
I N S T A L L A TI O N  
Westinghouse I.L. 41-945.57A 

• OPE R A T I O N  • MA I N TE N A N CE 

INSTRUCTIONS 
TYPE TCF-10 POWER LINE CARRIER FREQUENCY SHIFT 

RECEIVER EQUIPMENT FOR DUAL PHASE 

COMPARISON CARRIER RELAYING (SPCU, SKBU, 
OR SIMILAR SYSTEMS) 

CAUTION 

It is recommended that the user of this equipment 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. 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. 

APPLICATION 
The TCF- 1 0  Receiver described is for use with either the 

SPCU or SKBU Dual Phase Comparison relaying systems or 

similar systems utilizing frequency-shift keying (FSK). The 

TCF- 1 0  frequency shift 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 kHz).  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. 

CONSTRUCTION 

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 '14 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 

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. 

0 A module extender and Test Board (Style No. 

1 447C86GOI )  is available for facilitating circuit measure­

ments or major adj ustments. After withdrawing any one of 
the circuit modules, the extender 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. 

0 A carrier level indicator instrument, S#606B592A26, with 
a linear dB scale from -20dB to + IOdB is also available for 

external mounting. 

The receiver operates from a regulated + 20V supply and 
a + IOV 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 
45 volt zener adapt the receiver for operation on 48 or 1 25 

volts de. 

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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TYPE TCF-10 RECEIVER---------------------------

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 J2 .  

OPERATION 
INPUT MODULE 

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 1 600Hz which is relatively wide in comparison to the 

I F  fi lter 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 I 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 IF band. 

OSCILLATOR, MIXER, AND IF AMPLIFIER 

MODULE 

From the input filter, the signal enters the oscillator 

and mixer stage of the receiver. Crystal Y II, transistors 
Q 12 and Q 13, 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 l to potentiometer R l 2, and the latter is adjusted to feed 

a suitable input to the base of mixer transistor Q l l .  The 

output of filter FL20 1 is impressed on the emitter-collector 

circuit of Q l l .  As a result of mixing these two frequencies, 

the primary of transformer will contain frequencies of 20kHz, 

2fc +20 kHz, fc +20kHz, and fc. 

The output from the secondary ofT I 2  is amplified by Q3 1 

in the intermediate frequency ( I F) stage, at'ld 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 filter, it 

eliminates the frequencies present at its input that are sub­

stantially higher thlln 20kHz. The output of this filter is the 

IF output which is fed to both the amplifier-limiter and the 

S/N Detection module. The output from the secondary of 

2 

transformer T l 2, the RF output, is also fed to the S/N detec­

tion module. 

AMPLIFIER LIMITER AND DISCRIMINATOR 

MODULE 

The IF output signal from the I F  amplifier is fed into the 

amplifier limiter through potentiometer RS2 at the input of 

the amplifier limiter stage. Sufficient input is taken from RS2 

so that with minimum input signal (5 mv.) at J2 and with in­

put control RS set for zero attentuation, satisfactory 

amplitude limiting 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. Maximum current out­
put, of opposite polarities, will be obtained when the frequen­

cy is 1 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 + 100 hertz, after leaving the mixer stage, and as seen by 

the discriminator, the space frequency is 20kHz- 1 00 hertz. 

Similarly the mark 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 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 QS6 in such a manner that transistor QS6 is 

made conductive when current flows, from the discriminator 
output, in the forward direction of diode 054, (which occurs 
with mark output) and QSS is made conductive when current 
flows in the forward direction of diode DSS (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 DETECTION MODULE 

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 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 signal level exceeds the normal 

received level by a substantial amount, typically 2SdB. www . 
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TYPE TCF-10 RECEIVER -------------------------1-. L_. _41_-9_4_s_.s_7A 

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 and signal-to-noise ratio using logarithmic 

circuits. See Figure 1 7 . 

If the ratio of signal to noise is less than the value selected, 

typically I 0, then there will be a + 1 6V out of IC 13 (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 

low noise conditions, typically signal to noise ratio greater 

than 1 0, the voltage out of IC 13 (TP75) is +4V and no clamp­

ing is done. 

The wide band signal of 1 600 hertz bandwidth called the 

RF 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 IC5 

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 RIll . 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 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 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 IF 

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 IOdB, and is negative 

when the signal to noise ratio is less than IOdB. (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 lOA and IC13A to the level detector 

circuit I C 13 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 + 16 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 is a 

high signal clamp and occurs for signal levels approximately 

plus 25dB above normal received level. 

The output of the IF rms circuit is also fed to the 

logarithmic circuit composed of IC I I A, IC I 2A, and IC I I 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 dB scale with I OdB equal to 33- 1 /3 

microamperes. 

OUTPUT MODULE 

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 S/N 

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

ponents R l 63,  R l 64, R l 65,  R l 66, R l67 ,  R l 68, 088, 075, 
and Z22. If there is no low level signal or low signal to noise 

ratio signal to prevent transistor Q62 from becoming conduc­

ting, then transistor Q62 becomes conducting, causing Q63 to 

become conducting and a plus 20 volts signal to appear out of 

terminal 29 from which it is fed to the protective relay. In a 

similar manner, the mark output of plus 20 volts when present 

from the discriminator is fed into the output module through 

terminal 1 5  into the "and" gate built about transistors Q65 

and Q66. Just as in the case of the space output, the mark out­

put of plus 20 volts will appear out of terminal 27 for feeding 

to the relays if there is no low level clamp or low signal to 

noise ratio clamp. 
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TYPE TCF- 10 RECEIVER--------------------------� 

0 The low signal level clamp operates off the carrier level 

signal of the S/N detection module which is basically the 

same signal fed to the CLI instrument before it is fed through 

IC l l A  and the logarithmic amplifier IC 1 2 .  

I t  i s  fed through terminal 7 into the voltage comparator 

circuit built around operational amplifier IC2 1  B. This com­

parator compares this signal level with the voltage reference 

from I C2 1  A, and if the signal level is greater than the low 

level at which clamping is desired, the output of IC2 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 IC2 1 B will be positive causing the red L E D  

t o  glow indicating low level. I n  addition, both transistors Q67 

and Q64 will become conducting. Transistor Q64 conducting 

will prevent mark and space signals from appearing on the 

outputs going to the relays 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 

20 volts. 

The S/N clamp output from the S/N detection module is 

fed into terminal 35 of this module. At low signal-to-noise 

ratio level, this + 1 6  volt signal will cause transistors Q70 and 

Q6 1 to conduct. Transistor Q70 conducting will cause both 

the red L ED to glow indicating low S/N and transistor Q7 1 
to conduct supplying plus 20 volts out of terminal 1 3  to the 

protective relays. Transistor Q6 1 conducting will prevent 

both transistors Q62 and Q65 from conducting, and thus pre­

vent either a mark or space signal from appearing at their 
respective outputs to the protective relays . It should be noted 
that the S/N clamp also operates for a high signal level of ap­

proximately plus 25dB above normal when set to operate at 
I Od B signal to noise ratio. 

POWER SUPPLY 

The regulated 45 volt de, 20V de, and l OY de circuits of 
the receiver are supplied from zener regulators mounted on a 

common heat sink at the rear of the chassis. Resistors R3 and 

R 7 of suitable value are connected between the station battery 

supply and the 45 volt zener regulator to adapt the receiver 

for use on 48 or 1 25 volt de battery circuits .  Capacitor C I and 

C2 bypass rf or transient voltages to ground. Choke Ll 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. 

CHARACTERISTICS 

Center Frequencies Available 30kHz to 300kHz in 0.5kHz 

increments 

4 

0 Sensitivity (Noise free 0.0 1 6  volts normal sensitivity 

channel) 0.005 volts (max sensitivity 

for limiting) 

Input Impedance 5000 ohms minimum 

Bandwidth ( Input L C Filter) Down 3dB at ±800 hertz 

Down 30dB at ± 5000 hertz 

Overall receiver selectivity Down 3dB at ± 225 hertz 

Down 35dB at ± 1 000 hertz 

Operating Time 4 milliseconds channel (Trans-

mitter and receiver back to 

back) 

Signal-to-noise ratio clamp I OdB SNR (as shipped) 

setting 

0 Ambient Temperature Range -20°C to +55 ° C  

Battery Voltage Variations 

Nominal 48V de 42V de- 56V de 

Nominal 1 25V de IOSV de - 140V de 

0 Battery Drain 0.4 amperes 

Dimensions Panel Height = 51/4 inches 

(3RU) 

Panel Width = 19 inches 

Weight 1 3  pounds 

0 CLI Accuracy +2dB between - 1 5dB 

and OdB 

INSTALLATION 

The TCF receiver is generally supplied in a cabinet or a 

relay rack as part of a complete carrier assembly. The loca­
tion must be free from dust, excessive humidity, vibration, 
corrosive fumes, or heat. In particular equipment which 
generates excessive heat such as power supplies should not be 

mounted directly beneath it as this heat in rising will tend to 
raise the ambient temperature immediately around the 

chassis above acceptable levels. The maximum ambient 
temperature around the chassis must not exceed 75 C. In ad­
dition, 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. 

ADJUSTMENTS 

All factory adjustments of the TCF receiver have been 

carefully made and should not be altered unless there is 

evidence of damage or malfunctioning. Such adjustments are: 

frequency and output level of the oscillator and mixer; input 

to the amplifier and limiter; frequency spacing and magnitude 

of discriminator output peaks; pickup of signal to noise ratio 

clamp; and pickup of low signal level clamp. The adjustment www . 
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TYPE TCF-10 RECEIVER 

that must be made at time of installation is the setting of in­

put 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 15dB below the max­

imum expected 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 receiver clamps into neither a 

mark nor space output. The attenuator R5 should then be 

readjusted to increase the voltage supplied to the receiver by 

1 5dB .  The scale markings for R5 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 ter­
minals indicated at the front panel of the input module. The 

red terminal is connected to the wiper arm of R5 and the 

black terminal is connected to ground. With this setting, a 

1 5dB  drop in signal will cause a low signal level clamp opera­

tion which will lock the output of the receiver into neither a 
mark nor a space 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 CL I instru­
ment 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 receiv­

ed so that the instrument indicates OdB .  

0 If the instrument was not previously adjusted by  the fac­

tory, then the following procedure should be used in adjusting 

the instrument. 

l. Set incoming level into receiver at + !OdB above normal 
level (288 mv for 16 mv clipping level. 90 mv for 5 mv  clip­

ping level). 

2. Adjust span adjustment, R l 47, so that the voltage at TP72 
with respect to TP62 (common) is + 3 .000 volts. 

3. Reduce incoming signal into receiver by 30dB.  9 mv 

for 16 mv clipping level. 3 mv for 5 mv clipping level. 

4. Adjust full scale adjustment, R l 53, so that instrument 

now reads -20dB. (This is approximately 0 micro­

amperes). 

5 .  I nc rease  s i g n a l  to +IOd B l eve l .  ( T h i s  IS 1 00 

microamperes). 

6. Adjust slope adjustment R I 55 to read + IOdB on CLI in­

strument. 

I.L. 41-945.57A 

7. Reduce signal to normal level (90 mv). CLI instrument 

should read OdB .  If desired, R 1 55 can now be readjusted 
so instrument reads Od B with sacrifice in reading accuracy 
for +I OdB .  (90 mv for 1 6  mv clipping level. 28 mv for 

5 mv clipping level). 

FACTORY ADJU 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 clam­

ping and low signal-to-noise ratio clamping can be made us­
ing 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 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 capacitor C 12 .  Reducing C 12 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 cycles above the 

crystal nominal frequency as this reduces the frequency devia­

tion at the temperature extremes. 

0. 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 fequency 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.) 

0 The adjustment of the signal to noise ratio clamp for 

clamping at IOd B  signal to noise ration is as follows: 

I .  Set the incoming signal into receiver at nominal level (90 
mv. for 1 6  mv clipping level, 28 mv. for 5 mv clipping 
level .) 

2 .  Adjust I .  F .  input with Ril l so that signal at 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 + 1 45 

mv de (with respect to TP62). 

4 .  Adjust log amplifier balance potentiometer R 1 29 so that 

S/N clamps operates. This will be+ 16  volts de at TP75. 

This will also appear as + 20 volts at TP9 1 of the output 

board and the red S/N level indicator will light. 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE TCF-10 RECEIVER
--
-------------------------

5 .  Go back and readjust RF input with R94 so that signal 

level at TP63 is now 74.4 mv de. 

0 The adjustments above are for operation of the clamp 
at I OdB or less signal to noise ratios. If it is desired to 

clamp at other than IOdB or less, the following values can 

be used in place of the 1 45 mv value in step 3 and repeat 

steps 4 and 5 as stated. 

For SjN of OdB set TP63 to 297mv. 

5dB set TP63 to 200mv. 

1 5dB set TP63 to 1 14mv. 

20dB set TP63 to 96.6mv. 

Note: When the SNR clamp is set to clamp at a IOdB 

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 

0 set incoming signal level into receiver at 1 6mv with 
R5 set at zero which is the point at which limiting 

should begin). 

6 

2. Adjust the -V Ref. adjustment R 1 78 on the output module 

so that the low level clamp just picks up. This will be in­
dicated by the red low level light on the output module 

coming on. There also will be +20 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 atteooator setting. 

MAINTENANCE 

Periodic checks of 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, 

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 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 1 447C86GOI. This permits at­

taching instrument leads to the various test points of ter­

minals when making voltage, oscilloscope or frequency 

checks. 

TABLE I 

RECEIVER D-C MEASUREMENTS 

0 NOTE: A I I  voltage readings taken with ground of de 

VTVM on terminal 1 7  (negative de). Receiver ad­

justed for 1 5dB  operating margin with Space and 

Mark signals down 40dB from I watt or 50dB down 

from 1 0  watts. Unless indicated otherwise, voltage 

will not vary appreciably whether signal is mark, 

space or zero. 

Collector of Transistor Voltage 

or Test Point (Positive) 

Q l l < 1 3  

Ql2 (TP I 2) 1 5  ( Mark or Space) 
Q l 3 (TP 1 3) 1 5  (Mark or Space) 
Q 1 4  (TPI4) 2 .5  

Ql5 (TP I 5) 2 .5  
TPI I  1 8  
TP52 1 6  

Q5 1 (TP5 1 )  1 1 . 5  

Q52 (TP53) 1 2  

Q53 (TP54) 1 5 .5 

Q54 (TP55) 2.5 
TP56 16 
Q55 < I (Mark or No Signal) 
Q55 19 .5  (Space) 
Q56 19 .5  (Mark) 
Q56 < I (Space or No Signal) 
TP6 1 1 0 .4 
TP62 1 0  
TP63 1 0.4 

TP64 1 8  

TP65 0 
TP66 1 0  

TP67 10 .5  

TP68 1 0. 5  

TP69 1 0  

TP70 4 

TP7 1 1 6  
TP72 1 1 .4 
TP73 1 0.8 

TP74 10 .3  

TP8 1 20 (Space) 

TP8 1 0 (Mark or No Signal) 

TP82 20 ( Mark) www . 
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Collector of Transistor 

or Test Point 

TP82 

TP83 

TP83 

TP84 

TP84 

TP85 

TP86 

TP86 

TP87 

TP87 

TP88 

TP89 

TP90 

TP90 

Voltage 

(Positive) 

0 (Space or No Signal) 

20 (Space) 

0 ( Mark , No Signal, or 

clamp) 

20 (Mark) 

0 (Space, No Signal or 

clamp) 

10 .3 

20 (Low level clamp) 

0 (No clamp) 

1 6V (Low S N R  Clamp) 

4V (No S N R  Clamp) 

20 

0 

20 (Good Signal Level) 

0 (Low Signal Level 

clamp) 

TABLE II 

RECEIVER RF MEASUREMENTS 

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 I 5  (TPI5) 
Q5 1 (TP5 1 )  
Q52 (TP53) 
Q53 (TP54) 
Q54 (TP55) 
TP6 1 

TP67 

Volts with Signal At 

+10dB Above Normal Level 

0.8 

0.9 

0.65 
2.2 
4 .5  

.0 1 3  

.275 

FILTER RESPON SE MEASU REMENTS 

The LC input filter (Fl.20 1 )  and the I F  Filter (FL2) are in 

sealed 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 

will occur. However, the test circuits of Figure 16 can be used 

in case there is reason to suspect that either of the filters is not 

performing correctly. 

Figure 1 5  shows the -3dB and -35dB checkpoints for the 

I F  fi lter, 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 
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 

20.25kHz, and for the stop band are down I 8dB minimum at 

19 .00 and 2 l .OOkHz for each section. The signal generator 

voltage (Figure 1 6) must be held constant throughout the en­

tire 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 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 

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.  The reading of VM2 at the frequency 

of minimum attenuation will vary somewhat with the channel 

frequency, but should not be more than 18dB below the 

reading of VM I. (The filter insertion loss is approximately 

6d B less than the difference in readings). 

CONVERSION OF RECEIVER FOR CHANGED 

CHAN NEL FREQUENCY. 

The parts required for converting a TCF receiver for 

operating at a different 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 I2). 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, FL201 ,  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 12 chosen to assure this easy starting of oscillation. 

The whole receiver should then be checked out for correct 

performance. 

RECOMMENDED TEST EQUIPMENT 

I. Minimum Test Equipment for Installation 

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

0.003 to 30 volts, frequency range 60Hz to 330kHz, 

input impedance 7 .5  megohms. 
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b. D-C Vacuum Tube Voltmeter (VTVM). 

Voltage Range: 1 .5 to 300 volts 

Input Impedance: 7.5 megohms 

0 c. Microammeter 0- 1 00 ll a 700 to 900 ohms range, 

(if receiver has carrier level indicator). (Westing­

house S#(i068592A26 is preferred as it has correct 

resistance and a linear dB scale from -20dB to 

+IOdB.  

I I .  Desirable Test Equipment for Apparatus Mainte­

nance 

a .  All items listed in I .  

b. Signal Generator 

Output Voltage: up to 8 volts 

Frequency Range: 20-kHz to 330kHz 

c. Oscilloscope 

d. Frequency counter 

e. Ohmmeter 

f. Capacitor checker 

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 19" 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, always give the complete 

nameplate data, the electrical value, style number, and iden­

tify the part by its designation on the Internal Schematic 

drawing. 

0 TYPE TCF-1 0 RECEIVER 
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INPUT osc. 
FILTER a 

M IXER 

RF 

REMOVEABLE SHROUD 

11 

TCF-10 

OISCRI- 1-
I F  AMP LIMITER MINATDR 1-1-

I AND IF 
'- S/N 

S/N 
OETEC- LOW LEVEL TION L AND 

MARK L 
AND 

SPACE L 
AND 

--��REO=LO: SIN 

S/N 

-
� Q� YELL 

LOW LEVEL= GOOD SIGNAL 

OW= GOOD SIGNAL 

G� 7 REO= LOW Sf 
I 

--.. 
� $( �-RED=MARK 

I 
--

� 
Q 1j RED= SPACE 

GNAL 

MARK 

SPACE 

Sub. 1 
77584( 

Fig. 2. Receiver Logic for Dual Phase Comparison 

4.991 
(126.77) 

�-
(2.54) 

I 13.835 
(351.40'3) 

15.775 
(400 5) 

1+------- 17.434 ------------------+1 1442.82) 

10.000 
12�4.000) _L_'.--L-----�·�l l r-1------- (491.5921 io->---------------'. 19.354 

19_375 MTG. CENTERS 
1466.720) 

Llr' 
5219 2.250 0 

(1320156)(57.150) t----
1.484 137.7031 

0 Fig. 3. Outline TCF-10 Receiver 

Sub. 6 
1445C 
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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 

I.L. 41-945.57A 

DESCRIPTION STYLE NO. 

100.0 

IO.OK 

IO.OK 

BLACK 
RED 

'" 
'" 
"' 
'" 
"' 
g l

l
6
l 

'" 
"' 
'" 
"' 
"' 
"' 
"' 
"' 
'" 
"' 
'" 
'" 
'" 
"' 

"' 
"' 
'" 
'" 
'" 

"' 
"' 
"' 
'" 

"' 
"' 
,,. 
'" 

'" 
'" 
J i l l  

"' 

.SOW 5°/o 184A763H03 

.sow 5% 184A763t:l51 
2W 

CAPACITOR 
CA?ACIHIR 
CAPACITeR 

CAPACJTI!IR 

CAPACITOR 
CAPAC I TSR 
CAPACITI!IR 

CAPACITiiiR 
CAPACITiiiR 

CAPACIT8R 

CAPACITiiiR 

CAPAC\ teA 

=��: ��:: 
RESlST0R 
I'IESIST0R 
RES! ST6R 

RESIS;Tii!R 
RESISHIR 

RESIST0R 
RESIST0R 

RESIST0R 
RESIST0R 

RESIST0R 
RESIST0R 
RESI STI!IR 
RESIST0R 

RESIST0R 

RESI ST0R 
RESISTilR 

RE SISTilR 
RESIST0R 

RESISTilR 

RESIST0R 

RESIST0R 

RESIST0R 

RESIST0R 

"' 

185A086HIO 

0 
187A332H02 
187A332HOI 

DESCRIPTIIHI 

o250UF' 200Y 

SEE NOTE. 
o2SOUF 200V 

\.OOOUI' 200V 
\.QOOUF' 200V 
SEE NOTE. 

.2!>0UF 200V 

.250UF' 200V 
o250UF 200V 

JOQ,QOOPF soov 
o2SOUF 200V 

,.ooour 200Y 
o250UF 20011 

tO.QK .o;ow " 
<OTQQ,Q ,:!;OW " 
JJ00-0 .sow " 

JJQ,Q .sow " 
JQ,OH .sow " 
33-0K .sow " 

3JOOo0 .sow " 
3300o0 .sow " 

IO.OK .sow " 
33·011 .sow " 

330.0 .sow " 
10.011 .")OW " 

220-01< .sow " 
4700.0 .sow " 
3JOO.O .")OW " 

22.01< .sow " 
61:10-0 .sow " 

61:1-0 .sow " 
10.011 .sow " 

JJO.O .")OW " 
3300.0 .sow " 
1000.0 .sow " 

22.01( .")OW " 
61:10·0 .sow " 

61:1.0 .SOlo! " 

0 '"' RESISTilR 

2N4249 

Sub. 1 
7758394 

IB7A62-4H02 
!SlA62"1HO"' 

1117A62<1HO"' 

\SlA62"1H02 
18TA62<11H02 
167A62"1H02 
H>2ATSTHOI 
181A62�02 
!8TA62<1HO"' 
\8TA62<1H02 
t8•AT63HS1 
18"'AT63H"'l 
18<1A16JH39 
18"1AT63HIS 
18"A76JHSI 
18<1A763H63 
II!<IA763H39 

18<1A763HJ!P 
i8<1A763H51 
18<1A76JH63 
11:14A763H1S 
11:14A76JH51 
11:1�A763H83 
11:14A763H<I3 
184A76JH39 
11:14A763HS9 
II:I<IA763H23 
187A290H21 
184Al6JH")I 
18<1Al6JHIS 
184Al63HJ!P 
11:1<111763>127 
11:14Al6J>IS9 
11:1411763>123 
187A290H21 
184Al6JHSI 
629A430H02 

TRANSIST0R 2N�2<19 849A441HOJ 
TRANSIST0R 2N42<19 849A4�1 >!OJ 
TRA.'ISIST0R 2N'I249 L-------------------��- + 

,,. 
'" TRI'I"'SISTOR 21'+'1249 8491'1441H03 

i:1 TRANSFORMER 205C04JGOI 
205C04lGOJ 

12 

Rf OUTPUT TRANSFORMER 
"' CRYS TAL St:ENOTEQ 
'" FILTER 

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

•=CI6 RANGE 22 TO IOOPf AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS 

Q·YII RANGE-50 T0 220KHZ 

\Zl•COMMON TERMINAL 

1444C52 

Schematic Oscillator-Mixer-IF Amplifier Module Fig. 5. Internal 
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.... (o) 

r--- -------------------
/"1:)\ )I SPACE 

Jl 

L _ 

054 

'-l::>' I �MARK 

C70 

C71 

______ D_444C�I@) 

Fig. 6. Internal Schematic Amplifier Limiter-Discriminator Module 

CBMPILlNE:NT D£SCRIPTI0N STYLE N0. --------- ----------- ---------
C>l CAPAC I T0R e250Uf' 200V 187A62o4H02 

CS2 CAP/,CJ TeR e250UF" 200V 187A624H02 

CSl CAPAC I T0R ·IOOUF 200V 187A624HOI 

cs• CAPACIT0R 1300oOOOPF' SOOV 187AS84HI S 

css CAPAC ITeR oiOOUF 200V 187A624HOI 

CS6 CAPAC ITeR ·2SOUF 200V 187A62<4H02 

CSl CAPAC I T0R •IOOUF' 200V 187A624H01 

CS8 CAPAC I T0R o250Uf' 200V 187A624H02 

CS9 CAPACI T0R o250UF" 200V 187A624H02 

C60 CAPAC I T0R 1. OOOUF 200V I87A624H04 

C61 CAPAC I T0R o22QUF' sov 762A70JHOI 

C62 CAPACITOR ·220Uf' sov 762A703HOI 
C63 CAPACITOR 4.5 TO IOOPF 762A736H02 

C64 CAPACITeR 9100.000PF 200V 187A624H16 
C65 CAPACITOR SEE NOTE 0 
C66 CAPAC I T0R I 00 • OOOPF' SOOV 187A684H08 

C6 7 CAPACITOR SEE NOTED 
C68 CAPACITOR 4.5TO IOOPF 762A736H02 

C69 CAPAC I T0R 9IOO.OOOPF' 200V 187A624H16 
C70 CAPAC I T0R o220UF" 50V 762A703HOJ 
C71 CAPACIT0R o220UF sov 762A703HOI 

DSI DI0DE IN .. S7A 184A8SSH07 

DS2 Dl0DE IN .. 57A l8o4A855H07 

D>l 010DE JN.-S7A 184A855H07 

DS4 DUDE IN457A 184A855H07 

DSS Dl00E JN.-57A 184A855H07 

DS6 JUMPER 862A478 HOI 
DS7 0100£ IN628 184A855H12 

DS8 0100£ IN628 IB4A855HI2 

RS I RESI ST0R .. 700.0 • sow 51 184A763H43 
R�3 RES I ST0R 27-01< • sow 51 184A763H61 .,. RESI ST0R 2200 .o • sow 51 18<4A763H35 
RSS RESI ST0R 27.0 • sow 51 187A290Hll 
RS6 RESl ST0R JO.OK .sow 51 184A763HSI 
RS7 RES I ST0R o4700o0 • SOW 51 184A763H43 
RS8 RESI ST0R 27.01( .sow 51 184A763H61 
R59 RESI ST0R 1500.0 • sow 51 184A763H31 
R60 RESI ST0R 180.0 • sow 51 184A763H09 .. , RESI ST0R .. 700o0 .sow 51 184A763H43 
R62 R£51 ST0R 2200-0 • sow 51 184A763H35 
R63 RESI ST0R 33.01( .sow 51 184A763H63 ••• RES I SHIR 2700.Q • sow 51 184A763H37 
R65 RESI ST0R 680oQ • sow 51 184A763H23 ••• RESl ST0R 68o0 .sow 51 187A290H21 
R67 RESl ST0R 4700.0 • sow 51 184A763H43 ••• RESI ST0R 2700.0 • sow 51 18 4A763H37 ••• RESI STI1R JB.QI< .SOW 51 184A76JH57 
R70 RESI ST0R 220-0 .sow 5%. l84A763HJI 
R71 RES I ST0R 68.0 • sow 2%. 629ASJIH04 
R72 RESI STBR JJO.o • sow 51 184A763HJS 
R73 RESJ ST0R 56o0 • sow 21 629A531H02 
R7• RESI ST0R 12oOK .SOW S%. 184A763H53 
R7S RESJ ST0R 3000.0 • sow 5% I84A763H38 
R76 RES I ST0R 3000.0 • sow 5% 184A763H38 
R77 RES I ST0R 220o0 • sow 5% 184A763HJJ 

R79 RESI ST0R 22oo.o • sow S% 184A763HJS 
R80 RESJ ST0R 2200· 0 • sow S% 184A763HJS 
R52 POT loOK • sow 629A64SH04 

OSI TRANSI ST0R 2N4249 849Ao441 HOJ 
QS2 TRANS I ST0R 2No4249 849A44IH03 
QS3 TRANS I ST0R 2N4249 849Ao44!H03 .,. TRANS I ST0R 2No4249 8�9A441 HOJ oss TRANSI ST0R 2N3645 8"'9A441HOI ••• TRANS! ST0R 2NJ645 8.119A441HOJ 
T21 TRANSFORMER 606B533G0l 
T22 TRANSFORMER 6068533G02 

JI TELEPHONE JACK l 87A606H01 
D-ONE OR TWO CAPACITORS USED, VALUES 

DETERMINED IN T EST 

.A.-FOR STYLE 1444 C48G03 REVERSE START AND 

FINISH LEADS OF T22 

Sub. 2 
14449C49 

-f 
-< 
"a 
m 
-f 
0 "'I I .... 
0 
:a 
m 
0 
m 
< 
m 
:a 

r 
� ... 
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C0MP0NENT DESCRI PTI0N STYLE N(l. 

RBI RESI ST0R 1000·0 • SO�I 1% 8.48A819H4fl 
R82 RES! ST0R 2210·0 .sow 1:. 848A819H81 
R83 RES! ST0R 10• 2K .2SW 1% 848A820H46 
R84 RES! ST0R IO·OK .2SW 1% B48A820H45 
RBS RESIST0R s6.aK ·2SW 1% 848A821HI8 
R86 RESI ST0R IO·OK .sow I% 8.48A820H4S 
R87 RES! STOR 2210·0 • SOiv 1% 848A819H81 
RBS RESISTOR I0.2K .2SW 1:. 8.48AB20H46 
R89 RESIST0R IO·OK .2SW 1% 848A820H4S 
R90 RESIST0R 82.SK • SO�I l7o 848AB21H34 
R91 RESIST0R IO.OK • sow 1% 848A320H4S 
R92 RESISTIJR 6190·0 .sow 1% 848A820H2S 
R93 RESIST0R 4990.0 • SOW 1% 848A820H16 
R95 RES! ST0R 47SO.o .2SW 1% 848Afl20H14 
R9 6 RESIST0R 47SO.o ·2SW 1% 8481'.820H14 
R97 RESIST0R 4990·0 • SO�I 1% 8.48AB20HI6 
R96 RESIST0R IS· OK .sow 1% 848AB20H62 
R99 RESIST0R 4990.0 • SOW 1% 648A820HI6 
RIOO RES! ST0R 4990·0 .sow 1% 848A820HI6 
RIO I RES! ST0R 499(). 0 ·.sow 1% 84BA820H16 
RI02 RESISTOR IO·OK • SO�I 1% 84BAB20H4S 
RI03 RES! ST0R IO·OK • SO�I 1% 848AB20H.4S 
R l 04 RESISTOR IO·OK .sow 1% 848A820H4S 
RIOS RESISTOR IO.OK .sow 1% 8.48A820H4S 
RI06 RESISTOR IO·OK • SOW 1% 64BAB20H4S 
RIO? RESISTOR IO·OK • SO�I 1% 848A820H4S 
RIOB RESISTOR IOO.OK • sow 1% 84BA821H42 
R l 09 RESISTOR IOoOK • sow 1% 648A820H4S 
RIIO RES! STOR 1000·0 • sow 1% 848A819H48 
R1.12 RESI ST0R 47SO.o .2SW 1% 848A820H14 
R l l 3  RESISTOR 47So.o .2SH 1% B48A820Hl4 
R l l 4  RES! ST0R IS·OK • sow 1% 848A820H62 
RIIS RESISTOR 4990·0 .sow 1% 848A820HI6 
R l l 6  RESIST0R 4990·0 .sow 1% 848AR20HI6 
R l l 7  RESIST0R 4990·0 .SOH 1% 848A820HI6 
R I IB RESI ST0R 4990·0 .sow 1% 848A820H16 
R l l 9  RES! STOR IO.OK • sow 1% 84BA820H4S 
R l 20 RESIST0R 1000.0 .sow 1% 848ABI9H48 
R l 21 RESIST0R IS.OK .soH 1% 84BA820H62 
R l 22 RESIST0R I So OK • SO�I 1% B4BA820H62 
R l 23 RESISTOR ID·OK .sow 1% B.48AB20H4S 
R l 24 RES! STOR IO.bK • sow I% 848AB20H4S 
RI2S RESI ST0R IO·OK • SOW 1% ·s48A820H4S 
R l 26 RESIST0R IO·OK • SOW 1% B48AB20H4S 
R l 27 RESISTOR 2oOK .sow 1% 8.48AB19H77 
R l 28 RESIST0R 9S30·0 .sow 1% 848A820H43 
R l 30 RESIST0R 9530·0 • SO�I u B48AB20H43 
R l 31 RESIST0R IO·OK .soH 1% B 48AB20H4S 
R l 32 RESIST0R IOoOK .sow 1% 84BA820H4S 
R l 33 RESIST0R IO.QK • sow 1% B48A820H4S 
R l 34 RESIST0R IO·OK • SO�I 1% 848AB20H4S 
Rl35 RESISTCJR IO·OK .sow 1% 846A820H45 
R l 36 RESISTOR IS. OK • S0\•1 1% B4BAB20H62 
R l 37 RESIST0R IOoOK .sow 1% 848A820H4S 
R l 36 RESIST0R IO.OK .sow 1% 848A620H4S 
R l 39 RESISTOR IO.OK .sow I% 648AB20H4S 
R l 40 RESIST0R 47S.OK .2SW I% 646AB22HOB 
R l 41 RESISTOR z.oo.oK • sow 1% 84BA821 H71 
R l 42 RESlST0R ISO·O .

·
sow 1% 64BAB 18H68 

R l 44 RESIST0R 7SO.Q .sow 1% 848ABI9H36 
RI4S RESIST0R IBo7K .sow 1% 84BAB20H71 
R l 46 RESIST0R 4990·0 .sow I% B4BA820H16 
R l 48 RESISTOR 1000.0 • S,OH I% B48A819H4B 
R l 49 RESISTOR IS· OK .sow 1% B4BA820H62 
RISO RES! STOR 2·0K .sow I% fl48ABI9H77 
RISI RESIST0R 2·0K .sow I% 8<�8ABI9H77 
RIS2 RESISTOR 17·BK .2SW 1% 8iHlAB20H69 
RIS4 RESISTOR I ·OK • sow 1% 848ARI9H48 
RISS RESISTOR !.OK • 25W 20% 6 29A430H02 
RIS 6 RES! STfJR ISO.O • SOv! 1'7. RIIRI\fll RHI'>R 
Rl57 RESISTOR 33.n. 3W 763AI27.HI6 
Rl58 RESISTOR 33.n. 3W 763AI27H16 
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C0MPONENT 

R9 4 P 0 T  
R l  I I P I3 T  
R l 29 P 0 T  
R l 4 7 P 0 T  
R I S 3 P D T  

CB I C AP A C I T O R  
C 8 2  CAPAC I TO R  

C8 3 CAPAC I TO R  

C 8 4  CAPAC I TO R  

CB S C A P AC I T O R  
C8 6 C A P A C I T O R  
C 8 7  CAPAC I TO R  
C88 CAPAC I TO R  
C B 9  CAPA C I T CJ R  
C9 0 C A P A C !  TCJR 

C 9 1 CAPA C I T O R  
C 9 2  C A P A C !  T O R  
C 9 3  CAPAC I TCJ R  

C9 4 CAPA C I T O R  
C9 S CAPAC I TO R  
C 9 6 C A P AC I T O R  
C9 7 CAPAC I T 0 R  

C 9 B  CAPAC I T 0 R  
C 9 9  CAPAC I TO R  

C I O O C AP A C I T 0 R  

C ! D l  C A P AC I TO R  
C l 0 2 CAPAC I TO R  
C I 0 3  C AP A C I T O R  
C I 0 4 CAPAC I TO R  
C I 0 5  CAPAC I T CJ R  
C I 0 6 C AP AC I T O R  
C I 0 7 CAPAC I TO R  
C I O B CAPA C I T O R  
C I 09 CAPAC I TO R  

C l l 0 CAP A C I TOR 

I C I  ! N T  CK T 

I C2 I N T  CK T 
I C 3 ! N T C K T  

I C 4 ! N T CK T 
I C S ! N T CK T 

I C 6 ! N T C K T  

I C 7 I N  f C K T  

I C8 ! N T CK T 

I C9 ! N T CK T 

I C I O  I N T C K T  

I C I I ! N T CKT 

I C 1 2  I N T CK T 
I C I 3  I N T CK T 

D 6 1  D I 0 DE 

0 6 2  D I 0 D E  
D 6 3  D I 0 D E  
D 6 4  D I O D E  
D 6 5  D I O DE 

Z l  I Z EN E R  
Z l 2  Z EN E R  

Z I I 3 Z EN E R  

J l  I I J UM P E R  

J l  1 2  J UM P E R  

J l  13 J UM P E R  

J l  1 4  J UM P E R  

18 

D E S C R I PT I O N 

2 0 . 0 K , S O w  
5{) , O K  • S O \v 

2 ·  SK o 2 5vJ 
2 SO . OK • 7 S vi 

2 . SK o 2 S W  

2 0 0 0 . 0 0 0 P F  s o o v  
I O Q Q , Q O O P F  2 0 0 V  

2 2 Q , Q O O P F  2 0 0 V  
, Q I O UF sov 

I • O O O U F  5 0 V  
o O I O U F  5 0 V  

2 0 Q Q , Q O O P F  s o o v  
I O O O . O O O P F  2 0 0 V  

J J , Q O O P F  2 0 0 V  
, Q I O U F  5 0 V  
, Q I O U F  s o v  

I ,  O O O U F  5 0 V  
o O I O UF s o v  

3 3 . 0 0 0 P F  2 0 0 V  
, Q J O UF s o v  
. O I O UF sov 
. 4 7 0 U F s o v  

J J , Q O O P F  2 0 0 V  
, Q J O U F  s o v  
. Q I O U F  s o v  

J J , O O O P F  2 0 0 V  
, Q I O U F  s o v  

J J , Q O O P F  2 0 0 V  
. O I O UF sov 
o O I O UF 50V 
, Q 4 7 UF s o v  

J J , Q O O P F  2 0 0 V  
, Q I O UF s o v  
, Q J O UF sov 
, l2. UF I OO V 

SE S 3 J T 
SE 5 3 1 T  
S E S 3 1 T  
S E S 3 1 T  
S E S 3 1 T  
7 4 7 DM 
S E 5 3 1 T  
S E 5 3 1 T  
SN S 6 5 0 2  
7 4 7 DM 
7 4 7DM 
SN 5 6 5 02 
7 4 7 DM 

I N 4 1 48 
I N 4 1 4 8 
I N 4 1 4B 
I N 4 1 48 
I N 4 1 4B 

I N 4 4 6 0  6.2 v 
I N 4460 6.2 v 
I N'l 2 5 A 6 o 2 V 

0 O H M  RE S I S T CJ R  

0 0 HI1 R E S I S T O R  

0 0 HM R E S I S T CJ R  

0 0 H M  R E S !  STO R  

STY L E  NO . 

6 2 9 A 6 4 5 H O S 
6 2 9 A 6 4 SH J Z  
6 29 A 6 4 S H 0 7  
8 8 0 A 8 2 6 H J O  
6 2 9 A 6 4 5 H 0 7  

1 8 7 1\ 5 8 4 H O I 
8 8 0 A39 7 H 0 7  
!l 7 9 A 9 8 9 H 1 7  
1 8 4 A 6 6 3 H O I 
3 S I  2 A O R H O  J 
J 8 4 A 6 6 3 H O J 
1 8 7 A S 8 4HO I 
8 8 0 A 3 9 7 H 0 7  
8 7 9 A 9 8 9 H 0 7  
1 8 4A 6 6 3 H O J 
J 8 4 A 6 6 3 H O J 
3 5 1 2A0 8 H O J  
1 8 4 A 6 6 3H O I 
8 7 9 A9 8 9 H 0 7  
1 8 4 A 6 6 3H O I  
l 8 4 A 6 6 3 H O J 
7 6 2 A 6 8 0 H 0 4  
8 7 9 A9 8 9 H 0 7  
I B 4 A 6 6 3 H O J 
1 8 4 A 6 6 3 H O I 
8 7 9 A 9 8 9 H 0 7  
I R 4A 6 6 3 H O I 

B 7 9 A 9 8 9 H 0 7  
I B 4 A 6 6 3H O I 
1 8 4 A 6 6 3H O J  
8 48 A 6 4 6 H 0 7  
8 7 9 A 9 8 9 H 0 7  
1 8 4 A 6 6 3H O I 
J 8 4A 6 6 3H O J  
3 5 1 2A08 H O Z.  

3 S I 2 A I O H O I 
3 S I 2A I O H O J 
3 5 ! 2 A J O H O J  
3 5 1 2 A I O H O J 
3 S I 2A I O H O I 
1 4 4 3 C 5 2 H O I 
3 5 1 2A I O H O I 
3 5 1 2A I O H O I 
3 5 1 2A0 9 H O I 
1 4 4 3 C 52 H O I 
1 4 4 3 C S2 H O I 
3 5 1 2A09HO J 
1 4 4 3 C S 2 H O I 

8 3 6 A 9 2 8 H 0 6  
8 3 6 A 9 28 H O !'.  
8 3 6 A 9 2 8 H 0 6  
8 3 6 A 9 2 B H 0 6  
8 3 6 A 9 2B H 0 6  

8 37A 693H08 
837A693Hb8 
B 6 2 A 2 R F: H 0 f>  

8 6 2 A 4 7 8 HO I 
8 6 2 A 4 7 B H O I 
8 62 A 4 7 8 H O I 
8 6 2A 4 7 8 H O I 
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"' 
0 

� (I) (/)  "" ::r  c: "" <D O" "" CD . 
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C O M P O N E N T  

D 7 1 D I IiJ D E  

D 7 2  D I O D E  

D 7 3  D I O D E  

D 7 4  D I 0 D E  

0 7 5  D I 0 D E  

0 7 6  D I O D E  

0 7 7  D I IiJ D E  

D 7 8  D I O D E  

D 7 9  D I O D E 

D8 0 D I O D E  

D8 1 D I IiJ D E  

08 2 D l liJ D E  

0 8 3 D I IiJ D E  

0 8 4 D l liJ D E  

D 8 5 D I O D E  

D8 6 D I O D E  

D 8 7  D I O D E  

R l 6 1  R E S !  S T O R  

R 1 6 2 R E S !  S T O R  

R l 6 3 R E S I S T O R  

R l 6 4 R E S !  S T O R  

R l 6 5 R E S I S T O R  

R l 6 6  R E S I S T 0 R  

R l 6 7  R E S I S T 0 R  

R l 6 8  R E S I S T O R  

R l 6 9 R E S !  STO R 

R l 7 0 R E S I S T O R  

R 1 7 1 R E S I STO R 

R l 7 2  R E S I S T 0 R  

R l 7 3 R E S I S T O H  

R l 7 4 R E S I S T O R  

R l 7 5  R E S !  S T O ll 

R l 7 6  R E S I S T O R  

R l 7 7  R E S I S T 0 R  

R l 7 9 R E S !  S H I R  

R l 8 0 R E S I S T Q R  

R l 8 1 R E S I S T O R  

R l 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 CJ H  

R. l 8  5 R E S !  STOR 

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 l 89 R E S I S T O R  

R 1 9 0 R E S I S T O R  

R l 9 1 R E S I S T O R  

D E S C R I  P T l  ON 

I N 6 4 5 A  

I N 6 4 5A 

I N 6 4 S A  

I N 6 4 5 A  

I N 6 4 5A 

I 1\J 6 LI S A  

I N 6 4 5 A  

I N 6 4 5 A 

I N 6 4 5 A  

I N 6 4 5 A  

I N 4 5 7 A  

I 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  

J O , OK • 5 0 \·1 5% 

1 2 0 .  01< • 5 0 >.1 5% 

3 3 . 0 K • s o w  5% 

1 2 0 o O K • 50 Vi 5% 

4 . 7 K  • s o w  5% 

2 . 4K • s o w  5% 

8 2 . 0 K . s o w  5 %  

I S o . o  3 . o o tv 5 %  

I O . OK • s o w  5% 

1 2 0 . 0K • S O \v 57. 

3 3 o 0K • s o v1 5% 

I :> O . OK . s o ;; s% 

4 o 7K · 5 0 1-! 5% 

2 ·4 K  • s o w  5% 

8 2 o 0K • 5 0 1-! 5% 

1 5 0 . 0 J , O Q vJ 5% 

J O , OK . s o w  1 %  

J O , OK • 5 0 1-! I %  

6 8 . I K  , S O W  I %  

4 9 9 0 . 0  , 5 0 \·1 I %  

68 1 0 . 0  • S O W  I %  

2 o 0K , S O W  I %  

2 . 0K • s o v: 1 %  

5 6 2 . 0 !{  · 2 5 W  1 %  

5 1 1 .  OK • s o v1 1 %  

1 6 20 . 0  , 2 5 W  I %  

1 6 20 . 0  , 2 5 W  I 7. 

3 3 . 0 K • 5 0 \\1 57. 

6 8 . 0K • S O V! 5% 

6 8 . O K  • s o w  5 %  

S T Y L E  N O . COMPONENT DESCRIPTION STYLE N O ------
B 3 7 A 69 ? H O � R l 9 2  R E S I S T O R  3 3 . 0K • S O v. 5 7.  1 8 4 A 7 6 3H 6 3  
R 3 7 A � 9 2 H 0 1  R l 9 3  R E S I S T O H  1 20 . 0K • 5 0 �·! 5 %  1 !> 4 A 7 6 3 H 7 7  

8 3 7 A 6 9 2 H 0 3  R l 9  4 R E S I S T O R  I O . O K • s o �, s %  l fl 4 A 7 6 3 H 'i l  

8 3 7 A 69 2 H 0 3  R l 9 5  R E S I S T O R  J fl , O K • 5 0 1-1 5 7.  l fl 4 1\ 7 6 3 H 'i 7  

8 3 7 A 69 2H 0 3  R l 9 6  R E S I  S T O I< !> 2 .  OK , 5 0 �·; 5 7.  I B 4 A 7 6 3 Y 7 1 

8 3 7 A 6 9 2 H 0 3  R l 9 7  R E S I S T O R  I 5 0 . 0  3 .  O O v' 5 %  7 6 2 A 6 7 9 4 0 1 

8 3 7 1\ 6 9 2 H fl 3  R l 9 8 R E S I S T O R  3 3 . 0K . s o w  5 %  1 8 4 A 7 6 3 H 6 3  

8 3 7 A 6 9 2 H 0 3  R l 9 9 R ES I S T O R  6 8 . 01( • 5 0 \.J 5 %  1 8 4 A 7 6 3 H 7 1  

8 3 7 A 69 2 H 0 3  R 2 0 0  R E S I S T O R  4 7 0 0 . 0  . s o w  5 %  1 8 4 A 7 6 3 H 4 3  

8 3 7 A 6 9 2 H 0 3  R20 1 R E S !  S T O I' 2 4 0 0 . 0  • s o v: 5 %  1 8 4 1\ 7 6 3 H 3 S  I 
1 8 4 A 8 5 5 H 0 7  R 20 2  R E S I S T O R  8 2 . 0 K . s o �·.' 5 %  I B Ll .I\ 7 6 3 H 7 3  

1 8 Ll A B 5 5 H 0 7  R 2 0 3  R E S I  S T O .� I S O .  0 3 · 0 0 \·' 5 %  7 6 2 A f. 7 9 H O I 

8 3 7 A 6 9 2 H 0 3  0 6 1  T RMI S I  S T O R  2 N 6 9 9  I H 4 A 6 3 R H 1 9  
8 3 7 A 69 2 H Q 3  0 6 2  T RA.'J S I  S T O R  2 'J 69 9  1 8 4 A t, 3R H 1 9  
3 5 0 8 A 2 2 H O :>  0 6 3  T R/\ 'J S I  S T O R  2 ''1 3 6 4 5  R L> 9 1' 4 /i )  H I) J  
3 5 0 8 A22HO I 0 6 4  T R AN S I S T O R  2 'J 6 9 9  ! 8 4.-'1 6 3 R H  1 9  
3 5 0 S A 2 2 H O I 0 6 5  T RA :II S I S T O R  2 :\J 6 9 ')  P l 4 A 6 38 4 1 9  

1 8 Ll A 7 6 3 H 5 1 0 6 6  T RAN S I S T O R  2 ,'J 3 6 LI 5  8 .!l9 A Ll Ll l  H O I 
1 8 LIA 7 6 3 H 7 7  0 6 7  T RA N S !  S T D .'< 2 ;� 6 9 9  1 8 4 A 6 33 H 1 9  

1 8 4 A 7 6 3 H 6 J  0 63 T RAN S I S T O R  2 .\J 6 9 ?  1 8 Ll.A'\3'0 4 1 9  

I R Ll A 7 6 3 H 7 7  Q 6 9  TRA N S I S T O R  2 N 3 6 Ll 5  8 49 A Ll 4 1 H O I  

1 8 4 A 7 6 3 H 5 1  0 7 0 TRA.\J S I  S T CJ R  2 'J 6 9 9  I R LI A I\ J R H 1 9  

I R 4 A 7 6 3H 5 7  0 7 1  TRAN S l  S T CJ R  2 '1 3 6 4 5  8 4 9 A 4 Ll l K O I ! 

1 8 4 A 7 6 3 H 7 3  
Z 2 1 Z E N E I< I N 9 6 1 El J O , Q V 1 13 � A 7 9 7 H 0 7 1 

7 6 2 A 6 7 9 H O I 
Z 22 Z E N E  I� I N 3 6 8 S A  2 4 . 0 V 8 62 A 2 0 '3 H O I 

1 8 4A 7 6 3 H 5 1  
1 8 4/\ 7 6 3H 7 7  

Z 2 3  Z EN E R  I N 9 6 1 B  J Q , Q V  I R I\ .'1 7 9 7 H Q 7  

Z 2 'l  Z EN E H  I N 3 6 '> fl l\ 2 4 . 0 V  8 "' 2 A 2 K R H O I 
I R 4 A 7 6 3 H 6 3  

7 2 5  Z EN E f< I N 9 6 1 13 I O . Q V 1 8 6A 7 9 7 H 0 7  
1 8 4 A 7 6 3H 7 7  

1 8 Ll A 7 6 3H 5 1  
Z 2 6 Z EN E R  I N 3 6 8 8 A  2 Ll . O V  fl 6 2 A 2 8 8 H O I 

Z 2 7  Z EN E R  I N 9 6 1 B  I O . O V l fl 6 A 7 9 7H 0 7  
1 8 4 A 7 6 3 H 5 7  

Z 28 Z E N E R  I N 3 6 8 8 /\  2 '' .  ov 8 6 ? 4 28 R H O I 
1 8 Ll A 7 6 3H 7 3  

7 6 2 A 6 7 9 H O I R l 7 8 P O T  2 .  S K  • 2 5 vJ 6 2 9 A 6 'l 5 H ) 7 

8 4 8 A 8 2 0 H 4 5  I C 2 1 I N T  CK T 7 4 7DM t44-3C5 2 H C I  
8 48 A R 2 0 H 4 5  

J I Z. I J UM P E R  0 O H M  R E S !  S T G R  8 1\ 2 A 4 7 S H O  I 8 4 8 A8 2 1 H 2 6  

8 48 A8 2 0 H J 6  
J l 2 2 JlJMPIO'R 0 OHM R!;S I STOR 8(.ZA478 H O I  

R Ll8 A 8 2 0 H 2 9  
J I B  J UMP[R 0 OHM R� S I  STOR 86 Z A 478 H oj 

8 48 A 8 1 9 H 7 7  D 8 8  [) t O!> E LI:D  3 5'08A"2'lHO I 
8 4 8 M'I 1 9 H 7 7  D8 � D I O DE LEO 350811.'2.2.Ho I 
8 4 8 /\ 8 2 2 H J 5  

8 LlR A 8 2 2 Y i l  

8 4 8 A 8 1 9 H I\ 8  

8 48 A 8 1 9 H 6 8  
1 8 Ll A 7 6 3 H � 3  
1 8 4 A 7 lS 3H 7 1 
I 8 4 /\ 7 6 3 H 7 1 
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TYPE TCF-10 RECEIVER -----------------------'-· L_. 4_1 -_94_5_·5_7A 

1 4 4 4 C 48G 

Fig. 12. Component Location Amplifier Limiter-Discriminator Module 

0 Fig. 13. Component Location SNR Detection Module 
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TYPE TCF-10 RECEIVER 
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14-44 C82G 

0 
<D � 
� � 1-0 8 � 0 0 

���®�®®®® ��(5)® ��� f 1m 1 ���� !� 

0 Fig. 14. Component Location Output Module 
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TYPE TCF-10 RECEIVER ---------------------I ._L_4_1 -_94_s._s7_A 

14------- 1 60 0  H �  MIN.,------� 
.-- 4 5 0  H r  ----. Or��-r-�r��--���V1���,���-+>l�-r���� 

, 7 I� "\ R (c E I V  E:.:.�:....:t�� 3 17Z'- 1 r 1 -�--INPUT , 

5 
�'\ I \ F I LT E R  " 

DOWN 2 2  D B  I \ '-- M I N .  AT 1-j-1-+--+--+-1---+-+--+--+--J--l�----l-'--L__..L...---l 
± 2 KH� t- 20KHl: I - F  

l--�-y-.:...;..:..;..=T--tl--+---+--11--+--+--+--l--+--+-\4, F I L T E R  
( BOTH I \ S E C T I O NS )  10 ���+

1/
�+-�-+�4-�-+�

\
��-+� 

> 7 \ � 1 5 1-+-r�'+-�-+4-+-h'�"��+-�'�,�-+� 
� \ a: 
� I \ � � 
= 2 0 ��1/,_,_����wE:IR�()�R�� :�F �-+������'��� 
� \ 

I \ 1 z 
� 
0 
0 
tD 2 5 t-�ft-, -f--t--+-+---11---�-t+--l-�-- D I S C  R I MtNATO R 
a \ j  OUTPUT  

I ' I \ 

lOOO 800 600 400 200 f c 200 400 600 800 1000 
HERTZ (-)  I N P U T  F R EQ U E N CY H ERT� (+) 

f c  = C E N T E R  F R E Q U E N C Y  OF F I LT E R S  

Fig. 15. Filter and Discriminator Characteristics of the Type TCF- 1 0  Receiver 
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TYPE TCF-10 RECEIVER --
----------------------
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COUNTER ) 3 5 7 0 0 
I .  F. F I LTE R 

( FL2 ) 

6 
S EC�  I 

01 03 .5 
I . F. FI LT ER 

( F L 2 ) 

7 

SEC� 2 

I .  F. F l  L T E R  TEST C I R C U I T  CO N N EC T I O N S 

F L-20 1 

- • - )(rMtt . No r 
CON N ECT E D  TO 
'L 2 0 1  TlftM'I 4 
I I  ' Oit 100 I •  

I N  P U T  F I LT E R · T E ST C I R C U I T CON N E C T  I O N S  100 IC H  z .  

Fig. 16. Test Circuits for TCF- 10 Receiver Filters 
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TYPE TCF-10 RECEIVER ----------------------1-L_. _41_-9_4s_.s_7A 

� =  � =  

f c  

/ IF BAN DWIDTH 

/ 

SIGNAL + NARROW BAND NOI SE 

SI GNAL + WIDE BAND NOISE - ( SIGNAL + NARROW BAN D NOIS E ) 

NOI S E  I N  SURROU N D I N G  BAN D  

� � 
AR E AS USED FOR S N R  A RE OR � fi 

0 Fig. 1 7. Signal to Noise Ratio Characteristics 
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I N STA L L A TI O N  
Westinghouse I.L. 41-945.14C 

• O PE R A TI O N  • M A I N TE N A N CE 

I N S T R U C T I O N S  
TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT 

TRANSMITTER EQUIPMENT - I  WATT/ 1 0  WATT 
FOR ALL RELAYING APPLICATIONS 

CAUTION:  I t  is recommended that the  user of  this 
e quipment 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 e quip­
ment . 

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

A P P L I C A T I O N  

The type TCF carrier transmitter equipment pro­

vides for the transmission of either of two closely 

controlled discrete frequencies, both within a narrow 

band channel, over high-voltage transmission lines. 

The center frequency of the channel can vary from 30 
0 to 300 kHz in 0.5 kHz steps. The two frequencies 

transmitted are separated by 200 Hz, one being at 

center frequency (fc) plus 100 Hz and the others at 

center frequency minus 100 Hz. The higher frequency, 

termed the Guard frequency, is transmitted continu­

ously 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 protective 
re laying 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 channe 1 losses or line noise . The 
frequency is shifted from Guard to Trip by the closing 
of a protective re lay contact and the same contact 
also shifts the transmitter from a 1-watt to a 1 0-watt 
output level.  

When electro-mechanical relays are used for 
keying from guard to trip fre quency, 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 toard. 

C O N S T R U C T I O N  

The 1 watt/ 1 0  watt TCF transmitter unit is 
mounted on a standard 1 9-inch wide panel 1 2  14 
inches ( 7  rack units ) high with edge slots for 
mounting on a standard relay rack .  All components 
are mounted on the rear of the panel.  Fuse s ,  a pilot 
light , a power switch and a jack for metering the 
amplifier collector current are accessible from the 
front of the panel when supplied .  See Fig. 7. All 
of the circuitry that is suitable for printe d circuit 
board mounting is on three such b oards,  as shown 
in Fig. 3 .  The c omponents mounted on each printed 
circuit board or other s ub-assembly are shown en­
closed by dotted lines on the internal schematic.  
Fig. 1 or 2 .  The location of components on the three 
printed circuit boards are shown on separate illus­
trations, Fig. 4 ,  5, and 6 .  

External connections to the assembly are made 
through a 1 8-circuit rece pt acle , J3 , The r.f.  output 
connection to the as sembly is made through a c oax­
ial cable jack ,  J2. 

O P E R A T I O N  

The transmitter is made up of four main stages 

and two filters. The stages include two crystal 
oscillators operating at frequencies that differ by 

the desired channel frequency, a mixer and buffer 

amplifier, a driver stage and a power amplifier. 

One filter is located between the driver and the 

() power amplifier and the second filter removes har­

monics that may be generated by distortion in the 

power amplifier. 

A II possible contingencies which may arise during 
insiallation, 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. 

SUPERSEDES I.L. 41-945.148, DATED NOV. 1977 
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TYP E TCF POW E R  L I N E  CAR R I E R  l W/l OW ___________________________ _ 

A single crystal designed for oscillation in the 

30 kHz to 300 kHz range cannot be forced to oscil­

late 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 Y1 and Y2 of Fig. 1 or 2. 
The frequency of Y2 is 2.00 MHz when operated 

with a specified amount of series capacity, and the 

frequency of Y1 is 2.00 MHz plus the channel 

0 frequency, or 2 .03 MHz (for a 30-kHz transmitter). 

Capacitor C55 and crystal Y2 in series are connected 

between the positive side of the supply voltage and the 

base of transistor Q51 ,  which operates in the emitter­

follower mode. The emitter is coupled to the base 

through C57, and with Y2 removed the base of Q51 
would be held at approximately the midpoint of the 

supply voltage by R51 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 reducing 

C55 will raise the frequency. 

Crystal Y 1  is connected in a circuit that is 
similar except for the addition of C53 and diodes 
D51 and D52 . By adjustment of C52  this circuit 
is made to oscillate at 1 00 Hz above its marked 
frequency. Capacitor C53 is not effective until  
D5 1 is biased in  the forward direction and becomes 
conductive . It is bias e d  in the reverse d irection 
until the relay control contact is c losed,  which 
places 45 V . D . C .  at terminal 3 of the printed circuit 
board. With D 5 1  conducting , C53 is effectively in 
parallel with C52 , and adjustment of C53 w il l  
reduce the frequency b y  200 H z .  The crystals taken 
individually have a gre ater variation of frequency 
with temperature than would be acceptable . However , 
by proper matching of the two crystals , the variation 
in their difference frequency can be kept within 
limit s that permit holding the frequency stabil i.ty of 
the overall transmitter to ± 1 0  Hz over a temperature 
range of -20 to +55 °C ,  

The frequencies produced b y  the two oscillators 
are coupled t o  the b ase  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 d if­
ference frequency is accepted and amplified by 
Q53 and Q54 .  

When the relay control , o r  keying, contact is  
close d ,  i t  increases the output power from 1 watt to 
1 0  w atts as well as changing the frequency from 

2 

Guard to Trip. This is effected by reducing the 
e mitter resistance of b uffer-amplifier transistor 
Q54 .  When the keying contact is open , tran sistor 
Q55 receives no b ase current and is non-conducting,  
Emitter resistor R70 therefore is effectively open­
circuited. The level of output power is adjusted to 
1 w att by means of R64 . When Q55 is made con­
ducti ve by closing the keying contact.  R70 is placed 
in parallel with R68 and the amount of e mitter  
resistance not bypassed by C66 can be adjusted as 
required to obt ain a 1 0-watt output level . 

As is shown on the Internal Schematic , Fig. 1 or 
2 ,  the voltage for the keying circuit is obtained from 
the 4 5-volt regulated supply in the transmitter , and 
opening the single power switch de-energizes both 
the transmitter and the keying circuit . 

The driver stage consists of transistors Q54 
and Q57 connected in a conventional push-pull 
c ircuit with input supplied from the collector of 
Q54 through transformer T52 .  Thermistor R73 and 
resistors R74 and R75 are connected to provide a 
variable bias that reduce s the effect of varying 
ambient temperatures on the input level . 

The driver filter ,  FL 101 , consists of a series­
resonant inductor and capacitor connected between 
the driver and power amplifier stages by appropriate 
transformers T1 and T2. This filter greatly improves 
the waveform of the s ignal applied to the power 
amplifier. 

The power amplifier uses two series-connected  
power transistors ,  Q l 0 1 and Q l 02 ,  operating as a 
class  B push-pull amplifier with single -ended out­
put . D iodes D 1 0 1  and D 103  provide protection for 
the b ase-emitter junctions of the power transistors 
Zener diodes D l05 and D l 0 6  protect the collector­
e mitter 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 fi lter FL1 0 2 .  The output 
filter includes two trap c ircuits ( L 1 0 2 ,  CB and 
L 103 , Cc ) which are factory tuned to the second 
and third harmonics of the transmitter frequency . 
Capacitor C D approximately cancels the inductive 
reactance of the two trap circuits at the operating 
frequency. Protective gap G1 is a s mall lightning 
arrester to limit the magnitude of switching surge s 
or other line dist urbances reaching the carrier set 
through the line turner and coaxial cable.  A uto­
transformer T4 matches the filter impedance t o  
coaxial cables o f  5 0 ,  60 ,  or 70  ohms. 
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The series resonant circuit composed of L 1 0 5  

and C E is tuned to t h e  transmitter fre quency , and 
aids in providing resistive termination for the output 
stage.  Jack J02 is mounted on the rear panel of 
FL1 0 2  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 pos s ible " across-the-lin e "  
res onances.  

The power supply is a series-type transistorized 
d-e voltage regulator which has a very low stand-by 
current drain when there is no output current demand . 
The Zener diode Z 1  holds a constant base-to­
negative voltage on the series-connected power 
transistor Q l .  Depending on the load current ,  the 
d-e voltage drop through transistor Q1 and resistors 
R1 and R2 varies to maintain a constant output 
voltage .  The Zener diode Z2 serves to protect the 
collector-base junction of Q1 from surge voltages . 
Capacitor C 1  provides a low carrier-fre quency 
impedance across the d-e output voltage . Capacitors 
C2 and C3 bypass r .f. or transient v oltages to 
ground ,  thus preventing damage to the transistor 
c ircuits 

Frequency 
range 

Output 

Frequency 
stability 

Frequency 
spacing 

C H A R A C T E R I S T I C S  

30-300 kHz 

1 watt guard 10 watts trip 
( into 50 to 70 ohm resistive 
load) 

A .  When used with narrow b and 
receiver 
1 .  One-way channel, two or 

more signals-500 Hz min. 

2. Two-way channel , 1 000 
Hz min . between trans­
mitter and adjacent re­
ceiver fre quencies .  

B .  When used with wide band 
receiver. 
1 .  One-way channel,  two or 

more signals-1 000 Hz min. 

2 .  Two-way channel ,  2 000 
Hz min . between trans­
mitter and adjacent re­
ceiver fre quencie s .  

Harmonics 

.Input Voltage 

Supply voltage 
variation 

Battery drain 

Keying circuit 
current 

Temperature 
range 

Dimensions 

Weight 

Down 55 db ( min . )  fro m  output 
level .  

48  or 125  v . d . c .  

4 2-5 6 v . for n o m .  48 v .  supply. 
1 05 - 1 4 0  v .  for nom. 1 25 v .supply. 

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

4 8 v . d . c .  

0 . 5  a. guard 
0 . 9 a. trip 

1 25 v . d . c .  

4 rna. 

-20 to +55°C around chassis. 

Panel height - 1 2'i4" or 7 r . u .  
Panel width - 1 9 "  

1 2  lbs . 

I N S TA L L A T I O N 

The TCF transmitter is generally supplied in a 
c abinet or on a relay rack as part of a complete 
c arrier ass embly . The location must be free from 
dust , exce ssive humidity , vibration , corrosive fume s ,  
or  heat .  The maximum ambient temperature around 
the chassis must not exceed 55° C .  

A D J U S T M E N TS 

The TCF 1 W/ 1 0W transmitter is shipped with 
the power output controls R64 , and R70, set for 
outputs of 1 wat t ,  and 10 watts into a 60 ohm load. 
If it is desired to check the adjustments or if re­
pairs have been 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 10 watt  
r ating. Use  the  value of the e xpected input imped­
ance of the coaxial cable and line tuner. If this is 
not known, assume 60 ohm s .  Connect the T4 output 
lead to the corresponding tap. Connect an a-c vacuum 
tube voltmeter (VTVM) across t he load resistor. 
Turn power output control R64 to minimum ( full 
counter-clockwise ) .  Turn on the power switch on 
the panel and note  the d-e voltage across terminals 
5 and 7 of J3 . If this is in the range of 42 to 4 6 
volt s ,  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 1 05 
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by loosening the knurled shaft-locking nut and 
moving the adjustable core in and out a s m all 
amount from its initial position . Leave it at the 
point of maximum voltage across the load resistor 
used. Then rot ate 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 2 and 3 of the transmitter  printed 
circuit bo ar d  ( which is approximately e quivalent to 
connecting together terminals 7 and 8 of J3 ) ,  and 
rotate R70 until the voltage across the load resistor 
is as shown in the following table for a 10 watt out­
put . Re check the adjustment of L 1 05 for maximum 
output voltage and readjust R70 for a 1 0  watt output 
if necessary . Tighten the locking nut on L 1 0 5 .  Open 
the power switch and remove the· j umper used to key 
the transmitter to the 1 0  watt level. Remove the 
load re sistor , and reconnect the coaxial cable cir­
cuit to the transmitter .  

T 1 06 Voltage for Voltage for 
Tap 1 Watt Output 1 0  Watts Output 

50 7. 1 2 2 . 4  
60 7 . 8  24 . 5  
70 8 . 4  2 6 . 5  

Follow the procedure outlined in the line tuner 
instructions for its adjustment . 

Normally the output filter ( FL 1 02)  will require 
no re adjustment except as note d  above . It is factory 
t uned for maximum second and third harmonic rejec­
t ion , and for series resonance ( maximum output at 
the fundamental frequency) with a 60-ohm load .  A 
small amount of reactance in the transmitter output 
load circuit may be tuned out by readjustment of the 
movable core of L 1 05 .  This may be  neces sary with 
some types of line coupling e quipment . The adjust­
able cores of L 102  and L 1 03 have been set for 
maximum harmonic rejection and no change should 
be made in these settings unless suitable instru­
ments are available for meas uring the second and 
third harmonic present in the transmitter output. 

The operating frequencies of crystals Y 1  and 
Y2 have been carefully adjusted at the factory and 
good stability can be expected .  If it is desired to 
check the fre quencies of the individual crystal s ,  
This can be  done b y  turning the matched pair 180° 

and inserting a cryst al in its proper socket with the 
other crystal unconnected . A sen sitive frequency 
counter  with a range of at least 2 . 2  Milz can be 
connected from TP5 1 t o  TP54 .  (Connecti on to TP54 

4 

r ather than to TP53 provides a better signal to the 
counter and avoids some error from the effect of 
the counter input c apacitance on the oscillator 
circuit . )  While measurement of the oscillator crystals 
individually is nece ssary for the initial adjustment 
of the oscillators , generally any subsequent checks 
may be made with a lower range counter c onnecte d 
at the transmitter output . If any minor adjustment of 
the Guard and Trip frequencies should be neede d .  
the G uard adjustment should b e  made with capacitor 
C5 2 and the Trip Adjustment with C53 . 

Q56-Q57 B ias  Adju stment 

The push-pull output stage s of the transmitter 
board are normally shipped correctly b iased .  If any 
components involved in these stages have been 
changed ,  then it may be necessary to reche c k  the 
biasing' of this stage .  

Unsolder the lead from terminal 2 o f  transformer 

T1 (just above FL101) and temporarily connect a 

low-range d-e milliammeter (0-1.0 rna) between the 

removed lead ( +) and T1 terminal 2 (-) . Turn the 

slotted control on the small potentiometer to full 

counterclockwise. Now, apply power to the TCF 

carrier set, but do not transmit carrier. This can 

be done by removing the crystals. Advance the 

potentiometer clockwise until the milliammeter 

0 reads 0.05 rna. Turn off the power, remove the mil­

liammeter, and solder the lead back on terminal 

2 of Tl. Replace the crystals and again apply d-e 

power to reenergize the transmitter. Check output, 

etc. of transmitter as previously described. 

CONVERSION FOR ADDING 
VOICE CAPABI LITY 

This transmitter as shipped has been internally 
wired so that voice c an be added by merely substi­
tuting buffer keying board 265C484G01 for keying 
board 204C495G04. These are interchangeable plug-in 
modules.  In addition, diode D53 should be removed 
from the transmitter board 6275D85G02 as noted in 
the schematics of Figures 1 and 2 .  This will now 
make this tran smitter conform to the schematics of 
Figures 1 or 2 of iL41 -9 4 5 . 1 3  and perform as described 
in that instruction leaflet .  I t  is n ow only necessary to 
make the required external connections to connector 
J3 to complete the conversion to voice . 

When ordering the buffer keying board 265C484G01 
for conversion to voice,  also r.equest instruction leaf­
let IL4 1-945 . 1 3  as this leaflet will now contain the 
complete operation instructions for the transmitter 
after the conversion as well as the external inter­
connections required between the voice adapter , 
relaying,  and transmitter .  
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MA I N T E N A N C E  

Periodic checks of the transmitter Guard and 
Trip power outputs will detect impeding 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 de sirable to check 
the transmitter power out put 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 estab lish reference values which 
will be useful when checking the apparatus . The 
readings will remain fairly constant over an indef­
inite 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 + 2 0%.  

T A B L E  

T R A N S M I T T E R  D - C  M E A S U R E M E N T S  

Note:  All voltages are positive with respect to 
Neg . 4 5  V. ( TP5 1 ). All voltages read with 

d-e VTVM . 

Voltage at Voltage at 
Test 1 watt 1 0  watts 
Point Output Output 

TP52 20 20 
TP53 5 . 4  5 .4 

TP54 3 . 4  3 . 4 

TP55 2 1  1 8 . 5  
TP56 2 1  1 8 .5 
TP57 *<1 . 0  * < 1 . 0  

TP58 4 4 . 3  4 4 . 1 

TP59 *<1 . 0  *<1 .0  
TP101  0 0 

TP 1 03 2 1  ± 2 2 1  ± 2 

TP 1 05 4 4 . 0  4 4 . 0  

T A B L E  I I  

T R A N S M I T T E R  R F  M E A S URE M E N TS 

Not e :  Voltages taken with transmitter set to indi­
cated output across 60 ohms. These voltages 
subject 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 
Test Point 1 watt 10 watts 

Output Output 

TP54 to TP5 1 0 . 0 1 5-0 .03 0 . 0 1 5-0 .03  

TP57 to TP5 1 0 . 05 -0 .09 0 .3  - 1 .2  
TP59 to TP51  0 . 05 -0 .09 0 .3  - 1 . 2  

T 1 - 1  t o  TP5 1 1 . 65 5 . 6  
T 1 -3 t o  TP5 1 1 . 45 4 . 9 
T 1 -4 to Gnd . . 6  2 . 0  

T 2 - 1  to Gnd . . 5 7  1 . 85 

TP 1 0 1  to T P 1 03 5 . 2  1 7 .0 
TP 1 0 1  to T P 1 05 5 . 2  1 7 . 0  

T3-4 t o  Gnd . 35  1 1 2  

T4-2 t o  G nd .  3 1  1 1 0 
TP 1 09 to Gnd . 9 . 8  3 1  

J 1 02 t o  Gnd. 7 . 8  2 4 . 5  

C O N V E R S I O N  OF T R A N S M I T T E R  F O R  

C H A N G E D  C H A N N E L F R E Q U E N C Y 

The parts required for converting a 1 W/ l OW TCF 
transmitter for operation on a different c hannel 
frequency c onsist of a pair of matched crystals for 
the new channel frequency , new capacitors C103  and 
C 1 04 on the power amplifier circ uit board if the old 
and new frequencies are not in the same frequency 
group ( see  table on internal schematic drawing) and 
in general , new or modified filters FL 1 0 1  and FL 1 0 2 .  
Inductors L 1 0 1 , L 1 02 and L 1 03 i n  these filters are 
adjustable over a limited range , but forty-two com­
binations 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  
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kHz at the upper end .  A particular assembly can be 
adjusted over a somewhat wider range than the 
width of its assigned group since some overlap is 
necessary to allow for component tolerances .  The 
nominal kHz adjustment range s of the group are : 

30 . 0-3 1 . 5 
3 2 . 0-33 . 5  

34 .0-36 . 0  
36. 5-38 . 5  
3 9 . 0-4 1 . 0  
4 1 . 5-44 . 0  
44 .5-47 . 0  
47 .5 -5 0 . 0  
50.5 -53 .5  
5 4 . 0-5 7 . 0  
57 . 5-60 . 5  

6 1 .0- 64 . 0  
64 . 5 - 6 8 . 0  
6 8 . 5 - 7 2 . 0  
7 2 . 5 - 76 .0  
7 6 . 5 - 80 .0  
80 . 5 - 84 . 5  
85 . 0 - 8 9 . 0  
89 . 5 - 9 4 . 5  
95 . 0 - 100 . 0  

1 0 0 . 5 - 1 0 6 . 0  
1 06 . 5 - 1 1 2 . 5  

1 1 3 . 0-1 1 9 . 5  207 . 1 -2 1 4 . 0  
1 20 . 0 - 1 2 7 . 0  2 1 4 . 1 -2 2 2 . 0  
1 27 . 5 - 1 3 5 . 0  2 2 2 . 1 -2 3 0 . 0  
1 3 5 . 5 - 1 43 . 0  230 . 1 -2 4 0 . 0  

1 4 3 . 5 - 1 5 1 . 0  240 . 1 -250 .0  
1 5 1 -5 - 1 5 9 . 5  250 . 1 -2 6 2 . 0  
1 60 . 0 - 1 6 9 . 5  262 . 1 -274 . 0  
1 7 0 . 0- 1 80. 0 284 . 1 -287 . 0  
1 8 0 . 5 - 1 9 1 . 5  287. 1 -3 0 0 . 0  
1 9 2 . 0-200. 0 
200 . 1 -207 . 0  

I f  the new frequency lies within the same fre­
quency group as the original frequency , the filters 
c an be  readjusted.  If the frequencies are in different 
group s ,  it is possible that changes only in the fixed 
capacitors may be required.  In  general, however , it 
is desirable to order complete filter assemblie s ad­
justed at the factory for the specified frequency . 

A signal generat or ,  a frequency counter and a 
vacuum tube voltmeter are required for readjustment 
of FL 1 0 1 .  The signal generator and the counter 
should be connected across termin al s  4 and 5 of 
transformer T 1 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 o utput . 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 def­
initely reduce the reading .  The change in induct­
ance with core position is less at either end of the 
travel then when near the center and consequently 
the effect of core screw rotation on the VTVM read­
ing will be less when the resonant inductance 
occur s near the end of core travel.  

The procedure for readjustment of the 2nd and 
3rd harmonic traps of filter FL 1 0 2  is somewhat 
similar . A signal generat or and a counter should be 
connected to terminals 3 and 4 of transformer T 3 ,  
and a 5 00 ohm resistor and a VTVM t o  the terminals 
of protective gap G l .  The ground or shield lead 
of all instrument s 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 induct or L 1 02 ,  to the position 

6 

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 10 3 ,  to the pos ition 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 h ave 
been adjusted ,  as described under ' '  ADJUSTMENTS ' '. 
the transmitter can be operated with a 50 to 70 ohm 
load ( depending on which t ap of T4 is used) con­
nected to it s output, and inductor L 1 05 can be read­
justed for maximum output at the changed c hannel 
frequency by the procedure de scribed  in the same 
section. 

If a frequency-sen sitive 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 fre­
quency-sensitive voltmeter from TP109 to ground 
and adjust the transmitter for rated  output into the 
selected load resist or .  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 har monic . Then vary the core posit ion of 
L 1 02 until a minimum volt meter reading is obtained.  
Similarily, tune the voltmeter to the third h ar monic 
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 this difference on the adj ustment of the harmonic 
traps will be negligible . 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 of the volt-meter ter­
m inal s .  Accurate me asurement of the harmonics 
requires use of a filter between T P 1 09 and the 
voltmeter that provide s high rejection of the fun­
damental . The insertion looses of this filter for 
the 2nd and 3rd harmonics must be measure d and 
taken into account . 

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

I .  Minimum Test Equipment for Installat ion .  

a .  60-ohm 1 0-watt non-inductive resistor. 

b .  A-C vacuum Tube Volt meter ( VTVM). Volt­
age range 0. 003 to 30 volts ,  frequency range 
60 hz to 330 kHz ; impedance 7.5 megohms. 

c. D-C vacuum Tube Voltmeter (VTVM).  

Voltage Range:  1 . 5 to 300 volt s .  

Input Impedance :  7 . 5  megohms . 
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T Y P E  TC F POW E R  L1 NE CAR R I E R 1 W/ l OW ----------------�-------'-·L_._4_1 -_9_4_5._1_4C 

II .  De sirab le Test Equi pment for Apparatus Main­
t ance . 

a. All items listed in I. 
b .  Signal Generator 

O utput Voltag e :  u p  to 8 volts 
F requency Range : 20-kHz to 900 kHz 

c .  Oscilloscope 

d .  Fr equency counter 

e .  Ohmmeter 

f .  Capacitor check e r .  

Some of the functions of t he recommended test 
equipment are combined in the type TCT carrier test 
meter uni t ,  which is designed t o  mount on a stan­
d ar d  1 9 "  rack but also can be removed and used as 
a portable unit . 

R E N E W A L  P A R T S  

Repai r  w or k  can b e  done most satisfactorily at 
t he factory .  However , replace ment parts can be 
furnished,  in most case s ,  to customers w ho are 
equipped for doing repair work .  When ordering par t s ,  
always give the complete nameplate data and 
ident ify the part by its designation on the internal 
Schematic drawin g .  

I t  should b e  noted that i n  older sets , the power 
regul atin g transistor Ql w as 2N 1 0 1 5 C  which are no 
longer available. These have been replaced with the 
2N6259 transistor.  However when repl acing a 
2N 1 0 1 5C transistor with a 2N6259 tran sistor , it is  
al so necess ary to replace the heat sink assembly . 
Therefore , in this case,  order compl ete assembly 
style number 2 99B099G0 1 which consists of tran­
sistor and heat sink assembly . 
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TY P E  TC F P OW E R  L I N E CAR R I E R  l W/l OW --------------------------

E LECTRICAL PARTS LIST 
.. � 

CIRCUIT I D E S C R I P T I O N WESTINGHOUSE 
SY MBOL DES IGNA T I ON 

CAPACITORS 

C 1 Oil-filled ;  0 .45  mfd . ;  3 3 0  V . A . C .  1 723408 
C 2  Oil-fille d ;  0 . 5  mfd . ;  1 500 V .D . C .  1 877962 
C3 Oil-filled ; 0 . 5  mfd . ;  1 5 00 V . D .C . 1 87 7962 

C l l Metallized P aper , 0 .  4 'V mfd . ;  849A437H04 

C 2 1  Metallized Paper , .047  m fd . ;  849A43 7H04 

C5 1 Dur-Mica,  1 5 00 pf. , 500 V . D .C .  7 6 2A757H03 

C52  Variable , 5 . 5 - 1 8  pf. 879A834H01 
C53 variable , 5 .5-1 8 pf.  879A834H0 1 
C54 Metallized paper , . 1  mfd . ;  200 V . D . C .  879A834H01 

C55 variable,  5 . 5- 1 8  pf. 762A73 6H0 1 
C56 D ur-Mic a ,  2000 pf . ;  500 V . D. C . 1 87A584H01 

C57 D ur-Mic a, 2000 pf. ; 500 V . D . C .  1 87A5 84H0 1 
C 5 8  Met allized pape r ,  0 . 25 mfd . ;  200 V . D . C .  1 87A624 H02 

C59 D ur-Mic a ,  100 pf. , 500 V . D . C .  762A757H0 1 

C60 D ur-Mica,  1 00 pf. , 500 V . D . C .  762A757H01 
C 6 1  Metallized paper ,  0 . 25 mfd . ;  2 0 0  V . D . C .  1 87A624H02 
C62 Dur-Mic a ,  4"700 pf. , 500 V . D . C .  762A75 7H04 
C63 Dur-Mica ,  1 000 pf. , 5 00 V . D . C .  7 62A757H02 

C 64 Metallized paper,  0 . 2 5  mfd . ; 200 V . D . C .  1 87A624H02 
C65 Metallized paper , 0 . 25 mfd . ; 200 V . D . C .  1 87A624H02 
C66 Metallized paper,  0 . 2 5  mfd . ;  200 V . D . C .  1 87A624H02 
C67 Met allized pape r ,  0 . 25 m fd . ;  200 V . D .C . 1 8 7A624H02 
C68 Metallized paper,  0.5 mfd . ; 200 V . D . C .  1 87A624H03 
C69 Metallized paper ,  0 . 25 mfd . ,  200 V . D . C .  1 87A624H02 
C70 Dur-Mica, 300 pf , 5 00 V . D . C .  1 87A5 84H09 
C7 1 3 pf , 861A846H03 
C72 3 pf,  8 6 1 A846H03 
C73 3 pf, 86 1 A 846H03 

C74 Metallized paper , 1 .0 mf . 2 00 V . D . C .  1 87A624H04 
C75 Metallized paper ,  0 .5  mf,  2 0 0  V .D . C .  1 87A624 H03 
C76 Metallized paper , 0 . 0 1  mf, 200 V .D . C .  764A2 7 8H 1 0  
C77 0 .47  m fd, 1 88A669H0 1 

C 1 0 1  Metallized paper , 0 . 2 5  mfd , ;  200 V .D . C .  1 87A624H02 
C 1 0 2  Metallized pape r ,  0 . 2 5  mfd . ;  2 0 0  V .D . C . 1 87A624H02 

C 1 03 & C 1 04 ( 3 0-50 KC) - Extended foil, 0 . 4 '7  mfd . ;  400 V . D . C .  1 88A293H01 
C 1 03 & C 1 04 ( 5 0 . 5 -75 KC) - Extended foil, 0 . 22 mfd . ;  4 00 V . D . C .  1 8 8A293H02 

C 1 03 & C 1 04 (75 .5 - 1 00 KC) - Extended foil, 0 . 1 5  mfd . , 4 00 V . D . C .  1 88A293H03 

C 1 03 & C 1 04 ( 1 00 . 5 - 1 5 0  KC ) - Extended foil, 0 . 1 0  mfd . ,  400 V .D . C .  1 8 8A293 H04 
C 1 03 & C 1 04 ( 1 50 .5  - 3 0 0  KC) - Extended foil,  0 . 04 7  mfd . ;  400 V . D .C .  1 88A2 93 H05 

DIODES - G E N E RAL PURPOSE 
D l l  1 N645 A  837A692H03 
D 1 2  1 N645A 83 7A692H03 

D 1 3  1 N4 82 2  1 88A342Hl l 
D 1 4  1 N4 8 2 2  1 88 A342H 1 1 
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TY P E  T C F  POW E R  L I N E  C A R R I E R  l W/l OW ----

C I R C U IT 
SYMBOL 

D l 5  

D l 6  

D 2 1  

D 2 2  

D23 
- ---�--

D 24 ----
D25 '----
D5 1 

D52 

D55 

D58 
---

D 1 0 1  

D 1 02 ,  D 1 04 r-- -------
D l 03 

D 1 02 ,  D 1 04 

Z l  

Z 2  
!----· 

Z 1 1  

Z 1 2  

Z 1 3  

Z 1 4  

Z 2 1  

Z22 --

Z23 

Z 24 

Z54 

Z l 05 
Z l 06 

RI 

R2 
R3 

R3 1-------
R4 r--------
R5 

R6 f--------- ---

R7 ------ -

R1 1  

R1 2  

Rl3 

E LE CTR I CA L  PARTS L IST 

D E S C R I P T I O N  

D IO D E S  - G E N E R AL P U R PO S E  

1 N4822 

1 N482 2 

1 N645A 

I N4822 

1 N4822 1-- ----
1 N4822 

----- ----- -- - --- -- - ------ --- - - - ------- ---------
1 N4822 

I N628 ; 1 2 5  V . ,  3 0  MA . 

