequency signal being re­
ceived and with an R F  voltmeter connected 
across test jacks J I and J2 of the input module, 
adjust input attenuator R5 to the point where 
5mv of signal appear across these test jacks. 
(An alternate adjustment would be to set in­
coming signal level into receiver at 5mv with 
R5 set at zero which is the point at which limit­
ing should begin) .  
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2 .  Adjust the L . L .  adjustment R 1 78 on the output 
module so that the low level clamp j ust picks 
up. This will be indicated by the red low level 
light on the output module coming on. There 
also will be + 1 2  volts at TP86 on the output 
module. And the yellow O . K .  level light will go 
out. 

3. Adjust input attenuator R5 to increase signal 
into receiver by desired margin of operation. This 
normally should be ! 5dB.  This is done by re­
ducing the R5 attenuator setting. (Note: The 
low signal clamp as used in this receiver is just 
used to put out a signal to external equipment 
for use by the external equipment. It does not 
clamp any signals within this receiver.) 

The alarm level is set to alarm at a signal level 
5dB above the signal where the receiver just drops 
out of limiting. This will result in an alarm be given 
at a point where the signal level has dropped 
I Od B from the initial nominal setting but the receiver 
signal level is stil1 5dB above limiting . 

I . With a normal higher frequency signal being 
received and with an RF voltmeter connected across 
the input module input test jacks T J 1 and T J2 (avail­
able at front on module), adjust input attenuator 
R5 to where signal level is  9mv across these test 
jacks. 

2. Adjust the alarm level R l 7  on the output 
module - contact output to the point where the 
alarm relay AL just drops out. 

3 .  Adjust input attenuator R5 to increase sig­
nal level into receiver by l OdB. (This is for operation 
with 1 5d 8  margin .  For other than ! 5d B  margin ,  
this value should be  changed accordingly.) This i s  
done by reducing the R5  attenuator setting by  1 OdB. 

M A I NT E N A N C E  

Periodic checks of the  received carrier signal 
level and the receiver sensitivity will detect gradual 
deterioration and permit its correction before failure 
can result. The carrier level indicator, when pro­
vided, permits ready observation of the received 
signal level. With or without a carrier level indicator, 
an overall check can be made with the attenuation 
control, R5 . A change in operating margin from 

I .L. 41-945.58 

the original setting can be detected by observing 
the change in the dial setting required to cause a 
low signal level clamp to operate as indicated by 
the red low level LED becoming lit. If there is  a 
substantial reduction in  margin,  the signal voltage 
at the receiver input should be checked to see whether 
the reduction is due to loss of signal level or loss in  
receiver sensitivity . 

Al l  adjustable components for normal field 
adjustments on the printed circuit modules are acces­
sible when the front cover on the chassis is removed. 
All  other adjustable components on the printed 
circuit modules may be made entirely accessible 
while permitting electrical operation by using module 
extender style number 1 447C86GO l .  This permits 
attaching instrument leads to the various test points 
of terminals when making voltage, oscilloscope or 
frequency checks .  

RELAY MAINTENANC E  A N D  ADJU STM E N T  

The AL relay contacts should be cleaned peri­
odically. A contact burnisher S# l 82A836H0 1 is 
recommended for this purpose. The use of abrasive 
material for cleaning contacts is not recommended, 
because of the danger of embedding small particles 
in the face of the soft silver and thus impairing the 
contact . Care must be taken to avoid distorting the 
contact springs during burnishing. 

These relays have been properly adjusted at 
the factory to insure correct operation, and u nder 

normal field conditions they should not require 
readjustment. I f, however, the adj ustments are dis­
turbed in error, or if it becomes necessary to replace 
some part, the fol lowing adjustment procedure 
should be used. 

I n  the A L  relay the armature gap should be ap­
proximately 0.004 inch with the armature closed. 
This adjustment is made with the armature stop 
screw and locknut. The contact leaf springs should 
be adj usted to obtain at least 0.0 1 5  inch gap on all 
contacts when fully open . There should be at least 
0.0 I 0 inch follow on all normally-open contacts 
and 0.005 inch follow on all normally-closed con­
tacts.  The relay should pick up at approximately 
35 volts. 
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TABLE I 

RECEIVER D-C M EASUREM E NTS 

N OTE: All voltage readings taken with the nega­
tive of de VTV M  on terminal 1 7  ( - 1 2V de) . Re­
ceiver adjusted for l 5d B  operating margin with 
Space and Mark signals down 50dB from l watt 
or 60d B  down from l O  watts. Unless indicated 
otherwise, voltage will not vary appreciably 
whether signal is lower frequency, higher frequency, 
or zero. 