I N6 2 8 ;  1 2 5  V . ,  30  M A .  !------------- · 
1 N457A;  60 V . ,  200 MA . 

1 N6 2 8 ;  1 2  5 V . , 3 0 M A .  

1 N538 ; 2 0 0  V . ,  7 5 0  MA . 
,-

-
1 N9 1 ;  1 00 V . ,  1 50 MA.  (Germanium Version used with 2 N 1 908) 

--· 

1 N53 8 ;  2 00 V . , 75 0 MA . 

1 N481 8  ( Si licon Version used with 2 N3 792) 

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

1 N2828B ; 45V.  ± 5% :  5 0  W .  

1 N3009A;  1 3 0  V .  ± 1 0% , 1 0  w .  
1 N95 7B 

1 N3 688A 

I N3 688A 

1 N3 686B 

1 N957B 

1 N3 688A ----- --

1 N3 68 8A 

I N3 688B 

1 N3686B,  2 0  V ± 5%; 75 0 MW.  

1 N2999A;  56 V .  ± 1 0% ;  10 W .  

1 N2999A ; 5 6  V .  ± 1 0% ;  1 0  W .  

R E S I ST O R S  

2 6 . 5  ohms ± 5% ;  4 0  W .  ( For 1 25 V Supply) 

2 ()_�hm�_± 5%; 40 W .  ( For 1 25 V Supply) 

2 6 . 5  ohms ± 5%; 40  IV ( For 48 V Supply) 

5 00 ohms ± 5% ;  40  W. ( For 1 25 V Supply ) 

1 00 ohms ± I O%: I W .  Com position 

I K  ± I  0% ; 1 2  \\' .  Composition 

3 K  ± 5% :  5 W .  Wire Wound 
- - ---- - --- - - -- -- --- --·-- --

1 5 K  ± 1 0% ;  2 W .  Composition - --- - - --- ---- - - ---- ------
4 . 7K ± 2% ;  1 2  w Metal Glaze ---

1 2 K  ± 2% ;  1 2  w Metal Gl aze -- ---- - --

1 0K ± 2o/o ; 1 2  W .  Meta l Glaze 

I.L. 41 ·945.14C 

WESTI NGHOUS E  
D E S IGNATION 

1 88A342Hl l 

1 88A342H l l  

83 7A692H03 

1 88A342Hl l 

1 88A3 42Hl l  

1 88A342H l l  

1 8 8A342 H l l 

1 84A88 5 H l 2  

1 84A885 H l 2 

1 84A885H07 

1 84A885 H l 2  

407C703 H03 

1 82A881 H04 

4 07C703 H03 

1 82A881 H04 

1 84A854H06 

1 84A6 1 7 H I 2  

1 8 6A797H06 

862A288HOI 

862A288HO I 

1 85A2 1 2H06 

1 8 6A797H06 

862A288H01 

862A288HO I 

1 85A2 1 2H06 

1 85A2 I 2H06 

I 84A6 1 7H 1 3  

1 84A61 7H l 3  

04 D I 299H44 

04D 1 2 99H44 
04 Dl 299H4 4 

I 268047 

1 87A644 H03 

1 8 7A64 1H2 7  

1 88A3 I 7HOI 

1 8 7A64 2H55 

629A53 1 H43 

629A53 1 H58 

629A53 1 H5 6  
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TY P E  T C F  POW E R  L I N E C A R R I E R  l W/l OW 

E LECTRICAL PARTS LIST 

C I RC U IT D E S C R I P T I O N  W E ST I NGHOUSE 
SY MBOL DES I GNAT I ON 

R E S I ST O R S  ( Co nt i n ued} 

R 1 4  6 . 2K ± 2% ;  -'i2 W .  Metal G laze 629A53 1 H5 1  

R 1 5  1 . 5 K  +2% ; Yz W .  Metal Glaze 629A53 1 H3 6  

R 1 6 ,R26  5 1 K  ± 2% ;  Yz W . Metal Glaze 629A53 1H73 

R l 7  1 . 8K ± 2% ;  Yz W. Metal Glaze 629A5 3 1 H3 8  

R2 1 4 : 7 K  ± 2% ;  Yz W .  Metal Glaze 6 29A53 1 H4 8  

R22  1 2K + 2% ;  ;;z W .  Metal Glaze 629A53 1 H5 8  

R23 1 0K ± 2% ;  Yz W .  Met al Glaze 629A53 1 H5 6  

R24 6 . 2 K  ± 2%;  Yz W .  Metal G laze 62 9A5 3 1  H5 1 

R25 1 .8K ± 2% ;  Yz W .  Metal Glaze 629A5 3 1 H3 8  

R l 8 ,  R 2 8  1 8K ± 2% ;  h W. Metal Glaze 629A53 1 H6 2  

R27 1 . 5K ± 2%;  Y.l W 0 Metal Glaze 6 29A5 3 1 H3 6  

R5 1 1 0K ± 5% ;  Yz W .  Compos ition 1 84A763H5 1 

R52 l OK ± 5%; Yz W .  Com posit ion 1 84 A763H5 1 

R53 1 0K ± 5% ;  Yz W .  Composition 1 84 A763H5 1 

R54 1 0K ± 5% ; Yz w .  compos it ion 1 84 A763H5 1 

R5 5 1 00 ohms ± 5% ;  Yz W .  Compos ition 1 84 A763H03 

R56 3 . 6K ± 5% ;  Yz W .  Composit ion 1 84 A763 H4 0 

R57 3 . 6K ± 5% ; Yz W. Composition 1 84 A763H40 

R58 100 ohms ± 5%; Yz W. Composition 1 84A763H03 

R59 1 0K ± 5% ; Yz W .  Composit ion 1 8 4 A763H5 1 

R6 0  5 . 6K ± 5% ;  Yz W. Composition 1 8 4 A763H45 

R6 1 1 5K ± 5% ;  \lz W. Compos ition 1 8 4A763H55 
R62 l OK ± 5% ; 1/z W .  Composition 1 84A763 H5 1  

R63 l K  ± 5%; Yz W .  Composition 1 84 A763 H27 

R64 Potentiometer , lK;  1;4  w .  629A430H02 

R65 1 . 8K ± 5% ;  Yz W .  Composition 1 84 A763H 02 

R66 8 . 2K ± 5% ; h W .  Composition 1 84A 763H4 9  

R67 1 2K ± 5% ;  h Wo composit ion 1 84A763 H53 

R68 3 3 0  ohms ± 5%;  �2 W .  Compos it ion 1 84A763 H l 5  

R69 800 ohms ± 5%; Yz W .  Composition 1 84A859H06 

R70 Potentiometer , 1 K ; 1/4 W o  629A43 0H02 

R7 1 4 .7 K  ± 5% ;  1/z W .  Composition 1 84A763 H43 

R72 39K ± 5% ;  �2 W .  Compos it ion 184A 763 H65 
R73 

f------
Thermistor , 3 0  ohms , Type 3 D 2 02 (G .E . C . )  185A2 1 1 H06 

R74 62 Ohms + 5% ;  1/z W .  Composition 629A5 3 1 H03 

R75 68 Ohms ± 5% ;  �2 W .  Compos ition 1 87A290H0 1 

R76 2K ± 5% ; �2 W. Composition 184A763 H3 4  

R77 10 ohms ± 5%;  Yz W .  Composition 1 87A290H01 

R78 10 ohms ± 5% ; Yz W 0 Composition 1 87A290H0 1 

R79 2 0K ± 2%; h W. Metal G laze 629A53 1 H63 

R80 25K Potentiometer + 2 0% ;  1/4 w .  629A430H09 
R81 1K ± 1% ; \1z W 0 Met al Film 848A8 1 9H4 8 
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T Y P E  T C F  P OW E R  L I N E  C A R R I E R  l W/l OW ________________________ 
I._L_. 4_1_·_94_5_.1_4_C 

E LECTR ICAL PARTS L I ST 

C I R C U I T  W E S T I N G H O U S E  
SYMBO L D E S C R I P T I O N D E S I GN A T I O N  

R E S I STO RS (Cont ' d . )  

R8 2 5K Pot. ± 20%; ;�z w. 629A430H07 

R83 1 0 . 2 K  ± 1%, �lz W. Metal Film 843A820H46 
R84 27 ohms ± 5%, � W. Composition 1 87A290H 1 1  

R85 Thermistor 3D402 10 ohms 1 85A2 1 1H03 

R86 750 ohms ± 1%, � W. Metal Film 848A8 19H36 

R101  1 0  ohms ± 5%; � W. Composition 1 87 A280H01 
R102 2 . 2K ± 1 0%;  1 W .  Composition 1 87 A644H35 
R103 2 . 7  ohms ± 1 0%; � W. Wire Wound 1 84A636H1 4  

R104 0 . 27 ohms ± 1 0%;  1 W. Wire Wound 1 84A636H1 8  

R105 1 0  ohms ± 5%; � W. Composition 1 87 A290H0 1 

R 1 06 4 .7K ± 1 0%; 1 W.  Composition 1 87 A644H43 
R107 2 . 7  ohms ± 1 0%;  � W. Wire Wound 1 84A636Hl 4  

R108 0 . 27 ohms ± 1 0%; 1 W.  Wire Wound 1 84A636H1 8  

T RANSFORM E R S  

T1 Driver Output Transformer 606B4 10G01 

T2 Power Amp.  Input Transformer 292B526G0 1 

T3 Power Amp . Output Transformer 292B526G02 

T4 Load-Matching Auto-Transformer 292B526G03 
T51 Buffer Amplifier Transformer 606B537G01 

T52 Driver Input Transformer 606B537G02 

T RANSI STORS 

Ql 2N6259 :j: 3 503A4 1H0 1  
- ·  

Ql 2N6259 with Heat Sink Assembly :j: 299B099G0 1 
Ql l 2N4356 849A44 1 H02 

Q12 2N699 1 84A638H 1 9  
Q2 1 2N4356 849A441H02 

Q22 2N699 1 84A638H 1 9  
Q5 1 2N697 1 84A638H18 

Q52 2N697 1 84A638H l 8  
Q53 2N697 1 84A638H 18  
Q54 2N699 1 84A638H l 9  
Q55 2N697 1 84A63SH18  

Q56 2N2726 762A672H07 
Q57 2N2726 762A672H07 
Q 1 0 1 ,  Q102 2Nl 908 (Use in Matched Pairs) (Germanium Version used with 1 N9 1 )  1 87 A673H02 

Q 1 0 1 ,  Ql02 2N3792 (Use in Matched Pairs)  (Silicon Version used with 1N48 1 8 )  1 8 7  A673Hl6 

M I SC E L LAN EOUS 

Y 1-Y2 
Supplied for Desired Channel Frequency in P air 
Matched Per Specifications on Drawing 408C743 

FL1 0 1  Driver Filter 408C26 1 + (Req. Freq. )  
FL102 Output Filter 541S2 14 + (Req.Freq . )  

PL Pilot Light Bulb - For 48 V .  Supply ( When supplied) 1 87 A1 33H02 

Pilot Light Bulb - For 1 25 or 259 V .  Supply ( When supplied) 1 83 A955H01 
F l .  F2 Fuse ,  1 . 5A (When supplied) 1 1 D9 1 95H26 

+ NOTE : In older sets using 2N 1 0 15C Transistor , it is necessary to replace the Heat Sink when 
substituting 2N6259 for the 2Nl 0 15C.  Therefore order c anplete assembly S# 299B099G0 1 .  1 1  www . 
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T Y P E  T C F  P OW E R  L I N E  CAR R I E R  l W/ l OW --------------------------
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TY P E  TCF POW E R  L I N E  CA R R I E R  l W/l OW 

OSCILLATORS 

,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 

� I 
I 
I I 

C55 
5.5-18 
Pf 

' IS7 I 

zs• 
I H3685B 

"' 

C68 o.s 

I 
I 

L - _ _ _ _ _  - - - - -�= �-��o�·- - _ _ _ _ _ _ _ _ _ _ _ _  - - �s.:. � �c _ _ _ _ _ _ _ _ _ _ J .!27�sg;o_g_ _ J 

DOTTED ll HES 8/!l_O�E COMPONENTS 
ON P R I NTEii {;I RCU I T  BOARDS OR 
OnER &18-ASSEHBLI ES { EXCEPT 
AS .'iOTED) 
All CAPACITORS ARE IN HFD. EXCEPT AS NOTED. 

ENG.  R E F. - TO AOO AUOIO, OSl  SHOULO BE CLIPPED 
OUT I THIRO BUFFER AOOED. 

6= Q101 & Q I 02-FOR GERMAN I U�� VERSION USE 2N1908 S.� 1 87A6731102, W I TH D I ODES 0\01 & 0104, 
I H9 1 S.� 18 2A881KOLI ON 80, STYLES 606B530G01 TO 005, 
FOR S I L I CON VERSION USE 2H379 2 S'r 187A673K161 \'/ I T K DIODES 0102 & 0104, 
IN4818 Stt 18RA342H06 ON Rfl, SlYLI::': I)Q6R530t'.()P; TO G12, 

[4 FREq. 
30·50 KHZ 
50. 5-75 lHt n. s-ioo KHZ ioo.s-iso KHZ 

i51J.5-3JO KHZ 

� :  MOUNTED ON lARGE HEAT S I NKS {MATCHED PAll ¢:. yj -: 2.. 03 TO 2.3) MHZ 
Y2 - 2.00 tcHZ 

C103 & ClOt 
0.�7 NFD. 
0 . 22 HFD. 
o,is  NFO.. 
Q , jg MFD 
Q.OIO' MFO.. 

!lJ = T H I S  OIOOE IS REMOVED FOR VOICE APPLICATI D..NS. 

]_ !  

il ;, I I 
i.!_ � 

(AS VIE1 

Fig. 2 Internal Schematic of Type TCF 1 Wo 
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I.L. 41 -945.14C 

OtJTPUT fll TER 

fL102 
l r� u 

1: 
- - - -,;j---6 �TP�O� 

- - -I: r . 
.___ T

3 
I 

L102 L10 3 c - - - -

LOAD -� 50 Olit.!S 
60 ��4S 
70 OHMS 

J2 
� 
TRANSMITi 

I 010 1 3 � CI031 � 1 ���t�' I ry4�� n - : 

f<�u � l :.. ·�· '" �. " i  ' . II&" : " , '] �· I I� 7�TP
I
0

9 L 105 , J I0 2  I 

1 1 �5;,; 1 Jt-D
TP1o 2 1 ' I H 2999A 

11t _ r;; (-:;-ooo ' j_1 
� '4 I 

J1 Ll l Ill ( _{foco 1 ' <>--":'--''-/' 

"'� C10 1 r, I 

' 
. , ' ' 

- �  ' 

,.. d... ' � ' 
"' � �� � ��� e �  , I 

OUTPUT ��IL; D]f2 6 �0TP103 : 1�=====-----====== 1 11 _..,.,t-:�;;:;:-r-+-l.-l--_j 
l-<!1 JQ.......,l�) fY ' ogz I 

1 
0 103 � s I 

I I H538 19 �n ����3<1--""'-="'1,'>>-t---____; : 
- - - - - - ��H�B� - - - - - - - --, j,...--?' TO OSC. 

BOARD 

: C102 v 14 - f I r----- Q" I 
il'4316 l  

1 �25 1l l'l Ct041 I
I � I R 200 

1 1 � . R1'J7 h ;;; o uo1 

I � , i 1.;3 1  
�.7K '" 

I o�4 ),_T?to I 1---f------......11�12 j:.V5 R2B 
L_ u 

--<_!<;:->"[ I S !  
- - � -� ----- - - W ...!.o§..!.I&_ � _...J I l l !:/' ).26 -<-j-.�� 221 

--------------+-------1�-lJJr_-
--'1

-------<c���.J)-"l:'z':..J _* ' � "'.'!" 

llS Y.D.C. 

I 
"" � r---1 1 .5K '� • �t-_Li<!---.d-f 

: .. �i"';:_ �tii �;; 
1 ,. 
I 
I 
I 
I 

I 
" ' -'>I'> 

022 I 
2�s99 1 

I 
I 
I 
I 
I 
I 
I 

jJ .------'-<..It 
__/I, 
1 'I 

I 

,---<� 
l 

: l. 
-.--,-�t--ll-t1-t---<-�:�•o_______________ : ----------------1--� L 

I 

-·--t---lrt---__..-11-1-_j_-�:_:= - - - - - - - - - - - §-���·- - _I 
J3 r- , 

I 

" 

�==--t-----------l!-�101 20 VOC KEYING} 
' � I OUTPUT POWER '-------+---------====1"' 8 1 1 25 VOC  LEVEL SHIFT OHLl 

f=====t=t=t=======-----t-----------l'�
l>1 1 J 

48 VOC 

I USED WITH VOICE!  

-�-----��t----l=ft����������========���:;::��! •:! POS. D. C. INPUT 

3 II 5 6 
I I I 1 

L iQ. .ii .i2 
is i6 i1 ;8 
I I I 1 

. � 2!_ 2!_ g!_ 
--

·<ED FllO. RLIR OF PAin) 

===----+----====�=£=� 181 AUDIO ( FUTURE ) 
-r» "I 20 voc } 
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I N STA L L A TI O N  
Westinghouse I.L. 41 -945.54B 

• OPE R A T I O N  • M A I N TEN A N CE 

I N S T R U C T I O N S  
TYPE TCF POWERLINE CARRI ER RECEIVER 

EQUI PMENT FOR MULTI-STATION 

SUPERVISORY CONTROL 

CAUTION: It  is recommended that the user of this 
equipm ent become thoroughly acquaint­
ed with the information in this instruc­
tion leaflet before energizing the 
carrier assembly. Failure to obs erve 
this precaution may result in damage 
to the equipment. 

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

A P P L I C A T I O N  

In multi-station supervisory control operation, . ·a  
common channel and a common set of equipment at 
the master station are used for two or more remot e 
stations, whereas in single-station operation a 
separate channel an d separate set of equipm ent are 
used at the master station for each remote station .  

The TCF power line carrier rec eiver is a wide band 
frequency shift receiver used in an ON-OFF mode 
for multi-station supervisory control systems . A 
receiver designed for frequency-shift operation 
used in an ON-OFF mode will p rovide better noise 
rej ection than a receiver designed with AM demodu­
lation. The TCF receiver described should then be 
considered where high line attenuation results in 
a low signal-to-noise ratio. 

The range of channel frequencies for which the TCF 
receiver can be supplied is 30 to 3 00 kHz in 0 . 5  kHz 
steps . The transmitter signal is 1 00 hertz below 
the channel center frequency, corresponding to the 
Trip frequency used for frequency shift transfer­
trip relayi ng applications .  Reception of this sign al 
causes op eration of a mercury-wetted contact relay 
in the TCF receiver. 

C O N S T R U C T  I O N  

The TCF receiver unit for multi-station supervisory 
control applications is mounted on a standard 19  

inch wide  p anel 1 0Yz inche s  high ( 6  rack units )  
with edge slots for mounting o n  a standard relay 
rack . All c omponents are mounted at the rear of  
the  panel . Fuse s ,  a pilot light, a power switch, 
an input attenuator, and a j ack for metering th e 
discriminator output current are accessibl e from the 
front of the panel . Refer to Fig .  3.  

All of the circuitry that is suitable for mounting on 
printed circuit boards is contained in an enclosure 
that proj ects from the rear of the p anel and is ac­
cessible by opening a hinged door on the fron t of 
the panel . Other components on the rear of the 
panel are located as shown on Fig. 4. Reference 
to  the internal schematic connections on Fig .  1 
will show the location of these components in the 
circuit. 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 p rinted circuit 
boards is divided into seven compartments. The 
p artitions b etween compartments together with the 
outer walls of  the enclosure provide complete 
shielding between adj acent boards and from external 
fields. 

TCF receivers for transfer trip relaying require a 
logic circuit board and m ay require a carrier l evel 
indicator circuit board , which are contained in the 
third-from-right and right-hand compart ments respec­
tively. These are not required for this TCF receiver 
for supervisory control and the compartments are 
vacant. 

The p rinted circuit boards slide into position in 
slotted guides at the top and bottom of each com-

A ll possible contingencies which may arise during 
insta!fation,  operation .  or maintenance, and all 
details and variations of this equipment do not 
purport to he covered by these instructions. If 
fimher inlormation is desired by purchaser re­.garding /;is particular installation, operation or 
maintenance ol his equipment .  the local West­
inghouse Electric Corporation representative 
should he contacted. 

SUPERSEDES I.L. 41-945.54A, DATED OCTOBER 1970 
0 DENOTES CHANGES FROM SUPERSEDED COPY 
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TY P E  TCF POW E R  L I N E  CA R R I E R  R E C E I V E R  E QU I PM E N T  
F O R  M U L T I -STA T ION S U P E R V I S O R Y  CONTROL 

partment, and the board terminals  engage a termin al 
block at the rear of the compartment. Each board 
and terminal block is k eyed so that if a board is 
placed in the wrong compartment , it cannot be in­
serted into the t erminal block . A handle on the 
front of each board is l ab eled to identify its function 
in the circuit .  

A board extender (Style No. 644B3 15G0 1 )  is avail­
able for facilitating circuit voltage measurements 

or  major adjustments .  After withdrawing any one of 
the circuit boards,  the extender is  inserted in that 
comp artment.  The board then is inserted into the 
terminal block on the front of the extender. This 
restores all circuit connection s ,  and all components 
and test points on the board are readily accessible .  

A portion of t h e  receiver operat e s  from a regulated 
20 VDC supply, and the remainder from a regulated 
45 VDC supply. These voltages are tak en from two 
z ener diodes mounted on a common heat sink.  
Variation of the resistance value b etween the posi­
tive side of the unregulated DC supply and the 45 
volt zener adapt the receiver for operation on 48 ,  
1 2 5  or  250 VDC. 

External connections to the receiver are made 
through a 24 circuit rec eptacl e ,  J3 on Fig. 1. The 
r-f input connection to the receiver is made through 
a coaxial cable jack , J2 .  

O P E R A T I O N 

I nput Control 

The signals to which the TCF rec eiver responds 
are received through a coaxial cable connected to 
j ack J2 of Fig. 1 .  Resistor R4 and 2 0-volt Z ener 
diodes CR1 and CR2 protect the rec eiver from 
abnormally high voltage s received through the co­
axial cable.  Input attenuator R5 reduces the signal 
to a level suitable for best  operation of the receiver. 
The attenuator is  adj ustable from the front of the 
panel and c an be clamped at the desired setting.  
A scal e  on the panel is  graduat ed in db . While this 
scal e  is  typical rather than individually calibrated,  
it is accurate within one or  t wo db, and i s  useful 
in setting approximate levels. Settings should b e  
made b y  observation of the db . scal e  o f  a suitable 
a-c voltmeter when possible.  

Input F i l ter 

From the attenuator ,  the signal passes through the 
input filter, FL-20 1 ,  which has a selectivity char-

2 

acteristic as shown in Fig.  2. The input filter 
rej ects undesired signal s  while accepting a wide 
enough band of frequencies to assure fast operation . 
A 1 / 1  ratio toroidal-core transformer mounted e x­
ternally on the filter isolates the filter output from 
ground. 

Osci l l ator and Mixer 

From the crystal filter ,  the signal enters the oscil­

lator and mixer stage of the receiver. Crystal Y 1 1 , 
transistors Q 1 2  an d Q 1 3 ,  and their ass ociated re­
sistors and capacitors ,  comprise a crystal-con­
troll ed oscilator that operates at a frequency 20 KC 
above the channel frequency,  fc . Th e output from 
this local oscillator is fed through transformer 
T 1 1  to potentiometer R1 2 ,  and the latter is adj usted 
to feed a suitable input to the base of  mixer tran­
sistor Q 1 1 .  The output of FL 1 is impressed on the 
emitter-collector circuit of  Q1 1 .  As the result of 
mixing these two frequencie s ,  the primary of trans­
former T 1 2  will contain frequencies of 20 kHz ,  
2fc + 2 0  kHz, f c  and fc + 2 0  kHz. The fc + 20 kH z 
freque ncy predominates ,  but there is appreciable 
attenuation of the higher frequencies in passing 
through transformer T 1 2 . 

1- F Amp l i fier 

The output from the secondary of T 1 2  i s  amplified 
by Q3 1 ,  in the intermediate frequ ency amplifier 
stage, and is impressed on filter FL2 .  This i s  a 
two-section filter, with both filters contained in 
a common cas e .  I ts pass band i s  centered at 2 0 kHz , 
and it eliminates t he frequencies present at it s 
input that are substantially higher t han 2 0  kHz. 

Amp l i fier and L i miter 

The output from the second section of the IF ampli­
fier stage is fed to pot entiom eter R5 2 at the input 
of the amplifier and l imiter stage .  Sufficient input 
is tak en from R52 so that with minimum input signal 
( 5  mv. ) at J2 and with R5 set for z ero attenuation, 
satisfactory amplitude limiting will b e. obtained at 
the o utput of the limiter stage.  

Di scr iminator 

The output of the limiter stage is fed to the dis­
criminator. The discriminator is  the same as that 
used in the two-frequency TCF receivers, although 
in thi s application th e input to the re ceiver is  
either zero or  Trip frequ ency. As is shown in  Fig .  2 ,  
the discriminator will have output only at or  n e ar 
Trip frequency, and this characteristic greatly 
increases the frequency selectivity of the receiver . 
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TY P E  TC F POW E R  L I N E  CA R R I E R  R E C E IV E R  E Q U I PM E N T  
FOR MU LTI-STATI ON S U P E RV I S O R Y  CONTROL 

The discriminator is adjusted at the factory to have 
zero output (as measured by a milliammeter inserted 
in the circuit at j ack J 1 ) at fc hertz. The adjust­
ment for zero output at fc hertz is made by capaci­
tor C88. C83 also is adj usted to obtain a maximum 
voltage readmilg across R84 when the current output 
is zero. Maximum current output , of opposite polari­
ties,  will be obtained when the frequency is 100 
hertz above or below the zero output frequ ency. 
This s eparation of 200 hertz between the current 
peak s  is affected by the value of C86 ( th e  actual 
value of which m ay  be changed slightly from its 
typical value in factory calibration if required). 
It should be observed that although the higher signal 
frequency i s  fc + 100  hertz ,  after leaving the 
m ixer stage  an d  as seen by the discriminator the 
corresponding frequ ency is 20 kHz - 100 h ertz. 
Simil arly ,  the lower signal frequency i s  converted 
to 20 k H z  + 100 hertz. 

The discriminator output is conn ected to the bases 
of transistors Q8 1 and Q8 2 in such manner that Q8 2 
is made conductive when current flows out of termi­
nal 4 ( which occurs with Trip output) and Q8 1 is 
made conductive when current flows into terminal 
4 .  Consequently, terminal 1 5  is at a potential of 
approximately +20 volts  at Guard frequency and 
terminal 1 1  is  at +20 volts at Trip frequency. In 
this application, of  course, no connection is m ade 
to terminal 15 . 

Output Ci rcuit Board 

Terminal 1 1  of the discriminator circuit board i s  
connected to  terminal 8 o f  the output circuit board. 
Transistor Q10 1 amplifies the input received from 
the discriminator when the receiver has Trip input, 
and energizes relay HG. The contacts of this relay 
are the mercury-wetted typ e ,  which assures bounce­
less operation. Diode C R 1 0  1 is connected across 
the coil of relay HG so that a high voltage will not 
be induced across the coil terminals when it is 
de-energized, as this might damage t ransistor Q10 1 .  

I t  should be  noted that relay H G  has Form D con­
tacts,  and only the normally-open or the normally­
closed contacts should be used unless there is no 
obj ection to having both contacts momentarily 
closed simultaneously when the relay is energized 
or de-energized. Also, for protection of the HG 
relay contacts, the external device controlled 
should contain series resistance and capacitance  
(of values suitable for the  load voltage and current) 
across the terminal s that are externally connected 
to the HG relay terminals. With such protection, 

I.L. 41-945.548 

the HG contacts have m aximum ratings o f  2 amperes, 
500 volts ,  and 100 volt-amperes. The HG relay 
will pick up at approximately 20 volts. 

Power Supp l y  

Th e regul ated 20 VDC and 45 VDC circuits o f  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 conn ected 
between the station battery supply and the 4 5  volt 
zener to adapt the receiver for use on 4 8 ,  125  or 
250 VDC battery circuits. The receiver is connected 
to the external supply through a switch and fuses,  
and a pilot light indicates whether the DC circuits 
are energized. Capacitors C 1  an d C 2  bypass r-f­
or transient voltages to ground. 

C H A R A C T E R I S T I C S  

Frequency range 

Sensitivity (on­
off operation) 

Input Impedanc e 

Bandwidth ( input 
filter) 

Bandwidth (i-f 
filter) 

Discriminator 

Operating Time 

* Frequency spacing 

0 Ambient temperature 

ran ge 

Battery voltage 
variations 
Rated  Voltage 

48 VDC 
125 VDC 
250 VDC 
Battery drain 

30 - 300 kHz 

0. 044 volt ( 5 5  db below 10 
watts for limiting) 

5 000 ohms minimum 

down <3 db at ±850 hertz 
down >28 db at ±2000 hertz 

down <3 db at ±250 hertz 
down >36 db at ± 1000 h ertz 

Set for zero output at chan­
nel center frequency and 
for max. outputs at 100 
hertz above and below 
center fre quency. (See 
Fig. 2) 

7 m s  channel ( transm. and 
recvr . )  

1 .5 kHz Adjacent receiver 

3 kHz Adj acent transmitter 

-200C to + 55oC temperature 

around chassis. 

Allowable variation 
4 2 - 56 VDC 

105 - 140 VDC 
2 10 - 280 VDC 
0 . 20 a. at 48 VDC 
0 . 2 7  a. at 125 or 250 VDC 
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T Y P E  T C F  POW E R  L I N E  CA RR I E R  R E C E IV E R  E Q U I PME N T  
F O R  M U L T I -STATI ON S U P E RV I S O R Y  CON T R O L  

Dimensions 

Weight 

Panel h eight - 10Yz''  or  
6 r .u .  
Panel width - 1 9 " 

1 3  lbs.  

* Max. Keying Rate 40 pul ses per sec.  

I N S T A L L A T I O N  

The TCF rec eiver is generally supplied in a cabinet 
or  on a relay rack as part of  a complet e  carrier 
assembly. The location must be free from dust, 
excessive humidity, vibration , corrosive fumes,  
or heat. The maximum ambient temp erature around 
the chassis must not exceed 60°C. 

A D J U S T M E N T S  

All factory adjustments of the TCF receiver h av e  
been carefully made and should not b e  altered 
unless there i s  evidence of damage or malfunc­
tioning. Such adjustments are :  frequency and output 
level of the oscillator and mixer; input to the ampli­
fier and limiter; frequency spacing and m agnitude 
of discriminator output peaks.  

After the  receiver has  been installed, the  input 
attenuator R5 must be set for the desired operating 
margin. The receiver should not be set with a 
greater m argin of sensitivity than is needed to 
assure c orrect operation with the maximum expected 
variation in attenuation of the transmitter s ignal. 
In the absence of dat a  on this. the receiver may b e  
set t o  operate o n  a signal that i s  15 d b  below the 
expected m aximum signal . After installation of  the 
receiver and the corresponding transmitter, and 
with a normal signal being received, input attenu­
ator R5 should be adjusted to the position at which 
the output relay drops out .  R5 then should b e  re­
adjusted to increase the voltage supplied to the 
receiver by 15 db . The scale m:t rkings for R5 permit 
an approximate setting to be  made but it is  pre­
ferable to mak e  this setting by m eans of the db 
scales of an a-c VTVM connected from ground to 
the sliding contact of R5 . 

In case factory adjustments have been accidently 
disturbed or  components have been replaced, it 
may be" necessary to readjust the oscil lator and 
mixer, the limiter,  or the d iscriminator, and pro­
c edures for these adjustments are described in the 
following paragraphs. 

Potentiometer R12 in the oscillator and mixer should 
be set for 0 . 3  volt, measured with an a-c VTVM 
connected between TP 1 1  and terminal 18 on the 

4 

circuit board ( ground terminal of voltmeter).  A 
frequency counter can be connected to the s am e  
points for a check o n  t h e  frequency, which should 
be 20kHz above the channel frequency. The frequency 
is fixed by the crystal used,  except  that i.t may 

b e  change d a few hertz by the value of capacitor 
C 1 2. Reducing C 1 2  increases the frequency, but 
the capacity should never be less than a v alue that 
insures reliable starting of oscillation. The fre­
quency at room temp erature is usually several 
cycles above the crystal nominal frequency as this 
reduces the frequency deviation at the temp erature 
extremes. 

The adjustment of the amplifier and limiter is made 
by potentiometer R52 .  An o scilloscope should be 
connected from the base of transistor Q54 to termi­
nal 18  of the limiter. With 44  mv.of signal frequency 
on the receiver input ( R5 at zero) , R52  should b e  
adjusted t o  the point where the peak s  of  the oscillo­
s cope trace begin to flatten. This should appear 

on the upper and lower peaks at approximately the 
same setting. The R5 2 adjusting screw then should 
be turned one turn farther in the direction to pro­
duce limiting. 

Adjustment of the discriminator is made by capa­
citors C83 and C88 .  Apply to the receiver input a 
44 mv. signal t aken from an oscillator set at the 
c enter frequency of the channel. (R5 at zero . )  Con­
n ect a 1 . 5-0- 1 . 5  milliameter in the circuit at J1 and 
a VTVM across R84. Adjust C88 for zero current 
in the milliammeter and C83 for maximum voltage 
across R84, rechecking the adjustments alternately 
until no further change is observed. Remove the 
VTVM from across R84 and observe the milliameter 
reading as the oscillator frequency is varied Posi­
tive and negative p eaks should occur at 100 hertz 
above and below center frequency 

M A I N T E N A N C E  

P eriodic checks of the received carrier sign al and 
the rec eiver sensitivity will detect gradual de­
t erioration and permit its correction before failure 
c an result. An overall check can be made with the 
attenuation control T5. A change in operating margin 
from the original setting can be detected by ob­
serving the change in the dial setting required to 
drop out the alarm relay.  If there  is a substantial 
reduction in margin, the signal voltage at the re­
ceiver input should be  checked to see whether the 
reduction is due to loss of signal or loss of  re­
recei ver sensitivity. 
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T Y P E  TC F POW E R  L I N E  CAR R I E R  R E C E IV E R  E Q U I P M E N T  
F O R  MU LTI-STATI ON S U P E RV I S O R Y  C O N T R O L  

boards are accessible when the door  on the front 
of the p anel is opened. (An offset screwdriver would 
be required for adjusting R 1 2 . )  However as de· 

scribed under "CONSTRUCTION , "  any board m ay 
be made entirely accessible while permitting elec· 
trical operation by using board extender Style No.  
622B3 15GO 1 .  This permits attaching instrument 
leads to the various test points or terminals when 
making voltage , oscilloscope or frequency check s .  

I t  i s  advisable t o  record voltage values after ad· 
justment in order to establish reference values which 
will be useful when checking the apparatus. The 
readings will remain fairly constant over an in· 
definite p eriod unless  a failure occurs. However, if 
transistors are changed, there may be considerable 
difference in these  readings without the overall 
p erformance being affected .  

Typical voltage values are given in  the  following 
tables. Voltages should be  m easured with a VTVM. 
Som e  readings m ay vary as much as ±20%. 

T A B L E 

R EC E I V E R  D-C M EASU R EM E N TS 

Note : All voltage readings taken with ground of 
d·c VTVM on terminal 18 ( +20v . ) .  Receiver adj.usted 
for 15 db operating m argin with input signal down 
40 db from 1 0  watts .  Unless otherwise indicated, 
voltage will not vary appreciably whether signal 
is on or off. 

Col lector of Volt s 
Transi stor (-) 

Ql l . 2 0  
Q 1 2  1 4 .5 (No signal) 
Q1 2 1 4 . 0  (Trip signal) 
Q 13 1 7 .0 (No signal) 
Q1 3 1 5 . 0  (Trip signal) 
Q3 1 1 8 . 5  
Q32 1 8 . 5  
Q 5 1  8 .4 
Q52 1 3 .5  
Q53 4 . 4  
Q54 1 8  
Q82 and Q1 0 1  2 0 (No signal) 
Q82 and Q1 0 1  < 0 . 5  ( Trip signal) 

I.L. 41-945.548 

T A B L E  I I  

R E C E I V E R  R-F ME ASUREMENTS 

Col lector of Volts 
Trans istor (fc - 1 00 cy.) 

Q32 . 25 

Q5 1  .3  

Q5 2  . 4  

Q53  2 . 1  
Q54 4 .8 

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

I .  Minimum Test E qu ipment for Instal lation 

a. A-C Vacuum Tube Voltmeter (VTVM).  Volt­
age range 0 .003 to 3 0  volts , frequency 
range 60 hertz to 330 kHz, input im­
pedance 7 . 5  megohms . 

b .  D-C Vacuum Tube Voltmeter ( VTVM). Voltage 
range 1 .5 to 3 00 volt s ,  Input Impedance 
7 .5  m egohms. 

I I .  Des irable Test E quipment for Apparatus Main­
tenance 

a. All item s 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 

g. Milliameter 0-1 . 5  or preferable 1 .5-0- 1 .5 
range , for checking discriminator. 

Some of the functions fo 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 E W A L  P A R T S  

Repair work can b e  done most satisfactorily at 
the factory. However ,  replacement parts can be 
furnished , in most c ases,  to customers who are 
equipped for doing repair work. When ordering parts, 
always give the complete nameplate data and identi.­

fy the part by its designation on the Internal Sche­
matic drawing. 
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T Y P E  TC F POW E R  L I N E  CA R R I E R  R E C E I V E R  EQU I PM EN T  
F O R  M U L T I -S TAT I ON SU P E RVISORY CON T R O L  
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0 Fig. 2. Filter and Discriminator Characteristics of the TCF Receiver. 
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I.L. 41-945.548 

D 
P RINTED C I R C U I T  BOARDS 

F L·201  

REAR V IEW 

644B 101  

Fig. 4 .  Component Locations on the Type TCF Receiver Panel. 
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F O R  M U L T I -STATION S U P E RVISORY CON T R O L  I.L. 41-945.548 
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0 Fig. 7. Component Locations on Amplifier and Limiter 
Printed Circuit Board. 

0 Fig. 8. Component Locations on Discriminator Printed 
Circuit Board. 
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0 Fig. 9. Component Locations on Output Printed Circuit 
Board. 

1 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  T C F  POW E R  L I N E  C A R R I E R  R E C E I V E R  EQU I PM E N T  
F O R  MU L T I -STATION S U P E RVISORY CON T R O L  
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0 Fig. 10. Component Location 200.5-300kHz Oscillator 
and Mixer. 
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I N ST A L L A TI O N  
Westinghouse I.L. 41 -945.1 38 

• OPE R A T I O N  • M A I N TE N A N CE 

I N S T R U C T I O N S  
TYPE TCF POWER LINE CARRIER FREQUENCY . 

SHIFT TRANSMITTER EQUI PMENT 1 WATT/ 1 0  WATT 
FOR KEYED AND VOICE APPLICATIONS 

CAUT ION: It is 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 equip­
ment . 

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

A P PL I C A T I O N 

The type TCF carrier transmitter e quipment 
provides for the transmission of either of two closely 
controll ed discrete frequencies , both within a nar­
row-band channel ,  over high-voltage transmission 
lines. The center frequency of the channel can vary 
from 30 to 300 KHz in 0 . 5  KHz steps. The two fre­
quencies transmitted are separated by 200 Hz, 
one being at center frequency (fc)  plus 100 Hz 
and the others at center frequency minus 1 00 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 frequ ency, termed the Trip fre­
quency , is transmitted as a signal that an operation 
( such as tripping a circuit breaker)  should be per­
formed at the receiving end of the line . 

When frequency shift carrier is used in protec­

tive relaying applications, it is recommended that 

the trip fre quency b e  transmitted at a higher power 
l evel to inc rease reliability of the system under 
conditions of abnormally high channel losses or 
line noise . The fre quency 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 el ectro-mechanical relays are use d for 
keying from guard to trip frequ ency, 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 circuits. 
When solid stat e  relays are used, the 20 V D . C .  
voltage used for keying is conn ected to  t h e  low 
voltage input of the buffering keying board. 

C O N S T R U C T I O N  

The 1 watt/ 1 0  watt TCF t ransmitter unit is 
mount ed on a standard 19-inch wide panel 1 21Ji 
inches ( 7  rack units) high with edge slots for 
mounting on a standard relay rack.  All components 
are mounted on the rear of the panel .  Fuses ,  a pilot 
light , a power switch and a jack for metering the 
amplifier collector current are accessible from the 
front of  the p anel.  See Fig. 5 .  All  of the circuitry 
that is suitable for printed circuit board mounting is 
on two such boards,  as shown in Fig. 2 .  The com­
ponents mount ed on each printed circuit board or  
other sub-as sembly are shown enclosed by dotted 
line s on the internal schematic. Fig. 1 .  The loca­
tion of components on the two printed circuit boards 
are shown on separat e illustrations, Fig.  3 & 4 .  

External connections t o  the assembly are made 
through a 18 -circuit receptac le,  J3 .  The r . f .  output 
connection to the ass embly is made through a coax­
ial cable jack , J 2 .  

O P E R A T I O N  

The transmitter is made up of four m ain stages 
and two filters. The stages  include two crystal 
oscillators operating at frequencies that differ by 
the desired channel fre qu ency, a mixer and buffer 

A II possible contingencies which may arise during 
installation,  operation,  or maintenance, and all 
details and variations of this equipmen t do not 
purport to he covered by these instructions. If 
further in/ormation is desired hy purchaser re­
garding his particular installation.  operation or 
maintenance of' his equipmen t. the local West­
inghouse Electric Corporation representative 
should he contacted. 

SUPERSEDES I.L. 41 -945.1 3A, DATED MARCH 1 974 
0 DENOTES CHANGE FROM SUPERSEDED ISSUE. EFFECTIVE JULY 1 978 www . 
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T Y P E  T C F  POW E R  L I N E  CARR I E R  FR E Q U E N C Y--------------------------

amplifier, a driver stage and a power amplifier .  One 
filter is located between the driver and the power 

0 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 oscil­
lat e away from its natural frequency by as much as 
± 1 00 Hz.  In order to obtain this desired frequency 
shift , it is nec e s sary to use crystals in the 2 MHz 
rang e .  The crystals are Y1 and Y2 of Fig. 1 .  The 
frequ ency of Y2 is 2 . 00 MHz wh en operated with 
a specified amount of series capacity, and th e 
frequ ency of Y1 is 2 . 00 MHz plus the  channel 
frequency , or 2 .03 MHz. Capacitor C55 and crystal 
Y2 in series are conn ected betwe en 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 h eld at 
approximately 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 capaci tor , C55.  Increasing C55 
will lower the frequency of oscillations and reducing 
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 adj ustment of C52 this circuit 
is made to oscillate at 100 Hz above its marked 
frequency. Capacitor C53 is not effective until 
05 1 is biased i n  the forward direction and be­

comes conductive. It is biased in the reverse 
direction until the relay control contact is c losed, 
which plac es 45 V. D . C .  at terminal 3 of the printed 
circuit board. With D51 conducting,  C53 is ef­
fectively in paral lel with C52 ,  and adj ustment of  
C53 will reduce the  frequ ency by 200  Hz.  Th e 
crystals taken individually have a greater variation 
of frequency with temperature than would be accept­
abl e. However, by proper matching of the two 
crystals,  the variation in their differen c e  frequency 
can be k ept within limits that permit holding the 
frequ ency stability of the overall transmitter to ± 1 0  
Hz over a t emperature range o f  - 2 0  t o  ± 60°C .  

The frequencies produced b y  the two os cillators 
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 n egligibl e amount appears 
on the secondary of transformer T5 1 ,  but the dif­
ferenc e  frequency is accepted and amplified by 
Q53 and Q54 .  

2 

When the relay control ,  or keying,  contact is  
closed ,  i t  increases the  output power from 1 watt to  
1 0  watts as  well as  changing the frequ ency from 
Guard to Trip . This is effected by reducing the 
emitt er resistanc e of buffer-amplifier transistor 
Q54 .  When the keying contact is open , transistor 
Q55 receives no base current and is non-conducting.  
Emitt er resistor R70 therefore is effectively open­
circuited.  The l evel of output power is  adj usted to 
1 watt by means of  R64. When Q55 is m ad e  con­
ductive by closing the k eying contact. R70 is 
placed in parallel with R68 and the amount of emit­
ter 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 ,  
o r  Fig. 2 ,  the voltage for the k eying ciruit is 
obtained from the 45-volt regulated supply in the 
transmitter, and opening the single power switch de­
energizes 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 . Thermistor R73 and 
resistors R74 and R75 are connected to provide a 
variable bias that reduces the effect of varying 
amb ient temperatures on the input level .  

The driver filter, FL 101 ,  consists of a series­
resonant inductor and capacitor connected between 
the driver and power amplifier stages by appropriate 
transforme rs T1 and T2. This filter greatly i m­
proves the waveform of the signal applied to the 
power amplifier .  

The power amplifier  uses two series-con nected 
power transistors, Q l O l  and Ql02, operating as a 
class B push-pull amplifier with single-ended out­
put. Diodes D l Ol and D 1 03 provide protection 
for the base-emitter junctions  of the power transis­
tors.  Zener diodes D 1 05 and D 1 06 protect the 
collector-emitter j unctions 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 FL 102.  The output 
filter includes two trap circuits ( Ll02,  C B and 
L 103 ,  C:C )  which are factory tuned to the second 
and third harmonics of the transmitter frequency . 
Capacitor c0 approximately cancels the inductive 
reactance of the two trap circuits at the operating 
frequency. Protective gap G1 is a small lightning 
arrester to limit the magnitude of switching surges 
or other line disturbanc es reaching the carrier set 
through the line turner and coaxial cable .  Auto-
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transformer T4 mate he s the filter  impedanc e  to 
coaxial cables of  50, 60 , or 70 ohms. 

The series resonant ci rcuit composed of L 1 05 
and CE; is tuned to the transmitter frequency, and 
aids in providing resistive termination for the output 
stage . Jack J02 is mount ed on the rear panel of 
FL 102 and is used for measuring the r . f. o utput 
current of the transmitter into the coaxial cable .  
It should be noted that the filter contains no shunt 
reactive elements , thus providing a reverse imp ed­
anc e  that is free of pos sible "across-the-line" 
resonances.  

The power supply is  a series-type transistorized 
d-e voltage regulator which has a very low stand-by 
current drain when there is no output current demand .  
The Zener diode Z1 holds a constant base-to­
negative voltage on the s eries-connected power 
transistor Q l .  Dep ending on the load current , the 
d-e voltage drop through transistor Ql and resi stors 
R 1 and R2 varies to maint ain a constant output 
voltage . The Zener diode Z2 serve s to protect 
the collector-base junction of Q l  from surge volt­
ages.  Capacitor C 1 provides a low carrier-frequency 
impedanc e across the d-e output voltage.  Capaci­
tors C2 and C3 bypass r. f. or transient voltages to 
ground , thus prevent ing 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 
input from the voice adapter.  Pot entiometer R82 
is  adjusted so that the nominal output of carrier is 
3.  25 watts ( 14 volts across 60 ohms). The voi c e  
input modulates the carrier through t his  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 compon­
ent s. Since with Q55 complet ely non-conducting , 
R64 has been set to produce a 1-watt output, 
maximum modulation on the side to shut off Q55 

0 will not result in an output level of less than 1-watt 
carrier at any time .  Also since th e output level 
has been set at 10 watts with Q5 5 completely 
conducting by the adj ustment of R70, the m ax­
imum modulation on the side of turn on of Q5 5 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 re laying purposes.  

The buffer keying board in addition to providing 
proper buffering ,  also contains logic for the proper 
keying of both frequency and output level in re-

gards to protective relaying operation, voice adapter 
op eration , and 52b contact operation. 

I t  should be remembered that protective relaying 
operation has first priorty. If the protective relay 
operates and puts a voltage input into any of the 
three input points labeled carrier auxiliary keying ,  
the transmitter will both frequency shift to trip 
frequency and full 1 0  watts output whether voic e 
is called for or not .  

The operation o f  the 5 2b contact will remove 
the 1 0  watt k eying output and permit the voic e 
adapter to key to 3. 2 Watts output for AM voic e 
modulation. This allows voice modulation on the 
trip frequency after the 5 2b contact has operated. 

C H A R A C T E R I S T I C S 

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 -
3 . 2  watts voice (into 50 to 70 
ohm resistive load) 

± 1 0  Hz from -2ooc to + 5 5°C . 

T"Y"o-way channel ,  - See Voice 
Adapter Instruction Leaflet .  

Down 55  db (min . )  from output 
level.  

48 or 125  v.d. c .  

4 2- 56v. for nom. 4 8 v .  s upply . 
105- 140v. for nom. 1 25v.  supply. 

0 . 5  a. guard t 
1 .  15a. trip f 
0 .  5 a. guard } 
0. 9 a. trip 

4 rna. 

48 v . d . c .  

1 25 v . d . c .  

- 2 0  to + 60°C . around chassis.  

P an el height - 1 2\4 "  or 7 r . u .  
P anel width - 1 9 "  

1 2  lbs .  
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T Y P E  T C F  P O W E R  LI N E CAR R I E R  F R E Q U EN C Y-------------------------� 

I N S T A L L A T I O N 

The TCF transmitter is generally supplied in a 
cabinet or on a relay rack as part of a complete 
carr ier assembly . The location must be free from 
dust, excessive humidity, vibration , c orrosive 
fume s ,  or heat. The maximum ambient temperature 
around the chassis must not exceed 60°C . 

A D J U S T M E N T S 

The TCF 1 W, ' 10W transmitter is shipped with 
the power output controls R64, R82 and R70,  set 
for outputs of 1 watt ,  3 . 2  watts an d 10 watts into 
a 60 ohm load .  If  it is  desired to check the adj ust­
ments or if repairs have m ade readjustment n eces­
sary, the coaxial c able s hould be disconnected 
from the assembly t ermin als and replaced with a 
50 to 70 ohm non-inductive resistor of at least a 
10 watt rat ing. Use the v alue o f  the  expected 
input impedance of the coaxial c able and lin e 
tuner. If this is not known , ass ume 60 ohm s .  
Connect t h e  T 4  output lead to t h e  corresponding 
t ap .  Connect an a-c vacuum tube voltmeter (VTVM) 
across the load resistor . Turn power output c ontrol 
R64 to minimum ( ful l c ounter-clockwise).  Turn on 
the power switch on the panel and note the d-e 
volt age across t erminals 5 and 7 of J3 .  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 10 5  by loosening the knurled 
shaft-locking nut and moving the adjustable core 
in and out a small am ount from its initi al position . 

Leave it at the point of maximum voltage across 
the load resistor used. Then rotate R64 farther 
clock wise to obtain the correct voltage for 1 watt 
in the load resistor,  as shown in the following 
table.  

0 Then change t o  T r i p  frequency by connecting 
together term inals 2, 3 and 4 of the transmitter printed 
circu it  board (which is approximately equivalent to 
connecting together terminals 7 and 12 of J3), and 
rotate R70 until the voltage across the load resistor 
is as shown i n  the following table for a 10 watt out­
put. Recheck the adj u stment of L105 for maxi m u m  
output voltage a n d  readjust R 7 0  for a 10 watt output 
if  necessary. Tighten the locking nut on L105. Open 
the power switch and remove the j u mper used to kev 
the transmitter to the 10 watt level . Kev for voic� 
by open ing connection between terminals i2 and 7 of 

0 J3. This i s  done by removing handset from telephone 
hook switch of corresponding voice adapter. (Another 
method would be to j u m per terminal 2 to terminal 14 
if  buffer keying board). Turn the power back on. Adjust 
R82 for a 3.2 watt output across the load resistor (14V 

4 

across 60 ohms).  Open the power switch, remove the 
jumper, remove the load resistor, and reconnect the 
coaxial cable circuit to the transmitter. 

T l 0 6  
VOL T A G E  FO R 

TAP 
1 WATT 3. 2 WATTS 1 0  WATTS 

O U T P U T  O UTPUT O U TP U T  

50 7 . 1 1 2 . 7  2 2 . 4  
60 7 . 8  1 4  2 4 . 5  
70 8 . 4  1 5  2 6 . 5  

Follow the procedure outlined i n  t h e  line tuner 
instructions for its adjustment.  

Normally the output filter ( FL 1 0 2 )  will require 
no readj ustment exc ept as noted above.  It is  factory 
tuned for maximum second and third harmonic rejec­
tion, and for series resonance ( maximum output at 
the fundam ental frequency) with a 60-ohm load. A 
small amount of reactance in the transmitter output 
load circuit may be tuned out by readj ustment of the 
movable core of L 10 5 .  This may be necessary with 
some types of line coupling equipment .  Th e adjust­
able cores of L 1 0 2  and L 1 03 have been s et for 
m aximum harmonic rej ection and no change should 
be made in these settings unless suitable instru­
m ents are available for measuring the s ec ond and 
third harmonic present in the  transmitter output . 

The operat ing frequencies of crystals Y 1 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 crystal s ,  
this can b e  done b y  turning t h e  m atched pair 1 80°  
and ins erting a crystal in its proper socket with the 
other crystal unconn ected.  A s e n sitive fre quency 
count er with a range of at le ast  2 . 2  MHz c an be 
connected from TP5 1  to TP5 4 .  ( Connection to 
TP54 rather than to TP 53 provides a better  signal 
to the counter and avoids some error from the effect 
of the counter input capacitance  on the oscillator 
ci rcuit . )  While measurement of the o scillator crystals 
individually is necessary for the initial adjustment 
of the oscillators , general ly any subsequent checks 
m ay be made with a lower range counter conn ected 
at the transmitter output.  If  any minor adjustment of 
the Guard and Trip frequencies should be needed,  
the Guard adj ustm ent  should be made with capacitor 
C52 and the Trip Adjustment with C53 .  

Q56- Q57 B ias  Adjustment 

The push-pull output stages of the tran smitter 
board are normally shipped correctly biased.  If any 
component s  involved in these stages have been 
changed,  then it may be necessary to recheck the 
biasing of this stage. www . 
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Unsolder the lead from t erminal 2 of transformer 
T1 (just above FL 1 0 1 )  and temporarily connect a 
low-range d-e milliamm et er ( 0- 1 . 0  rna) b etween the 
remov ed lead ( +) and T1 t erminal 2 ( - ) .  Turn the 

0 slotted control on the small potentiometer R80 to full 
count erclockwise.  Now,  anply power to the TCF 
carr i er set ,  but do n ot transmit carrier. This can 
b e  don e by removing the c rystal s .  Advan ce the 
potent iometer c lock wi se unt il  the milliammeter 
reads 0 . 2  rna. Turn off the power,  r e move the 
milliammeter,  and solder the lead back on terminal 
2 of T l .  Replace the crystals and ag�in apply 
d- e power to reenergize the transmitter. Check 
output,  etc.  of transmitt er  as previously described.  

M A I N T E N A N C E  

Peri odic checks of the transmitter Guard and 
Trip power outputs will detect  impeding failure so 
that the e quipment can be tak en out of service for 
corr ect ion . At regular maintenan c e  intervals, any 
acc umulat ed dust should be removed,  particularly 
from the heat sinks.  I t  is also desirab le to check 
the transmitter power output at such times,  making 
any neces sary readj ustments to return the equipment 
to its initial settings. 

Voltage values should be recorded after  adj ust­
me nt in orde r to establish referenc e values which 
will b e  useful when checking the apparatus. The 
readings will remain fairly constant ove r  an indef­
inite period unless a failure oc curs. Ho wever, if  
transistors are changed,  there may b e  considerable 
difference in these reading s without the overall 
performance b e ing affected. 

Typical voltage values ar e given in the follow­
ing t ables.  Voltages should be meas ured with a 
VTVM. Readin gs may vary as much as ±20%. 

T A B L E  

T R A N S M I T T E R  D - C M E A S U R E M E N T S  

Note: All voltages are positive with re spect to 
Neg.  45 V .  (TP 5 1 ) . All voltages read with 
d-e VTVM . 

Voltage at Voltage at Voltage at 
Test 1 Watt 10 Watts 3 . 2  Watts 
Point Output Output Output 

( For Voice)  

TP52 20 20 2 0  
TP53 5 . 4  5 . 4  5 . 4  
TP54 3 . 4 3 . 4 3 . 4 
TP 55 2 1  1 8 . 5  -

TP56 2 1  1 8 . 5  -

TP 57 * < 1 . 0  * < 1 . 0  -

TP58 4 4 . 3  44 . 1  -

TP59 * < 1 . 0  * < 1 . 0  -

TP 1 0 1  0 0 -

TP 1 0 3  2 1  ± 2 2 1  ± 2 -

TP 105 4 4 . 3  4 4 . 0  -

T A B L E  I I  

T R A N S M I T T E R R F  M E A S U R E M E N T S  

Not e :  Voltages taken with transmitter set to indi­
cated output across 60 ohms. These voltages 
sub j ect  to variations, dep ending upon fre­
quency and trans i stor characteristics. T5 1-3  = 

Termi nal 3 of transformer T5 1 .  Other trans­
former t erminals i dentifi ed simi larly . All 
read with a-c VTVM. 

Voltage at Voltag e  at Voltage at 
1 watt 10 watts 3 . 2 Watts 

Test P oint Output Output Output 
( For Voi c e )  

T P 5 4  to TP5 1 0 . 0 1 5- 0 . 0 3  0 . 0 1 5- 0 . 0 3  -

TP 57 to TP 5 1  0 .05 - 0 . 09 0 . 3  - 1 . 2  -

TP59 to TP5 1  0 .05 -0 .09 0 . 3  - 1 . 2 -

T 1 - 1  to TP5 1 1 . 65 5 . 6  -

T 1-3 to TP 5 1  1 . 45 4 .9  -

T 1- 4  to Gnd. . 6  2 . 0  -

T2- 1 to Gnd . . 57 1 . 85 -

TP 101  to TP103 5 . 2  1 7 . 0  -

TP1 03 to TP 105 5 . 2  1 7 .0 -

T3-4 to Gnd. 35 1 1 2 -

T4-2 to Gnd .  3 1  1 1 0  -

TP 1 0 9  to Gnd. 9. 8 3 1  -

J l 0 2  to Gnd. 7 . 8  2 4 . 5  1 4  
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O F  T R A N S M I T T E R  F O R  C O N V E R S I O N  

C H A N G E D C H A N N E L  F R E Q U E N C Y  

Th e parts required for c onverting a 1 WI l OW 
TCF transmitt er for operation on a different c hannel 
frequen cy consist of a pair of matched crystals for 
the new channel frequency,  new capacitors C 1 03 and 
C 104  on the power amplifier circuit board if the old 
and new frequencies ar e not in the same frequency 
group ( see table on inte rnal schem atic drawin g)  and , 
in general ,  new or modified  filters FL 1 0 1  and 
FL 1 0 2 .  Inductors L 1 0 1 ,  L 1 0 2  and L 1 0 3 in thes e 
filters are adj ustable over a limited r ange , but 
forty-two combinations of capac itors and in ductors 
are required to cover  the frequency range of 30 
to 300 kHz. The widths of the fre quency groups v ary 
from 1 . 5  kHz at the low end of the channel frequency 
range to 13 kHz at the upper end. A particular 
as sembly can be ad iusted over a s ome what wider 
ran>.;e than the width of its  assigned group sinc e 
some overlap is neces sary to allow for component 
tolerances.  Th e nominal kHz adj ustment ranges of 
the group are :  

3 0 . 0- 3 1 . 5  6 1 .0- 64.0  1 1 3 . 0- 1 1 9 . 5  207. 1- 2 1 4 . 0  
3 2 . 0- 33 . 5  64 . 5- 6 8 . 0  1 20 . 0- 1 2 7 . 0  2 14 . 1 - 2 2 2 . 0  
34 .0-36 . 0 68 . 5- 7 2 . 0  1 2 7 . 5- 1 3 5 . 0  2 22 . 1 - 23 0 . 0  
3 6 .5-3 8 . 5  7 2 . 5 - 7 6 . 0  1 3 5 . 5 - 1 43 .0 230 . 1- 240 . 0  
3 9 . 0-4 1 . 0  7 6 . 5- 8 0 . 0  143 . 5- 1 5 1 . 0 240. 1-250 .0  
4 1 . 5-44 . 0  8 0 . 5  - 8 4 . 5  1 5 1 . 5- 1 59 . 5  250 . 1 - 2 6 2 . 0  
4 4 . 5 -4 7 . 0  85 .0- 8 9 . 0  1 60 . 0- 1 69 . 5  262 . 1 - 2 7 4 . 0  
4 7 . 5- 5 0 . 0  8 9 . 5- 9 4 . 5  1 70 .0- 1 8 0 . 0  2 84 . 1 - 287. 0 
5 0 . 5-5 3 . 5  95 .0- 1 0 0 . 0  1 8 0 . 5- 1 9 1 . 5 287 . 1-300.0  
54 . 0-57 . 0  1 00 . 5 - 1 0 6 . 0  1 92 . 0- 20 0 . 0  
57 .5-60 . 5  1 0 6 . 5- 1 1 2 . 5  200 . 1 - 2 0 7 . 0  

If t h e  n e w  frequency l i e s  wit hin t h e  same fre­
quency group as the original frequency. the filters 
c an be r eadjusted. If  the frequencies are in different 
groups,  it i s  possible that changes only in the fixed 
c ap acitors may be required.  In general, however ,  i t  
is desirable to order complete filter as semblies ad­
j ust ed at the factory for the specified frequency . 

A signal generator. a frequency counter and a 
vacuum tube voltmeter ar e r e quired for readj ustment 
of FL 1 0 1 .  The signal generator and the counter 
should b e  conn ected across terminals 4 and 5 of 
transfor mer T 1 and the vo ltmeter ac ross terminals 
1 and 2 of transfor me r T 2 .  The sign al generator 
should b e  set at the channel c enter frequency and 
at 2 to 3 volts output . The core screw of the small 
in ductor should be turned to the positi on that gives 
a true maximum reading on the VTVM . Turnin g the 

6 

s c re w  to either side of this position s hould def­
initely reduce the reading.  The change in inductance 
with core  position is less  at  either end of  the  travel 
than when near the c enter and cons equently the 
effect of core screw rotation on the VTVM reading 
wil l  b e  less when the reson ant inductance o c curs 
near the end of core t ravel.  

The proc edure for readj ustment of the 2nd and 
3rd harmonic traps of filter  FL 1 0 2 is somewh at 
similar. A signal gen erator and a counter should b e  
conn ected to t e rminals 3 and 4 of transformer T 3 ,  
and a 5 0 0  ohm resistor and a VTVM t o  t h e  terminals 
of protective gap G l . The ground or shield l ead 
of all  instrum ent s should b e  connected t o  the 
grounded terminal of the transformer.  Set the signal 
generator at exactly t wi c e  the channel c enter fre­
quency and at 5 to 1 0  volt s o utput. Turn the core 
screw of the l arge inductor L 1 02 ,  to the position 
t hat gives a definite minimum reading on the VTVM. 
Similarly . with the signal generator set at exactly 
thr e e  times the channel c enter fre quency and 5 to 
10 volt s output ,  set the core screw of the s mall 
inductor . L 103 , to the position that gives a definite 
minimum r eading on the VTVM. Then remove the 
instruments and the 500 ohm resistor. 

After the new pai r  of matched c rystals have 
been adj usted , as described under " ADJUSTMENTS", 
the transmitt er  c an be oper ated wit h  a 5 0  to 70 ohm 
load ( depending on which tap of T4 is used)  con­
nected to its output , and inductor L � 05 c an be read­
j usted for maximum output at the changed c hannel 
frequency by the proc edure described in the s ame 
section. 

If  a frequency- sensitive voltmeter i s  availabl e ,  
t h e  2 n d  and 3 rd harmonic t raps may be adjusted 
without using an oscillator as a sourc e of double 
an d triple the channel frequency. Connect  the fre­
qu e ncy-sensit iv e  voltmeter from TP 1 0 9  to ground 
and adj ust the transmitter for rated output into the 
selected load resistor . Set the voltmet e r  at t wice 
the channel frequency and,  using the tunin g dial and 
db r ange s witch,  obtain a maximum on- scal e  reading 
o f  the 2nd harmonic . Then vary the core position of 
L 1 0 2  until a minimum voltmeter reading is obt ained.  
Similari ly , tune the voltm et er  to the third harmonic 
and adjust 'l1 0 3  for minimum voltmeter readin g .  
Although t he transmitter fre quency will differ from 
the c hann e l  cent e r  frequency by 1 0 0  Hz,  the 
effect of t hi s  differ enc e  on the adj ustment of the 
h armonic traps will b e  n egligible.  I t  should be 
noted that the true magnitude of the harmonics c an­
not be meas ured in this manner b e cause of the pre­
pond erance of the fundamental fre qu ency at the volt-
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met er  te rminals.  A c curat e  meas ur ement of the har­
monics requires use of a filt er between TP 1 0 9  and 
the voltmet er that provides high r ej e ction of the 
fundam ental. The insertion looses of this filter for 
the 2nd and 3rd harmonics must be meas ured and 
tak en into account. 

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

I .  Minimum Test Equipment for Installation . 

a. 60-ohm 1 0-watt non-inductive resistot. 

0 b. A-C vacuum Tube Voltmeter (VTVM) or equiva­

lent. Voltage range 0.003 to 30 volts, frequency 

range 60 hz to 330 kHz; impedance 7.5 megohms. 

O c . D-C Vacuum Tube Voltmeter (VTVM) or equiva­

lent. 

I I .  Desi rabl e  Test Equipment for Apparatus Main­
tance.  
a.  All  items listed in  I .  

b .  Signal Generator 
Output Voltage:  up to 8 volts . 
Frequency Range:  2 0-kHz to 900 kHz 

c .  Osiclloscope 

d. Frequency counter 

e .  O hmmeter 

f. Capacitor checker.  

Some of the func tions of the recommended test 
equipment are combined in the type TCT carrier test 
m eter uni t ,  which is designed to mount on a stan­
dard 1 9 ' '  rack but also can be removed and used as 
a portable unit .  

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However ,  r eplacement p arts can b e  
furn ishe d ,  i n  most cases,  to c ustomers who are 
e quipped for doing repair wor k .  When ordering part s ,  
always gi ve t he c omplete name plate data and 
identify the part by its designation on the Internal 
Schematic drawing.  
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ELECTR ICAL PARTS LIST 

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

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

CAPACITORS 

C1 Oil-fille d ;  0.45 mfd . ;  330 V . A . C .  1 723 4 08 
C 2  Oil-fille d ;  0 . 5  mfd . ; 1 50 0  V . D . C .  1 877962 
C3 Oil-filled ; 0 . 5  mfd . ; 1 5 00 V . D .C .  1 877962 

Buffer C 1 ,  C2,  C3 Metallized P ape r ,  0.4 7 mfd . ;  849A4 3 7H 04 
C 2 1  Metallized Paper ,  . 0 4  7 mfd . ; 84 9A43 7H04 
C5 1 Dur-Mic a ,  1500  pf. , 500 V . D . C .  762A757H03 
C52 Variable , 5 . 5 -1 8 pf. 879A834H01  
C53 variable , 5 . 5 - 1 8  pf. 879A834H01 
C54 Metallized paper ,  . 1  mfd . ; 200 V . D . C .  1 8 7A624 H0 1 
C55 Variable , 5 . 5- 1 8  pf.  879A834H01 0 
C56 Dur-Mica ,  2000 pf. ; 500 V . D. C .  1 8 7A584H01 
C57 D ur-Mic a,  2000 pf. ; 500 V . D . C .  1 8 7A5 84H0 1 
C58 Met allized pape r ,  0 . 25 mfd . ; 2 0 0  V . D . C .  1 8 7A624H02 
C59 Dur-Mic a ,  1 0 0  pf. , 500 V . D . C .  762A7 57H0 1 
C60 D ur-Mic a ,  1 00 p f . ,  500 V . D . C .  762A75 7H0 1 
C 6 1  Metallized pape r ,  0 . 25 mfd . ; 2 0 0  V . D . C .  1 87A624H02 
C62 Dur-Mic a ,  4700 pf. , 500  V . D . C .  762A75 7H04 
C63 Dur-Mic a ,  1 0 0 0  pf. , 5 00 V . D . C .  762A75 7H02 
C64 Metallized pape r ,  0 . 25  mfd . ; 2 0 0  V . D .C . 1 8 7A624H02 
C65 Met allized p aper , 0 . 25 mfd . ; 200 V . D . C . 1 8 7A624H02 
C66 Metallized pape r ,  0.25 mfd . ;  2 0 0  V . D . C .  1 8 7A624H02 
C67 Met allized pape r ,  0 . 25 mfd . ;  200 V . D . C .  1 8 7A624H02 
C68 Metallized paper ,  0 . 5  mfd . ;  2 0 0  V . D . C .  1 87A624H03 
C69 Met allized pape r ,  0 . 25 mfd . ,  200 V . D .C . 1 87A624H02 
C70 Dur-Mica,  3 00 pf,  500 V . D . C .  1 87A5 84 H09 
C 7 1  3 pf , 86 1A84 6H03 
C72 3 pf, 8 6 1 A84 6H03 
C 73 3 pf , 8 6 1 A846H03 
C74 Metallized paper ,  1 . 0 mf , 2 00 V . D . C .  1 8 7A624 H04 
C 75 Metal li zed paper ,  0 . 5  mf, 2 00 V . D . C .  1 8 7A624H03 
C76 Metallized paper ,  0 . 0 1  mf , 2 00 V . D . C .  7 64A2 7 8H 1 0  
C77 0 .4 7  mfd, 1 88A669H0 1 
C 1 0 1  Metallized pape r ,  0 . 2 5  mfd , ;  2 00 V .D . C .  1 87A624H02 
C 1 02 Metallized pape r ,  0 .25  mfd . ;  2 0 0  V . D . C .  1 87A624H02 

C 1 03 & C 1 04 (3 0-5 0 KC) - Extended foil , 0 .4 '7  mfd . ;  4 00 V . D . C .  1 88A293H01 
C 1 03 & C 1 04 ( 5 0 . 5 -75 KC ) - Extended foil ,  0 . 2 2  mfd . ;  4 0 0  V . D . C .  1 8 8A293H02 
C 1 03 & C 1 04 (75 .5  - 1 0 0  KC ) - Extended foil ,  0 . 1 5  mfd . ,  4 0 0  V . D . C .  1 88A293H03 
C 1 03 & C 1 04 ( 1 00 . 5  - 1 5 0  KC ) - Extended foil ,  0 . 1 0  mfd . ,  400 V . D . C .  1 8 8A293H04 
C 1 03 & C 1 04 ( 1 5 0 .5  - 3 0 0  KC ) - Extended foil ,  0 . 04 '7  mfd . ;  4 00 V . D . C .  1 8 8A 2 93 H05 

D IODES - GENE RAL PURPOSE 

D 1 1  1 N645A 83 7A692H03 
D 1 2  1 N645A 83 7A692H03 
D 1 3  1 N4 82 2  1 88A3 4 2 H 1 1 
D 1 4  1 N4 8 2 2  1 88A3 4 2 H l l 
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E LECTR ICAL PARTS L I ST 

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

W E S T I N GHOUSE 

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

D IO D E S  - G E N E R AL P U R PO S E  

D 1 5  1 N4822 1 88A34 2Hl 1 
D 1 6  1 N4 8 2 2  1 88A342H 1 1  
D 2 1  1 N645A 83 7A692H03 
D22 1 N4822 1 88A34 2 H 1 1 
D 23 1 N4822 1 88A3 4 2 H 1 1 
D 24 1 N4822 1 88A342H 1 1  
D25 1 N4822 1 88 A3 4 2H 1 1 
D 5 1  1 N628 ; 1 2 5  V . ;  3 0  MA . 1 84A885 H l 2  
D52 1 N62 8 ;  1 25 V . ,  3 0  MA . 1 84A885 H 1 2  
D55 1 N45 7A ; 6 0  V . ,  2 0 0  MA. 1 84A885H07 
D 5 8  1 N628 ; 1 2 5  V . ,  3 0  MA.  1 84A885H1 2 
D 1 0 1 1 N5 3 8 ;  2 0 0  V . ,  750  MA . 4 0 7C703H03 
D 1 02 ,D104 1 N9 1 ; 1 00 v. , 150 MA . (Ge rm anium Vers ion used w ith 2 N 1 908)  1 82A881 H 04 
D 1 03 1 N53 8 ;  2 00 V . ,  75 0 MA . 4 07C703H03 
D102,D104 1 N 48 1 8 (Silic on V ersion used w it h  2N3792)  1 88A342 H 06 

D IO D E S  - Z E N E R  

Z 1  1 N2828B ; 45V.  ± 5% ;  5 0  w .  1 84A854H0 6  
Z 2  1 N3 00 9A ;  1 3 0  V .  ± 1 0% ;  1 0  W .  1 84A6 1 7 H 1 2  

Z4 , Z 5 ,  Z 6  1 N95 7B 1 86A797H06 
Buffer, Z2, Z3 1 N3 688A 862A288H01 

Z 1 3  1 N3 688A 862A288H 0 1  
Z 1 4  1 N3 686B 1 85A2 1 2 H06 
Z 2 1  1 N95 7B 1 8 6A797H06 

Z22 1 N3 688A 862A288H01 
Z23 1 N3 6 8 8A 862A288H0 1 

Z24 1 N3 68 8B 1 85A2 1 2H06 
Z54 1 N3 686B ; 2 0  V. ± 5% ; 750 MW.  1 85A2 1 2H06 
Z l 05 1 N2 9 99 A ;  56 V. ± 1 0% ;  1 0  W .  1 84A6 1 7H 1 3  
Z 1 0 6 1 N2999A ; 5 6  V. ± 1 0%:  1 0  W .  1 84 A 6 1 7 H 1 3  

R E SIST O R S  

R 1  2 6 . 5  ohms ± 5% ;  4 0  W .  ( For 1 2 5  V SUpply) 04D 1 2 99H44 
R2 2 6 .5 ohms ± 5% ;  40 W .  (For 1 25 V Supply) 04D 1 2 9 9H44 
R3 2 6 . 5  ohms ± 5%;  4 0 W. ( For 48 V Supply) 04 D 1 2 9 9H44 

R3 5 00 ohms ± 5%; 4 0 W.  ( For 1 25 V Supply) 1 2 6 8 04 7  
R4 1 00 ohms ± 1 0%; 1 W .  Composit ion 1 87A644H03 
R5 1 K  ± 1 0% ;  Yz W .  C omposition 1 87A64 1 H2 7 
R6 3K ± 5% ;  5 W .  Wire Wound 1 8 8A3 1 7H01  

R7 1 5 K  ± 1 0% ; 2 W .  C ompos ition 1 8 7A64 2H55 
Buf. R4 , R6 18K ± 2% ;  Yz W .  Metal Glaze 629A53 1 H6 2  

Buf. R2 , R5 5 1K ± 2% ;  Yz W .  Metal Glaze 629A5 3 1H73 

Buf. R3 l . SK ± 2%;  Yz W .  Metal  G laze 629A5 3 1 H3 8  
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ELECTR ICAL PARTS L IST 

CIRCUIT D E S C R I P T I O N  WEST I NGHO USE 
SYMBOL D ESIGNATION 

R ESISTORS (Cont in ued) 

Buf. R7, R I O ,  R 1 2  1 . 5 K  ± 2%;  Yz W.  M etal Glaze 629A5 3 1 H 3 6  
Buf. R8 , R9 , R l l  6 . 2K ± 2%; Yz W. M etal Glaze 629A5 3 1 H5 1  
Buf. R 1 3  lOK + 2%; Yz W. Metal Glaze 6 29A53 1 H 5 6  
R 1 4 , 20 ,  2 1 , 28,  32  lOK ± 2%; Yz W, Metal Glaze 629A5 3 1 H5 6  
R l 5 , 1 7 , 2 2 ,24 ; 25 1 2K ± 2%; Yz W. Metal Glaze 629A53 1 H 5 8  
R l 6, 1 8 ,  1 9  2 7K ± 2%; Yz W.  Metal Glaze 629A5 3 1 H66 
R23 , 29 4.  7K ± 2%; Yz W .  M etal Glaze 629A53 1 H 4 8  
R2 6, 2 7  2 7K ± 2%; Yz w. Metal Glaze 629A5 3 1 H 66 
R3 0 , 3 1 , 3 3  1 2K ± 2%; Yz W. Metal Glaze 629A5 3 1H58 

R34 4 : 7K ± 2%; Yz W. Metal Glaze 629A53 1H48 
R5 1 l OK ± 5%: Yz W. Composition 1 8 4A763H5 1 
R52 lOK ± 5%; Yz W.  Composition 1 84A763 H5 1 
R53 lOK ± 5%: !).! W. Composition 1 84A763H5 1 
R54 lOK ± 5%; Yz W. Composition 1 84A763 H 5 1 
R55 100 Ohms ± 5%: Yz W. Composition 184A763H03 
R56 3 . 6K ± 5%; Yz W. Composition 1 84A763H40 
R57 3 . 6K ± 5%: Yz W. Composition 1 84A763H40 
R5 8 100 ohms ±5%; Yz W. Composition 1 84A763H03 
R59 lOK ± 5% ;  Yz W .  Composition 1 84A763H 5 1  
R60 5 . 6 K  ± 5%; Yz w. composition 1 8 4A763H45 
R6 1 1 5K ± 5% :  Yz W .  Composition 184A763H55 
R62 lOK ± 5%; Yz W .  Composition 1 84A 763H5 1 
R63 lK ± 5%; Yz W. Composition 1 84A763H27 
R64 Pot entiometer,  l K ;  \4 W. 1 84A763H02 
R65 1 . 8K ± 5%; Yz W. Composition 184A763H0 2 
R66 8 . 2K ± 5%:  Yz W. Composition 1 84A763H49 
R67 12K ± 5%; Yz W. Composition 184A763 H 5 3  
R68 3 3 0  ohms ± 5%; Yz W.  Composition 1 84A763 H l5 
R69 800 ohms ± 5% ;  Yz W.  Composition 1 8 4 A859H0 6 
R70 P otentiomet er ,  lK; \4 W. 629A4 30H02 
R71 4 . 7K ± 5%; Yz W. Composition 1 84A763H43 
R72 3 9K ± 5%; Yz W. C omposition 1 84A763H65 
R73 Thermistor, 30 ohms, Type 3 D2 0 2  (G. E. C . )  1 85 A2 1 1 H 0 6  
R74 180 Ohms ± 5%; Yz W.  Composition 1 84 A763H02 
R75 100 Ohms ± 5%; Yz W. Composition 1 8 4A763 H 0 3  
R76 2K ± 5%; Yz w. composition 1 84A763 H 34 
R77 10 ohms ± 5%; Yz W. Composition 1 8 7A290H0 1 
R78 10 ohms ± 5%; Yz W. Compo sition 1 87A290H0 1 
R80 20K ± 2%: Yz W .  Metal Glaze 629A5 3 1 H 6 3  
R80 2 5K P otentiomet er ± 20%; \4 W. 6 29A4 30H09 
R 8 1  l K  ± 1%; Yz W. Metal Film 848A819H48 
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T Y P E  T C F  P OW E R  L I N E  CA R R I E R  F R E Q U E NCY _____________________ ,_. L_._4_1-·9_4_5._1_3B_ 
ELECTR ICAL PARTS L IST 

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 E S I G N A T I ON 

R E S I ST O R S  (Cont' d . )  

R82 5K P ot . ± 2 0% ;  Yz W .  629A4 3 0 H07 __ 
R83 1 0 . 2 K  ± 1% ,  Yz W. Metal Film 84 3A820H4 6 
R84 2 7  ohms ± 5% , Yz W. C omposition 1 8 7A290H 1 1 

-�--

R85 Thermistor 3 D4 02 10 ohms 1 85A2 1 1 H03 
R86 750  ohms ± 1%,  Yz W. Metal F ilm 84 8A8 1 9H3 6 
R 1 01 1 0  ohms ± 5% ;  Yz W .  Composit ion 1 87A280H01 
R 1 02 2 .2 K  ± 1 0 % ;  1 W.  Composition 1 87A64 4 H35 
R 1 03 2 . 7 ohms ± 1 0% ;  Yz W. Wire Wound 1 84A63 6H 1 4  
R 1 04 0 . 2 7  ohms ± 1 0% ;  1 W. Wire Wound 1 84A63 6 H 1 8 
R 1 05 1 0  ohms ± 5% ;  Yz W. Composition 1 8 7A290H01 
R 1 0 6  4 . 7K ± 1 0% ;  1 W .  Composition 1 8 7A644H43 
R 1 0 7  2 . 7  ohms ± 1 0% ;  Yz W. W ire Wound 1 84A63 6Hl 4 
R 1 08 0 . 2 7  ohms ± 1 0% ; 1 W. Wire Wound 184A63 6 H1 8 

T R AN S F O R M E R S  

T 1  D river Output Transformer 606B4 1 0G 0 1  
T2 P ower Amp. Input T ransformer 292B526G 0 1  

T3 P ower Amp. Output Transforme r 292B526G02 
T4 L oad-Matching Auto-Transformer 292B526G03 
T5 1 Buffer Amplifie.r Transformer 6 06B53 7 G 0 1  

T52 Driver Input Transformer 606B537G02 
T RA N S I S T OR S  

Q1 2 N 1 0 1 5 C  1 8 7A34 2 H0 2  

Q1 1 2 N4 3 5 6  849A4 4 1 H0 2  
Q 1 2  2N699 1 84A63 8H1 9 
Q 2 1  2 N4 3 5 6  849A4 4 1 H0 2  
Q22 2N699 1 84A638 H 1 9 
Q5 1 2N697 1 84A638H1 8 
Q5 2 2 N697 184A63 8H1 8 
Q53 2N697 1 84 A63 8Hl 8 
Q54 2N699 1 84 A63 8H 1 9  
Q55 2N697 1 8 4A63 8H1 8 
Q5 6 2N2726/ 2 N3 7 1 2  762A672H07 
Q5 7 2 N 2 726/2N3 7 1 2  762A672H07 
Q1 0 1 ,Q1 02 2 N 1 908 ( Use in Matc hed Pair s ) ( Ge rmanium Version used with 1 N9 1 1 87A673H02 
Q10 1, Q1 02 2N3792 ( Use in Matc hed Pairs ) (Silicon Vers ion used with 1 N4 8 1 8 )  1 87A673 H 1 6  

M I SC E LL A N E O US 

Y 1 -Y2 Supplied for Desired  Channel Frequ ency in P air 4 08C 743 Matched Per Spec ifications on Drawing 
FL 1 0 1  D river Filter  408C26 1 + ( Re q . Fr eq. ) 
FL 1 02 Out put Filter 5 4 lS2 1 4  + (Req.  Freq . )  
P L  Pilot L ight Bulb - F o r  4 8  v .  Supply ( Whe n s upplied ) 1 87A 1 3 3 H 0 2  

P ilot Light B ulb - For 1 25 o r  259  V .  Supply ( When s upplied) 1 83A95 5 H0 1 
F 1 ,  F2 Fus e ,  1 . 5 A  ( When s upplie d )  1 1 D 9 1 9 5 H2 6  
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TY P E  T C F  P O W E R L I N E  C AR R I E R  F R E Q U E N CY----------------------------
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D�TED L l r�ES ['; QOSE CO�PONEHTS 
0'1 P r. l  HTED C I ·'.CU I T  BC/J.RDS OR 
OT':ER &1�-ASSJ�aUES (EXCEPT 
AS �OTED) 

TRANSM/TTER BOARD 

• =REJ.tOVED FOR YO I C E AB0V E 60KHZ 

lA mq. 

All CAP4CITORS lRE l!t HFD. EXCEPT AS NOTED. 

30-50 lOll. 
50. 5-75 KHZ 
7�. s- ioo KHZ lao. s-i�o KHZ 
iso. 5-3:>0 KHZ 

C103 & ClO' 
0· �7 MFO. 
0.22 MFO. 
o , i s  MFO. o - lo HFD 
O·IJ II7 IUD. 

� :  �OUNTED IJN LARGE HEAT S I NKS {1/.TCHED PAll ¢ : Yl � 2.03 TO �. ::O HHZ 
Y2 • 2.00 MHZ 

A : QIOI 8 Q/02- fOR GERMANIUM VERSION USE 2N/908 S # 187A673H02.WITI-t DIODES 0102 8 0104, 
I N 91 S II' I62ABBIH04 ON 80. STYLES 606B530GOI TO G05. 
FOR S I L I C O N  VERSION USE 2N3792 S# 187A'S73HI6, WITH DIODE'S 0102" 8 Jj104, 
IN4618 S # 18SA34"2H06 ON 80. STYLES 6068530G08 TO Gl2. 
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0 Figure 2 - Internal Schematic of the Type TCF Transmifler 1 Watt!J. 2 m 
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I.L. 41 -945.138 
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T Y P E  TC F P OW E R  L I N E  C A R R I E R  F R E Q U E  N C Y  _____________________ .:..:I.=:L·:_4:..;1:_-9:.:4::5::.:.1:.:::3B 

� @ @ @  �' 
,--

� CRI06 
B U FFERED I N P U T  

a 
POWER AMPLIFI ER 

0102 PRINTED CIRCUIT 
BOARDS 

I 

[:J � 0 3 

B U F F E RED I N PU T  8 0  W tl E N  U S E D  T l  

F L I 0 2 

TRANSMITTER PRI N T ED 
CIRC U I T  BOA RD 

R E A R  V IE W  
2 0 4 C 8 6 7 

Figure 3 - Component  Location s of the Typ e  TCF Tran smitter A ssembly.  

2 0 4 C 5 6 4  

0 Figure 4 - Component Locations of the Transmitter P rinted C i rc ui t  Board. 
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TY P E  TCF P O W E R  L I N E  CAR R I E R  F R E Q U E NCY---------------------

1 8  

TPo5 1 C I 0 4  1 
oom I C I 03 I moo room I C I O:Or30G 

C IO I 

Q TPIO I  TPI030 I R l  0 4  0 � R I07 IR IO I T PI02 
- Rl  06 IRI021 IDIOI � 

� I[ � 
- - - � -

0 Figure 5 - Component Location of the Power Amplifier Printed Circuit Board. 
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Figure 6 - Outline an d Drilling P lan for the Type TCF Tran sm itter A s sembly. 
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T Y PE TCF POWER L IN E  CAR R I E R  F R EQUE HCY ____________________ ____:_I . ....;.L....;.. 4....;.1....;.-9.;..4�5....;..1;.;:;3..:;:;8 

3500A25 

0 Fi9ur@ 7 - Component Location of Buffer Keyin9 Circuit Boord. 

TCF VOICE ADAPTER 

� 

AL i: "1:_ 

J I 
� 

�-.1 
,. .

2 

3 
4 

� .6 
7 

.a 
.___ 

4 
.

2 
3 
4 
5 
6 
7 

l kte 

} TO CALLING 
ALAR�V I CE 

I 

2 

HsJ 8 3 
9 4 
1 0  5 -C;t' I I  6 

r�-"1 2 7 I t.. � '--- HS 

I 

JACK � 
REMOVE JUMPER �MOTE HOOKSWITCH 

WHEN R E MOTE 
HOOKSWITCH IS USED 

I 

TCF TRANSMITTER - - I N T. SC H .  6 2 8 0 D 8 2 - REF. 

POS. D.C. l 5 2 b  

-
I 

L -

P ROTECT I V E  R E L AY OUTP U T  {: :: 
(CAR R I E R  AUX I L IARY ) _ _  

� 

668 3 D 8 0 - R E F.  

;--:-

+n: • 3 
4 

.5 

.6 
7 

+ .9 
10 

-4 
-4 
-4 
� � 5 
� 6  

1 7  

1 8  

NEG. D.C. INPUT 

POS. D.C. INPUT 

REGULATED POS. 45 V.D.C. 

>-- 1 2 5  V.D.C . 5 2 b  CONTACT 

V O I C E  L E V E L  K E Y I N G  

r- 48 V.D.C.52b CONTACT 

,.- 4 8 V.D.C .} 
_ 125 V D C  

CARRIER AUXILIARY R E LAY 
• • • K E Y I N G  ( F S K  a l O W )  

- 2 0 V.D.C. 

- AUDIO RETURN 

AUDIO INPUT 

L SHIELDED CABLE 
1 9  • 

iO 
i l  
i2 
i3 
i4 -

ASSEMBLY ( WHEN USED ) NOTE: ALL HOOKSWITCH C ONTACTS ARE SHOWN 
I N  STAN DBY C O N DITION (TELEPHONE -
HANDSET PLUGGED IN,  AND HANGING ON H O O K )  

7 1 9 B 3 8 6  
0 Fi9ure 8 - TCF Voice Adopter, Reloyin9, ond Transmitter Interconnections. 
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Westinghouse I.L. 41 -945.31 A 

I N S T A L L A TI O N  • OPERATI O N  • M A I N TEN A N CE 

I N S T R U C T I O N S  
TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT 

TRANSMITTER EQUI PMENT - 1  WATT/ 1 WATT ­
FOR CONTACT-KEYED FUNCTIONS 

CAUTI ON: It is recommended that the user of this 
equipment become t horoughly familiar with the in­
formation in this instruction leaflet before energiz­
ing the c arrier assembly . Failure to  observe this 
pre c aution 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 e quipment rack to prevent 
its tipping over .  

A P P L I C A T I O N  

The type TCF c arrier transmitter  equipment 
provides for the transmission of either of two close­
ly controlled discrete frequencie s ,  both w it hin a 
narrow-band channe l ,  over high-voltage transmission 
lines . The center frequency of the channel can v ary 
from 30 to 300 kHz in 0 . 5  kHz steps . The two fre­
quencies transmitted are separated by 200 hertz ,  
one being at center frequency ( fc )  plus  1 00 hertz 
and the other at center fre quency minus 100 h ertz . 
The higher frequency,  termed the G uard fre quency ,  
is  transmitte d  continuously when conditions are 
normal. It indicat es at the receiving end of the line 
t hat the channel is operative and it also serves to 
pre vent 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 rec eiving end of the line .  

When frequency shift carrier is used i n  protec­

tive relaying applications, the transmitter usually 

is designed to transmit the Trip frequency at ten 

times the power level of the Guard frequency in 

order to increase the reliability of the system under 

conditions of abnormally high channel losses or 

line noise. In applications where these unfavorable 

0 conditions are not encountered, the 1-watt/1-watt 

transmitter may be used satisfactorily. The frequen­

cy is shifted from Guard to Trip by the closing of a 

protective relay contact. 

C O N S T R U C T I O N  

The 1 watt/1 watt TCF transmitter unit is 

mounted on a standard 19-inch wide panel 8% inches 

(5 rack units) high with edge slots for mounting on a 

standard relay rack. All components are mounted on 

the rear of the panel. Fuses. a pilot light, and a 

power switch are accessible from the front of the 

panel when supplied. Refer to Fig. 6. All of the 

circuitry that is suitable for printed circuit board 

mounting is on two boards as shown in Fig. 2. The 

components mounted on the printed circuit boards 

and the output filter are shown enclosed by dotted 

lines on Fig. 1. The location of components on 

Q the printed circuit boards are shown on Fig. 4, 5 and 

7 .  

External connect ions to the  assembly are made 
t hrough a 1 2-circuit receptacle ,  J3. The r .f.  output 
connection to the assembly is made through a coax­
ial cable jack , J2 . 

O P E R AT I O N  

The transmitter is made up of thre e main stages 
and an output filter. The stage s  include two crystal 
oscillators operating at frequencies that differ by 
the desired channel fre quenc y ,  a mixer and b uffer 
amplifier , and a final  amplifier connected p ush-pull. 
The output filter remove s harmonic s that m ay b e  
generated b y  distortion i n  the power amplifier.  

A single crystal desi gned for oscillation in the 
30 kHz to  300 kHz range cannot be forced to oscil­
late away from its natural frequency by as much as 
± 100 hertz .  In order to obtain thi s desired fre­
quency shift , it is necessary to use cry stals in the 
2 MHz range . The cryst al s  are Y1 and Y2 of Fig. 1 .  
The frequency of Y2 is 2 . 00 MHz when operate d with 
a spe cified amount of series capacity and the fre­
quency of Y1 is 2 . 00 MHz plus the channel fre-

A ll possihle contingencies which may arise during 
installation ,  operation, or main tenance, and all 
details and variations of this equipment do not 
purport to he covered by these instructions. If 

.fimher in{ormation is desired by purchaser re­
garding his particular installation, operation or 
11/{[intenance ol his equipment ,  the local West­
inghouse Electric Corporation representative 
should he contacted. 

SUPERSEDES I.L. 41 -945.31 , DATED MAY 1 973 EFFECTIVE DECEMBER 1 978 
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TY P E T CF l W/ l W CONTACT- K E Y E D  __________________________________________________________ __ 

quency , or 2 . 03 MHz to 2. 30 MHz. Capacitor C55 and 
cryst al Y2 in serie s are connect ed between the pos ­
itive side o f  the supply voltage and the base o f  

transistor Q5 1 ,  which operates i n  t h e  e mitter­
follower mode . The emitter is coupled to the base 
through C57, and with Y2 removed the base of Q5 1 
would be held at approximately the midpoint of the 
supply voltage by R5 1 and R52 .  The crystal serves 
as a series-resonant circuit with very high induct­
ance and low capacitance.  The circuit can be made 
to oscillate at other than the natural frequency of the 
crystal by varying the s eries capacitor, C55 .  In­
creasing C55 will lower the frequency of oscilla­
tions and reducing C55 will raise the frequency. 

Crystal Y1 is connected in a circuit that is 
similar e xcept for the addition of C53 and diod e s  
D 5 1  and D52 . B y  adjust me nt o f  C52  this circuit 
is made to oscillate at 1 00 hertz above its marked 
frequency.  C apacitor C53 is not effective until 
D 5 1  is biased in the forward direction and becomes 
conductive . It is biased in the reverse direction 
until the relay control contact is c losed,  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 frequency by 200 hertz. The crystals 
t aken individually have a greater variation of fre ­
quency with temperature than would b e  acceptable . 
However , by proper matching of the two crystals , 
the variation in their difference frequency c an b e  
kept within limits that permit holding the frequency 
stability of the overall  transmitter to ± 1 0  hertz/ 
over a temperat ur e  range of -20 to + 5 5 "C .  

The frequencies produced b y  the two oscillators 
are coupled to the base of mixer transistor Q5 3 
through C62 and C63 . The sum of the two frequen­
cies is so high that negligible amount appears on 
the secondary of transformer T5 1 ,  but the d ifference 
frequency is accepted and amplified by Q53 and 
Q54 . The level of output power is adjusted to 1 
watt by means of R64 .  

The amplifier stage consist s  of transistors 
Q56 and Q57 connected in a conventional p ush-pull 
circuit with input supplied from the collector of  
Q54 through transformer T5 2 .  Thermistor R 73 and 
resistors R74 and R75 are connected to provide a 
variable bias that reduces the effect of varying am­
bient temperatures on the input level.  

As is shown on Fig. 1 the volt age for the key­
ing circuit is obt ained from the 4 5-volt regulated 
supply in the transmitter ,  and opening the single 
power switch de-energizes both the transmitter and 
the keying circuit . 

2 

The output transformer T 1 couples the amplifier 
transistors to the output filter F L 1 02.  The o utput 
filter includes two trap circuits ( L 1 02 ,  CB and 
L 1  03 , C c) which are factory tuned to the s econd and 
third harmonics of the transmitter frequency. capa­
citor C D approximately cancels the inductive react­
ance of the t wo trap circuits at the o perating fre­
quency. Protective gap G 1 is a s mall 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-trans­
former T2 matches the filter impedance to c oaxial 
cables of 5 0, 60, or 70 ohm s .  

The series resonant circuit comp osed o f  L 1 05 
and CE is tuned to the transmitter fre quency, and 
aids in providing resistive termination for the out­
put stag e .  Jack J 1 0 2  is mounted on the rear panel 
of F L 1 02 and is used for measuring the r . f .  output 
current of the transmitter into the coaxial c able . It 
should be noted that the filter c ontains no shunt 
reactive element s ,  thus providing a re verse i mpe­
dance that is free of possible . .  acros s-the-line "  
resonances. 

The regulated 45 volt power supply is obtaine d 
from a 5 0-watt Zener diode mounted on a heat sink 
and connected to the station battery s upply through 
suitable series resistors , as shown in Fig. 1 . Capa­
citor C68 provides a low carrier-frequency impe­
dance across the d-e output voltage , and c apacitors 
C1 and C2 bypass r .f. or transient voltages to ground, 
thus preventing damage to the transistor circuits .  

C H A R A C T E R I S T I C S  

Frequency Range 

Output 

Fre quency Stability 

Frequency Spacing 

Harmonics 

3 0-300 kHz 

1 watt guard - 1 watt trip 
( into 5 0  to 7 0  o hm resistive 
load ) 

±1 0 cycles/ sec.  from -20"C 
to + 5 5 °C .  

1 .  One-way channel ,  t wo or 
more s ignals - 5 00 hertz 
min .  

2 .  Two-way channel - 1 000 
hertz min . b et ween trans­
mitter and adjacent re ­
ceiver frequencies .  

down 5 5  db (min . )  from out­
put level . 

�·· 
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M aximum Keying 
Frequency 

Input Voltage 

Supply Voltage 

Battery Drain 

Temperature Range 

Dimensions 

Weight 

100 hertz limited by receiver 

48 , 125 or 250 V . D . C .  

4 2-56 V .  for nom. 48  V .  supply 

1 05 - 140 V. for nom. 1 25 V .  
supply 

2 1 0-280 V .  for nom . 250 V .  
supply 

0 . 1 2  a.  at 48 v.  d-e . 
0 . 27 a. at 1 25 or 2 50 v. d -e .  

-20 to  +55°C around chas sis 

P anel  height - 874" or 5 r . u .  
Panel width - 1 9 "  

9 lbs .  

I N S TA L L A T I O N  

The TCF transmitter is general ly supplied in a 
cabinet or on a relay rack as part of a complete car­
rier assembly. The location must be free from dust , 
excessive humidity,  vibrat ion , corrosive fumes,  or 
heat . The maximum ambient temperature around the 
chassis must not exceed 60°C. 

A D J U S T M E N T S  

The TCF 1 W / 1  W transmitter is shipped with the 
power output control R64 set  for an output of 1 watt 
into a 60 ohm load . If it is d esired to check the ad­
j ustment s  or if repairs have made readjustment nec­
essary , 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 watt 
rating. Use the value of the expected input impe­
dance of the coaxial cable and line tuner .  If this is 
not known, assume 60 ohms. Co

.
nnect the T 2  output 

lead to the corresponding tap. Connect an a-c vac­
uum tube voltmeter  ( VTVM) across the load resistor . 
Turn power output control R64 to minimum ( full 
count erclockwise) .  Turn on the power switch on the 
panel and not e the d-e voltage across terminals 5 
and 7 of J3 . If this is in the range of 4 2  to 4 6  volts ,  
rotat e  R64 clockwise to  obtain 3 or  4 volts across  
the  load resistor . At  this point check the adjust­
ment of the serie s output tuning coil L 1 05 by loos­
ening the knurled shaft -locking nut and moving the 
adjustable core in and out a small amount from its 
initial posit ion. Leave it at the point of m aximum 
voltage across the load resistor. 

Continue to advance R64 until the output volt­
age shown in the fol lowing table is obtained ac­
ross the load resistor .  Recheck the setting of L 1 05 
to be sure it is at its optimum point for 1 watt out­
put . Tighten the locking nut . Key the transmitter  to 
Trip by connecting together terminals 2 and 3 of the 
printed circuit board (or terminals 7 and 8 of J3 ) .  
There should be  no  appreciable change in  the out­
put voltage . Open the power switch,  remove the 
jumper used to key the transmitter to Trip,  remove 
the load resistor , and reconnect the coaxial cable 
circuit to  the transmitter.  

T2 
Tap 

50  

60 

7 0  

Voltage for 
1 Watt Output 

7 . 1  

7 .8 

8 . 4  

Follow the procedure outlined in t h e  tuner in­
structions for its adjustment . 

Normally the output filter (FL1 02) will require 
no readjustment except as noted above . It is  factory 
tuned for maximum second and third harmonic reje c­
t ion , and for serie s resonance (maximum output at 
the fundamental frequency ) with a 60-ohm load. A 
smal l  amount of reactance in the transmitter output 
load circuit may be tuned out by readjustment of the 
movable core of L 10 5 .  This may be neces sary with 
sqme types of line coupling e quipment. T he adjust­
able  cores of L 1 02 and L 1 03 have been set for 
maximum harmonic rejection and no change should 
be made in these settings unless 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 
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 crystal s ,  
this can be done b y  turning t h e  matched pair 1 8 0 °  
and inserting a crystal i n  its proper socket with 
the other crystal unconnected.  A sensitive fre quen­
cy counter with a range of at le ast 2 .3  megahertz 
can be connected from TP5 1 to TP54. (Connection 
to TP54 rather than to TP53 provides a better signal 
t o  the counter and avoids some error from the effect 
of the counter  input capacitance on the oscillator 
circuit . )  While measurement of the oscillator cry­
stals individually is neces sary for the initial ad­
justment of the oscillators,  ge nerally and subse­
quent checks may b e  made with a lower range count-
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T Y P E T C F  1 W/ 1 W CONTACT - K EY E D  __________________________________________________________ __ 

er conne cted at the transmitter o utput. If any minor 
adj ustment of the Guard and Trip fr equencies should 
be needed. The guard adjustment should be made 
w it h  capacitor C5 2 and the Trip adjustment with 
C 5 3 .  

Q56 - Q57 B ias  Ad ju stment 

The push-pull out put st ages of the transmitter  
board are normally shipped correctly biased .  If any 
component s invo lved in these stages have b e en 
changed,  then it may be neces sary to recheck the 
biasing of this stag e .  

Unsolder t h e  lead from terminal 2 of transformer 
Tl (j ust ab ove FL 1 0 1 )  and temporarily c onnect a 
low-range d-e milliammeter ( 0- 1 . 0  rna) between the 
remove d  lead ( +) and Tl terminal 2 (-) .  T urn the 
slotted control on the small pot entiomet e r  t o  full 
count erclockwise . Now, apply power to the TCF 
c ar rier set , b ut do not transmit carrier . T his can 
be done by r emoving the cryst als . Advance the 
potentiometer c lock wise until the m illiammeter  

0 r ead s 0 .  0 5 rna. Turn off  the power ,  re move the 
milliammeter , and solder the lead b ack on terminal 
2 of T l .  Replace the cryst als and ag ain apply 
d-e power  to reenergize the t ransmitt e r .  Check 
o utput , etc.  of transmitter as pre viously de scribed.  

M A I N T E N A N C E 

Periodic checks of the transmitter power  output 
w ill detect impending failure so that the eQuipment 
can be taken out of service for correction .  At regu­
lar maintenance intervals , any accumulated d ust 
should be remov e d ,  particularly from the heat sink . 
It is also de sirable to check t he transmitter power  
output at  such time s ,  making any neces sary read­
j ustme nt s  to return the e quipment t o  its initial s et­
t ings . 

Voltage values should be rec orded after  adj ust­
ment in order to e st ab lish reference values which 
will b e  useful when checking the apparat us . The 
readings will remain fairly c ons tant over an indefin­
ite period unl ess a failure occurs . Howeve r ,  if 
transistors are chan ged , there may be conside rable 
difference in these readings without the overall 
performance being affected.  

Typical voltage values are given in the follow­
ing t ables.  V oltages should be meas ure d with a 
VTVM . Readings may vary as much as ± 2 0%.  

4 

T A B L E 

T RANSM I T T E R  D-C MEASU R EM EN TS 

Note:  All volt ages are po sitive with respe ct t o  
N e g .  45 V .  (TP5 1 ) .  All voltages read with 
d-e VTVM.  

Test  Points Voltage at 1 Watt Output 

TP 5 2  2 0  
TP 5 3  5 . 4 
TP 5 4  3 . 4 

TP 55 2 1  
T P  56 2 1  
T P  57 . 65 

TP 58 4 4 . 3 
TP 5 9  65 

T A B L E  I I  

TRANSMIT T E R  R F  MEASU R EMENTS 

Not e :  Volt age s  t aken with transmitter  s e t  to indi­
cated output across 60 ohms. These voltag e s  
subject to variations ,  de pending upon fre ­
quency and transist or c haract erist ics.  T 5 1 -3 = 

T er minal 3 of transformer T5 1 .  Other t rans­
former terminals ide ntified s im ilarly.  All 
voltages read with a-c VTVM. 

Test Point s Voltage at 1 Watt Output 

TP54 t o  TP5 1 0 . 1 2  
TP57 t o  TP5 1 0 . 8  
TP59 t o  TP5 1 0 . 8  
T l - 1  t o  TP5 1 2 6  
T l -3 to TP5 1 2 6  
T 1 -4 t o  Gnd. 3 6  
T2 -2 t o  Gnd. 3 0  
TP 1 09 to Gnd . 9 . 8 
J 1 0 2  to Gnd. 7 . 8 

CONV E RS ION O F  T R AN SM IT T E R  FO R 

CHANGED CH ANN EL F R EQU ENCY 

The parts required for converting a 1 W/1 W TCF 
transmitter for ope ration on a different c hannel 
frequency c onsist of a pair of matched cryst als for 
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the new channel frequency if the old and new fre ­
quency are not i n  t h e  same fre quency group ( s e e  
t able o n  internal schematic drawing) and, in g ene ral 
new or modified filter F L 1 0 2 .  Inductors L l 02 and 
L 1 03 in this filt er are adjustable over a limited 
range , but forty-two c ombinations of capacit ors and 
inductors are required to cover the fre quency r ange 
of 30 kHz to 300 kHz. The widths of the frequency 
groups vary from 1 . 5  kHz at the low end of the chan ­
nel frequency range t o  1 3  kHz at t h e  upper end. A 
particular ass e mbly can be adj uste d over a some­
what wider r ange than the width of its assigned 
group since s ome overlap is ne ces sary to allo w for 
c omponent t olerances.  The nominal k H z  adjustment 
r anges of the group are : 

3 0 . 0 -3 1 . 5  6 1 . 0 - 6 4 . 0  1 1 3 . 0-1 1 9 . 5  207 . 1 - 2 1 4 . 0  
3 2 . 0-3 3 . 5  6 4 . 5 - 6 8 . 0  1 2 0 . 0- 1 27 . 0  2 1 4 . 1 -2 2 2 . 0  
3 4 . 0 -3 6 . 0  6 8 . 5- 7 2 . 0  1 2 7 . 5 - 1 3 5 . 0  2 2 2 . 1 - 2 3 0 . 0  
3 6 .5-38 . 5  7 2 . 5 - 7 6 . 0  1 3 5 . 5- 1 4 3 . 0  2 30 . 1 -240 . 0  
39 . 0-4 1 . 0  76 .5- 8 0 . 0  1 43 . 5 -1 5 1 . 0  240 . 1 -2 5 0 . 0  
4 1 . 5 -44 . 0  8 0 . 5 - 84 . 5  1 5 1. 5 - 1 5 9 . 5  2 5 0 . 1 -262 . 0  
4 4 . 5 - 4 7 . 0  85 . 0 - 89 . 0  1 60 .0 - 1 69 .5 2 6 2 . 1 -2 74 . 0  
4 7 . 5 -50 . 0  8 9 . 5 - 94 . 5  1 7 0 . 0 - 1 8 0 . 0  2 74 . 1 -2 8 7 . 0  
5 0 . 5-53 . 5  9 5 . 0 - 1 0 0 . 0  1 8 0 . 5 - 1 9 1 . 5 2 8 7 . 1 -3 0 0 . 0  
5 4 . 0 -5 7 . 0  1 0 0 . 5 - 1 06 . 0  192 .0-200 .0  
5 7 .5-60 .5  1 0 6 .5- 1 1 2 . 5 200 . 1 -207 . 0  

If the new frequency lies within the s ame fre­
quency group as the original frequency , the filte rs 
c an be readjust ed.  If the frequencies are in differ ent 
groups , it is possib le that changes only in the 
fixed capacitors may be required. In general, how­
ever,  it is desirable t o  order complete filter assem­
blies adj usted at the factory for the specified fre­
quency. 

The procedure for readjustment of the 2nd and 
3rd harmonic traps of filter F L 1 0 2  is as follows: A 
s ignal generat or and a counter should be c onnected 
to terminals 4 and 5 of transformer T 1,  and a 500 
ohm resistor and a VTVM to the terminals of pro­
t ective gap G l .  The ground or shie ld lead of all 
instruments should be c onnected tQ the gro unded 
terminal of the transformer .  Set the signal generator 
at exactly twice the channel c enter frequency and 
at 3 to 5 volt s output . Turn the core screw of the 
large inductor ,  L 1 0 2 ,  to the position that gives a 
definite minimum reading on the VTVM . Simil arly , 
with the signal generat or set at exac tly three times 
the channel c enter frequency and 5 to 1 0  volts o ut­
put , set  the core screw of the small inductor, L l 0 3 ,  
t o  the position that gives a definite minimum r eading 

on the VTVM. Then remove the instruments and the 
500 ohm resistor. 

After the new pair of matched crystals have been 
adj ust e d ,  as de scribed under "ADJUSTMENTS " ,  
the transmitter can b e  operated with a 50 t o  70 ohm 
load ( depending on which t ap of T2 is used) con­
nected to it s output , and inductor L 1 05 can b e  read­
justed for maximum output at the changed c hannel 
frequency by the procedure de scrib ed in the s ame 
section . 

If a frequ en cy -sensitive voltmeter is availab le ,  
the 2nd and 3 rd harmonic t raps may b e  adjusted 
without using an oscillator as a source of double 
and triple the channel fre quency. Connect the fre­
quency-s ensitive volt meter from TP 1 0 9  to ground 
and adj ust the transmitter for rate d output into the 
selected load re sistor. Set the voltmeter at twice 
the channel frequency and, using the tuning dial and 
db range switch,  obtain a maximum on-scale re adin g 
of the 2nd harmonic .  Then vary the c ore position of 
L 1 0 2  until a minimum volt meter reading is obtaine d. 
Similarly , tune the voltmeter to the third harmonic 
and adjust L 1 03 for minimum voltmeter reading . 
A lthough the transmitte r  fre quency will differ from 
the c hannel c enter frequency by 1 00 cycles , the 
effect of this difference on t h e  adj ustment of th e 
harmonic t raps will be negligible . It should b e  
noted that the true magnitude o f  t h e  harmonics c an­
not b e  measure d  in this manner because of the pre­
ponderance of the fundamental frequency at the volt­
m eter terminals . Accurate meas ure ment of the har­
monics requires use of a filter  between T P 1 09 and 
the voltmeter that provides high rejection of the 
fundamental. The insertion losses of this filter for 
the 2 nd and 3 rd harmonics must be measured and 
t aken into account. 

R E C O M M E N DE D  T ES T  E Q U I P ME N T  

I .  Minimum Test Equipment for Inst allation . 
a. 6 0-ohm 1 0-watt non-inductive resistor. 

b. A -C vacuum t ub e  voltmeter ( VTVM) . Voltage 
r an ge 0 . 003 to 3 0  volt s ,  fre quency range 60 
cycles/sec. to 3 3 0  kHz input imped anc e 7 . 5  
megohms. 

c .  D-C vacuum tube voltmeter (VTVM). 
Voltage Range : 1 .5 to 300 volts 
Input Impedanc e :  7.5 megohms. 
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II. D esirable  Test E quipment for Apparatu s Main­
tenance .  

6 

a. All  items listed in I .  

b .  Signal Generator 
Output Voltage : up to 8 volts 
FreQuency Range : 20 kHz t o  900 kHz 

c .  Oscilloscope 

d .  Frequency counter ; 2 . 5  Mhz;  50 m s ;  

e .  Ohmmeter 

f.  C apac itor checke r .  

Some o f  the functions o f  t h e  recommended test 

equipment are combined in the type TCT c arrier 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 EW A L  P A R T S  

Repair work can b e  done mo st satisfactorily at 
the fact ory. However , replac e ment parts can b e  
furnished , i n  most cas e s ,  t o  c ust omers w ho are 
e quipped for doing repair wor k .  When ordering parts,  
always give t he complete nameplate d at a  and identi­
fy the part by its designation on the Internal Sche­
matic D rawing and Westinghouse des ignation on the 
E lectrical P arts List . 
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ELECTR ICAL PARTS LIST 

C I RCUIT D E S C R I P T I O N  WESTI NGHOUSE 
SYMBOL D E SIGNAT ION 

CAPACI TORS 

C 1  Oil-filled ; 0 . 5  mfd . ;  1500 V . D . C .  1 8 77962 

C2 Oil-filled ; 0 .5  mfd. ; 1 5 00 V .D . C .  1 877962 

C 1 1 Metallized Paper , .047 mfd . ;  849A437H04 

C5 1 Dur-Mica, 1 500 pf. , 500 V . D . C .  762A757H03 

C52 variable ,  5 . 5 - 1 8  pf. 879A834H01 

C53 Variable , 5 . 5- 1 8  pf. 879A834H0 1 

C54 Metallized paper ,  .1 mfd . ;  200 V .D . C .  1 87A624H0 1 

C55 Variable , 5 . 5 - 1 8  pf. 762A736H0 1 

C56 D ur-Mica, 2000 pf. ; 500 V . D . C .  1 87A584H01 

C57 Dur-Mica, 2000 pf. ;  5 00 V . D . C .  1 8 7A5 84H0 1 

C58 Metallized paper, 0 . 25 mfd . ;  200 V . D .C .  1 87A624H02 

C59 D ur-Mica,  100 pf. , 500 V . D . C .  762A757H0 1 

C60 Dur-Mica, 100 pf. , 500 V . D .C . 762A757H0 1 

C 6 1  Metallized paper ,  0 . 25 mfd . ; 200 V . D . C .  1 87A624H02 

C62 D ur-Mica, 4700 pf. , 500 V . D . C .  7 62A757H04 

C63 Dur-Mica,  1 000 pf. , 500 V . D . C .  762A757H02 

C64 Metallized pape r ,  0 . 25 mfd. ; 200 V .D . C .  1 87A624H02 

C65 Metallized paper ,  0 . 25  mfd . ;  200 V . D . C .  1 8 7A624H02 

C66 Metallized paper,  0 . 2 5  mfd. ; 200 V . D .C .  187A624H02 

C67 Metallized paper,  0 . 25 mfd . ;  200 V . D . C .  1 8 7A624H0 2  

C 6 8  Metallized paper ,  0 . 5  mfd . ;  200 V . D . C .  1 8 7A624H03 

C69 Metallized paper ,  0 . 25 mfd . ; 200 V . D.C.  1 87A6 24H02 

C 70 Dur-Mica ,  300 pf, 5 00 V . D .C .  1 87A584H09 

C 7 1  3 pf, 86 1A846H03 

C72 3 pf, 8 6 1 A84 6H03 

C 73 3 pf, 86 1 A846H03 

C74 Metallized paper .  1 .  0 mf, 200 V . D . C .  1 87A624H04 

C75 Metallized paper ,  0 . 5  mf, 200 V . D . C .  1 87A624H03 

C76 Metallized paper ,  0 . 0 1  mf. 200 V . D . C .  764A278H 10 

C77 0 .47 mfd ,  1 8 8A669H0 1 

DIODES - GENE RAL PU RPOSE 

D 5 1  1 N628 ; 1 25 V . ; 3 0  MA. 1 84A885 H 1 2  

D 5 2  1N628 ; 125V . ,  '30 MA. 1 84A885H 1 2  

D55 1 N457A ; 60 V. , 200 MA . 1 84A885H07 

D58 1N628 ; 1 25 V . ,  30 MA . 1 84 A885H12  

D 1 0 1  1 N538 ; 200 V . ,  750 MA. 407C703 H03 

D 102  1N9 1 ; 1 0 0  V . , 150  MA.  1 82A88 1 H0 4  

D 103 1 N538 ;  200 V . ,  750 MA .  407C703H03 

D 1 04 1 N9 1 ;  100 V . , 150  MA. 1 8 2A881 H04 
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E LECTRICAL PARTS LIST 

CIRCUIT D E S C R I P T I O N  W E ST I NGHO U S E  
SYMBOL 'DE SIGNATION 

DIODES - ZEN E R  

Z l  1 N2828B ; 45V.  ± 5% ;  50W. 184A854H06 

Z l l  1 N957B 1 86A797H06 

Z 1 2  1 N3 688A 862A288H01 

Z 13 1N3688A 862A288H0 1 

Z 14 1N3686B 185A2 1 2H06 

Z 1 5  1 N3688A 862A288H01 

Z54 1 N3686B ; 20V. ± 5% ;  750MW. 1 85A2 1 2H06 

R ESISTORS 

Rl 26.5 ohms ± 5% ;  4 0  W .  ( For 125  V Supply) 04D 1 299H44 

R2 2 6 . 5  ohms ± 5% ;  40 W .  (For 1 25 V Supply) 04D 1 2 99H44 

R3 2 6 . 5  ohm s ± 5% ; 40 W. ( For 48 V Supply) 04D 1 299H44 

R3 500 ohms ± 5% ; 40 W .  ( For 1 25 V Supply) 1 268047 

R4 100 ohms ± 10%; 1 W. Composition 1 8 7A644H03 

R5 1K ± 10%; Yz W .  Composition 1 87A64 1 H27 

R6 3K ± 5% ;  5 W.  Wire Wound 1 88 A3 17H0 1 

R7 1 5 K  ± 10%; 2 W.  Composition 187A642H55 

R 1 1  4 . 7K ± 2%; Yz W .  Met al Glaze 629A53 1H43 

R 1 2  1 2K ± 2%;  Yz W.  Metal Glaze 629A5 3 1 H58 

R 1 3  l O K  ± 2%;  Yz W .  Metal Glaze 629A5 3 1 H5 6  

R14  6 . 2K ± 2%;  Yz W .  Metal Glaze 6 29A5 3 1 H 5 1  

R 1 5  1 . 5K ± 2% ;  Yz W .  Metal Glaze 6 29A53 1H3 6 

R 1 6  1 8K ± 2% ;  Yz W .  Metal Glaze 629A5 3 1 H 6 2  

R 1 7  1 . 8K ± 2% ;  Yz W .  Metal Glaze 6 29A5 3 1 H3 8  

R 1 8  5 1 K  ± 2% ;  Yz W .  Metal Glaze 6 2 9A53 1H73 

R5 1 10K ± 5%; Yz W. Composition 1 84 A7 63 H5 1 

R52 10K ± 5% ;  Yz W .  Composition 1 84 A763H5 1 

R53 l OK ± 5% ;  Yz W .  Composition 1 84A763 H 5 1  

R54 l OK ± 5% ;  Yz W .  Composition 1 84 A763H 5 1  

R55 100 ohms ± 5% ;  Yz W .  Composition 1 84 A763H03 

R56 3 . 6K ± 5% ; Yz W. Composition 1 84A763H40 

R57 3 . 6 K  ± 5%;  Yz W .  Composition 1 84A763H4 0  

R58 100 ohms ± 5% ;  Yz W .  Composition 1 84 A7 63H03 

R59 10K ± 5%; Yz W.  Composition 1 84 A7 63H5 1 

R60 5 . 6K ± 5%;  Yz W.  Composition 1 8 4A763H45 

R61  15K ± 5% ;  Yz W.  Composition 1 84A763H55 

R62 l O K  ± 5% ;  Yz W .  Composition 184A763H5 1 

R63 1 K  ± 5% ;  Yz W .  Composition 1 84A763H27 

R64 Potentiometer, lK ; Y4 W .  629A430H02 

8 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  TC F 1 W/ l W  CON TACT -K E Y E D  -------------------------I.:..:.L.:... . ...:..41.:...·..:..94.:..:5.:....3:...:1;:_:_A 

ELECTRICAL PARTS LIST 

CIRCUIT D E S C R I P T I O N  
WESTINGHOUSE 

SYMBOL D ESIG NATION 

R ESI STORS (Cont' d.) 

R65 1 . 8K ± 5%; Yz W .  Compo sition 1 84 A763H02 

R66 8 . 2K ± 5%;  Yz W .  Composition 1 84A763H49 

R67 12K ± 5%;  Yz W .  Composition 1 84A763H53 

R68 330 ohms ± 5%;  Yz W .  Composition 1 84 A763H 1 5  

R69 800 ohms ± 5% ;  Yz W.  Composition 1 84 A859H06 

R70 Potentiometer ,  l K ;  '14 W. 629A430H02 

R7 1 4 . 7K ± 5%; Yz W .  Composition 184A763H43 

R72 39K ± 5%;  Yz W. Composition 1 84A763H65 

R73 Thermistor , 30 ohm s ,  Type 3D202 ( G . E . C . )  1 85A2 1 1H06 

R74 62 ohms ± 5% ;  Yz W. Composition 6 2 9A53 1H03 

R75 68 ohms ± 5% ; Yz W. Composition 187A290H 2 1  

R76 2K ± 5% ;  Yz W .  Composition 1 84A763H34 

R77 1 0  ohms ± 5% ;  Yz W. Composition 1 87A290H0 1 

R78 10 ohms ± 5%; Yz W. Composition 1 87A290H0 1 

R79 20K ± 2%; Yz W. Metal Glaze 629A53 1H63 

R80 25K Potentiometer ± 20%;  '14 w. 629A430H09 

T RANSFO RM ERS 

T l  Driver Output Transformer 606B4 1 0G0 1 

T4 Load-Matching Auto-Transformer 292B5 26G03 

T5 1 Buffer Amplifier Transformer 292B526G03 

T52 Driver Input Transformer 606B537G0 1 

T RANSI STORS 

Q l l  2N4356 849A44 1H02 

Q l 2  2N699 1 84A638H l 9  

Q5 1 2N697 1 84A638 H l 8 

Q52 2N697 1 84A638H l8  

Q53 2N697 184A638H l 8  

Q54 2N699 1 84A638Hl 9  

Q55 2N697 1 84A638H l 8  

Q56 2N272 6 / 2N37 1 2  762A672H 07 

Q57 2N2726 / 2N3712  762A672H07 
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TY P E  TC F 1 W/1 W CONTACT-K EY E D  -------------------------------

MI SC E L LAN EOU S  

Y l -Y2 Supplied for De sired Channel Frequency in Pair 4 08C74 3 
Matched Per Specifications on Drawing 

F L 1 0 2  Output Filt er 5 4 1 S2 1 4  + ( Re q .  Fre q.)  

P L  P ilot Light Bulb - For 48  V .  Supply ( When supplied) 187A l 33H02 

P ilot Light Bulb - For 1 25 or 259 V .  Supply (When supplied) 1 83A955H0 1 

F l ,  F2 Fus e ,  1 . 5A (When supplied) 1 1 D9 1 95H26 
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DOTTED L 1  HES ENQ.DSE COMPONENTS 
OM PRINTED CIRCUIT BOARDS 01 
OTIIER &16-ASSEMBLI ES ( EXCEPT 
AS NOTED) 
ALl CAPACITORS ARE I M  MFD. EXCEPT AS MOTEO. 

nsa tzK 

� :  MOUHTEO OM LARGE HEAT SIMIS {MATCHED P.lll � :  Yi , 2.03 TO L:!J MHZ 
Y2 - 2.00 [4HZ 

� = C70 ONI11ED ABOVE 60 IHZ 

USES TRANSMITTER 617 50BSC06 

BflOV 60 K H Z .  USE 617508SCIO 

( AS V l fWfD 

0 Fig. 2. Internal Schematic of the 
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TY P E T C F  1 W/1 W CON T ACT-K E Y E D  _______________________________________________ �I�.L�- �41�-9�4�5�.3�1A 

\ VOLTAGE KEYED INPUT CIRCUIT B OARD 

\ ® @ 
CJ 

1 
,- - - -, 
I 1 

VRt I . I  
2 �-- -� F L I 0 2 

1""--T l  

TRANSMITTER PRINTED IT]®  ® ®  
CIRCUIT BOARD 

~ � 
REAR V I EW 

Fig. 3. Component Locations on the Type TCF Transmitter Assembly. 

0 Fig. 4. Component Locations on the Transmitter Printed Circuit Board. Style 6275085G 10 

Sub. 1 
71 98694 

S ub  1 
71984 70 
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TY P E  TC F 1 W/1 W CON TACT ·K E Y  E D------------------------------

1 6  

Fig. 5. Component Locations on the Transmitter Printed Circuit Board. Style 6275085G06 

���� J 9  --������-

------------- 18 � MTG. CENTERS 

1� WIDE X i DEEP·FOUR SLOTS 

Fig. 6. Outline and Drilling Plan for the Type TCF Transmitter Assembly. 
(With Pilot Light, Switch and Fuses) 

S ub  1 
71984 74 

Sub. 1 
4 1 0C389 
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TY P E  T C F  T K E Y E D  l W/l W CONTAC • 

-

0 
0 

N 

+ 0 

. 7 Componen F1g. · 

0 

. Buffer Board t·on on Keymg t Loca I 

I.L. 41-945.31A 
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I N ST A L L A TI O N  • 

Westinghouse I.L. 41-945.128 

OPE R A T I O N  • M A I N T EN A N CE 

I N STRUCTIO N S  
TYPE TCF POWER LINE CARRIER FREQU ENCY-SHI.FT 

TRANSMITTER EQU I PMENT 
3 FREQU ENCY - 1 0 WATT I 1 WATT I 1 0  WATT 

CAUTION: It is recommended that the user of this equip­

ment become thoroughly familiar with the information in 

this instruction leaflet before energizing 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. 

APPLICATION 

A widely used high speed relaying system used for trans­

mission line protection consists of directional-comparison un­
block 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 channel spectrum 

can be effected by using a three-frequency transmitter for the 

two relaying functions and two separate receivers, one for 
each function, as shown in Figure 7.  

SYSTEM OPERATION 

The three-frequency TCF carrier transmitter provides for 

the transmission of any of three closely controlled discrete 

frequencies, all within the equivalent spacing of a single wide­

band channel. The center frequency of the channel can vary 

from 30 kHz to 300 kHz in 0.5-k Hz steps. The transmitter 
normally operates at a frequency that is 1 00 Hz above the 

channel center frequency (fc). This frequency serves as the 

"guard" frequency for the transfer-trip receiver and as the 

"block" frequency for the unblock receiver. Note that the dis­

criminator characteristic in the unblock receiver in this case is 

reversed from the normal unblock receiver used with the stan­
dard two-frequency transmitter. This "guard" or "block" 

frequency is transmitted continuously when conditions are 

normal. 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 "transfer 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 transmitted as an unblock 

signal for directional-comparison relaying. If a subsequent 

transfer-trip operation is called for, the transmitter will shift 

to fc - I  00 Hz which is the "trip" frequency for the transfer­
trip (narrow-band) receiver. 

Note that when the transmitter shifts to "unblock," 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 an 

alarm output in this case, the checkback output of the un­

block receiver is cross-connected to the guard or block input 

of the transfer-trip receiver (through on OR logic circuit). 

This logic is shown in Figures 8 and 9.  The checkback output 
is a receiver output that indicates that a proper signal has 
been received without going through any time delays or other 

logic used for the actual relaying output. With this cross­

connected logic, both receivers will function when required, 

but will not give any incorrect output indications. 

The transmitter normally operates at an output level of 
one watt at the "guard" or "blocking" frequency, but in­

creases to ten watts for either "trip" or "unblock" output. An 
interlock is provided in the transmitter keying circuit to give 

transfer-trip preference. This means that even while the 

transmitter is shifted to the "unblock" frequency, if the 

transfer-trip keying circuit is energized, the transmitter will 
shift to the "trip" frequency without delay. 

CONSTRUCTION 

The I 0-watt/ ! -watt/ I 0-watt TCF transmitter unit JS 

mounted on a standard 19-inch wide panel 1 2 lf4 inches 

A II 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 in/(muation is desired by purchaser re­
garding his particular installation, operation or 
11 1aintcnance ol his equipment ,  the local West­
inghouse Electric Corporation representative 
should he contacted. 

SUPERSEDES I.L. 41 -945.1 2A, dated June 1 976 
0 Denotes change from superseded Issue. EFFECTIVE NOVEMBER 1 977 www . 
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TYPE TCF POWER L I N E  CARRI ER------------------------

(7 rack units) high with edge slots for mounting on a standard 

relay rack .  A jack for metering the ampifier collector current 

is accessible from the front of the panel. See Fig. 6. All of the 

circuitry that is suitable for printed circuit board 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 enclosed by dotted lines on the internal schematic. 

Fig. l .  The location of components on the three printed cir­

cuit boards are shown on separate illustrations, Fig. 3 ,  4 & 5 .  

External connections to th•e assembly are made through a 
1 2-circuit receptacle, 13 .  The r .f. output connection to the 

assembly is made through a coaxial cable jack , J2.  

OPERATION 
The transmitter is made up of four main stages and two 

filters. The stages include two crystal oscillators operaing at 
frequencies that differ by the desired channel center frequen­

cy, a mixer and buffer 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 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 M Hz range. The crystals are Y I and Y2 of Fig. I .  

The frequency of Y2 i s  1 .00 MHz when operated with a 

specified amount of series capacity, and the frequency of Y l  

is 2.00 MHz 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 supply 

voltage and the base of transistor Q5 1 , which operates in the 

emitter following mode. The (:mitter is coupled to the base 
through C57.  With Y2 remov·�d the base of Q5 1 would be 
held at approximately the midpoint of the supply voltage by 
RS I 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. I ncreasing 

C55 will lower the frequency of oscillations and reducing C55 

will raise the frequency. 

2 

Capacitor C73 (in parallel with C70) is not effective until 

055 is biased in the forward direction and becomes conduc­

tive. It is biased in the reverse direction until the keying con­

trol for unblock is closed which places 45V. de at terminal l 2  

of the printed circuit board. With 055 conducting, C73 and 

C70 are placed in parallel with C55 and C74. The adjustment 

of C73 will reduce the frequency of the Y2 circuit by 200 hz. 

Since Y2 is the lower of the two frequencies derived from Y I 

and Y2, the difference frequency, which is the frequency 

transmitted, is now increased by 200 hz. Thus the frequency 

transmitted is now 200 hz above the guard frequency or 300 

hz above the center frequency. 

Crystal Y I is connected in a circuit that is similar except 

for the addition of C53 and diodes 05 1 and 052. By adjust­

ment of C52 this circuit is made to oscil late at 1 00 hz above 

its marked frequency. Capacitors C53 and C76 are not ef­

fective until 05 1 is biased in the forward direction and be­
comes conductive. It is biased in the reverse direction until 

the keying control is closed, which places 45V. de at terminal 

I of the printed circuit board. With 05 1 conducting, C53 and 

C76 are effectively in parallel with C52 and C75. The adjust­

ment of C53 will reduce the frequency by 200 hz. The crystals 

taken individually have a greater variation of frequency 

with temperature than would be acceptable. However, by 

proper matching of the two crystals, the variation in their 

difference frequency can be kept within limits that permit 

holding the frequency station of the overall transmitter to 

± 1 0 hz over a temperature range of - 20 to + 55°C.  

The frequencies produced by the two oscillators are coupl­

ed to the base of mixer transistor Q53 through C62 and C63. 

The sum of the two frequencies is so high that a negligible 

amount appears on the secondary transformer T5 1 ,  but the 

difference frequency is accepted and amplified by Q53 and 

Q54. 

When the keying control is closed, it increases the output 

power from l watt to 10 watts as well as changing the fre­

quency from Guard to Transfer or U nblock 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 R70 therefore is effectively 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 I 0-watt output level. 

Note in the keying board that diode 0 1 2  serves as in­
terlocking logic connection between the keying for "unblock" 
and the keying for "transfer trip" . This logic permits the 

"transfer trip" keying to take preference over the "unblock" 

keying. That is even if we have "unblock" keying and then get 
"transfer trip" keying, the "transfer trip" will take im­

mediate preference over the "unblock" keying. This is ac­

complished by the "transfer trip" keying causing transistor 

Q 1 2  to conduct which in turn shunts out the keying voltage in­

put to transistor Q22 through diode 0 1 2. Thus while Q l 2  

becomes conducting and consequently Q I I , effecting 

"transfer trip" keying, this conduction of Q l 2  also prevents 

Q22 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 the 45-volt regulated 

supply in the transmitter. 

The driver stage consists of transistors Q56 and Q57 con­

nected in a conventional push-pull circuit with input supplied 
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TYPE TCF POW ER L I N E  CARRI ER ----------------------I ._L._4_1 -_94_s_.1_2B 

from the collector of Q54 through transformer T52. Thermis­
tor R73 and resistors R74 and R75 are connected to pro­
vide a variable bias that reduces the effect of varying ambient 
temperatures on the input level. In addition, network R67, 

R 79, and potentiometer R80 are used in the bias circuit and 

are adjusted by meads of R80 to limit the quiscent current 

in the driver stage common to 0.2 rna. This adjustment is 
made by unsoldering the lead going from pin 2 of the trans­

mitter to terminal 2 of transformer T l  and inserting a de 

milliammeter (0- 1 .0 rna) between this pin 2 and terminal 2 

of T I .  The R80 is adjusted to produce 0.2 rna ± .05 in this 

circuit, after this, the milliammeter is removed and the lead 

replaced. 

The driver filter, FL I  0 I ,  consists of a series-resonant in­

ductor and capacitor connected between the driver and power 

amplifier stages by appropriate transformers T l  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 I 0 I and Q I 02, operating as a class B push-pull 

amplifier with single-ended output. Diodes 0 1 0 1  and 0 103 

provide protection for the base-emitter junctions of the power 

transistors. Zener diodes Z 1 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 ( L I 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 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. Autotransformer T4 matches the filter impedance to 

coaxial cable of 50, 60, or 70 ohms. 

The series resonant circuit composed of L IOS, and CE is 
tuned to the transmitter frequency, and aids in providing re­

sistive termination for the output stage. Jack J 1 02 is mounted 

on the rear panel of FL 1 02 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 reserve 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 demand. The Zener diode Zl holds 

a constant base-to-negative voltage on the series-connected 

power transistor Q I .  Depending on the load current, the de 

voltage drop through transistor Q I and resistors R I and R2 

varies to maintain a constant output voltage. The Zener diode 

Z2 serves to protect the collector-base junction of Q I from 

surge voltages . Capacitor C l  provides a low carrier-frequency 

impedance across the de output voltage. Capacitors C2 and 

C3 bypass r.f. or transient voltages to ground, thus preventing 

damage to the transistor circuit. 

Frequency 

Range 

Output 

Frequency 

Stability 

Frequency 

Spacing 

Harmonics 

Input voltage 

Supply voltage 

variation 

Battery drain 

Keying circuit 

current 

Temperature 

range 

Dimensions 

Weight 

CHARACTERISTICS 

30-300 kHz 

I watt guard- 1 0  watts transfer trip 

(into 50 to 70 ohm resistive load) -

1 0  watts unblock. 

± 10 Hz from -2ooc to + 55°C.  

2500 Hz min .  between transmitter and 

adjacent receiver frequencies (with r .f. 

hybrid) 

Down 55 db (min.) from output level. 

48 or 1 25 v.d.c. 

42-56 v. for nom. 48 v. supply. 1 05- 0 
140 v. for nom 1 25 v. supply. 

0.5 a. guard t 
l . ! S a. trip 5 
0.5 a. guard t 
! . ! Sa.  trip 5 

4 ma. 

48 v .d.c 

1 25 v .d.c. 

-20 to +55°C.  Around chassis. 

Panel height - 1 2 1/4" or 7 r .u .  

Panel width - 1 9" 

1 2 lbs. 

INSTALLATION 

The TCF 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, vibra­
tion , corrosive fumes, or heat. The maximum ambient tem­

perature around the chassis must not exceed 55°C.  

ADJUSTMENTS 

The TCF 10 W / I  W / 1 0  W 3 frequency transmitter is 

shipped with the power output controls R64 and R70 set for 

outputs of I watt and 1 0  watts into a 60 ohm load. I f  it is 

desired to check these adjustments or if repairs have made 

readjustment necessary, the coaxial cable should be dis­

connected 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 
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TYPE TCF POWER L I N I: CARRIER -----------------------

4 

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 5 and 7 of J3 .  

I f  this i s  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 ad­

justable core in and out a small amount from its initial posi­

tion . Leave it at the point of maximum 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. For above 200 kHz, tuning coil L l 05 is a 

screw type adjustment and not a plunger ·with kunrled shaft 

and locking nut. 

Then change to Trip frequency by connecting together ter­

minals 2 and 3 of the transmitter printed circuit board (which 

is approximately equivalent to connecting together terminals 

7 and 8 of J3), 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 L l 05 for maximum output voltage 

and readjust R70 for a 10 watt output if necessary. Tighten 

the locking nut on L l05 .  Open the power switch, remove the 

jumper used to key the transmitter to the 10 watt level, 

remove the load resistor, and reconnect the coaxial cable cir­

cuit to the transmitter. 

T1 06 Voltage for Voltage for 

Tap � Watt Output 1 0  Watts Output 

50 7. 1 22.4 
60 7.8 24.5  
70 8 .4 26.5 

Follow the procedure outlined in the line tuner instruc­

tions for its adjustment. 

Normally the output filter (FL 1 02) will require no read­

justment except as noted above. It is factory tuned for max­

imum second and third harmonic rejection, and for series 

resonance (maximum output at the fundamental frequency) 

with a 60-ohm load. A small amount of reactance in the 

transmitter output load circuit may be tuned out by readjust­

ment of the movable core of LO I S . This may be necessary 

with some types of line coupling equipment. The adj ustable 

cores of Ll 02 and L l  03 have been set for maximum harmonic 

rejection and no change should be made in these settings un­

less suitable instruments are available for measuring the sec­

ond and third harmonic present in the transmitter 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 in­

dividual crystals, this can be done by turning the matched pair 

1 80° and inserting a crystal in its proper socket with other 

crystal unconnected. A sensitive frequency counter with a 

range of at least 2 .3 M Hz can be connected from TP5 1 and 

TP54. (Connection to TP54 rather than to TP53 provides a 

better signal to the counter input capacitance on the oscillator 

circuit.) While measurement of the oscillator crystals in­

dividually is necessary for the initial adjustment of the os­

cillators, generally any subsequent checks may be made with 

a lower range counter connected at the transmitter output .  I f  

any minor adjustment o f  the Guard and Trip frequencies 

should be needed, the Guard adjustment should be made with 

capacitor C52 and the Trip adjustment with C53.  

Q56-Q57 BIAS ADJUSTMENT 

The push-pull output stages of the transmitter board are 

normally shipped correctly biased. I f  any components in­

volved in these stages have been changed, then it may be 

necessary to recheck the biasing of this stage. 

Unsolder the lead from terminal 2 of transformer Tl (just 

above FL I 0 I )  and temporarily connect a low-range de 

milliammeter (0- 1 .0 rna) between the removed lead ( +) and 

T I terminal 2 (- ).  Turn the slotted control on the small 

potentiometer to full counterclockwise. Now, apply power to 

the TCF carrier set, but do not transmit carrier. This can be 

done by removing the crystals. Advance the potentiometer 

clockwise until the milliammeter reads 0.2 rna. Turn off the 

power, remove the milliammeter, and solder the lead back on 

terminal 2 of T i .  Replace the crystals and again apply de 

power to reenergize the transmitter. Check output, etc. of 

transmitter as previously described. 

MAINTENANCE 

Periodic checks o f  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 in­

itial settings. 

Voltage values should be recorded after adjustment in  

order to establish reference values which wi l l  be useful when 

checking the apparatus. The readings will remain fairly cons­

tant over an indefinite period unless a failure occurs. 

However, if transistors are changed, there may be con­

siderable difference in these readings without the overall per­

formance being affected. 

Typical voltage values are given in the following tables. 

Voltages should be measured with a VTV M .  Readings may 

vary as much as ± 20%. 
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TYPE TCF POWER L I N E  CARRIER ----------------------•·L_._4_1-_94_5_·1_2_8 

TABLE I 
TRANSMITTER DC MEASUREMENTS 

Note: All voltages are positive with respect to Neg. 45 V. 

(TP5 1 ). All voltages read with de VTV M .  

Voltage at Voltage at 

1 Watt 1 0  Watts 

Test Point Output Output 

TP52 20 20 
TP53 5.4 5.4 
TP54 3.4 3 .4 

TP55 2 1  1 8 .5 
TP56 2 1  1 8 .5 
TP57 < I .O <I .O 

TP58 44.3  44. 1 
TP59 < I .O < I .O 
TP I O I  0 0 

TP I 03 2 1  ± 2 2 1  ± 2 
TP I 05 44.3  44.0 

TABLE II 

TRANSMITTER RF MEASUREMENTS 

Note: Voltages taken with transmitter set to indicated out­

put across 60 ohms. These voltages subject to varia­

tions, depending upon frequency and transistor 

characteristics. TS I -3 = Terminal 3 of transformer 

T5 1 .  Other transformer terminals identified similarly. 

All read with ac VTVM.  

Voltage at Voltage at 

1 Watt 1 0  Watts 

Test Point Output Output 

TP54 to TP5 1 0 .0 1 5 - 0.03 0 .0 1 5 - 0.03 
TP57 to TPS I 0.05 - 0.09 0 .3  - 1 .2 
TP59 to TPS I 0.05 - 0.09 0 .3  - 1 .2 

T I - l  to TP5 1 1 .65 5 .6 
T I -3 to TP5 1 1 .45 4.9 
T l -4 to Gnd. .6 2.0 

T2- l to Gnd. . 57 1 .85 
TP I O I  to TP I 03 5.2 1 7 .0 
TP I 03 to TP 105 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 1 02 to Gnd. 7 .8 24.5 

'1' 

CONVERSION OF TRANSMITTER FOR 
CHANGED CHANNEL FREQUENCY 

The parts required for converting a I W f lOW TCF 

transmitter for operation on a different channel frequency 

consist of a pair of matched crystals for the new channel fre­

quency, new capacitors C I 03 and C 1 04 on the power 

amplifier circuit board if the old and new frequencies are net 

in the same frequency group (see table on internal schematic 

drawing) and, in general, new or modified filters FL I O I  and 

FL I02. Inductors L I O I ,  L l02 and L 1 03 in these filters are 

adjustable over a limited range, but thirty-two combinations 

of capacitors and inductors are required to cover the frequen­

cy range of 30 to 200 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 

assigned group since some overlay 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 1 9 .5 207 . 1 -2 14.0 

32.0-33.5 64.5- 68.0 1 20.0- 1 27 .0 2 14. 1 -222.0 

34.0-36.0 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- 1 43.0 230 . 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- 1 59.5 250. 1 -262.0 

44.5-47.0 85.0- 89.0 1 60.0- 1 69.5 262. 1 -274.0 

47.5-50.0 89.5- 94.5 1 70.0- 1 80.0 274. 1 -287.0 

50.5-53 .5 95 .0- 1 00.0 1 80.5- 1 9 1 .5 287. 1 - 300.0 

54.0-57.0 100.5- 1 06.0 1 92.0-200.0 0 
57.5-60.5 1 06.5- 1 1 2.5 200 . 1 -207.0 

If  the new frequency lies within the same frequency 

group as the original frequency, the filters can be readjusted. 

I f  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 adjusted at the factory for the specified frequency. 

A signal generator, a frequency counter and a vacuum 
tube voltmeter are required for readjustment of FL I O I . The 

signal generator and the counter 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 VTV M .  Turning the screw to either side of this position 

should definitely reduce the reading. The change in induc­

tance 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 

inducatnce occurs near the end of core travel. 
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TYPE TCF POWER L I N E  CARRIER-----------------------� 

The procedure for readjustment of the 2nd and 3rd har­

monic traps of filter FL l 02 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 terminals 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 exact­

ly twice the channel center frequency and at 5 to 10 volts out­
put. Turn the core screw of the large inductor, L l  02, to the 

position that gives a definite minimum reading on the VTVM.  

Similarly, with the  signal generator set a t  exactly three times 

the channel center frequency and 5 to 10 volts output, set the 

core screw of the small inductor, L l 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 "A DJ USTM ENTS", 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 l 05 can 

be readjusted for maximum output at the changed channel 

frequency by the procedure described in the same section. 

I f  a frequency-sensitive voltmeter is available, the 2nd and 

3rd harmonic traps may be adjusted without using an os­

cillator as a source of double and triple the channel frequency. 

Connect the frequency-sensitive voltmeter from TP I 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, ob­

tain a maximum on-scale reading of the 2nd harmonic. Then 

vary the core position of L 1 02 until a minimum voltmeter 

reading is obtained. Similarly, tune the voltmeter to the third 

harmonic and adjust L l03 for minimum voltmeter reading. 
Although the transmitter frequency will differ from the 

channel center frequency by 1 00 Hz, the effect of this 

difference on the adjustment of the harmonic traps will be 

negligible. 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 provides 

high rejection of the fundamental. The insertion losses of this 

filter for the 2nd and 3rd harmonics must be measured and 

taken into account. 

6 

RECOMMENDED TEST EQUIPMENT 

I .  Minimum Test Equipment for I nstallation. 

a. 60-ohm I 0-watt non-inductive resistor. 

b. AC vacuum Tube Voltmeter (VTVM) .  Voltage 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: 

I nput I m pedance: 

I .5 to 300 volts. 

7.5 megohms. 

I I .  Desirable Test Equipment for Apparatus Maintenance. 

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. 

20-kHz to 330-k Hz. 

Some of the functions of the recommended test equip­

ment 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. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at the fac­

tory. 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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TYPE TCF POWER LI N E  CARRIER ______________________ I.L_._4_1 -_94_5_.1_2_B 

ELECTRICAL PARTS LIST 

CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL DESIGNATION 

CAPACITORS 

C J  Oil-filled, 0.45 mfd. ;  330 V.A.C.  1 723408 

C2 Oil-filled; 0.5 mfd . ;  1 500 V . D.C.  1 877962 

C3 Oil-filled; 0.5 mfd . ;  1 500 V . D.C .  1 877962 

C J I Metal lized Paper, .047 mfd. ; 849A437H04 

C21  Metal lized Paper, .047 mfd . ;  849A437H04 

C5 1  Our-Mica, 1 500 pf. ; 500 V .D.C.  762A757H03 

C52 Variable, 5 .5- 1 8  pf. 879A834HOI 

C53 Variable, 5 .5- 1 8  pf. 879A834HOI 

C54 Metallized Paper, . I  mfd . ;  200 V . D.C.  1 87A624HO I 

C55 Variable, 5 .5- 1 8  pf. 762A736HO J 

C56 Our-Mica, 2000 pf. ; 500 V . D.C.  1 87A584HOI 

C57 Our-Mica, 2000 pf. ; 500 V . D.C.  J 87A584HOI 

C58 Metallized Paper, 0.25 mfd.; 200 V . D.C.  1 87A624H02 

C59 Our-Mica, 1 00 pf., 500 V .D.C.  762A757HOI 

C60 Our-Mica, 1 00 pf., 500 V .D.C.  762A757HOI 

C61  Metal lized paper, 0 .25  mfd . ;  200 V. D.C. 1 87A624H02 

C62 Our-Mica, 4700 pf. ; 500 V . D.C.  762A757H04 

C63 Dur-Mica, 1 000 pf. ; 500 V . D.C. 762A 757 H02 

C64 Metal lized paper, 0.25 mfd . ;  200 V . D.C.  1 87A624H02 

C65 Metal lized paper, 0.25 mfd . ;  200 V .D.C.  1 87A624H02 

C66 Metal lized paper, 0.25 mfd.; 200 V . D.C.  1 87A624H02 

C67 Metal lized paper, 0.25 mfd . ;  200 V .D.C.  1 87A624H02 

C68 Metallized paper, 0.5 mfd . ;  200 V .D.C.  1 87A624H03 

C69 Metal lized paper, 0.25 mfd . ;  200 V. D.C. 1 87 A624H02 

C70 3 pf. 86 1 A846H03 

C 7 1  Metallized paper, 0.25 mfd . ;  200 V. D.C. 1 87 A624H02 

C72 Our-Mica, 300 pf. 500 V. D.C. 1 87A584H09 

C73 Variable, 5 .5- 1 8  pt. 879A834HOI 

C74 3 pf. 86 1 A846H03 

C75 3 pf. 861 A846H03 

C76 3 pf. 86 1 A846H03 

C J O J  Metallized paper, 0 .25 mfd . ;  200 V. D.C.  1 87A624H02 

C I 02 Metallized paper, 0.25 mfd . ;  200 V . D.C.  1 87A624H02 

C J 03 & C 1 04 (30-50 KC) - Extended foil, 0.47 mfd . ;  400 V. D.C.  1 88A293 HOI 

C J 03 & C l 04 (50.5-75 KC) - Extended foil, 0 .22 mfd . ;  400 V . D.C.  J 88A293H02 

C I 03 & C l 04 (75.5- 1 00 KC) - Extended foil, 0. 1 5  mfd . ;  400 V . D.C.  1 88A293H03 

C I 03 & C I 04 ( 1 00.5 - 1 50 KC) - Extended foil, 0. 1 0  mfd . ;  400 V. D.C.  1 88A293H04 

C I 03 & C l 04 ( 1 50.5 - 300 KC) - Extended foil, 0.047 mfd . ; 400 V . D.C.  1 88A293H05 

DIO DES - GENERAL P U RPOSE 

D J J J N645A 837A692H03 

D I 2  I N645A 837A692H03 

D I 3  I N4822 J 88A342H l l  

D I 4  I N4822 1 88A342H l l  
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TYPE TCF POWER L I N E  CARRIER 
-------------------------

ELECTRICAL PARTS LIST 

CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL DESIGNATION 

D I O DES - GENERAL PURPOSE 

D I S  I N4882 1 88A342H I I  

0 1 6  I N4822 1 88A342H I I  

D2 1 I N645A 837A692H03 

022 I N4822 1 88A342H I I  

023 I N4822 1 88A342H I I  

024 I N4822 1 88A342H I I  

025 I N4822 1 88A342H I I  

DS I I N628; 1 25 V . ,  30 MA.  1 84A885H I 2  

052 I N628; 1 25 V., 30 MA.  1 84A885H I 2  

055 I N457A; 60 V. , 200 MA. 1 84A885H07 

058 I N628; 1 25 V., 30 MA. 1 84A885H 1 2  

D I O I  I N538; 200 V . ,  750 M A .  407C703H03 

0 1 02 , 0 1 04 I N9 1 ;  1 00 V. ,  1 50 MA.  (Germanium Version used with 2N I 908) 1 82A8 8 1  H04 

0 1 03 I N538; 200 V. ,  750 MA.  407C703H03 

0 1 02, 0 1 04 I N48 1 8  (Silicon Version used with 2N3792 1 82A88 1 H04 

D I O DES - ZENER 

Z l  I N2828B; 45 V .  ± 5%; 5 0  W. 1 84A854H06 

Z2 I N3009A; 1 30 V.  ± 10%; 10 W. 1 84A6 1 7 H I 2  

Z i t I N957 B 1 86A797H06 

Z l 2  I N3688A 862A288HOI 

Z l 3  I N3588A 862A288HOI 

Z l 4 I N3686B 1 85A2 1 2H06 

Z2 1 I N957B 1 86A 797H06 

Z22 I N3688A 862A288HOI 

Z23 I N3688A 862A288 HO I 

Z24 I N3686B 1 85A2 1 2H06 

Z54 I N3686B; 20 V. ±5%;  750 MW.  1 85A2 1 2 H06 

Z I 05 I N2999A; 56 V. ± 1 0%; 10 W. 1 84A6 1 7H I 3  

Z I 06 I N2999A; 56 V. ± 1 0%; 1 0  W. 1 84A6 1 7H I 3  

RESI STORS 

R l  26.5 ohms ±5%; 40 W.  (For  1 25 V Supply) 04D I 299H44 

R2 26.5 ohms ± 5%; 40 W. (For 1 25 V Supply) 04D I 299H44 

R3 26.5 ohms ± 5%; 40 W.  (For 48 V Supply) 04D I 299H44 

R3 500 ohms ±5%; 40 W.  (For 1 25 V Supply) 1 268047 

R4 100 ohms ± 1 0%; I W. Composition 1 87A644H03 

R5 I K  + 1 0%; 1!2 W. Composition 1 87A64 1 H27 

R6 3K + 5%; 5 W.  Wire Wound 1 88A3 1 7HO I 

R7 1 5 K ± 1 0%; 2 W.  Composition 1 87A642H55 

R l l 4.7k ±2%; 1!2 W. Metal Glaze 629A5 3 1  H48 

R l 2 1 2K ±2%; 1!2 W. Metal Glaze 629A5 3 1  H58 

R l 3  I OK ±2%; 1/2 W. Metal Glaze 629H53 1 H56 
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TYPE TCF POWER LINE CARRIER ______________________ 1_.L_. 4_1_-9_4_s._12_B 

ELECTRICAL PARTS LIST 

CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL DESIGNATION 

RESI STORS {Continued) 

R l 4  6.2K ±2%; lfz W. Metal Glaze 629A53 1 H 5 1  

R 1 5  4 .7K ±2%; 1/2 W. Metal Glaze 629A53 1 H48 

R l 6  47 K ±2%; lfz W. Metal Glaze (For 1 25 Vdc) 629A53 1 H72 

R 1 7  4 .7K ±2%; lfz W. Metal Glaze 629A53 1 H48 

R2 1 4 .7K ±2%; 1/2 W. Metal Glaze 629A53 1 H48 

R22 1 2K ±2%; 1/2 W. Metal Glaze 629A53 1 H58 

R23 ! O K  ±2%; 1/2 W. Metal Glaze 629A53 1 H56 

R24 6.2K +2%; 1/2 W. Metal Glaze 629A5 3 1  H 5 1  

R25 4.7K ± 2%; 1/2 W. Metal Glaze 629A53 1 H48 

R26 1 5 K  ±2%; 1/2 W. Metal Glaze (For 48 Vdc) 629A5 3 1  H60 

R27 4 .7K ±2%;  1/2 W. Metal Glaze 629A5 3 1  H48 

R5 1 !OK ± 5%; 1/2 W. Composition 1 84A763 H 5 1  

R52 !OK ± 5%; 1/2 W. Composition 1 84A763 H 5 1  

R53 IOK ±5%; 1/2 W. Composition 1 84A763H 5 1  

R54 ! O K  ± 5 % ;  1/2 W. Composition 1 84A763 H 5 1  

R55 1 00 ohms ± 5%; 1/2 W. Composition 1 84A 763 H03 

R56 3 .6K ±5%; 1/2 W. Composition 1 84A763H40 

R57 3.6K ±5%; 1/2 W. Composition 1 84A763H40 

R58 1 00 ohms ±5%; 1/2 W. Composition 1 84A763H03 

R59 IOK ±5%; lfz W. Composition 1 84A763H 5 1  

R60 5 .6K ±5%; 1/2 W. Composition 1 84A763H45 

R6 1 1 5 K  ±5%; lfz W .  Composition 1 84A763H 55 

R62 IOK ±5%; 1/2 W. Composition 1 84A763 H 5 1  

R63 I K  ±5%; 1/2 W. Composition 1 84A763H27 

R64 Potentiometer, I K; 1/4 W. 629A430H02 

R65 1 .8K  ±5%;  1/2 W. Composition 1 84A763H02 

R66 8 .2K ± 5%; lfz W. Composition 1 84A 763H49 

R67 1 2 K  ± 5%; 1/2 W. Composition 1 84A763H53 

R68 330 ohms ±5%; lf2 W. Composition 1 84A763H 1 5  

R69 800 ohms +5%; 1/2 W. Composition 1 84A859H06 

R70 Potentiometer, I K;  1/4 W. 629A430H02 

R7 1 4 .7K ±5%; lf2 W. Composition 1 84A763H43 

R72 39K ±5%; lf2 W. Composition 1 84A763H65 

R73 Thermistor, 30 ohms, Type 3 0202 (G. E.C.) 1 85A2 1 1 H06 

R74 1 80 ohms ±5%; 1/2 W. Composition 1 84A763H02 

R75 1 00 ohms ±5%; 1/2 W. Composition 1 84A763H03 

R76 2K ± 5%; lfz W. Composition 1 84A763H34 

R77 10 ohms ± 5%; lf2 W. Composition 1 87A290HO I 

R78 1 0  ohms ± 5%; 1/2 W. Composition 1 87A290HO I 

R79 20K ±20%; 1/2 W. Metal Glaze 629A5 3 1  H63 

R80 25K Potentiometer ± 20%; lf4 W. 629A430H09 

R8 1 I K  ± I %; ! 1/2 W. Metal Film 849A8 1 9 H48 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE TCF POWER LINE CARRIER-------------------------

ELECTRICAL PART!:� LIST 

CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL DESIGNATION 

RESISTORS (Continued} 

R82 5 K  Pot. ± 20%; 1/z W. 629A430H07 

R83 1 0.2K ± I %; 1/z W. Metal Film 848A820H46 

R84 27 ohms ±5%; 1/z W. Composition 1 87A290H l l  

R85 Thermistor 3 D402 10 ohms 1 85A2 1 1 H03 

R86 750 ohms ± I %; lfz W. Metal Film 848A 8 1 9H36 

R87 !OK ± 5%; lfz W. Composition 1 84A763H 5 1  

R I O !  1 0  ohms ±5%; 1/z W. Composition 1 87A280HO I  

R I 02 2 .2K ± 1 0%; I W.  Composition 1 87A644H35 

R I 03 2 .7  ohms ± 1 0%; lfz W. Composition 1 84A636 H l 4  

R l04 0.27 ohms ± 1 0%; I W.  Wire Wound 1 84A636H l 8  

R I 05 ! O ohms ±5%; 1/z W. Composition 1 87A290HOI 

R I06 4 .7K + 10%; I W. Composition 1 87A644H43 

R I 07 2.7 ohms± 10%; lfz W. Wire Wound 1 84A636H l 4  

R I 08 0.27 ohms ± 1 0%; I W. Wire Wound 1 84A636H l 8  

TRAN SFORMERS 

T l  Driver Output Transformer 606B4 1 0GO I 

T2 Power Amp. Input Transformer 292B526GO I 

T3 Power Amp. Output Transformer 292B526G02 

T4 Load-Matching Auto-Transformer 292B526G03 

T5 1 Buffer Amplifier Transformer 606B537GO I 

T52 Driver Input Transformer 606B537G02 

* TRANSISTORS 

Q l  2N6259 :j: 3503A4 1 HO I  

Q l  2N6259 with Heat Sink Assembly :j: 299B099GO I 

Q l l 2N4356 849A44 1 H02 

Q l 2  2N699 1 84A638H l 9  

Q2 1 2N4356 849A44 1 H02 

Q22 2N699 1 84A638 H l 9  

Q5 1 2N697 1 84A638 H l 8  

Q52 2N697 1 84A638H l 8 

Q53 2N697 1 84A638 H I 8  

Q54 2N699 1 84A638H l 9  

Q55 2N697 1 84A638H l 8  

Q56 0 2N2726/2N37 1 2  762A672H07 

Q57 0 2N2726/2N37 1 2  762A672H07 

Q I O I ,  Q l 02 2N 1 908 (Use in Matched Pairs) (Germanium Version used with I N 9 1 )  1 87 A673H02 

Q I O I ,  Q l 02 2N3792 (Use in Matched Pairs) (Silicon Version used with I N48 1 8) 1 87A673 H02 

M I SCELLANEO U S  

Y l -Y2 
Supplied for Desired Channel Frequency in 

408C743 
Pair M atched Per Specifications on Drawing 

F L I O I  Driver Filter 408C261  + (Req. Freq.) 

FL I 02 Output Filter 54 1 D2 1 4  + ( Req. Freq.) 

PL Pilot Light Bulb - For 48 V. Supply (When supplied) 1 87A l 33H02 

Pilot Light Bulb - For 1 25 or  250 V. Supply (When supplied) 1 83A955HOI 

F l .  F2 Fuse, 1 . 5 A (When supplied) I I  D9 1 95H26 

10 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



..... 
Col 

VRI  

@ @ @  

C2 

C3 

G 
0 

F L I O I 

TR ANSMI TT E R  PRI N T E D 

CIRCU IT BOA R D 

Q l  ' 
0 
0 

RE A R  V I E W  

CR I06 

QI02 

B U FFER E D  INPUT 
8 

POWER AMPLIFI E R  

PRINT E D  CI RCUIT 
B O A R DS 

F L I 0 2 

@ 
0 I J 3  

Fia_ 2_ Comaonent Locations of the tvae TCF Transmitter Assemb/v_ 

CRI051 ( I 
0 1 01 

Sub l 
2 0 3 C 6 8 7  

-t 
< 
"CC 
m 
-t 
0 
'TI 
"CC 
0 
:e 
m 
:::0 

!: 
z 
m 

0 
:J> 
:::0 
:::0 
m 
:::0 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



14 

C59EE33 
l+ C 57 ±I T P  & C 62 +1 -t-{]]I]+ 53 I+ CG3 +1 0 --t-m+-rPst �'----< � -+-[]]]}+ 0 

,.., 
0 \!) I{) CD 0 I{) ,._ N ID 

O TP 58 

Fig. 3. Component Locations of the Transmitter Printed Circuit Board. 
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-750Hz 

IF. F ILTER UNBLOCK RECEIVER (CENTERED ABOUT fc+IOO) 
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-200 - 100 0 + 100 + 200 +300 Hz +750 Hz 
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I 
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� TRANSFER TR IP RECEIVER 
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ING EFFECT OF NARROW 
BAND INPUT FI LTER) 
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Fig. 7. Three Frequency Operation - Receiver Characteristics. 
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TRANSFER TRIP 
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GUARD 1-- - - - -
fc +300HZ 
UNBLOCK 

.,J .. �, • 

I 
I =19.9KHZ 

I 
I 
I 

fc+ 20.0KHZ I �  -(fc- IOOHZ) 

I Jl' NOTE"UNBLOCK FREQUENCY OF fc +300HZ 
GIVES IF OF (fc + 20.0KHZ)- (Fe t300HZ) I : 19.7KHZ WHICH IS ALSO GUARD IN 
THIS RECEIVER. WHEN WE IGNORE THE 
NARROW BAND INPUT F ILTER.HOWEVER 
THE UNBLOCK FREQUENCY IS OUT OF 

= 20, 1 KHZ 

THE PASS BAND OF THIS RECEIVER. �T TRANSFER TRIP RECEIVER (SOLID STATE) 

.II. NOTE= DIRECT TRANSFER TRIP FREQUENCY 
OF fc - IOOHZ GIVES IF OF 
(fc + 20.1 KHZ)- (fc-IOOHZ)" 20.2KHZ 
WHICH I S ALSO A BLOCK I N  THIS 
RECE IVER. 

UNBLOCK RECEIVER 

GUARD 

TR I P 

LOW SIGNAL 

f---4---___., CHECK BACK 

L------------�, NOI S E 

I I LOW I • h SIGNAL 

I 
J 

-� UNBLOCK 

J 
I I CHECKBACK 

'-------- -------------========j------11 NOISE 

Fig. 8. Receivers Logic Diagram - 3 Frequency Operation for Direct Transfer Trip (Solid-State Output) and Unblock Relaying. 
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NARROW BAND INPUT FILTER.HOWEVER 
THE UNBLOCK FREQUENCY IS OUT OF 
THE PASS BAND OF THIS RECE IVER. 
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T TRANSFER TRIP RECEIVER (ELECTRO· � MECHANICAL) 
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.6NOTE= DIRECT TRANSFER TRIP FREQUENCY 
OF /c-IOOHZ GIVES IF OF 
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WHICH IS ALSO A BLOCK IN THIS 
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Fig. 9. Rece,vers Logic Diagram - 3 Frequency Operation for Direct Transfer Trip (Contact Output) and Unblock Relaying. 
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I N ST A L L A TI O N  
Westinghouse I .L .  4 1 -945 .51 M 

• OPE 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 I O N S  
TYPE TCF POWER LINE CARRIER FREQU ENCY-SH IFT 

RECEIVER EQUI PMENT-TRANSFER TRIP 

Caution: I t  i s  recommended that the u ser of  this 
equipment become acquainted with the in­
formation in this instruction leaflet and 
in the system instruction l eaflet b efore 
energizing the system. 
Printed circuit  modules should not be 
r emoved or  inserted when the relay is 
energized. Failure to observe this pre­
caution can result in an undesired tripping 
output and cau s e  component damage.  

If  the carrier set is  mounted in a cabinet , i t  must 
b e  bolted down to the floor or otherwise secured b e­
fore swinging out the equipment rack to prevent its 
tipping over. 

A P P L I C A T I O N 

The TCF fre quency-shift receiver equipment as 
adapted for transfer-trip applications responds to 
carrier-frequency signals trans mitted from the distant 
end of a power line and carried on the power line 
c onductors . The Guard signal is transmitted c ontinu­
ous ly when c onditions are normal. Its reception indi­
cates that the c hannel is operative and that there is 
no fault in the protected e quipment . The Guard fre­
quency is 1 00 hertz above the center frequency of the 
channel.  When a fault occ urs within the protected 
equipment , protective re lays switch the transmitter 
located there to  a Trip fre quency , 1 00 hertz be low 

O the center frequency , and also increase the power 
output of the transmitter (from 1 watt to  10 watts) .  