Collector of Transistor 

or Test Point 

Voltage 

( Positive) 

Q l l 
Q l 2  (TP 1 2) 
Q i 3  (TP ! 3) 
Q i 4  (TP 1 4) 
Q l 5  (TP 1 5) 
T P I I 
TP52 
Q5 1 (TP5 1 )  
Q52 (TP53) 
Q53 (TP54) 
Q54 (TP55) 
TP56 
Q55 
Q55 
Q56 
Q56 

< 1 5  
1 7  (High or Low Freq.)  
1 7  (High or Low Freq.)  
3 
3 

22  
1 9  
1 4  
1 4 .5  
1 8  
3 

1 9  
< I (Lower Freq. or No Signal) 

23 (Higher Freq.) 
23 (Lower Freq.)  

< l (Higher Freq. or No Signal) 

N OTE: The following readings are taken with the 
negative of de VTVM on terminal 3 (common of 
de power supply) of either the SjN detection mod­
ule or the output module. 

Collector of Transistor Voltage 

or Test Point ( Positive) 

TP62 0 
TP64 + 10 
TP65 - l 2V 
TP67 + . 5  
TP68 + .5  
T P70 6 
TP7 1 + 6 
T P72 + 1 .5 
T P74 + .5  
T P8 l + 1 2  (Higher Frequency) 

8 

TP8 l - 1 2  (Lower Freq. or No 
Signal) 

TP82 + 1 2 (Lower Frequency) 
TP82 - 1 2 (Higher Freq. or No 

Signal) 
TP83 + 1 2 (Higher Frequency) 
TP83 - 1 2 (Lower Freq. or No 

Signal) 
TP84 + 1 2 (Lower Frequency) 
TP84 - 1 2 (Higher Freq or No 

Signal) 
TP85 + 0.3 
TP86 + 12 (Low level clamp) 
TP86 - 1 2 (No clamp) 
TP88 + 1 2 
TP89 - 1 2 
TP90 + 1 2  (Good Signal Level) 
TP90 - 1 2 (Low Signal Level 

clamp) 

TABLE I I  

RECEIVER R F  M EA S U R E M ENTS 

NOTE: Voltmeter readings taken at any point 
from receiver input to stage involving transistor 
Q 1 5  are neither meaningful  or feasible because of 
either waveform variations  or the effect of instru­
ment loading on the readings . Receiver adjusted as 
in Table I .  

Collector of Transistor Volts with Signal At 

or Test Point + 1 0d B  Above Normal Level 

Q l 5  (TP 1 5) 
Q5 1 (TP5 1 ) 
Q52 (TP53) 
Q53 (TP54) 
Q54 (TP55) 
TP67 

0.8 
0.9 
0.65 
2 .2 
4 .5 

.275 

FILTER RESPONSE M EASUREM ENTS 

The crystal input filter (FL l )  and the IF filter 
(FL2) are in sealed containers and repairs can be 
made only by the factory. The stability of the orig­
inal response characteristics is such that in normal 
usage no appreciable change in response will occur. 
However the test circuits of Fig. 1 9  can be used in  
case there is  reason to  suspect that either of the 
filters has been damaged. 
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Fig. 2 shows the - 3dB and -60dB check points 
for the crystal filters . The response curve of the 
IF filter shows the combined effect of the two sec­
tions, and was obtained by adding the attenuation 
of each section for identical frequencies. The scale 
of Fig. 2 was chosen to show the crystal filter re­
sponse, which permitted only a portion of the I F  
filter curve to be shown . The check points for the 
pass band of each section of the latter are "down 
3dB maximum at 1 9 .75 and 20.25 kHz", and for 
the stop band are "down 1 8d B  minimum at 1 9 .00 
and 2 1 .00 k Hz." The signal generator voltage (Fig. 
1 9) must be held constant throughout the entire 
check . A value of 20dB (7.8 volts) is suitable. The 
reading of VM2 at the frequency of minimum at­
tenuation should not be more than 22dB below the 
reading of VM I .  It should be noted that a limit 
measured in this manner is for convenience only 
and does not indicate actual insertion loss of the 
filter. The insertion loss would be approximately 
1 6d B less that the measured difference because of 
the input resistor and the difference in input and 
output impedances of the filter. 

Because of the extreme frequency sensitivity · 
of the crystal filter, the oscillator used in  its test 
circuit should have very good frequency stability 
and a close vernier control . The oscillators used 
for factory testing have special m odifications for 
this use. A value of approximately l OdB (2.45 volts) 
is suitable for the constant voltage at which to hold 
VM I throughout the check. The reading of VM2 at 
the frequency of minimum attenuation will vary 
somewhat with the channel frequency but should 
not be more than l l d B  below the reading of VM l .  
(The filter insertion loss i s  approxi mately 6dB less 

than the difference in readings.)  