The reception of Trip frequency within a fix ed 
interval after disappe arance of the G uard 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 contact s to sound an alarm.  
Simultaneously, the Trip relay is locked out  so that 
a spurious Trip signal resulting later  from line noise 
cannot c ause fal s e  tripping. Qther circuitry, des­
cribed under OPERATION , provides security against 
false tripping c aused by severe line noise that over­
rides a normal Guard signal and produces a spurious 
Trip signal . 

SUPERSEDES L L. 4 1 -945 .5 1 L, dated Jan . 1 976 
0 Denotes c hange from superseded issue . 

C O N S T R U C T I O N  

The TCF r eceiver unit for transfer-trip applica­
tions is mounted on a standard 1 9-inch wide panel 
1 0Vz inche s high (6  rack unit s) with edge slots for 
mounting on a standard relay rack. All component s  
are mount ed at t h e  rear o f  the panel. Fuses ,  a p ilot 
light , a power switch, an input attenuator , a j ack for 
metering the discriminator o utput current , and the 
control for the adjustable time delay in the logic 
circuit are accessible from the front of the p anel.  
See Fig . No.  1 5 .  

All o f  the circuitry that i s  suitable for mounting 
on printed circuit boards is contained in an en­
closure that proj ects from the rear of the panel and 
is accessible by opening a hinged door on the front 
of the p anel .  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 component s  in the cir­
cuit. The dotted lines enclosing sep arate are as of 
Fig. 1 indicate that the components thus enclo sed 
are all on the same printed circuit board. 

The enclo sure that contains the printed circuit 
boards is divided into  seven compartments. The 
p artitions b etween compartments tog ether with the 
outer walls of the enclo sure provide complet e  shield­
ing between adjacent boards and fro m  external 
fields. Frequency shift rec eivers for transfer-trip 
relaying utilize all compartments if a carrier l evel 
indicator is provided. If thi s is omitted, the com­
partment on the extreme right , front view, i s  l eft 
vacant . In frequency shift receivert> for applic ations 
other than transfer-trip relaying , the logic circuitry 
is not required and the fifth compartment from the 
l eft is  vacant in such cases. 

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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TYP E TCF POWER L I N E  CARR I E R------------------------

The printed circuit boards slide into po sition in 
slotted guides at the top and bottom of e ach com­
partment , and the board terminals engag e  a t erminal 
block at the rear of the compartment . Each board and 

terminal block are keyed so that if  a bo ard is placed 
in the wrong compartment , it cannot be inserted into 
the t erminal block. A handle on the front of e ach 
board is l abeled to identify its function in the cir­
cuit. 

A board extender (Style No . 644B 3 1 5 G0 1 )  is 
available for facilitating circuit voltage measure­
ments or m ajor adj ustments. After withdrawing any 
one of the circuit boards ,  the extender i s  inserted in 
that compartment. The board then is inserted into 
the t erminal 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
lated 20 VDC supply, and the remainder from a regu­
lated 45 V . D. C .  supply. Thes e  voltages are tak en 
from two Z ener diodes mounted on a common heat 
sink . Variation of the resistance value between the 
positive side of  the unregulat ed D . C .  supply and the 
45 volt Zener adapt the receiver for op eration on 
48 , 1 25 ,  or  250 V . D . C .  

External connections t o  the receiver are m ad e  
through a 24-circuit receptacle ,  J3 ( se e  Fig. 1 ) .  The 
r-f input connection to the receiver i s  made thro ugh 
a coaxial cable j ack,  J 2 .  

O P E R A T I O N  
I nput Contro l  

The signal s  to  which the TCF receiver responds 
are received through a coaxial cable connected to 
j ack J2 of Fig. No . 1. Resi stor R4 and 20-volt 
Z ener 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 op eration of the receiver. 
The attenuator is adj ustable from the front of the 
p anel and can b e  cl amp ed at the desired setting . A 
scal e  on the p anel is graduat ed in db. While  this 
scale  is typical rather than individually calibrated,  
it  is  accurate within one or two db.  and i s  useful in 
setting approximat e  l evels.  Settings should be m ad e  
by observation o f  the db. scale  of  a suitable a-c 
voltmeter when possibl e .  

Cry stal F i l ter 

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

2 

or b elow the center frequency ( fc) of the channel 
are greatly attenuat ed. Fig . 4 shows a typical curve 
for the crystal filter , as well as a characteristic 
curve for the intermediat e  frequency filter , FL2 ,  and 
for the discriminator output . The narrow p ass band 
of FL1 p ermits close sp acing of  channel frequencies 
and reduces the possibility of false operation 
caused by spurious signal s such as may result from 
arcing disconnects or corona discharge.  

O sc i l l ator and M i xer 

From the crystal filter,  the signal enters the 
oscillator and mixer stag e  of the r eceiver. Cry stal 
Y l l ,  transistors Q 1 2  and Q 1 3 ,  or IC20 1 (Fig . 1 7 )  
and their associated resistors and capacitors, com­
prise a crystal-controlle d  oscillator that operate s  
a t  a frequency 20 kHz ab ove t h e  channel frequency, 
fc . The output from this local o scillator i s  fed 
through transformer T l l  to potentiometer R 1 2 ,  and 
the l at er is adjusted to feed a suitable  input to t h e  
base of  mixer transistor Q l l .  The o utput of  F L l  i s  
impr e ssed o n  the emitter-collector circuit o f  Q l l .  
A s  t h e  result of mixing these two frequencies ,  t he 
primary o f  transformer T 1 2  will contain fre quencies 
of 20kHz, 2fc + 20kHz, fc + 20kHz and fc . 

I F  Amp I i f ier 

The output from the secondary of T l 2  i s  ampli­
fied by Q3 1 ,  in the intermediat e  frequency amplifier 
stage ,  and is impressed on filter FL2.  Thi s is a 
two-section filter,  with both filters contained in a 
common c as e .  I ts  pass band is cent ered at 20kHz. 
While its p assband is much wider than that of  the 
crystal filter ,  i t  eliminates  the frequencies present 
at its input that are substantially higher than 20kHz. 

Ampl i fier  and L im i ter 

The output from the second section of the IF 
amplifier stage i s  fed to pot ent iometer R5 2  at the 
input of the amplifier and limiter stage.  Sufficient 
input is taken from R52 so that with minimum input 
signal ( 5 mv.)  at J2 and with R5 set for zero atten­
uation, satisfactory amplitude limiting will b e  ob­
tained at the output of the limit er stage .  

Di scrim inator 

The output of the limiter stage is fed to the 
discriminator. The di scriminator is adju sted  at the 
factory to have zero output ( as measured by a milli­
ammet er inserted in the circuit at j ack J l )  at fc-25 
h ertz. The adjustment for zero o utput at fc-25 
hertz is made by capacitor C88. C83 also is ad-
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justed to obtain a maximum voltage reading acro ss 
R84 when the current output is  zero. Maximum cur­
rent output,  of opposite polarities,  will b e  obtained 
when the fre quency is 1 00 hertz above or below 
the zero output frequency. This separation of 200 
hertz b etween the current p eaks is affected by the 
val ue of C86 , ( the actual value of which may b e  
changed slightly from i t s  typical value in factory 
calibration if required . )  

The purpose o f  offsetting the zero output fre­
quency of the discriminator by 25 hertz in the Trip 
direction is  to reduce the band of noise-generat ed 
trip frequencies ( b etween 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 discriminato r 
center. It should be observed that although Guard 
frequency is fc + 100 hertz, after leaving the mix-er 
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 . 0 25 kHz. 

The discriminator output is connected to the 
bases of transistors Q8 1 and Q82 in such manner 
that Q8 2 is  made conductive when current flows out 
of terminal 4 ( which occur s  with trip output) and 
Q8 1 is  made conductive when current flows into 
terminal 4 .  Consequently, terminal 1 5  is at a poten­
tial of approximately + 20 volts at Guard frequency 
and terminal 1 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 los s-of­
channel alarm relay, AL , and the Trip relay ,  AR. 

As a means of increasing further the security of 
the receiver against fal s e  tripping on nois e-gener­
ated Trip frequencies,  diode CR84 is connected in 
the emitter circuit of Q8 2 .  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 s evere channel deterioration or simultan­
eous noi se conditions , and this amply compensates 
for the reduction of Trip sensitivity caused by diod e  
CR84 .  F o r  applications where severe noi se condi­
tions or channel d eterioration 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 j umper may be connected across diode CR8 4 .  

Logic Circuits 

The logic stage of the receiver employs static 
circuitry that p ermits elimination of separate guard 
and lockout relays but provides all of the function 
of these relays as w ell 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 ,  it s o utput 
terminal ( 15 )  supplies po sitive potential to blocks 
A,  D, and F on the block diagram . Block A repre­
sents R 1 0 8 ,  C l O l  and CR104 of Fig . 1 .  Capacitor 
C lO l  will charge in approximately 120 milliseco nds 

to the breakdown voltage of Zener CR104 and block 
C ( transistor Ql02)  then will receive input tt l .  The 
function of QlO 1 is not indicated on the block dia­
gram, but it discharges C l O l  quickly when Guard 
signal disappears,  so t hat the full 1 20 m s .  delay is 
obtained on closely repetitive appearances of Guard 
signal. This avoids cancellation of a lo ss-of-chan­
nel alarm by noise-produced Guard signal. 

When Ql02  ( block C) receiv es input ttl or  tt2, it 
is made conductive and· capacitor C l 0 2  receives no 
charge .  Ql03 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 R 1 3 1. and R l 36 .  Note that under this condi­
tion, input tt l  to block K is supplied.  If  Guard sig­
nal should disappear but b e  followed promptly by 
appear ance of Trip signal , the trip i nput fed through 
R102  will not be diverted through CR1 0 2  to the col­
lector of Ql03  but will flow through CR l O l  to the 
base of Q102 to keep it conductive .  Howev er,  if 
Guard signal disapp ears and Trip signal do e s  not 
app ear in approximately 1 50 ms. , Cl 0 2  will charge 
to the breakdown point of CR105,  m aking Ql03  
conductive .  This will remove base input from Q104  
and the  alarm relay will drop out, sounding the 
alarm through its normally-closed contacts. ( Th e  
copper slug o n  t h e  alarm relay adds an additional 
del ay of approxim at ely 40 m s .  b efore the alarm 
contacts close . )  When Q103 b ecomes conductive, 
the saturation voltage at its collector is  so low 
that any current flowing through R 1 0 2  as a result of  
a subsequent Trip signal will b e  div erted through 

Q103 to negative instead of flowing through CR1 0 1  
and the base-emitter j unction o f  QlO 2 .  I f  Guard 
signal reappears ,  the discriminator output at  term.  
15  will turn Ql O l  off. C l Ol will  change and after 
1 20 ms. it will reach the breakdown voltage of 
CR1 04 and turn  Q1 02 on. This will allow C 1 02 to 
quickly discharge through R 1 23 and Q 1 02 and 
provide the full 1 50  ms .  time delay to b e  effective 
on any subsequent loss of guard signal. 
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TYPE TCF POW E R  L I N E  CARRI E R------------------------

Guard signal also produces i nput to transistor 
Q109 (block D ) .  With base input to Q109 it has 
negligible voltage o n  its collecto r ,  but if Guard 
signal is lost c ap acitor C 104  will charge to the 
breakdown voltage of CR1 1 3 in a tim e ranging from 
about 2 to 20 ms . ,  as determined by the setting of 
R7 . This time delay also is quickly reset on reap­
pearance of Guard signal , as C 1 0 4  discharge s  
through R l l 4 ,  CR1 1 3  and Q 1 0 9 .  Transistors Ql l O  
and Q1 1 1  are a part of  logic block I .  When C 104  
reaches the co nduction voltag e  of  CR1 1 3 ,  Ql l O  
conducts and removes base input from Q1 1 1 .  This 
raises the voltage on the collector of Q1 1 1  to about 
15 volts ,  which constitute s  input #2 to block K. The 
purpos 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 
d egree of protection against such incorrect opera­
tions . Resistor R7 is adjust able  by means of a knob 
on the front of the panel , and the knob can be cl amp ed 
at any d esired setting. 

When Trip signal app ears ,  input is  fed to tran­
sistor Q106 ( block E) through R l 19 . Under thi s con­
dition Q106 becomes conducting and does not sup­
ply input lf1 to Q107 ( block J ) .  If input #2 ( supplied 
through R 1 1 5 )  also is lacking for Q107, the latter 
is non-conductive and its collector voltage i s  
approximat ely 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 coll ector s  
o f  transistors Q l 0 3 , Q 1 0 7  and Ql l l . When one or  
mor e  of  these transistors is  conducting , input fed 
from the 45 volt supply through R 1 38 cannot reach 
the base of Q108 to cause pickup of the Trip relay 
because the voltage d rop acro ss any of the three 
diodes plus the saturation resi st ance of a transisto r 
is substantially less than the voltage drop acro ss 
one diode ( CR l l O )  plus the base- emitter voltage 
required to mak e  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 diod e  CR107 ; capacitor C 103 and resistor 
Rl l 5  are represented by block G .  Q105 receives 
input from either Trip or  Guard signal s  through 
R1 0 1  or  R 106 , and when either signal is present 
its col lector voltag e  is a small fraction of a volt. 
When the transmitter is  shifted from Guard to Trip 
by clo sure of a prot ective relay contact, th e dis-

4 

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 C 1 0 3  during thi s  interval flows to the base 'J f  
Q107 and k eeps i t  conducting aft er t h e  app e ar ance 
of Trip signal has removed the input thro ugh R 1 25 .  
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 overall 
time for tripping following a l egitimate Trip signal. 

At times when severe random noise is present ,  
such as might b e  produced by opening a nearby 
disconnect switch, the noise-produced signal may 
override the Guard signal and produce 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 rel atively long periods 
when the discriminator has neither Guard nor Trip 
output. At such times capacitor C 1 03 may approach 
or  reach its maximum voltage, thereby keeping Q107 
conducting for 40 to 50 ms. Al so , because of the 
quick reset feature of  logic block I ,  intermittent 
reapp earance of Guard signal during noi se 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 time when high l evel noise frequencies 
are present , tripping may be somewhat delayed but 
will b e  accomplished before the cessation of noise 
unless conditions are extremely severe.  The recom­
mended 10 db. increase of transmitter output level 
at Trip frequency minimizes such d elay.  

It may app ear that the function of block E in the 
logic diagram is duplicat ed by block F and co uld 
have been omitted. This is correct when the time 
constants are as normally supplied , but block E was 
retained to make the circuit adaptabl e to possibl e 
extreme conditions with minimum change .  

In summary, the logic circuit provides t h e  fol­
lowing 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 op erative 
immediately prior to reception of Trip signal .  

5 .  Minimizes effect o f  noi se-produced signals 
by utilizing noise characteristics to intro­
duce additional Trip delay .  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E T C F  P O W E R  L I N E  CARRI E R  _____________________ _:_• ·::L.:...:. 4::_:1:_:·9::::4::5·::_51�M� 

O utput C i rc u i t s  

The output stage o f  the receiver co ntains the 
al arm relay (AL) and the tripping relay ( AR) . Either 
relay is  energized from the regul ated 45 volt supply 
when the logic circuit has det ermi ned that the 
ex1sting conditions require such op eration.  The AL 
relay is  a telephone type relay with a copper slug 
on the end of the core oppo site the armature.  It has 
two sets of Form C cont act s ,  all points of which 
are connected to t erminal s  of j ack J3. The AR rel ay 
has two normally-open and two normally-closed 
contact s. The two sets of normally-open contac t s  
and one s e t  of normally- clo sed contacts are con­
nect ed to t erminals of j ack J 3 . The AR relay has 
be en designed to provide very high speed op eration 
with negligible contact  bounce. While  normally it  is 
energized o nly briefl y ,  it  will not be damaged by 
continuous en ergization.  
Carr ier  Level I nd i c ator (When Suppl i ed) 

With the lo gi c  circuit conn ectio n s  sho wn on Fig. 
1 ,  th e AL rel ay clo ses con t ac t s  to en ergize an 

al arm wh en t here is absence of both Guard and Trip 
signal for a definite time interval .  This is satis­
factory when the channel fail s  suddenly and com­
pletely.  Ho wever , the signal may weaken gradually 
from v arious causes,  and it is desirabl e to have a 
means for p rovi ding a vi sual i ndication of the chan­
nel condition as well as for energizing an alarm 
when the signal has we ak ened seriou sly but has not 
reached the point of complete failure. These func­
tions are provided if a carrier level i ndicator stag e  
i s  included in the receiver. 

The carrier level indicator  is housed in the 
right-hand comp artment of the enclosure that con­
t ains the circui t  bo ards.  Fig.  2 sho w s  the connec­
tio n s  of the compo nents on this cir cuit bo ard and 

als0 the external connections of the board . All other 
stages o f  the receiver are identi c al with t ho s e  

shown o n  Fig.  1 .  T h e  same A L  relay i s  u s e d ,  b u t  it  
is energized through t ran sistor Ql04 of the logic 
stage when the receiver does not  include c arrier 
l evel indication and through Q 1 5 4  of the c arrier level 
indicator when the l atter is supplied.  A TCF re­
ceiver in which the carrier level i ndicator was not 
included at time of as sembly c an have thi s feature 
added l ater by i nstalling the p rinted circuit bo ard 
and guides in the right hand comp artment and mak­
ing minor chang es in the wiring . 

The r .f . input to the c arrier l evel i ndicator i s  
taken fro m the collector o f  Q5 1 ,  t h e  first transistor 
i n  the amplifier and limiter stage. The i nput ,  whi ch 
varies approximately as the signal at the receiver 

input , is  amplified by Q l 5 1  and Q 1 5 2 .  Diodes CR1 5 1  
and C R 1 5 2  together with cap acitors C 1 5 7  and C 1 5 8  
establish a d- e voltage acro ss C l 5 8  that co ntrol s 
the conductivity of Q l 53 . The base current of Q l 5 3  
together with t h e  current through R 1 64 i s  me asured 
by a milliammeter ( suppli ed by the customer) loc ated 
at a point convenient fo r observ ation.  Thi s current 
can al so be metered at the receiver by means o f  
j ack J 1 5 1  on t h e  p rinted circuit board. The rmisto r  
Rl66 with its associated resistors,  and Sensi stor 
R 1 5 2 ,  p rovide compensation to minimize the vari a­
tion of the metered current with ambient temp era­
ture.  When Q 1 5 3  becomes conductiv e ,  it supplies 
base i nput to Q l 54 to turn it o n  and pick up alarm 
relay AL . When the signal at the receiver inp ut 
drops sufficiently, AL will drop out  and close the 
alarm circuit. The signal l evel at which this will 
o ccur i s  det ermined by the setting of R156 i n  the 
emitter o f  Q 1 5 1 .  

The input to the c ar ri er l evel indicator  i s  not 
affected by frequency v ariations that are within the 
p as s  band o f  the crystal input filter ,  but only by 
the l evel o f  the receiver input signal . When t he 
alarm rel ay is energized through tran s�stor Ql04 
o f  the  logi c stag e  ( in a receiver without carrier l evel 
i ndi cat o r - Fig.  1 ) ,  the alarm will b e  act iv at ed o n  
complete loss o f  signal o r  o n  lo ss o f  Gu ard signal 
if Trip signal do es not appear within app roximately 
1 50 ms. After the alarm rel ay has dropp ed out and 
activated the alarm, the relay will not be picked up 
by subs equent appear ance of Trip signal but only 
by the reapp earance of Guard signal. I t  is d esirable 
to ret ai n  this alarm feature when the c arrier l evel 
indicator  is  supplied , and a singl e alarm relay c an 
b e  c aused to resp o nd· to frequency change as well 
as to signal l ev el by the interconnection between 
the It 1 9  t erminal s o f  the logic and carrier level 
indicator  circuit bo ard s. 

When G uard signal i s  b eing received,  the volt­
age at the collector of Q 1 0 3  in the logic circuit i s  
app roximat ely 1 0  volts ,  but thi s  v oltage i s  blocked 
from the base o f  Ql54 in  the carrier l evel i ndicator  
circuit by diode C R 1 5 5 .  However,  if  the discr_imin­
ator Gu ard o utput should fail b ec ause of a sufficient 
frequency shift either above or below Guard fre­
quency , Q 1 0 3  would become conducti ve and t he 
co llector current of Q 1 5 3  would be diverted to 
negative through C R 1 5 5  and Q 1 0 3  r ather t han enter­
ing the base of Q 1 54 .  The l atter would become non­
co nductive and the alarm rel ay would drop out, 
closing the alarm circui t  even though the signal 
l evel is unchanged. 
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T Y P E T C F  P O W E R  L I N E  CAR R I E R------------------------

Fig. 5 i s  typical of the variation of the carrier 
l evel indicator current with the receiver input l evel . 
With Guard signal being r eceived, the signal level 
just below which the discriminator Guard output 
drop s to zero is the minimum op erating l evel of the 
receiver. The AL relay should energize the al arm at 
a signal level som ewhat above this .  For usual 
op erating conditions i t  should be satisfactory to set 
the input attenuator ( R5) 15 db. above the minimum 
operating l evel and set the AL relay (by means of  
R 1 5 6 )  to  drop out at a signal 5 db. above the  mini­
mum operating l evel . Fig. 5 shows that with such 
settings the carrier level indicator current would be 
approximately 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 l evel indi­
cator was not included at time of assembly can 
have this feature added l ater 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 position by a snap fastener, and the terminal 
block by screws and nuts. The terminal block in­
cludes an insert located to m ate with a correspond­
ing slo t  in the end of the carri er l evel indicator 
circuit board only, which prevent s  accidental in­
insertion o f  any other circuit board in this com­
p artment. 

Reference to the int ernal schem atic diagrams, 
Figs. 1 and  2 . will show the wiring changes re­
quired. Connect t erminal 2 to the adj acent terminal 
2 of the output board, terminal 9 to terminal 9 of the 
logi c  board, terminal 1 2  to terminal 1 2 of the output 
bo ard ( and remove connection from the l at er to 
terminal 12 of the logic board) , terminal s  14 and 1 7  
to terminal s  1 8  and 19  resp ectively  o f  J 3 ,  terminal 
16 to terminal 1 6  of the limiter board, terminal 1 8 to 
terminal 18 of the di scriminator board an d terminal 
19  to terminal 19 o f  the logi c  board. 

Power Supply 

The regul ated 20 V. D . C. and 45 V. D .C .  circuits 
of the receiver are supplied  from Zener diodes 
mounted on  a common heat sink on  the rear o f  the 
p anel .  Resistors ( R2 , R3) of suitabl e value are con­
nected bet ween 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 i s 
connected to the external supply through a switch 
and fuses ,  and  a pilot l i ght indi cat e s  whether th e  
D. C. circuits  are energi zed. Cap acitors C 1 and C 2  
bypass r. f. or transient voltages t o  ground. Chok es 
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L 1  and L 2  i solat e  the rec eiver from transien t  vol t­
ages  that m ay  appear on the D .C .  supply. 

C H A R A C T E R I S T I C S  

Frequency range 

Sensitivity ( noise­
free channel) 

Input Impedance 

B andwidth ( crystal 
filter) 

Discriminator 

Operating tim e  

Frequency sp acing 

A. For two or 
more signal s 
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. 

B attery drain 

Dimensions 

Weight 

30-300 kHz 

0 . 00 5  volt  ( 6 5  db below 1 
watt for limiting) 

5000 ohms minimum 

down < 3 db at 220 her t z  
down > 6 0  d b  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 ( transm.  
and recvr. ) 

2 m s. min. logic delay 

+ 3 m s. AR rel ay 

1 4  ms .  minimum time 
+ 18 m s. m ax. added logic 

time ( if req' d.  by noise 
condi tions) 

32  m s. m aximum time 

500 hertz minimum 

1 000 hertz . minimum 
between tran smitter and 
adjacent receiver · fre­
quencies. 

-20oc to +55 °C temper ature 
around c hassis . 

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

105 - 1 40 V . D . C. 
2 10 - 280 V. D. C. 

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

0 . 27 a. at 1 25 or 250 V. D .C .  

P anel heigh t - 101;2"o r 6  r. u .  
P anel width - 19 "  

1 3  lbs.  
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T YP E T C F  P O W E R  L I N E  C A R R I E R  ----------------------' --L ._4_1 ·_94_s_.s_1_M 

I N S T A L L A T I O N  

'l'he TCF receiver i s  generally supplied in a 
c abinet or on a relay rack as p art of a comp l et e  car­
rier assembly. The location must be free from dust, 
e xcessive humidity, vibration, corro sive fumes ,  or 
heat. The m aximum ambi ent temp erature around the 
ch assis must not exceed 55°C . 

A D J U S T M E N T S  

All factory adj ustments of the TCF receiver 
h av e  been c arefully m ad e  and sho uld not b e  altered 
unl ess there is evidence of dam ag e  or m alfunction­
ing. Such adju stm ents are: frequency and o utput 
l evel of the o scill ator and mix er; input to the am­
plifier and limiter; discriminator o ffset from c enter 
frequency; frequency spacing and magnitude o f  
discriminator output p e ak s. Adj ustments that must 
b e  m ad e  at tim e of install ation are: setting of input 
attenuator R5 ; setting of the logic tim e  del ay by 
R7 ;  adj ustment of R 1 5 6  on the c arrier l evel indi c a­
tor ( if supplied) to op erate the al arm at the desired 
input level. The input attenuator and the logic time 
delay adjustments are m ad e  by knobs on the front of 
the p an el .  A screw driver adj u stment of a potentio­
meter at the front and top of the printed circuit board 
sets the point at which the l evel indicator al arm 
operate s. 

The receiver should not be set with a greater 
m argin of sensitivity than is needed to assure cor­
rect op eration with the maximum e xp e cted variation 
in attenuation of the transmitter signal .  In the ab­
sence o f  data on this ,  the receiver m ay b e  s et to 
op erate on a signal that i s  1 5  db b elo w the e xp e cted 
m aximum signal. After installation o f  the recei ver 
and the corresponding transmitter, and with a normal 
Guard si gnal being received, input attenuato r R5 
shoul d b e  adj usted to the po sition at which the 
al arm rel ay drop s o ut. R5 then shoul d b e  readjusted 
to increase the voltage supp l i ed to the receiver by 
15 db. The scal e  m arkings for R5 p ermit an approxi­
mat e  setting to be made but it is preferabl e to mak e  
thi s setting by m eans o f  the d b  scal e s  o f  an a- c 
VTVM connected from ground to the sliding cont act 
of R5.  

I n  case the transmitter has a 1 Watt/ I Watt o ut­
put and diod e  D 8 4  i n  the di scriminator i s  not by­
p assed ( se e  discu ssion under OP ERATIO N - Dis­
criminator) , the transmitter should be keyed to trip ,  
transi stor Q 10 3 should b e  k ept  non- cond ucting by 
conne cting a short clip l e ad acro s s  R 1 28 ,  and R5 

shoul d b e  adj usted to the po sition at which the trip 
rel ay just p i ck s up. R5 then shoul d be readj u sted 
for a 1 5  db increase in receiver input,  and the j ump­
er acro ss R 1 28 should be removed.  I f  CR8 4 i s  by­
passed the input l evel s at whi ch the AL and AR 
rel ays just operate will be appro ximately the sam e ,  
and the A L  relay minimum operating point c an b e 
used as referenc e  for arriving at the R5 setting, as 
described in the prececding p aragraph. 

I f  the receiver has a c arri er l ev el indi c ato r,  th e 
p ro c edure for setting R5 is somewhat different. Turn 
R 156 to m aximum clock wi se p osition and adj u st R5 
to the po sition at which the al arm rel ay just drops 
o ut. At thi s point the signal h as been attenuated to 
the point that the di scriminator no longer has Guard 
o utput although it still would be sufficient to p ro­
duce output from the c arri er l ev el indi c ator ,  and the 
b ase input to Q 154 on the c arrier l e v el indi c ator i s  
diverted to negative thro ugh Q 1 0 3  on the logi c  
circuit bo ard. ( Note that a milli ammeter reading at 
J 1 5 1 has no significance at thi s  abnormal setting o f  
R 1 5 6. )  Then readj u st R5 to increase the input sig­
nal by 5 db and adj u st R 1 5 6  to the p o sition at which 
the al arm rel ay again drop s o ut. Again readj u st R5 
to increase the signal by an additional 10 db and 
cl amp the knob in thi s po sition. 

It is recomm ended that R7 be set for maximum 
time delay ( full clo ckwi s e  rotation) unl ess fi eld 
tests h av e  shown that a shorter del ay c an be used 
without d anger o f  false  tripping under conditions of 
severe line noi se , such as m ay b e  caused by the 
op ening o f  nearby di sconn ect swi tches.  

Potentiometer R 1 2 ,  w here applicable ,  in the 
oscillator and mixer should be set for 0 .  3 volt , m ea­
sured with an a-c VTVM connected between TP l l  and 
terminal 1 8  on the circuit board ( ground t erminal o f  
voltm eter) . A fre quency counter c a n  be connected 
to the same points for a check on the frequency,  
wi1ic h  should b e  2 0kHz ab ove t he channel fre quency.  
The fre qu ency is fixed by the crystal used ,  except 
that it may b e  changed a few cycles by the val ue of 
c apacitor C 1 2 .  Reducing C 1 2  increases the 
fr equency , but the c apacity should never b e  less 
than a val ue that insures reliable starting o f  o s cil­
lation. The fre quency at room temperature i s  u sually 
se veral cycl es above the crystal nominal fre quency 
as this reduce s t he frequency deviation at the 
temperature extreme s .  

The adjustment of the amplifier and l imiter i s  
made b y  potentiometer R5 2 .  A n  o scilloscope should 
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T Y P E T C F  P O W E R  L I N E  CA R R I E R  

be  conn ected from the base o f  transi stor Q54 to 
terminal 18 of the limiter. With 3 mv. of Guard fre­
quency on the receiver input ( R5 at zero) , R5 2 
should be adj usted to the point where the peaks of 
the oscilloscope trace begin to flatten. Thi s should 
appear on the upp er and lower p eaks at approximate­
ly the same setting. 

Adj ustment of the discriminator is  made by 
capacitor s 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 tak en from 
an oscillator set at fc-25 Hertz (R5 at zer o . )  
Connect a 1 . 5-0- 1 . 5  milliammeter in t h e  circuit at 
J 1  and a VTVM across  R84 .  Adj ust C88 for zero 
current in the milliammeter and C83 for maximum 
voltage across  R84 ,  rechecking the adj ustments 
alternately until no further change is observed. 
Remove the VTVM from across R84 and observe 
the milliammeter reading as the o scill ator frequency 
is varied. Po sitive and negative peak s should occur 
at fc + 75 Hertz and fc- 1 25 Hert z ,  with the latter 
peak b eing 20% or 25% lower than the former b e­
cause of diode D 84 in the Trip output path.  

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

M A l  N T E N A N C E  

Periodic checks of the received carrier signal 
and the receiver sensitivity will detect gradual 
deterioration and permit its correction b efo re failure 
can result.  The carrier level indicator , when pro­
vided , permits ready observation of the rec eived 
signal level. With or without a carrier level indica­
tor, an overal l  check can be made with the attenua­
tion control R5 . A change in op erating margin from 
the original setting can be d etected by observing 
the change in the dial setting required to drop out 
the alarm rel ay. If there is a substantial reduction 
in margi n, the signal voltage at the receiver input 
should be checked to see whether the reduction i s  
due t o  loss o f  signal o r  loss o f  receiver sensitivity. 

All adjustable compo nent s on the printed circuit 
bo ards are accessible when the door on the front of 
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the panel is opened. (An offset screwdriver would 
be required for adjusting R 1 2 .) However ,  as des­
cribed under "CONSTRUCTIO N " ,  any board may 
be made entirely accessible whil e p ermitting elec­
trical op eration by using board extender Styl e No. 
644B3 15G0 1 .  This permits attaching i nstrument 
leads to the various test points of t erminal s when 
making voltage ,  oscillo scop e or frequency check s. 

I t  is  advisable  to record voltag e  values after 
adj ustment in order to establish referenc e  value s 
whi ch will be useful when checking the apparatus. 
The readings will remain fairly constant over an 
indefinite p eriod unle s s  a failure occurs. However, 
if  transistors are changed, there may be  considera­
bl e difference in these readings without the overall 
performanc e being affected. 

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

T A B L E  I 

R E C E I V E R  D - C  M E A S U R E M E N T S 

Note: All voltage readings t aken with ground of d-e 
VTVM on t erminal 9 ( neg. d . c .  ). Receiver adjusted 
for 1 5 db operating margin with Guard signal down 
50 db from 1 watt and Trip signal down 40 db. Un­
less otherwise i ndicat ed , voltage will not vary 
appreciably whether signal is Guard , Trip or zero .  

Collector o f  Vol t s  
Tran si stor ( +) 

Q1 1 < 1 3  
Q 1 2  1 5  (Guard o r  Trip) 

Q13 15 (Guard or Trip) 

Q3 1 2 . 5  
Q32 2 . 5  
Q5 1 1 1 . 5  
Q52 1 2  
Q53 1 5 . 5  
Q54 2 . 5  
Q8 l. < 1 (No sig. or Trip) 

Q8 1 1 9 . 5  (Guard) 
Q8 2 < 1 (No sig. or Guard) 
Q82 1 9 . 5  ( Trip) 
Q 1 0 1  < 1 (No sig. or Trip) 
Q10 1 7 (Guard) 
Q102 2 1  ( No signal) 
Q102 < 1 ( Guard or keyed Trip tt )  
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TYP E T C F  P O W E R  L I N E  CAR R I E R  

Q 1 0 3  < 1 (No signal) 
Q 1 0 3  1 0  (Guard o r  keyed Trip) 
Q 1 0 4  4 5  ( N o  signal) 
Q 1 04 ' 1 ( Guard or keyed Trip) 
Q l 0 5  4 0  (No signal )  
Q 1 05 < 1 ( Guard or Trip) 
Q 1 06 1 5  ( No sig. o r  G uard) 
Q 1 0 6  < 1 (Trip) 
Q 1 0 7  < 1 (No sig . or Guard) 
Q 1 0 7  1 5  ( Trip) 
Q 1 0 8 45 (No sig. or Guard) 
Q 1 08 < 1 ( K eyed Trip) 
Q 1 09 1 0  ( N o  sig. or Trip) 
Q 1 0 9  < 1 ( Guard) 
Q l l O  < 1 (No sig.  or Trip) 
Q 1 1 0  1 5  ( Guard) 
Q 1 1 1  1 5  (No sig. o r  Trip) 
Q 1 1 1  < 1 ( Guard) 
Q 1 5 1  6 ( No signal) 
Q 1 5 1  6 ( Guard) 
Q 1 5 2  9 . 8  ( N o  signal) 
Q 1 5 2  1 0  ( Guard) 
Q 1 53 < 1 ( No signal) 
Q 1 53 1 9  ( Guard) 
Q 1 54 4 5  ( N o  signal) 
Q 1 5 4 < 1 ( G uard) 

tt - ' ' K eyed Trip ' '  signifies mi nimum transition time 
from G uard to Trip . 

T A B L E  I I  

R E C E I V E R  R F  M E A S U R E M E N T S  

N ote : V oltmeter readings taken between receiver in­
put and Q32 are n ot meaningful or feas ible bec�use 
of wave form or effect of instrument loading. Receiver 

0 adjusted as in Table I.  Reference t o  +20V. 

I . L. 4 1 -945.51 M 

Collector o f  V olts V olts 
Transistor ( 1 watt-Guard) ( 1 0  watts-Trip) 

Q3 2  . 2 5  . 8 
Q5 1 . 3 . 9 
Q5 2 . 4 . 6 5  
Q 5 3  2 . 1 2 . 2 
Q54 4 . 8  4 . 5  

R E L A Y  M A I N T E N A N C E  AN D 
A DJ U S T M E N T  

The AL and AR relay cont act s should b e  cleaned 
p eriodi c ally . A co ntact burni sher Siil 8 2A836H0 1 is 
recommended for this purpose.  The use of abrasive 
material for cleaning contacts i s  not recommended,  
b ecause o f  the danger o f  emb edding small part icl es 
in the fac e of the soft silver  and t hus impairing 
the cont act .  Care must be taken to avoi d  distorting 
the cont act springs during burnishing, p artic ul arly 
in the c ase of the AR relay. 

These relays have been prop erly adj usted at 
the factory to insure corre ct op eration,  and under 
normal field conditions they should not r equire 
re adj ustment. If,  howev er ,  the adj ustments are 
disturbed in error , o r  if  it  becomes neces sary to 
replac e  some p art , the follo wing adj ustment pro­
cedure should b e  used. 

In t he AL relay the armature gap sho ul d  be 
approximately 0 . 00 4  inch with the armature clo sed. 
This adj u stment i s  mad e  with the arm ature stop 
screw and lock nut . The cont act l e af spr ing s sho uld 
be adj usted to obtain at l east 0 . 0 1 5  inch gap on all 
contacts when fully open.  There should be at l e ast 
0 . 0 1 0  inch fo llow on all no rmally-open contacts and 
0 . 005 inch follow o n  al l no rmally-clo sed contacts. 
The relay should pick up at approximately 3 5  volts .  

A D D E N D U M  

With shipme n t s  o f  sets st arti ng i n  e arly 1 97 3 , 
t he g er manium transist ors used in t he var io u s  
module s were r eplaced w i th s ilic on transis tors . In  
addition , due t o  t he nature of s ilic on t ransist ors , 
some resist or v alues in the circuits had to be changed 
In o rd e r  to c orrec tly bias these transistors. There­
fore the tr ans istor s  are not replac e able on a p in for 
pin b asis t hr oug hout the r e c e ive r . Before atte mpti ng 
to replac e a germ anium transistor wit h a silic on 
tr ansistor on older sets u si ng ger manium , p lease 
c he c k  t he sc hematics on t he following pages to see 
i f  t he location w here the replacement i s  de sired h as 
add iti onal c omponent c hange s .  If t hat is the cas e ,  

t hen the r eplacement can only b e  made by the same 
desi gnat ion tr ansistor or the additional component 
ch anges mu st als o be mad e .  It s hould b e  p ointed ou t 
that t he mod ule s c ontaini ng the si lic on transistors 
ar e comp letely i nterchange able w ith t he mod ules 
co ntaining germanium trans istors. T herefore , there 
is no proble m w ith i nterm ix ing t he si lico n transist or 
modules i n  t he same r e c e iv e r .  Thus co mplete ne w 
mod ules c ontaining si licon tr ansi stors can be ordered 
and used as rep lacements in older r e c e ivers having 
germanium tr ansistor module s .  T he new modules have 
the s ame s tyle numb ers as the old g erm anium 
trans istor modules they replace . 
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T YP E  TCF POWER L I N E  CARRI E R  -------------------------
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1 3  

� OSCILATOR AND MIXER . 

r - - ,  
l F  AMPl 

-r:-, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -.t- - - - - - - 1 
I 

..--- -�----�-----1--�t-----, ! . [� 

RECEIVER INPUT 

.. , �illi' : "" .. ·��u�----·""-+-0 I!) ... � :� ·�li\\d-u. '?' �� �J�� � h" � -­,.,:::·\� � � IOK T- =f-? �19-- [� an)- I ��� • 

J"f " O  I I � � IN3027A <, 
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�--+--��- ---+� �-� 
C l l

j 

[� � tC�6 r3 � � ! ! � C3l 0 

I I I I ---------------------------------,2_8_ --��C2!>�� .__ _ _ _  �------

DISCRIMINATOR r------------- - - - - - - - - - - - ·  -- - - - - - - -- - - - - -, ' 

081 C81 ro 

::T:. 
082 C82 ;;; 

13 
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�)o" I I 
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� � 084 � H')a" I 1 1 ' 

I ... 1 T82 l 
�o;· s 1 '1��� C83 lrCC84 c'i, 

C
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i i i i i i  
.! .! ! !9 !.! �  

!AS VIEWED FROM REAR OF PANEL) 

Jll;3-
NOTES: 

eo• MOUNTED ON LARGE HEAT SINKS 
0' • COJ.IMON T E R MINAL 0• YJI RANGE - 50 TO 3 2 0 K H Z  
6.• ONE OR T W O  CAPACITORS AS D E T E R M I N E D  I N  TE ST. 
t>4• FACTORY CONNECTIONS ARE FOR 250VOC ON 12512'50V UNITS 

CUSTOMER TO BY-PASS R3 8 R6 fOR 125V O C  • • Ct2 RANGE 4 T O  390PF A S  REQUIRED B Y  FREQUENCY 
AND C R Y S TAL CHARACTERISTICS 

• •tiS RANGE 22 TO IOOPF AS R E Q U I RED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS • =  200.1 TO 300 KHZ INT. S C H.264C844 APPLIES 

LOGIC r - - - - - - - - - - - - - - - - - - -
1 
I 
I 
I 
1 10 
I 
I 
I 
I 
I 9 

Zl13 

C104 

1- - - - - - - - - - '! - -->.'.? - - - -

$ R7 

r-1 
- - - - - - - - - - - - -������ 

16 

I 
I ,  

r: C l51 l" r� ";:,' [: c ,,. r� � 
em 

-� L} '--I��Rl!_;s<]z '--!Yf��--�K o t5 t  f � 

h •  
I I I 
l _ _ _ _ _ _  _ 

0 158 0 153 

Fig. 2. Internal schematic of the type TCF 
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I .L. 41-945.51 M 

AMPLIFIER AND LIMITER 

POS. 20V O C  
NEG. D.C. 

I I ---------------------���m�JM�G�Ol�-----------------------------------------------------�1�3�4�Q�f�5�8� 
receiver with the carri er  level indi cator - s i l i con version. 
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TYP E TCF POWE R  L I N E  CARRI E R  ----------------------'-· L_. _41_·9_4..:..5 • ..:..51-M 

F I L T E R  R E S P O N S E  
M E A S U R E M E N T S 

The crystal input filter (FL l )  and the IF filter 
( FL 2) are in sealed containers and repairs c an 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. 849A109 
can be used in c ase 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 
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 
scal e  of Fig. 4 was cho sen to show the crystal filter 
response,  which p ermitted only a portion of the IF 
filter curve to be shown. The check points for the 
pass band of each section of the l atter are '·' down 
3 db maximum at 1 9 . 75 and 20 . 25 kHz, and  for the 
stop band are "do wn 1 8  db minimum at 1 9 . 0 0  and 
2 1 .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 VM1 .  It 
should be noted that a limit measured in this man­
ner is  for convenience only and does not indicate 
actual insertion lo ss of  the filter. The insertion 
lo ss would be  approximately 1 6 db 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 t est 
circuit should have very good frequency stability 
and a close vernier control . The oscillators used 
for factory t esting have special modifications for 
this use. A value of approximately l Odb ( 2 .45  volts) 
is suitable for the constant voltage at whi ch to hol d  
VM1  throughout t h e  check. The reading o f  V M 2  at 
the frequency of minimum attenuation will vary 
som ewhat with the channel frequency but should 
not be more than l l db below the reading of VM l .  
(The filter insertion loss i s  approximately 6 db l e ss 
than the difference in readings. )  

CO N V E R S I O N  O F  R E C E I V E R  F O R 
C H A N G E D  C H A N N E L F R E Q U E N C Y 

The parts required for converting a TCF receiver 
for operating on a different channel frequency con­
sist of a new crystal filter ( FL 1) ,  a new local 
oscillator crystal ( Y  1 1 ) and probably a different 

feedback capacitor (C 1 2) .  Because the wide range 
of channel frequencies precludes maintaining a 
factory stock of the various crystal s ,  immediat e  
shipment o f  the filter and t h e  oscillator crystal can­
not be made. After the cry stals have been procured 
and the filter has been complet ed , 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 EC O M M E N D E D  T E S T  E QU I P M E N T  

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 kHz,  input 
impedance 7. 5 megohms.  

b .  D-C Vacuum Tube Voltmeter (VTVM ) .  

Voltage  Range: 1 . 5 to 300 volts 
Imput Imp edance: 7 . 5  megohms 

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

I I .  Desirable  Test Equipment for Apparatus 
Maintenance 
a. All items listed in  I. 

b .  Signal Generator 
Output Voltage: 
Frequency Range: 

c .  Oscilloscope 

d .  Frequency counter 

e. Ohmmeter 

f .  Cap acitor checker 

up to 8 volts 

20-kHz to 330-kH z  

g.  Milliammet er , 0- 1 . 5 o r  preferably 1 . 5-0-

1 . 5  range ,  for cheding discriminator. 

Som e  of the functions of the recommended test 
equipment are combined in  the type TCT c arrier 
test met er 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 E W A L  P A R T S  

Repair work can b e  done most satisfactorily at 
the factory. However, replacement p arts can be  
furnished, i n  mo st cases ,  to  customers who are 
equipp ed for doing repair work. When ordering p art s ,  
always give t h e  compl et e  nameplate data, t h e  el ec­
trical value ,  style number , and ident ify the part by 
its designation on the Internal Schematic drawing. 
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T Y P E T C F  P O W E R  L I N E  CAR R I E R  

ALARM S()LtjQS ON DROPOUT 

G 

7 63A3 1 5  
Fig.  3 B lock diagram of output logic circuit 
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836A93 1  
Fig. 5 Typical curve of the carrier level indicator 

current vs. receiver margin above minimum 
operating level. 
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836A932 
Fig. 4 Filter and discriminator characteristics 

of the type TCF receiver 
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Fig. 6 Component locations on the type 

TCF receiver panel 
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T Y P E  T C F  P OW E R  L I N E  C A R R I E R _______________________ I ._L._4_1_·9_45_.5_1_M 

(:\ G  \��� Q TP I I 
0 Q l l  

L�J I 
TPI 2  y I I  c:B:m 

C l5 

[Ri3] j  0 m:w [rn:J 
,-.. .  � OQI2 � O QI3 � I 

lllli] !Jill] T P 13 r:BNJ t:[I[) 

0 @KJ [II[] 
[]Rl CBllJ 

EJ 
·� 19 I I I  I I I I I I I I I I I I  I I I I  I I 

7 6 3A 2 9 2 

Fig. 7. Component Location s 3D-200KHz. Oscillator and 
M i xer Si l icon Transistor Version 

I+C35I IR42 I [ll}i] I C36] 1132+\ IR4ofP33o jr------'==---,j TP31 Q3 1 R33 � Oo32 c34  + .  0 0 I R34 I  I R39l R32 I R37 l  I R38 I I R36 l  0 TP32 IC33B 2 I 

F L 2  

19 7 I �- --- --� 
7 6 3A 2 9 3 

Fig. 9. Component Lo cations I .F. Amplifier - Sili con 
Tran sistor Version 

TP216 
0 

0 TP214 
19 

�--

TP215 
0 

© 4 3 
Y l l  

�I I  C 2 1 7 I 
_____ I 

-� 
2 0 2 C 9 3 4 

Fig. 8. Component Locations 200.5-300KHz. Oscillator 
and M ixer Sili con Tran si stor Version 

7 6 3A 2 9 4 

Fi g. 10. Component Lo cations Amplifier and L imiter -
Sili con Tran sistor Version 
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TYPE TCF POW E R  L I N E  CA R R I E R  ---------------------------

W H f N  
U S E D  

7 6 3A 2 9 5  

Fig. 1 1. Component Location s Discrim inator -
Silicon Transistor Version 

8 3 7A 5 6 0  

Fig. 13. Component Locations Logic Board - Silicon 
Transistor Version 

1 8  

. .. �· 

(0 15211 
(R1 62( � � 

lR 164( _n RISS (R 163 ( � a: 
(RI65l U (R 170 ( TPI 52 

+ C l 53 

liDill @ 
Cl58 I C l56 ... 1 � @ �  
ctsr I I ct s s+ lo1"�4 

TPI 5 1  � 0 0 
lR 1 53l @ IR 15BI � 0153 (RI57J 0 151 � 0 I Cl 54 I en � � lD15BD ([fW �� � I Cl51+ I I 0::0 � Cl52 TPI53 0154 

� @ lR 16Bl 0 
lR151 l  fBI@ @ (015411 '[·---- ··� -_ =� 

8 3 6 A 5 2 2 

Fig. 12. Component Location s Carrier L evel Indicator ­
Silicon Transistor Version 
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763A297 

Fig. 14. Component locations on the output printed circu it 
board. 
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TYPE TC F POW E R  LI N E  CAR R I E R  

-IN 
0 

t<il� 

/ & WIDE X -t DEEP - FOUR SLOTS 

J_ y __ l _____ _ 

I ; - -

(J: .� 

i ! 
-=-------== ____1_ 

- ---- - --- ---- _____ 'loo 

POWER 
" 

West•nghouse 

1 St MTG CENTERS -­

-- -- -- --- 19 -- --

f.- ,  

I.L. 41-945.51 M 

j • FOO 250 OR 1 25 / 250 V. D C. ONLY 

I 
8 

I 
-=-� -

---�-- s % 
s I -----� B 

41 0C495 
Fig. 15. Outline and dri lling p lan for the type T C F  receiver assembly. 

I .  F. F I LTER TEST C I RCUIT  CO NNECT IONS  

I N P U T  FILTER TEST C l  RCU I T  CON N ECT IONS 849A l 09 
Fig. 16. Test Currents for TCF Frequen cy Sh ift Receiver Fi lters. 
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N 
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r-1 ' --�- -- ------------------------it------ l 
I 
I 
I 
I 
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Q l l ( ll I ' F-''1 < II >- TP 1 ?  � � � I � I 
I 

Tl(2 4 � 

l 
--------------------------------....:.s.i _ _  f3:£_c���l 

COMPONENT STYLE REO REF 
TRANSISTOR 

0 11-0 12-013 849A441H03 3 2N4249 

RESISTOR 
R 15-R22 184A763H I5 2 3300 I/2W +5% 

R 14-R 18-R 19 184A763H39 3 3.3K I/2W ±5% 
Rl3 184A763H45 I 5.6K 1/2W ±5% 

R 11-R 16-R20-R23 184A763H51  4 !OK 1/2W ±5% 
R I7-R2 1 184A763H63 2 33K I/2W ±5% 

R24 184A763H83 I 220K 1/2W ±5% 
R25 184A763H43 1 4.7K I/2W ±5% 

CAPACITOR 
C 11-C 13-C 17 187A624H02 3 25MFD. 200V. 

C I4-CI5 187A624H04 2 1MFD. 200V. 
C l2 SEE NOTE 'I' 
C l6 SEE NOTE • 

POTENTIOMETER 
R l2 629A430H02 1 10000 

TRANSFORMER 
T i l  205C043G01 1 10.000/400 
Tl2 205C043G03 1 25.000/300 

CRYSTAL 

L___ Y11  --- _5_E_E_N OT E __<>_ L__ ------

'I' = C l2 RANGE 4 TO 390Pf. AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS. 

o =C 16 RANGE 22 TO IOOPf. AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS. 

0 =Yll  RANGE-50 TO 220 KHZ. 

REF COMPONENT LOCATION- 763A292 

--.., 

2 6 4 C 8 5 5  

Fig. 1 7. Internal Schemati c 30-lOOKHz Oscillator ancl M i xer Sili con Tran sistor Version 
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C OMPO N E N T  

TRANSISTOR 

Q 2 1 1  

RESISTOR I 
R 2 1 1 - R 2 13 - R 2 15 184Al63 H 5 1  

R212 l84A763H27 

R 2 14 184A763H37 

R 2 16 184A763H49 

R 2 17 184A763H34 

R 2 18 184A763H07 

R 2 19 184A763H I 5  

R220 184A763H67 

R22i 184A763H83 

R222 184A763H43 

CAPACITOR 

C 2 1 1  S E E  NOTE • 
C2 12-C213-C215 184A663H04 

C 2 14 SEE NOTE 0 
C2 16-C217 187A624H04 

C 2 18 187A624H02 

ZENER DIODE 

2201 862A606HOI 

INTERNAL C I RC U I T  

IC201 20 1C826H04 

TRANSFORMER 

T 2 1 1  7 14B677GOI 

T212 205C043G03 

CRYSTAL 

Y l l  SEE NOTE 0 

A� C 2 1 1  RANGES FROM IOOPf. TO I,OOOPf. 

3 

I 

I 

I 

I 

I 

I 

I 

I 

I 

3 

2 

I 

I 

1 

1 
I 

1 

!OK li2W ±5% 

IK I/2W +5% 

2 .7K li2W +5% 

8.2K I/2W +5% 

2 K  1/2W +5% 

1500 1!2W ±5% 

3300 I/2W +5% 

47K li2W +5% 

220K l/2.W +5% 

4.  7 K  l/2W +5% 

. 1MFD. 50V. 

I MFD. 200V. 

.25 MFD. 200V. 

IN 753A 

UA7 10C 

o � c2 14 STYLE NO. 187A695H I 7  .56Pf. BUT MAY VARY UP TO IOOPf. 

D� Y l l  FREQUENCY EQUALS RECEIVER !CHANNEL) FREQU ENCY 
PLUS 20 KHZ . 

2 6 4 C 8 4 4  

Fig. 18. Intern al S chematic  200. 5-300KHz. Osci llator and M i xer Si l icon Tran sistor Version 
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C O M P O N E N T  
TRANSISTOR 

Q3 1-Q32 

RESISTOR 

R 3 4 - R 4 1  

R 3 6  

R33-R40 

R38 

R 3 1 - R 3 7  

R35-R42 

R32-R39 

CAPACITOR 

C 3 1- C 32-C33-C35 

C34 

C36 

FILTER 

. FL2 

¢ • COMMON TERMI NAL 

Fig. 19. Internal Schemati c I .F. Amplifier - Silicon Transistor Version 
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187A290 H 2 r  

184A763H 15 

184A763H23 

184A763H27 

184A763H39 
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184A763H59 

187A624H02 

187A624H04 

762A757HOI 

762A6 13G O I  

R EQ R EF  
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2 2N4249 

2 680 1/2W +5% 

I 3300 I/2W +5% 

2 6800 I/2W +5% 

I IK I/2W +5% 

2 3.3K I/2W +5% 

2 lOK l/2W +5% 

2 22K l i2W +5% 

4 .25M FD. 200V 

I IMFD.  200V. 

I 100 Pf. 
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I I 
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I f 
<
1 14 C60 I I 
I TP55 5 ! 
I 0 ' )> 
I 

<:�--+--... 

C59 

.... --_.:��------ ------------- ------------12���o..:_i 

COMPONENT 
TRANSISTOR 

051-052-053-054 

RESISTOR 
R66 
R55 
R70 
R72 
R65 
R59 

R54-R62 
R64-R68 

R5 1-R57-R61-R67 
R56 
R69 

R53-R58 
R63 
R 7 1  
R60 
R73 

CAPAC ITOR 
C54 

C5 1-C52-C56-C58-C59 
C53-C55-C57 

C60 

D IODE 
D51-D52-D53 

POTENTIOMETER 
R52 

Fig. 20. I nternal Schematic Amplifier and Lim iter - Si licon Tran sistor Version 
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184A763H37 
184A763H43 
184A763H51 
184A763H57 
184A763H6 1 
184A763H63 
09D8326G20 
184A763H09 
629A53 1 H02 

187A584H 15 
187A624H02 
187A624H01 
187A624H04 

184A855H07 

629A645H04 

REQ REF 

4 2N4249 

1 680 1/2W ±5% 
1 270 1/2W ±5% 
1 2200 1/2W ±5% 
1 3300 1/2W ±5% 
1 6800 1/2W ±5% 
1 l.5K 1/2W +5% 
2 2.2K 1/2W ±5% 
2 2.7K l/2W ±5% 
4 4.7K l/2W ±5% 
1 !OK 1/2W ±5% 
1 18K 1/2W ±5% 
2 27K 112W ±5% 
1 33K l/2W ±5% 
1 1000 ±2% 
1 1800 1/2W +5% 
1 ss n 112w :t2% 

1 1300MMF. 500V. 
5 .25MFD. 200V. 
3 0. 1MFD. 200V 
1 l.OMFD. 200V 

3 1N457A 

I IK 
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N J::>. 

��----�----���> 
D84 

I Q82 11 '> 

D85 
T81 T82rn 

7 0 F A 

(I S C87 F 0 CBS C89 : 
<' F S S 

1 5 D86 

et:l 

et:l 

C90 

C91 

I 
I 
L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·v 4_ _ _  .J 

C O MPONENT 
TRANSISTOR 

Q81-Q82 

RESISTOR 
R81-R82 184A763H38 
R83-R84 184A763H35 

R85 184A763Hll 
R87 184A763H53 

SENSISTOR I 187 A685H03 I R86 

CAPACITOR 
C81-C82-C90-C91 762A703H01 

C83-C88 762A736H02 
C84-C89 187A624H16 

C86 187A684H08 
C85-C87 SEE NOTE 0 
DIODE 

D81-D82-D84 184A855H07 
D85-D86 184A855H12 

TRANSFORMER 
T81 6068533G0 1 
T82 606B533G02 

0 =ONE OR TWO CAPACITORS USED; VALUES 
DETERMINED IN TEST. 

2 3K 1/2W +5% 
2 2.2K 1/2W +5% 
1 2200 1/2W +5% 
1 12K 1/2W ±5% 

1 1 1.2K 1/4W ± 10°11 
I 

4 .22MFD. 50V. 
2 4.5 TO 100Pf . 
2 . 0091MFD. 200vl 
1 100Pf. J 

3 1N457A 
2 1N628 

1 
1 

,ji,=FOR STYLE 410C164G03 REVERSE START AND FINISH LEADS OF T82. 

2 6 4 C 8 4 2  

Fig. 2 1. Internal Schem ati c  Discriminator - Silicon Tran sistor Version 
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(( r [Ri"53] , ' ' ' n I r I I 

I 
I 
I 
I 
I 

0 1541 
I 

12 ! •> 
I 
I •> 

2 1 
I 

« 18 l l l 1 1 1 1 l 1 ! ! I I I I 
I I 
t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  @����! 

C O M P O N E N T  

TRANSISTOR 
0 15 1-0 152-0153 

0 154 

RESISTOR 
R I 5 1 - RI6B 

R 152 

R 153 

R 154 

R 155-R 159 

R 157-R 158 

R 160 

R 16 1  

R 162-R 163 

R 164 

R 165 

R 167 

R l 7 1 
R l70 

POTENTIOMETER 
R 156 

THERMISTOR 
R 166 

CAPACITOR 
C l5 1- C 152-C154 TO C 158 

C 153 

DIODE 

D 1 5 1  TO D 156-D158 

TELEPHONE JACK 

J 1 5 1  

Fig. 22. Internal Schematic Carrier L evel Indicator - Silicon Transistor Version 
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3.3K 1 '2W ::t5% 
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4.7K 1 '2W +5% 

5600 lt2W ±5% 

1.2K li'2.W ±5% 

1800 1 2W ±5% 

4700 1 2W +5% 

lK 1 '2W +5% 

18K 1 2W +5% 

1500 J/2W ::t5'7 

6800 11'2W ±5% -
2.5K 

10201 

.25M FD. 200V. 

1MFD 200V. 
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r - - - - - - - - - - - - - - - - - - - - - - - - - ,9-,..- - - - - - - - - - - iz 'T' - - - - - , 

I 15 

I 9 
I 
' I I 

0101 

0106 

0109 0108 
OliO 

0 1 03 
QI04 

Di l l  

Q l08 

2 

I 
I 6 

3 

� - - - - - - - - - - - - - - - - - - - - - - - - 1���� -J 

C OMPONENT 

TRANSISTORS 

0 10 1  

0 102-106- 1 10- 1 1 1  

0 103 

0 107 

0 105-108-109-104 

RESISTORS 

R l lO 

R !09 

R l37 

R i l l  

R 112-R 1 14-R 123 

R l36 

R 103-105-116 TO 1 1 8 -

1 2 6  T O  128-134-135-138 

R !3 1  

R !07 

R !04 

R 102-124 - 125- 132-133 

R IO I- 106-120 

R IDS 

R 12 1- 122-129-130 

R 1 15 

R ! 19 

R l 13 

CAPACITORS 

C IOI 

C 105 

C 102 

C !03- 104 

DIODES 

D l 14 

D !0 1  TO 103- 106 TO 1 1 2  

1 1 5 

DID-ZENER 

Z105 

Z ll3- 104 

Fig. 23. Internal Schem atic Logic Board - Sili con Transistor Version 
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TYPE TC F POWE R L I N E  CAR R I E R  

RECEIVER 
I "! P U T  

. - .  0 4  
J 2  ltJ -uill 

CR I 

1 � 3 0 2 7 A  

C R2 
lr-43Cl.7A 

� ��--- -o a: - - - I 

D I S C R I M I N A T O R  

F c l  

r - - - - - - -- - - - - - - - 1 6 , 17 , 1 8  

<:RB I  C 8 1  
I N 9 1  2 2  

O S C I L L · . T J R  t.'lC M I X E R  Ill' 

- - - - - - - - - - - --- - - - h- - - - I ,-=I 
I I '-� I i t .. !.!'I'll 2 i �,.,., z, 

I I 'r 1 R l 3  � lA 
C2 

I T Pll � L[J5�.6§}KQ-�-i-._ () 0 1 2
'
0 0 1 3 

2N 1 396 :t-�0 2N1396 : � " ' 6 
I "'Jo T P 1 3  : �; ,H� �® 
I 
I 
I 
I 

� �� 1 1 �r� ;J I I <l� 

( i 4  
' 0  

I I 

N� : : �t;J I I 
I I lP31 1 � I 1 0 ( L5, Till?�;��� 

I 0 I I 
I 3 �-E---

1 I 
I I 
I I 
I I - < 
I I ;: � : I 
I I 
I I L - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _  _J L - -

1 8  1 8  

L OG I C 
1 3  - - - - - - - -, 

1 1 5  

_Lv ) 2 N
°

6
8
5

1
2 A 

I 
� I 

� �  I 
I � �  C R B 3 

1N9 1  R8 5 l g  
� I ��� C R 8 2 ?iT C R 8 4  

I N 9 1  I N 4 5 7 A  fP_) 0 8 2  .._t--.... 2 N652 A I 

I 
I 
I N �  

n 

' 2 3 4 5 6 
I I I I I I 

!_ !_ 2. l2 " .!.1. 
13 14  I �  1 6  17 18 
I I I I I I 

VOL T S  0 C] � 2 R 3 
4 8  26 5n -

R 8  

' "  1 5 Q n  ISQA -

2 5 0  30011 500 n i00K 
t>-4 1 2 5 / 2 5 0  ]300.n 500 100.< 

D O T T E G  LIN ES E "' C L O S E  COMPO"' E N T S  

O N  PR I N T E D  C l R CU I T B O A R D S  

O T H E R  S U B - A S S E M B L I E S .  

Giiiill ( 1 2  RANGE 4 T O  3'}0 P f"  
A S  R[QUIR[C B Y  FREQUENCY 
AND CRYSTAl ::HGO<AC T E RI S T  CS 

CHARACT:CR'S l i C S  

• 2 0 0  I TO 3 0 0  K l1 l  INT 
St:H 7.�6682 APPL I E S  

O R  

J l � 
�M O U N T E D  O"J L AR GE H E A T  S I N K S  

({1 C O M M O N  T E R M I N A L  

() Y l l  R A N G E  - ", 0 T v  3 2 0 �>-12  
{. CNE  OR T W O  C A PACI T O R S  A S  

D E T E >< � , N E C  ' "J  T E S"";" 

0 �  
9 1  � �  

I I  

m �  ]9TFiv05 O' o  " -

L _ _ _  - - - - i4��,- - - - - - -
R 7 

Fig. 24. I n tern al s chematic of the type TCF receiv• 
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TYP E T C F  P O W E R  L I N E  CARRI E R  ----------------------I .
-L .

_4_1 -
_9_4s_.s_1_M 

CI R C U I T  
SYM BO L  

C 1  

C2 

C 1 1 

C 1 2-C 1 6  
----- · - - - ·  

C 1 3  

C 1 4  

C 1 5  

C3 1 

C32 

C33 

C34 

C35 

C 5 1  

C5 2 

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 1 0 2  

C 1 03 

C 104 

C 105  

C 1 5 1  

C 1 5 2  

ELECTRI CAL PARTS L I ST 

D E S C R I P T I O N  

C A P A C I TO R S  

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

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

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

Mica, capacity as required; 500 V . D . C .  
- ·  

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

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

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

Metallized paper ; 0 . 2 5  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 pap er ;  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 .  
· -

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

Metal li zed paper; 0 . 1 mfd . ; 200 V . D . C .  

Dur-Mica, 1 300 pf. ; 500 V . D . C .  

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

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

Metallized p aper;  0 . 1 mfd. ; 200 V . D . C .  

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

Metallized p aper; 0 . 25 mfd . ;  200 V . D . C .  

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

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

Mylar; 0 . 22 mfd. ; 5 0  V . D . C .  

Variable ;  4 . 5 - 1 0 0  pf. 

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

-

-

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

1 00 pf. ; zero temp .  coef. 

Temp . comp ensating ;  1 50 V . D . C . ;  pf. as required 

Variable ;  4 . 5  - 100 pf. 
-

Polystyrene; 9 1 00 pf. ; 200 V . D . C .  
··-

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

Mylar; 0 . 22  mfd . ;  5 0  V . D . C .  

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

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

Metal lized p aper; 0 . 5  mfd. ; 200 V . D . C . 

Metallized p aper; 0 . 5  mfd. ; 200 V . D . C .  

Ceramic,  0 . 05 mfd . ;  5 0  V . D .C .  
· - ·  

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

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

W E ST I NGHOUSE 
D E SI G N AT I O N  

1 877962 

1 877962 
--· 

187 A624H02 

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

187A624H0 2 

1 87A624H04 

1 87A624H04 

1 87A624H0 2 

1 8 7 A6 24H0 2 

1 87A624H0 2 

187A624H04 

1 87A624H0 2 

187 A624H02 

187A624H02 

1 87A624H0 1 

1 87A584H 1 5  

187A624H0 1 

1 87 A6 24H0 2 

1 87A6 24H0 1 

187 A624H02 

1 87 A6 24H0 2 

1 87A6 24H04 

76 2A703H0 1 

762A703H0 1 

762A736H02 

1 87A624H 1 6  

187 A684H08 

762A736H0 2 

187A624H 1 6  

76 2A703H0 1 

762A70 3H0 1 

184A66 1H 1 2  

1 84A66 1H25  

1 87A624H l l  

1 87A624H 1 1  

184A663H02 

187A624H02 

1 87A624H0 2 
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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  ---------------------------

E LECTR I CAL PARTS L IST (Cont ' d . )  

1----- ---- -----------------C I R C U I T  
S Y M B O L  D E S C R I P T I O N 

- ---- ------- ---r----- ------- - - ----------, 
W E ST I N G H O U S E  

D E S I G N AT I O N  

C A PA C I T O R S  ( C ont ' d . )  

1----'=:_::_::-"'---+------___.M.._e':::'t>-::Oa.'"ll�i'-"-ze':::'J,.__!-"p=aper ; L O mfd . ;  200 V. D . C  _______ 1___ _ 187A6 24H04 ----4 
______ ___ __  --�-?t�UJ�ecl p aper; 0 . 25 mfcG _�_(l�. D. C _____ _ __ _ ______ 8 1 7 A624H0 2 _ _ 

Metall ized paper; 0 . 25 mfcl . ;  200 V. D . C .  187A624H02 -----c-----+------M-et-a--ll--i--z--ecl-paper; 0 . 25 mfcl . ;  200 v . c .c: -- ----- - ---i8-7A624H0_2 ____ _ 1-------+---·----- - ·------ ---- ----
- - - --·----- --- -- - --- - - --

I---'=:_::_::__:___-+--____ ___.M_oo_::"et>"::Oa'='ll. �i<J.ze':::'d:'__!c'p":"'a,I�JC""�r_._; ---"0:.:..· -,2�5::_.m_::f_9_.:._;_200 V. Q_�-' -- _ __ __ _ 1 87 A624H0 2 
Metalli zed paper; 0 . 25 mfd . ;  200 V. D . C. 1 87A624H0 2 

----I:J-{rrmica;  100 mmf to 1000 mmf 
- --

187 A695-H
---

� ----- - --- - ·- -- - - - ------Ceram ic ,  . 1  m t ,  50  v . cl . c .  184A663H04 -�-=-=-=----+--------------'-- -----'-·----- --- ------ - ----- ----- - ------
Ceramic ;  . 1 m!, 50 v .d .  c .  184A663 H04 -----+-------

-D--u-r�i�a; �-56 mmf 
--

-
- -- ------ - -t-- -

- lS7A695H 1 7  
-
-:::::::;�:L �t= --= - � -F ---:��!:\'-�--:------� 

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

IN457A; 60 V . ;  200 -�!._11_,_ __ _ ____ _ _ ________ ___ ___.1:...:8_4_:�A:.::.8:.::_55:...:H:.:_Oc:..7:___ _____ _ 

I----'--'-----+--------I_N_4_7_5:.::_A.._;_6_0 V . ;  200 MA. _______ ___ .. ---1----1 �4 �8_5_5_H_0_7 ___ 1 
IN457A; 60 V . ; 200 MA.  184A855H07 f----'-----f----------------'--__:�:_::_-__ __ '__ _____ __:.:��------------ - --- --- f----- --

-
--------

IN9 1 ;  100 V. ; 150  MA .  18 2A88 1 H04 
_ ___:_.::..:..._ __ -+-________ _:___ __ ____:__ - -- --- --- ------ ---- -- -- --- -- f--- --- ----

i-------'===----+-----------=-I=-cN-=9--"'-1._; ---=1..:..0_:_0 __ \c..c' _,__· --=1,.::5_0 M_A __ . ____________ ------------+-----182A88 1H04 
IN9 1 ;  100 V. ; 150 MA. 1 82A88 1 H04 

1 _ __::...::..:...c...::__-+--________ IN_4_7_:5 A ; 60 V. ;  200 MA. ---------------+--
-

---�4�_8_8 __ 5 __ H __ 0 __ 7 __ -----i 
IN628 ; 1 25 V . ;  30 MA. 184 A85 5 H l 2  ------

f---------'=�--=----t------ �-()�8; 1 25 V. ; 30 MA. ______________ 1 84A85 5H l 2  
1----=::...::..::c=--='------+------------'I=-N.:..c4:.:::5 7 A ; 60 V. ; 200 __ M _ _:_A:_. ____ __________________ _____ 1_8_4_A_8_8_5_H_0_7 __ ---I 
I-------'=�=-='------+-------------'I,.N,__4.,_�5�_:_:7 A_;_ 60 V. ; 200 Mc:.:A:.:... ___________________ ___ 1_8_4_A_8 __ 8_5_H_0_7 ___ _____, 
I----'=�=-'='---+----------'I""-'N_1�_7A;___El_9�_._; 200 MA_. ___ _ ___ _ __ � - 184A885H_0_7 ___ ____, 
l-------t------------=-IN_,_4._.5'-'7'-'-A-'-';---'6"-'0'----"-V_.,. ;,_..::.20--_,0�Mo:.A�:.· ____________ _ __ ---+------"'184A885H07 __ 

__ CR 107 IN457A;  60  V. ; 2_:_00"---"M._.A--'-'.---
--

----- ------------- ·- ______ 18_4_A_88_5 __ H_0_7 __ ____, 
_____c::__l.3JQ!L___ _ ____ _ IN457_A_;__ 60__y-=_;_200 f\1A.:.___ _ _ ___ __ _ _  _ ___ ___ J§_4f.88;)_l_I0 7 __ _ 

CR 109 IN457A;  60 V. ; 200 MA . 184 A885H0 7 r-------- 1------ ------- - ·  - - - --------- - ---- - -- -- -- - ------ - --·-·---- -----CR 1 1 0  IN457A; 60 V. ; 200 MA. 18 4A885H07 
- - �--- --- - --�- --------------------��- ------ --1-------------� f-------'C::..:R:..:..::...11=-=1=------+------.:.:IN:.:..4.::.:5::__7�A.:.2;, __ 6"-_0�_ y_._;_�O_Q __ M_A_. _______ _ _ _________ f-- - 1 84A885I-I(}_? ___ _ 

1 84A885H07 CR 1 1 2  IN457A;  60 V . ;  200 MA. ------+------- -------- -- --- ----- --- --- --- - ----- - - ------ - -ls4-Ass5fiif7--CR 1 5 1  IN457A; 6 0  V . ;  200 MA.  --1--------+--------
r---CR 1 52_ r-------JN15 7j\; _6Q_ Y� �_2Q_(}_M_i\_._ _ -- - - - -- -- - - - 184A885_H-:0_7 ___ ---j 

� -�;� -:::�! ���:��:: - - -
-

-
----

-
--
-�-�---------- --

--

---

��-

---
-

+-

-

-=--=--=--=-=:-��:-�--::_8-:--�-�-�=---
-- -f------.::.:::__�::.:::_:::_:_:_:_:__ __ � C R 1 5 6  IN457A; 6 0  V . ;  200 MA. 184A855H07 

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

C R 1  __ ________ _IN3027 A; 20_\1_:___±: _ _!_0%;  1 W_" _ _ __ _______ _ _ _ ___ _ __________ 1 __ 
8 __ 8 __ A __ 3_0_2_H_lO ___ -------t 1-___g�-- f------- - -��]927A; 2_0_� ± 10%; 1..!-__ _ _ _______ _____ __ __ _1_(3_8A�_0 

__ 
2_H_1_0 __ ---i 

CR 104  IN95 7B; 6 . 8  V.  ± 5%,,_. __ 40_0_M_\\_' . ___________ _______ ______ 1 8  __ 6_A.c:_7_9_7 __ H __ 0___:_6 __ _____, 
---I-�R 105 _ ____ __ __ ____ IN__3_6_(3EJI3; 2Q '{._ ± 5%;_750 __ 1\1\\ '------- --- _ _ _ _ ____ _ ��5_f\_2_1 2H_06 __ _ 

C R 1 1 3  IN957B; 6 . 8  V .  t: 5r7c; 400 1\1\V .  1 86A797H06 
, VR 1  IN2828B; 4 5  V .  ± 5%; 50 \\ . 

---- --------- ----- ------------1 184A854H06 �--v - R --
2
----- ---- - IN29 S4B ;

_
2
_
0
_

\1� ±-5o/c ; 1 0  \'' 
- ----- - 762.1\631H�0::-:1:-----I 1 z20 1 -c

-
---

-- --
��1N"7 53b: __ 6�2_ -v._\1_:_-.s�;; 190

-
M�- -

- --
��-=

-
--- =-

-
��

---
�- -----

-- 86�2i6oEm--o-1
-

-
--� 
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TYP E T C F  P O W E R  L I N E  C A R R I E R  

CI RCU I T  
SYM BO L  

R5 

R7 

R 1 2  

R52 

R1 5 6  

Rl  

R2 

R2 

R2 

R3 

R3 

R4 

R6 

R8 

Rl l 

R 1 3  

R 1 4  

R 1 5  

R 1 6  

R1 7  

R 1 8  

R19 

R20 

R21 

R22 

R23 

R3 1 

R3 2 

R3 3 

R34 

R35 

R36 

R37 

R38 

R39 

R40 

R4 1 

R42 

R5 1 

EL ECTRICAL PARTS L I ST (Cont' d . )  

D E S C R I P T I O N  

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

l O K ;  2 W .  

250K;  2 W .  

lK ;  \4 W.  

lK;  \4  W. 

2 . 5K ;  � W.  

R E SI STO R S  

400 ohms ± 5%;  25 W .  

26 . 5  ohms ± 5%;  40 W.  ( For 48 V .  Supply) 

150  ohms ± 5%; 40 W. ( For 1 2 5  V.  Supply) 

300 ohms ± 5% ; 50 W. (For 250 V .  Supply) 

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

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

1 0 0  ohms ± 5%;  1 W. Composition 

lOK ± 5%; Vz W.  Composition 

lOOK ± 5%; 1 W. Compo sition 

lOK ± 5%;  Vz W. Composition 

5 . 6 K  ± 5%; Vz W.  Compo sition 

3 . 3K ± 5%; Vz W. Composition 

330 ohms ± 5%; Vz W.  Composition 

lOK ± 5%; Vz W. Composition 

33K ± 5%;  1/z W.  Composition 

3 . 3K ± 5%;  Vz W.  Composition 

3 . 3K ± 5%;  Vz W. Composition 

l OK ± 5%; Vz W. Composition 

3 3 K  ± 5%; Y2 W. Composition 

330 ohms ± 5%; V2 W.  Composition 

lOK ± 5% Vz W. Composition 

3 . 3K ± 5%; Vz W. Compo sition 

22K ± 5%; Y2 W. Composition 

680 ohms ± 5%; Vz W. Composition 

68 ohms ± 5%; Vz W. Composition 

lOK ± 5%; 1/z W .  Composition 

330 ohms ± 5%; Vz W. Composition 

3 . 3K ± 5%;  Vz W. Composition 

1 000 ohms ± 5%; V2 W.  Compo sition 

22K ± 5%; Vz W. Compo sition 

680 ohms ± 5%; Vz W. Composition 

68 ohms ± 5% ; V2 W. Composition 

l O K  ± 5%; Vz W. Composition 

4. 7K ± 5%; Vz W. Composition 

I .L.  41 -945.51 M 

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

1 8 5A086 H 1 0  

1 8 5A086H l l  

6 29A430H0 2 

629A645H04 

629A645H07 

1 202587 

04D 1299H44 

1 202499 

763A963H0 1 

1 202499 

629A843H03 

1 8 7 A643H03 

1 84A763H5 1 

1 8 7 A643H75 

1 84A763H5 1 

1 84A763H45 

1 8 4A763H39 

1 84A763H 1 5  

1 84A763H5 1 

1 84A763H63 

1 84A763H39 

1 84A763H39 

1 84A763H5 1 

1 84A763H63 1 , · 

1 84A763H 1 5  

1 84A763H5 1 

1 84A763H39 

1 84A763H59 

1 84A763H23 

187A290H2 1 

184A763H5 1 

1 84A763H l 5  

1 84A763H39 

184A763H27 

1 84A763H59 

184A763H23 

1 87A290 H 2 1  

1 84A763H5 1 

1 84A763H43 
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TYP E T C F  P O W E R  L I N E  CAR R I E R  

ELECTRI CAL P ARTS L I ST ( Cont' d. ) 

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

SYM B O L  D E S I G N A T I O N  

R E SI STO R S  (Cont'd.)  

R53 27K ± 5%; Yz W. Composition 1 84A763H6 1 _j 
R54 2. 2K ± 5%; liz W. Composition 184A763H35 

R55 27 ohms ± 5%; liz W. Composition 187A290H l l  

R56 lOK ± 5% : liz W. Composition 1 84A763H5 1 

R57 4 .  7K ± 5%;  Yz W. Composition 1 84A763H43 

R58 27K ± 5%; Yz W. Composition 1 84A763H6 1 

R59 1 . 5K ± 5% ;  Yz W. Composit ion  184A763H3 1 

R60 180 ohms ± 5% ; liz W. Composition 1 84A763H09 

R6 1 4. 7K ± 5% ;  Yz W. Composition 1 84A763H43 

R62 1 . 5K ± 5%; Yz W. Composition 1 84A763H3 1 

R63 3. 3K ± 5%; Yz W. Composition 1 84A763H63 

R64 2. 7K ± 5%; liz W. Composition 184A763H37 

R65 680 ohms ± 5% ;  Yz W.  Composition 1 84A763H23 

R66 68 ohms ± 5%; Yz W. Compo sition 187A290H2 1 

R67 4 . 7K ± 5% ;  liz W. Composition 1 84A763H43 

R68 2 .  7K ± 5%; liz W. Composition 1 84A763H37 

R69 1 8K ± 5%;  liz W. Composition 1 84A763H57 

R70 220 ohms ± 5%; Yz W. Composition 184A763Hl l  

R7 1 270 o hms ± 5%; Wire Wound 09D83 2 G 1 9  

R72 330 ohms ± 5%; liz W.  Composition 184A763 H 1 5  

R8 1 4 .  7K ± 5%; Yz W. Composition 1 84A763H43 

R8 2 4 . 7K ± 5% ;  liz W. Composition 1 84A763H43 

R83 2 . 2 K  ± 5%; liz W.  Composition 1 84A763H35 

R84 2 .2K ± 5%; liz W. Composition 184A763H35 

R85 6 . 8 K  ± 5%; Yz W. Composition 184A76 3H47 

R l O l 39K ± 5%; liz W. Composition 1 84A763H65 

R 1 0 2  3 3 K  ± 5% ;  liz W.  Composition 184A763H63 

R103  l O K  ± 5%;  Yz W. Composition 1 84A763H5 1 

R104 27K ± 5%; liz W .  Composition 1 84A763H61 

R 1 05 1 0K ± 5%; Yz W. Composition 1 84A76 3H5 1 

R 1 06 39K ± 5%; Yz W. Composition 184A763H65 

R 107 18K ± 5%; liz W. Compo sition 184A763H57 
--� ---�-

R108 56K ± 5%; liz W.  Composition 1 84A763H69 

R 109 10K ± 5%; 1 W. Composition 187  A643 H5 1  

R1 1 0  6 . 8K ± 5%;  1 W.  Composition 187  A643H47 

R 1 1 1  470 ohms ± 5%;  liz W.  Composition 184A763H19 

R l 1 2  1 000 ohms ± 5%; liz W. Composit ion 184A763H27 

R 1 1 3  470K ± 5%; Yz W .  Composition 1 84A763H9 1 

R 1 1 4  1000 ohms ± 5%; Yz W.  Composition 185A7 63H27 

R1 1 5  8 2 K  ± 5%; liz W.  Compo sition  1 84A763H73 
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T Y P E T C F  POW E R  L I N E  CA R R I E R  

C I R CU I T  
SYMBO L 

R 1 16 
R 1 17 
R l 18 
R l 1 9  
R l 20 
R l 2 1  
R 1 22 
R 123 
R 1 24 
R 125 
R 1 26 
R 1 27 
R 128 
R 129 
R l30  
R 1 3 1  
R l 3 2  
R 1 3 3  
R 13 4  
R 135 
R 136 
R 137  
R 1 38 
R 1 5 1  
R 1 52 
R 1 5 3  
R 1 54 
R 15 5  
R 1 57 
R 1 5 8  
R 159 
R 1 60 
R 1 6 1  
R 1 6 2  
Rl63 
R 1 64 
R 1 6 5  
R 1 66 
R 167 
R 168  
R 2 1 1  
R2 1 2  
R 2 1 3  
R 2 1 4  
R 2 1 5  
R 2 1 6  
R 2 1 7  
R 2 1 8  
R 2 1 9  
R220 

E LECTR ICAL PARTS L IST {Cont ' d . )  

D E S C R I P T I O N  

R E SI STORS 

l OK ± 5%; Y2 W.  Composition 
lOK ± 5%· 1/2 W.  Composition 
l OK ± 5%; Y2 W.  Composition 

l OOK ± 5%· Y2 W. Composition 
3 9K ± 5%; Yz W. Composition 
68K + 5%; Y2 W. Composition 
6 8K + 5%; Y2 W. Composition 

1000 ohms ± 5%; Y2 W. Composition 
33K ± 5%; Y2 W .  Composition 
33K ± 5%; Y2 W. Composition 
10K ± 5%; Y2 W. Composition 
l OK ± 5%; Y2 W.  Composition 
lOK ± 5%; Y2 W. Composition 
68K ± 5%; Y2 W.  Composition 
68K + 5%; 1h W .  Composition 
1 2K ± 5%; Y2 W. Composition 
33K ± 5%; Y2 W. Composition 
33K ± 5%; Y2 W.  Composition 
lOK ± 5%; Y2 W. Composition 
lOK ± 5%; Y2 W. Composition 

3 . 3K ± 5%; Y2 W .  Composition 
800 ohms ± 5%; 3 W. Composition 

10K ± 5%; 1h W .  Composition 
2 .  7K ± 5%; 1h W.  Composition 
2. 2K Sensistor Type TMY-t (Tex.  Inst . Co . )  

220 ohms ± 5%; 1f2 W. Composition 
2. 2K ± 5%; Y2 W. Composition 

15K ± 5%; Yz W. Composition 
4. 7K ± 5%; Y2 W.  Composition 
4. 7K ± 5%; Y2 W. Composition 
1 5K ± 5%; % W- Composition 

560 ohms ± 5%; Y2 W.  Comp osition 
1 . 2K ± 5%; Y2 W. Compos�tion 

1 80 ohms ± 5%; lh W. Composition 
1 8 0  ohms + 5%; lh W .  Composition 
4 70 ohms ± 5%; Y2 W.  Composition 

1000 ohms ± 5%; Yz W. Composition 
3K Thermistor Type ID20 1 (G . E .  Co . )  

1 8K ± 5%; Yz W .  C omposition 
10K ± 5%; Y2 W. Composition 
lOK ± 5%; Composition 

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

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

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

150 ohm s ± 5%; Composition 
3 3 0  ohms ± 5%; Composition 

4 7K ± 5%; Composition 

I .L. 41 -945.51 M 

W E S T I NGHOUSE 
D E S I G N A T I ON 

184A763 H5 1 
184A763H5 1 
184A 763H5 1 
1 84 A763H75 
1 84A763H65 
1 84 A763H 7 1  
184A763H7 1 
184A763H27 
1 84A763H63 
1 84 A763H63 
184A763 H5 1 
1 84 A763 H5 1 
1 84 A763H5 1 
184A763H7 1 

- f--· 1 84 A763H7 1 
184A763H53 
1 84 A763H63 
184A763H63 
1 84A763H5 1 
1 84A763H5 1 
1 84 A763H39 
184A859H06 
1 84 A763H5 1 
184 A763H37 
I 87A685 HO I 
184A763 H l l  
184A763H35 
1 84 A763H55 
1 84 A763H43 
1 84A763H43 
1 84A763H55 
1 84A763H21 
1 84A763H29 
1 84 A763H09 
1 84 A763H09 
184A76 3 H 1 9  
1 84A763H 27 
185A2 1 1 H0 8  
1 84A763H57 
1 84 A763H5 1 
184A763H5 1 
1 84 A763H27 
1 8 4A763 H 5 1  
184A763H37 
1 84 A763H5 1 
1 84 A763H73 
184A763H34 
1 84 A763H07 
1 84 A763H 1 5  
184A763H67 
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T YP E T C F  P O W E R  L I N E  CARR I E R  

E L E CTR I CAL PARTS L IST (Cont ' d . )  

C I RCU I T  D E S C R I P T I O N  W E S T I NGH O U SE 
SYMBO L D E S I G N A T I O N  

T R ANS FORME R S  
T l l  Toroidal type ,  10000/400 ohms 205C04 3G03 I 

T 1 2  Toroidal typ e ,  25000/300 ohm s  20 5C04 3G0 3 
T8 1 Pot.  Core type 606B533G0 1 
T8 2  Pot . Core type 606B533G02 
T2 1 1  10K : 10K 7 1 4B 677G0 1 

T 2 1 2  25K: 300 205C043G01  
T R ANSISTORS 

Q l l  2N65 2A 184A638H 16  
Q1 2  2N l396  848A89 2H01 

Q 1 3  2N1396 848A892H0 1 

Q3 1 2N274 187A270H 0 1  
Q 3 2  2N274 187A270H0 1  

Q5 1 2N396 762A5 75H03 

Q52  2N396 762A575H03 
Q53 2N396 762A575 H03 

Q54 2N396 76 2A585H03 
Q8 1 2N652A 1 84A63 8 H 1 6  

Q82 2N652A 1 84A638H 16 

Q l O l  2N65 2A 1 84A6 3 8H 16 

Q 1 0 2  2N696 7 6 2A585H0 1 

Q l 0 3  2N697 184A638Hl 8 

Q104 2N699 1 84A638H 19 

Q105 2N699 184A638H19 
Q106 2N696 7 6 2A5 85H0 1 

Q107  2N698 762A585H02 

Q108  2N699 184A638H19 

Q109 2N699 1 84A638H l9 

Q l lO 2N696 762A585H0 1 

Q 1 1 1  2N696 762A585H0 1 

Q l 5 1  2N396 76 2A585H03 

Q 1 5 2  2N396 76 2A585H03 

Q 1 5 3  2N396 762A585H03 

Q154  2N699 184A638H19 

Q2 1 1  2N652A 1 84A638H 1 6  

M I S C E LLAN EOUS 

Y l l  O scillator Crys tal ( Frequency 20 kHz above Channel Frequency) 762A800H0 1 + (Req.Fre q. )  

FL l Crystal input Filter 4 0 1 C466 + (Req. Freq. ) 

FL2 I .F .  Fil ter 762A6 13G0 1 

PL Pilot Light Bulb - For 48 V.  Supply 187A 133H02 

P ilot Light Bulb - For 125  or 250 V .  Supply 1 83A9 5 5H 0 1 

F 1 ,  F 2  Fuse,  1 . 5  A.  1 1D9 195H26 

AL Alarm Relay 408C062H07 

AR Trip R elay 408C845G03 

L l-L2 Choke 292B096G02 

IC20 1 Fairchild UA 7 10 C  ( Int . Ckt . )  20 1C826 H04 
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TYPE TC F POW E R  LI NE CAR R I E R  ________________________ LL_._4_1..;;.·9..;;.45:..:·.:..51�M 

8 rnm C)  0) e) T l2 

Q TP I I 

c 14 

19 

Yl l  CB:U) 
C l5 

llliJ � '---::T:-::-P-=-13�19 8 R IS 1 

1 C 12 � EJ 
CBllJ 

I I I I I I I I I ! : I ! I I 
7 63A292 

Fig. 26 Component lo cation s on the osci llator and mixet 
printed circuit board · germanium version. 

-§Q- � C 59 � � 
� J C 5 1 L EJ � c s 2 � 1 1 [J'{m Q lillJ 

[R 5 5  I Q,  � C 56 � 
� 1 C 5 3  � � TP52t_J 

· � []]I] [ill] � . � 
TP51 ----: TP53

1
o fv . R 60  I 1 C � 8  � I C

5 5  I R 6 1  � l I CB:ffi 0 CK§TI T P 55 .j Q � 
v I l u  .. ':J CKfO I R62 I T P54 :J c s 7  r � o@D � �  c s o � 

1 9 I 

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

763A294 
Fig. 28 Component lo cations on the amplifier and limiter 

printed circuit board • germanium version. 

FL2  

'----
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. 27 Component locations on  the I . F. amp lifier printed 
circuit board · germ anium version. 

TQP84 TQP83 F. 
[@ 

� � � � '"' I C88  

I T�&j] I c9�7� ll Jl 
- - __J ICR85l � � ICR86l -

� [§_] 8 �}�8 []]TI 0IJ 
� T 8 1  

� � CR84 e f- W H E N  
Q � <--.::: -- U S E D  

r 1 1 1 1 1 1 1 1 1 1  I I  I I  I I  I i 

7 63A295 
Fig. 2 9  Component locations on  the discrimin ator printed 

circuit board · germanium version. 
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TYPE TC F POW E R  LI N E  CAR R I E R--
-------------------------

1 9  I 

I I I  I I I I I I l l  I I I I I I I  
7 63A296 

Fig. 3 0  Component lo cation s on  th e logic printed circuit 
board • germanium version. 

38  

836A 522 
Fig. 3 1  Component lo cations on th e carrier level indicator 

printed circuit  board · germanium version. 
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I N ST A L L ATI O N  
Westinghouse I .L .  4 1 -945 . 1 5A 

• OPE R A T I O N  • M A I N TE N A N C E 

I N S T R U C T I O N S  
TYPE TCF POWER LINE CARRI ER FREQUENCY-SH I FT 

TRANSMITTER EQUI PMENT - 1 0 WATT/ 1 0  WATT 

FOR ALL RELAYING APPLICATIONS 

CAU TION: I t  i s  recommended that the user of this 
equipment become thoroughly fam iliar with the 
information in this instruction leaflet  before ener­
gizing the c arrier assembly. Failure to ob serve 
this precaution may result in  damage to the equip­
ment . 

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

A P P L I CAT I O N 

The type TCF c arrier transmitter equipment 
provi de s for the transmission of either of  two closely 
controlled discrete frequencies ,  both within a nar­
row-band channel,  over high-voltage transmis sion 
lines . The center frequency of the channel can vary 
from 30 to 300 KHz in 0. 5 KHz steps .  The two fre­
quencies transmitted are separated by 200 Hz,  
one being at center fre quency ( fc) plus 100 Hz 
and the  others at center freQuency minus 1 00 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 freque ncy , termed the Trip fre­
quency, is transmitted as a signal that an operation 
( such as tripping a circuit breaker) should be per­
formed at the receiving end of the line . 

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 circuits .  
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 S T R U C T I O N  

The 1 0  -watt/ 10 -watt TCF transmitter unit is 
mounted on a standard 19- inch wide panel 1 2� 

SU PERSEDES I .  L .  4 1 -945 . 1 5 ,  dated May 1 973 
0 Denotes cha nge from superseded issue.  

inches ( 7  rack units) high with edge slots for mount­
ing on  a standard relay rack.  All components are 
mounted on the rear of the panel .  Fuse s ,  a pilot 
light , a power  switch and a jack for metering the 
amplifier collector current are accessible from the 
front of the panel when supplied.  See Fig. 7 .  All 
of the circuitry that is suitable for printed circuit 
board mounting is on three such boards ,  as shown 
in Fig.  3. The components mounted on each printed 
board or other sub-assembly are shown enclosed by 
dotted lines on the internal schematic.  Fig. 1 or 2 .  
The location of component s o n  the two printed cir­
cuit boards are shown on separate illustrations, Fig. 
4 ,  5 ,  and 6 .  

External connections to the assembly are made 
through a 18-circuit receptacle , J3. The r . f .  output 
connection to the as sembly is made through a coax­
ial cable jack J 2 .  

O P E R A T I O N 
The transmitter is made up of four main stages 

and two filt ers .  The stages include two crystal 
oscil lators operating at fre quencie s that differ by 
the desired channel frequency, a mixer and b uffer 
amplifier , a driver stage and a power amplifier.  One 
filter is located b etween the driver and the power 
amplifier and the filter removes harmonics that m ay 
be generated by distortion in the power amplifier.  

A single crystal designed for oscillation in the 
30 KHz to 300 KHz range cannot be fo rced to oscil­
late away from its natural frequency by as much as 
± 1 00 Hz. In order to obt ain this desired frequency 
shift , it is neces sary to use crystals in the 2 MHz 
range .  The crystals are Y1 and Y2 of Fig . 1 .  The 
frequency of Y2 is 2 . 00 MHZ when ope rated with 

A II possihle contingencies which may arise during 
ins tal/ar ion , operatio n ,  or maintenance, and a// 
details and variations of this eq uipment  do not  
purport to he co vered hy these  instructions.  If 
further information is desired hy purchaser re­
garding h is particular ins ta//at ion , operat ion or 
mai11tenance of his equ ipment ,  the local West­
inghouse Electric Corporation representative 
should he contacted. 
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T Y P E  T C F  POW E R  L I N E  CAR R I E R  l OW/ l OW ___________________________ _ 

a specified amount of series capac ity ,  and the 
frequency of Y 1 is 2. 00 MHz plus the channe 1 
frequency ,  or 2. 03 MHz. Capacitor C55 and c rystal 
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 bas e  through C5 7 ,  and 
with Y2 removed the base of Q5 1 would be held at 
approximately the midpoint of the supply voltage by 
R 5 1  and R5 2 .  The cry stal 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 reducing 
C55 will raise the frequency. 

Crystal Y1 is connected in a circuit that is 
similar except for the addition of C53 and diodes 
D5 1 and D 5 2 .  By adjustment of C52 this circuit 
is  made to oscillate at 100 Hz above its mark ed 
frequency. Capacitor C53 ls not effective until 
D5 1 is  biased in the forward direction and becomes 
conductive . I t  is biased in the reverse direction 
until the rel ay control cont act is clo sed , which 
plac e s  45 V . D . C .  at terminal 3 of the printed circuit 
board . With D5 1 conducting ,  C53 is effectively in 
parallel wit h C52 , and adjustment of C53 will reduce 
the frequency by 200 Hz. The crystals taken in­
dividually have a greater variation of frequency 
with temperature than would be accept able.  How­
ever ,  by proper m atching of the two cryst al s ,  the 
variation in their difference frequency can be kept 
within limits that permit holding the frequency 
stability of the overall transmitter to ±10 Hz over a 
temperature range of -20 to + 5 5°C. 

The frequencies produced by the two oscillators 
are coupled to the base of mixer transistor Q5 3 
through C62 and C63 . The sum of the two frequencies 
is so high that a negligible amount appears on the 
secondary of transformer T5 1 ,  but the difference 
frequency is accepted and amplified by Q53 and Q54 .  

When the relay control ,  or k eying , contact is 
closed , it changes the freQuency from Guard to Trip. 

As is shown on the Internal Schematic ,  Fig. 1 .  
the voltage for the k eying circuit is obtained from 
the 45-volt regulated supply in the transmitter ,  and 
opening the single power switch de-energizes both 
the transmitter and the keying circuit . 

2 

The driver stage consi sts of transistors Q56 
and Q57 connected in a convention al push-pull 
circuit with input supplied from the collector of 
Q54 through transformer T5 2 .  Thermistor R73 and 
resistors R74 and R75 are connected to provide a 
vari able bias that reduces the effect of varying 
ambient temperature s on the input level. 

The driver filter , F L 1 0 1 ,  consists of a series­
resonant inductor and capacitor connected between 
the driver and power amplifier stages by appropriate 
transformers T1 and T2.  This filter greatly improves 
the waveform of the signal applied to the power 
amplifier .  

The power amplifier uses two series-connected 
power transistors, Q 1 0 1  and Q 1 0 2 ,  operating as a 
class  B pushcpull amplifier with single-ended out­
put . Diodes D 1 0 1  and D 103 provide protection for 
the base-emitter j unctions of the power transistor s .  
Zener diodes D 1 05 and D 106 protect t h e  collector­
emitter j unctions from surges that might come in 
from the power line through the coaxial cable . 

The output t ransformer T3 couples  the power 
transi stors to the output filter F L 1 0 2 .  The output 
filter includes two trap circuits ( L 10 2 ,  CB and L 1 0 3 ,  
C c) which are factory tuned t o  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 1 is a small lightning arrester to 
limit the magnitude of switching surges or other 
line disturbances reaching the carrier set t hrough 
the line turner and coaxial cabl e .  Auto-transformer 
T4 matches the filt er impedance to coaxial cables 
of 5 0 ,  60 , or 70 ohms.  

The series resonant circuit composed of L 1 05 
and CE is tuned to the transmitt er frequency, and 
aids in providing resistive termination for the output 
stage. Jack J 1 0 2  is mounted on the rear panel o f  
FL 102 and is used for measuring the r . f. output 
current of the transmitt er into t he coaxial cable . 
It should be noted  that the filter contains no shunt 
reactive element s ,  thus providing a reverse imped­
ance that is free of possible " across-the-line" 
resonances. 

The power supply is a series-type transi storized 
d-e voltage regulator which has a very low stand-by 
current drain when there is no output current demand. 
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The Zener diode Z 1  holds a const ant base-to-nega­
tive voltage on the series-connected power transi stor 
Q l .  Depending on the load current , the d-e voltage 
drop through transistor Q 1 and resistors R1 and R 2  
varies t o  maintain a constant output voltag e .  The 
Zener diode Z2 serves to prot ect the collector-base 
j unction of Q1 from surge voltage s .  Capacitor C1 
provides a low carrier-frequency impedance across 
the d-e output volt age . Capacitors C2  and C3 bypass 
r .f .  or transient voltages to ground,  thus preventing 
damage to the transistor circuits .  

C H A R A C T E R I S T I C S  

Frequ ency 
Range 30-300 kHz 

Output 

Frequency 
Stability 

Frequency 

Spacing 

Harmonics  

Input Voltage 

Supply Voltage 
variation 

Battery Drain 

Keying Circuit 
Current 

10 watt guard - 10 watts trip -
( into 50 to 70 ohm resistive load) 

± 10 Hz from -20°C to +55°C. 

A .  When used with narrow band 
receiver. 
1 .  One-way c hannel ,  two or  

more signals - 5 00  Hz min.  
2 .  T wo-way channel , 1 , 000 Hz 

min , between transmitter 
and adj ecent receiver fre­
quencies. 

B. When used with wide band 
receiver. 
1 .  One-way channel ,  two or  

more signals - 1 000 H z  min . 
2 .  Two-way channel ,  2000 Hz 

min,  between transmitter 
and adjecent receiver fre­
quencie s .  

Down 5 5  db (min . )  from output 
level. 

48 or 1 25 v . d . c .  

4 2-56v. for nom.  4 8 v .  supply . 
1 0 5 - 140v ,  for nom .  125v .  supply . 

0 . 5  a guard t 
1 . 1 5 a. trip I 
0 . 5  a. guard � 
0 . 9  a. trip I 

4 rna. 

4 8 v . d . c .  

1 25 v . d . c .  

T emperatur e 
Range 

Dimensions 

Weight 

-20 to +550C around chassis.  

Panel height - 1 2Y4" or 7 r . u .  
Panel width - 1 9 "  

12  lb s .  

I N S T A L L A T I O N  

ThR TCF transmitter is generally supplied in a 
cabinet or on a relay rack as part of a complete 
c arrier assembly .  The location must be fre e from 
dust , e xce ssive humidity, vibration,  corrosiv e 
fumes , or heat. The maximum ambient temperature 
around the chassis must not exc eed 55°C. 

A D J U S T M E N T S  

The TCF lOW/ l OW trans mitter is shipped with 
t he power output c ontrol R64 set  for output of 
10 watts into a 60 ohm load .  If it is desir ed to c heck 
t he adj ustments , or  if repairs have made readj us tment 
necessar y ,  t he coaxial cable should be disconnected 
from the assembly terminals and replaced with a 
50 to 70 ohm non-inductive resistor of at le ast a 
1 0  watt rating . Use the value of the e xpecte d  input 
i mped ance of the coaxial cable  and line tuner .  I f  
this is not known, assume 60  ohms.  Connect the  T4 
output lead to the corresponding tap.  Connect an 
a-c vacuum tube voltmeter ( VTVM) across the lo ad 
resistor . Turn power output control R64 to minimum 
( full counter-clockwise) .  Turn on the power switch 
on the panel and not e  the d-e voltage across t er­
minal s 5 and 7 of J3 . I f  this is in the range of 4 2 to 
46 volt s ,  rotate R64 c lockwise to obtain 4 or 5 

volt s across the load resistor used . At this point 
check the adjust ment of the series output tuning 
coil L l05 by loosening the knurled shaft-locking 
nut and moving the adjustable core in and out a 
small  amount from its initial position . Le ave it at 
the point of maximum voltage across the lo ad re­
sistor used.  Then rotate R64 farther clockwise to 
obtain the correct  voltage for 10 watts in the load 
res istor , as show n in the following table.  

Then change to Trip frequency by connecting 
together terminals 2 and 3 of the transmitter  printed 
circuit board ( which is appro ximately equivalent to 
connecting together t erminals 7 and 8 of J3),  and 
rot ate R64 until the voltage across the load resistor 
is as shown in the following table for a 10 watt out-
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T Y P E  T C F  POW E R  L I N E  CA R R I E R  l OW/ l OW---------------------------

put. Recheck the adjustment of L 1 05 for m aximum 
output voltage and readjust R64 for a 1 0  watt output 
if necessary . Tighten the locking nut on L l05 . Open 
t he power switch and remove the jumper used to key 
the transmitter to the 10 watt level .  

T l06 Voltage for 
Tap 10 Watts Output 

50  22 .4  

60  24 . 5  

70 2 6 . 5  

Follow the procedure outlined in the line tuner 
instruct ions for its adjustment . 

Normally the output filter (FL1 02) will require 
no readj ustment except as noted above.  I t  is factory 
tuned for maximum second and third harmonic rejec­
tion , and for series resonanc e ( m aximum output at 
the fundamental frequency) with a 60-ohm load. A 
s mall amount of reactance in the transmitter output 
load circuit may be tuned out by readjustment of 
the movable core of L l 0 5 .  This may be ne cessary 
with some types of line coupling equipment . The ad­
j ustable cores of L 1 02 and L103  have been set for 
maximum harmonic rejection and no change should 
be made in these settings unless suitable instru­
m ents are available for measuring the second and 
third harmonic pres ent in the transmitter output . 

The operating frequen cies of crystals Y l  and 
Y 2  have been carefully adjusted ' at the factory an d 
good stability can be expected .  If it is desired to 
check the frequencies of the individual cry stals 
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 . 3  MHz can be 
connected from TP5 1 to TP5 4 .  (Connection to 
TP54 rather than to TP53 provides  a better s ignal 
to the co unter and avoids some error from the effect 
of the counter input capacitance on the oscillator 
circuit . )  While measure ment of the oscillator crystals. 
individually is neces sary for the initial adjustment 
of the oscillators ,  generally any sub sequent checks 
may be made with a lower range counter connecte d 
at the transmitter output. If any minor adjustment of 
the Guard and Trip frequencies should be needed 

4 

the Guard adj ustment should be m ade with capacitor 
C52 and the Trip Adjustment with C53 . 

Q56-Q57 B i a s  Adj u stment 

The push-pull output stages of the transmitter 
board are normally shipped correctly biased. If any 
components involved in thes e stages have been 
c hanged , then it may be necessary to recheck the 
biasing of this st age . 

Unsolder the lead from terminal 2 of transformer 
T1 (just abo ve FL 1 0 1 )  and temporarily connect a 
low-range d-e milliammeter ( 0 - 1 . 0  rna) between the 
removed lead { +) and T l terminal 2 ( -) . Turn the 
slotted control on the small potentio meter to full 
counter clockwise . Now, apply power to the TCF 
carrier set ,  but do not transmit carrier. This c an 
be done by removing the crystal s .  Advance the 
potentiomet er clockwise until the milliammeter 
reads 0 . 2  rn a. Turn off the power,  remove the 
milliammet er , and solder the lead b ack on terminal 
2 of T l . Replace the crystals and again apply 
d-e power to reenergi ze the transmitter .  C heck 
output ,  etc. of transmitter as previously describ e d .  

M A I N T E N A N C E  

Periodic checks of the transmitter Guard an d 
Trip power outputs  will detect impending failure so 
that the equipment c an be taken out of service for 
correction. At regular m aintenance interval s ,  any 
accumulated dust should be removed , particularly 
from the heat sinks. It is also desirable to check 
the transmitter power output at such tim es, making 
any necessary readj ustment s to return the equipment 
to its initial settings.  

Voltage values should be  recorded after  adj ust­
ment in order to establish reference values which 
will be useful when checking the apparatus.  T he 
readings will remain fairly constant over an indef­
inite period unless  a failure occurs.  However, if 
transistors are chan ged , 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%. 
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T A B L E  

T RANSMI TTER D-C MEASU R EM ENTS 

Note : All  voltages are positive with respect to  
Neg.  45 V .  (TP5 1 ). All voltages read with 
d-e VTVM. 

Test Volt age at 
Point 10 W atts 

O utput 

TP52 2 0  

T P5 3  5 . 4  

TP54 3 . 4 

TP55 1 8 . 5  

TP56 1 8 . 5  

TP57 * < 1 . 0  

TP58 4 4 . 1  

TP59 * < 1 . 0 

T P 1 0 1 0 

T P 10 3  2 1  ± 2 

TP 105 4 4 . 0  

CONVERS ION O F  TRANSM ITTER FOR 
CH ANGED CHAN N E L  FREQUE NCY 

The parts required for converting a l OW/ l OW 

TCF transmitter for operation on a different channel 
frequency consist of a pair of m atched crystals for 
the new channel frequency , new capacitors C 1 03 and 
C 1 04 on the power amplifier circuit board if the old 
and new frequencies are not in the sam e  frequency 
group ( see table on internal schematic drawing) and, 
in gener al , new or modified filters FL 10 1 and 
FL 102 .  Inductors L 10 1 ,  L 1 02 and L 1 0 3  in these 
filters are adjustable over a limited range,  but 
forty-two comb inations 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 13 kHz at the upper end. A particular 

T A B L E  I I  

T RANSMITT E R  R F  M EASU R EM ENTS 

Not e :  Voltages taken with transmitter set to indi ­
cated output across 60 ohm s .  These volt ages 
subj ect to variations ,  depending upon fre­
quency and transistor characterist ic s .  T5 1-3 = 

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

Volt age at 
Test Point 10 watts 

Output 

TP54 to TP5 1 0 . 0 15-0 .03  

TP57 to TP5 1 0 . 3  - 1 . 2  

TP59 to TP5 1 0 . 3  - 1 . 2 

T 1 - 1  to TP5 1 5 . 6  

T 1 -3 t o  TP5 1  4 .9  

T 1 -4 to Gnd. 2 . 0  

T2- 1 t o  Gnd. 1 . 85 

TP 10 1 to TP103 1 7 . 0  

TP 103 to  TP105 1 7 . 0  

T3-4 t o  Gnd. 1 1 2 

T4-2 to Gnd. 1 10 

TP 1 09 to Gnd. 3 1  

J 1 0 2  t o  Gnd. 24 . 5 

assembly c an be adj usted over a somewhat wider 
range than the width of its assigned group since 
some overlap is necessary to  allow for component 
tolerances. The nominal kHz adjustment ranges of 
the group are :  

3 0 . 0- 3 1 . 5  6 1 . 0 - 6 4 . 0  1 1 3 . 0-1 19 . 5  207. 1 - 2 1 4 . 0 

3 2 . 0- 3 3 . 5  64. 5- 68 .0  1 20 . 0- 1 27 . 0  2 1 4 . 1 -222 . 0  

34 . 0-3 6 . 0  68 . 5- 72 . 0  1 27 . 5- 1 35 . 0  2 2 2 . 1 -230 .0  

36 . 5-38 . 5  7 2 . 5 - 7 6 . 0  1 3 5 . 5- 1 43 . 0  230 . 1 -240 .0  

3 9 . 0-4 1 .0 7 6 . 5 - 80 . 0  1 4 3 . 5- 15 1 . 0  240 . 1 -250 . 0  

4 1 . 5 -44 . 0  80. 5- 8 4 . 5  1 5 1 . 5 - 1 59 . 5  250 . 1 -262 .0  

44 . 5 -47 . 0  8 5 . 0- 89 . 0  1 6 0 . 0- 1 69 . 5  262 . 1 -274.0  

4 7 . 5-50 . 0  89 . 5 - 94 . 5  1 70 . 0- 1 8 0 . 0  284. 1 - 28 7 . 0  

5 0 . 5- 53 . 5 9 4. 0· 100 .0  180 . 5- 1 9 1 . 5  287 . 1 -300 . 0  

5 4 . 0-57 . 0  1 00 . 5- 1 06 . 0  1 9 2 .0-200 . 0  

57 . 5-60 . 5  1 0 6 . 5 - 1 1 2 . 5  200 . 1 -207 . 0  
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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 
group s ,  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
j usted at the factory for the specified frequency. 

A signal generator , a frequency counter and a 
vacuum tube voltmet er are required for readjustment 
of FL 1 0 1 .  The si gnal generator and the counter 
should be connecte d across terminal 4 and 5 of 
transformer T1 and the voltmeter across terminals 
1 and 2 of tran sformer T 2 .  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 pos ition should def­
initely reduce the reading. The change in inductance 
with core position is less at either end of the trave l 
then when near the center and consequently the 
effect of core screw rot ation on the VTVM reading 
will be less when the resonant inductan ce occurs 
near the end of core travel . 

The procedure for readjustment of the 2nd and 
3rd harmonic traps of filter FL 1 0 2  is somewhat 
similar . A signal gener ator and a counter should be 
connected to terminals 3 and 4 of transformer T 3 ,  
and a 5 0 0  ohm resistor and a VTVM t o  the terminals 
of protective gap G l .  The ground or shield lead 
of all instruments should be connected to the 
ground terminal of the transformer. Set the sign al 
generator at exactly t wice the c;hannel center fre­
quency and at 5 to 10 volts output .  Turn thE_' core 
screw of the large inductor L 1 0 2 ,  to the position 
t hat gives a definite minimum reading on the VTVM. 
Similarly, with the signal generator set at e xactly 
three times the channel center frequency and 5 to 
10 volts output , set the core screw of the small 
inductor ,  L 103 , 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 m atched crystals have 
been adj usted , as described under "ADJUSTMENTS ", 
the transmitter can be operated with a 50 to 70 ohm 
load (depending on which tap of T4 is used) con­
nected to its output , and inductor L 105 c an be re ad­
j usted for maximum output at the changed channel 
frequency by the procedure described in the same 
section. 

6 

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 fre­
quency-sensitive voltmeter from TP1 09 to ground 
and adj ust 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,  obt ain a maximum on-scale re ading 
of the 2nd harmonic .  Then vary the core position of 
L 102 until a minimum voltmeter reading is obtained.  
Similarily, tune the voltmeter to the third harmonic 
and adjust L 1 03 for minimum voltmeter reading. 
Although the transmitter frequency will differ from 
the channel · center frequency by 1 00 H z ,  the 
effect of this differ ence on the adj ustment of the 
harmonic traps will be negligible.  It  should b e  
noted that the true magnitude o f  the harmonics can­
not be measured in this manner because of the pre­
ponderance of the fundamental frequency at the volt­
meter terminals .  Accurate measurement of the h ar­
monics requires use of a filter between TP 1 0 9  and 
the voltmeter that provides high rej ection of the 
fundamental. The insertion losses of this filter for 
the 2nd and 3rd harmonics must be m easured and 
taken into ac count. 

R E C OM M E N D E D  T E S T  E Q U I P M E N T  

I .  Minimum Test E quipment for Installation. 

a. 60-ohm 10-watt non-inductive resistor . 

b .  A-C vacuum Tube Voltmeter (VTVM) . Voltage 
r ange 0. 003 to 30  volts , frequency range 6 0  
h z  to 3 3 0  k H z ;  impedance 7 .  5 megohms . 

c .  D-C Vacuum Tube Voltmeter ( VTVM).  

Voltage R ange : 1 . 5  to 300 volts . 

Input Impedanc e :  7 .  5 megohms. 

II. Desirable Te st Equipment for Apparatus M ain­
tance.  

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. 

20-kHz to 900 kHz 
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T Y P E  T C F  P OW E R  L I N E  C A R R  I E  R l OW/ l O W  -------------------------' --L_4_1_-_94_5_-_15_A_ 

Some of the functions of the recDmmended test 
equipment are combined in the type TCT c arrier test 
meter unit, which is  designed to mount on a stan­
dard 1 9 "  rack but also can be re moved and used as 
a portable unit . 

R E N E W A L  P A R T S  

Re pair work can b e  done most satisfactorily at 
the factory . However , replace ment parts can be  
furnished ,  in  most cases , to c usto mers who are 
equipped for doing repair work . When ordering part s ,  
always give the c omplete nameplate data and 
identify the part by its designation on the Internal 
Schematic drawing. 
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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 OW/ l OW _________________________ _ 

E LE CTR ICA L PARTS LIST 

CIRCUIT I D E S C R I P T I O N WESTINGHOUS E 
SYMBOL DES IGNA T I ON 

CAPAC I TORS 

C1 Oil-filled ; 0.45 mfd . ;  330 V . A . C .  1 723408 
C2 Oil-fille d ;  0 .5  mfd . ;  1 500 V . D . C .  1 877962 
C3 Oil-filled ; 0 . 5  mfd . ;  1 5 00 V . D .C .  1 877962 

C 1 1  Metallized Paper ,  0 .47  mfd . ; 849A4 37H04 

C 2 1  Metallized Paper ,  . 047  rnfd . ; 849A4 3 7H 04 

C5 1 Dur-Mic a, 1500 pf. , 500 V . D . C .  762A757H03 

C52 Variable , 5 . 5 - 1 8  pf. 879A834H0 1  
C53 Variable , 5 . 5-1 8 pf.  879A834H01 
C54 Metallized paper ,  . 1  mfd . ;  200 V . D . C .  0 879A834H01  

C55  variable , 5 . 5- 1 8  pf. 762A73 6H0 1 
C56 Dur-Mic a ,  2000 pf . ;  500 V . D. C .  1 87A5 84 H01 

C57 Dur-Mica, 2000 pf. ; 500 V . D . C .  1 87A5 84H0 1 
C5 8 Met allized pape r ,  0 . 25 mfd . ;  200 V . D . C .  1 8 7A624H02 

C59 Dur-Mic a ,  100  pf. , 500 V . D . C .  762A7 57H0 1 

C60 D ur-Mic a ,  1 00 pf. , 500 V . D . C .  762A757H01 
C61 Metallized pape r ,  0 . 25 mfd . ;  200 V . D . C .  1 87A624H02 
C62 Dur-Mic a ,  4'700 pf. , 500 V . D . C .  762A75 7H04 
C63 Dur-Mica,  1 000 pf . ,  5 00 V . D . C .  7 62A757H02 

C64 Metallized paper ,  0 . 25 mfd . ;  200 V . D .C .  1 8 7A624H02 
C65 Met allized paper ,  0 . 25 mfd . ; 200 V . D . C .  1 87A624H02 
C66 Metallized paper,  0 . 25 rnfd . ;  2 00 V . D . C .  1 87A624H02 
C67 Metallized paper ,  0 . 25 mfd . ;  200 V . D .C . 1 8 7A624H02 
C68 Metallized paper , 0.5 mfd . ;  200 V . D . C .  1 87A624H03 
C69 Metallized paper ,  0 . 25 mfd . ,  200 V . D . C .  1 87A624H02 
C70 Dur-Mica, 300 pf, 5 00 V . D . C .  1 87A5 84 H09 

C 7 1  3 pf , 86 1A84 6H03 
en 3 pf , 8 6 1 A84 6H03 
C73 3 pf, 86 1A846H03 

C74 Metallized paper , 1 .0 mf , 2 00 V . D . C .  1 87A624 H04 
C75 Metallized paper ,  0 . 5  mf, 200 V . D . C .  1 87A624H03 
C76 Metallized paper, 0 . 0 1  mf, 200 V . D . C .  764A2 7 8H 1 0  
C77 0 . 4 7  mfd,  1 88A669H0 1 

C 1 0 1  Metallized paper ,  0 . 2 5  mfd , ;  200 V .D . C .  1 87A624H02 
C 1 02 Metallized paper ,  0 . 25 mfd . ;  200 V . D . C .  1 87A624H02 

C l 03 & C 1 04 ( 3 0-50 KC) - Extended foil ,  0 . 4 '7  mfd . ;  400 V . D . C .  1 8 8A293H01 
C 1 03 & C 1 04 ( 5 0 . 5-75 KC) - Extended foil , 0 . 2 2  mfd . ;  4 00 V . D . C .  1 8 8A293 H02 

C 1 03 & C 1 04 ( 75 . 5 - 100 KC) - Extended foil ,  0 . 1 5  mfd . ,  4 00 V . D . C .  1 88A293H03 

C 1 03 & C 1 04 ( 1 00 . 5  - 1 5 0  KC ) - Extended foil, 0 . 1 0 mfd . ,  400 V . D . C .  1 88A293H04 
C 1 03 & C 1 04 ( 1 5 0 . 5  - 300 KC) - Extended foil, 0 . 04 '7  mfd . ;  400 V . D . C .  1 88A2 93 H05 

D IODES - G E N E RAL PURPOSE 
D 1 1  1 N645A 83 7A692H03 
D 1 2  1 N645A 83 7A692H03 

D 1 3  1 N4 822  1 88A3 4 2 H 1 1 
D 1 4 1 N4822  1 88A342H1 1 
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T Y P E  T C F  POW E R  L I N E  CAR Rl E R  1 OW/1 OW _______________________ I ._L_. _4_1-_94_5_._15_A_ 

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

0 1 5  
0 1 6  
02 1 

1 N4 8 2 2  
1 N4 8 2 2  
1 N6 4 5 A  

E LECTR I CAL PARTS L IST 

D E S C R I P T I O N  

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

W E S T I N G H O U S E  
D E S I G NAT I ON 

1 88A34 2 H 1 1 
1 88 A 3 4 2 H l 1  
837A692 H03 

0 2 2  1 N4 8 2 2  1 88A34 2 H 1 1 f----------- ---- - - - - - - ·  -------- -----------------t----------- 1 
023 1 N4 8 2 2  1 88A3 4 2H 1 1  

- · · ------ - -1-- ·---- --- - -- - ·  -- ·-· -- - ---- --------------+-------------1 
0 24 1 N4 8 2 2  1 8 8A3 4 2 H l 1  >---- --- -- ------ - --- - - - · - - - · ----- ---- -------- -------- - ------ --------------1 
0 2 5  1 N4 8 2 2  1 88 A3 4 2H 1 1 >------ -- -r---- · --- --------------------------t----------=--=-------l 
05 1 1 N 6 2 8  �- -1-2 5_V_. ; _3 0 _M_A_. ____ 

- --- ---------------+-----=-18=-4=-=A�8=--=8:..::5...:.H:..::1:..::2'-------1 
0 5 2  ___ 1 N��-�- 1 2_5_V_. ,  3_0_M_A . __ _________ 

1 84 A 8 85_�H:..::.1-=-2 
__ 

-j 
c____ __ 

0_5_5 
__ _ t-__ 1_N4_5_7 A_; _ �O_V_. __ 

2 0_0 �1A 
___ · -----------------------+----1 8_4:c..A_8_8c.::5...::.Hc_0-'7 __ ---1 

0 5 8  1 N62 8 ;  1 2 5 V 3 0  MA . 1 84 A8 85 H 1 2  !------ ------ - ------
--·--- ---·---

---
-

-- ---

----1 
0 1 0 1 1 N5 3 8 ;  2 0 0  V . , 7 5 0  M A .  4 0 7C703H03 f----- ---- - -

-
--- - - - --- -- --- ·--- ------------- ---- -------1�--...c...::......:....:...c:..=___:_ __ ---l 

0 1 02 , 0 1 04 1 N9 1 ;  1 00 v . .  1 50 MA . (Germ anium Vers ion used w it h  2 N 1 9 0 8 )  --l---1...::.8-=-2A=-=-=-8-=-8=-:1 H-.:...::..04=--__ 1 1---- ·--- .... - ----- - - - ----- ---- --------------------·-

0 1 03 1 N53 8 ;  2 00 V . ,  7 5 0  MA . 4 07 C 7 03 H0 3  1---- -- ----- -1----- - ---- ---- ----- ·------- -------- --- ------+----=--�-------1 
0 1 0 2 ,0 104 1 N 48 1 8  (Silic on V e rs ion u s ed w it h  2 N 3 7 9 2 )  1 88 A 3 4 2 H 06 

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

Z 1  1 N2 8 2 8 B ; 4 5 V .  ± 5% ;  5 0  W .  1 84 A 854H06 ---- --- -1--- - --- --- · --- - · ·-- -- -------- --------·------l----------
Z 2  1 N3 009A ; 1 3 0  V . ± 1 0% ;  1 0  W .  1 84 A6 1 7 H 1 2  >--- ---- -- ---- -- -- --- - - · --· ----------- ---------i------------
Z 1 1  1 N9 5 7 B  1 86A797H06 1--- ------ - --- -- - ·-- - --- ... ---- --- -- - --- .. ----- -------+-__ ......c__:___:_c.::_c.::.::...:._::__ -----1 Z 1 2  1 N 3  688A 862A288H01  1------ --- ... 1---- --- -- --- --- --- - - -- - -- ----------------------+- -·----------1 
Z 1 3  1 N3 688A 862A2 8 8H0 1 - -- -

-
- --

-··-- ----- --- - ---------+-----=---=--=-=-=-:::...::..c:.::...::... ___ _ 

Z 1 4  1 N3 686B 1 85A2 1 2 H0 6  f----------- -- ---- ---- -- ----- ------------------+-----'-----=-=�--'----1 
Z 2 1  1 N 957B 1 8 6A797H06 

---- - · - ·  · ·--- - ---- ------- -----------------------+----------
Z 2 2  1 N 3 688A 862A2 88H0 1 --- - · ·-- ---------------------+----=...::.-=-:..::-=-.::..::.:-.:._::__::__ __ - - -· 

Z 2 3  1 N3 68 8A 862A2 8 8H0 1 
- -- - ------- .. --- -----------------------------t-------------l 

Z 2 4  1 N3 6 8 8B 1 85A2 1 2H06 
--- --- - - ·-·- ·- - · - - ·  ---------------------------------+---------- 1 

____ Z_;)�- --- · __ 
1 N_3_6_86_B ; 2 0 V _ ± 5% ;  _7 5_0_IVI_W_. ______ ____ ____ _____ -+---'1::__:8:..:::5..::.A::..::2:..::1-=-2.:.:H:..::0...::.6 

___ 1 
Z 1 05 1 N2 99 9 A ;  5 6  V .  ± 1 0% ;  1 0  W 1 84 A 6 1 7H 1 3  r---- ---- --'----·---- - ----- ----�-----'------------------+---------'--=-c...-------i 
Z 1 0 6 1 N2 9 9 9 A ;  5 6  V .  ± 1 0% ;  1 0  W .  1 84 A6 1 7H l 3  

R E S I S T O R S  

�-� - ____ ___ 
2 6 . 5 ohms ± 5 % ;  4 0  W_.__(_I"()_r__l� _ ___.v_s=--u=--p'=-"p:..::l"--y'-) ----------+----0.:_4:..::0=--12.:...::9c.::9...:.H:..:4:....::4'----t 

_ _ _ R2 _ _ _ _  _2§_1_ o�ms ± 5% ; 4 0 _\Y_._WCl_r__1_?5 V Sup!'JlxL __ -- -----------+---=--04.:c..:0=--=-:12::..:9::..o9:...oH.o..:4,__,4'---------l 
R3 2 6 . 5 oh ms ± 5%;  40 W ( For 4 8  V Supply ) 04 0 1 2 9 9H4 4 1------ ·--·----- . - -·--- --- -- - ---

f--- _fl.:3_ __ ____ _ _ liOQ _ _()_ll_I_ns _±_5'/� ; _ _  4 0_\'j_, _ _ _  ( F_o_r_1 25 
_

_ 

V_S_u'.':'p.':'p�ly'--'-)------------+----=-1-=-2...::.6=--8 0=--4�7:._ ___ --1 
__Bi__ __ _ __ 

1 00 __c:Jhm�± 1 0_'/_0 ; _� _\_V_. C ompos it ion ---------------+----1_8=-7_A.....:G.....:4:..:::4-=-H=-0..::.3 
___ 1 

R5 - --------- 1 K  ± 1 0% ;  1 2  \\' C o mpo s it ion 1 8 7A64 i H 2 7  
-- --- --- -- - -�- --- - · ---------· -----------+----'-=-:..:::.:__:_

_---1 
R6 1---- ·- ---

3 K  ± 5% ; - 5 W .  \\i irc Wound 1 88A3 1 7 HO 1 
- --· ------------------------+----=--.:__:__c.::.:_ __ ---1 - --

R7 1 5 K  ± 1 0% ;  2 W .  C ompo s it ion 1 8 7A64 2H55 
R 1 1 4 . 7 K  ± 2% ;  � 2  W Metal G laze 629A53 1 H4 3  

� ----- - -1--- - --- -------------------1-----------1 
R 1 2  1 2 K  ± 2% ;  1·2 W .  Metal Glaze 6 2 9 A53 1 H5 8  !-------=----+ ---------- - ----------"==----------------+------'-__;:__::_c_=:;_c:___ ---i 
R 1 3  1 0K ± 2% ; 112 W . Metal Glaze 6 29 A53 1 H5 6  
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TY P E  T C F  POW E R  L I N E  CAR R I E R  l OW/ l OW __________________________ _ 

C I RC U IT 
SYMBOL 

R 14 

R 1 5  

R l 6 , R2 6  

R 1 7  

R2 1 

R22 

R23 

R24 

R25 

R 1 8 ,  R28 

R27 1------
R5 1 
R52 

R53 

R54 
R5 5 

R5 6 

R57 

R58 

R59 

R60 

R61 
R62 

R63 

R64 
R65 

R66 

R67 

R68 

R69 
'---------

R70 

R71 

R72 

R73 

R74 
R75 

R76 

R77 

R78 

R79 

RSO 

R81  

1 0  

E LECTR ICAL PARTS LIST 

D E S C R I P T I O N  

R E S IST O R S  (Cont i nued)  

6 . 2 K  

1 . 5K 

5 1K 

l . SK 

4 . 7K 

1 2K 

1 0K 

6 . 2K 

l . SK 

1 8K 
-�· 

1 . 5K 

1 0K 
l OK 

1 0K 

l OK 
1 00 ohms 

3 . 6K 

3 . 6K 

1 00 ohms 

1 0K 

5 . 6K 

1 5 K  
1 0 K  

1 K  

+ 2% ; 1,2 w .  Metal Glaze 

±2% ; 12 W. Metal Glaze 

± 2% ; �2 W, Metal Glaze 

+ 2% ;  �2 w Metal Glaze 

± 2% ;  h W. Metal Glaze 

+ 2% ;  �2 W. Metal Glaze 

+ 2% ;  1 2  W .  Metal Glaze 

± 2% ;  \1z W. Metal G laze 

± 2% ;  \2 W .  Metal Glaze 

± 2% ;  \2 W. Metal G l aze 

± 2% ; \2 W .  Metal Glaze 

± 5% ;  % W . Composition 
± 5% ;  \2 W .  Composit ion -
± 5% ; �2 W .  Composit ion - --
± 5% ; �2 W .  Compos it ion 

± 5% ;  Yz W. Composit ion 

± 5%; 1,2 W .  Composit ion 

± 5% ;  12 W. Composition 

± 5%; �2 W. Composition 

± 5% ; Yz W. Composit ion 

± 5% ;  �2 w. Composition -----�
---

-

± 5% ;  \2 W .  Composit ion 
± 5% ;  lfz W .  Composition 

± 5% ;  lfz W .  Composit ion 

Potentiometer , l K ;  \4 W .  
l . SK + 5% ;  Yz W .  Composition 

8 . 2K ± 5% ; �2  W. Composit ion 

1 2 K  ± 5% ; \2 W .  Composition 

330 ohms ± 5%; Yz W. Composit ion 

800 ohms + 5%; Yz W. Composition 

Potentiometer , 1 K ;  \4 W .  

4 .7 K  ± 5% ;  \lz W .  Composition 

3 9 K  ± 5% ;  \2 W .  Compos it ion 

--
-- - - -- --

---

Thermistor ,  3 0  ohms , Type 3 D2 02 ( G .E .C . )  

62 Ohms + 5%; Yz W .  Composition 
68 Ohm s ± 5% ; Yz W .  Composition 

2 K  ± 5% ; Yz W .  Composition 

1 0  ohms ± 5%; Yz W .  Composition 

10 ohms ± 5% ;  Yz W .  Composition 

20K + 2% ;  Yz W. Metal Glaze 

2 5 K  Potentiometer ± 2 0% ;  \4 w .  

l K  ± 1% ;  Yz W .  Met al Film 

WESTI NGHOUSE 
DES I GNAT I ON 

629A53 1 H5 1  
629A53 1 H3 6 

629A5 3 1 H73 

629A5 3 1 H38 

629A53 1 H48 

629A53 1 H58 

629A53 1H56 

629A5 3 1 H5 1  

6 29 A5 3 1 H38 

629A53 1 H62 

629A5 3 1 H36 

1 84A7 63 H5 1  
1 84A763H5 1 

1 84 A763H51 

184A763H5 1 

1 84A763 H03 

184A763 H4 0  

1 84A763H40 

1 84A763 H03 

184A763 H5 1 

1 84A763 H45 

1 84A763 H55 
1 84A763H5 1 

1 84A763 H27 

629A43 0H02 
1 §4 A763H 02 

1 84A 763H49 

1 84A763H53 

1 84A763 H 1 5  
_

_ 

1 84A859H06 

629A43 0H02 

1 84 A763 H43 

184A 763 H65 
1 85A2 1 1 H06 

6 29A53 1 H03 

1 87A29 0H0 1 

184A763 H3 4 

1 87A290H0 1 

1 87A290H01 
629A5 3 1 H63 

629A430H09 
848A8 1 9 H48 
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TY P E  T C F  POW E R  L1 N E C A R R I E R  1 OW/1 OW -----------------------I . L_._4_1_-9_4_5_. _15_A 

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

R82 
R83 �------- ----- --- -- --

R84 
1---- ·- -- -

R85 - ----- -- -

R86 
-

-

R l O l 

E LECTR ICAL PARTS LIST 

D E S C R I P T I O N  

R E S I S T O R S  (Cont ' d . )  

5K P ot .  ± 2 0% ; 1 2  \V . ----- ------
-

-- ----- --
- -

1 0 . 2 K  
-

--- - --- - --

- - -- 27 ohms -- - -- - - -

± lo/o , 1 2  W .  Metal Film --- - - - ---
± 5% ,  \ 2  W .  Composition - - -- - -- -

Thermistor 3 D4 02 1 0  ohms r-- - · - -- - --- - -- --- --- - --·-· 

750 ohms ± 1 % ,  1 2  W .  Metal Film --- - ------ ---·-

1 0 ohms ± 5% ;  \2 W. Compos it ion 
- '-

- ---- -- - ---- - - - ---·---

R l 02 - --- - -- - - -

R l 03 � ----· --

R 1 04 t---------
R l 05 r---
R l 06 r----- - ---- -
R l 0 7  
R l 08 

T l  ----- - --

T2 

2 . 2K ± 1 0%;  1 W .  Composition - - ---- ---- - -- - --- -- - - ---

---� ·l_Cl_hms___J: l O% ;  1i_\V. Wire Wound 
0 . 2 7  ohms ± 1 0% ;  1 W. Wire Wound 

------· 

1 0  ohms ± 5% ;  \2 W. Compos ition ------
-
----- -�- -

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

4 . 7K ± 10%;  1 W .  Compos it i on 
---·- -- ----------

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

2 .  7 ohms ± 1 0% ;  12 W .  W ire  Wound 
0 . 27 Oh!TliO ± 1 0% ;  1 W .  Wire W ound 

T R ANSF O R M E R S  
Driver Output Transformer ·-------- --- -- -- --------

P ower Amp. Input Transformer --- ---- - r- -- ---- - ---- ------ -· ---------
T 3  - -

T4 
T5 1 
T52 

Ql 

Ql l 
Q l 2  
Q 2 1  
Q22 

Power Amp . Output Transforme r 
- - - - --- -- - -

- ---- -- - -- · - --

L oad-Mat ching Auto-Transfo_rmer_ 
Buffer  Amplifier Tr ansformer 
Driver Input Transformer 

----- --- · - - ·  

T RA N S I S T O R S  
2 N 1 0 1 5 C  

2 N4 3 5 6  
2N699 
2 N4 3 5 6  - --- ----------- -- ---

2N699 
---1----- - --------·- -- --- - --- ----- -- ---- - ----- - -- -

Q5 1 2N697 · -- --- ----

Q5 2 2N697 
Q53 2N697 
Q54 2N699 
Q55 2 N697 
Q5 6 2N2726 
Q57 2N2726 

--

Q1 0 1 ,Ql 02 2 N 1 903 ( Use in Matched Pair s )  (Germanium Version)  
Ql0 l , Ql 02 2N3792 ( Use in M atc hed Pairs ) ( Silic on Version) 

M I SC E L L A N E O US 

Y l -Y2 Supplied for Desired C hanne l  Frequency in Pair 
Matched Per Spec ifications on D rawing 

F L 1 0 1  D river Filter 
FL 1 02 Out put F ilter 
PL P ilot L ight Bulb - For 48 v. Supply ( Whe n s upplied ) 

Pilot Light Bulb - For  1 2 5  or 259  v .  Supply ( When s upplied) 
F l .  F2 Fus e ,  1 . 5 A  (When s upplie d )  

W E S T I N G H O US E  
D E S I G N A T I ON 

6 29A430H07 -� 

84 3A820H4 6 
1 8 7A290H l l 
1 85A2 1 1 H03 
84 8A8 1 9H3 6  
1 87A280H 0 1  
1 87 A64 4 H35 
1 84A63 6H l 4  
1 84 A63 6H l 8  
1 8 7A290H01 
1 8 7A644H4 3 
1 84 A6 3 6H l 4  
1 84A63 6Hl 8 

606B4 1 0G 0 1  
292B526G 0 1  
292B5 26G02 
292B526G 03 
606B53 7G01  
606B5 3 7G02 

187  A342H02 

849A4 4 1 H02 
1 84A63 8H l 9  
849A4 4 1 H0 2  
1 84A63 8 H l 9 
1 84A63 8 H l 8 
1 34A63 8H l 8 
1 84A63 8 H l 8  
1 84 A63 8H l 9  
1 84 A63 8H l 8 
762A6 7 2 H0 7  
762A672H07 
1 87A673H02 
1 8 7A673H l 6  

4 08C 743 

408C2 6 1  + ( Re Q . Fr e q. ) 
54 lS2 1 4  + (Req . Freq . )  

1 87 A l 3 3 H 0 2  
1 83A955H0 1 
1 1 D9 1 95H26 
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T Y P E  T C F  POW E R  L I N E  CAR R I E R  l OW/ l O W  ____________________________ _ 

1 5  

OSCILLATORS M I XER AJ;D BUfFER t.�P. DRI H.li 

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

I 
I 
I 
I 
I 
I 
I 
I I 
I 
I � 

C68 0.5 

'" I 

mw-FilTEf\ 

I �==����-----r-t-----� L_ - - - - _ _ _ _ _ _ -�= � -·�:.:· _ _ _ _ _ _ _ _  

80� _ _ _ _ _  - - �s.:.. � �c- _ _ _ _ _ _ _ _ _  J _!.27.§!18§1.Q_ _ j 

DOTTED ll NES rna. aS£ COMPONENTS 
ON P R I NTED CI RCU I T  BOARDS 01 
OlitER SU8-ASSfl.tBL1 ES ( EXCEPT 
AS NOTED) 

ALL CAPACITORS ARE 1 !4 MFD. EXCEPT AS NOTED. 
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TY P E  T CF P O W E R  L1 N E  CAR RI ER 1 OW/1 OW ______________________ I_. L_. _4_1 -_9_4_5:.._. 1_5A 

� @ @ @  o, 
.--- Q CRI06 

B U FFER E D  INPUT 
& 

POWER AMPLIFIER 

0 1 0 2  PRINTED CIRCUIT 
BOARDS 

I 

[:J 
L---

0 0 3 

BU F FE R E D  I N PU T  a 0 
W ti E N  U S E D  T l  

F L I 0 2 

TRANSMITTER PRINTED 
CIRCUIT BOA R D  

RE A R  V IE W  
(Dwg. 204C867) 

Fig. 3 - Component Location s of Type TCF Transmitter A ssembly 
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A t t a c hed i s  a c o p y  o f  "Addendum To I L  4 1 -945 . 16 "  

for t he TCF t ra nsmi t te r .  Thi s a dden dum s he e t s hou l d  b e  

a t t a c he d  t o  you r exi s t ing c opy o f  I �  4 1 - 9 45 . 16 da t e d  

J a nu a ry 1 9 76 . 

To keep ou r I n s t ru c t ion Lea f le t s  upda t e d , we w i l l  now 

i s s ue a n  a ddendum t o  an e xi s t ing I L  a nd ma i l  i t  u s in g  t he 

regu la r mean s .  

Addendums on l y  wi l l  be i s s u ed to c ove r the fo l lowing 

c ondi t i on s : 

1 .  An exi s t in g  e rr o r  i n  a n  I L  s hou l d  b e  c or re c t e d  a t  on c e . 

2 .  The IL i s  n o t  e n t i r e l y  c l ea r ,  a dded words wi l l  make 

i t  more u n d e r s t a ndab l e . 

Re l a y- I ns t rumen t  D iv i s i on 
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A D D E N D U M  TO Westinghouse I . L. 41 -945.1 6  
I N ST 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  

I N S T R U C T I O N S  
TYPE TCF POWER L I N E  CAR R I E R F R E Q U E N CY-SH I FT 

TRAN S M ITTER E Q U I P M ENT 

3 FREQU ENCY - 1 0  WATT/1 -3.25 WATT/1 0  WATT 

WITH V O I C E  

This sheet notes changes which should b e  m ade i n  instruction leaflet l . L. 4 1 -945 . 1 6  dated J an uary 1 976 .  

I .  On P age I ,  a t  bottom of page: 

delete reference to "Supersedes l . L. 4 1 -945. 1 2  dated July 1 97 1 ." 

2. On Page I at end of A P P LICATION section, 

" Figure 7" should read " Figure 9" .  

3 .  O n  Page I ,  right hand col umn,  eleventh line 

"This logic is shown in Figure 1 2" 
should read -

"This logic is shown in Figu res 1 2  and 1 3" 

4. On page 1 7 : 
" Fig. 1 0 . R eceivers Logic Diagrams - 3 Frequency Operation for Direct Transfer Trip and U nblock R elaying" 

should read -

" Fig. 1 2 . R eceivers Logic Diagram - 3 Frequency Operation for Direct Transfer Trip (Solid-State Output) and 
U nblock R elaying" 

5. On Page 1 8 : 
" Fig. 1 3 . R eceivers Logic Diagram - 3 Frequency Operation for Direct Transfer Trip and U nblock Relaying" 

should read -

" Fig. 1 3 . Receiver Logic Diagram - 3 Frequency Operation for Direct Transfer Trip (Contact Output) and Un­
block R elaying" 

6 .  Add to page 1 9  
" Fig. 1 0 . Schematic Buffer Keying C ircuit Board "A" " 

" Fig. I I . Schematic Bu ffer Keying Circuit Board " B" " 

NOTE: Fig. I 0 and I I a re shown on other side of this sheet. 
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I N S T A L L A TI O N  • 

Westinghouse I .L. 41 -945.1 6 
OPE R A T I O N  • M A I N TE N A N C E 

I N S T R U C T I O N S  
TYPE TCF POWER L I N E  CAR R I ER F R E Q U E N CY-SH I FT 

TRANSM ITTER E Q U I PMENT 

3 FREQUENCY - 10 WATT/1 -3.25 WATT/1 0 WATT 

WITH V O I C E  

CAUTION: I t  is recommended that the user of this 

equipment become thoroughly familiar with the i nformation 

in this instruction leaflet before energizing the carrier 

assembly. Failure to observe this precaution may result i n  
damage t o  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. 

APPLICATION 
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 unblock­

ing and narrowband for transfer trip. A saving in channel 

spectrum can be effected by using a three frequency 
transmitter for the two relaying functions and two separate 
receivers, one for each function, as shown in Figure 7 .  

SYSTEM OPERATION 

The three frequency TCF carrier transmitter provides for 

the transmission of any of three closely controlled discrete 
frequencies, all within the equivalent spacing of a single 

wideband channel. 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 1 00 Hz 
above the channel center frequency (fc). This frequency serves 
as the "guard" frequency for the transfer-trip receiver and as 

the "block" frequency 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 

normal. 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 "transfer 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 transmitted as an unblock 

signal for directional comparison relaying. If  a subsequent 

Supersedes I .L. 41 -945.1 2, dated July 1 971 
New Information 

transfer-trip operation is called for, the transmitter will s hift 

to fc - 100 Hz which is the "trip" frequency for the transfer trip 

(narrow-band receiver.) 

Note that when the transmitter shifts to "unblock," 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 1 2. The checkback output is a 

receiver output that indicates that a proper signal has been 

received without going through any time delays or other logic 

used for the actual relaying output. With this cross-connected 
logic, both receivers will function w.hen required, but will not 

give any incorrect output indications. 

The transmitter normally operates at an output level of 

one watt at the "guard" "blocking" frequency, but increases 

to ten watts for either "trip" or "unblock" output. An 
interlock is provided in the transmitter keying circuit to give 

transfer-trip preference. This means that even while the 

transmitter is shifted to the "unblock" frequency, if the 
transfer-trip keying circuit is energized, the transmitter will 
shift to the "trip" frequency without delay. 

The transmitter can also be amplitude modulated at 3.25 
watts to provide a voice channel. 

CONSTRUCTION 
The 1 0  watt / 1 -3 .25 watt / 1 0  watt T C F  transmitter unit is 

mounted on a standard 1 9-inch wide panel 1 2\14 inches (7 rack 
units) high with edge slots for mounting on a standard relay 

rack. A jack for metering the amplifier collector current is 
accessible from the front of the panel. See Fig. 8. All of the 

circuitry that is suitable for printed circuit board mounting is 

on three such boards, as shown in Fig. 2 .  The components 

mounted on each printed circuit board or other sub-assembly 

are shown enclosed by dotted lines on the internal schematic. 

Fig. I. 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 

24-circuit receptacle, 13. The r.f. output connection to the 

assembly is made through a coaxial cable jack, 12. 
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TYPE TCF POWER LINE CARRIER
----------------------------

OPERATION 
The transmitter i s  made up  of four main stages and two 

filters. The stages include two crystal oscillators operating at 

frequencies that differ by the desired channel center frequen­
cy, a mixer and buffer amplifier, a driver stage and a power 
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 30 k H z  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 M Hz range. The crystals are Y I and Y2 of Fig. I.  The 

frequency of Y2 is 2.00 M Hz when operated with a specified 
amount of series capacity, and the frequency of Y l  is 2.00 

M H z  plus the channel center frequency, or  2.03 M H z  for 30 

kHz center frequency. 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 

following mode. The emitter is coupled to the base through 
C57. With Y2 removed the base of Q5 1 would be held at 

approximately the midpoint of the supply voltage by R 5 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 reducing C55 will 

raise the frequency. 

Capacitor C79 (in parallel with C78) is not effective until 
059 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 057 conduct­
ing, 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 l  and Y2, the difference frequency, which is 

1e frequency transmitted, is now increased by 200 hz. Thus 

the frequency transmitted is now 200 hz above the guard 

frequency 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 05 1 and 052. By 

adjustment of C52 this circuit is made to oscillate at 1 00 hz 
above its marked frequency. Capacitors C53 and C 7 1  are not 

effective until 05 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 

I of the printed circuit board. With 05 1 conducting, C53 and 

C 7 1  are effectively in parallel with C52 and C72. The 

adjustment of C53 will reduce the frequency by 200 hz. The 

crystals taken individually have a greater variation of 

2 

frequency with temperature than would be acceptable. 
However, by proper matching of the two crystals, the 

variation in their difference frequency can be kept within 

limits that permit holding the frequency stability of the overall 

transmitter to ± 10 Hz over a temperature range of - 20 to + 

55° C. 

The frequencies produced by the two oscillators are 

coupled to the base of mixer transistor Q53 through C62 and 

C63� The sum of the two frequencies is so high that a 

negligible amount appears on the secondary of transformer 

T5 1 ,  but the difference 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 effectively 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 permits 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, th 

"transfer trip" will take immediate preference over the 
"unblock" keying. This is accomplished by the "transfer trip" 
keying causing transistor Q 1  to conduct which in turn shunts 
out the keying voltage input to transistor Q3 through diode 
09. Thus while Q l  becomes conducting and consequently 

Q2, effecting "transfer trip" keying, this conduction of Q I 
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 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. 

Thermistor R 73 and resistors R 74 and R 75 are connected to 

provide a variable bias that reduces the effect of varying 

ambient temperatures on the input level. In addition, network 

R67, R 79, and potentiometer R80 are used in the bias circuit 

and are adjusted by means of R80 to limit the quiscent 

current in the driver stage common to 0.2 rna. This 

adjustment is made by unsoldering the lead going from pin 2 
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of the transmitter to terminal 2 of transformer T l  and 

inserting a d-e milliammeter (0- 1 .0 rna) between this pin 2 and 
terminal 2 of T l .  The R80 is adjusted to produce 0.2 rna ±. .05 
in this circuit, after this, t he milliameter is removed and the 

lead replaced. 

The driver filter, FLI O I ,  consists of a series-resonant 

inductor and capacitor connected between the driver and 

power amplifier stages by appropriate transformers T l  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 I O I  and Q l 02, operating as a class B push-pull 

amplifier with single-ended output. Diodes D I O I  and D l03 

provide protection for the base-emitter junctions of the power 

transistors. Zener diodes Z I05 and Zl06 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 FLI02. The output filter includes two trap 

circuits (LI02, 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 l 05, and CE is 

tuned to the transmitter frequency, and aids in  providing 

resistive termination for the output stage. Jack J I02 is 

mounted on the rear panel of FLI02 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 reserve impedance 
that is free of possible "across-the-line" resonances. 

The power supply is a series-type transistorized d-e 
voltage regulator which has a very low stand-by current drain 
when there is no output current demand. The Zener diode Z l  

hols a constant base-to-negative voltage o n  the series­

connected power transistor Q l .  Depending on the load 

current, the d-e voltage drop through transistor Q 1 and 

resistors R l  and R2 varies to maintain a constant output 

voltage. The Zener diode Z2 serves to protect the collector­

base junction of Q l  from surge voltages. Capacitor C l  

provides a low carrier-frequency impedance across the d-e 

output voltage. Capacitors C2 and C3 by pass r.f. or transient 

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 

amount of conduction of Q55 so that the output power of 

carrier varies with the voice amplitude following the voice 

frequency components. Since with Q55 completely non­

conducting, R64 has been set to produce a I 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 1 0  watts with Q55 

completely conducting by the adjustment of R70, the 

maximum modulation 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 I watt and endangering 

the guard frequency for relaying purposes. 

The buffer keying board in addition to providing 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 opera­
tion. 

I t  should be remembered that protective relaying opera­
tion has first priorty. If the protective relay operates and puts 

a voltage input into any of the three input points labeled 
carrier auxiliary keying, the transmitter will both frequency 

shift to trip frequency and full 1 0  watts output whether voice 

is called for or not. 

The operation of the 52b contact will remove the 1 0  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 

Frequency 
spacing 

Harmonics 

Input voltage 

CHARACTER ISTICS 

30-300 kHz 
I watt guard - I 0 watts tr ip -
(both transfer and unblock) -
3.2 watts voice (into 50 to 70 
ohm resistive load) 

±. 10  Hz from -20° C to +55C. 

Two-way channel, - See Voice 
Adapter Instruction Leaflet. 

Down 55 db (min.) from output 
level. 

48 or 1 25 v.d.c. 
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Supply voltage 
variation 

Battery drain 

Keying circuit 
current 

Temperature 
range 

Dimensions 

Weight 

42-56v. for nom. 48v. supply. 
105- 1 40v. for nom. 1 25v. supply. 

0.5 a .  guard 
1 . 1 5 a . trip 

0.5 a. guard 
0.9 a. trip 

4 rna. 

48 v.d.c. 

1 25 v.d.c 

-20 to +60° C. around chassis. 

Panel height - 1 2Y4" or 7 r. u. 
Panel width - 1 9" 

1 2  lbs. 

INSTALLATI ON 
The TCF transmitter i s  generally supplied in  a cabinet or 

on a relay rack as part of a complete car ier assembly. The 

location must be free from dust, excessive humidity, 

vibrat ion, corrosive fumes, or heat. The maximum ambient 

temperature around the chassis must not exceed 60° C. 

ADJUSTM ENTS 
The TCF l OW/ l-3 .2W; l OW 3 Frequency transmitter is  

shipped with the power output controls R64, R82 and R 70, 

set for outputs of I watt, 3 .2  watts and I 0 watts i nto 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 I 0 watt 

rating. Use the value of the expected i nput 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 a-c 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 d-e voltage across terminals 3 and 7 of J 3 .  
I f  this i s  in  the range o f  4 2  t o  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 1  05 by 

loosening the k nurled shaft-locking nut and moving 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 I 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 the transmitter connector J3, and rotate 

R 70 until the voltage across the load resistor is as shown in  

the following table for a I 0 watt output. Recheck the 

adjustment of L I 05 for maximum output voltage and 

readjust R 70 for a I 0 watt output if necessary. Tighten the 

4 

locking nut on L l  05. Open the power switch and remove the 
jumper used to key the transmitter to the 10 watt level. Key 

for voice by opening any connection terminal to 10 of J3.  

Turn the power 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 10 of J3,  

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 14 24.5 

70 8.4 1 5  26.5 

Follow the procedure outlined i n  the line tuner i nstruc­

tions for its adj ustment. 

Normally the output filter ( F L I 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 output at the fundamental frequency) 

with a 60-ohm load. A small amount of reactance in the 

transmitter output load circuit may be tuned out by 

readjustment of the movable core of L l  05. This may be 

necessary with some types of l ine coupling equipment. The 

adjustable cores of L 102 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 
transmitter 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 i nserting 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 counter input capacitance on the oscillator 

circuit.) While measurement of the oscillator crystals i ndivid­

ually is necessary for the initial adjustment of the oscillators, 

generally any subsequent checks may be made with a lower 

range counter connected at the transmitter 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 Adj ustment with C53, and 

the unblock frequency with C79. 
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056-057 Bias Adjustment 

The push-pull output stages of the transmitter board are 
normally shipped correctly biased. If any components 

involved in these stages have been changed, then it may be 

necessary to recheck the biasing of this stage. 

U nsolder the lead from terminal 2 of transformer T l  (just 

above FL! O l )  and temporarily connect a low-range d-e 

milliammeter (0- 1 .0  rna) between the removed lead (+) and T l  

terminal 2 (-). Turn the slotted control o n  the small 

potentiometer to full counterclockwise. Now, apply power to 
the TCF carrier set, but do not transmit carrier. This can be 

done by removing the crystals. Advance the potentiometer 

clockwise until the milliammeter reads 0.2 rna. Turn off the 

power, remove the milliammeter, and solder the lead back on 

terminal 2 of T l .  Replace the crystals and again apply d-e 

power to reenergize the transmitter. Check output, etc. of 

transmitter as previously described. 

MAI NTENANCE 
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, particu­

larly from the heat sinks. It is also desirable to check the 

transmitter power output at such times, making any neces­
sary readjustments to return the equipment to its initial 

settings. 

Voltage values should be recorded 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 perfor­

mance being affected. 

Typical voltage values are given in the following tables. 

Voltages should be measured with a VTVM .  Readings may 
vary as much as ±20%. 

TAB LE I 
TRANSMITTER D-C M EASU REM ENTS 

Note: All voltages are positive with respect to Neg. 45 V. 

(TP5 l ). All voltages read with d-e VTVM .  

Voltage at Voltage at Voltage at 
Test I Watt 10 Watts 3 .2  Watts 
Point Output Output Output 

(For Voice) 

TP52 20 20 20 
TP53 5.4 5.4 5.4 
TP54 3.4 3.4 3.4 

TP55 2 1  1 8.5  
TP56 2 1  1 8.5  
TP57 *< 1 .0  *<. 1 .0  

TP58 44.3 44. 1 
TP59 * < 1 .0 * < 1 .0 
T P I O I  0 0 

TP103 2 1  ± 2 2 1  ± 2 
TP105 44.3 44.0 

TAB LE I I  
TRANSMITTER R F  MEASUREMENTS 

Note: Voltages taken with transmitter set to indicated output 

across 60 ohms. These voltages subject to variations, 

depending upon frequency and transistor characteris­

tics. T5 1-3 = Terminal 3 of transformer T5 1 .  Other 

transformer terminals identified similarly. All read 

with a-c VTVM .  

Voltage at Voltage at Voltage at 
1 watt 10 watts 3 .2 watts 

Test Point Output Output Output 
(For Voice) 

TP54 to TP5 1 0.015-0.03 0.01 5-0.03 
TP57 to TP5 1 0.05 -0.09 0.3 - 1 .2 
TP59 to TP5 1 0.05 -0.09 0.3 - 1 .2 

T I - l  to TP5 1 1 .65 5 .6 
T l -3 to TP5 1 1 .45 4.9 
T l -4 to Gnd. . 6  2 .0 

T2- l to Gnd. .57 "1 .85 
TP101-TP103 5.2 1 7 .0 
TP103 to TP105 5 .2 1 7 .0 

T3-4 to Gnd. 35 1 12 
T4-2 to Gnd. 3 1  1 10 
TP109 to Gnd. 9.8 3 1  

1 102 t o  Gnd. 7 .8 24.5  14  

CONVERSION OF TRANSM ITTER FO R 
CHANGED CHANNEL FREQUENCY 
The parts required for converting a 1 W f lOW TCF 

transmitter for operation on a different channel frequency 
consist of a pair of matched crystals for the new channel 

frequency, new capacitors C103 and C104 on the power 

amplifier circuit board if the old and new frequencies are not 

in the same frequency group (see table on internal schematic 

drawing) and, in general, new or modified filters FLIOI  and 

FLI02. Inductors L I O I ,  L l 02 and L I 03 in these filters are 

adjustable over a limited range, but thirty-two combinations 

of capacitors and inductors are required to cover the 

frequency range of 30 to 200 kHz. The widths of the 

frequency groups vary from 1 .5 kHz at the low end of the 
channel frequency range to 13 kHz at the upper end. A 

particular assembly can be adjusted over a somewhat wider 
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TYPE TCF POWER LINE CARR IER----------------------------

range than the width of its assigned group since some overlay 

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- 1 27.0 2 1 4. 1 -222.0 

34.0-36.0 68.5- 72.0 1 27 .5- 1 3 5 .0 222. I -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- 1 59.5 250. I -262.0 

44.5-47.0 85.0- 89.0 1 60.0- 1 69.5 262 . 1 -274.0 

47.5-50.0 89.5- 94.5 1 70.0-1 80.0 274. 1 -287.0 

50.5-53 .5  95.0- 1 00.0 1 80.5- 1 9 1 .5 287. 1 -300.0 

54.0-57.0 1 00. 5- 1 06.0 I 92.0-220.0 

57. 5-60.5 106.5-1  1 2 . 5  200 . 1 -207.0 

If the new frequency lies within the same frequency 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 

adjusted at the factory for the specified frequency. 

A signal generator, a frequency counter and a vacuum 

tube voltmeter are required for readjustment of FL I O I .  The 

signal generator and the counter should be connected across 

terminals 4 and 5 of transformer TI 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 th is  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 3 rd 
harmonic traps of filter FLI02 is somewhat similar. A signal 

generator and a counter should be connected to terminals 3 

and 4 of transformer T3, a nd a 500 ohm resistor and a VTVM 

to the terminals of protective gap G I .  The ground or shield 

lead of all instruments should be connected to the grounded 

terminal of the transformer. Se the signal generator at exactly 

twice the channel center frequency and at 5 to 10 volts output. 

Turn the core screw of the large inductor, Ll 02, to the 

position that gives a defin ite minimum reading on the VTVM .  

Similarly, with the signal generator set a t  exactly three times 
the channel center frequency and 5 to 10 volts output, set the 

core screw of the small inductor, LI03 ,  to the position that 
gives a definite minimum reading on the VTV M .  Then 

remove the instruments and the 500 ohm resistor. 

6 

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 o n  which 
tap of T4 is used) connected to its output, and inductor L IOS 

can be readjusted for maximum output at the changed 

channel frequency by the procedure described in the same 

section .  

If a frequency-sensitive voltmeter i s  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 I 09 to ground and adjust the transmitter for rated output 

into the selected load resistor.  Se 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 I 02 until a 

minimum voltmeter reading is obtained. Similarly, tune the 

voltmeter to the third harmon ic and adjust L I 03 for 

minimum voltmeter reading. Although the transmitter 

frequency will differ from the channel center frequency by 1 00 

Hz, the effect of this d ifference o n  the adjustment of the 

harmonic traps will be negligible. 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 TPI 09 and 

the voltmeter that provides high rejection of the fundamental. 

The insertion losses of this filter for the 2nd and 3 rd 
harmonics must be measured and taken into account. 

RECOM M ENDED TEST EQU I PM ENT 
I .  Mimimum Test Equipment for I nstallation .  

a .  60-ohm 1 0-watt n on-inductive resistor. 
b .  A-C vacuum Tube Voltmeter (VTVM) .  Voltage range 

0.003 to 30 volts, frequency range 60 hz to 330-kHz;  

input impedance 7 .5  megohms. 
c .  D-C Vacuum Tube Voltmeter (VTVM ) .  

Voltage Range: I .5 to 300 volts 
I nput Impedance: 7.5 megohms. 

II. Desirable Test Equipment for Apparatus Maintenance. 

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. 

20-kHz to 330-kHz.  

Some functions of the recommended test equipment are 

combined in the type TCT carrier test meter unit, which is 
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T Y P E  T C F  P O W E R  L I N E CA R R I E R  F R E QU E N C Y  I.L. 41 -945.16 

designed to mount on a standard 1 9" rack but also can be factory. However, replacement parts can be furnished, in 
removed and used as Sl portable unit. most cases, to customers who are equipped for doing repair 

REN EWAL PARTS work. When ordering parts, always give the complete 
nameplate data and identify the part by its designation on the 

Repair work can be done most satisfactorily at the Internal Schematic drawing. 

E LECTRICAL PARTS L IST 

TRANSMITTER�(6275D85G09) 

Component Style Req. Ref. 
TRANSISTORS 
Q 5 1 -Q52-Q53-Q55 1 84A638H I 8  4 2N697 

Q54 1 84A638H l9  I 2N699 

Q56-Q57 762A672H07 2 2N2726j 2N37 1 2  

RESISTORS 

R5 1 to 
R54-R59-R62-R87 1 84A763H 5 1  7 !OK 1 / 2 W  ± 5% 

R56-R57 1 84A763H40 2 36K 1 / 2  W ±5% 

R60-R72 1 84A763H45 2 5 .6K 1 / 2 W ± 5% 

R61  1 84A763H55 1 5K 1 / 2 W  ± 5% 

R63 1 84A763H27 I K  1 / 2 W  ± 5% 

R65 1 84A763H 33 1 . 8K 1 / 2 W ± 5% 

R66 1 84A763H49 8 .2K 1 / 2 W ± 5% 

R67 629A53 1  H 58 1 2K 1 / 2  W ±2% 

R68 1 84A763 H l 5  330 0hms 1 / 2 W ±5% 

R69 1 84A859H06 800 Ohms 3W ±5% 

R 7 1  848A820H27 6.49K 1 / 2 W ± I% 

R74 629A53 1 H03 62 0hms 1 / 2 W ±2% 

R75 187A290H21  68+ 1 / 2 W  ±5% 

R76 1 84A763 H 34 2 2K 1 / 2 W  ±5% 

R77-R78 1 87A290HOI 2 1 0+ 1 / 2 W  ±5% 

R79 629A5 3 1 H63 20K 1 / 2 W ±2% 

R8 1 848A8 1 9 H48 I K  1 / 2 W  ± 1% 

R83 848A820H45 IOK 1 / 2 W ± I% 
R84 1 87A290HO I I 27 1 1 / 2W ± 5% 

R86 848A8 19H36 I 750 0hms ' / 2 W ± I% 

R55-R58 1 84A763H03 2 IOO Ohms 1 / 2 W ±5% 

CAPACITORS 

C5 1 -C80 762A757H03 2 ( 1 500 M M F) 

C54 1 87A624HOI I ( . 1 M FD) 

C56-C57 1 87A584H0 1 2 2000 M M F  

C58-C6 1 -C64-

C65-C66-C6 7 -C69 1 87A624H02 7 . 25 M FD 

C59-C60 762A757HOI  2 1 00 M MF 

C62 762A757H04 4700 M M F  

C63 762A757H02 1000 M M F  

C68-C75 1 87A624H03 2 . 5  M FD 

C74 1 87A624H04 I I M FD 

C70 1 87A584H09 300 M M F  

C7 1 -C72-C73-C78 861 A846H03 4 3 M M F  

C76 764A278H IO .0 1 M FD 

en 1 88A669HOI  I .47 M FD 

DIODES 

D5 1 -D52-

D56-D57-D58 1 84A85 5 H l 2  5 ( IN628) 

D55 1 84A855H07 IN457A 

DIO ZENER 

Z54 1 85A2 1 2H06 I N3686B 

TRANSFORM E R  

T5 1 606B537GO I 

T52 606B537G02 

T H E R MISTOR 

R73 1 85A2 1 1 H06 ( 3D 202) 
R85 1 85A2 1 1 H03 3 0402 

POTENTIOMETER 

R64-R70 6 19A430H02 2 I K  1 / 4 W  ±20% 
R80 629A430H09 25K 1 / 4W ±20% 
R82 629A430H07 5 K  1 / 4W ±20% 

TRIM M E R  
C52-C53-C55-C79 879A834HO I 4 5. 5 1 8P F  

LOGIC B U FFER BD.  "B" ( 1444C75GO I )  

Component Style 
TRANSISTORS 

Q l -Q2-Q3-Q4-Q5 1 84A638H l 9  

Q6 849A44 1 H02 

RESISTORS 
R3-R I 2  629A5 3 1 H36 
R4-R I 3  629A53 1 H 5 1  

R5-R 1 4-R 1 6-R21  629A53 1 H 5 7  
R6-R8-R IO-
R I 5-R l 8-R20 629A5 3 1 H 58 
R l -R I I  629A5 3 1 H 62 

R2 629A53 1  H73 

R7-R9-R l 7  629A5 3 1 H66 

R l 9 629A5 3 1 H48 

CAPACITORS 

C I -C2 849A437H04 

DIODES 

D l -D2-D3-D4-D5 837A692H03 

DIO ZENER 

Z l -Z2-Z3-Z4 1 85A2 1 2H06 

Req. 

5 

2 

2 
4 

6 
2 
I 
3 

2 

5 

4 

Ref. 

2N699 

2N4356 

1 500 Ohms 1 / 2 W ±2% 
6200 Ohms 1 I 2 W ±2% 
I l K 1 / 2 W  ±2% 

1 2K 1 / 2 W  ±2% 
1 8K 1 / 2 W ± 2% 
5 1 K  1 / zW ±2% 
27K 1 / 2 W  ±2% 

4.7K 1 / 2 W ±2% 

.047 U F  

IN645A 

IN3686B 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  T C F  POW E R  L I N E  C A R R I E R  

E LECTR ICAL PARTS L I ST (Cont ' d  . )  

POWER A M P  (6068530) O UTPUT FILTER 

Components Style Req. Ref. Component Style Req. 
RESISTORS FL- 1 02 S. No. 
R I O I -R l 05 1 87A290HOI  2 1 0  Ohms 1 / 2  W ±5% PER S.O. 
R l02 1 87A644H35 I 2.2K I W  ± 1 0% FL- 1 02 S. No. 
R l 03-R l 07 1 84A636H I 4  2 2.1!l 1 / 2 W ± I O% PER S.O. 
R l 04-R l 08 1 84A636H I 8  2 0.27!1 1 W ± IO% 

R I06 1 87A644H43 4.7K I W  ± 1 0% 

CAPACITORS 

C IO I -C l02 1 87A624H02 2 . 25 M FD, 200V DC OTHER 
C l 03-C l 04 S. No. Component Style Req. 