CONVERSION OF RECEIVER FOR C HANGED 
C HA N N E L  FREQ U ENCY 

The parts required for converting a TCF- 1 0 re­
ceiver for operating at a different channel frequency 
consist of a new crystal input filter FL l ,  a new local 
oscillator crystal (Y 1 1 ) and probably a different 
feedback capacitor (C l 2). There are two ways of 
effecting this change. The easiest and preferred 
method is to order a new input filter module and a 
new oscillator mixer module for the new frequen­
cies from the factory . The new modules would then 
just have to be plugged in as replacements for the 
original modules. The second method would involve 
ordering just replacement filter, FL l ,  and new local 
oscillator crystal for the new frequencies and making 

I .L. 41 -945.58 

the substitution on the modules. These substitutions 
on the modules are not difficult as the crystal plugs 
in and the filter has four leads to be soldered. How­
ever, testing of the local oscillator for easy starting 
will have to be made, and the value of C 1 2  chosen 
to assure this easy starting of oscillation . The whole 
receiver should then be checked out for correct 
performance. 

R E C O M M E N DED TEST EQU I P M ENT 

I .  Minimum Test Equipment for I nstallation 

a. A-C Vacuum Tube Voltmeter (VTVM) .  
Voltage range 0.003 to  30  volts, frequency 
range 60 hertz to 330 kHz,  input impe­
dance 7 . 5  megohms. 

b .  D-C Vacuum Tube Voltmeter (VTVM) .  
Voltage range: 1 .5 to 300 volts 
I n put impedance: 7 . 5  megohms 

I I .  Desirable Test Equipment for Apparatus 

Maintenance 

a. Al l  items listed in I .  

b .  Signal Generator 
Output Voltage: 
Frequency Range: 

c .  Oscilloscope 

d. Frequency counter 

e. Ohmmeter 

f. Capacitor checker 

up to 8 volts 
20kHz to 330kHz  

g .  Milliammeter, 0- 1 .5 o r  preferably 1 .5-0- 1 .5 
range, for checking discriminator. 

Some of the functions  of the recommended 
test equipment are combined in the type TCT car­
rier test meter unit, which is designed to mount 
on a standard 1 9" rack but also can be removed 
and used as a portable unit .  

REN EWAL PARTS 

Repair work can be done most satisfactorily at 
the factory . However, replacement parts can be 
furnished, in most cases, to customers who are 
equipped for doing repair work . When ordering 
parts, always give the complete nameplate data, 
the electrical value, style number, and identify the 
part by its designation on the I nternal Schematic 
drawing. 
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CHASS I S � ... 

GROUND '--

COMMON ( I NTERNAL P.S.) 

POS, ( 48 OR 1 25 VDC l } �����y 
N E G. VOLTAGE 

C. L. I .  
GROUND 
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Fig. 5. Internal Schematic Amplifier Limiter-Discriminator Module. 

C0MP0NENT DESCRIPTI0N STYLE N0. 

- --- - - - -- · - - - - - - · - - - ---- - - ---
C S I  CAPAC I T0R .250UF 200V 1 8 7A624H02 

C52 CAP/, C I T 0 R  • 2 S O U F  200V J 8 7A624H02 

C53 CAPACIT0R o i OOUF 200V I B 7A62o4HO! 

C54 CAPAC I T0R 1 300 oOOOPF SOOV 1 8 7 A 5 8 -4 H l  S 
C 5 5  CAPACI T0R ol Q()UI' 200V 1 8 7A62-4HOI 
C 5 6  CAPAC I T0 R  o 2 S OUF 200V 1 8 7A62-4H02 
C57 CAPAC I T0R o I OOUF 200V 1 8 7A624H0t 
C58 CAPACIT0R • 2SOUF 200V I B 7A624H02 
C59 CAPAC I T0 R  o 2 SOUF 200V 1 8 7A62.tiH02 
C60 CAPACIT0R I • OOOUF 200V 1 8 7A624H04 
C 6 1  CAPAC I T0R o 220UF 50V 762A703HO I 
C62 CAPACIT0R o220UF 50V 762A703HOI 
C63 CAPACITOR 4.5TO JOOPF 762A736H02 
C 6 4  CAPAC I T0R 9 1 00 .  O O O P F  2 0 0 V  1 87A624H 1 6  
C65 CAPAC I TOR SEE NOTE 0 
C 6 6  CAPAC! T0R I O O o OOOPF" SOO V  1 8 7A684HOB 