PER S.O.  2 RESISTORS 
R I -R2 04D I299H44 2 

DIODES R3 04D I 299H44 
D l 02-D l 04 2 See Note � R3 1 268047 
D IO I -D l03 1 88A342H06 2 IN48 1 8  R4 1 87A644H03 

R5 1 87A64 1 H27 
R6 1 88A3 1 7HOI  

CAPACITORS 
LOGIC B UFFER BD. "A" ( 1 444C73GO I )  Cl  1 723408 

Component Style Req. 
TRANSISTORS 

Q I -Q3-Q5-Q6 1 84A638H I9 4 

Q2-Q4-Q7 849A44 1 H02 3 

RESISTORS 

R4-R2 1 629A53 1 H36 2 

R I -R I 8  629A53 1 H38 2 
R5-R22 629A53 1 H5 1  2 

R6-R I 6-R I 7-R23 629A53 1 H56 4 

R7-R8-RI I -R I 3-
R I 5-R24-R26 629A53 1 H58 7 

R3-R20 629A53 1 H62 2 

R IO-R I 2  629A53 1 H66 2 

R2-R I 9  629A53 1 H 73 2 

R9-RI4-R25 629A53 1 H48 3 

CAPACITORS 

C I -C2 849A437H04 2 

DIODES 

D I -D2-D3-D4-

D5-D6-D7-D8-D9 837A692H03 I I  

D I O-D I I 

DIO ZENER 

Z4-Z9 1 85A2 1 2 H06 2 

Z5-Z I O  1 86A797H06 2 

Z I -Z2-Z3-Z6-Z7 -Z8 629A369HOI 6 

8 

Ref. 

(2N699) 

(2N4356) 

1 500 0hms 1 / 2 W ±2% 

1 800 0hms 1 / 2 W ±2% 
6200 Ohms 1 I 2 W ±2% 

!OK 1 / 2 W  ±2% 

1 2K 1 / 2 W  ±2% 

1 8K 1 / 2 W  ±2% 
27K 1 / 2 W  +2% 
5 1 K  1 / 2 W  ±2% 

4.7K 1 / z W ±2% 

.047 UF 

I N645A 

I N3686B 

IN957B 

I R200 

C2-C3 

DIODE 

D l  

DIODE-ZENER 
Z3 
Z l  
Z2 

TRANSISTOR 

Q l  

TRANSFORMERS 
T l  
T2 

T3 

FILTER 

FL- 1 0 1  

FL- 1 0 1  

TELEPHONE 

JACK 

1 877962 2 

1 88A342H06 I 

584C434H08 
1 84A854H06 
1 84A6 1 7 H I 2  

3503A4 1 HO I  I 

606B41 0GOI 
292B526GOI 

292B526G02 

S. No. 

PER S.O.  

S .  No.  

PER S.O.  

1 87A606HOI l 

Ref. 

54 1 D2 1 4  200KHz 

548 1 DI O  200 to 300KHz 

Ref. 

26.5 OHMS 

26.5 Ohms 48V DC 

500 Ohms 1 25V DC 

1 00 Ohms 

I K  1 0% 1 / 2 W  

3000 Ohms 5W ±5% 

(0.45 M FD) 

(0.5 M FD) 

( IN48 1 8) 

( IN I 789) 
( IN2828B) 
( IN3009A) 

( 2N6259) 

408C26 1 30-200K C  

202C074 200 to 300KC 

J l  
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TYPE TCF POWER LINE CAR R IER 

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

O S C I LLATORS MIXER AND BUFFER AMP DRIVER 

� - - - - - - - - - - - - - - - - - - - - - - - - - - - � 
I 

Z 5 4  

I R 6 9��--._------------------------���;;;=�� 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

DOTTED LJNES ENCLOSE COMPONENTS 
ON PRINTED CIRCUIT BOARDS OR OTHER 
SUB-ASSEMBLIE S(EXCEPT AS N O T E D ) 

I 
I 

7_ 

1 3  

I 
� 

2 3 

I I 
8 9 

14 15 

I I 

J 3  

4 5 6 

I I I 
/0 I I  1 2  

16 1 7  / 8  

I I I 
� � � � �  

(AS VIEWED FROM REAR SIDE OF PANEL) 

[;jj( - F R E Q. 

30-50KHZ 
50.5-75KHZ 
75 5-lOOKHZ 
I00-5-150KHZ 
150.5- 300KHZ 

Cl03 8 C I 0 4  

0 . 4 7 M F D  
0.22MFD 
0. 1 5 M F D  
0 IOMFO 
0 047MFD 

�- MOUNTED ON L A R G E  HEAT SINKS [MATCHED PAI R  0- Yl - 2 . 0 3  T O  2 . 3 0 MHZ 

Y2-2 . 0 0 MHZ 

* - C78 SUPPL I E D  I F  REQUIRED IN TEST 

6-FOR SILICON VERSION U S E  2N3792 Sl 1 8 7 A 6 7 3 H 1 6 ,  W I T H  D I OD E S  0102 6 0 1 0 4 ,  
IN4818 S I 1 8 8 A 3 4 2 H 0 6  O N  8 0  STYLES 6 0 6 85 3 0 G 0 8  T O  G l 2  

A L L  CAPACITORS ARE I N  M F D  EXCEPT A S  N O T E D  

D R I V E R  FILTER �---------� 

18 

I 
I 

L _ 

Fig. 1. Internal Schematic of the Type TCF 3-Frequer, 
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POWER AMP 

CONNECTED AS SHOWN D O T T E D  
F O R  4 8 V  SUPPLY 
( RI 8 R2 OM ITTED )  

rcy,  10 Wa tt/ 1 Watt/ 1 0  Watt  Transmitter. 

OUT P U T  FILTER 
FL-102 

TP109 

9� �· -;i� 

J 3  
, - ,  L----------------------�,.. 19 1 20VDC J L------------------------t+ 21 I <25VDC 

L-----------------------_j� 20I4BVDC  
I 

26 5 OHM 48 VDC 
500 OHM 125VDC 

T4 TAP --,-
4 

J l02 

UNB LOCK 

WIR ING DWG � 6705083- 48V 
6705D8 4 - 1 25V 

POWER SUPPLY 

I.L. 4 1 -945. 1 6  

LOAD 
50'0HMS 
60 OHMS 
70 OHMS 

J2 

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

_j 

6 7 0 5 D 8 2  
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TYPE TCF POWER LINE CARRIER ____________________ _:I:.:.=.L;..;:. 4:..:...1 -.::.::94::.;:.5.16 

0... 
1-

L_ 

1 9 

I() 
0 
a... I--

CJ 
�-c-1 o_4 _ _____.� 

I I l II I I I I I i I I I I I I 
Fig. 4. Component Locations of the Power Amplifier Printed Circuit Board 

+ 

Fig. 5. Component Location of Buffer Keying Circuit Board A 

763A056 

351 2A20 
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T Y P E  TC F P O W E R  L I N E C A R  R l  E R ----------------------------------

14  

--{BY}-
--{BTI-
-®--

-um- -fE:fr 
II 1� 11 11 1 . 1 1 1 1 1 . 1 1 1  

351 2A21 
Fig. 6. Component Location of Buffer Keying Circuit Board B 

TRUTH TABLE - 3  FREQ WITH VOICE 
LOGIC FOR 3 FREQ WITH VOICE 

U N  

I N P U T  I<EYING 

T T  5 2 b  

OUTPUTS 

F��Q FU:�a 3 . 2 W  lOW 
S H I F T  SHIFT B O O S T  BOOST 

VA 

�--�---+----�--� ��--��4-�-+----�G"UA�R� 
: OSC f 2  
1
1 FREO.SHIFT 

i - - - - - - - - - - - - - - - - -
- - - - - - - - - - -

- - - - - � E X T Ef�NA L CONN 
, BETWEEN BOARDS 
' ' g 

FROM BOARD "A" �  ��e � :k lOW BOOST 

52b (125V OR 
48V f 

m 
VA ----- 3.2W BOOST 

"O"= t 45V 
" l " = O V  80ARD"i3" 

; ;- = STU RE:LAY liFTER !DO <'.IS OPERATION O F  5 2 b  WILL KEY TO 
U N B L O C K .  1,\1 fHIS CASE, THE UNLlLOCK KEYING IS NOT DONE 
BY THE LOGIC REPRESENTED BY THESE LOGIC BOARDS. 

Fig. 7. Logic Drawing for 3 Frequency with Voice. 

I W  

7758325 
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TYPE TCF POWER LINE CARRIER -------------------------_:_:I.L:::.·..::4..:.:1-�94:;::5;_:.::..16 

1--- --- f� 

f [ 

I 

_, .. 

, -1 .IL � I 

"' 
I "' "' I � 

>-
z 
" 

"' >-:0 
�'"' 

� 

lJ 
0 

I 
[I � 1 i _U 

______ �,., 

"' 
:> 
0 

... 0 
ll 

co co CD () C') 0 N 
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TYPE TCF POWER LINE CAR R I E R--------------------------

-760Hz 

1 6  

T C F  3 - FREQUEN C Y  O P E R AT I O N  

REC EIVER CHA RACTERISTICS 

IF. FILTER UNB LOCK RECEIVER 
(CENTERED ABOUT fc+IOO) 

lOOHz 

2 50 Hz 50 Hz 

-200 - 1 00 0 + 1 00 + 200 + 300 Hz + 760 Hz 

fc+IOO 

. ,  
(UNBLOCK) 

� TRANSFER T R I P  RECEI VER 
DISCRIMI NATOR ( NOT CONSIDER­
I NG EFFEC T OF NARROW 
BAND I NPUT FI LT E R )  

UNBLOCK 

O·O UTPUT 

fc +300 

U N BLOCK R C VR .  
DISCRIMINATO R 

fc = RATED CHANNEL FREQU ENCY 

351 1 A85 

Fig. 9. Three Frequen'cy Operation - Receiver Characteristics 
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... ..... 

3 FREQUENCY 
TRANSMITTER 

fc - l O OH Z ! LINE 
TRANSFER TRIP_t-j - --- - - -
fc + IOO HZ 
GUARD f-- - - - -
fc +300HZ 
UNBLOCK 

I I =. J9.9KHZ 

I 
I 
I 

\ J:. 'I _(!c��cio���z 

I * NOTE� UNBLOCK FREQUENCY OF fc +300HZ 
GIVES IF OF (fc + 20.0KHZ)- (fc t300HZ) I = 19.7KHZ WHICH IS ALSO GUARD IN 
THIS RECEIVER. WHEN WE IGNORE THE 
NARROW BAND INPUT FILTER.HOWEVER 
THE UNBLOCK FREQUENCY IS OUT OF 

= 20 . 1 KHZ 

I 
-

--

THE PASS BAND OF THIS RECEIVER. 

L::T TRANSFER TRIP RECEIVER (SOLID STATE} 

fc + 20.1 KHZ 
, 2:0.0KHZ -1/c + 300HZ) 

GUARD 

TR I P 
LOW SIGNAL 

• ;_ I CHECK BACK 

.__ ___________ __;:..j NOISE 

�BI.OCKOGUAR ��ANS- = 19B KHZ \,""'RIP CLV'-'r\ �K c+ 20.1KHZ 
1 • ' I �z�AL -(fc+ 100) � = 20.0KHZ 

UNBLOCK 19.8r. DISCRI :TO 19B75KHZ 

�NOTE= DIRECT TRANSFER TR IP FREQUENCY 
OF fc -IOOHZ GIVES IF OF 
(fc + 20.1 KHZ)- (fc - lOOHZ)= 20.2KHZ 
WHICH IS ALSO A BLOCK IN THIS 
RECEIVER. 

UNBLOCK RECEIVER 

I 
J 
-� UNBLOCK 

J 
I I CHECKBACK 

L---�--- ------------�=========j-------- NOISE 
_j 

Fig. 1 0 .  Receivers Logic Diagram - 3 Frequency Operation for Direct  Transfer Trip and Unblock .Relaying 

I 

1 443C51 

-I -< "'0 m 
-I n 
, 
"'0 0 ::E m ;o 
r 
z m 
n > ;o 
� m ;o 

r­
� 
"' ... !" 
� "' 
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3 FREQUENCY 
TRANSMITTER 

- - - - - - -
fc - IOOHZ �INE 
TRANSFER TRIP � -- - - - -
fc + lOOHZ 

GUARD f- - - - -Ie + 300HZ 
UNBLOCK 

I 
I =l9.9KHZ 

I 
I 
I 

fc+20.0KHZ 
< ' ;K' 1 I -(fc-IOOHZ) 

I * NOTE o UNBLOCK FREQUENCY OF fc + 300HZ 
GIVES IF OF{Ic + 20.0KHZ) - (fc t300HZ) I = 19.7KHZ WHICH IS ALSO GUARD IN 

= 20. 1 KHZ 

THIS RECEIVER. WHEN WE IGNORE THE 
NARROW BAND INPUT FILTER .HOWEVER 
THE UNBLOCK FREQUENCY IS OUT OF 
THE PASS BAND OF THIS RECE IVER. 

I - --

0

T TRANSFER TRIP RECEIVER (ELECTRO-� MECHANICAL) 

L\.NOTE= DIRECT TRANSFER TRIP FREQUENCY 
OF fc -IOOHZ GIVES IF OF 
(fc + 20.1 KHZ)- (fc- IOOHZ)o 20.2KHZ 
WHICH IS ALSO A BLOCK IN THIS 
RECE IVER. 

UNBLOCK RECEIVER 

GUARD 

TR I P I 
I 
I I 
I 

_j 

f ALARM 
SOUNDS ON 
DROPOUT 

l_ l_ 
T T 

I I LOW I • SIGNAL 

I 
J 
-� UNBLOCK 

J 
L----------------------------------------====:::::::::::::::r

--------�

�

�

�

;

CHECKBACK 

NOISE 

_j 
PART NAME APPAR. TYPE PART DESCRIPTION 

Fig. 1 1 . R e c e i v ers Logi c Di agram - 3 Frequen cy Op eration fo r D i rect  Transfer Trip an d Un b lo ck R elaying 

1 4 4 3C 5 1  

-1 
-< 
"U 
m 
-1 
() 
"TT 
"U 
0 
� 
m 
;u 
r 
z 
m 
() 
)> 
;u 
;u 
m 
;u 
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I N ST A L L A TI O N  • 

Westinghouse I . L .  4 1 -945 .55C 

O P E 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 I O N S  
TYPE TCF POWER LINE CARRIER FREQUENCY SH I FT 

RECEIVER EQU I PMENT FOR DUAL 

PHASE-COMPARISON CARRIER RELAYING 

Caution: It  i s  recom mended that t h e  user o f  thi s  
equipm ent be come acquainted  with the in­
form::ttion in this instruction l eaflet and 
in  the system instruction l eaflet before 
energizing the system. 
P rint e d  c ircui t  m odules  should not be 
removed o r  inserted when the relay i s  
energ ized. Failure t o  observe this  pre­
caution can res ult in an undes ired tr ippin g 
o utput and c au s e  component damage. 

If the c arrier set  is mounted in a c abin et ,  i t  must 
be bolted down to the floor or otherwise  s ecured be­
fore sw inging out the equipm ent rack to prev ent i t s  
trippin g over .  

A P P L I C A T I O N  

The TCF Receiver described i s  for use with the 
SKBU Dual Phase Comparison relay . The TCF 
frequency-s hift receiver e qu ipment as adapted for 
dual p hase c omparison appli cations responds to 
carrie r-frequ ency signals tran smitted from the di s­
tant end of a power line and carried on t h e  power 
line conductors . Th e space frequency is 100 hert z 
above the center frequency of t h e  c hannel ( w hich 
c an be s el e cted within t h e  ran g e  o f  30 kHz to  300 

kHz),  and it  i s  transmitted cont inuously when no 
information i s  to  be con veyed over t h e  c hannel. Its 
r ec e ption i ndicat e s  that t h e  c h annel i s  operat ive .  
The Mark frequency is  1 0 0  h ert,z below t h e  c hannel 
c ent er  frequency . Phase comparison information i s  
con vey e d  over the c hann el during load current flow 
or fault condition s .  The transmitter at each end of 

. t he ch::tnnel is switched at a 60-Hz rate between 
space and mark so as t o  produce at the receiving 
end the desired operation of the SKBU relay . 

C O N S T R U C T I O N 

Th e TCF receiver un it for Dual- Pha s e-Comparison 
app licat ion s i s  mounted on a standard 19- inch wide  
pan el 1 0\lz inches  high  ( 6  rack  uni t s )  with edge  s lots 

SUPERSEDES I . L . 4 1 -945 .558 , dated May 1 972 
*Denotes c hange from superseded issue .  

for mounting o n  a st an dard r elay rac k .  A l l  c om­
pan ent s are moun ted at the rear of the pane l .  An 
input attenuator and a j ack for metering t he dis­
criminator output current, are accessible from the 
front of the panel. See  Fig.  No. 14.  

All  of the circuitry t hat i s  suitable for mounting on 
p rinted circuit  boards i s  contained in an enclosure 
that proj ects from the r ear o f  the panel an d i s  
accessible by op ening a hinged door on the front of 
t h e  panel .  Other components on the rear o f  the panel 
are located  as s ho wr{ on Fig. No. 6 .  Refer ence t o  the 
internal sch ematic connections on Fig. 1 will  show 
the location o f  these compon ents in  the c irc uit .  The 
dotted lines enclosing s eparate are as of Fig. 1 
in dic at e  t hat the c ompon ents t hus enclosed ar e 
all on the s ame print ed circuit board. 

The en closure that cont ain s the printed circuit  
bo ard i s  d ivided into s even compartments.  The 
partitions b et w e en compartment s  together with t h e  
outer walls o f  t he enclosure provide complete shield­
in g between adj acent boards and from external 
field s .  Frequency shift receivers for dual phase­
c ompari son relaying ut il ize all compartments if a 
c arri er  l evel  indicator is provided.  If this i s  om itted,  
the compartment on the extreme right ,  front view,  i s  
l e ft vacan t .  

T h e  print e d  c ircuit boards s lide  into position in  
s lott ed guides at the top and bottom of e ac h  com­
partm ent,  an d the board te rminals engage a terminal 
b lock at the rear of the compartment.  Each board and 
t erminal b lock are keyed so that if  a board is placed 
in  the wrong compartment,  it cannot be inserted into 
the t erminal bl ock.  A handle on the front of each 
board i s  labeled to  identify i ts  func t ion in the 
c i rcuit .  

A board extender (Style No.  644B3 1 5G0 1 )  i s  avail­
ab le for fac ilitating circuit voltage measurements 
or major adj ustment s .  Aft er wi thdraw ing any one of 
the circuit board s ,  the extender i s  inserted in that 
comp art ment .  The bo ard then is inserted into t h e  
te rminal block o n  the  front of the extender.  This 
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T Y P E  T C F  P O W E R  L I N E  C A R R I E R  F R E Q U E N C Y  SH I F T R E C E I V E R  E QU I PM E N T  _____________ _ 

restores all circuit connections,  and all compon­
ent s and test paints on the board are readily ace es­
sible. 

A portion of  the receiver operates from a regulated 
20 VDC supply , and the remainder from a regulated 
45 V . D . C .  supply . These voltages are taken from two 
Zener diodes mount ed on a common heat sink .  
Variation of  the  resistance value between the posi­
tive side of the unregulated D .C .  supply and the 45 
volt Zener adapt the receiver for operation on 4 8 ,  
1 2 5 ,  o r  2 5 0  V . D . C .  

External connections to t he receiver are made 
through a 12 terminal rec eptacle ,  J3 (see  Fig. 1 ) .  
The r-f input connection t o  the  receiver i s  made 
through a coaxial cable j ac k ,  J2 .  

O P E R A T I O N  

I nput Con trol 

The signals to which the TCF receiver responds are 
received through a coaxial cable connected to jack 
J2  of Fig. No. 1. Resistor R4 and 20-volt Zener 
diodes CR1 and CR2 protect the receiver from ab­
normally high voltages received through the coaxial 
cable . Input attenuator R5 reduces the signal to  a 
level suitable for best operation of the receiver.  
The attenuator is  adjustable from the front of  the 
p anel and can be clamped at the desired setting. A 
scale on the  panel is graduated in db. While this 
scale is typical rather than individually calibrated , 
it is acc urate within one or two db . and is useful in 
setting approximate  levels . Settings should be made 
by observation of  the db . scale of a suitable a-c 
voltm eter when pos sible .  

L-C F i l ter (Wide Band) 

From the attenuator, the signal passes through an 
L-C filter, FL20 1 .  This filter has a relatively wide 
pas s band ,  and frequenci es several kHz above or 
below the center frequency ( fc) of the channel are 
greatly attenuated. Fig. 4 shows a typical curve for 
the L-C filter,  as well as a characteristic curve for 
the immediate frequency filter, FL2 and for the 
discrimin ator output. This apparently wide band­
width is neces sary to achieve high speed relaying 
by minimizing channel delay. 

Osc i l lator and Mixer 

From the input filter , the signal enters the oscil­
lator and mixer stage of the receiver. Crystal Y l l ,  

2 

transistors Q 1 2  and Q 1 3 ,  or IC20 1 (Fig.  1 6 ) and 
their associated resistors and capacitors , com­
prise a crystal-controlled oscillator that operates 
at a frequency 20 kHz above the  channel frequency , 
fc . The output from this local oscillator is fed 
through transformer T 1 1  to potentiometer R 1 2 ,  and 
the later is  adjusted to feed a suitable input to the 
base of mixer transistor Q1 1 .  The output of FL 1 is  
impressed on the  emitter-collector circuit of  Q1 1 .  
A s  a result of mixing these t wo frequencies,  the 
primary of transformer T 1 2  will contain frequencies 
of 20kHz, 2fc + 20kHz, fc + 20kHz and fc . 

I f  Ampl i f ier 

The output from the  s econdary of T 1 2  is amplified 
by Q3 1 ,  in t he intermediate frequency amplifier 
stage , and is impressed on filter FL2 . This is a 
two-sect ion filter ,  with both filters contained in a 
common cas e .  Its pass band is centered at 20kHz.  
Since i ts passband is  narrower than that of  the 
input filter,  i t  eliminates t he frequencies present 
at i ts input t h at are substantially higher t han 20 kHz. 

Ampl i f ier and L i m iter 

The output from the second section of t he IF ampli­
fier 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 
( 1 5  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 scr im i nator 

The output of the limiter stage is fed to the dis­
criminat or . The discriminator is adjusted at the 
factory to have zero output ( as measured by a milli­
ammeter inserted in the c ircuit at jack J 1 )  at fc 
hert z .  The adjustment for zero output at fc hertz is 
made by capacitor CSS . C83 also is adj usted to 
maximum voltage reading across

. 
R84 when the 

current output is zero .  Maximum current output , of 
opposite polarities , will be obtained when the fre­
quency is 1 00 hertz above or  below the zero output 
fr equency . This separation of 2 00 hertz between the 
current peaks is affected by the value of C86,  (the 
act ual value of which may be changed slight ly from 
its typical value in factory calibrat ion if require d . )  

I t  should be observed t hat although t h e  space fre­
quency is fc  + 1 00 hertz , after leaving the mixer 
stage and as seen by the discriminator the spac e 
frequency is 2 0  kHz- 1 0 0  hert z .  Similarly , the mark 
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freque ncy is 2 0  k H z  + 1 00 hert z .  T h C'  int e r m e d i a t e  

fre quency at which t h e  d i s c r im i n at or has zero out put 

t he n  is 20 k H z .  The d i s c r i min ator is adj u s t e d  s o  

t hat t h e  mark and space outputs arc o f  equal lengths 

for e q ual p e r i o d s  of m ark and space signal freque nc ie s .  

T h e  d i s c riminator output is c on n e c t e d  t o  t h e  base s 

of trans ist or s  QS l and Q82 in s u c h  m anner t hat Q 8 2  

is m a d e  c onduc t ive when c urrent f l o w s  out of t e r ­

m in �ll 4 ! wh i c h  o c c ur s  w i t h  m ar k  out p u t )  and Q8 1 i s  

m ade c onduc t i n• w h e n  c urrent flows i n t o  tC' rminal 4 .  

C o n s eq u e nt ly , t e r minal  1 5  is at a pot e nt ial of ap­

p r o x i rnat c•ly + 20 volt s at space fre quency and t e r ­

minal I I  i s  at + 2 0  \ Ol t s  a t  mar k  fr e quency . 

Output C i rc u i t s  

T h e  output c i r c u it c o n s i s t s  of t w o  print1 • d  c irc uit 

h oards : t lw output b oard and t lH• nois1' b oard . 

T h e  output b o ard c on s i s t s  of t wo output t r an s i s t ors 

I Q I 0 2 ,  Q l 0 4 )  and t wo dri\·e r  ( Q l O I ,  Q 1 03 )  t r ansist ors 

for the s pa c e  and mark outputs w h ic h  are driven by 

* t he d i s c r im inat or spac e output (Figure 3 ) . The m a r k  

a n d  s p a c e  o utputs a r e  m u t u a l l y  e x c lusive e x c e pt 

wh1•n t h e r e  is a l o s s  of channel  ( C . L . I . )  or an out put 

fr om t h e  noise c ircuit , at which t i m e  both outputs 

appe ar . 

T h e  mar k and space outputs appear t og e t h e r  w h en 

t rans i st ors Q 1 0 1  and Q 1 03 are turned on with a c u r ­

r e nt t h r o u g h  r es i s t or s  R 1  06 a n d  R l l l .  T h e  no i s e  

o utput c u r r e n t  flows f r o m  Q l 8  7 c ol l e c t o r  through 

R 1 1 6  and D 1 05 into R 1 06 and R 1 U ;  the carrier  

level  indicator  output is loaded t hrough R 1 1 8  and 

fed t hrough R I I  7 into Rl 06 and R 1 1 1 .  

T h e  inversion of the m ar k  and s p a c e  o utputs is 

acc o mplis hed t hr ough t h e  NOR function f r o m  Q l  0 1  

t o  Q 1 03 ,  t h r o u g h  R l 0 8 ,  R l 0 9 ,  R l l O ,  D - 1 02 and 

D 1 03 .  D iod e s  D 1 02 and D l 03 are provided t o s upply 

is o l at i on fr om negat iv e  to the b a s e  of Ql 02 . 

The noise c ir c u it d e t e c t s  an u n s at is fact ory n o i s e  

c ondit ion o f  t h e  r e c e iver s i g n al when s hi ft e d  a t  a 

6 0- H z  r at e .  T h is is clone by det e c t i n g  t he error  in 

d i s c r iminator output of t h e  r e c e iver . T h e  n o i s e  o u t ­

put s h o u l d  appear a t  approximat e ly a 3 -db signal-to ­

n o i s e  r a t i o  measured in a 1 0 00-H z b andwidth in t h e  

t ran s m i s s ion band . 

With r e fe re n c e  t o  Figure 3 ,  when the disc riminator 

of t h e  TCF r e c e iv e r  s h ift e d  between + 1 0 0 H z of 
* 

c e n t e r  frequenc y ,  there is a 0 . 5  mi llis e c ond p e r i od 

when n e it h e r  out pu t  of the d i s c riminator appears . 

This g e n e r at e s  a pulse from t h e  n e g at e d  OR , bloc k 

A .  T h e  information from t he s e  pulses is t h en t rans-­

for m e d  through a pulse int egrator into a v o lt age 

w h i c h  w i ll t r igger a S c h mitt t r igger when it e x c e ed s  

a predet ermined v alue w h i c h  indicat e s  a n  intole rable 

n o i se c ondit i on .  

With reference t o  F i gure 1 ,  t h e  discriminator outputs 

an!  fe d t hrough R 1 8 2 ancl R l 83 into t r an s i s t or Q I S I .  

A l a c k  of d i s c r im in at or output will  pe r mit a flow o f  

c u r r e n t  into c apacitor C I S ! t hrough r e s i s t o r s  R 1 84 ,  

R l 8 5 and C R 1 8 L  D iod e C R 1 8 1  w i l l  b lo c k  t he c h arg e 

on capac i t or C l 8 1 from flowing int o t r ans i st or Q I S I ; 

c apac it or C 1 8 1  m ay o n l.v elise harge t h rough R l  SG and 

R 1 87 .  When the voltage acr o s s  r e s i s t or R l 8 7  is 
enough t o  ove r c o me t he potent ial needed t o  t u rn 

t rans i s t or Q l 8 2  o n ,  t h en t r ansist or Q I 83 is t urned 

off ,  and the \· oltage ac r o s s  R 1 8 9  will  drop propor­

t io n at e ly to  t h e• r at io of R 1 8 8  ancl R 1 9 0  c au s i n g  a 

drop in t h e  \"Oltage re quin� m e nt t o  t urn on t r an s i s t o r  

Q 1 8 2 ,  Tran s i s t or Ql 84 w i l l  b f '  t urn eel o f t  as a r e s ult 

of t ra n s i s t or Q 1 8 3 t urning off, and t r an s i s t or Q 1 8 5  

will  h e  t urned o n  as a r e s u lt of  t rans i s t or Q 1 84 

t urning off.  T r a n s i s t ors Q l 8 6  and Q 1 8 7  w i l l  turn 

on t og et h e r  with Q l 8 5  giving a n o i s e  out put . T h e  

Sch mitt t r igger  is c omposed of t r an s i s t o r s  Q 1 8 2  

and Q l 83 .  

Carrier  Level  I nd i c ator 

The noise logic t ak e s  c ar e  of the s i t uati on w h e n  t h e  

c h a n n e l  fails s uddenly a n d  c omplet e ly .  H o w ev e r ,  a 

m e as u r e m e nt of signal strength is d e s ir e d  for provid ­

i n g  an indicat i on when the s i gnal has w e a k e n e d  

s e r i o u s ly b ut has n o t  r eached t h e  p o i n t  o f  c omplete 

failu r e .  

T h e  c ar r i e r  l e v e l  indicator is housed in t h e  right­

hand c ompart m e nt of t h e  enc losure t hat c on t ains the 

c ir c u it b oard s .  F igure 1 shows the c onnect i o n s  o f  

t h i s  c ir c uit b o ar d  a n d  a l s o  t h e  e x t e r nal c on n e c t ions 

of t h e  b oard .  

T h e  r - f  input t o  t h e  c ar r ie r  l e v e l  indic ator i s  t ak e n  

f r o m  t h e  c ol l e c t or of Q 1 5 1 , t h e  first t ransist or i n  

t h e  amplifie r a n d  l i m i t e r  st ag e .  T h e  input , which 

vari e s  approx i m at e l y  as t he si g n al at the r e c e iv e r  in­

put , is am plifi ed by Q l 5 1  and Q 1 5 2 .  Diodes D 1 5 1  and 

D 1 5 2 t og e ther with capac itors C 1 57 and C 1 5 8  est ablish 

a de v o l t age acr o ss C 1 58 t hat controls t he c onductiv­

i ty of Q 1 53 .  T he b as e  c u r r e nt of Q 1 53 t o g e t her w i th 

t h e  current  through R 1 64 may be m e as ur e d  ( s e e  

Figure 5 )  by a m i lliammeter  ( su pp l i e d  s eparately ) 

locat e d  at a point c onvenient for o b s e r v at io n . This 

current m ay also b e  m e t e r e d  at t h e  r e c e iv e r  by m e an s  
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of j ack J 1 5 1  on the printed-circuit board .  Thermistor 
R 1 66 with its associated resistors , and sensistor 
R152 provide compensat ion to minimize the variation 
of the metered current with ambient temperature . 
When Q 1 53 becomes c onductive , it supplies base 
input to Q154 t o  turn it on and energizes an alarm 
relay AL ( when supplied)  or its e quivalent resist­
ance R 1 1 8  (2 .2K) .  When the signal at the input of 
the receiver drops sufficie ntly , t he AL or low­
signal indication will drop out. This signal level 
is determined by the setting of R 1 5 6  in the emitter 
of Q1 5 l .  

The input to the carrier level indicator is not great ly 
affected by frequency variations within the pass­
band of the input filter and the l . F .  filter ,  but 
mainly by the level of receiver input signal . 

Fig . 5 is typical of the variation of the carrier level 
indicator current with the receiver input level .  With 
space signal being received, the signal level just 
below which the discriminator space output drops to 
zero is the minimum operating level of the receiver .  
The CLI alarm should clamp the output of the re­
ceiver into both a mark and space output at a signal 
level somewh at above this.  For usual operating 
conditions it ·should be satisfactory to set the input 
attenuator (R5 ) 15 db , above the minimum operating 
level and set the CLI (by means of R 1 5 6 )  to drop 
out at a signal 5 db . above the minimum operating 
level .  Fig. 5 shows that with such settings the 
carrier level  indicator current would be approxi­
mately 2 . 5  rna. with the normal input signal . The 
C LI alarm would be energized when the indicator 
current dropped to slightly less then 0 .  75 rna. 

Power Supp l y  

The regulated 20  V . D . C .  and 4 5  V . D . C .  circuits 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 
Ze ner to adapt the receiver for use on 4 8 ,  1 2 5  or 
250 V . D . C .  battery circuits .  The receiver is  con­
nected to the external supply through a switch and 
fuses , and a pilot light indicates whether the D .C .  
c ircuits are energized . Capac itor s C 1  and C 2  bypass 
r . f .  or transient voltages to ground.  Chokes L1 and 
L2 isolate the receiver from transient voltages that 
may appear on the D . C .  supply . 

4 

C H A R A C T E R I S T I C S 

Fre quency range 

Sensitivity (noise­
free channel) 

Input Impedance 

Bandwidth ( L-C 
filter 

Operating time 

Frequency spacing 

3 0-3 00 kHz 

0. 0 1 5  volt ( 55 db b elow 1 
watt for limiting) 

5 0 00 ohms minimum 

down < 3 db at ±800 hertz 
down > 3 0 db at 5 000 hertz 

4 ms . channel (trans m .  and 
receiver) 

For two-way channel 3 000 hertz minimum bet ween 
transmitter and adj acent r e­
ceiver frequencies . 

Ambient temperature 
range 

B attery voltage 
variations 

Rated voltage 
48 V . D . C .  

1 2 5  V . D .C .  
2 5 0  V . D . C .  

B attery drain 

Dimensions 

We ight 

�2 0°C to +55°C temperature 
around c hassis . 

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

1 05 - 1 4 0  V .D .C.  
2 1 0 - 280 V . D .C .  

0 . 2 0  a. at 48  V . D . C .  
0 . 2 7  a. at 1 2 5  or 2 5 0  V . D . C .  

Panel height-1 0Vz" o r  6 r .u .  
Panel  width - 1 9 "  

1 3  lb s .  

I N S T A L L A T I O N  

The TCF re ceiver is generally s upplied in a cabinet 
or on a relay rack as part of a complete carrier 
assembly . The location must be fre e from dust ,  
excessive humidity ,  v ibrat ion , corrosive fumes ,  or 
heat .  The maximum ambient temperature around the 
chassis must not exceed 55°C .  

A D J U S T M E N T S 

All factory adjustments of the TCF receiver have 
been carefully made and should not be altered unless 
there is evidence of damage or malfunctioning.  Such 
adjustments are :  frequency and output level of the 
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osc illat or and mixer ;  input t o  the amplifier and 
limit e r ;  fre quency s pacing and magnit ude of di s ­
c riminator output peaks . Th e adj ustment that mu st 
be made at t ime of inst allat ion is  the setting of 
i nput att enuator R5 . The input at te nuator adj ust­
ment i s  made by a k nob on the front of the pan e l .  

T h e  receiver  should not be set w it h  a greater margin 
of sens itivity than is needed to as sure correct opera­
tion w ith the maxi mum expecte d variation in at tenu­
at ion of the transmitter s ignal .  In the abs ence of 
the trans mitter signal. In the absence of data on 
this , the receiver may be set to operate on a s ign al 

* that is 25 db below the expected maxi mum signal .  
After i nstallation o f  the receiver and the corre s pond­
ing trans mitter , and w ith a normal space signal 
b e ing receive d ,  input attenuator R5 should be adj ust­
ed to the position at which the rece iver clamps into 
both mark and s pace outputs . R5 t hen s hould be 
readj usted to increase the voltage suppli ed to the 

* receiver by 20 db . The s cale markings for R5 permit 
approximate sett ing to be made but it is  preferable 
to make this s etting by means of the db s c ales  of 
an a-c VTVM connected from ground t o  the sliding 

* c ontact of R5 . With this setting , a 2 0  db drop in 
s i gnal will drop out the carr ier level indicator logic 
to lock the output in both mark and s pace while the 
receiver is still  5 db above it s dropout . 

FACTORY ADJ USTM ENTS 

In case the factory adjustments ha,·e been alt ered 
or th ere is  evidence of damage or malfunctioning,  
then the following procedure s c an b e  u s ed.  

Potentiometer R l 2 ,  where applicable , in the oscil­
l at or and mixer s hould be set for 0 .3 volt , meas ured 
with an a-c VTVM connect ed between T P l l and 
te rminal 18 on the circuit board ( ground terminal of 
voltmeter) .  A frequency counter can be connected to 
the s ame points for a check on the frequency , which 
should b e  2 0  kHz above the channel frequency. The 
freque ncy i s  fixed by the crystal u s e d ,  except that 
it may be changed a few cycles by t he value of 
c apacitor C 1 2 .  Reducing C 1 2  in creases the fre­
quenc y ,  b ut the c apac ity should never  b e  les s than 
a val ue that insures reliab le starting of oscill at ion . 
The frequency at room tempe rature is usual ly sev­
eral cycles above the c rystal nomi nal fre quency 
as this reduces the fre quency rl ev iation at the 
tem perature extreme s . 

The adjustment of the amplifier an d limit er is made 
by pot entiometer R52 . An osc illoscope s hould be 

connected from t he bas e of transi stor Q54 to ter­
m inal 18 of the limite r .  With 10 mv.  of s pace fre ­
que ncy on the receiver input ( R5 at zero ) ,  R5 2 
should be adjusted to the point where the pe ak s  of 
the osci lloscope trace begin to flatt e n .  This s hould 
appear on the upper and lower peak s at approximat e­
ly the s ame setting . 

The C arrier Level Ind icator adj ustment is set  by 
the control R 1 56 on the CLI modul e .  The procedure 
is as follows :  
1 .  Set i nput att enuator R 5  t o  0 .  
2 .  Remove noise detector board . 
3 .  W ith 1 8  mv . of space fre quency appli ed , adj u st 

R 1 5 6 until the rece iver just clamps into both 
space and mar k  output s .  This indicat e s  that 
the CLI has just dropped out . 

Adj ustment of the d i scriminator is made by c ap­
acitor s C83 and C8 8 .  Apply t o  the receiver input a 
1 0  mv . s ignal taken from an osc illat or set  at fc  
Hertz (R5 at zero . )  Connect a 1 .5 -0-1 . 5  milliammeter  
i n  t he c irc uit at  J 1  and a VTVM acros s R84 .  Adjust 
C88 for zero c urrent in the milliammeter and C83 for 
maximum volt age across R84 , rechecking the adjust­
ment s alte rnately unt il no further c h ange is ob ­
s erve d .  Remove the VTVM from across R84 and ob ­
serve the milliammeter re arl ing as the osc illat or 
fre quency i s  varied.  Posit ive and negative peak s 
should occur at fc + 1 00 Hertz and fc- 1 00 Hert z .  

An alt ernat e met hod of adj ust in g t h e  c arrier level 
Indicator and t he input attenuator R5 in the field 
is  described below . However this s hould be d one 
only i f  there i s  rloubt t hat the c arrier level in­
d icator i s  set wron g .  No rmal ly the only fie ld 
adj ustme nt necessary is that of R5 descr ib er! under 
previous section ' ' adjustment s ' ' .  
1 .  With a normal guard signal b e ing r e c e iv e d ,  

connect an oscilliscope from t he bas e of Q5 4 
(prob e )  to terminal 1 8  ( s hield lead )  of the am� 
plifier-limiter board . 

2 .  Set i nput atte nuator R5 for the start of c lipping 
( flattening of 2 OKHz s ig nal peak s ) .  

3 .  Note the R 5  dial re ading i n  dB , then reduce the 
att enuation by 5dB . 

4 .  Set R 1 5 6  on the carr ier level indic ator (CLI ) 
board just to dropout . This is ac complished by 
first turning the scre w-driver c ontrol of R 1 5 6  
c loc kwise unt il  at least 2 rna.  c urre nt i s  in­
dicated on the as sociated milliammet er , then 
b ac k ing off unti l the re c e iver c l amps into both 
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space and mark outputs . This indicates that t he 
CLI has dropped out which occurs at approxi­
mately 0 .  75 rna.  

5 .  Reduce t he R5 dial reading by another 1 0  dB and 
t ighten t he locking screw. With this s etting, 
the C LI c urrent will be between 2 .5 rna and 
2 .75 rna. 

With the foregoing receiver setting , a 10 db drop in 
receiver signal will drop out the CLI for low s ignal 
indication while the receiver limiter still has a 
margin of 5dB before it drops out of saturation 
( clipping ) .  

In  case  a check is desired of any of the delay 
times of the receiver (such as channel t ime ) ,  this 
c an be done most conveniently by means of an 
os cilloscope with a c alibrated triggered sweep.  A 
two-pole toggle switch ,  checked to have less than 
1 ms . interval between pole c losures , can b e  used 
to impress the signal and trigger the sweep . 

M A I N T E N A N C E  

Periodic c hecks of the received carrier signal and 
the receiver sensitivity will detect gradual deteriora­
tion and permit its c orrection before failure c an 
result . The carrier level indicator , when provide d ,  
permits ready observation o f  t he received sign al 
level.  With or without a carrier le vel indicat or ,  an 
overall check c an 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 drop out  the 
alarm relay .  If there is a substantial reduction in 
m argin, the signal voltage at the rece iver input 
s hould be c hecked to see whether the reduction is 
due to loss of signal or Loss of receiver sensitivity.  

All adjustable components on the printed c ircuit 
board are accessible when the door on the front of 
the panel  is opened.  (An offset screwdriver would 
be required for adjusting R 1 2 . ) However,  as des­
cribed under "CONSTRUCTION" ,  any board may 
be made entirely accessible while permitting elec­
trical operation by using board extender Style No. 
644B3 15G01 . This permits attaching instrument 
leads to the various test points of terminals when 
making voltage ,  oscilloscope or frequency checks.  

It  is advisable to record voltage values aft er ad­
justment in order to  establish reference v alues 
which will be useful when checking the apparatus . 
The readings will remain fairly c onstant over an 

6 

indefinite period unless a failure occurs. However, 
if transistors are changed, there may be  c onsider­
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 VTV M .  Some 
readings may vary as much as ± 2 0%. 

T A B L E  I 
R EC E I V E R  D-C MEASU R EMENTS 

Not e :  All  voltage readings taken with ground of  d-e 
VTVM on terminal 9 (neg.  d . c .  ). Receiver adjusted 
for 15 db operating margin with Guard signal d own 
50 db . from 1 watt and Trip signal down 40 db.  Un­
les s otherwise indicated ,  voltage will not vary 
apprec iably whether signal is Guar d ,  Trip or zero . 

Collector of Volts 
T r ansistor ( +) 

Q 1 1  < 1 3  

Q 1 2  1 5  ( Mark o r  Spac e )  

Q 1 3  1 5  (Mark or spac � )  
Q3 1 2 .5 
Q3 2 2 . 5  
Q 5 1  1 1 . 5 

Q52 1 2  

Q53 1 5 .5 

Q54 2 .5 
Q81 < 1 (No Sig . or Mark) 
Q8 1 1 9 . 5  (Spac e )  

Q82 < 1 ( No sig . or Space)  
Q82 1 9 .5 ( Mark )  
Q 1 0 1  < ( No Sig . or Space)  
Q 1 0 1  20  ( Mark )  
Q 1 02 20  ( No Sig . or  Spac e )  
Q 1 02 < 1 ( Mark )  
Q 1 03 2 0  ( N o .  Sig .  or Space)  
Q 1 03 < 1 ( Mark )  
Q1 04 < 1 ( No Sig . or Spac e )  
Q 1 04 20 ( Mark)  
Q 1 8 1  ·3 4 (No Signal) 
Q 1 8 1  < 1 ( Space or Mark) 
Q 18 2  < 1 ( N o  Signal) 
Q182 20 (Space or Mark) 
Q 1 84 45 (No Signal) 
Q l 84 2 0  (Space or Mark)  
Q l 85 < 1 ( N o  signal ) 
Q 1 85 4 5  (Space o r  Mark) 
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Collector of V olts 
Transistor (+) 

Q 1 86 2 0  ( N o  Sig nal) 
Q 1 86 < (Space or Mark ) 
Q 1 87 < ( N o  Signal) 
Q 1 87 2 0  ( Space o r  Mark)  
Q1 5 1  6 ( N o  Sig nal)  
Q 1 5 1  6 ( Spac e )  
Q 1 5 2  9 . 8 (No Signal ) 
Q 1 5 2  1 0 ( Space )  
Q 1 5 3  < ( No Signal)  
Q 1 5 3  1 9  ( Space ) 
Q 1 5 4  4 5  ( N o  Signal)  
Q 1 5 4  < ( Space) 

T A B L E I I  
R EC E IV E R  R F  MEASUR EMENTS 

N ot e :  V oltmeter readings taken between re ceiver 
input and Q3 2 are not meaningful or  fe asible be­
c ause of wav eform or  effect of instrument loadin g .  
Receiver adjusted as in Table I .  

Co llect or of Volts at 
Transistor 10 w atts 

Q3 2 . 8 
Q5 1 . 9  
Q52 .65 
Q53 2 . 2 
Q54 4 . 5 

F I L T E R  R E S P O N S E  M E A S U R E M E N T S  

The L-C input filt er ( F L-2 0 1 )  and the IF filter  
( F L-2 ) are in  sealed containers , and repairs c an be 
made only by the factory. The stab ility of t he 
original response characteristics is such t hat in 
normal usuag e ,  no appreci ab le c h ange in re sponse 
will occur.  Howeve r ,  the test circuits of Figure 1 5  
can be used in c ase there is reason to suspect that 
either of the filt ers has been damaged.  
Figure 4 shows the -3 dB and -3 5 dB chec kpoints 
for the IF filters , and the -3 dB checkpoints for the 
input filt er .  The response curve of t he IF filter 
s hows the combined effect of the two sections , and 
was obt ained b y  adding t he att enuation of each 
sect ion for identical fr equenc ies . The scale of 

F igure 4 was chosen to show the I F  filt er response , 
w hic h permitted only a portion of the input filt er 
curve to be show n .  The checkpoints for the pas s­
b and of each section of the IF filter are down 3 dB 
maximum at 1 9 . 7 5  and 2 0 . 2 5 kHz ,  and for the stop 
b and are down 18 dB minimum at 1 9 . 0 0  and 2 1 . 0 0  
k H z  f o r  e a c h  section.  The s ignal generat or v oltage 
( Figure 1 5 )  must b e  held c onstant throughout the 
entire check.  A value o f  7 . 8  volt s is suit ab le . The 
reading of the VM2 at  t he frequency o f  minimum 
attenuation should not be more than 2 2  dB b e low 
the reading of V M 1 . It should be noted that a limit 
me asured in this manner is for c on venie nce only 
and does not indicate actual insert ion loss o f  the 
filter . The in sertion loss would b e  approxim ately 1 6  
d b  less then the measured difference because o f  the 
input resistor and the d ifference in  input and output 
impedances of the filte r .  

In testing the L-C f ilter , a v alue of approximat e ly 
2 . 45 V· is suit able for the const ant volt age at which 
to hold VMl t hroughout t he chec k .  The reading of 
VM2 at t he fre quency of minimum atte nuation will 
v ary some what with the chann el  fr e quency . but 
should not be more than 18 dB below the reading 
of VM1 . (The filter insertion loss is approximat ely 
6 dB less than the differenc e  in readings) . 

C O N V E R S I O N O F  R E C E I V E R  F O R  
C H A N G E D  C H A N N E L  F R E Q U E N C Y  

The part s r e quired for c onverting a TCF receiver 
f or oper ating on a different channel  frequency c on ­
sist of a new L-C input filter ( F L2 0 1  ), a new local 
osc illator crystal (Y l l )  and probably a different 
feedb ack c apac itor ( C l 2 ) .  Bec ause t he wide ran g e  
o f  channel frequencies precludes maint ain ing a 
factory stock of the various crystals . immediat e  
shipment of the filter and t he osc illator c ry stal  c an ­
not b e  mad e .  After t h e  cryst als h av e  b e e n  procured 
and the filter has been completed . it is rec ommend­
ed that the receiver be returned to the fact ory for 
the conversion and for complete test and adjustment . 
However , if the time that the receiver c an be out of 
service must be kept t o  a minimum,  the c onversion 
may be made by customers who are equipped for 
this work . 
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T Y P E  TC F POW E R  L I N E C A R R I E R  F R E QU E N CY SH I F T  R E C E I V E R  E QU I PM E N T  _____________ _ 

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

Min imum Test E quipment for Installation . 
a A-C vacuum Tube Voltmeter (VTV I\1 ) .  V olt­

ag e range 0. 003 to 3 0 volts , frequency range 
6 0 Hz to 3 3 0 kHz,  i nput impe d an c e  7 . 5  
meg ohms . 

b .  D -C V acuum Tube Voltmeter  ( VTVI\1 ) .  
V oltage Ran g e :  
I nput Impedan c e : 

1 . 5 to 3 00 volts 
7 .5 m egohms 

c. Mi lliammet e r ,  0-3 range ( if rec e iver has 
carr ier  level  indicator ) .  

I I .  D e sirable Test  Equipment for Apparatus Main ­
tenan c e .  
a .  All  it ems listed in I .  
b .  S ignal Generator 

Output Voltage : 
F requency R ang e :  

c .  Osc i lloscope 
d Frequency c ounter 
e Ohmmeter  
L C apacitor checker  

up to 8 volts 
2 0 -kHz to 3 3 0-kHz. 

g Mill iamm et e r ,  0-1 . 5  or preferab ly 1 . 5 -0-1 . 5  
range for c heck ing disc riminator.  

Some of the fun ctions o f  the r ec ommended test  
e qu ipment are c omb ined in the  type TCT c arri e r  
t e s t  meter  unit , which is des igned to  mount on a 
st andard 1 9 "  rac k but also c an b e  removed and 
used as a port able unit . 

R E N E W A L  P A R T S  

Repair work can b e  done most satisfactorily at the 
fact ory . However , re placement part s can b e  furnish­
e d ,  in most case s ,  to  c ustomers who are e quipped 
for doing repair wor k .  When ordering part s ,  always 
g ive the complete n am e plate dat a ,  the e le ctr ical 
value , style number , an d identify the  part by its 
design at ion on the Internal Sc hematic draw ing . 

* A D D E N D U M  

\\'ith shi pme nts of sets  s tarting in early 1 97 3 ,  the 
g e r ma n i u m  t rans i s t ors used in t he various mod u le s  

w 0 r e  re p l a c e d  with s i li c on t rans i s t ors . In addition,  
cl u ( '  t o  t h e  nat ure of s i l i c on t ran s i st ors , some r e s ist or 
value s in the c ircuits had to be c hanged in ord e r  to 
c orre ctly bias the s e  trans istors . Therefore the tran­
sistors are not replaceab le on a pin for pin basis 
throughout the receive r .  Before attempting to re place 
a ge rman ium tran s istor with a s i lic on trans istor on 
older s e t s  us ing g0rmanium,  please check the sche­
mat ics on the' fol lowi n g  pages to  see  if the  loc ation 
wlw re the r0 plac cment is des ired has addit iona l c om­
porwnt c han g0 s .  If that is the cas e , then the re plac e -

8 

ment can on lY be made by the same des ignation tran­
s i s t or or the additional c ompon e n t  changes m u s t  

also be mad e .  It s h ou ld be pointed out t ha t  t h e  

module s c ontaining the s ilicon trans istors are  c om­
plete ly inte rchangeable with the module s  c ontaining 
germanium transistors . Therefore , there is no prob­
le m with intermixing the s i licon transistor mod ule s 
in the same rec eive r .  Thus c omplete new modules 
c ontaining s i licon transistors can be ordered and 
used as re placements i n  older r e c e ivers having ger­
manium transis tor module s .  The new modules have 
the same sty le numbers as the old germanium t ran·  
s ist or module s  they re plac e .  
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T Y P E  T C F  P O W E R  L I N E C A R R I E R  F R E Q U E N C Y  SH I F T  R EC E I V E R  E QU I PM EN T---------�--------

RECEIVER 
I N �UT 

J2 

OSCILLATOR AND MIXER 
�--- ___/\_____ 

�-·--1 2 I 

- - - - ----- --- ---- --- - - - -- ----- _l. _ _ _ _ _ _ _  T 
I 
I 
I 
I 
I 
I 
I 
I I 
I 
I 
I 
I 
I I 
I 
I 
I 
I 
I 

DISCRIMI NATOR 

� - - - - --- ---- - - - - - .- - - - - - -
1 
I 
I 
I 
I 
I I 
I I 

NOTES· 
f.: DOTTED LINES ENCLOSE COMPONENTS ON 

PRINTED CIRCUIT BOARDS OR OTHER SUB­
ASSEMBLIES . 

• ,C/2 RANGE 4 TO 390 PF AS REQUIRED BY 
FREQUENCY AND CRYSTAL CHARACTERISTICS. 

•=CI6 RANGE 22 TO 100 PF AS REQUIRED BY 
FREQUENCY AND CRYSTAL CHARACTERISTICS. 

0�'YII RANGE 30 TO 200 KHt. 

0 "ONE DR TWO CAPACITORS AS DETERMINED 
IN TEST. 

�=MOUNTED ON LARGE HEAT SINKS. 

0= COMMON TERMINAL I 
I 
I 
I 
I 
1 18 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I 

I I 
I 
I 
I 
I 
I 
I 
I I I 2 1 /�: J !·�:---+---+---+ 

I 
I 
I 
I 
I 

_ 
___hrQ..c !£1 � J 

OUTPUT 

CAR 

L _ - - - - - - - - - - - - - - - - - -

*Fig. 1 Internal schematic of the type TCF receiver under 2t 
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I F  AMPLIFIER 
-- ----A__ AMPLIFIER AND LIMITER 

' 
I 

I 
I 

I 
I 

I 
I 

1 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I 

• - - - - - - - --- - - -- _ _ �·4-c_-OC_J._Gg__G_§l]_l 

: 
-----------------�--i�=:--==r-=-=-=-�-=-�-=-�-=-=-�-=-�-=-�- -- - - - -- -- -- - - - J:±I�C��ill 

RIER LEVEL INDICATOR 

NOISE DETECTOR 

I 
I I 

- - ------- ---- ------ -- .@���8.§_0� 

)OkHz (See pages 23-26 for electrica l parts list) 

VOLTS DC R2 R3 
48 26.5 
125 150 150 

I .L .  41 -945.55C 

S ub . 1 1 3 5 9 F 3 8 j  
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T Y P E  T C F  P O W E R  L I N E C A R R I E R  F R E QU EN C Y  SH I F T  R E C E I V E R  E Q U I P M E N T  __________ I..:... L..:..·.....:4....:.1..:-9....:4=.5 .:.::5.:..::5C 

S ub . 3 
8 7 6 /\ 5 1 2  

F i g .  3 L ogic O iagram of Output C ircuit 

4.0 

... 
3.0 

2.0 

1.0 

0.1 

SIGNAL LEVEL 
AT EFFECTIVE 
LOSS OF CHANNEL 
FOR RCVR 

-15<11 -lOde 

LEVEL AT WHICH ALARM IS AOJUSU BY R 1 56  TO OPERATE 
-"· 

DECIBELS 

NORMAL LEVEL OF RCVR 
INPUT SIGNAL 

+-5dl +IOdl +I &ell 

S uh 2 
3 4 8 9 \ 9 4  

* Fig.  5 Typical curve of the carrier leve l indicator 
c urrent vs. receiver marg in  ab o ve m in imum 
operating leve l .  

* 

�tlt=ttt�=�������r� t r , -� INPUT-" ' F ILTER � ' I I 
1-fl-+1--'-t--:--H-�\:'---1-_l_L h"-r'-",'="',.--l/--J-.Lf--J-t-f--'--+\1-._ 20F�� � E � + F 

I r-� - { ����IONS) 

\ 

\ 
-+-1--+-1+ 1+1 i 

I 
-+--1/-+--1--f---l---+--i-+-1/1-�+-TI-+-"--1 +-1-\ _ 

1000 sao 600 400 200 Tc 200 400 600 aoo 1000 
HERH H I N P U T  F R EQUENCY HERH 1+1 S Uh 6 

f c :: C E N T E R  F R E Q U E N C Y  O F  F I L T E R S  8 4 9 .1-\ 3 4 2  
Fig. 4 F i Iter and di scriminator ch aracteri sti c s  

o f  t h e  type TCF recei ver 

� r.,Jl R� 0 ,--------, � I L � 
I " " ' I L_j 

! � ��L ���- -"-'""_' '_"'"_" _•o•_,,

_
_ J 

F 
R E A R  V I E W  

7 1 9 B 2 6 0  
Fig. 6 Component locations on the type 

TCF recei ver p anel 
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T Y P E  T C F  P O W E R L I N E  C A R R I E R  F R E Q U E N C Y  SH I F T  R EC E I V E R  E QU I P M E N T  _____________ _ 

I 
'I 
• 

0 
Q l l  

f::\ c:� �·) Q TP I I 

I �4�l � 
Y I I  

C l5 

� 
IJrnl J:[ZQJ 
_f) 0 Q l3 

TPI3/[_lfl9] []}[] 

l c i§ J  � a 
I-R241 I R-nl I _ 19 I r-1 1  i i I l l  I I I l l  I I  I I  I I  1,)1_ - --- -- -- - 5 

7 6 3 A 2 9 2  
* Fig. 7 Component locations on the oscillator 

and mi xer printed circuit board. 

Jiosl f 

j R 5 1 J 1 + C 5 1 } 
� C 59+ � ��� � Q51� [ +� 

I R 5 5] . ·) - c 5 6  

I R 5 41 \,__ -1 + c 5 3 � [R_ZOJ . 
l�TP52© I R 5 6 I  I R sa l  i R 57 1  I R ssl L� -- 0 TP5 1© TP53 © Q 52 I R 60i 

I +c � e  I i + � I R 6 1 l � l o 53ll l r c 5 5  � I� [ I R68 I � Q 53 � � 0 I R 66[  0 [ill] TP 55© 0 � []62] T P5 4  � +C 5 7  � Q54 
�- 9 R67f @) -1 + C60 

- 1 9 

i I I I I I i I I ! I I I 
I ....--

: I I I I I 
S ub . 4 

7 6 3A 2 9 4  
* Fig.  9 Component locations on the ampl ifier 

and limiter printed c ircuit board. 

�"L2 

19 
�- 3 

7 6 3 A 2 9 3 
* Fig. 8 Component location s on the I .  F.  

ampl i fier printed circuit board. 

TOP 84 TOP 83 � [ill] 

caa � � � � "' 
I T 72C 90 I I C9�71 Ll Jl _ _  _J � � � �  --

@D @U 

882 ��881 
� �  Q c U @D  

1 9 I I I I I I I  I I I I I  I I  I I  I I I I 
S ub . 2 

8 7 6 A 5 0 5  
* Fig. 10 Componen t  locations on the di scriminator 

printed circuit board. 
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T Y P E  T C F  POW E R  L I N E CA R R I E R  F R E QU E N C Y  SH I F T R E C E I V E R  E QU I PM E N T  _________ ..;I�. L:.:.·..;4..:.1 ·..::9..;4::::;5·::::5:.:;:5C 

� 
O QI04 

II D I07j 

� 
� 

§ill 
§iii] 

()!TPI02 Q o1o3 

I NO I S E  l 
[BJTI] 
I R 1 8 2 I  � -R. � 
�2 0QIBI � 
L__"_':__j 0TPI83 � 

u o  [RT87J DIB I  
0TPIB4 D 

!R I B S! [BJ]]] 
lBisOjj Q IR 190I 

Q l84 
IR 193I 

TP IB70 
0 I +I TPI85 T P I SS C l 82 IR 19 5 I  0 

I R 19G I . ®ill 

\��� �� J: ��rr 
S ub . 4 

2 0 4 C 9 9 5  

¥ Fig.  1 1  Component Location s on the Noise f)etector 
Printed C ircuit Board. 

O U T P U T  

()!TPI03 

� 
� 
� 
@IYJ 

� 
� 
jRI0 5 )  
[@Qi] 
OQI02 

)RIOB ) 
IR I041 
[01@ 
jRI03 j 

Qo101 (j)TPIOI 

+ C t 53 n JI51 

ID152II 10 
IR 1 62l � � 

1 Rl64l {]- RJss mru � a: IR 165l IR 170 I TPI52 I I  
t I 
u 

ffiill] @ 
Cl58 I C l561" I � 

@ �  
.__c_rs_r_ ..... l, I C l 5 5+ lof�4 

TPI 5 1  ffi1§QJ � 0 
IR1 53( @ � lD!53U 

0155 
lR157! 0 I Cl 54 I "'  � J:[lMJ ID!580 � �� � � 

� 
)RI09 j E 

@ill 

I Cl51 1" I I [ill a: �  
Cl52 TP153 0154 

lmm) @ lR 168! 0 
lR151 l (BI@ @ ID154!1 I � 18 . 17 16 1 5  14_!3_::12::.....:c.11_1:.::.0_:9=--...=8 7 4 3 2 I 

� ----� 
S ub . 2 

2 0 2 C 5 0 7 

I� TPI55 --=� 
S ub . 6 

8 3 6 A 5 2 2  

* Fig. 12 Component  Lo c ation s on the output printed 

circuit bo ard. 

* Fig. 1 3  Component Location s on the carrier level 
indicator p rinted circuit board. 
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T Y P E  T C F  P O W E R  L I N E  C A R R I E R  F R E Q U E N C Y  SH I F T  R EC E I V E R  E QU I PM EN T  _____________ _ 

1 6  

-IN 
0 

� WIDE X t DEEP - FOUR SLOTS 

LOGIC CONTROL � ((5;'---'f i . --------------- WHEN SUPPLIED 

t:. • F� 250 OR 125 1 2 50 V D C.  ONLY' 

-+- t  

l I 
I 
I 
I 
I 
I 
I 

----- _L_} +Jr---- •t=t j' �-6 � b.:__ __ _ 

S ub . 1 
2 0 5 C 7 9 3  

Fig. 14 Outline anc/ drilling plan for the type TCF receiver ·assembly. 

I � � r � R f!_ _ _:, '  C I R C U I T  � () �� � f ,  � , Q � S  

FL-201 

I N P U T  F I LT E F- T E S T  C I R C L ' I T  '� :::J N N [ C T I O N S  

S ub . 2 

8 7 7A 7 9 4  

Fig.  1 5  Test C ircuits for TCF Frequency Shift Receiver Fi lters . 
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T Y P E  T C F  P O W E R  L I N E  C A R R I E R  F R E QU ENCY S H I F T  R E C E IV E R  E Q U I PM E N T  __________ ,_. L_._4_1 ·_9_45_._5_5c 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -TP2 15 9 
- - - - - - - - - .., 

Q2 11  

C2 18 N N N 
0::: 

C216 

TP2 13 

....... - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _1!!,_ 
* Fig. 1 6. 200. 5  to 300 kHz o scillator m ixer board 

0 TP214 
19 

�--

TP215 
0 

Y l l 

.____
c 2

_____.
16  1 1 

© 
C 2 1 7 I 

----- ' -� 
S ub . 2 

2 0 2 C 9 3 4 

* Fig. 7 7. Component Location 200.5 to 300 kHz oscillator mixer board. 

I 
I 
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I 
I 
I 
I 
I T2 1H) 
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I 
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_j �.S.�!tl4 

17  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 C A R R I E R  F R E Q U E N C Y  S H I F T  R E C E I V E R  E QU I P M E N T  --
---------------------------

1 8  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  C A R R I E R  F R E QU EN C Y  SH I F T  R E C E I V E R  E Q U I P M E N T ---------------
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� en 

ELECTFU CAL PARTS LIST FOR FIGURES 1 AND 2 (Cont'd) 

AMPL I FI ER S LIMITER - 410CI63GOI 

C O '.'POI, [ N T  S T Y L E  R LQ 
T R AN S I S T O R  

0 5 1 - 0 5 2 - 053-054 849A4 4 1H03 4 

R ESISTOR 

R66 187A290H 2 1  1 

R 5 5  187A290H l l  1 

R 70 184A763H 1 1  1 

R 7 2  184A763H 1 5  1 

R65 184A763H23 1 

R59 184A763H 3 1  1 
R 54- R62 184A763H35 2 

R64-R68 184A763H37 2 

R 5 1 - R 5 7 - R 6 1 - R67 184A763H43 4 

R 56 184A763H 5 1  1 

R69 184A763H57 1 

R 53 - R 58 184A763H6 1 2 

R63 184A763H63 1 

R 7 1 IZfA$11H04 1 

R60 184A763H09 1 

R 7 3  62 9 A 5 3 1 H02 1 

CAPAC ITOR 

C 54 187A584H 15 1 

C 5 1 -C 52 - C 56-C58- C 59 187A624H02 5 

C 5 3 - C55-C57 187A624H0 1 3 

C60 187A624H04 1 

D I O D E  

0 5 1 - 052- 053 184A8 55H07 3 

POT E N T I O M ETER 

R 52 629A645H04 1 

OUTPUT-202C498GOI 

C Q:.JPQI IEIH S T Y L E  H E Q  

Q1 01 -Q1 0 3  848!\851 H02' 2 

0 1 0 2 -01 04 849 A 4 4 1 H0 1 2 

R EF 

2 N 4249 

680 1 '2W � 5 %  

2 70 1 '2W � 5% 

2200 1 '2W � 5 %  

3 3 0 0  1 '2W � 5 %  

6800 1 '2W � 5 %  

1 . 5 K  1 '2W � 5 %  

2 . 2 K  1 '2W � 5% 

2 . 7 K  1 '2W � 5 %  

4 . 7 K  1 '2W � 5 %  

l O K  1 "2W � 5 %  

18K 1 '2W � 5 %  

2 7 K  1 '2W � 5 %  

3 3 K  1 '2W � 5 %  

IU 1/2W � 2 %  

1800 1 2W � 5 %  

56 0 1 '2W :!.2% 

1300 M M F .  500V. 

. 2 5 M F D .  200V. 

0. 1 M F D. 200V. 

l . O M F D .  200V. 

1 N 457A 

1 K  

R E F  l 
2 �! 3 4 1  7 I 
2N3645 : 

I 

NOISE DETECTOR - 202C 500G02 

co: :PO !HitH 
T R A tj S I  S TOR 

Q 1 S 1 -Q1 8 2 -0 1 8 3  
Q 1 84-Q1 8 5 - Q 1 8 7  
Q l 8 b  

R E S I S TO R  
R 1 81 - � 1 9 1 -R 1 9 4 - R 1 9 b - R 1 99 

R 1 8 2 -f\ 1 8 3  
R 1 84 

R 1 8) 
R 1 8b 
R 1 8 7 - fi 1 9 3 1 

P lil A  
R 1 89 
R 1 90 
R 1 9 2  
R 1 9 S - R 1 9 8  
R 1 9 7  
R 2 00 

CAPAC I TOR 
11 8 1  - C 1  A J  

Z E N E R  D I D C E  
7 1 8 2  

D I O D E  

n 1 81 - C 1 8 3 

I.F. AI.IPL I F I EH -4 1 0C I G 2 GOI 

C O '.� POI-< H. T  
T RANSISTOR 

0 3 1 - 0 3 2  

s.nu 

1 84 .'\ b 3 8H 1 9 
8 4 9 .'\ 4 4 1  HOl 
848.� 8 5 1  H02 

1 84 A  7 b 3 H 5 1  

1 84A 763Hb 7 
'1 3 4 4  7 b 3 H 5 8  
1 34 A 7 b 3 H 4 7  
6 2 9 .:1 5 3.1 .'!7.8 

. L29:� 5 3 1 .Hb 0  

1 811 1\  7 b 3 H 5 3  
·1 34:< 7 b 3 H 1 7 
. 1 8!li\ 7b3Hb9 

1 34 .l 7 b 3 H.S 9  
1 8 4 A 7b 3 H 4 7  
1 3 4 .l 7 b 3 Hb 9  
7b2Ab79"0 1 

1 S 7 1\ b 24H04 

8b 2 1\ 2 88HD1 

8 3 7 .'\b 9 2 H 0 3  

S T Y :  f 

849_A44 lHOl 

R [ r) R E F  

3 2Nb99 
� 2 N 3 b 4 5  
1 2 N 3 4 1 7 

5 l O K  -1 /2l� ! 5 %  

2 4 7 K  1 /2W • 5 %  
1 2 0 K  1 /2\� ! 5 %  
1 b.8 K - 1 /2W ! 5% 
1 8 2 K  1 / 2 W  ! 2% 
2 1 ,5 K - 1 /21� ! 2 '; 
1 1 2 K 1 /2\-1 , ! 5 %  
1 3 9 0  1 /2\� , !5% 
1 5 b K , 1 /2W , ! 5% 
1. 2 2 K ,  1 /2W , ! 5% 
2 b. 81<, 1 /21.-l , !5% 
1 . 5 b K ,  1 /2W , ! 5% 
1 1 5 0 3W 

2 1 1·1FD 200 V DC 
I 

1 I N 3 b 88A 

1 Nb 4 5 !\  ---

f' E. O  R E f  -

2 2 N 4249 
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r- "' � · "'  
i -1  
"' -� z  
C G)  � :I:  � 0  
G C  
:C Ut  
; ... -0 z "' 

,. 
"' 
n 
-1 
;a 
-

n 

n 
0 
;a 
,. 

z o ... :a � 
., ,. ,. 
::!. :1 ....... � � -. 
.,. .. -

i'i' z 0 c: • 

\1> .. z ?'" • 

.R E S I S T O R  
R 1 01 - R 1 0 4 - R 1 09 - R 1 1 3  
11 1 0 2 - R 1  0 5 -R 1 1 4  
R 1 0 3 - R l 1 2 
R 1  Ob - R 1 1 1  

R 1 0 7 - R l 1 5  
R 1 0 8 

' R 1 1 0  
R l 1 b - R 1 1 7  

R 1 1 8  

D I O D E  
0 1 0 1 -D 1 0 2 - C 1 0 3 - D 1 04 -C 1 0 5  

Z E N E R  D I OD E  
0 1 06 -0 1 0 7 

J I 

I RESISTOR 

1 84 A 7 b 3 H 5 1  4 - 1 0 K ;  1 /2W , 5% ! R 3 4 - R 4 1  187A290H 2 1  2 .680 1 2W + 5% 
b 2 9A 5 3 1 H 7 8  3 8 2 1( ;  1 /2W , 2 %  R36 184A7Q3H 15 1 3300 1 2W +5% 
1 94 1\ 7 b 3 H 4 7  2 b. a K ,  1 / 2W , 5% R 3 3 - R 40 184A763H23 2 6800 1 2W +5% 
1 84 A 7 b 3 H 4 5  2 S. b K, 1 /2 W , 5% ' R38 184A763H27 1 1 K · 1 2W + 5% 
7 b 2 A b  79H01  2 1 5 0 3 W  R 3 1 - R 3 7  184A763H 39 2 3 .3K 1 2W + 5% 
1 3 4 A 7 b 3 H b 7  1 4 7 K , 1 /2 •� . ! 5% R35- R42 184A763H 5 1  2 lOK 1 2W + 5% 
1 84 A 7 b 3 H b 3  1 3 3 K  1 /2W ! 5% ' R32- R39 184A763H 59 2 22K 1 '2W :t5% 
1 34 A 7 b 3 H 5 9  2 2 2  K ,  1 /2W , !  5 %  
7 b 3 A  1 2 7H 1 1 1 2.2-K 3�1 ! 5% 

C APAC ITOR 

C 3 1 - C 32 - C 33-C35 187A624H02 4 2 5 M FD.  200V -
C 34 187A624H04 1 1 M FD.  200V. 
C 36 762A757 H 0 1  1 100 Pt. 

8 3 7 i\ b 9 2 H 0 3  5 I t lb4 5 A  
F I LTER 

F L2 762A6 1 3 G O  .!__ � --

8 b 2 A 2 8 8H01 2 1 1 1 3 6 8 8 1\  

OTHER -THIS DWG. SEE SHEET I .  

COMPONENT STYLE REO r;:F. I 
RES ISTOR 

Rl  1202587 I <!100 , 25\'!, ± 5 %  

R2 0 4 0 1 299HI}4 I 26.5 1}0'.'! + 5% 
R2 1 2 0 2 "Hl 9  I 1 50 ,  4 C.'.'/,� 5% 

R3 1202 49 9 I 1 50 ,  4 0 \"/, t 5% 

R4 I B7AG4 3 H03 I 100, I \'J , ! 5% 

R6 I B 4A763H 5 1  I 101{ 1 1/2 \'/1 ± 5 '/o 
RB 1 2 02 537 I 400, 2 5 \"/, ! 5 %  

POTENTIOtiETER 

R5 IB5AOB 6 H I O  I 0- 10\{, 2\'/,+ 10% 

CAPACITOR 

CI -C2 1 877962 2 0.5 r.1FD , I500V 

Z ENER DIODE 

Zl  ( IN 2 828 B ) I G 4 A 8 5 4H03 I <!!-5V, 50'.'1, :! 5 %  

Z2 -Z3 ( I N2934B) 7G2A6 3 1 HOI 2 20V, IO\'J, .±. 5 %  

Z4·Z5 ( I N3027A) IB8A302 H07 2 20V 1 \'/ ! 10% 

TELEPHONE JACK 

Jl 187A606HOI I 

CONNECTOR 

J3 1 8 7A336 H03 I 12 TEm.ls. 

CRYTAL FILTER * I - - --

M •  PER S.O. 

\ -� .1 ) 
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I N STA L L A TI O N  
Westinghouse I .L .  4 1 -945.566 

• O P E 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 I O N S  
TYPE TCF POWER LINE CARRIER FREQUENCY-SH I FT 

RECEIVER EQUI PMENT - STU-UNBLOCK 

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 c an result in an undesired tripping 
output and cause component damag e .  

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

A P P L I C A T I O N 

The TCF frequency-shift receiver equipment as 
adapted for STU-Unblock applications responds to 
carrier-frequency signals transmitted from t he dis­
t ant end of a power line and c arr ied on the power 
line conductors .  The block signal is transmitted 
continuously when conditions are normal . Its recep­
tion indicates that the channel is operative and 
that there is no fault in t he protected equipment . 
The block frequency is 100  hertz above t he center 
frequency of the channel .  When a fault occurs at t he 
distant end of the power line protect ive relays 
switch the transmitter locat ed ther e  to an unblock 

frequency , 1 00 hertz below the center frequency , 
and also increases the power output of t he trans­
mitter (from 1 watt to 10 watts) . 

C O N S T R U C T I O N  
The TCF receiver unit for STU Unblock applications 
is mount ed on a standard 19 - inch wide panel l OYz 

inche s high ( 6  rack units)  with edge slots for 
mount ing on a standard relay rack. All components 
are mounted at the rear of the panel .  An input 
attenuator and a jack for metering the discriminat or 
output current , are ac ce ssible from the front of the 
panel .  See Fig .  No. 22 . 

All of the circuitry that. is suitable for mountin g  
o n  printed circuit boards is contained i n  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 connect ions on Fig. 1 will 
show the location of t hese components in the cir­
cui t .  The dotted lines enclosing separate are as of 
Fig. 1 indicate that the components thus enclosed 
are all on the same printed circuit board .  

The enclosure that contains the printed circuit 
board is  divided into seven compartments .  The 
partitions between compartments together with the 
outer walls of the enclosure provide complete 
shielding between adj acent boards and from external 
fields.  

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 terminal block are key ed so that if a board is 
placed in the wrong compartment , it cannot be  
inserted into the  terminal b lock . A handle on  t he 
front of each board is labeled to identify its function 
in the circuit . 

A board extender (Style No . 644B3 1 5G 0 1 )  is avail­
able for facilitating circuit voltage measurements 
or m aj or adjustments .  After withdrawing any one 
of the circuit boards,  t he extender is inserted in 
t hat compartment . The board then is  inserted into 
the terminal block on the front of the extender. 
This restores all circuit connection s ,  and all 
components and test point s on the board are readily 
acc essible . 

A portion of the receiver oper ates from a regulated 
20 VDC supply, and the remainder from a re gulated 
45 V . D . C .  supply . Thes e voltages are tak en from 
two Zener diodes mount ed on a common heat sink . 

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 regarding his particular installation, operation or maintenance of 
his equipment, the local Westinghouse Electric Corporation representative should be contacted. 

SUPERSEDES I . L. 4 1 -945.56A, dated Oct .  1 974 
0 Denotes c hange from superseded issue. 
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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  F R E QU E NCY-SH I F T  R E C E I V E R-------------------

C H A R AC T E R I S T I C S  

Frequency Range 

Sensitivity 
( noise-free 
channel) 

Input Impedance 

Bandwidth 

Discrimin ator 

Operat ing  Time 

Frequency spacing 
A.  For two or  

more si gnals 
over a one­
way channel 

B. For two-way 
channel 

30kHz - 300kHz 

For crystal filter (narro w band) 
0 . 005 volt = 65dB 
below 1 watt for limiting 

For L-C filter ( wide band) 
0 . 0 1 5  volt = 55dB 
below 1 watt for limiting 

5 000 ohms minimum 

Crystal filter (narrow band) 
Down < 3dB at 220 Hz B .  W.  
Down > 60dB at 1 000 Hz B .W.  

L·C filter ( wide band) 
Down < 3dB at  600 H z  B . W .  
Down > 40dB at 2000 Hz B.  W .  

S e t  for 200 Hertz shift from 
block to unblock frequency. 
Offset 25 Hertz  to favor block . 

Narrow Band 
9 ms chann el (Transmitter 
and Receiver) 

Wide Band 
4 ms channel (Transmitter and 
Receiver) 

Narrow Band 
500 Hertz minimum 

Wide Band 
1000 Hertz minimum 

Narrow Band 
1000 Hertz minimum 

Wide Band 
2000 Hertz Minimum 

A mbient temperature 
range 

-2ooc to +55°C temperature 
around chassis.  

Battery voltage variat ions 

Rat ed voltage Allowable variation 

48 V . D . C .  4 2 - 5 6  V . D . C .  
1 25 V . D . C .  1 05 - 1 4 0  V . D . C .  

2 5 0  V . D . C .  2 1 0-280 V . D . C .  

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

Dimensions 

Weight 

6 

0 . 2 7  a. at 125  or 250 V .D . C . 

Panel height - 1 0'/z" or 6 r .u .  
Panel width - 19" 

13  lbs .  

I N S T A L LA T I O N 

The TCF receiver is generally supplied in a cabinet 
or on a relay rack as part of a compl ete carrier 
assembly. The location must be free from dust , 
exc essive humidity ,  vibrat ion , corrosive fum e s ,  or 
heat. The m aximum ambient t emperature around the 
chassis must n ot exceed 5 5°C . 

A D J U S T M E N T S  

All factory adjustments of the TCF 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 ; discriminator offset from center 
frequency ; frequency spacing and magnitude of 
discr iminator output peak s .  Adjustments that must 
be made at time of inst allation are :  setting of input 
attenuator R5 ; adjustment of R 1 56 on  the carrier 
level indicator (if supplied) to operate the alarm 
at the desired input leve l .  The input attenuator 
is made by the knob on the front of the panel .  A 
screw driver adjustment of a pot entiometer at the 
front and top of the printed  circuit board set s  the 
point at which the level indicator alarm operates .  

The receiver should not be set with a greater  margin 
of  sensitivity than is  needed to assure correct 
o peration with the maximum expected variation in 
attenuation of the transmitter signal . In the absenc e 
of dat a on thi s ,  the rec eiver may be set to operat e 
on a signal that is 1 5  db b e low the expected max i­
mum signal . After installation of the receiver and 
the corres ponding transmitte r ,  and with a normal 
b lock signal being received , input attenuator R5 
should be adj usted to the pos ition at which the 
low signal alarm drops out . R5 then should be read­
justed to increase the voltage supplied to the 
receiver by 1 5  db . The scale markings for R5 permit 
an approximate setting to be made but it is prefer­
abl e  to make this setting by m eans of the db scales 
of an a-c VTVM connected from ground to the sliding 
contact of R5 . 

In case the transmitter has a 1 Watt/1  Watt output 
and diode D84 in the discriminator is not bypassed 
( see discussion under OPERATION-Discriminator) ,  
the transmitter should be keyed to unblock , transistor 
Q 1 03 should be kept non-conducting by connecting 
a short clip lead across R 1 2 8 ,  and R5 should be 
adjusted to the position at which the trip (unblock ) 
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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  F R E Q U E N CY -SH I F T R E C E I V E R  ----------------
I_. L_._4_1_-9_4_5_·5
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output just picks up . R5 then should be readjusted 
for a 1 5  db increase in receiver input , and the j ump­
er across R l 2 8  should be removed.  If D84 is by­
pas sed the input levels at which the Low signal 
and trip (unblock) output voltages j ust appear will 
be approximately the same ,  and the low signal 
minimum operating point can be used as reference 
for arriving at the R5 setting, as described in the 
preceeding paragraph. 

If the receiver has a carrier level indicator ,  the 
proc edure for sett ing R5 is somewhat different. Turn 
R l 5 6  to maximum clockwise position and adjust R5 
to the position at which the low signal just drops 
out . At this point the signal has been attenuated to 
the point that the discriminator no longer has block 
output although it still would be sufficient to pro­
duce output from the carrier level indicator,  and the 
base input to Ql54 on the carrier level indicator 
is  diverted to negative through Q103 on the logic 
circuit boar d .  ( Note that a milliammeter reading at 
J1 5 1  has no significance at this abnormal setting 
of R 1 5 6) .  Then readjust R5 to  increase the input 
signRl by 5 db and adjust R 1 5 6  to the position at 
which the low signal again drops out . Again read­
j ust R5 to increase the signal by an additional 1 0  
d b  and clamp the knob i n  this position . 

Pot ent iometer R 1 2 ,  where applicab le, in the oscil­
l ator and mixer should be set for 0 . 3  volt , measured 
with an a-c VTVM connected bet ween TP1 1 and 
terminal 18 on the circuit board ( ground terminal of 
voltmeter ) .  A frequency counter can be connected 
to the same point s for a check on the frequency , 
which should be 20kHz above the channel frequency . 
The frequency is fixed by the crystal used ,  except 
that it may be changed a few cycles by the value of 
capacitor C l 2 .  Reducing C l 2  increases the fre­
quency , but the capacity should never be less than 
a value that insures reliable starting of oscillation . 
The frequency at room t emperat ure is usually 
several cycles above the crystal nominal frequency 
as this reduce s the frequency deviation at the 
temperature extreme s .  

The adjustment o f  the amplifier and limiter i s  made 
by potentiometer R52 .  An oscillosco pe should be 
connected from the base of transistor Q54 to ter­
minal 1 8  of the limiter .  With 3 mv.  of b lock frequency 
on the receiver input (R5 at zero) ,  for narrow b and 
receivers or 10 mv for wide band receiver s ,  R5 2 
should be adjusted to the point where the peak s  of 
the oscilloscope trace begin to flatten.  This should 
appear on the upper and lower peaks at approximate­
ly the same setting. 

Adj ust ment of the discriminator is made by cap­
acitors C83 and C88 . In  order to offset the dis­
crimi nator by 25 Hertz in the Trip direct ion , apply 
to the receiver input a 5 m v .  signal taken from an 
oscillator set at fc-25 Hertz ( R5 at zero).  Connect 
a 1 . 5 -0-1 . 5  milliammet er in the circuit at J1 and a 
VTVM across R84 . Adjust C88 for zero current in 
the milliammeter and C83 for maximum volt age 
across R84 , rechecking the adjustments alternately 
until no further change is ob served. Remove the 
VTVM from across R84 and observe the milliammeter 
reading as the oscillator frequency is varied . Posi ­
tive and negative peaks should occur at fc + 7 5  
Hertz a n d  fc- 1 2 5  Hertz,  with the latter peak being 
20% or 25% lower than the former because of diode 
D84 in the Trip output pat h .  