C67 CAPACITOR SEE NOTE D 
C68 CAPACITOR 4.5TO lOOPF 762A736H02 
C69 CAPAC I TBR 9 1 00 o OOOPF 200V 1 8 1 A 6 2 4H l 6  
C70 CAPAC I TOR o 220UF' 50V 162A703H01 
C7 1 CAPAC I T0R • 220UF 50V 162A103HO I 

0 5 1  D i e D E  JN-4S1A 1 8 4A8SSH01 
052 DieDE IN-4S1A 1 8 4A8SSH07 
053 DieDE I N 4 S 1 A  1 8 4A85SH01 
054 D I ODE I N 4 5 7 A  1 8 4A8SSH01 
055 0 1 0 0 £  I N -4 S 7 A  1 8 4A8SSH07 
056 JUMPER 862A478HQI 

057 D I 0 D E  I N 6 2 8  1 8 4A.BSSH 1 2  
058 D I 0 D E  I N 6 2 8  1 8 -4A8SSH 1 2  

R 5 1  R E S J  ST0R 4700 . 0  • S O W  S S  1 8 4A163H43 
R 5 3  R E S I  ST0R 2 7 . QK o SO W  SS 1 8 4A763H61 
R 5 4  RESl ST0R 22oo . o  • sow 5% 1 8 4A163HJS 
R 5 5  RESI ST0R 2 7 . 0  • S O W  SS 1 8 7A290H J I  
R 5 6  R E S J  ST0R I O o OK . SO W  5% 1 8 -4A163HS! 
R 5 7  R E S I  ST0R 4700 . a  • sow 5% 1 8 4A763H43 
R58 RES! ST0R 2 7 . QK . SOW 5% 1 8 4A 7 6 3 H 6 1  
R59 RESI ST0R t soo . o  • SOW S S  1 8 4A763H31 
R 6 0  RES! ST0R I BO . O  • s o w  S% 1 8 4A163H09 
R 6 1  RESI ST0R -4 7 0 0 . 0  • SOW S% 1 8 4A763H<4 3 
R 6 2  RESJ ST0R 2200·0 • sow ss 1 8 4A763H35 
R63 RESI ST0R J J o OK o SO W  5% 1 8 4A763H63 
R 6 4  RESI ST0R 2 7 0 0 · 0  • sow 5% l 8 4A763H37 
R65 RES I ST0R 680 o 0  • SOW 5 '%  1 8 4A763H23 
R66 RESI ST0R 6 8 o 0  . so w  5 %  187A290H21 
R 6 7  RESI ST0R <4700. 0 • sow S% I 84A163H43 
R68 RESI ST0R 27QQ . O  • sow S% 1 8 4A763H37 
R69 RESI ST0R I B o OK • SOW St. 1 8 4A763HS7 
R70 RESI ST0R 220 o 0  • S O W  S S  1 8 .4A763H t t  
R7 1 RESI STBR 68 . 0  • SOW 2 %  629AS31 H04 
R72 RES I ST0R 3 3 0 . 0  • s o w  s s  1 8 4A763H t 5  
R 7 3  R E S  I ST0R 5 6 . 0  • s o w  2 %  629AS31 H02 
R10 RESI ST0R 1 2 o O K  . SO W  S% 1 8 4A763HS3 
R75 RESI ST0R 3000.0 . sow S'% 1 8 4A763H38 
R76 RESJ ST0R JOOO o O  • sow 5% 1 8 4A763H38 
R 7 7  R E S J  ST0R 2 20 . 0  • sow ss 1 8 4A763H I I  

R79 RESI ST0R 2200 . 0  • s o w  5 %  1 8 4A763HJS 
RSO RESI ST0R 2200.0 • sow 5% 1 8 4A763H35 
R52 POT I · OK . sow 629A645H04 
0 5 1  TRANS! STBR 2N-4249 849A-441 H03 
052 TRANS! ST0R 2N4249 849A<4-41 H03 
053 TRANS I STe R 2N4249 849A-441 H03 
0 5 4  TRANSI STeR 2N-42-49 849A-44 1 HQJ 
055 TRANSI STeR 2N364S 849A4:.1HOt 
0 5 6  TRANS! ST0R 2NJ6 4S 849A4 4 1 H O I  T21 TRANSFORMER 606BS33GOI T22 TRANSFORM ER 6068533G02 
Ji TELEPHONE JACK 187A606H01 

D- ONE OR TWO CAPACITORS USED; VALUES 
DETERMINED IN TEST. 

A-FOR STYLE 1444C 48G03 REVERSE START AND 
FINISH L E ADS OF T22. 
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COMPO N E N T  - - - - - - - - -
C9 3 C A P A C J T O k  

C9 4 C A P A C I T O k  

C 9 5  C A r' A C l T O R  

C 9 6  CAP A C !  T O R  

C9 7 C AP A C !  l O R  

C 9 8  C A P A C l T C i':  

C 9 9  C AP A C J T0 r< 

D 6 3  D l O LJ E  

0 6 4  lJ l 0 lJ E  

J C 7  l � l  C K T  

l C d  l N I c� r 

I C I I j,',J ]  C K T 

J C I 2 ! N T  CK T 

J i l l  J l)I.,P i::. t< 
J l l 2  J U,� P E K  

J 1 1 3  J U.� P E R  

J 1 1 4 J cJ,'o\ P E R  

R i l l  P� T 

R l 4 7 P 0 T  
D E SC H l P l l O � S T Y L E  .'-.J J .  

R l � 3 P J T - - - - - - - - - - - - - - - - - - - -
. Q I O U F  o O V  l d 4A 6 6 3 � 0 1 

3 J . O O O P F  2 0 0 V  8 B A9 o 9 n 0 7 
R l l 2  R E S l S T C c<  

· O I O U F  s o v  1 8 4A 6 6 3 rl 0 1 
R 1 1 3  R E � l S T O � 

• 0 I 0 J F  s o v  I 8 4 A 6 6 3H 0 1 
R l l 4  t< E S I � T J r<  

• 4 7 0 c1 F  s o v  7 6 2 A 6 o O rl 0 4  
R I I S  R i: S l � T <J rl 

3 3 - 0 0 0 P F  2 0 0 V o 7 9 A 9 8 9 rl 0 7  
R l l 6  R E S l  S T O r< · D I O U F  s o v  l<l 4 A 6 6 3 H O  I 
R l l ? R E S I S T O r< 

R l l 8 R E � l S T O r< 

R l l 9  R E S J  S T C  I< 
1 1'1 4 1 46 B 3 6A � 2 o rl0.6 

R l 2 7 R E S J  S T O  R 
1 .� 4 1  4ti tS 3 6 A 9  2 � rl 0  r, 

R l 4 6 R E S l S T O "  

R l 48 R E � l S T J i<  

R l 49 R E � l S TO I< 
S E � J  I I 3 S I 2A I O � C I 

R I SO R E S J S T C R  
S E � J I T  J :, J  2 A  I O rl .J  I 

R I S I  R E S l .S f0 K  
7 <i 7 LJ �  1 4 4 J C '> 2 " 0 1 R l 5 2 R E S l S f O R  

SN 5 6 5 0 2  3 S I <e' A Q 9 ,j 0 1 R I S 4  R E S J S T C R  

R I S S R E S l � T J R  

R l 5 6  R E S l  S T J R  
0 0 H!1 RE S J � T O �  !l 62 A 4 7 !l H O I R I S ? R E S l S T C r< 
0 O rl.1 ll E S l S T O K  8 62 A 4 7 H H O I R l 58 R E S J S T O K  

0 O rl,'o\ R E S J  S T J �  8 6 2 A 4 7 d rl 0 1 

0 3 H .'1 R E S J  S T J .-l il 62 A 4 7 o rl O I 

Z I I  l E N E R  

Z l 2  Z EN Ell 

Fig. 6. Internal Schematic SIN Detection Module. 

s o . oK • 5 0 �. 6 29 A 6 � 5 ,j 0 6 

2 s o . OK . ? ';) \.<.  8 � 0 A 3 2 6 � 1 0  

2 .  SK • 2 :) 'rf 6 2 9 A 6 4 o H 0 7 

47 50 . 0 • 2 5 1  ... I �  8 4o A 3 2 0 rl l 4 

4 7 5 0 - 0  . 2 5 W  I �  8 4 :1 AK 2 0 ·1 1  <i 

I o .  OK • 5 0 1'.' I �  s 4 o A o 2 0 ,j A 2  

49 9 0 . 0  • S O !- 1 %  ;; 4� A � 2 0 ri l 6  

49 9 0 . 0  • 5 0 >·1 I :l 8 <i -1 A 3 2 0 -1 1  A 
<i� 9 0 .  0 • s o ··� 1 4  tS Ll � tl 3 2 0 r1 1 6  
4 9 9 0 . 0  • s o w  I :4 6 <i 8 A ci 2 0 .-1 1 6 