I n  case a che ck is desired o f  any of t h e  delay times 
of the re ceiver ( s uch as channe l  t ime ) ,  this can be  
done most conveniently by means of an  oscillo­
s cope with a calibrated triggered sweep.  A two-pole 
toggle switch , che cked to have less than 1 m s .  
interval between pole closures , can b e  used t o  
impress the signal and trigger the swee p .  

M A I N T E N A N C E  

Periodic checks of the receive d carrier s ignal and 
the rec eiver sensitivity will detect gradual deteriora­
and permit 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 
che ck 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 drop out the alarm relay .  If t here 
is a subst antail reduction in margin, the signal 
voltage at the receiver input should be checked to 
see whether the reduction is due to loss of signal 
or loss of receiver sensitivity. 

All adjustable components on t he printed c ircuit 
boards are accessible when the door on the front of 
the pane l is opened.  ( An offset screwdriver would 
be required for adjusting R 1 2 . )  However, as des ­
cribed under " CONSTRUCTION " ,  any board may 
be made entirely accessible while permitting elec­
trical operation by using board e xtender Style No . 
6HB3 1 5G0 1 .  This permits att aching instrument 
leads to the various test points of terminals when 
making voltage , oscilloscope or frequency checks . 

It is advisable to record voltage values after ad­
justment in order to establish reference values 
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T Y P E  TC F P OW E R  L I N E  CAR R I E R  F R EQU E N CY-SH I F T R E C E I V E R-------------------

which will be useful  when checking the apparatus .  
The readings wil l  remain fairly constant over an 
indefinite period unless a failure occurs.  However ,  
i f  transistors are changed,  there may be consider­
able difference in these readings without the overall 
performance being affected .  

Typical voltage values are given i n  Table I and II .  
Voltages should be  me asured with a VTVM. Some 
readings may vary as much as + 20%. 

T A B L E  I 

R E C E I V E R  D - C M E A S U R E M E N T S 

Not e :  All volt age readings taken with ground of d-e 
VTVM on terminal 9 (ne g .  d . c . ) .  Receiver adjusted 
for 1 5  db operating margin with Guard signal down 
50 db from 1 watt and Trip signal down 4 0  db.  Un­
less otherwise indicated,  volt age wil l  not vary 
appreciably whether signal is Guard, Trip or zero . 

Col lector of Volts 
Tran sistor ( +) 

Q1 1 < 1 3  
Q 1 2  1 5  ( Block o r  Unblock) 
Q13 1 5  (Block or  Unblock) 
Q3 1 2 . 5  
Q3 2 2 .5 
Q5 1 1 1 .5 
Q52 1 2  
Q53 1 5 . 5  
Q54 2 .5 
Q8 1 < 1 ( No sig. or Trip) 
Q8 1 1 9 . 5  ( Block) 
Q82 < 1 ( No sig. or Block) 
Q82 1 9 . 5  (Unblock) 
Q 1 0 1  < 1 ( No sig. or Unblock) 
Q 1 0 1  7 (Block) 
Q102  2 1  ( No signal) 
Q102 < 1 ( Bl ock or keyed unblock) 
Q 1 03 < 1 ( No signal) 
Q 1 03 1 0  (Block o r  keyed unblock) 
Q 1 05 40 (No signal ) 
Q 1 05 < 1 (Block or unblock) 
Q 1 06 15 (No Sig . or Block ) 
Q 1 06 < 1 ( Unblock) 
Q 1 07 < 1 ( No sig. or Block) 
Q 1 07 15 ( Unblock) 
Q 1 08 45 ( No sig . or Block) 
Q 1 08 < 1 (Keyed Unblock) 
Q 1 1 1  1 5  ( No .  sig. o r  Unblock ) 

8 

Q1 1 1  < 1 ( B lock) 
Q 1 5 1  6 ( No signal ) 
Q 1 5 1  6 ( Block) 
Q152 9 .8  ( No Signal ) 
Q152  10  ( Block) 
Q 1 53 < 1 ( No Signal) 
Q1 53 1 9  ( Block) 
Q 154 4 5  (No signal) 
Q 1 5 4  < 1 (Block) 
Q1 8 1  through Q184•See truth table in Fig . 3 .  

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

T A B L E  I I  

R E C E I V E R  R F  M E A S U R E M E N T S 

Not e :  Voltmeter readings t aken 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 .  

Collector of Volts ( 1  Volt s ( 10 
Transistor watt-Guard) watts-Trip) 

Q32 . 25 . 8  

Q5 1 . 3  . 9  

Q52 .4  . 65 

Q5 3 2 . 1 2 . 2  

Q54 4 : 8  4 : 5  

R E L A Y  M A I N T E N A N C E  A N D  

A D J U S T M E N TS 

When the AL relay is supplied i ts contact s should 
be cleaned periodically. A contact burnisher 
S1t 1 8 2A838H01 is recommended for this purpose . Th e 
use of abrasive m aterial for cleaning contacts is not 
re commended , because of the danger of embedding 
sm all particles in t he face of t he soft silver and 
thus impairing t he cont act . Care must be t aken to 
avoid distorting the cont act spri ngs d uring burnis hing. 

These relays have been properly adjusted at the 
factory to insure correct operation , and under normal 
field conditions they should not require readjust­
ment . If ,  however ,  the adjustments are disturbed in 
error , or if it becomes necessary to replace some 
part, the following adjustment procedure should be 
used . 
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T Y P E  TC F POW E R  L I N E  C A R R I E R  F R EQU E N CY-SH I F T R EC E I V E R  ______________ 
_:I.:.:. L:.:.·...:4:...:1....:-9....:4.:.5:..:.5:.:.:6B 

In the AL relay the armature gap should be ap ­
proximately 0. 004 inch with the armature closed .  
This adjustment i s  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 contacts . 
The relay should pick up at approximately 35 volt s .  

F I L T E R  R E S P O N S E  

M E A S U R E M E N T S  

The input filter (FL1 ) or FL201 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 Figure 23 
can be used in case there is reason to suspect that 
either of the filters has b een damaged . 

Fig. 4 shows the �3 db and -60db check points for 
the crystal filters.  The response curve of the IF 
filter shows the combined effect of the two section s ,  
and was obtained by adding the attenuation o f  e ach 
section for ident ical 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 3 db 
max imum 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 frequency of minimum attenuat ion should not 
b e  more than 22db below the reading of VM1 .  It 
should be noted that a limit measured in this manner 
is for convencience only and does not indicate 
actual insertion loss of the filter.  The insertion 
loss would be  approximately 1 6db less than the 
me asured difference because of the input resist or 
and the difference in input and output impedances 
of the filter.  

Because of the extreme frequency sensitivity of the 
cryst al filter,  the oscillator used in its test circuit 
should have very good frequency stability and a 
close vernier control .  The oscillators used for 
factory t esting have special modifications for this 
use . A value of approximately 1 0 db ( 2 .4 5  volts)  is 
suitable for the constant voltage at which to hold 
VM1 throughout the check. The reading of VM2 at 

the frequency of m inimum attenuation will vary 
somewhat with the channel frequency but should 
not be more than 1 1db below the reading of VM1 .  
(The filter insertion loss is approximately 6db less 
than the difference in reading s . )  

C O N V E R S I O N OF R E C E I VE R  F O R  

C H A N G E D  C HA N N E L  FR E Q U E N C Y  

The part s required for converting a TCF receiver 
for operating on a different channel frequency con ­
sist of a new filter ( FL2 0 1  ) ,  a new local oscillator 
crystal ( Y 1 1 )  and probably a different feedback 
capacitor (C1 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 procured and the  filter 
has be en complet ed , it is recommended that the 
re ceiver be returned to the factory for the conversion 
and for complete test and adj ustment . 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 ec;uipped for this 
work.  

R E C OM M E N D E D  T E S r  E Q U I P M E N T  

I .  Minimum Test Equipment for Installation. 

a.  A-C vacuum Tube Voltmeter ( VTVM) .  
Voltage range 0 . 003 to 30 volt s ,  frequency 
range 60 Hz to 330 kHz , input impedance 
7.5 megohms . 

b .  D-C Vacuum Tube Voltmeter (VTVM ) .  

Voltage Range :  1 . 5  to  300 volts 

Input Impedance :  7 . 5  megohms 

c. Milliammeter, 0-3 range ( if rec e iver has 
carrier leve l indicator ) .  

II . Desirable Test Equipment for 
Apparatus M ainten ance 

A.  All  items listed  in I .  

b .  Signal Generator 
Output Voltage : 
Frequency Range : 

c .  Oscilloscope 

d .  Frequency counter 

e. Ohm meter 

f. Capacitor checker 

up to 8 volts 
20-kHz to 3 3 0-kHz 

g. Milliammeter, 0-1 . 5  or preferab ly 1 . 5-0-1 .5  
range ,  for checking discriminator .  
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T Y P E  T C F  P O W E R  L I N E  C A R R I E R  F R E Q U E N CY-SH I F T  R E C E I V E R  ___________________ _ 

1 0  

Some of the funct ions of the recommended t est 
equipment are combined in the type TCT carrier 
t est 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 E W A L  P A R T S  

Repair work can b e  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 order ing parts ,  always 
give the complete nameplat e data, the e le ctri cal 
value , style number ,  and ident ify the part by its 
designat ion on the Internal Schematic drawing . 
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TYP E T C F  POW E R  L I N E  CA R R I E R  F R EQU E N C Y -SH I F T  R E C E IV E R  

FOR 3D - 200KHZ ,------==-:_-===--==-:.:--
/ 

I ,  
I I 

OSC I l l �  1 0 '  

I � -?_ l _  - - - - - - - - - - - - - -

I 

�- - - - - - - ·- ·- - - - - ·- - - - - -- _ _ : 1�_!..0CI6�GO 1 ' - I J I 

Jl 

(loS VlfijED FAON REAR Of PAHL) 

VOLTS OC 

1 � .  �0 
"' '" 
'" 500r. 

12S/2SO '"'" '"'" 

,��� I 
MOT(S: 

- ?OTT tO l l  M£S E�CLOSE CQI>!PQM(�TS ON 
PRJMHD C i �( U I T  BOAR�S OR OTHER S\18-ASSY. 

1'!- - f<OUMTEO OM LARGE KEAT SIMlS 

(/) • COM!'OM TH�IUL 
Q - Y\1 aMGE - C,O TO 320 KHZ 
6, .  OH OR f�O C�P�CITORS AS DHE��IM£0 IN TEST 

[X] .  HCIO;il CO�Mi: C T I CMS AR£ fOR 2SO�OC 
CUSTO'<H TO ��--�SS R3 1 R8 FOR 12SVOC 

'Y . (11 �UG( -1 TO HOH AS RtQ'O. BY FREQUENCY 
AND CRYSTAL CHtHCTH ISTICS 

• •  C l f  UHG£ 22 TO IOOPf AS REQ'O.  Sl FUQUEMCY 
AMO CRYSHl CHUCACTH ISTICS. 

Q • 200.1 TO 300K�1 I N T .  SCH. 7156662 APPliES 

I _ 

_i i!_1 0C I 6 1 G O I  __ 

�------�-�--
lOGIC 

� "'" 
I • 

'- �,.� _ _  f_Ef_ 
I 
I 
I _ _ _ _ _ _  _ 

Fig. 1. a) Internal Schematic of the Type TCF Receiver lor ST 
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OSCI LLATOR AND MIXER 

COM PON ENT STYLE REQ.  

TRANSISTOR 
Ql l -Ql2-Q l 3  84 9A44 1 H03 3 

R ESISTOR 

Rl5-R22 1 84A763H l 5  2 
R 1 4 -Rl 8-R l 9  1 84A763 H3 9 3 

Rl3 1 84A763H45 1 

R l l -R l 6-R2 0-R23 1 84A763H5 1 4 

Rl 7-R2 1 1 84 A763 H63 2 
R24 1 84A763H83 1 
R25 1 84A763 H43 1 

CAPACITOR 

C l l -C l 3 -C l 7  1 87A624H02 3 
C 1 4 -C l 5  1 87 A624 H 04 2 
C l 2  See Note 'f 
C 1 6  See Note + 

POT ENT IOME T E R  

R l 2  629A43 0H02 1 

TRANSFORME R 
T l l  2 05C043G0 1 1 

T l 2  205C043G03 1 

CRYSTAL 

Y l l  See N ote • 
'f C l 2  Range 4 t o  3 90pf as required by frequency and crystal characterist ic s .  
• C l 6  Range 22 to 1 00 pf . As required by frequency and cryst al characteristics . 
• Yl l R ange -50 t o  2 2 0  KHZ . 

OTH E R  
COM PON ENT S T Y L E  R E Q .  

RESISTORS 
Rl 1 2 02 5 87 2 

R2 04D l 2 99H44 A 1 

R2 1 2 02499 • 1 

R2 763 A963H01  D 1 

R2 M Ell 1 
R3 1 2 02499 • 1 
R3 629A843H03 D 1 

R3 M Ell 1 

R4 1 8 7A643H03 1 

R5 1 85A086H l 0  1 

R6 1 84A763H5 1 1 

R8 1 202 587 1 

CA PACI TORS 
Cl 1 877962 

C2 1 877962 
Z E N E R  DIODES 

VRl (IN2828B) 1 84A854H06 1 

VR2 - VR3 (IN2 984B) 762A63 1 H01 2 
D IODES 

CR2-CR1 (IN3 027A) 0 1 88A3 07H07 
CHOKE 

L l - L2 I 292B096G02 2 I 0 M S e e  Sheet 1 .& For 4 8 V  Suppl y + For 1 25V Supply D For 250V Supply 

R E F .  

2N4249 

3 3 0  D Yzw ±5% 
3 .3 K  VzW ±5% 

5 . 6K Vzw ±5% 

l OK VzW ±5% 

3 3 K  Vzw ±5% 
220K Vzw ±5% 
4 . 7K Vzw ±5% 

. 2 5  MFD 200V 
1 MFD 200V 

1 000 D 

1 0 ,000/4 00 

2 5 , 000/3 00 

R E F .  

400 D 25W ±5% 

2 6 . 5 0 4 0W ±5% 

1 5 0 D 4 0W ±5% 

300 D 5 0W ±5% 

300 D 5 0W ±5% 

1 5 0  D 4 0W ±5% 
5 00 D l OOW ±5% 

500 D l OOW ±5% 
1 00 .\ 1  lW ±5% 

l OK 2W ±5% 

l OK Vzw ±5% 
400 D 25W ±5% 

0 . 5  MFD 1 5 00V 

0.5 MFD 1 500V 

45V 50W ±5% 

20V l OW ± 5% 

20V lW ±5% 

1 . 5 to 2.0 mH 
Efi For 1 25/250V Supply 

1 5  

I www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I F  AM P L I F I E R  
C O M PON E NT STY L E  

TRANS ISTOR 
Q3 1 - Q3 2 849A4 4 1 H03 

R ESISTOR 
R34 - R4 1 1 87A2 90H2 1  
R3 6 1 84A763 H 1 5  
R33 - R4 0 1 84A 763 H23 
R3 8 1 84A763 H27 
R3 1 - R37 1 84A 763 H3 9 
R35 - R4 2 1 84A763 H5 1 
R32 - R3 9  1 84A 763H5 9  

CA PACITOR 

C3 1 - C32 - C33 - C35  1 87A624 H02 
C34 1 87A624 H04 
C 3 6  762A75 7H0 1 

F I LT E R  
FL-2 762A75 7H0 1  

CA RR I E R  L E V E L  INDICATOR 
C O M P ON E N T 

T RANSISTOR 
Q 1 5 1  - Q 1 52 - Q153 

Q154  

R E SISTOR 
R 1 5 1 -R 1 68 

SENSISTOR - R 1 5 2  
R 153 

R 1 54 
R 1 55 - R 1 5 9  
R 1 5 7  - R 1 5 8  

R 1 60 

R 1 6 1  
R 1 62 - R 1 63 

R l 64 

R 1 65 

R 1 67 

R 1 7 1  
R 1 70 

R 1 69 

POT ENT IOME T E R  
R 1 56 

T H E RMISTOR 

R 1 66 

CAPAC ITOR 
C 1 5 1  - C152 - C l 54 To C 1 5 8  

C 153 

C 1 5 9  

DIODE 
D l 5 1  To D l 56  - D l 58  
Dl 57 

T ELE PHON E  JACK 
J l 5 l  

. A 11. w + 5o/< Except 
N OTE : All Re s lst ors re 12 - o 

S T Y L E  

849A4 4 1 H03 

1 84A63 8 H l 9  

1 84A763 H5 1 
1 87A685H01  
1 87A763 H 1 1 

1 84A763 H3 9  

1 84A763H55 
1 84A763 H43 

1 84A763 H2 1 

1 84A 763H29 
1 84A763H09 
1 84A7 63 H l 9  

1 84A763H27 

1 84A763H57 

1 84A763 H07 
1 84A763H23 
1 84A763 H03 

62 9A645H07 

1 85A2 1 1  H08 

1 8 7A624H02 

1 87A624H04 

1 84A66 1 H 1 6  

1 84 A855H07 

l 1 82A881H07 I 
\ 1 87A606H01 I 

as not ed . 

R E Q .  R E F . 

2 2N4249 

2 68 .\) Yzw ±5% 
1 3 3 0  .\) Yzw +5% 
2 680 .\) YzW ±5% 
1 1 K  Yzw ±5% 
2 3 . 3K Yzw ±5% 
2 1 0K Yzw ±5% 
2 22K Yzw ±5% 

4 . 25 MFD 200V 
1 1 MFD 200V 
1 1 00pf 

1 

R E Q .  R E F .  

3 2N4 249 

1 2N699 

2 1 0K 
1 2 . 2K �4W ± 1 0% 
1 220 .\) 
1 3 .3K 
2 1 5 K  
2 4 . 7K 

1 5 6 0  .\) 
1 1 . 2K 
2 1 80 .\) 
1 4 7 0 0 

1 1 K  
1 1 8K 
1 1 5 0  .\) 
1 680 .\) 
1 1 00 .\) 

1 2 . 5K 

1 ID201 

7 . 2 5  MFD 200V 

1 1 MFD 2 00V 

1 2 2 MFD 3 5V 

7 IN457A 

1 IN 1 00A 
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OUT PUT 

COMPON E NT STYLE R E Q .  R E F .  

T RANSISTORS 
Q1 8 1 -Q1 82-Q1 83-Q 1 84 849A44 1 H 0 1  4 2N3645 

R ESISTORS 
R 1 8 0-R 1 83-R186-R 1 89-R 1 92 1 84 A763H5 1 5 1 0K YzW ±5% 

R 1 82 1 84A763H59 1 22K Yzw 
R 1 85 1 84A763 H57 1 1 8K Yzw 
R 1 91 1 84A763 H4 7 1 6 . 8 K  YzW 
R 1 88 1 84A763H49 1 8 . 2K YzW 
R 1 84-R1 87 -R1 90-R1 93 629A53 1 H78 4 82K Yzw 
R 1 94 -R 1 95-R 1 96-R 1 97 762A679H01 4 1 50 D 3W 

R 1 8 1  1 84A85 9H 1 5  1 2 . 2 K  3W 

DIO Z E N E R  
Z 1 8 1 -Z 1 8 2 -Z 1 83 -Z 1 84 862A288H01 4 IN3 6 88A 

DIODE 
D 1 8 1 -D 1 82-D 1 83 -D 1 85 -D 1 86-D 1 8 7-D 1 88-D 1 89 83 7A692H03 8 IN645A 

LOGIC 
COM PON ENT STYLE R E Q .  R E F .  

TRANSISTORS 
QlOl 849A44 1 H03 1 (2N4249)  

Q1 02-Ql 1 1  762A5 85H01 2 (2N696) 

Q 1 03 1 84A63 8H l 8  1 (2N697) 

Q1 05 -Ql 06-Ql 07-Ql 08 1 84A63 8H l 9  4 (2N699) 

R ESISTORS 
R l l O  1 87A643 H5 1 1 10K lW ±5% 

R1 1 1  1 84A 763H3 9 1 470 �2W ±5% 

R l 2 3  1 84A763 H5 7 1 1 8K YzW ±5% 

R l 3 6  1 84 A763H3 9  1 3 .3K YzW ±5% 

R 1 3 1  1 84A763 H53 1 1 2 K  YzW ±5% 

Rl 05-R l 26-R l 1 6-R1 1 8-R 1 2 7-Rl 2 8-R1 34-R135 1 84A 763 H5 1 8 l OK YzW ±5% 

R 1 07 1 84A763 H5 7 1 1 8K Yzw ±5% 

R 1 04 1 84A763H 6 1  1 27K Yzw ±5% 

R 1 02-R l 3 0-R l 3 2  1 84 A763H63 3 33K YzW ±5% 

R 1 0 1 -R l 06 1 84A763H65 2 39K Yzw ±5% 

R l 08 ' 1 84 A763H69 1 56K Yzw ±5% 

R l 1 5  1 84A763H73 1 82K Yzw :<::5% 

R l 1 9  1 84A763H75 1 l OOK YzW ±5% I 

R l l 3  1 84A763 H9 1  1 4 70K YzW ±5% 

R 1 22-R l29-R l 3 3  1 84A763 H 7 1  3 68K YzW ±5% 

R l 3 8  1 84 A763H55 1 15K YzW ±5% 
R 1 20 1 84A763H59 1 22K Yzw ±5% 

CAPACITORS 

C l O l 1 84A661 H 1 2  1 4 . 7K 1 0% 
C l 02 1 84A66 1 H25 1 6 . 8  MFD 

C l 03 1 87A624 H l l 1 .5 MFD + 1 0% 
<;; 1 05 1 84A663H02 1 . 05 MFD 5 0V 

D IODES 
D 1 1 4 1 82A881 H07 1 IN1 00A 

D 1 0 1 -D l  02-Dl 06-D 1 07-Dl 09-D 1 1  O-D 1 1 5 -D 1 1 6 1 84A855H07 8 IN457A 
DIO Z EN E R  

Z l 05 1 85A2 1 2 H06 1 IN3 686B 
Z l 04 1 8 6A797H06 I 1 IN95 7B 
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AMPLI F I E R  AND L I MI T E R  
C O M P O N E NT I S T Y L E  R E Q .  R E F .  

TRANSISTOR 
Q5 1 -Q52 -Q53 -Q54 I 84 9A4 4 1 H03 4 2N4249 

R ESISTOR 
R66 1 87A2 90H2 1 1 68 .\) YzW ±5% 

R55 1 87A2 90H 1 1  1 27 .\) YzW ±5% 

R70 1 84A763 H l l 1 2 2 0  .\) YzW +5% 

R72 1 84 A  7 63 H 1 5  1 3 3 0  .\) YzW + 5% 

R65 1 84A763 H23 1 680 .0 1/zW ±5% 

R5 9 1 84 A  763H3 1 1 1 . 5 K  YzW ±5% 

R54 -R62 1 84 A763H35 2 2 . 2 K YzW ±5% 

R64-R68 1 84 A763 H3 7 2 2 . 7K YzW ±5% 

R5 1 -R5 7-R6 1 -R67 1 84 A763H43 4 4 . 7K YzW +5% 

R5 6 1 84A763H5 1 1 1 0K YzW +5% 

R69 1 84 A763 H5 7 1 1 SK YzW + 5% 

R53 -R5 8 1 84 A763 H6 1 ·2 2 7K Yzw ±5% 

R63 1 84A763 H63 1 33K YzW ±5% 

R7 1 09 D 83 2 6G20 1 1 0 0  .\) YzW + 2% 

R60 1 84A763H09 1 1 80 .\) Yzw + 5% 

R73 6 2 9A53 1 H02 1 5 6 .\) YzW ± 2% 

CAPACI T OR 

C54 1 87A5 84H15 1 1 3 0 0 MMF 5 00V 

C 5 1 -C5 2 -C56-C58-C 5 9  1 87A624H02 5 . 2 5  MFD 200V 

C53 -C55-C5 7 1 87A624H01 3 0 . 1 MFD 2 00V 

C60 1 8 7A624 H04 1 1 . 0  MFD 2 00V 

D IODE 
D 5 1 -D5 2 -D53 1 84 A855H07 3 IN4 5 7A 

POTENT IOME T E R  
R:i 2 6 2 9A645H04 1 1 K  

D ISCRIMINATOR 

C O M P O N E N T  S T Y L E  R E Q .  R E F .  

TRANSISTOR 

QS 1 -QS2 849A4 4 1  HOl 2 2 N3 64 5 

R ESISTOR 
R8 1 -R82 1 84 A  763 H3 8 2 3 K  YzW ±5% 

R83 -R84 1 84 A763H35 2 2 . 2 K  YzW ±5% 

R85 1 84A763 H l l 1 220 .\) Yzw ±5% 

R87 1 84A 763 H53 1 1 2K YzW ±5% 

SENSISTOR 

R86 1 87A685 H03 1 1 . 2 K  Y4W ± 1 0% 

CAPACITOR 

C 8 1 -C 82-C90-C 9 1  762A703H01 4 . 2 2  MFD 5 0V 

' C 83-CSS 762A73 6H02 2 4 . 5  To 1 00PF 

C 84 -CS9 1 87A624 Hl 6 2 . 0 09 1 MFD 200V . 

C 8 6  1 87A684HOS 1 1 00 PF 

C 85 -C87 See Not e  o 

DIOD E  I 

D81 -D82-D84 1 84 A855H07 3 IN4 57A 

1 84A855H l 2  2 IN628 
D 85 -D 86 

T RANSFORME R 
606B533G01  1 

T 8 1 
606B533G02 1 

T 82 

o One or Two Capacitors Used . Values D etermmed m Test . 20 www . 
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TY P E  TCF P O W E R  LIN E CA R R I E R  F R EQU E NCY-SH I F T  R E C E I V E R
----------------------

I 2 3 4 5 6  

I I I I I I 
7 8 9 1 0 1 1  1 2  - - ·- - - -It l i  l i lt l l li 

� � � � � �  
(AS VIEWED FROM RfAR OF PANEL) 

1 2 5  1 5_Q_[j__ 
250 soon 

r 2s/2so soon 

OSCI LLATOR AND KIXlH (1 
A_ -�-- ----------

� J '±C'"'""'- J l -· 

J -�� ---_j ��-0 

NOTES: 

� - KOU�HD ON LARGE HEAT SI�KS 

(/) - COI<.'ION TERKINAL 
G - Y I I  RANGE - 50 T0 32D KHZ 

1:;,. - OHE OR ThO CAPACITORS AS DEHRKIH£0 I N  TEST 

;.<.... - FACT0RY C0NNECTIONS ARE FOR 250VOC 
CUS TOI�ER TO 8 Y-PASS R3 � R B FOR I 2 'i V DC 

... - C I 2 RANGE 4 T0 390PF AS REQ'O. SY FREI{UEHCY 
AND CRYSTAL CHARACT E R I S T I C S  

- C I 6 RAHGE 22 TO IOOPF AS REQ'0.  BY FREQUEMCY 
AHO CRYSTAL CHA�ACrER I S T I C S .  

• - 200 . 1  TO 300KHZ I H T ,  S C H .  7 1 53662 APPLIES 

A - APPLIES FOR UNDER 200 �HZ 

LOGIC 

0 Fig. 2. Internal Schematic of the Type TCF Receiver lor STU Uni 
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AMPLi f i E R AI.D L I M I T E R  

·>--t---+---1---_:_...2 1 I T R I P  

.._..---'">>--+--4__j, I· 
___ _,_:�:::t:::�:::j:::::::::::::::� :"11 LOW S I GMAi. 

[ 23 MOISE �r-t---+---��"'24: CHECXBAC� 

I 
I 
I 
I 

------·- --- -- �---�i> 7 RfGLilHED 4 C \'rC POS 
L -

�

�
LI

_

-----·----1----- I> 4 :  POS o.c IHPUT 

�� I
I � SEE TABLE ++ � , ·GROUND' 

CHASSI S I I 
� l �- GROUHO I I 

t2 C2 �· � '"' I I -T ���--�� ------�----='"!��� : I I I  =����,�:· �� "" " "'"' 
L_---------�'�'"�'"�'"'�"�'------=======:J� I , 1 - - - � 

------·----------1.1 l:>:r.;;\c-J L�J U 
(l-J MA 

C . L . I , METER 
( J Ul� P £R J 1 8  TO J 19 1 F 
METER IS NOT USED) 

lock - 3 Frequency Operation - Si l icon Tran s i stor Vers ion 

I . L. 41-945.568 

1 3 5 0 F 5 2  
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OSCI LLATOR AN D M IXER 
COMPONENT STY LE R E Q .  

r--
TRANSI STOR 

-- - --�---· -- - - - -- -------- --- -
Q1 1 -Q1 2-Q1 3 

-----· ·- -- - - ---- - - --- - - ------ · - - -�--- - - - ·----·- -------�-=r��A44 !l!_03 
_ _l___ 3 

RESISTOR r------- --�---
R 1 5 -R22 -----
R 1 4 -R 1 8-R1 9 --

R 1 3  
- - --- ·- ----- --- - --- --------� ----- - ---

R1 1 -R1 6-R20-R23 �-----�--- ---- ------- ------ --- - -�--- -- - - - -

R 1 7-R2 1 -- -· 

R24 -------
R25 

CAPACI TOR 

1 84A763H15  

1 84A763H3 9  r--
1 84 A763H45 

----�---· 

1 84A763H5 1 ---· ·-------

1 84 A763 H63 

1 84 A763 H83 
--�--------

1 84A 763 H43 

- - �� -- -- - - - ·  - - - - -- - ----�-- - - ·� ---�- - · -------- .--------�--
C 1 1 -C 1 3  -C 1 7 1 8 7A624H02 

C 1 4 -C 1 5  1 8 7A624 H04 

C 1 2  See Note T 
C 1 6  f-----�-�-- See Note • 

POT_ENTIOMETER 
R 1 2  6 2 9A43 0HQ2 �-

TRANSFORME R 
T1 1 205C043G0 1 

T 1 2  205C043 G03 

CRYSTAL 

Y l l See Note 0 --- -- - -

2 

3 

1 

4 r--
2 

1 
r------� 

1 

3 

2 

1 

1 

1 

1---

T C 1 2  Range 4 to 3 90pf as re quired by frequency and crystal characteristic s .  
• C 1 6  Range 22 to 1 OOpf. as required by frequency and crystal characteristics . 
0 Y 1 1  Range -50 to 2 2 0  KHZ 

O T H E R 

COM PON E NT STY LE R E Q. 
1-- -

RESISTORS r---------�--·-------- --�-
R1 1-------
R2 

-- --�---- -----·-

R2 

R2 �-

R2 

R3 

R3 

R3 

R4 
R5 
R6 

-------���---

R8 
- ------

CAPACITORS --- ---- ----------
C 1  

- - ------ - - - ----- -------- -----
C2 

Z E N E R  DIODES ------· ----- ··- -· -- -- -

VR1 ( IN282 8 B )  --�-

VR2 - VR3 ( IN2 984 B )  --��--

DIODES -- ----�-

CR2 - CR 1 (IN3027A) 

CHOK E 
L1 - L2 ---· 

D IODES 
--- -- - - -

D l  
N See Sheet 1 " For 4 8V Supply 

1 2 025 8 7  2 

04 D 1 29 9H44& 1 

1 202499 • 1 

763A963H01 o 1 

I><J Ell 1 

1 2 02499 • 1 

62 9A843H03 o 1 
C><l Ell 1 

1 87A64 3H03 1 

1 85A086H 1 0  1 

1 84 A763H5 1 1 

1 2 02587 1 

1 8 77962 

1 877962 

1 84 A854H06 1 

762A6 3 1 H01 2 

0 1 88A3 07H07 2 

292B09 6G02 2 

I 83 7A692H03 I 1 I 
• For 1 25 V  S up ply o F'or 25 0V Supply 

R E F .  

2N4 249 

330 D Y2W ±5% 

3 . 3 K  1/zW ±5% 

5 . 6K YzW ±5% 

1 0K YzW ±5% 

33K Y2W ±5% 

2 20K YzW ±5% 

4 . 7K Y2W ±5% 

--
. 25 MFD 200V 

1 MFD 200V 

1 000 .\2 

1 0 , 0 00/4 00 

2 5 , 000/300 

R E F .  

4 0 0 fl 25W ±5% 

2 6 . 5 .0 4 0W ±5% 

1 5 0  D 4 0W ±5% 

3 00 .0  5 0W ±5% 

3 00 .0 s ow ±5% 

150 D 4 0W ±5% 

s oo D l OOW ±5% 

500 D l OOW ±5% 
1 oo n 1 W  ±5% 

1 0K 2 W  ±5% 

1 0K Y2W ±5% 

4 00 fl 25W ±5% 

0.5 MF'D 1 500V 

0 . 5  MF'D 1 5 00V 

45V 5 0W ±5% 

2 0V l OW ±5% 

2 0V l W  +5% 

0 1 . 5 to 2 . 0 mH 

IN645A I 
$ F'or l 25/250V Supply www . 
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I F  AMPLI F I ER 
COMPONENT STYLE REQ.  R E F. 

TRANSISTOR 
Q3 1 -Q32 849A4 4 1 H 03 2 2N4249 

R ESISTOR 
R34 '-R4 1 1 87A2 90H2 1 2 6 8 .0 Vzw ±5% 

R36 1 84 A  763 H 1 5  1 3 3 0  D Vzw ±5% 

R33 -R4 0 1 84A763H23 2 6 80 D Vzw ±5% 

R3 8 1 84 A763H27 1 1 K  Vzw +5% 

R3 1 -R37 1 84A763 H 3 9  2 3 . 3 K  VzW ±5% 

R35 -R4 2 1 84 A7 63H5 1 2 1 0K Vz W ±5% 

R3 2 -R3 9 1 84 A763H5 9 2 2 2 K  Y.lw ±5% 

CAPACI TOR 

C3 1 -C 3 2 -C 3 3 -C35 1 87A624H02 4 . 2 5  MFD 200V 

C3 4 1 87A624 H04 1 1 MFD 2 0 0V 

C3 6 762A757H01 1 1 00pf 

F I LT E R  
FL-2 7 62A757H01 1 

CAR R I E R  L E V E L  I N DICATOR 
COM PON E NT STYLE REQ. R E F. 

T RANSISTOR 
Q 1 5 1 -Q1 5 2 -Q1 5 3  84 9A4 4 1H 03 3 2N4249 

Q154 1 84 A6 3 8H 1 9  1 2N699  

R E SISTOR 
R1 5 1 -R 1 68 1 84A763H5 1 2 1 0K 

SENSISTOR - R 1 5 2  1 87A685H01 1 2 . 2 K  lJt W ± 1 Oo/o 
R 1 5 3  1 84A763H l l 1 2 2 0 .0 

R 1 54 1 84 A763H3 9 1 3 .3 K  

R 1 5 5 - R l 5 9  1 84 A763H55 2 1 5 K  

R 1 5 7 -Rl 5 8  1 84A763H43 2 4 . 7K 

R 1 6 0  1 84A763H2 1 1 5 6 0 .0 

R 1 6 1  1 84 A763H29 1 1 . 2 K  

R 1 62 -R1 63 1 84A763H09 2 1 8 0  D 
R 1 64 1 84 A7 63 H l 9  1 4 7 0 .0 

R1 65 1 84A763 H27 1 1K  
R1 67 1 84 A763H5 7 1 1 8K 

R 1 7 1  1 84 A763H07 1 1 5 0  D 
R 1 7 0  1 84A763H23 1 680 D 
R 1 6 9  1 84A763H03 1 1 00 D 

POT ENT IOMETE R  

R 1 5 6  I 6 2 9A645H07 I 1 I 2 . 5 K  

THERMISTOR 
R 1 66 1 85A2 1 1H08 1 ID2 0 1  

CA PACI TOR 

C 1 5 1 -C 1 5 2-C 1 5  To C 1 5 8  1 87A624H02 7 . 2 5  MFD 2 0 0V 

1 87A624H04 1 1 MFD 2 0 0V 
C 1 5 3  

C l 59 1 84 A6 6 1 H 1 6  1 2 2 MFD 3 5 V  

0\0DE '7 1N4 5 '7 A  
1 84 A855H0'7 

Dl51 To Dl56 - Dl5S 
1 82A881H0'7 1 IN 1 00A 

Dl51 \ J 
1 ELEPHO�E Jt..CK \ 1 87 A606H0 1  I 1 

1- Jl \ Except as Noted .  2 ljzW +5% 
NOTE:  All Resistors are - 8 www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
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""- - - - - - - , --- - -9 
I 

- -------------------------
i 

r - ,  

1 

I 

I 

I 

I 

I 

I 

I 

' ! ,, 

It[ 
I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .l.�i - - ��C�!£�1. 

COMPONENT STYLE REO REF I 
TRANSISTOR l 

Q 11-Q 12-Q 13 849A441H03 3 2N4249 . 
. 

RESISTOR 
R 15-R22 184A763H15 2 3300 1i2W +5% 

R 14-R 18-R 19 184A763H39 3 3.3K 1/2W +5% 
R 13 184A763H43 1 4.7 K 112W ±5% 

R 1 1-R  16-R20-R23 184A763H51  4 !OK 1.'2w +5% 
R 17-R21 184A763H63 2 33K l i2W ±5% 

R24 184A763H83 1 220K lt2.W +5% 
R25 184A763H43 1 4. 7K L'2W +5% 

CAPAC ITOR 
C 1 1-C 13-C 17 187A624H02 3 .25MFD. 200V. 

C 14-C l5 187A624H04 2 1MFD. 200V. -

C 12 SEE NOTE .. 
c 16 SEE NOTE . 

POTENTIOMETER 
R 12 629A430H02 1 10000 

TRANSFORMER 
T l 1  205C043G01 1 10.000/400 
T l2 205C043G03 1 25.000/300 

C RYSTAL 
Y 1 1  SEE NOTE o 

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

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

0 = Y 1 1  RANGE-50 TO 220 KHZ. 

2 6 4 C 8 5 5 

Fig. 7. Internal Schematic 30-200 kHz Oscillator 
ancl Mixer Silicon Transistor Version 
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r-�2� -����-----------------------9�---------i 

Q211  

C216 

I 
I 
I 
I 
I 
I �H �> 6 1 
I 
I 
I 
I 
I 
I 
I 
I 

..... - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _1�:b _j@.2.£.@�i] 

COMPONENT STYLE 
TRANSISTOR 

Q21 1  849A441H03 

R ESISTOR 
R211-R213-R215 184A763H51  

R212 184A763H27 
R214 184A763H37 
R216 184A763H49 
R217 184A763H34 
R218 184A763H07 
R219 184A763H I5  
R220 184A763H67 
R221 184!1763H83 
R222 184A763H43 

CAPACITOR 
C211  SEE  NOTE ... 

C212-C213-C215 184A663H04 
C214 SEE NOTE 0 

C 2 16-C217 187A624H04 
C218 187A624H02 

ZENER DIODE 
Z201 862A606H01 

INTERNAL CIRCUIT 
IC201 201C826H04 

TRANSFORMER 
T2 l l  7 148677001 
T212 205C043G03 

C RYSTAL 
Y l l  SEE NOTE 0 

"" =  C211  RANGES FROM lOOP!. TO 1,000Pf. 

REQ REF 

1 2N4249 

3 10K l/2W +5% 
1 lK� l/2W +5% 
1 . :2.7K 1/2W +5% 
1 8.2K 1/2W +5% 
1 2K 1/2W +5% 
1 1500 1f2W +5% 
1 3300 112W +5% 
1 47K 1.f2W +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 

l UA7 10C 

1 
1 

1 

0 = C214 IAAY VARY UP TO l O O P ! .  187A69 5 HOI THROU G H  H23 
0= Y l l  FREQUENCY EQUALS R ECEIVER !CHANNELl FREQUENCY 

PLUS 20 KHZ . 

Fig. 8. Internal Schematic 200 .5  - 300 kHz Oscillator 
an d Mixer Silicon Transistor  Version 

2 6 4 C 8 4 4  
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""' 
""' 

r - - 9A- - ----------- - - - - - - - - - - - - -� 
I I I I I I I I I 1 14 l I 7 I 

12 1 I TP31 > I 
1 4 

« � 1 .  rr I I 6 <.( + I I I I I I I 
!_---� � - - - - - - · - - - - - - - - - - - - - - L 429��G£! j 

COMPONENT STYLE 
TRANSISTOR 

031'-032 849A441H03 

RESISTOR 
"R34-R4l 187A29DH2 1 

R36 l-84A163H-15 
R33-R40 184A763H23 

RJ8 184A763H27 
R31-R37 184A763H39 
R35-R42 184A763H51 
R:i2-R39 184A765H59 

" -

1--" CAPAC ITOR 
(' � .  - " · "  C33-C3o 187A624H02 r--- � A  187A624H04 

CJ6 762A757H01 

FILTER 
FL2 762A613GO l 

1--- ----- ± ____ 

¢ = �OMMON TERMI NAL 

Fig. 9 Internal Schematic I. F. Amplifier - Silicon Trans istor Version 

REO -Ru 

2 " 2JM249 

_L I GSO ] 2W +5% 

I 

l :j3QO 112W ±5% 
2 " " 6800 l/2W ±5% 
f lK 1 12W ±5% 
2 3.3K 1/2W ::t5% 
2 !OK li2W +5% 
2 22K 1/z.w ::'::5% 

4 . 2 5 M FD. 200V 
l lMFD. 200V. 
1 100 Pf. 

1 

2 6 4 C 8 5 6  
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·"'- - - - - �6� - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 I I I I I I I 7 1 I f <' 14 C60 I I I TP55 5 ! I ()---...-- )> I <�-+--.... 

C59 

._ - - _:��--------- ----------------------����a.:_, 

C OMPO N EN T 
TRANSISTOR 

0 5 1-052-053-054 

RESISTOR 
R66 
R55 
R70 
R72 
R65 
R59 

R54-R62 
R64-R68 

R5 1-R57-R6 1-R67 
R56 
R69 

R53-R58 
R63 
R 7 1  
R60 
R73 

CAPACITOR 
C54 

C51 C52 C56-C58-C59 
C53-C55-C57 

C60 

DIODE 
D 5 1 - D52-D53 

POTENTIOMETER 
R52 

Fig. 10. Internal Schematic Amplifier and L imiter - Silicon Transistor Version 

STYLE 
849A44 1H03 

187A290H2 1 
187A290H 1 1  
184A763H l l  
184A763H 15 
184A763H23 
184A763H 3 1  
184A763H35 
184A763H37 
184A763H43 
184A763H5 1  
184A763H57 
184A763H6 1 
184A763H63 
09D8326G20 
184A763H09 
62 9 A 5 3 1 H02 

187A584H1& 
187A624H02 
187A624H01 
187A624H04 

184A855H07 

629A645H04 

R EC\ REF  
4 2 N4249 

1 680 1 12W ±5% 
1 270 1 '2W �S'Yo 
1 2200 1 '2W ±5% 
1 33011 "1 i2W �5% 
1 68011 li2W � 5% 
1 l.SK 112W ±5% 
2 2.2K 1 12W ±5% 
2 2 .7K 1 '2W ±5% 
4 4. 7 K  1 12W ±5% 
1 lOK 1 12W ±5% 
1 18K li2W ±5% 
2 27K l/2W ±5% 
1 33K li2W, ±5% 
1 10011 ...-t:2% 
1 1800 1 '2W. ±5% 
1 56 0 1/2W ±2% 

1 1300MMF. 500V. 
5 .25MFD. :200V. 
3 0. 1MFD.  200V. 
1 l.OMFD. 200V. 

3 "  1N457A 

1 1 K  

" "  

2 6 4 C 8 4 1  
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r - - - - - - - - - - ---"" -------- ---- "' - - - - - - - - - - - - - - - ,  
9 U 1 I � > I I I 081 I 

I 18 I I > 
I o82 I I I I I I ! T81 T82� 

( 
7 F ' 

I 
s I . C83 C84 

'r [J "' t �  
1 5  i 
J 

085 L!-I C90 

- C91 

''" 

a:l 

l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -��--� 

COMPONENT 
TRANSISTOR 

Q81-Q82 

RESISTOR 
R81-R82 184A763H38 
R83-R84 184A763H35 

R85 184A763H 1 1  
R87 184A763H53 

SENSISTOR I 187 A685H03 I R86 

CAPACITOR 
C81-C82-C90-C91 762A703H01 

C83-C88 762A736H02 
C84-C89 l87A624H l6 

C86 187A684H08 
C85-C87 SEE NOTE 0 
DIODE 

D81-082-D84 184A855H07 
085-086 184A855ffl2 

TRANSFORMER 
T81 6()6B533G0 1 
T82 606B533G02 

0 =ONE OR TWO CAPACITORS USED; VALUES 
DETERMINED IN TEST. 

2 3K l/2W .;±5% 
2 2.2K J/2W ±5% 
1 2200 1/2W +5% 

1 12K l/2W ±5% 

1 1 1.2K .l/4W ± 10"/j 
4 .22MFD. 50V. 
2 4.5 TO 100 Pl. 
2 .009 1MFO. 200V. 
1 lOOP!. 

3 1N457A 
2 1N628 

I .. I 
1 
1 

I I I I 
-· � 

£=FOR STYLE 410C l64G03 R-E:Vt:RSE START AND FINISH LEADS OF T82. 

2 6 4 C 8 4 2  

Fig. 1 1 . Internal Schematic Discriminator - Silicon Tran sistor Version 
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w o-

r-r·------------------,;r--=:1-r------r,,----� 
<�9 1 ffiml ' ' ' ' I n i _____.__, I r I I I I I I 

Q l54l I 
12 ! •> I I 

•> 
2 1 I 

((18 1 1 1 1 1 1 1 � 1 1 1 I I 1 I I I I (!99C388GO 2 ! L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Fig. 12. Internal Schematic Carrier Level lnclicator - Sil icon Transistor Vers ion 
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Fig. 13. Internal Schematic Logic Board - Sil icon Tran sistor Version 
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Fig. 14. Component Locations 30-200kHz Oscillator and Mixer Silicon Transistor  Version 
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Fig. 15. Component Locations 200.5 - 300kHz 
Oscillator and Mixer - Silicon Transistor Version 
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Fig. 16. Component Locations /. F. Amplifier ­
Silicon Transistor Version 
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Fig. 17. Component  Locations Ampl ifier and Limiter ­

Sil icon Transistor Version 

Fig. 18. Component Locations Discriminator -
Silicon Transistor Version 
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Fig. 19. Component Locations Carrier Level lnclicchor -
Silicon Transistor Version 

3 9  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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Fig. 20. Component Locations Logic Boarcl -
Silicon Trans istor Version 

Fig. 2 1 .  Component Locations Outp ut Printecl Circuit 
Boarcl - Silicon Trans is tor Version 
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Fig. 22. Outline ancl Drilling Plan for the Type TCF Receiver Assembly. 
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I. F. F I LT E R  TEST CIRCUIT CONNECT I O N S  

I N P U T  FILTER T E S T  Cl R C U  I T  CON N ECT I O N S  

8 7 7A 7 9 4  

A - W I D E B A N D R E C E I V E R  

849A1 09 
B - N A R R O W  B A N D  R E C E I V E R  

1 0  

Fig. 23. Test Currents for TCF Frequency Shift Receiver Filters 
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Fig. 24. Component Location - Buffered Keying Boarcl - for 3 Frequency Operation 
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TY P E  T C F  PO W E R  L I N E  CAR R I E R  F R E Q U E N C Y-SH I F T  R EC E I V E R-------------------

A D D E N D U M  

With shipments o f  sets starting in early 1 9 7 3 ,  the 
germanium transistors used in the various modules 
were replaced with silicon transistors.  In addition , 
due to the n ature of silicon t ransistors , some re­
sistor values in the circuits had to be  changed in 
order to correctly bias these transistors. Therefore 
the tran sistors are not replaceable on a pin for pin 
basis throughout the receiver. Before attempting to 
replace a germanium transistor with a silicon 
transistor on older sets using germanium, please 
check the schematics on the following pages which 
pertain to the older germanium transistor versions 
to see if the location where the replacement is de­
sired has additional component changes.  If that is 

42  

the case,  ,then the replacement can only be made by 
the same designation transistor or the additional 
component changes must also be made. It should be 
pointed out that the modules containing the silicon 
tran sistors are completely interchangeable with the 
modules containing germanium transistors. There­
fore,  there is no problem with intermixing the silicon 
t ransistor modules with the germanium transistor 
modules in the same receiver. Thus complete n ew 
modul es containing silicon transistors can be ordered 
and used as replacements in older receivers having 
germanium transistor modules. The n ew modul e s  
have t h e  same style numb ers a s  the o l d  germanium 
transi stor modules they replac e. 
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ELECTRICAL PARTS L I ST - GE RMAN I UM TRANSI STOR VERSIONS - P R10Ft l 973 

C I RC U I T  
SYMBOL 

C 1  

C 2  

C l l 

C 1 2-C 1 6  �--- --
C 1 3  

C 1 4  

C 1 5  

C3 1 

C32 

C33 

C34 

C35 

C5 1 

C 5 2  

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 1 0 2  

C 1 03 
C 104 

C l 0 5 

C 1 5 1  

C 1 5 2  

- - -

D E S C R I P T I O N  

CAPACI T O R S  

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

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

----�------ ·---- -- -

M et allized paper ;  0 . 25 mfd . ;  200 V . D . C .  
- -----�----------------- ---·- --- --------- - -

Mif'�I .  capacity a s  required; 500 V . D . C .  
- -

M etall ized p aper;  0 . 25 mfd . ;  200 V . D . C. 
-- - -

Metalli zed paper ;  1 . 0  mfd. ; 200 V . D . C .  
---

Metallized p aper;  1 . 0  rn fd . ; 200 V . D . C .  
-

M etallized paper; 0 . 2 5 rnfd . ; 200 V . D . C .  
--�-- - -- -

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

M etalli zed p aper;  0 . 2 'J rnfd . ;  200 V . D . C .  
--

Met allized pap er ;  1 . 0  
- ---

------ -

fd . ; 200 V . D . C .  
----- ---- -----

Metallized pap er ; 0 . 2:. mfd . ;  200 V . D . C .  
-

--- --

Metallized pap er ;  0 . 25 mfd . ;  200 V . D . C .  
-

Metallized p aper ;  0 .  25 mfd . ;  200 V . D . C .  
-

Metallized P <per ;  0 . 1 mfd . ; 200 V . D . C .  
- - -

Dur-Mica, 1 3 0 0  pf. ; 500 V . D . C .  

Metallized p ap u , 0 . 1 mfd. ; 200 V . D . C .  
-- -- - -· -----

Metallized p aper; 0 . 25 mfd . ;  200 V . D . C . 

Met allized p aper ; 0 . 1  mfd . ; 200 V . D . C .  

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

----

- - ---

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

M etallized p ap er ;  0 . 25 mfd . ;  200 V . D . C .  

Metallized p aper; 1 . 0  mfd. ; 200 V . D . C .  

Mylar ; 0 . 2 2  mfd . ;  5 0  V . D . C .  

Mylar; 0 . 22 mfd. ; 5 0  V . D . C .  
-

Variable;  4 . 5 - 1 00 pf. 

Polystyrene, 9 1 00 pf. ; 200 V . D . C .  

Temp. comp ensating; 1 50 V . D . C . ;  pf. as required 

1 00 pf. ; zero temp. coef. 

Temp .  comp ensating ; 1 50 V . D . C . ;  pf. as required 
-

Variable;  4 . 5 - 1 00 pf. 

Polystyrene; 9 1 00 pf. ; 200 V . D .C .  

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

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

Tantalum,  4.  7 mfd. , 3 5  V . D . C. 

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

Metallized p ap er ;  0 . 5  mfd . ;  200 V . D . C .  

Metallized p aper;  0 . 5  mfd . ;  200 V . D . C .  

Cerami c ,  0 . 05 mfd . ;  5 0  V . D . C .  

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

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

. -

-----

-

--

W E ST I N GH O U S E  
D E SI GN ATION 

1 877962 

1 877962 

- 1 87 A�4H02 

- ---

1 87A6 24H0 2 

1 87A624H04 

187A624H04 

187  A6 24H0 2 

187A6 24H0 2 

1 87 A6 24H0 2 

1 87A6 24H04 

1 87A624H02 

1 8 7 A6 24H02 

187A624H02 

1 87A6 24H0 1 

1 87 A584 H 1 5  

187  A624HO 1 

1 87 A6 24H0 2 

1 87A6 24H0 1 

1 8 7A624H0 2 

1 87 A6 24H0 2 

1 8 7A6 24H04 

76 2A703H0 1 

762A703H0 1 

76 2A7 36H02 

1 8 7  A624 H 1 6  

1 87A684H08 

76 2A7 36H02 

187A624 H 1 6  

76 2A703H0 1 

76 2A70 3H0 1 

1 8 4A66 1H 1 2  

1 84A6 6 1 H 2 5  

1 87A6 24H 1 1  

1 87A624H l l  

1 84A663H0 2 

187A6 24H02 

1 87 A624H0 2 
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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  F R EQ U E N CY -SHtF T  R E C E I V E R------------------

C I R C U I T  
SY M B O L  

C l 53 
C l5 4  
C l55  
C l5 6  

C l57 
C 158 
C 2 1 1 

C 2 1 2  
C 2 1 3  

C 2 1 4  --

C 2 1 5  
C 2 1 6  

C 2 1 7  

CR5 1 
CR52 
CR5 3 
CR8 1  
CR82 
CR83 
C R84 

CR85 
CR86 
C R lO l  

CR102  
CR103  
C R 1 0 6  

C R 1 0 7  

C R 1 0 8  
C R 1 0 9  
CR1 1 0  -

C R i l l  
CR 1 1 2  
CR 1 5 1  

C R 1 5 2  
C R 1 5 3  
CR 1 54 

C R 1 5 5  
C R 1 5 6  

CR l 
CR2 -

C R 10 4  
CR105 
C R 1 1 3  
V R l  
VR2 
Z201 

5 2  

E LECTR I CA L  PARTS L IST (Cont 'd . )  

D E S C R I P T I O N  

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

Metallized p aper ; 1 . 0  mfd. ; 200 V . D . C. 
Metallized p aper; 0 . 25 mfd. ; 200 V . D. C. 
Metallized paper; 0 . 25 mfd . ;  200 V . D . C .  
M etallized paper; 0 . 25 mfd . ;  200 V . C . C .  

Metall ized paper; 0 . 25 mfd. ; 200 V . D . C .  
Metallized paper; 0 . 25 mfd . ; 200 V. D . C. 
D urmica; 100  mmf to 1000 mmf 
Ceramic ; . 1  mf, 50 v . d. c .  
Ceramic ; . 1  mf, 50 v .d . c. 

-

D urmica; .56 mmf 
Ceramic; . 1  mf, 50 v. d . c .  
Metallized p ap er; 1 mf 

M etallized P aper; 1 mf 
D I OD E S - G E N E R A L  P U R POSE 

I N4 5 7A; 60 V . ;  200 MA. 
IN475A ;  60 V . ;  200 MA .  
IN457A; 6 0  V . ;  200 MA. 
IN9 1 ;  100 V . ;  150 MA. 
IN9 1 ;  100 V. ; 1 50 MA. 
IN9 1 ;  100  V . ;  150  MA. 
IN475A; 60 V. ; 200 MA. 
IN628; 1 25 V . ;  30  MA. 
IN628;  125  v. ; 30 MA.  
IN4 5 7A; 60 V. ;  200 MA. 

IN4 5 7A; 60 V.;  200 MA .  
IN45 7A; 6 0  V . ;  200 MA . 
IN4 5 7A; 60 V . ;  200 MA. 

IN457 A;  60 V. ; 200 MA. 
IN457A; 60 V-; 200 MA.  
IN457A; 60 V. ;  200 MA. 
IN457A; 60 V . ;  200 MA. 

IN4 5 7A; 60 V . ;  200 MA. 
IN4 5 7A; 60 V . ;  200 MA.  
IN4 5 7A; 60 V. ;  200 MA. 

IN45 7A; 60 V.;  200 MA. 
IN457A; 60 V . ;  200 MA. 
IN457A. ; 60 V . ;  200 MA.  

IN457A·  60 V .  · 200 MA. 
IN45 7A; 60 V . ;  200 MA. 

-

'---·-- -"-·-- - --·-------

D I O D ES - Z E N E R  

IN3027A; 2 0  V.  ± 10%; l W .  
IN3027A; 20 V .  ± 10%; lW.  

IN95 7B; 6 . 8  V .  + 5%; 400 MW.  
IN3686B;  20 V. ± 5%; 750 MW.  
IN957B; 6 . 8  V. ± 5%; 400 MW. 
IN2828B; 45 V .  ± 5%; 50 w. 

IN2984B; 20 V .  ± 5%; 1 0  w. 

IN753A; 6. 2 V. v 5%; 400 MW. 

W E ST I N G H O U S E  
I 

D E S IG N AT I O N  I I 
187A624H04 ! 
8 17A624H02 
187A624H02 I 
187A624H02 i 

! 
1 87 A624H0 2 

' 
I 

1 8 7A624H0 2 I 

,, 

1 8 7A695H I 

184A663H04 
1 84A663 H04 : 
1 87A695H17  I 

I 
184A663 H04 I 
1 8 7A624H04 I 

18 7A624H04 j 
184A855H07 I 184A855H07 
184A855H07 

' 

1 8 2A88 1 H0 4  

1 8 2A88 1H04 I 

1 82A88 1H04 
184A885H0 7  ! 
1 84 A855 H l 2  J 
1 84 A85 5H 1 2  I 1 84 A885H07 I 

184A885H0 7  

184A885H0 7  
1 84 A885H07 

184A885H07 
184A885H0 7  
184A885H0 7 

184A885H07 
184A885H07 
184A885H07 
184A885H07 

1 84 A885H07 
184A885H07 
184 A885H0 7 

1 84A885H07 
184A855H07 

188A302Hl0 
188A302H 1 0  

186A797H06 
1 8 5A 2 12H06 
1 8 6A797H06 
184A854H0 6  
762A6 3 1 H0 1  

862A606H0 1 www . 
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T Y P E  TCF POW E R  L I N E C A R R I E R  F R EQU E N CY-SH I F T  R E C E I Y E R  _______________ 
I_. L....;,._4_1_-9_4_5_.5_6B 

CI RCU I T  
SYMBO L 

R5 

R7 

R 1 2  

R52 

R 1 5 6 

R l  

R2 

R2 

R 2  

R 3  

R3 

R4 

R6 

R8 f----
R l l  

R 1 3  

R 1 4  

R 1 5  

R 1 6  

R 1 7  

R 1 8  e---.--
R 1 9  

R20 

R21  

R 22 

R23 

R 3 1  
---- -

R32 

R33 

R34 

R35 

R36 

R37 

R38 

R39 

R40 

R4 1 

R42 
f-------� 

R5 1 

ELECTRI CAL PARTS L I ST ( Cont' d.) 

D E S C R I P T I O N 

POT E N T I OM E T E R S  

! O K ;  2 W .  
� -

250K;  2 W .  

l K ; % W .  
- -

l K ,  : 4  W .  
-·- ---- ----

2 . 5 K ;  % W .  

R E SI STO RS 

400 ohms ± 5% ; 25 W .  
- --------- ----

26 . 5  ohms ± 5%; 40 W. ( For 48 V. Sup ,Jly) 
- - - -------

1 5 0  ohms ± 5% ;  40 W. ( For 1 2 5 V. Supply) 
- -----------

300 ohms ± 5% ; 50 W F o r  250 V .  Supply) 
- ---- - --

1 50 ohms ± 5% ; 4cl W. F o r  125 V .  S uppl_, ) 
- - -- ------- -

--

500 ohms ± 5% ; 1 00 \\ . ( For 250 V .  Supp ly) 
-·- ----- - - - --

1 0 0  ohms ± 5o/c; 1 W .  C o mpo sition 
- -- - . 

l O K  ± 5o/c< � '  W. Compo sition 
--- - --

l O O K  ± 5·X ; 1 W .  Compo sition 

lOK ± 5%;  1� W .  Comp osition 

- - �  

----------� 

5 . 6K ± 5% ; ; 2  W .  Composition 

3 . 3K ± 5%; 'i2 W .  Co mposition 

330 ohms ± 5% ; Vz \\' .  Composition 

lOK ± 5%; Vz \\ . Compo sition 
-�--

3 3 K  ± 5% ; Vz W .  Composition 
- -

3 .  3 K  ± 5% ; 1/z W .  Compo sition 

3 . 3K ± 5%; Vz W. C o mp o sition 

lOK ± 5% ; 1/z W .  C o mp o s ition 
- � 

3 3 K  ± 5% ; Vz W .  C o mposition 

330 ohms ± 5% ; Vz W. C o mp o s ition 

lOK ± 5% Vz W. Composition 

3 . 3K ± 5% ; Vz W .  Compo sition 
------- -- --

2 2 K  ± 5%; Vz W .  C omposition 

- -

... 

- - ----�--··-

680 ohms ± 5% ; Vz W. C o mp o sition 
----- --- -- ----

6 8  ohms ± 5%; Vz W .  C o mposition 
--· � --- - --� 

l O K  ± 5% ;  Vz W .  C o mposition 

330 ohms ± 5% ; Vz W .  C o mp osition 
-- -� -----------� 

3 . 3K ± 5% ; Vz W .  Composition 
1---- - -

1000 o hm s  ± 5% ; Vz W. C omposition 
-

22K ± 5% ;  Vz W. C ompo sition 
- --- --- - --- � - - - - -

680 ohms ± 5% ; Vz W. Compo sition 
�----·--- � 

68 ohms ± 5% ;  1/2 W .  Composition 

lOK ± 5% ; Vz W. Compo sition 
-------- - --

4 . 7 K  ± 5% ; Vz W .  Compo sition 

---- � - ---- - - � -------

�----

W ESTI N G H O U S E  
D E SI GN AT I O N  

1 8 5A086H10 

1 8 5A086H l l  

629A430H02 

6 29A645H04 

629 A645H07 

1 20 2587 

0 4 D 1 299H44 

1 20 2 4 99 

763A963H0 1 

1 20 2499 

629 A843H03 

1 8 7 A643H03 

1 84A763H5 1 

1 8 7  A643H75 

1 84A763H5 1 

1 8 4 A763H45 

1 8 4A763H39 

1 8 4A763 H 1 5  

1 8 4 A763H5 1 

1 84A763H63 

1 84A763H39 

1 8 4A763H3 9  

1 84A763H5 1 

1 8 4 A7631I63 

1 84A763 H 1 5  

1 8 4A763H5 1 

1 8 4 A76 3H39 

1 8 4 A763H59 

1 8 4 A763H23 

1 8 7A 290H2 1 

1 84A763H5 1 

1 8 4 A763H 1 5  

1 8 4 A763H39 

184A763H27 

1 8 4A763H59 
--·- ------

1 84A763H23 

1 87A290H21 

1 84 A763H5 1 

1 84A763H43 
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T Y P E  T C F  POW E R  L I N E  CAR R I E R  F R EQU E N C Y -SH I F T  R E C E I V E R-------------------

� 
C I R C U I T  
SY M B O L  

H53  
H 5 4  
!\ 5 5  
H56  
!\57  

f
--- -

-
-- ---R58 

EL ECTRI CAL PARTS L I ST ( Cont' d.)  

D E S C R I P T I O N  

R E SI STO R S  ( Cont' d . )  

2 7 K  ± 5o/c :  )� W.  Composition 

-2. 2K ± 5%: 1/2 W .  Compo s i t i o n  

W E S T I N GH O U S E  
D E S I G N A T I O N  

1 8 4A763H 6 1  
1 84 A 7 6 3 H 3 5  

- - -- --- ---- - - ---- --- - - - --------- ---------+-----27 o h m s  ± 5o/c;  n W. Composition 1 8 7  A290 H l 1  
- - --- - -------- --- - --- -------- ------- -----+---------------+ 

! O K  ± 5% ; \� W .  Composition 1 84 A 76 3 H 5 1 

- --- ---- --- - - - - - - ---- - - - --- -------t---------------j 4 .  7K ± 5'/o: V" W .  Composit ion  1 84A763H43 
-- -- --- ----- ---- --- ---- ---------------f---------------i 2 7 K  ± 5%:  1/2 W .  Composition 1 84 A 7 63 H 6 1 

f----- ---- - -- -- - -- - --- - -- ----- - - - - ------ - -------- ---------------+----------------j H59 
H60 

t-- ------ ---- - ----R6 1 

1 . 5 K  ± 5o/c ;  n W .  C o mp o s i t io n  1 8 4A7 6 3 H 3 1 f- -
-- - -- -- - -- -- - - --- - ---- ----- ---------- -----------------l 1 SO o h m s  ± 5%; h W .  Compositi o n  1 84A763H09 

- -- - - -- --- ---- ---- ------ -----�-----------------J 4 .  7 K  ± 5% ; 1h W. Composition 1 84 A7 6 3 H 4 3  
f-- --- -- -- ---- - -- - - - - ------- ---------- --+------------+ 

R62  

f---- - - ­
H 6 3  - - -- R6 4 

R65 

1 . 5 K  ± 5% :  1;� W .  C o mposition 1 84A763H3 1 
-

-- -
-

-- -- --
-

-
-- --- -- - - ---- --------------------------! 3 . 3 K  ± 5%; �� W .  Composition 1 84A763H63 

r------------ - ---
---- ------ --- ---------- ---------t----2 .  7K ± 5%: Vz W. Composition 1 84 A 7 6 3 H 3 7  

--- ----- --- - - - ----- -- -- - ---------- ---- ---t------------------1 680 o h m s ± 5%; n W .  Composition 1 84A76 3 H 23 
f-- - --- - - - ----- --- - - -- ---- ------------- ----- - ---------------� Ll _ _ 

R
R

_ 6
6
_
)
_6
7 
_ __ _ __ 68_ CJ_h�_±_5o/_o_: �2 \_v ._c �_m_po_s! t_io_n ___ 1

1
s
84

7 A
A7

2
_
9
6
_o
3

_H
H
_
4
2 

__ 

3
1 

___ ---l 
4 . 7K ± 5% ; Vz W. Composit ion  

---
----- ----- - -R68 

R69 
R70 - - -

----F\ 7 1 

-- ---- - -- ---- ---- --- -------------+-------------+ 2. 7K ± 5% : % W .  C o mposition 

1 8K ± 5%: Vz W .  Composition 

1 84 A 7 6 3 H 3 7  

-- ------- --- ------------1 84 A7 6 3 H 5 7  

- - --- ---- - ------------ -------------+------ -----------j 2 20 o h m s  ± 5%;  1/2 W .  Composition 1 84 A 7 6 3 H l 1  

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

-- ----- ---------- ------- --- --------1 270 o h m s  ± 2% ; Nicke l Iron W . W .  09D83 2 6G 1 9  

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

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

-----------

--
330  o h m s  ± 5%; 1/z W .  Composition 1 84 A 7 63 H l 5  

-- --- --- - - - - - ---- ----- -- -- -- -- ---- -- --- -f-- - ------
-

--- ------
4 . 7K ± 5%; Vz W .  C o mp o s it i o n  1 8 4A763H43 

f-
-

H 7 2  
R8 1 
H8 2 - -- - -- -- --- - - - ---- - - ------ ---- - ----- --- -- - -----r--- --- ---- ------

I- ----­ F\83 
H 8 4  
R 8 5  

R 1 0 1  
H 1 0 2  
H 1 0 3  
R 1 04  
R 1 05 
R l 06 
R l 07 

lV OS 
R ! 09 

H l l O 
H I l l  

4 .  7 K ±..5 % ;  Vz W .  Co mpo sit ion  1 8 4 A 7 6 3 H 4 3  

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

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

-- - --------2 . 2K ± 5% ; %  W .  Composition 1 8 4 A 7 6 3 H 3 5  
2 .2K ± 5% ;  Vz W .  Composition 

--- -6 . 8 K  ± 5o/c ; 1i;z W. C o mposition 

--- - -39K ± 5o/c ; Vz W .  Compo siti on 

--- - ---- - ----- -f- --- ------- ------1 1 84 A 7 6 3 H 3 5  

--- -
-- -- -------- -- -----------1 8 4A763H47 

-- - --- ------ - -------------- r--------------------1 84 A 7 6 3 H 6 5  

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

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

-3 3K ± 5%; Vz W .  Comp o si ti o n  1 8 4A763H63 
l O K  ± 5'/�; 1/z \\' . Comp o sit ion  
27K ± 5o/, ;  Vz W .  Composition 
!OK ± 5o/c :  \lz W. Composition 
39K ± 5'/� ; 1 2  W.  Composition 

- -
I S K ± 5'/i ; 1/z \\' . Co mpo sit ion  

5 6 K  ± 5'/i- : 1 z  W .  Compo siti on 
J O K  ± 5�; ; 1 \\' . Compositi o n  

6 . 8 K  ± 5'/i ; 1 W .  C o mpo sition 
470 o hm s  + 5<;�: 1/2 \\' .  C o m p o s i t i o n  

-----+--- -- --------------j 1 8 4 A 7 6 3 H 5 1  ------- ------ - - ----+ 
1 8 4A763H6 1 
1 84A76 3H 5 1  

-� -� - _ 
- -� -����7 �3-H iJ� 

-
-

1 84 A7 6 3 H 5 7  

- J� ��:r�:�: �� 
1 87 A643H47 

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

--- -- -'- - - - --------------+ 

R l l 2  I 1 000 o hms ± 5'/� ; 1 �  \V. Composit ion 
H 1 1 3 4 7 0 K  :': 5\'( ; 1 �  \\ . Comp o si t i o n  

1 8 4 A7 6 3 H 1 9  

1 8 4A76 3 H 2 7  
1 8 4 A7 6 3 H 9 1 
1 8 5 A 7 6 3 H 27 
1 8 4A763H73 -

-H 1 1 4 L'OOO o h m s  ± 5';;- ; L� \1.' . Composit ion  

L� __ _ _ _!2K _± __ 5'1( ; 1 2 \\ . Comp o sition 
-------------------��-----------� 

5 4  
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T Y P E  TCF POW E R  L I N E  C A R R I E R  F R E QU E NCY-S H I F T  R E C E I V E R  ______________ I_. L_. _4_1-_9_4_5._5_6B 

E LECTRICAL PARTS L IST (Cont' d . )  

.-------

-

-,-

-

�------

--------------------------------------------,----

----------------, 
C I R C U I T  
SYMBOL 

D E S C R I P T I O N  

R E SI ST ORS 

W E ST I N GH O U S E  
D E S I GNATION 

R 1 1 6  l OK ± 5%; 1h W.  Comp o sition 184A763 H5 1 --��----+----- ------�����������----------- ----------r---------------------

r-�R�1 �17�--1----- - ------�l�OK�±�5�o/c=c�; �Vz�w�. �C�o�m=p�o=s=it�io=n�-------------------r----�1�8�4�A�7�6�3�H�5�1 
_ ___ _ 

R 1 18 l OK ± 5%; ljz W. Composition 184A 763H 5 1  --�------+----- - ------------��----�------- -----------------+-----�����----� 

R l 1 9  l OOK ± 5%; ljz W .  Comp o sition - --� 1 84 A76_--_3�H_:_70"'-� ---�I 
R 1 2 0  3 9K ± 5%;  1;2 W .  Comp o sition 184A763H65 

I---'R=l 2::.:1:.__ __ -+------------6=-=8::.:Kc:.__c±:..::5:_o/cc=c; 1/2 W . Comp osi tim_t_ ____ ------------i------=-18.::..4::.:A:..:.7�6'-'3c.::H.::..7.:...:1=------I 
I----'R�1 2""'2"------+-----------6"'8""K:.o....=+:..::5:Jo/r-'-; % W . Compositir.:::n _ ____ -------------------+-------=.:18=-4�A_._7.:...:6=-=3,-=-H::c7c.::l=-----

R 1 2 3  1000 ohm s  ± 5'/(; % W .  Compo siti m 184A763H 27 -------+-------------- � -----------------+--------�------

R 1 24 3 3 K  ± 5'}; � 2  W. Compo siLon 1 84 A763H63 
�--�R---,-1 2:r:5�

--1-----------3,-3=-=K:-:--c:-::-:5�; ; liz w . Compo si L i0n ________________ -l-----:1:-:8c-:4-,A-::7;-::;6:::-3=H"'6:::-3----I 
---------+--------------- - --------------------+-----�-����----� 

R 1 26 lOK ± 5<;:-· % W .  Composition 184A763 H5 1 ----��--+------------� ---- ----------------+-----����-�------ 1 R 1 2 7  l OK + 5' 1S W .  Comp ositim 1 84 A763H 5 1  ---------+---------------�-- - --- --- --- -------------�-------�-----------� 
R 1 28 lOK � 5'_ , % W .  Compoc-;itioL 1 84 A763H5 1 1----------+----------------- - --- -- --- . -- - ·-----�---------- ---------------------j 
R 1 29 68K ± 5';, ; % W. Composi tic:n 184A76 3H7 1 l--_c:_c_ _____ 1-------------�------ ------------ ------ ------------�- - ---------------------1 ---=-R=l=-=3-'0---+-------�-------'-68K_!J)'J0yz W . .Q9mpQ" itjo�1__ _ __ _ _ _ ___ - �---- _ _ _ _ _ _ 184_� 76�I_!'?:L_ 
R 1 3 1  1 2K ± 5%; % W .  Comp os ition 184A76 3 H 5 3  1----------1---·---------- -------------- ---�---� - ------- -�--- ---�------------ -----�----------

R 1 3 2  :i 3 K  ± 5%; % W .  Compo sition 184A 763H63 --,---::-c:------"r------------ - - -- - ---- ----- --�-- - ------� ------------+------
R l 3 3  3 :j K  ± 5%; % W .  Composition 184A763H63 -----------+--��----- ----· --------�-------- ---�----------�----

R 13 4  F l K  ± 5%; % W .  Composition 
I--�R,-13,--5�--1-----------1 v ,_-:_ ± 5%; % W .  Composition 

R 1 3 6  3 .  3K ± 5%; lh W .  Comp osition r---��--1---------,---,--
R 13 7  8 0 0  o h m s  - �  5 % ;  3 W. Composition I--�R---=-1=-38=----1-------------:-clO:o-:K:-::---···5%; % W. Compos ition 
R 1 5 1  2 . 7K ± 5%; Vz W .  Composition r-��----+----------���� 
R 1 5 2  2 . 2K Sensistor Type TMlJI ( T e x .  Inst . C o . )  
R 1 5 3  2 2 0  ohm s ± 5%; Vz W. Comp osition 
R 1 54 2. 2K ± 5%; 1h W .  Comp osition 
R 15 5  1 5 K  ± 5%; Yz W .  Composition 
R 1 5 7  4 . 7K ± 5% ; % W .  Composition 
R 15 8  4 .  7 K  ± 5% ;  Vz W .  Com position 
R 159 15K ± 5%; lJz W- Composition 
R 1 60 560 ohms ± 5%; % W. Comp osition 
R 1 6 1  1 . 2K ± 5%; % W .  Composition 
R 1 6 2  1 80 ohms ± 5%; % W .  Composition 
R 16 3  180  ohm s ± 5 % ;  Vz W .  Compo sition 
R 1 6 4  4 7 0  ohms ± 5%; Vz W .  Composition 
R 165 1000 ohms ± 5%; Yz W .  Composition 
R 1 66 3K Thermisto r Type I D 20 1 (G . E .  Co. ) 
R 167 1 8K ± 5%; % W .  C omposition 
R 1 6 8  10K ± 5 % ;  % W .  Composition 
R 2 1 1  10K ± 5%; Composition 
R2 1 2  l K  ± 5%; Composition 
R 2 1 3  1 0 K  ± 5%; Comp osition 
R 2 1 4  2 .  7K ± 5%; Composition 
R 2 1 5  l O K  ± 5%; Comp osition 
R 2 1 6  8 .  2 K  ± 5%; Composition 
R 2 17 2K ± 5%;  Compos ition 
R 2 1 8  1 5 0  ohm s ± 5%; Composition 
R 2 19 3 3 0  ohms ± 5%; C omposition 
R 2 2 0  4 7K ± 5%; Composition 

----�---�-

1 84A763H5 1 
1 84A763H5 1 
184A763H39 
184A859H06 
184A763H5 1 
184 A763 H 3 7  
187 A685H0 1 
184A763 H l l  
184A763 H35 
1 84 A763H55 
184A763H4 3  
184A763H43 
184A763H55 
1 84A76 3 H 2 1  
1 8 4 A763H29 
1 84 A763H09 
184 A763H09 
184A76 3 H 1 9  
184A763H27 
1 8 5A 2 1 1 H 0 8  
1 84A763H57 
184A763H5 1 
184A763H5 1 
184A76 3H 2 7  
184A763H5 1  
184A763H37 
184A763H5 1 
184 A76 3H73 
184A763H34 
1 84A763H07 
184A7 6 3 H 1 5  
1 8 4 A763H67 
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T Y P E  TCF P O W E R  L I N E  CAR R I E R  F R E QU EN CY-SH I F T  R E C E I V E R------------------

E LECTR ICAL PARTS LIST (Cont 'd . )  

C I R C U I T  D E S C R I P T I O N  
S Y M B O L  

T RANSFORME RS 

T l l Toroidal type , 1 0000/400 ohms 
f-- -

T 1 2  Toroidal typ e ,  2 5 000/3 00 ohm s 
- - ---·-· -- - - - -

T8 1 Pot . Core type 

T82 P ot .  Core type ---�------- ·------- ---

T21 1 

T 2 1 2  

Q1 1 

Q 1 2  

Q 1 3  

Q3 1 

Q32 

Q5 1 

Q52 
Q53 

Q54 

Q81 

Q82 

Q l O l  

Q 1 02 
Q1 03 
Q104  

Q 1 05 
Q l 06 

Q 1 07 

Ql OS 1----
Q109 
Q l l O  

Ql l l  

Ql 5 1  

Q 1 52 
Q 1 53 

Q 1 54 

Q21 1 

5 6  

- -1-- 1 0K :  1 0K 

2 5 K : 3 0 0  

2N652A 

2 N 1 3 96 

2 N 1 3 96 

2N274 

2N274 

2N3 96 

2N396 
2N396 

2 N 3 96 

2N652A 
---- - - -

2N652A 

2 N6 5 2 A  

2N696 
2N697 
2N699 

2 N699 
2N696 

2N698 

2 N699 

2N699 

2N696 

2N696 

2N3 96 

2N396 
- --

2N3 96 

2 N6 9 9  

2 N 6 5 2 A  

-- --- -- ---

---

T RANSISTORS 

- --- --- -

------

- ------ ---

- -·------ --

- - -----

- --·---

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

--

--

- -

---

W E S T I N GH O U S E  

D E S I GN A T ION 

1 962797 

1 962697 
--

606B 5 3 3 G 0 1  

606B5 3 3 Gb2 
- - -----

7 1 4B 677G01 

1 96297 

1 84A63 8 H 1 6  

84 8A892H01 

848A892H01 
- - -

1 8 7A270H01  

1 8 7A270H01 

762A575 H03 

762A5"/5 H03 
762 A575H03 

76 2A585 H03 
1---

1 84A63 8 H 1 6  
1---

1 84A63 8 H 1 6  

1 84A63 8 H l 6  
f--

762A5 85H0 1 
1 84A638H 1 8  
1 84A638H 1 9  

1 84A63 8 H 1 9 

762A585H01 

762A585 H02 

1 84A63 8Hl 9 

1 84 A63 8H l 9 

762A585H01 

762A585 H03 

762A5 85H03 

762A585 H03 
762A5 85H03 

1 84A638H1 9 
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TY P E  TCF POW E R  L I N E  CAR R I E R  F R EQU E N CY-S H I F T  R E C E I V E R  ______________ 
I .

_
L

_
. 

_
4 1

_
-

_
94

_
5

_
. 5

_
6_8 

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

Yl l 

FL l 

FL2 

PL 

F 1 ,  F2 

AL 

AR 

L l -L2 

I C 2 0 1  

FL2 0 1  

Q 1 1 

Q 1 2  

Z l l  

Z 1 2  

Z 1 3  

Z 1 4  

Z l 5 

C l l  

R l l  

R 1 2  

R 1 3  

R 1 4  

Rl5  

R l 6  

R 1 7  

R l 8  

E LECTR ICAL PARTS LIST (Cont 'd . )  

D E S C R I P T I O N 

MISCE LLANEOUS 

Os cillat or Crystal (Frequency 20kHz above Channe l Frequency) 

Crystal input Filter 

I . F .  Filter 
--�- -----

Pilot Light Bulb - For 48 V .  Supply 
- -- ---

Pi lot Light Bulb - For 1 25 or 250 V. Sup Jly 
- -- ·- ---

Fus e ,  1 . 5 A .  
--- ··· �-

Alarm Relay 
--�-------�-

Trip Re lay 
-· �------

Choke 
-------

Fairchild UA 7 1  uc (Int . Ckt . )  
-----�-

LC Wid e B and In! • t  Fil ter  

BU F F E R E D  K E Y ING BOARD 202C5 1 6G03 

Transistor 2 N4 3 5 6  

Transistor 2N699 

Zener Diode 1 N95 7B 

Z ener Diode 1 N3 68 8A 

Zener Diode 1 N3 6 88A 

Zener Diode 1 N3 686B 
-·-

Zener Diode 1 N 3 688A 

Capacitor . 047 fl. f,  

4 . 7K ,  ± 2% , Yz W Metal G laze 

1 2 K ,  ± 2% .  Yz W Metal Gl aze 

l OK,  ± 2% , \!z W Metal G laze 

6 . 2K ,  ± 2% , Yz W Metal Glaze 

1 . 5 K ,  ± 2% , Yz W Metal Glaze 

1 8 K ,  ± 2% , Yz W Metal G l aze 

l . SK,  ± 2%. Yz W Metal Glaze 

5 1 K ,  ± 2% .  Yz W Metal Glaze 

-··- ------- ----- - ------

W E ST I NG H OU S E  
D E S I GNAT I ON 

762A8 00H0 1 + ( Req. Freq . ) 

4 0 1C466 + ( Reg .  Freq. ) 

762A6 1 3 G 0 1  

1 8 7A l 3 3 H02 

183 A95 5 H0 1  

1 1 D 9 1 95H26 

4 08C062H07 

4 08A84 5G03 

292B 096G02 

2 0 1 C8 2 6H04 

Specify Frequency 

84 9A44 lH02 

184A63 8 H 1 9  

1 8 6A797H06 

862A288H01 

862 A2 88H0 1 

1 85A2 1 2H06 

862A288H01 

849A4 3 7H04 

629A53 1 H4 8  

629A53 1 H5 8  

629A53 1 H56 

629A53 1 H5 1  

629A5 3 1 H3 6 

629A53 1 H6 2  

629A53 1 H3 8  

629A53 1 H73 
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W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  

R E LAY- I N ST R U M E N T  D I VI S I O N  N EWAR K, N .  J. 
Printed i n  U.S.A www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



I N ST A L L A TI O N  
Westinghouse I . L .  4 1 -945. 53D 

• O P E R A T I O N  • M A I N TEN A N C E  

I N S T R U C T I O N S  
TYPE TCF POWER LINE  CARRI ER FREQUENCY-SHI FT 
RECEIVER EQUIPMENT - WITH RELAY OUTPUT FOR 

SUPERVISORY CONTROL AND TELEMETERING 

CAUTION: It  is recommended that the  user o f  this 
equipment b ecome thoroughly acquainted with the 
information in this instruction l e aflet before ener­
gizing the carrier assembly. F ailure to observe thi s 
precaution m ay re�mlt in damage to the equipment. 

If the c arrier set is mo unted in a cabinet, it m ust 
be bolted down to the floor or otherwi se secured 
before swinging o ut the e quipment rack to prevent 
its tipping over. 