I o .  O'< • 5 0 '. 1  1 4  8 4d A � 2 0 -1 <i 5  

2 ·  O 'K • 5 0 >·' I �  s o ci A o  1 9 rl 7 7 

49 9 0 . 0  • 5 0 �·' 1 2  8 <i -l A S 2 Q .� I 6  

1 0 0 0 . 0  • 5 0 >! I �  8 4.-l A 'l l 9 � 4 -l  

1 '> · 0 � . s o ,, I ;<  6 4d A d 2 0 -< 6 2  

2 .  0·< • 5 0 \1 I Z 8 4 o A 6 1 9 rl 7 7  

2 . 0., • S O <' 1 1. o 4o A 5 1 9 rl n  
1 7 . 8 � • 2 S <. I �  8 Lu3 A 3 20 H 69 

6d I · 0  • S O <. 1 4  8 43 A :l l 9 .-1 3 2 

I .  O K  , 2 5 W  20% 6 2 9A430H02 
I SQ . Q  • 5 0 <1 I Z  8 <i 'l A o l c H '> o  

2 0 . 0 K . s o w I Z 6 oo Atl 2 0 rl 7  4 
2 0 o 0 ,{  . s o w 1 .4  8 4o A8 20 rl 7 o  

IN 8 2 5 A  6 . 2 V  86 2 A 2 8 8 H0 6  

I N B 2 5A 6 . 2 V  8 62 A2 8 8 H 0 6  
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1 33 

l l CLAMP OUT 
( - 12V  N O R MAL 

+ 12 V ON LOW LEV E L )  
- - -9 - - - -

T P 8 4  

- - l 

C? 2 7 1 l • ) MA R K  O U T  1 (- 1 2 \1  ON HIG H E R  F R E Q  
W H I C H  I S  M A R K  l I ( + 12V ON LOWE R FREQ 
WHICH IS SPACE 

I ���c � ' ;���u0E�CY l 

" ' 
+ 1 2  v 

1 : I 

I I 
I · I  
I L S  B U F F E R E D  OUT  

I 
I 

I + 12 v NORMAL 

S I G N A L  • 7 226 

LEVEL I N  

C O M M O N  

I 
L _ _ _ _  _ 

R l 6 3  

R 1 6 4 

R I 6 S  

TP89 

I Z V  O K  LE VEL  

R E S I S T O R  J J , OK . so w  S X  1 8 4 A 7 6 3 H 6 3  

R E S I S T O R  1 2 0 · 0� . s o w  S %  I 8 .4 A 7 6 JH 7 1  

R E S I S T O R  4 7 0 0 · 0  • S O W  S %  1 8 4 A 7 6 3 M 4 3  
C0MPO N E N T  DESCR I P T I O  .• S T Y L E  N J .  

R l 6 6 R E S I S T O R  2 4 Q Q . Q  . s o w  51 I 8 .11 A 7 6 3 H 3 6  - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
R l 6 7 R E S I S T O R  1 ,5 K • S O .,J 1 %  8 4 8 A 8 1 9H65 

D 7 J  D I 0 0 E  I N 6 4 S A  8 J 7 A 6 9 2 H 0 3  
R l 6 8 R ES I S TOR I SO . O  J , OOW 51 7 6 2 A 6 1 9 H O I D7 4 D I O D E  t N 6 4 5 A  8 3 7 A 6 9 2 � 0 3  
R l 7 1 R E S I S TOR J J . oK . s o •  s 1  1 8 4A 1 6 3 H 6 3  

0 7 5  O U U E  l N 6 4 S A  8 J 7 A 69 2�0 J 
R l 7 2 RE S I S T O R 1 2 o . oK . so •  s x  1 8 4 A 7 6 3 H 7 1 C0M P0NEN T D E S C R I P T I O N 

0 7 8  0 1  O D E  J N 6 4 5 A  8 3 7M9 2 H 0 3  
R I 7 J  R E S I S T O R  4 7 Q Q . Q  . s o w  S% 1 8 4 A 1 6 3 H 4 3  

D 7 9  0 1  C O E  I N 6 4 SA 8 3 7 A 69 2H O J  
R 1 7 4  R E S I S T O R  2 4QQ . O  . s o w  S% 1 8 4 A 7 6 3 H 3 6  

0 8 0  O I 0 D E  I N 6 4 SA 8 J 7 A 6 9 2 H O J  R I 7 S  RE S I S T O R  I . 5 � . s o •  1 1  8 4 8 A 8 1 9 H65 
08 1 0 1 0 0 E t N 4 5 7 A  I 8 4A 8 5 5 H 0 7  

R l 7 6 RE S I STOR I SO . O  3 · 0 0 W  S% 7 6 2 A 6 1 9 H O I 
0 8 2  0 1 0 0 E  l ·• • s 7 A  1 8 4AB S S H 0 7  

R l 7 7  RE S ! ST0 R 1 o . o K . s o •  1 1  8 4 8 A 8 2 0 H 4 5  
08 3 D I 0 0E t N 6 4 5A 8 3 1 A 6 9 �H O J  

R l 7 9 R E S I S T O H  1 0 · 0 � . s o w  1 %  8 4 d A 8 2 0 H 4 5  
08 5 O I O O E L E D  3 S 0 8 A 2 2 H 0 2  

R l 8 0  R E S I S T O R  6 8 a i K • SO W 1 1  8 4 8 A 8 2 1 H 2 6  
D8 6 D I O DE L E D 3 S 08 A 2 2 H O I 

R l 8 1  R E S I S T O R  49 9 0 . 0  • S O W  I %  8 4 8 A 8 2 0 H 1 6  
D8 8  D l 0 D E  LED J:>0 8 A 2 2 � 0 1 

R l 8 2  RE S I S T O R  6 6 1 0 · 0  • S O W  I %  8 4 8 A d 2 0 H 2 9  
08 9 O l 0 0 E  L E D  JS08 A 2 2 H O J  

R l 8 3  RE S I S T O R  2 . 0K • s o '  1 x 8 4 S A6 1 9 H 7 7  

- - - - - - - - - - - - - - - - - - - -
Q62 T R AN S I S T O R  2 N 6 9 9  

Q 6 3  T R A� S I S T O R  2N 3 6 4 S 

Q 6 S  T RAN S I S T O R  2 N 6 9 9 
Q 6 6  TRAN S !  S T O R  2·" 3 6 4 5  

Q 6 7  T HA S S I S T 0 R  2 N 6 9 9  

Q 6 8  TRAN S !  S T O R  2 N 6 9 9  

Q 6 9  TRAN S !  S T 0 R  2 N J 6 "' 5  

R l 8 4  RES I S T 0 R  2 · 0K . s o w  1 %  8 4 8 A 8 1 9 H 7 7  Z 2 2  Z E N E R  I N 4 75 2 A 3 3 . 0 V  

R I B S  R E S I S T O R  5 6 2 · 0K · 2 S W  1 1  8 48 A 8 2 2 H 1 5  I C 2 1 ! N T  CK T 7 4 7DM I 4 4 3 C S 2H O I  R l 8 6  R E S I S T O R  S I I · OK . s o w  1 %  8 48 A B 2 2 H l l  

Z 2 4  ZEN E R I N 4 7 5 2 A  3 3 . 0 V  

Z 2 5  Z EN E K  I N 9 6 1  8 I O · O V  

R l 8 7  RE S l S T 0 R  1 6 2 0 · 0  • 2 S W  I %  8 4 8 A !3 1 9 H 68 Z 2 6 ZEN E R I N 4 7 5 2 A  3 3 . 0 V  

R l 8 8  R E S I S T O R  1 6 2 0 · 0  • 2 5 W  I %  8 o48 A 8 1 9 H 68 J l 2 1 JUM�ER 0 0 H �  R E S I S T O R  8 6 2 A 4 7 8 H O  I 
R l 8 9  R E S !  S T O R  3 3 . 0K . so w  S %  1 8 .t! A 7 6 3 H 6 3  

J l 2 2 J U .� P E H  0 0 H ·� R E S !  S T 0 H  8 6� A 4 7 d M 0 1  
R l 9 0  R E S I S T O R 68 . 0 K . so w  5% 1 8 4 A 1 6 3 H 7 1  

J l 2 3 J U M P E R  0 0 H M  R E S !  S T 0 R  8 62 A 4 7B H O I  
R l 9 1  R E S I STOR 6 8 . 0 K • s o w  51 1 8 4 A 7 6 3 H 7 J  

R l 9 2  R E S I S T O R  J J , OK . s o w  5 1  1 8 4 A 7 6 3 H 6 3  

R I 9 J  RE S I S T O R 1 2Q . QK . s o w  51 1 8 4 A 7 6 J H 7 7  
R l 7 8 P 0 T  2 • 5K . 2 S W  6 2 9 A 6 4 S H 0 7  

R l 9 �  R E S I S TO R I Q . OK . S O W  5 %  I 8 4 A 1 6 3 H 5 J  

R l 9 5  R E S I S TOR 1 8 . 0 K  . SO W  51 I 8 4 A 1 6 3 H 5 7  

R l 9 6  RE S I S TOR 1 . 5 K  • S J '• I t  8 4 8 A 8 1 9 H 6 5  

R l 9 7  R E S I S T O R  1 50 . 0  J . O O W  S %  7 6 2 A 6 7 9 H O I  

Fig. 7. Internal Schema tic Output Module. 

S T YL E :--,: ;:: . - - - - - - - - -
J 8 <4 A 638H 1 9  

8 49 A 4 4 I H O I  

1 8 4 A 6 3 B H 1 9  

8 o4 9 A -4 41 l  H O I  

1 8 <4 A 6 J d M \ 9  

1 8 o4 A 6 J B H  1 9  

8 -49 A 4 4 l  H O I  

8 4 9 A 5 1 5 H02 

8 4 9 A 5 1 5 H02 

J 8 6 A 7 9 7 H 0 1  

8 4 9A 5 1 5 H02 

S ub . 3 
(Owg. 1 453C39) 

r 
"" ... 
"' "" U1 
U1 co 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



.... 
co 

� 
Rl RESISTOR 
R2 RESISTOR 
R3 RESISTOR 
R4 RESISTOR 
R5 RESISTOR 
R6 R E S I S T O R  " R E S I S T O R  
R8 R E S I S T O R  
R 9  R E S I S T O R  
8 < 0  R E S I S T O R  '" R E S I S T O R  "' R E S I S T O R  '" R E S I S T O R  '" R E S I S T O R  '" R E S I S TO R  '" R E S I S T O R  "' P O T  " JUMPER 01  D I O D E  
02 DIODE 
03 D I O D E  
Z l  Z E N E R  
0 1  TRANSI S TO R  
0 2  T RA N S I S T O R  
Q 3  T R A N S I S T O R  
I C I  I N T  C K T  
I C 2  I N T  C K T  

) 

DES C R I P TION__ 
IOK .SOW 5% 
IOK .SOW 5 %  
6 8 1 K  SOW 1 %  
4 99K . S O W  1 %  
6 8 1 K  .SOW 1 %  
2.0K ·SOW 1 %  
2 O K  SOW 1 %  
5 6 2 . K  25W 1 %  
5 1 1  K .SOW 1 %  
3 3 K  .SOW 2 %  
15K . SOW 2 %  

1 2 0 K  S O W  2 %  
1 3  3K .SOW 1 %  
1 5 K  .SOW 2 %  
6 . 8 K  S O W  2 %  
6 S K  .SOW 2 %  
2 . 5 K  , 2 5 W  1 0 %  
0 OHM RESIStOR 
I N 6 4 5 A  
I N 6 4 5 A  
I N 4 57A 
I N 9 5 7 8  
2N34 1 7  

2 N 6 9 9  

7470M 

50 8 2 - 4 3 7 1  

� 
1 8 4 A 7 6 3 H 5 1  
1 8 4 A 7 6 3 H 5 1  
848A820H29 
848A820HI6 
848A820H29 
8 4 8 A 8 1 9 H 7 7  
848A 8 1 9 H 7 7  
848A 8 2 2 H I 5  
848A 8 2 2 H I I  
6 2 9 A 5 3 1 H44 
6 2 9 A 5 3 1 H 6 0  
6 2 9 A 5 3 1 H 8 2  
8 4 8 A 8 2 0 H 5 7  
629A53 1 H 60 
6 2 9 A 5 3 1 H 5 2  
6 2 9A 5 3 1 H 5 2  
629A645H07 
862A478HOI  
837A692H05 
8 3 7 A 6 9 2 H05 
1 8 4 A 8 5 5 H 0 7  
1 8 6 A 7 9 7 H 0 6  
8 4 8 A 8 5 1  H02 
1 8 4 A 6 3 8 H 1 9  
8 4 9A441H01 
1 4 4 3 C 5 2 H O I  

7 7 5 86 2 1 H0 I 

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 
I I 
I I 

+ 1 2T' I I i I I I I I I I 
I 
I 
I I 
I I I 

COM . 1 (' "'3�-+--� 

- 1 2  v.?--4---------SIGNAL , <il eel ___________ _ 
EVEL INI 

COM 

I 
I 

C L I 
I N STRUMENT 

03 

! +� ! 

9 I + 45V ----.--,1 
I 
I 

I 

I 
I 

22 ' 
I 

N E G  

�
NOf � N C  

� � NO J � N C  

I 

L - - - - - - - - - - - - - - - - - - - - - -� -£�j��h��I�kl�J2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  s�����j '------v---------' 
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Fig. 9. Internal Schematic Power Supply Module. 
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Fig. 1 1. Component Loca tion Input Filter Module 
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Fig. 1 2. Component Location Oscillator-Mixer-IF Amplifier Module. 
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Fig. 13. Component Loca tion Amplifier Limiter-Discrimina tor Module. 

Fig. 14 .  Component Loca tion SIN Detection Module. 
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Fig. 1 6. Component Location Output Module - Contact Output. 
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Fig. 1 7. Component Location Power Supply Module. 
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