APP L I CATION 

The TCF frequency- shift receiver e quipment as 
adapted for sup ervisory control and certain tele­
m etering applications responds to c arrier-frequency 
signals transmitted from the distant end of a power 
line and carried on the power line conductors. The 
Guard frequency is 1 00 hertz above the ce nter 
frequency of the c hannel (which can be selecte d  
within the range of 3 0KHz to 3 00KHz), and it is trans­
mitted continuously w hen conditions are normal and 
no information is to be conveyed o ver the channel. 
Its rec eption indicates that the channel is operative. 
The Trip frequency ( so called because in fre qu en cy­
shift relaying applications the reception of thi s  fre­
quency causes clo sure o f  relay contacts in the trip 
circuit of a circuit breaker ) is 1 00 hertz below the 
channel center frequency. When supervisory co ntrol 
or telemetering information is to be conveyed over 
the channel, the transmitter at o ne end o f  the chan­
n el i s  switched alternately between Guard and Trip 
so as to produce at the receiving end a desired 
number of  operations of  a relay activated by the 
trip frequency. Control of  the d urations of  the inter­
vals that the rel ay contacts are open and closed al so 
can be utilized to convey information o ver the chan­
n el .  

CONSTRUCTION 

The TCF receiver unit for supervisory control 
and telemetering applications is mounted on a 
standard 19-inch wide p anel 10Vz inches high ( 6  rack 
units) with e dge slots for mounting on a standard 
relay rack . All components are mounted at the rear 

SUPERSEDES I . L .  4 1 -945. 53C 
* Denotes c hange from superseded i ssue .  

of  the p anel .  Fuses, a pilot light, a power switch, an 
input attenuator, and a j ack for metering the dis­
criminator o utput current are accessibl e  from the 
front of the p anel. R e fer to Fig. 3. 

All of the circuitry that is suitabl e  for mounting 
on printed circuit boards i s  contained in an enclo­
sure that proj ects from the rear of the p an el and is 
accessible by opening a hinged door on the front of  
the p anel. Other components on the rear of  the 
p anel are located as shown on Fig. 4. Reference to 
the internal schematic connection s  on Fig. 1 will 
show the location of the se components in the cir­
cuit. The dotted lines enclosing separate areas of  
Fig. 1 indic ate that the components thus enclosed 
are all on the same printed circuit board. 

The enclo sure that contains the printed circuit 
boards is divided into seven comp artments. The 
p artitions b etween comp artments together with the 
o uter walls of  the enclosure provide complete shield­
ing between adj acent boards and from external 
fields. 

TCF receivers for transfer trip relaying require 
a logic circuit board and m ay require a carrier l evel 
indi c ator circuit board, which are contained in the 
third-from-right and right h and compartments resp ec­
tively. These are not required for the TCF receiv er 
for supervisory control and tel emetering and the 
compartments are v acant. 

The printed circuit bo ards slide into position in 
slotted guides  at the top an d  bottom of each com­
p artment, and the board terminals engage a terminal 
block at the rear o f  the compartment. Each bo ard 
an d  terminal block i s  k eye d  so that if a bo ard is 
placed in the wrong comp artment, it c annot be  in­
s erted into the terminal block . .  A handle on the front 
of each board is labeled to identify its function in 
the circuit. 

A board extender ( Styl e  No. 644B 3 1 5GO 1) is  
availabl e for facilitating circuit voltage m easure­
m ents or m ajor adj u stments. After withdrawin g  any 
one of the circuit boards,  the extender is inserted in 
that comp artment. The board then i s  inserted into 
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the tenninal blo ck on the front of the extender. This 
restores all circuit connections,  and all compon­

ents and test points on the board are readily acc e s­
sible. 

A portion of the receiver op erates fro m a regu­

l ated 20 V. D.C. supply, and the remainder from a 
regulated 45 V. D. C. supply. These voltages are 
tak en from two zener dio des mounted on a common 
heat sink. Variation of the resistance value be­

tween the po sitive side of the unregulated D. C. sup­
ply and th e 45 volt zener adapt the receiver for 
operation on 48, 1 25 or 250 V . D. C. 

External connections to the receiver are m ad e  

through a 24-circuit receptacl e, J 3  on Fig. 1 .  The 

r-f input connection to the receiver is m ade through 
a co axial cable j ack , J 2. 

OP E RATION 

I nput Control 

The si gnal s to which the TCF receiver responds 

are received through a co axial c able connected to 
j ack J 2  of Fig. 1. Resistor R4 and 20-volt zener 

diodes CR 1 and CR 2 protect the receiver from ab­
normally high voltages received through the coaxial 
c abl e. Input attenuator R5 reduces the si gnal to a 

level suitabl e for best operation of the receiver. 
The attenuator is adju stabl e from the front of the 

p anel and c an be clamped at the desired setting. A 

scal e  on the p anel is graduated in db. Whil e thi s 
scal e  is typical rather than individually calibrated, 
it i s  accurate within one or two db. and is useful in 
setting approximate l evel s. Settings should be m ade 
by observation o f  the db. sc ale of a suitabl e a-c 

voltmeter when possibl e. 

Crystal F i l ter 

From the attenu ator , the signal passes through a 

crys tal filt er ,  FL l .  This filter has a narrow p ass 

band , and frequencies se veral hundred hertz above 
or below the c enter frequency ( fc) of th e channel 
are greatly attenuated. Figure 2 sho ws a typ i c al 

curve for the crystal filter, as wel l  as a character­
istic curve for th e intermediate frequency filter, 

FL 2, and for the discriminator outp ut. The n arrow 
pass band of FL 1 pennits clo se spacing of channel 

frequenci es and reduces the possibility of fal se 

op eration c aused by spurious sign al s such as may 
result from arcing disconnects or corona discharge. 

2 

Osci l l ator and Mixer 

From the crystal filt er, the signal enters the 
o scil l ator and mix er stage of the receiver. Crystal 

Y l l ,  transistors Q 1 2  and Q l3, and their associated 
resistors and c ap acitors, compri s e  a crystal-con­
trolled oscillator that operates at a frequency 2 0KHz 
above the channel frequency, fc . The output from 

this local o scillator i s  fed through transfonner T l l  

to potentiometer R 1 2, and the l atter i s  adj usted to 
feed a suitabl e input to the base o f  mixer transistor 

Q 1 1. The o utput of FL 1 is impressed on the emitter­
collector circuit of Q 1 1 .  As the result o f  mixing 

the se two frequencies, the primary of transformer 
T1 2 will co ntain frequencies of 2 0KHz, 2fc + 2 0KHz, 

fc and fc + 20KHz. 

I F  Ampl i fier 

The o utput from the secondary o f  T12 i s  ampli­

fi ed by Q3 1, in the intermediate fre quency amplifier 

stage, and is impressed on filter FL 2 .  Thi s is a 
two-section filter, with both fil ters containe d  in a 
common cas e .  Its p ass band is ce ntered at 2 0K Hz. 

While its passband is much wider than that of the 

crystal filter ,  it eliminates the frequencies present 
at its input that are s ubst antially higher than 20KHz. 

Ampl i fier and L imiter 

The output from the second section of the IF 
amplifi er stage i s  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 J 2  and with R5 set fo r zero atten­
uation ,  sati sfactory amplitude limiting will be ob­
tained at the output of the limiter stage. 

Di scr imi nator 

The output of the limiter �tage is fed to the 
discriminator. Th e discriminator i s  adju sted at the 

factory to h ave zero o utput ( as m easured by a milli­

ammeter ins erted in the circuit at j ack J 1) at fc 

hertz . The adjus tment for zero output at fc hertz 

is made by capacitor C8 8 .  X83 also is adjusted to 

obtain a maximum voltage reading across R84 when 

the current output is zero . Maximum c urrent output, 

of oppos ite pol aritie s ,  will be obt ained whe n the 

frequency is 100 hertz above or below the zero 

output frequency. This separation of 200 hertz 

between the current peak s  is affected by the value 

of C86 (the actual value of which may be c hanged 
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sli ghtly fr om its typica l  v alue in factory c a libration 
if required) .  It s hou ld be observ ed t hat alt hough the 
higher s i gnal fr equency is fc + 1 00 he rtz , after 
l e aving the mixer  stage and as see n by the d iscrim­
inator the c orresponding fre qu ency is 20KHz-1 00 
hertz . Si milarly , the lower signal frequency is 
converted to 2 0KH z + 1 00 hertz.  

The di scrimin ator o utput i s  connected to the 
bases o f  transistors Q8 1 and Q8 2 in such m anner 
that Q8 2 i s  made conducti v e  when c urrent flo ws out 
of terminal 4 ( whic h  o ccurs with trip o utput) and 
Q8 1 i s  m ad e  conducti v e  w hen c urrent flo w s  into 
terminal 4. Consequ en tly,  terminal 15 i s  at a poten­
ti al of appro ximately + 20 volts at Guard frequency 
and termin al 1 1  is  at + 20 volts at Trip fre qu en cy. 

Output C i rcuits 

The o utput c ircuit board o f  the receiver contains 
outp ut rel ay HG. The contacts o f  thi s  relay are the 
m ercury- w etted typ e,  whic h  assures bounc el ess 
operatio n. It  also contains telep hone-typ e rel ay AL ,  
the co ntacts o f  which c an b e  u sed to en ergi ze an 
al arm. 

When Trip signal i s  rec eived, terminal 8 o f  
Output p rinted circuit bo ard is  at app ro ximately 
t 20 volts potential and transi stor Q 10 1 becomes 
conducti v e ,  whi ch energizes rel ay HG.  When Guard 
si gnal is pre sent, terminal 1 of the Output bo ard i s  
at app ro ximately + 20 volts potenti al . T h e  base o f  
tran si stor Q 10 2  i s  co nnected to terminal 1 and 8 
thro ugh resi stors R 10 3  and R 10 4. Con sequ ently 
when either Gu ard or Trip signal is present this 
transistor is conductive. 

When neither Guard nor Trip signal i s  present, 
indic ating a loss o f  channel , Q 10 2  is not conduc­
ti ve and c ap acitor C 10 1 begins to charge thro ugh 
resi stors R 10 6  and R 10 7. When the c ap acito r  volt­
age reaches the br eak down l evel of zener diode 
CR 10 2 ( in appro ximately 1 50 milli seconds) transi s­
to r Q 10 3 rec eives base input an d becomes conduc­
ti ve .  This remo ves base input fro m Q 10 4  and the 
alarm rel ay AL drops out an d  en ergi zes an alarm 
thro ugh its norm ally- clo sed contact s .  A copp er slug 
on th e core of the al arm rel ay  adds an a(lditio nal 
del ay of appro xim ately 40 mil l iseconds before the 
alarm contacts clo se. When Guard signal reapp ears 
and Q l0 2  beco m es conductive,  c ap acitor C lO 1 dis­
charges rapidly thro ugh the lo w resi stanc e of R 10 7 .  
This quick-res et feature o f  the R C  time- delay re­
duces th e possibility of op eration of the loss-of­
channel alarm by noise signal , whi ch may ov erri de 
and cancel the Guard signal bri e fl y  but rep etiti v ely 
or m ay ap p ear as a fal se Trip sign al .  

I . L .  41 -945. 530 

It shoul d b e  noted that relay HG h as Form D 
contacts,  and only the normally-open or th e no rmally­
clo sed contacts sho uld be used unl ess there i s  no 
obj ection to h aving both co nt acts moment arily 
closed simultaneously when th e rel ay is energi zed 
or deenergi zed. Al so , for protection of the HG rel ay 
contacts,  the external device co ntroll ed shoul d 
contain seri es resi stanc e  and c ap acitan c e  ( o f  v alues 
suitabl e for the lo ad volt age and c urrent) acro s s  
t h e  terminal s  that are externally connected t o  the 
HG rel ay terminal s .  Wi th such p rotection the HG 
contacts h ave m aximum ratings o f  2 amperes , 50 0  
volts ,  and 100 volt- amp eres. The HG rel ay will pick 
up at appro ximately 20 volts.  

The AL rel ay contacts are rated at 4 amp s. , 
1 50 watts, for an a-c non-indu cti ve lo ad. The rel ay 
will pick at 35 to 40 volts.  

Power Supp ly  

The regulated 2 0  V. D . C. and 45 V . D . C. circuits 
o f  the receiver are supplied from zener dio d es 
mounted on a common h e at sink on the rear o f  the 
p anel .  Resi stors ( R 2, R3) of suitabl e val ue are 
connected b etween the station b attery supply and 
the 45 volt zener to adapt the receiver for use on 
48 , 1 25 o r  250 V . D . C .  b attery c ircuits. The rec eiver 
i s  co nnected to the e xtern al supply thro ugh a switch 
and fuses, and a p ilot l ight indi c ate s wh ether the 
D. C. circuits are energi zed. C ap acitors C 1 and 
C 2  byp ass r. f. or tran sient vo ltages to gro un d. 

CHARACT E R I ST I CS 

Frequency range 3 D-300KH z  

Sensitivity ( noise- 0 . 0 0 5  vol t ( 6 5 db below 1 watt 
free chann el ) for l imiting) 

Inp ut Imp edance 

B andwi dth 
(crystal fil ter) 

Discriminator 

Op erating Tim e 

5000 ohms minimum 

do wn < 3 db at 220 H z .  
down > 6 0  d b  at 1 00 0 H z .  

S e t  for zero output at c hannel 
ce nter frequency and for max .  
o utputs at 1 0 0 hertz above 
and below c enter frequency. 

9 m s. channel ( transm. and 
recvr. ) 
2 m s .  HG rel ay op erate and re­
l e ase tim e s  
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Frequency 
sp acing 
A. For two or 

more signal s 
o ver o n e­
way channel-

B. For two-way 
channel 

Ambient t emp era­
ture range 

Battery voltage 
variation s  
Rated Voltage 

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

B attery drain 

Dim ensions 

Weight 

500 hertz minimum 

1 000 hert z  m1mmum between 
transmitter and adjac ent re­
ceiver frequencies . 

- 20°C to + 5 5°C temperature 
around c hassis. 

Allo wabl e V ari ation 
4 2- 56 V. D . C. 

10 5- 1 40 V. D.C.  
2 10- 280 V. D . C. 

0 .  20 a. at 48 V . D . C .  
0 . 27 a. a t  1 25 or  250 V. D . C. 

P anel height - lOYz" or 6 r. u.  
P anel width - 19" 

13 lb .  

I N STAL L ATION 

The TCF receiver i s  generally supplied in a 
c abinet or on a rel ay rack as a p art o f  a compl ete 
carrier assembly.  The location m ust be free from 
dust, excessive humidity, vibration , corro sive fumes,  
or he at. The maximum ambient temperature around 
the chassis must not exceed 55 a C. 

ADJUSTMENTS 

All factory adjustments o f  the TCF receiver have 
been c arefully m ade and should not be altered unless 
there i s  evidence of dam ag e  or m al functionin g. Such 
adjustments are: fre quency and o utput l evel of the 
o scill ator and mixer; input to the amplifier an d  l im it­
er; frequency spacing an d  m agnitude of discriminator 
output p eaks. 

After the receiver has been instal led ,  the input 
attenuator R5 must b e  set for the desired operating 
m argin. The recei ver should not be set with a great­
er m argin o f  sensitivity than i s  needed to assure 
correct operation with the m aximum exp ected varia­
tion in attenuation of the transmitter si gnal . In the 
absence of  data on this ,  the receiver may be s et to 
op erat e  on a signal that is  1 5  db below the expected 
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m aximum signal. After installation o f  the receiver 
and the corresponding transmitter, and with a normal 
signal bein g  received, input attenuator R5 should be 
adju sted to the position at which the alarm relay 
drop s out. R5 then should be readju sted to i ncrease 
the voltage suppli e d  to the receiver by 15 db. The 
scale m arkings for R5 p ermit an appro ximate setting 
to be made but it  is preferable to mak e thi s setting 
by means of  the db scal e s  of  an a-c VTVM connected 
from ground to the sliding contact of R5. 

In c as e  factory adjustments hav e  b een accident­
ally disturbed or components have b een replac ed, i t  
m ay b e  necessary t o  readjust the o scillator and 
mixer, the limiter, or the discriminator, and pro­
c edures for these adju stments are described in the 
follo wing p aragraphs.  

P otentiometer R 1 2  in the o scill ator and mixer 
should be s et for 0 .  3 volt ,  m e asured with an a-c 
VTVM connected between TP 1 1  and t erminal 18 o n  
the circuit board ( gro und termi n al of  voltmeter). A 
fre quency counter c an be connected to the sam e  
points for a check o n  the frequency, which shoul d  
be 20KHz above the channel fre quency. The frequen­
cy is fixed by the crystal used , except that it m ay 
be changed a few hertz by the v alue of c apacitor 
C 1 2 .  Reducing C 1 2  increas es the frequency , b ut the 
capacity should never be less than a value that in­
sures reliable starting of oscill ation . The frequency 
at room temperature is us ually several hertz above 
the crystal nomin al fre quency as this reduces the 
frequency d e viation at the temperature extremes . 

The adjustment o f  the amplifi er and limiter i s  
m ade by potentiometer R 5 2. An o scillo scop e  shoul d  
b e  connected from the base of  transi stor  Q54 to ter­
minal 18 of  the limiter. With 5 mv.  of signal frequen­
cy on the receiver input ( R5 at zero ) ,  R5 2 should be 
adjusted to the point where the p eaks o f  the o scil­
loscope trace begin to fl atten. This shoul d appear 
on the upper and lower p eak s  at appro ximately the 
sam e  setting. The R 5 2  adjusting screw then shoul d 
be turned one turn farther in the direction to produc e  
limiting. 

Adjustment of  the discriminator is  m ade by 
c ap acitors C8 3 and C88.  Apply to the recei ver input 
a 5 mv. sign al taken from an o scill ator set at the 
c enter frequency of the channel. ( R5 at zero . )  Con­
nect a 1. 5-0- 1. 5 milli amm eter in the circuit at J 1 
and a VTVM across  R8 4. Adjust C88 for zero current 
in the milli amm et er and C83 for maxi mum voltage 
acro ss R84,  rechecking the adj u stments alternately 
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until no further change i s  observed. Remov e  the 
VTVM from acro ss R84 and observe th e milliammeter 
reading as the o scill ator fre quency is v ari ed. P osi­
tive a nd ne gative peaks shou ld occ ur at 1 00 her tz 
above and b elow center fre que ncy. 

MAI NT ENANCE 

P erio dic check s o f  t h e  received c arri er si gnal 
and the rec eiv er sensiti vity will detect gradual 
deterioration and p ermi t  its correction b efore failure 
can result. An o verall ch eck can be m ade with th e 
attenuation control R5. A change in op eratin g  m ar­
gin from the o ri gi n al setting c an be detected by o b­
serving th e change in the dial setting required to 
drop out the al arm rel aY .  I f  there is a sub stanti al 
reduction in m argin, the si gn al voltage at the re­
c ei ver input shoul d be checked to see whether the 
reduction i s  due to loss of signal or l oss of rec ei ver 
sensitivity. 

Al l  adjustabl e components on the printed circuit 
bo ard s are acc essibl e when the doo r on the front o f  
the p an el i s  open ed. ( An o ffset screwdriv er woul d 
be required for adj usting R 1 2. )  Ho wever, as des­
cri bed under "CONSTRUCTION " ,  any bo ard m aY  b e  
m ade enti rely acc essibl e  whi l e  p e rmitting el ectrical 
op eration by using bo ard e xtender style No . 
644B3 1 5GO 1. Thi s p ermits attaching instrument 
l e ads to the vario us test points or termin al s when 
m ak in g  voltage, o scillo scope or frequency checks. 

It  i s  advi sabl e to r ecord voltage v al ue s  after ad­
justm ent in order to e stabl i sh r eference values which 
will be useful wh en ch ecking the app aratus. The 
readi ngs will  remai n  fairly con stant o ver an indef­
inite p eriod unl ess a f ailure occurs. Ho w ever, i f  
transistors are changed, there m ay be con siderable 
difference in these readin gs without the overall p er­
formanc e being affected. 

Typical vol tage values are gi ven in the following 
t abl es. Vol tages should be m easured with a VTVM. 
Slme readings m ay v ary as much as ± 20o/c. 

TAB L E  I 

R EC E I V E R  D- C MEASU R EM ENTS 

Note: All  voltage readings tak en with ground of  d- e 
VTVM on termin al 18 ( +20 v.) .  Rec ei ver adjusted for 
15 db op erating m argin with input si gnal do wn 50 db 

from 1 w att. Unl ess otherwi se indi c ated,  vol tage will 
not vary appreci ably wh ether signal is hi gh, low or 
fc fre quency. 

I . L .  4 1 -945. 530 

Col l ector 
of 

Tran s i stor Volts (-) 

Q l l  20 

Q 1 2  1 4 . 5  (No signal )  

Q 1 2  1 4 . 0  (High o r  l o w  freq. si gn al)  

Q 1 3  1 7 . 0  ( No si gnal) 

Q 1 3  1 5 . 0  (Hi gh or low freq. si gnal) 

Q3 1 18 . 5  

Q32 18. 5 
Q5 1 8. 4 
Q5 2 13. 5 
Q53 4. 4 

Q54 1 8  
Q8 1 2 0  (No s ignal or fc - 1 00 Hz . )  
Q8 1 < 0 . 5  ( fc + 1 00 Hz . )  

Q8 2 and Q 10 1  20 ( N o  s ignal of fc + 1 00 H z . )  
Q8 2 and Q 1 0 1  < 0 .5 (fc - 1 00 H z. )  

Q 1 0 3  20 . 5 ( No si gn al )  

Q 1 0 4  < 0 .  5 ( No si gnal) 

Q 10 5  45 ( No signal)  

TABL E I I  

R EC E I V E R  R F  MEASU R EMENTS 

Col lector of Transi stor 

Q32 
Q5 1 
Q5 2 
Q53 
Q54 

Volts ( fc + cy.) 

. 25 

. 3  

. 4  
2 . 1 

4 . 8  

F I L T E R  R ESPO NSE MEASU R EMENTS 

Th e c ry stal input fil t er ( FL 1) and the  I F  fil ter 
( FL 2) are in seal ed containers and repairs c an b e  
m ade only b y  the factory. Th e stability of  th e o ri gin­
al respon s e  ch aracteri stic s  i s  such th at in no rm al 
usage no appreciabl e change in re sponse will o c cur. 
Ho w ever th e test ci rcuits o f  Fig. 9 c an be u sed in 
case there i s  re ason to susp ect that either of th e 
fil t ers h as been dam aged. 

Fi g. 2 sho ws th e - 3db and - 60 db check points 
fo r the c rystal filters. Th e  response curv e of the 
I F  filter sho ws the com bined effect of  th e two sec-
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tions,  and was o btained by addi n g  the attenu ation o f  
each section for i denti cal fre qu enci e s. The scal e o f  
Fig. 2 w a s  cho sen to show t h e  crystal filter re­
spo n se, which p ermitted only a portion o f  the I F  
filter curv e  to be shown. T h e  c heck points for the 
p as s  b an d  o f  e ach section o f  the l atter are "down 
3db maximum at 1 9 .7 5  and 20 . 2 5  KHz" , and for th e 
stop band ar e "down 1 8  db minimum at 1 9 .00 and 
2 1 .00 KHz" . The s ignal generator voltage ( Fig . 9 )  
must b e  h el d  con stant throu ghout t h e  entire check. 
A v alue of 20 db ( 7. 8  vol ts) is suitable. The readin g  
o f  VM 2 at the fre quency o f  minimum atten u atio n 
shoul d not be more than 2 2db b el o w  the reading o f  
VM 1 .  I t  should b e  noted that a limit m easured i n  
thi s  m anner i s  for con veni ence only and do e s  not 
indicate actual insertion l o ss o f  the fil ter. Th e in­
sertion loss  woul d b e  appro ximately 16 db l es s  than 
the measured differenc e  b ecau s e  o f  th e inp ut resis­
tor and th e differenc e  in input and output imp edances 
o f  th e filter. 

B ec au s e  o f  the extrem e frequency s ensi tivity o f  
th e crystal fil t er, th e o scill ator u s ed i n  i t s  te st cir­
cuit should h av e  very good fre quency stability and a 
clo s e  vernier control . The o scill ators u s ed for fac­
tory testin g  h ave sp ecial modifi cations for thi s u s e. 
A v alue o f  appro xim ately 10 db ( 2. 45 volts) i s  suit­
abl e for the con stant vol tage at which to hol d  VM 1 
througho ut the ch eck . Th e reading o f  VM 2 at th e 
frequency o f minimum attenuation will vary som e wh at 
with th e channel frequency but shoul d no t be more 
than l ld b  bel o w  th e readin g  of VM l. ( Th e  filter in­
sertion loss is approximat el y  6 db 1 ess th an th e 
difference in readings . )  

CON V E RSION OF R EC E I V E R  FO R CHANGED 
CHAN N EL F R E QU ENCY 

The p arts required for convertin g  a TCF rec ei v er 
fo r op eratin g  on a different channel frequ ency con­
si st of a n e w  cry stal fil ter ( FL 1 ) ,  a new local o s� 
cill ator crystal ( Y  1 1) and p robably a different feed­
back cap acitor ( C  1 2).  B ecaus e  the wi de ran ge o f  
ch annel frequ enci es p recludes m aintaining a facto ry 
sto ck o f  th e v ari o u s  crystal s,  imm ediate shipment 
of  the fil t er and th e o scil l ator crystal c anno t be 
made. After th e crystals h av e  b een p ro cured and the 
filter has b een compl eted, it  is recommended that 
the recei ver be retu rn ed to the factory fo r th e con­
version and fo r compl ete test and adju stm ent. How­
ever, if th e tim e  that th e recei ver can be out o f  
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servi ce must b e  k ep t  to a minimum, th e con version 
m ay be m ade by customers who are equipp ed for 
thi s work. 

R ECOMMENDED T EST E QUIPMENT 

I .  Mi n i mum Test Equipment for I n sta l l ation 

a. A-C V acuum Tube Vo ltmeter (VTV M ). Voltage 
range 0 . 00 3  to 30 volts , frequency range 6 0  
hertz to 33 0 KHz ,  i nput impedance 7 . 5 
mego hms. 

b. D- C Vacuum Tube Vol tm eter ( VTVM). 
Vol t age R an ge: 
Input Imp edan c e: 

1 .  5 to 300 vol t s  
7 .  5 m egohms 

I I .  Des i rable Test Equipment for Apparatus Main­
tenance, 

a. All items l i sted in I .  

b. Si gnal G en erator 
O utput Voltage: Up to 8 volts 
Frequency Ran ge: 20K Hz to 3 3 0KHz 

c.  O scillo scop e 

d. Fre quency counter 

e. Ohmmeter 

f. Cap aci tor ch eck er 

g. Mill iamm eter Q- 1. 5 or preferably 1.  5-0- 1. 5 
ran ge,  for checking di scrimin ato r. 

Some of the functions o f  the recommended test 
e quipm ent are combin ed in th e type TCT c arri er test 
m eter unit, whi ch i s  desi gn ed to mount on a standard 
19 " rack but also c an be remo v ed and u s ed as a 

po rtabl e unit. 

R EN EWAL PARTS 

Rep ai r work can be don e  mo st sati sfacto ril y  at 
the factory. Ho wever, replacement p arts can be fur­
nish ed, in mo st cases,  to customers who are e quipp ed 
for doing repair wo rk . When orderi n g  p art s. al way s 
gi ve the compl ete namepl ate data and id entify the 
p art by its desi gn ation on the Intern al Sch ematic 
drawin g and W estinghouse Desi gnation on the 
El ectri cal P art L i st. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



A D D E N D U M  

Wi th shipme nts of sets st arting in e arly 1 97 3 ,  the 
germanium tr ans ist or s  used in the various m odules 
were re p laced w ith silicon transist ors . In addi tion, 
due to the nature of silicon t r ansistors , some re­
sistor valu es in the circuits had to be c hanged in 
o rder to corr ectly bias these trans ist ors . Therefore 
the tr ans ist or s  are n ot replac e ab le on a p in for pin 
basis throughout the r e c e ive r .  Before attempting to 
rep lace a german ium transistor with a s i licon 
transis tor on older s e ts using germanium, ple ase 
check t he s c he mat ic s on the fo l low i ng pages to see 
if the l ocation w here the r e placement is desired has 
additional compone nt c han ge s .  If t hat is the case,  
the n  t he re placement can only b e  made by the same 
des ig nati on transistor or the addi tional co mpone nt 
c hanges must al so be made . It s hould be p oi nt e d  out 
that the modules c ont aining the silicon transis tor s 
are co mp letely interc hange abl e  with the mod ules 
containing germ anium trans istor s .  Therefore , there 
is no p roblem w ith i ntermixing the silicon transistor 
modules w ith the germanium trans is tor modules 
i n  the same receiver .  Thus complete new module s 
cont aining s ilicon transistors can be ordered and 
u sed as re placeme nts in older r e c e iv er s  having 
germanium trans istor module s .  The new modules 
have the same style numbers as the old germ anium 
tr ans is tor modu les they r e plac e .  

I . L .  4 1 -945. 5 3 0  
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EL ECTRICAL P ARTS L IST 

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

W ES T I N G H OU S E  
SYMBOL D ES I G N A T I O N  

CAPACITORS 

C 1  Oil-filled; 0 . 5  mfd . ;  1 5 00 V . D . C .  1 877962 

C2 Oil-fill ed;  0 . 5  mfd . ;  1 50 0  V . D .C.  1 877962 

C l l  M etallized paper; 0 . 25 mfd . ;  200 V. D . C .  1 87A624H02 

C 1 2- C 16 Mica, cap acity as required; 500 V . D . C. 

C 1 3  Metall ized p aper; 0 . 25 mfd . ;  200 V. D. C. 1 87A624H0 2 

C 14 Metalliz ed p aper;  1 . 0  mfd . ;  200 V . D .C. 1 87A624H04 

C 1 5  M etal l ized pap er ;  1 . 0  mfd. ; 2 0 0  V. D. C. 1 87A624H0 4 

C3 1 M etall ized p ap er;  0 . 25 mfd . ;  200 V . D . C. 1 87A6 24H0 2 

C32 Metallized p aper;  0 . 25 mfd . ;  200 V. D . C. 1 87A624H02 

C 3 3  M etal l ized paper; 0 . 25 mfd. ; 2 0 0  V . D .C.  1 8 7A624H0 2 

C34 Metalli zed p ap er ;  1 . 0  mfd . ;  200 V . D . C .  1 87A624H04 

C35 M etal l ized p aper; 0 . 25 mfd . ;  200 V.D. C. 1 87A624H0 2 

C5 1 Metall ized p aper; 0 . 25 mfd. ; 200 V . D . C .  1 87A624H0 2 

C52 M etall ized paper; 0 . 25 mfd . ;  20 0 V .D .C . 1 8 7A624H02 

C53 Metalli z ed paper;  0 . 1 mfd . ;  200 V . D .C. 1 87A624 H 0 1 

C54 D ur-Mica, 1 300 pf. ; 5 00 V. D . C .  1 87A584 H 1 5  

C55 M etallized p aper; 0 . 1 mfd . ;  200 V.D. C. 1 87A6 24H0 1 

C56 Metal l ized p aper;  0 . 25 mfd . ;  200 V. D . C .  1 8 7A624 H0 2 

C57 Metallized paper; 0 . 1 mfd . ;  200 V. D . C .  18 7A624H0 1 

C58 Metalli zed paper;  0 . 25 mfd . ;  2 00 V . D . C .  1 87A6 24H0 2  

C59 Metallized p aper; 0 . 25 mfd . ;  200 V.D .C. 1 87A624H02 

C60 Metal l ized p aper; 1 . 0  mfd . ;  200 V.D .C. 187A624 H0 4  

C 8 1  Mylar; 0 . 2 2  mfd. ; 50 V . D . C. 762A 70 3HO 1 

C82 Myl ar;  0 . 2 2  mfd . ;  50 V.D. C. 762A703 H0 1 

C83 Variabl e ;  4 . 5 - 1 00 pf. 762A73 6H02 

C 84 Polystyrene, 9 1 00 pf. ; 200 V.D .C. 1 87A624 H 1 6  

C 85 Temp. comp ensating; 1 50 V.D . C . ;  p f. as required 

C86 1 00 p f. ; zero temp . coef. 1 8 7A684H08 

C87 Temp. comp en s ating; 1 50 V. D.C. ; pf. a s  required 

C 88 Variabl e ;  4 . 5 - 1 00 pf. 762A736H02 

C89 P olystyrene; 9 1 00 pf. ; 200 V. D . C .  1 87A624 H 1 6  

C90 Myl ar ;  0 . 22 mfd. ; 5 0  V. D . C .  762A703H0 1 

C 9 1  Mylar; 0 . 2 2  mfd. ; 50 V. D . C .  762A703H0 1 

C 1 0 1  Tant al um, 6 . 8  mfd . ;  3 5  V . D . C .  1 84A661H25 
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CI R C U I T  
SYMBOL 

CR5 1  

CR5 2 

CR53 

CR81  

CR82 

CR83 

CR85 

CR86 

CR 1 0 1  

CR 1 0 3  

CR 1 

CR2 

C R 10 2 

V R 1  

VR2 

R5 

R7 

R 1 2  

R52 

R1  

R2 

R2 

R2 

R3 

R3 

R4 

R6 

R8 

R l l  

R 1 3  

R 1 4  

R 1 5  

R 1 6  

R 1 7  

R 18 

R 1 9  

R20 

EL E CTRICAL P ARTS L I ST (Cont'd.) 

D E S C R I P T I O N 

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

1N45 7A; 60 V. ;  200 MA. 

1N457A; 60 V.;  200 MA. 

1N457A; 60 V.;  200 MA. 

1N91;  1 00 V . ;  150 MA. 

1 N 9 1 ;  1 00 V . ;  1 5 0  MA. 

1 N 9 1 ;  100 V. ; 1 50 MA. 

1N628; 125  V . ;  20 MA. 

1N628; 125 V . ;  30 MA. 

1N457A; 60 V . ;  200 MA. 

1N457A; 60 V.; 200 MA. 

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

1 N 30 27A; 20 v. ± 10%; 1 w. 

1N30 27A; 20 V .  ± 10%; 1 w. 

1N3686B; 20 V. ±5%; 750 MW. 

1N2828B; 4 5  V. ±5%; 5 0 W .  

1N 2984B; 20 V .  ±5%; 1 0  w .  

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

1 0 K ;  2W. 

250K;  2W. 

1K; 1/.otW.  

1K;  �w. 

R ES I STORS 

400 ohms ±5%; 25W. 

26. 5 ohms ±5%; 4 0W.  ( For 48  V .  Supply) 
1 50 ohms ± 5%; 40W. ( Fo r 125 V .  Supply) 
300 o hms ±5%; 50W. ( For 250 V. Supply) 
1 50 ohms ± 5%; 40W. ( For 125 V .  Supply) 
500 o hms ±5%; 100 w. ( For 250 V. Supply) 
1 00 ohms ±5%; 1W. Composition 

10K ±5%; 1/zW. Composition 
lOOK ±5%; 1 W. Composition 
10K ± 5%; YzW. Composition 
5 . 6K ±5%; YzW. Composition 
3 . 3K ±5%; 1/zW. Compo sition 

330 o hms ±5%; Yzw. Composition 
1 0K ±5%; YzW.  Compos ition 
3 3K ±5%; Yzw. Composition 
3.  3K ±5%; 1/zW. Composition 
3. 3K ±5%; 1/zw. Compositio n 

10K ±5%; YzW. Composition 

I . L .  4 1 -945.530 

W E ST I N G H O U S E  
D ES I G N AT I ON 

1 84A855H07 

1 84A85 5H07 

184A855H07 

182A881H04 

1 82A88 1H04 

1 8 2A88 1H04 

1 84A844H 1 2  

1 84A855H 1 2  

1 84A885H07 

1 84 A885H07 

1 88A307H 1 0  

1 88A307H 1 0  

1 85A2 1 2H06 

1 84A854H06 

762A63 1H0 1 

1 85A086H 10 

1 85A086H l l  

629A430H02 

629A645H04 

1 202587 

04D 1 299H44 

1 20 24 99 

763A963H0 1 

1 202499 

6 29A843H0 3 

187A643H0 3 

1 84A763H 5 1  

187A643H75 

1 84A763H5 1 

184A763H45 

184A 763H39 

1 84A763H 1 5  

184A763H5 1 

1 84A763H63 

184A763H3 9  

1 84A763H39 

1 8 4A763H5 1 
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EL ECTRICAL PARTS L I ST (Cont'd.) 

,.,..... .. 
C I R C U I T  

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

SYMBOL D E S I GN AT I O N  

R ESISTORS (Cont'd. ) 

R 2 1  33K ±5%; llzw. Composition 1 8 4A763H63 

R22 3 30 ohms ±5%; llzW. Composition 1 84A763H 1 5  

R23 lOK ±5%; llzw. Composition 1 84 A  763H5 1 

R3 1 3 . 3K ±5%; llzW. composition 184A763H39 

R32 22K ±5%; Yzw.  Composition 184A763H5 9 

R33 680 ohms ±5%; 1/zW. Composition 1 84A763H23 

R34 68 ohms ±5%; llzw. Composition 1 87A2 90H2 1 

R35 l OK ±5%; llzw. Composition 1 84A763H 5 1  

R36 330 ohms ± 5%; YzW. Composition 1 84A763H 1 5  

R37 3 . 3K ±5%; llzW. Composition 1 84 A763H39 

R38 1000 ohms ±5%; YzW.  Composition 1 84A763H27 

R39 2 2K ± 5%; llzw. Composition 1 84A763H59 

R40 680 ohms ± 5%; llzW. Composition 1 84A763H23 

R4 1 68 ohms ±5%; Yzw. Composition 1 87A290H 2 1  

R42 lOK ±5%; llzw. composition 1 8 4A763H 5 1  

R5 1 4. 7K ±5%; llzW . Composition 184A763H43 

R53 27K ±5%; llzw. Composition 1 8 4A 763H6 1 

R54 2 . 2K ± 5%; YzW. Compo sition 184A763H35 

R55 27 ohms ±5%; Yzw. Composition 1 87A290H l l  

R56 l OK ± 5%; YzW. Composition 1 84A763H 5 1  

R57 4.  7K ±5%; YzW. Compo sition 1 84A763H43 

R58 27K ±5%; 1/zw. Composition 1 84A763H61  

R59  1 . 5K ±5%; w. Comp osition 1 84A763H 3 1  

R60 1 80 ohms ± 5%; YzW. Composition 1 84A763H0 9 

R 6 1  4 .  7 K  ±5%; liz W .  Composition 184A763H4 3 
R62 1 . 5K ±5%; YzW. Composition 184A 763H3 1 

R63 3 . 3K ±5%; llzw. Composition 184A763H63 

R64 2 .  7K ±5%; YzW. Composition 1 84A763H37 

R65 680 ohms ±5%; llzW. Composition 1 84A763H23 

R66 68  ohms ±5%; YzW. Compo sition 1 87A290H 2 1  

R67 4 .  7K ±5%; 1/zW. Composition 184A 763H43 

R68 2. 7K ±5%; YzW. Co mposition 1 84A763H37 

R69 1 8K ± 5%; YzW. Compo sition 184A763H57 

R70 220 ohms ±5%; llzW. Compo sition 1 84A763H l l  

R 7 1  270 ohms ± 5%; 1/zW. Composition 1 84A763H l 3  

R72 330 ohms ±5%; 1/zW. Compo sition 1 84A763 H 1 5  

R8 1 4. 7K ±5%; YzW. Compositi on 184A763H43 

R8 2 4 .  7K ±5%; 1/zW. Comp osition 1 84 A763H43 

R83 2 . 2K ±5%; llzW. Composition 1 84A763H35 

R84 2 . 2K ±5%; 1/zW. Composition 1 84 A  763H35 
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I . L .  4 1 -945.530 

EL ECTRICAL PARTS L I ST (Cont' d.) 

C I R C U I T  D E S C R I P T I O N W E ST I N G H O U S E  
S Y M B O L  D ES I GN A T I O N  

R ES I STORS (Cont'd . )  

R85 6 .8K ±5%; Yzw.  Compo sition 1 84A763H47 

R 1 0 1  1 8K ± 5%; Yzw. Comp osition 1 84 A763H57 

R 102  lOK ±5%; 1/zW. Composition 1 84A763H5 1 

R l0 3  82K ±5%; YzW. Composition 184A763H73 

R 104 82K ±5%; Yzw. Composition 1 84A763H73 

R 1 0 5  1 0 K  ±5%; 1 W. Composition 1 87A643H5 1 
R 10 6  3 9K ±5%; Yzw. Composition 1 84A763H65 

R 1 0 7  1 000 ohms ±5%; 1/zW. Compo sition 1 85A763H27 

R 108 1 0K ± 5%; Yzw. Composition 1 84A763H5 1 

R 10 9  22K ± 5%; Yz w .  Composition 1 84A763H23 

R l l O  27K ±5%; Yzw. Composition 1 84A763H 6 1  

R l 1 1  10K ±5%; YzW .  Composition 1 84A763H5 1 
T R A N S F O R M E R S  

T l l  Toroidal type,  10000/400 ohms 1962797 

T 1 2  Toroidal typ e, 25000/300 ohms 1 962697  

T 8 1  Pot.  Core typ e 606B533G0 1 
T82 Pot. Core type 606B533G02 

T R AN SISTORS 

Q1 1 2N652A 1 84A638H 1 6  

Q 1 2  2N 1 3 96 848A892H0 1 

Q13 2N 1 3 96 848A892H0 1 

Q3 1 2N 274 1 87A270H0 1 

Q32 2N274 1 87A270H0 1 

Q5 1 2N396 762A575H03 

Q52 2N3 96 762A575H03 

Q53 2N 39 6  762A575H03 

Q54 2N396 762A5 85H03 

Q81  2N652A 1 84A638H 1 6  

Q8 2 2N652A 1 84 A638H l 6  
Q 1 0 1  2N6 99 1 84A638H 1 9  

Q102  2N696 762A585H0 1 

Q103  2N 697 1 8 4A638H 1 8  

Q104 2N699 1 84A638H 1 9  

MISC E L LAN E OUS 

Y 1 1  Oscillator Crystal (Frequency 20 KC abo ve Channel Frequency )  762A800H0 1 + (Reg. Freq. 

FL 1 Crystal Input Filter 4 10C466 + (Reg. Freq. 

FL2 I .  F. Filter 762A6 1 3G0 1 

PL Pilot Light Bulb - For 4 8  V .  Supply 1 87Al 33H02 
Pilot Light Bulb - For 1 25 or 250 v. supply 18 3A955H0 1 

F 1 '  F2 Fus e, 1 . 5A 1 1D9 1 9H26 
·----

AL Alarm Relay 40 8C062H07 

HG Mercury Weted Contact Relay; 2 amp , 500 V. , 100 V.A.  188A573H04 
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0 0  
( FILTER 0 

-3 

- 10 

- 20  

- 30 

- • o 

-50 

- 6 0  

O O W N  
l--220� -

S O N LY ) 

ZO KC I. F. 
FILTER 

N "l I 
D I S C R I M INATOR 

OUTPUT 

l;CRYSTAL 
FILTER 

ZERO REr. 

00• 100 
1\ 

�00 400 300 200 100 ft 100 200 300 400 500 
C Y C L E S - I N PUT F R E Q U ENCY C Y C L E S + 

f c a CENTER FREQUENCY OF CRYSTAL F I L T E R  

848A629-' 
Fig. 2. Filter ancl Di scrimin ator Characteristics of the Type TCF Recei ver. 

T 
i\ WIDE X t DIEEP - FOUR SLOTS 

p 
"[ 

INPUT POW[It 
A T T E NUATION 0111 (r�)) oo�o6 

1------------ --- · - 1 8t MTG CENTERS - - - - - - _ __J I 
1------------- ------- 19 -- --� 

' 
I 

t:. • FOR 250 OR 12,/250 V.D.C. .ONLY 

Fig. 3. Outline and Drilling Plan for the Type TCF Receiver Assembly. 
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I . L .  41 -945.530 

VR2 

[] V I U  

G 

PRINTED CIRCUIT BOARDS 
F L-201 

REAR VIEW 644B1 01 l------------------------------------------·-·-·-----

Fig. 4. Componen t  L o cations on the TCF Receiver P anel.  

f: . .  \ 8 8° f:\ ��QTPII v 
,..-------, 

I C l 4 I [ c 1 5  � 
� V I I  I R 2 2] 
802 I R 2 1 J [R_�<D 

§] 02 8 []]D [ED T P1 3 � [ R I B ) 
rniJ 4 � � C l l � C l 3 

� 
-

l i 1 1 1 1 1 1 1 / l l l l l l l l l  i 
7 63A292 

L t "  ns  o n  the  Os c i l l a to r  and  M i x e r F .  5 Compon ent o c a  r o  r g  • • 

P rin ted C i rcu i t  Board. 

1 6  

� C 3 5 �pa[[ill CB:ill TP31-1 C 3 2 � 
[[ill ---1 

� 
0 8 

[ill] 
C!:!':J 8 C 3 4 Q� l (]ill 

T; i @D 
� T¥,, i ri� 

[±= FL2 =±] 

I ,---
- 1 9 

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

Fi g. 6. 

7 63A293 . .  
Componen t  Locat ions on the I .  F. Amp l r fr er P rr n ted 

Circui t  Board. 
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I . L .  41 -945. 530 -----------------

� C 5 2  

� C 59 � 
� � C 5 1 � CR¥1 '----__j 

(]IT] 8 LillJ � C 56 � [!ill � C 5 3  t [B}QJIL--___J 
CKBJ

TP52Q � � � �  
TP51Q TP53Q

= �= -t�;i-J � � c � e � I I � lcR53l-- l c s s  r mTI  � � � � Q 'R6ifl � �  � TP55 Q \� 
� 

� T P54  d C57  � [ill] 
-§D- Q� L@J � C GO � 

1 9  I I I I I I I I I I I I I I I I I I 

TOPB4 TOP83 Fl 
@!] 

� � � �  "' I  cee 

I T72C90 I I C9�71 Ll J
l 

_ _  __J icRe5l (]EJ � icResl _ 

@D �  

� �0 
� 0 � CR84 a 

'C) [!ill ""------19 I I I I I l l  I I I l l  I I I I  I I I I  
W H E N  
U S E D  

763A294 7 63A295 
Fig. 7. Component Lo cations o n  the Amplifier and L im iter 

P rinted Circuit Board. 

Fig. 8. Component Lo cations on the Discriminator P rin ted 

Circuit Board. 

,--------------------------- · 

1. I' F ILTER  TEST CI RCU IT CONNECTIONS 

I NPUT  F ILTER TEST C I RC U I T  CON N E C T IONS 

I I ____ 849Al09 
Fig.  9. Test Circuits for TCF Frequen cy Sh i ft R e cei ver Fi l ters 
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A L  
ALA R M  
R E LAY 

QTPI05 
lCR I03] ([1 1 1  ] 
8 8  TPJ.Q4 Q,__._ U R IOS  0 I R I I O I 

1CRI02  � @Q[J 
R I 0 7 � l+ e ,O , i eo� � I R I 0 3 I 

,_ 

H G 

- 1 9 I ,...__ 

I I I I I I I I I I I I I I I I I I I 
Fig. 10.  Component Lo cation s on the Relay Output P rin ted Circuit  Board. 
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Q 1 1  

I I I I I I I 
T lh 
�l I I I I I I I I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .2s_i _ _  {j:£_c���l 

COMPONENT STYLE REQ REF. 
TRANSISTOR 

Q 1 1-Q l2-Ql3 849A441H03 3 2N4249 

RESISTOR 
R 15-R22 184A763H 15 2 3300 l/2W +5% 

R 14-R 18-R 19 184A763H39 3 3.3K l/2W ±5% 
R l3 184A763H45 1 5.6K l/2W ±5% 

R 11-R 16-R20-R23 184A763H51 4 !OK l/2W ±5% 
Rl7-R21 184A763H63 2 33K l/2W +5% 

R24 184A763H83 1 220K l/2W ±5% 
R25 184A763H43 1 4.7K l/2W ±5% 

CAPACITOR 
C 1 1-C 13-C 17 187A624H02 3 .25MFD. 200¥. 

C 14-Cl5 187A624H04 2 lMFD. 200¥. 
C l2 SEE NOTE 'f 
C l6 SEE NOTE . 

POTENTIOMETER 
R l2 629A430H02 1 10000 

TRANSFORMER 
T l l  205C043G01 1 10,000/400 
Tl2 205C043G03 1 25,000/300 

CRYSTAL 
Y 1 1  S E E  NOTE o 

'f = C l2 RANGE 4 TO 390?1. AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS. 

• = C l6 RANGE 22 TO lOOP!. AS REQUIRED BY FREQUENCY 
AND C RYSTAL CHARACTERISTICS. 

o =Y11 RANGE-50 TO 220 KHZ. 

2 6 4 C 8 5 5  

* Fig. 1 7 .  Internal Schem atic 3D-200KHz Oscillator and M ixer Silicon Transistor Version 
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N 
0 

r-- 2r -��� - - - - - - - - - --------------- 9f---------, 

�J , j TP2 l l  HD2 l l  
Q 2 1 1  ( 2 

1 

C2 18 [� 

� 
N 
0: 

C216 

C213 C217 

TP2 13 l I C212 l 0 l � 

� 
r--' 

I I I I I I I 
2 l

T2 102 4
l

) 4 I 

1 ,.I l l  3 :> 
6

1 I I I I I I I I ..._- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -��� _j�2.£.9QZ�1j 

C O MPONENT STYLE REQ I REF 
TRANSISTOR 

Q2 1 1  849A441H03 1 2N4249 

RESISTOR 
R211-R2 13-R215 184A763H51 3 lOK l/2W +5% 

R212 184A763H27 1 lK 1/2W +5% 
R214 184A763H37 1 2. 7K 1/2W +5% 
R216 184A763H49 1 8.2K 112W +5% 
R217 184A763H34 1 2K l/2W +5% 
R218 184A763H07 1 1500 1/2W +5% 
R219 184A763HI5 1 3300 l/2W +5% 
R220 184A763H67 1 47K l/2W ±5% 
R221 184A763H83 1 220K 1/2W +5% 
R222 184A763H43 1 4.7K 1/2W +5% 

CAPACITOR 
C2 1 1  SEE NOTE ... 

C2 12-C2!3-C215 184A663H04 3 . lM FD. 50V. 
C214 SEE NOTE 0 

C2 16-C217 187A624H04 2 1 MFD. 200V. 
C218 187A624H02 1 .25 MFD. 200V. 

ZENER DIODE 
Z201 862A606H01 1 1N753A 

INTERNAL C IRCU IT 
IC201 201C826H04 1 UA7 10C 

TRANSFORMER 
T21 1  7 14B677G01 1 
T212 205C043G03 1 

CRYSTAL 
Y l l  SEE NOTE 0 1 

.ol. � C2 l l  RANGES FROM lOOPf. TO 1.000Pf. 
0 � C214 STYLE NO. 187A695H 17 .56Pf. BUT MAY VARY UP TO lOOPf. 
D� Y l l  FREQUENCY EQUALS RECEIVER !CHANNELl FREQUENCY 

PLUS 20 KHZ . 

2 6 4 C 8 4 4  

* Fig. 1 2 .  Internal Schem atic 200.5-300KHz. Oscillator and Mixer Silicon Transistor Version 
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C O MPONENT 
TRANSISTOR 

Q31-Q32 

RESISTOR 

R34-R41 
R36 

R33- R40 
R38 

R3 1-R37 
R35-R42 
R32-R39 

CAPAC ITOR 
C3 1-C32-C33-C35 

C34 
C36 

F I LTER 
. FL2 

¢ • COMMON TERMI NAL 

* Fig. 13 .  Intern al Schematic I . F. Amplifier - Silicon Transistor Version 

STYLE 

849A441H03 

187A290H2r 
184A763H i"5 
184A763H23 
184A763H27 
184A763H39 
184A763H5 1  
184A763H59 

187A624H02 
187A624H04 
762A757H01 

762A613G 0 1  

R E Q  

2 

2 
1 

2 
1 
2 
2 
2 

4 
1 
1 

_ _!______ 

REF. 

21'14249 

680 1/2W +5% 
3300 1/2W :t5% 
6s0n 1/2W :t5% 

1K 1/2W :t5% 
·3:3K 1/2:W :t5% 
JOK 1/2W . +5% 
Z2K l/2W :t5% 

.25MFD. 200V 
1MFO. 200V. 

100 Pf. 

--

2 6 4 C 8 5 6  
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N 
N 

�----s/'-----�6�----------------------------,  
I I I I I I I 1 1 I f 

<
' 14 C60 I I I TP55 5 ! I 0 ' » I 

<.f--+--+ 

C59 

._ - - ..2��---------------------------- ---�� ��o..:_j 

COMPONENT 
TRANSISTOR 

05 1-052-053-054 

RESISTOR 
R66 
R55 
R70 
R72 
R65 
R59 

R54-R62 
R64-R68 

R51-R57-R61-R67 
R56 
R69 

R53-R58 
R63 
Rll  
R60 
R73 

CAPAC ITOR 
C54 

C5 1-C52-C56-C58-C59 
C53-C55-C57 

C60 

DIODE 
D51-D52-D53 

POTENTIOMETER 
R52 

* Fig. 1 4. Internal Schem atic Amplifier and L imiter -- Silicon Trans istor Version 

) ) 

STYLE REO. REF 

849A441H03 4 2N4249 

187A290H21  1 680 1/2W +5% 
187A290H ll  1 270 1/2W +5% 
184A763H l l  1 2200 1/2W +5% 
184A763H15 1 3300 1/2W +5% 
184A763H23 1 6800 1/2W +5% 
184A763H31 1 1.5K 1/2W +5% 
184A763H35 2 2.2K 1/2W ±5% 
184A763H37 2 2. ?K 1/2W +5% 
184A763H43 4 4. 7K 1/2W +5% 
184A763H51 1 !OK 1/2W ±5% 
184A763H57 1 18K 1/2W +5% 
184A763H61 2 27K 1/2W +5% 
184A763H63 1 33K 1/2W +5% 
09D8326G20 1 1000 +2% 
184A763H09 1 1800 1/2W ±5% 
629A53 1H02 1 ss o 112w + 2% 

187A584H 15 1 1300MMF. 500V. 
187A624H02 5 .25MFD. 200V. 
187A624H01 3 0.1MFD. 200V. 
187A624H04 1 l.OMFD. 200V. 

184A855H07 3 1N457A 

629A645H04 1 1K 

2 6 4 C 8 4 1  
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I > 
I 

17 I I D82 16 ·� 
I I 
I 1 1  • 
I > 
I 
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(01 7 
S cgo 

I � 
I 

<' F C86 
1 5 " 
I 
I 
t _ - - - - - - - - - - - - - - - - -- - - - - - - - - - - -������ L -� 4- - - .J 

C O '.' PON E N T  S T Y L E  
TRANSISTOR 

081-082 849A44 1HOI 

RESISTOR 
RBI-R82 184A763H38 
R83-R84 184A763H35 

R85 184A763H 1 1  
R87 184A763H53 

CAPACITOR 
C81-C82-C90-C91 762A703HOI 

C83-C88 762A736H02 
C84-C89 187A624H 16 

C86 187A684H08 
C85-C87 SEE NOTE 0 
DIODE 

D8!-D82 184A855H07 
D85-D86 184A855H 12 

TRANSFORMER 
TB I 6068533GOI 
T82 6068533002 

0 =ONE OR TWO CAPAC ITORS USED; VALUES 
DETERMINED IN TEST. 

* Fig. 15 .  Internal Schem atic Discrimin ator - Silicon Transistor Version 

REO 

2 

2 
2 
I 
I 

4 
2 
2 
I 

2 

2 

I 
I 

R E F  

2N3645 

3K li2W +5% 
2.2K 1 '2W ;,5%_ 
2200 li?.W +5'� 
12K 112W ::t5% 

.22MFD. 50V. 
4.5 TO IOOPf. 
.0091MFD.  200V. 

100 Pf. 

IN457A 
IN628 

2 6 4 C 8 4 3  
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C) G  I R l l  

8 0 
Q l l  Q TP I I 

� I I I I C IS I CRZ5J IR I� G TPI 2  Y l l  ,m R 20 1 \RW  c 
- - -- /\012 � u 

I R l4l Rl7l 

0 I C 16 I R l6 
I f324 

�� O Q I3 
TPI3 R l9 R IB 

[C 12 1 
I C l3  J 

CB:nl 
'--

19 I c--/ I I I I I I I I I I i I I  I I  I I I I I 
7 6 3A 2 9 2  

Fig. 16 .  Component Location s 30-200KHz. Oscillator 
and Mixer Silicon Transistor Version 

I+C35I j R42 I  I R35 j I C36] 1132+\ I R40 fP33© ;=I =---==-----.1 TP31 Q3 1 R33 
mill Oo32 c34  + .  0 0 I R34 j  :RR33791 I R3B j IR36 j © ®I] TP32 [§[) lc33B 2 I � 

FL 2 

� 7 I 

�- --- --� 
7 6 3 A 2 9 3 

Fig. 1 8 .  Component Locations / . F. Ampl ifier - Silicon 
Tran s istor Version 

24 

TP216 
0 

0 TP214 
1 9  

�--

TP2 15 
0 

Y l l 

TP2 1 1  � 0 
[@!] -Q o21 1  

!mil 
IR222j 

a 
@ 4 

3 

�I I  C 2 1 7  I 
_____ I 

-� 
2 0 2 C9 3 4 

Fig. 1 7. Component Locations 200.5-300KHz. 
Oscillator and Mixer Silicon Transistor Version 

1 9  I 

I I I I I I I I I I I I I I I I I I I 
7 6 3A 2 9 4  

Fig. 1 9. Component Locations Amplifier and Limiter 
- Silicon Transistor Version 
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I + C9 0 I + C9 1 I 

mm1 IR84 )  I R83 I 
IIQID OWl I C81 + I I +  C82 I 
( R82 I [ R85 I I R8 1  I 

F I�R-86--.) � 0 l084ll 0 s 

Q81 R87 Q82 

�-�-
Fig. 20. Component Locations Discriminator - Silicon Transistor Version 

I . L .  4 1 -945.530 

W H E N  
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Westinghouse I .L .  4 1 -945. 528 

I N S T A L L A TI O N  • OPE R A T I O N  • M A I N TEN A N C E  

I N S T R U C T I O N S  
TYPE TCF POWER LINE CARRIER FREQUENCY SHIFT 

RECEIVER EQUIPMENT -
WITH VOLTAGE OUTPUT FOR TELEMETERING 

C A U T I O N 

It is recommended that the user of this e quipment 
become thoroughly acquainted with the information 
in this instruction leaflet before energizing the 
c arrier assembly. Failure to observe thi s  precaution 
m ay result in damage to the e quipment . 

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

A P P L I C A T I O N 

The TCF frequency-shift receive r  as adapted 
for telemetering applications produces at its output 
terminals an alt ernating voltage of approximately 
square waveform,  and of the same frequency as the 
voltage which keys it s associated TCF transmitter 
to  produce a signal which is alternately 100 cycles 
above and 1 00 cycles below the center frequency of 
the channel on which the transmitter and receiver 
are designed to operate . This center frequency can 
be selected within the range of 30 kHz to 300 kHz, 
and the high frequencies are carried from trans­
mitter to receiver over a power line and through 
coupling capacitors and line tuners at each end. 
The varying frequency keying, or modulating, volt­
age for the TCF transmitter is obtained from a 
telemetering transmitter which converts a millivolt 
signal to a proportional frequency .  The v arying 
output of the TCF receiver is converted by a tete­
metering receiver to a millivolt signal identical to 
that at the transmitting end. 

C O N S T R U C T I O N  

The TCF receiver unit for voltage output tete­
metering applications is mounted on a standard 19-
inch wide panel 10Vz inches high (6 rack unit s )  with 
edge slots for mounting on a standard relay rack . 
All components are mounted at the rear of the panel .  
Fuse s ,  a pilot light , a power switch, an input at-

SUPE RSEDES I . L .  41 -945. 52A 
* Denotes change from s uperseded i ssue . 

tenuator , and a j ack for metering the discriminator 
output current are acc essible from the front of the 
panel .  Refer to Fig. 3 .  

All of  the circuitry t hat is suit able for mounting 
on printed circuit boards is contained in an en­
closure that projects from fhe 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. 4. Referen ce 
to the internal schematic connections on Fig. 1 will 
show the location of these components in the circuit .  
The dotted lines inclosing separate areas of Fig.  1 
indicate  that the components thus enclosed are all 
on the sam e  printed circuit board. 

The enclosure that contains the printed circuit 
boards is divided into seven compartments. The 
partitions between compartment s together with the 
outer walls of  the enclosure provide complete shield­
ing between adj acent boards and from external 
fields .  

TCF receivers for transfer trip relaying require a 
logic circuit board and may require a carrier level 
indicator circuit board,  which are contained in the 
third-from-right and right hand compartments res­
pectively. These are not required for the TCF 
receiver for telemetering and the compartments 
are vacant . 

The printed circuit boards slide into position 
in slotted guides at the top and bottom of each 
compartment , and the boar d terminals engage a 
terminal block at the rear of the compartment.  Each 
board and terminal block is keyed so that if a board 
is placed in the wrong compartment , it cannot be 
inserted into the terminal block . A handle on the 
front of each board is labeled to  identify it s func­
tion in the circuit .  

A board extender ( Style No. 644B3 1 5GO 1 )  is 
available for facilitating circuit voltage measure­
ment s or m ajor adjust ments . After withdrawing any 
one of the circuit boards, the extender is inserted 
in that compartment .  The board then is inserted into 
the terminal block on the front of the extender .  This 
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restores all circuit connections ,  and all components 
and test points on the board are readily acc essible .  

A portion of the  receiver operates from a regulat­
ed 20 V . D . C .  supply, and the remainder from a 
regulated 45 V . D . C .  supply . Thes e voltages are 
taken from t wo zener diode s mounted on a common 
heat sink . Variation of  the resistance value between 
the positive side of the unregulated D .C .  supply and 
the 45 volt zener adapt the receiver for operation on 
4 8 ,  1 25 or 250 V . D . C .  

External connections to the receiver are made 
through a 24-circuit receptacle, J3 on Fig. 1 .  The 
r-f input connection to the receiver is made through 
a coaxial cable jack , J2 .  

O P E R A T I O N  

I nput Control 

The signals to which the TCF receiver responds 
are received through a coaxial cable connected to 
jack J2 of figure 1. Resistor R4 and 20-volt Zener 
diodes CRl and CR2 protect the receiver from ab­
normally high voltages received through the coaxial 
cable.  Input attenuator R5 reduce s the signal to a 
level suitable for best operation of the receiver .  The 
attenuator is adj ustable from the front of the panel 
and can be clamped at the desired setting. A scale 
on the panel is graduat e d  in db . While this scale is 
typical r ather than individually calibrated,  it is  
accurate within one or two db . and i s  useful in 
setting approximat e level s. Settings should be made 
by obs ervation of the db. scale of a suitable a-c 
voltmeter when pos sible .  

Crystal F i  Iter 

From the attenuator .  the signal pas ses/fhrough a 
crystal filter ,  FL 1 . This filter has a narrow pass 
band,  and frequencies several hun dred  cycles above 
or below the center frequency ( fc) of the channel are 
greatly attenuated.  Figure 2 shows a typical curve 
for the crystal filt er , as well as a characteristic 
curve for the intermediate frequency filter ,  FL2 ,  
and for the discriminator output. The narrow pass 
band of F L l  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.  

Osci l l ator and Mixer  

From the  crystal filter ,  the  signal enters the 

2 

oscillator and mixer stage of the receive r .  Crystal 
Y l l ,  transistors Q 1 2  and Q 1 3 ,  and their associated 
resistors and capacitor s ,  comprise a crystal-con­
trolled oscillator that operates at a frequency 2 0  
KHz above the channel frequency ,  fc . The output 
from this local oscillator is fed through t ransformer 
T l l  to potentiometer R 1 2 , and the latter is adjust e d  
to feed a suitable input to the base of mixer tran­
sistor Ql l .  The output of FL l is impressed on the 
emitter-collector circuit of Q l l .  A s  the result of 
mi xing these two frequencies , the primary of trans­
former T 1 2  will contain frequencies of 20 KHz and 
2fc + 20 KHz. 

I F  Amp I ifier 

The output from the secondary of T 1 2  i s  am­
plified by Q3 1 ,  in the intermediate frequency am­
plifier stage , and is impressed on filter FL2 . This 
is a two-section filter , with both filters contained 
in a common case. Its pass band is centered at 20 
KHz. While its passband is much wider than that 
of the crystal filter , it eliminates the fre quencies 
present at its input that are substantially higher 
than 20 KHz. 

Ampl if ier and Limiter 

The output from the second section of the IF 
amplifier stage is fed to potentiometer R5 2 at the 
input of the amplifier and limiter stage . Sufficient 
input is taken from R52 so that with minimum input 
signal ( 5 mv. )  at J2 and with R5 set for zero attenua­
tion , satisfactory amplitude limiting will be obtained 
at the output of the limiter stage. 

Di scriminator 

The output of the limiter stage is fed to the 
discriminator.  The discriminator is adjusted at the 
factory to have zero output ( as me asured by a mil­
liammeter inserted in the circuit at j ack J l )  at fc 
hertz. The adjustment for zero output at fc h ertz 
is made by capacitor C88.  C83 also is adjusted to 
obtain a maximum voltage reading across R84 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 out­
put 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 c alibration if 
required).  It should be observed that although the 
higher signal frequency is fc + 1 00 Hert z ,  after  
leaving the mixer stage and as seen by the dis-
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cri minator the corresponding frequency is 20 KHz -
1 00 Hz.  Similarly , the lower signal frequency i s  
converted t o  20 KHz + 1 0 0  Hz.  

The discriminat or output i s  connected to t he 
bases of transistors Q8 1 and Q82 in such manner 
that Q8 2 is made conductive when terminal 4 is 
positive with respect to terminal 13 (which occurs 
with trip output) and Q8 1 is made conductive when 
terminal 4 is negative with respect to 1 3 .  Con­
sequently, terminal 15 is at a potential of approxi­
mately +20 volts at Guard frequency and terminal 
1 1  is at +20 volts at trip frequency. 

Output Ci rcu i ts  

T h e  output circuit board o f  the receiver contains 
transistors Q10 1 and Q102 which receive and amplify 
the discriminator output . Their collectors are con­
nected to the outer ends of the mid-tapped primary 
winding of transformer T 1 . and the alternate con­
duction and cutoff of these transistors c auses a-c 
voltages of approximate square waveform to appear 
on the secondary windings of the transform er .  The 
winding connected to terminals 18 and 19  of J3 
supplies approximately 45 volts peak-t o -pe ak to a 
10K load , and the winding connected to terminals 
23 and 24 supplies approximately 1 2  volts peak-to­
pe ak to a 600 ohm load . 

The two discriminator outputs also are connected 
through resistors R103 and R 104 to the base of tran­
sistor Q 1 0 3 .  Either output from the discriminator 
will k e ep Q103 fully conductive and current fed 
from the 45 volt d-e supply will flow to negative 
through Q103 . If the discriminator has neither output, 
capacitor C 103  charges to the breakdown voltage of 
zener diode CR1 03 in approximately 1 60 ms . Ql04 
then receives base current and becomes conductive ,  
thus removing base current from Q105 and c ausing 
alarm relay AL to drop out . An alarm is energized 
through normally-closed contacts of this relay . A 
copper slug on the core of relay AL adds about 40 
ms . to make the total delay about 200 m s .  bet ween 
disappearanc e of disc rimin ator output and en ergiza­
tion of the alarm . If discriminator output should 
reappear before the alarm becomes energized , C 103 
will be discharged very rapidly through the low 
resistanc e of R 109 and substantially the full delay 
would be effective on an immediately subsequent 
loss of discriminator output . 

The telemetering transmitter has a lower fre ­
quency output with a zero millivolt input sign al and 
a higher frequency output at maximum or full scale 
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input signal , a typical range being 1 5  to 35 hert z. 
Consequently, the alarm will not be energized unless 
there is failure in equipment or interruption of the 
power line channel.  

Power Suppl y 

The regulated 20 V . D . C .  and 4 5  V . D . C .  circuits 
of the receiver are supplied from zener d iodes 
mounted on a common he at sink on the rear of the 
panel. Resistors (R2 ,  R3) of suitable value are 
connected between the st ation battery supply and 
the 45 volt zener to adapt the receiver for use on 
4 8 ,  1 25 or 250 V . D . C .  b attery circuits .  The re ceiver 
is  connected to the external supply through a switch 
and fuses ,  and a pilot light indicates whether the 
D . C .  circuits are energized.  C apacitors C 1  and C 2  
bypass r .f.  o r  transient voltage s to ground. 

C H A R A C T E R I S T I C S  

Frequency range 30-300 KHz 

Sensitivity (noise- 0 . 005 volt ( 65 db below 1 watt 
free channel) for limiting) 

Input Impe dance 5000 ohms minimum 

Bandwidth 
(crystal filter) 

Discriminator 

Operating Time 

Keying rate 

Frequency spacing 

A. For two or more 
s ignals over one-

down < 3 db at 220 cycles 
down > 60 db at 1000 cycles 
down > 85 db at 3 00 0  cycles 

Set for zero output at channel 
c enter frequency and for ·max. 
outputs at 100 cycles above 
and below center fre quency. 

9 ms.  channel ( transm. and 
recvr . ) 

1 0-50 Hz.  

way channel. 500  Hert z  minimum 

B. For two-way 
c hannel.  

Receiver Output 

1 000 Hertz minimum b etween 
transmitter and adjacent re­
ceiver frequencies . 

Output transformer supplies  the 
following squarewave voltages  
(peak-to-peak) :  
A .  Terminals 18-19 : 4 5  volt s 

into 1 0 ,000 ohm s .  
B .  Terminals 23-24 :  1 2  volts 

into 600 ohms.  
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Ambient tempera­
ture range 

-20°C to +55°C t emperature 
around chas sis . 

Battery voltage 
variations 

Rated Voltage 
48 V . D . C .  

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

Allowable variat ion 
4 2 - 56 V . D . C .  

1 0 5 - 1 4 0  V . D . C .  
2 10 - 280 V . D . C .  

Battery Drain 0 . 20  a. at 48 V . D . C .  
0 . 27 a. at 1 2 5  or 250 V . D .C . 

Dimensions Panel  height - 10Yz' ' or 6 r .u .  
Panel width - 19" 

Weight 1 3  lbs .  

I N S T A L LA T I O N 

The TCF receiver 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 5 50C . 

4 

A D J U S T M E N T S 

All factory adjustments of the TCF receiver have 
been carefully m ade and should not be altered unless 
there is  evide nee of damage or  m al-functioning.  
Such adj ustments are :  frequency and output level of 
t he oscillator and mix er ;  input to the amplifier and 
limiter ;  frequency and output level of the oscillator 
and mixer; input to t he amplifier and limiter ;  fre­
quency spacing and magnitude of discriminator out­
put peaks . 

After  the receiver has been installed ,  the input 
at ten uator R5 must be set for the desired operating 
margin .  The receiver should not be set with a greater 
margin of sensitivity than is ne eded to assure 
correct operation with t he maximum expected varia­
tion in attenuation of t he transmitter signal .  In the 
absence of data on thi s ,  the receiver m ay be set to 
operate on a signal that is  15 db below the expected 
m aximum sign al .  After installat ion of the receiver 
and the corresponding transmitter and with a normal 
signal being received, input attenuator R5 should be 
adj usted to the position at which the alarm relay 
drops out . R5 then should be readjusted to increase  
the voltage supplied to  the  receiver by 1 5  db . The 
scale markings for R5 permit an approximate set ting 

to be made but it is preferable to make this setting 
by means of the db scales of an a-c VTVM connect­
ed from ground to the sliding contact of R5 .  

In case factory adj ustments have been accidently 
disturbed or components have been replaced,  it m ay 
be neces sary to readjust the oscillator and mixer , 
the limiter, or the discriminator , and procedure s  
for these adj ustments are described i n  the following 
paragraphs. 

Potentiometer R 1 2  in the oscillator and mixer 
should be  set for 0 . 3  volt , measured with an a-c 
VTVM connected betwe en TP 1 1  and terminal 1 8  on 
the circuit board ( ground terminal of voltmeter) . A 
frequency counter can be connected to the s ame 
points for a check on the frequency which should 
be  20KHz above the channel frequency. The fre­
quency is fixed by the crystal used, except that it 
m ay be  changed a few hertz by the value of c ap­
acitor C 1 2 .  Reducing C 1 2  incre ase s  the frequency , 
but the capacity should never be less than a value 
t hat insures reliable starting of oscillation . The 
frequency at room temperature is  usually several 
Hertz above the crystal nominal frequency as this 
reduces the frequency deviation at the temperature 
extremes . 

The adj ustment of the amplifier and limiter is  
made by potentiometer R52 . An osc illoscope should 
be connected from the base  of tran sistor Q54 t o  
terminal 18  o f  t h e  limiter. With 5 m v .  o f  signal fre­
quency on the receiver input ( R5 at zero) ,  R52 should 
be adj usted to the point where the peak s  of the 
oscilloscope trace begin to flatten .  This should 
appear on the upper and lower peaks at approxi­
m ately the same setting . The R52 adj usting scre w 
then should be turned one turn farther in the direc­
tion to produce limiting .  

Adj ustment o f  the discriminator is made by 
capacitors C83 and C88 . Apply to the receiver input 
a 5 mv.  signal taken from an oscillator set  at the 
center frequency of the channel .  ( R5 at zero . )  Con­
nect a 1 .5 - 0 - 1 .5 milliammeter in the circuit at 
J1  and a VTVM across R84 . Adjust C88 for zero 
current in the milliammeter and C83 for maximum 
voltage across R84 , rechecking the adjustments 
alternately until no further change is observe d .  
Remove t h e  VTVM from across R 8 4  and observe the 
milliammeter reading as the oscillator frequency 
is varied .  Positive and negative peaks should occur 
at 100 Hertz above and below center fre quency. 
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M A I NT E N A N C E  

Periodic checks of the received carrier signal 
and the receiver sensitivity will detect gradual 
deterioration and permit its correction before failure 
can result . An overall check can be made with the 
attenuation control R 5 .  A change in o perating margin 
from the original setting can be detected by observ­
ing the change in the dial setting re Quire d 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 reduction 
is due to loss of signal or loss of receiver sensitivity. 

All adj ustable components on the printed circuit 
boards are accessible when the door on the front of 
the panel is opened.  (An offset screwdriver would 
be re quired for adjusting R 1 2 . )  However , as des­
cribed under "CONSTRUCTION, "  any boar d  may 
be made entirely accessible while permitting elec­
trical operation by using board extender Style No . 
644B3 15G0 1 .  This permits attaching instrument 
leads to the various test points or terminals when 
making voltage , oscilloscope of frequency checks.  

I t  is advisable to record values after adjustment 
in order to establish reference values which will 
be  useful when checking the apparatus.  The read­
ings will remain fairly constant over an indefinite 
period unless a fai lure occur s .  However, if tran­
sistors 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 . Some readings may vary as much as ± 20%. 

T A B L E  I 

R ECEIV E R  D-C MEASU R EM ENTS 

Note :  All voltage readings taken with ground of d-e 
VTVM on terminal 18 (+ 20v ) .  Receiver adjust­
ed for 15 db operating margin with input signal 
down 50 db from 1 watt .  Unless oth erwise 
indicated, voltage will not vary appreciably 
whether signal is high , low or fc frequency . 
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Collector of  
Transistor 

Ql l 

Q l 2  
Q 1 2  
Q 1 3  
Q13 
Q3 1 
Q3 2 
Q5 1 
Q52 
Q53 
Q54 
Q8 1 and Q10 1  
Q8 1 and Q10 1 

Q82 and Q 102 
Q8 2 and Q102  
Q103  
Q104  

Q105 

20 

Volts  
(-) 

1 4 . 5 (No signal) 
1 4 . 0  (High or  low freq . signal ) 

1 7 . 0  (No signal ) 
1 5 . 0  (High or low freq. signal) 

1 8 . 5  
1 8 . 5  

8 . 4  
1 3 .5 

4 . 4  
1 8  
20 ( No signal or fc- 100 Hz. )  

. 25 ( fc + 100 Hz.)  
20 ( No signal or fc + 100 Hz. )  

.25 ( fc - 1 00 Hz. )  

20 . 5  ( No s ignal) 
. 25 (No signal) 

45 (No signal) 

T A B L E I I  

RECEIVER RF  M EASU REMENTS 

Collector of  Volts ( fc + 1 00 Hz.)  
Transistor 

Q32 . 25 
Q5 1 . 3  

Q52 .4 
Q53 2 . 1  

Q54 4 . 8  

RECOMMENDED TEST EQU I PMENT 

I .  Minimum Test Equipment for Installation.  

a.  A-C Vacuum Tube voltmeter ( VTVM) . Volt­
age range 0 .03 to 30 volts ,  frequency range 
60 Hert z to 330 KHz, input impedan ce 7 . 5  
megohms. 

b .  D-C Vacuum Tube Voltmeter ( VTVM) 

Voltage Range:  0 . 1 5  to 300 volts 

Input Impedance : 7 .5 megohms 
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II .  D e si rable Test E quipment 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 .  Fre quency count er 

e .  Ohmmeter 

f. Capacitor checker 

g .  Milliammeter 0 - 1 . 5  or preferably 1 . 5 - 0 - 1 . 5  
range , for checking discriminator. 

R E N E W A L  P A R T S 

Repair  work can be done most s atisfactorily at 
the factory. However , replacement parts can be fur­
nished ,  in most cases , to customers who are e quip­
ped for doing repair work. When ordering part s ,  
always give the complete nameplate data and iden­
tify the part by its designation on the Internal 
Schematic drawing. 

6 

A D D E N D U M  

With shipments of sets starting in early 1973 , 
the germ anium transistors used in the v arious 
modules were replaced with silicon transistors . In 
addit ion , due to the nature of silicon transistors , 
some resistor values in the circuits  had to be chang­
ed in order to correctly bias these t ransistor s .  
Therefore the transistors are not replaceable o n  a 
pin for pin basis throughout the receiver. Before 
attempting to replace a germanium transistor with 
a silicon transistor on older s ets using germanium , 
please check the schematics on the following pages 
to s ee if the location where the replacement is 
desir ed has additional component changes.  If that 
is the case , then the replacement can only be made 
by the same designation  transistors or the additional 
component changes must also be m ade .  It  should b e  
pointed out that the modules containing the silicon 
transistors are completely interchangeable with the 
modules containing germanium transistor s .  Therefore , 
there is no problem with intermixing the silicon 
transistor modules with the germanium transistor 
modules in the same receiver. Thus complete new 
modules containing silicon transistors can be 
ordered and used as replacements in older receivers 
having germanium transistor modules.  The new mod­
ules have the s ame style numbers as the old ger­
manium transistor modules they replac e .  
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E LECTR I CAL PARTS L IST 

C I R CUIT D E S C R I P T I O N  W ESTINGHOUSE 
SYMBOL D E SIGNATION 

CAPACI TO RS 

C 1  Oil-filled ;  0 . 5  mfd . ;  1 500 V . D . C .  1 877962 

C2 Oil-filled ;  0 .5  m fd . ; 1 500 V . D . C. 1 877962 

C 1 1  Metallized paper ;  0 . 25 mfd . ; 200 V . D . C .  187A624H02 

C 12-C 1 6 Mica, capacity as re quired ; 500 V .D . C .  

C 13 Metallized paper ; 0 . 25 mfd. ; 200 V . D . C .  1 87A624H02 

C 1 4  Metallized paper ;  1 .0 mfd. ; 200 V . D . C .  1 87A624H04 

C 1 5  Metallized p aper ; 1 .  0 mfd. ; 200 V .  D .C.  1 87A624H04 

C3 1 Metallized paper ; 0 . 25 mfd. ; 200 V. D . C .  1 87A6 24H02 

C32 Metallized paper ;  0 . 25 mfd . ;  200 V . D . C .  187A624 H02 

C33 Metallized paper; 0 . 2 5  mfd . ;  200 V . D . C .  187A624H02 

C 34 Metallized paper;  1 . 0  mfd . ; 200 V . D . C .  1 87A624H04 

C35 Metallized pape r ;  0 . 25 mfd . ; 200 V . D . C .  1 87A624H02 

C5 1 Metallized paper;  0 .  25 mfd . ;  200 V . D . C .  187A624H02 

C52 Metallized paper ; 0 . 25 mfd . ; 200 V . D .C .  1 87A624 H02 

C53 Metallized paper ; 0 . 1 mfd. ; 200 V .D . C .  1 87A6 24 H 0 1  

C54 Dur-Mica,  1 300  pf. ; 500 V . D . C .  187A584H 1 5  

C55 Metallized paper ;  0 . 1 mfd . ;  200 V . D . C .  1 8 7A624 H0 1 

C56 Metallized paper ; 0 . 2 5  mfd . ;  200 V . D . C .  1 87A624H02 

C57 Metallized paper ;  0 . 1 mfd . ;  200 V . D .C .  187A624H0 1 

C58 Metallized paper ;  0 . 25 m fd. ; 200 V . D .C .  187 A624H02 

C59 Metallized paper;  0 . 25 mfd. ; 200 V . D . C .  1 87A624H02 

C60 Metallized p aper;  1 . 0  mfd. ; 200 V .D . C .  1 87A624H04 

C8 1 Mylar ; 0 . 22 m fd. ; 50 V . D . C .  762A703H0 1 

C82 Mylar; 0 . 2 2 mfd . ; 50 V . D . C .  7 62A70 3H01 

C83 Variable ; 4 .5 - 100 pf. 762A736H02 

C84 Polystyrene,  9 100  pf. ; 200 V . D . C .  1 87A624 H 1 6  

C85 Temp . compensatin g ;  150 V. D . C . ; pf. as re quired 

C86 100 pf. ; zero temp. co ef. 187 A684H08 

C87 Temp. compensating ; 150 V . D .C . : pf.  as re quired 

C88 variable ; 4 . 5 - 1 00 pf.  762A736H02 

C89 Polystyrene ;  9 100  pf. ; 200 V . D . C .  187  A6 24H16 

C90 Mylar ;  0 . 2 2  mfd. ; 50 V . D . C .  762A703H0 1 

C9 1 Mylar ; 0 . 2 2  mfd . ;  50 V . D . C .  762A703H0 1 

C l 0 1  Metallized paper;  1 . 0  mfd . ;  200 V . D . C .  1 87A624H04 

C l02  Ceramic 0 .05  mfd . ; 50 V. D .C .  1 84A663H02 

C 103 Tantalum 6 . 8  mfd . ; 35 V . D . C .  1 84A6 6 1 H25 
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E LECTR ICAL PARTS LIST 

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

W ESTINGHOUSE 
SYMBOL D E SIGNATION 

DIOD ES - G EN E RAL PU RPOSE 

CR5 1 IN457 A ;  60V. ; 2 0 0  MA. 1 84A855H07 

CR5 2 IN475A; 60V . ;  200 MA.  1 84A855H07 

CR53 IN457A; 60V . ;  200 MA. 1 8 4A855H0 7  

CR8 1 IN9 1 ;  lOOV . ;  150 MA.  1 82A8 8 1 H04 

CR82 IN9 1 ;  lOOV. ; 1 50 MA. 1 82A88 1 H04 

CR83 IN9 1 ;  lOO V ;  1 50 MA. 1 82A8 8 1 H0 4  

CR84 IN475A ; 60V . ;  200 MA. 184A885H07 

CR85 IN628 ; 1 25 V . ;  30 MA. 1 84A855H l 2  

CR86 IN628 ; 1 2 5 V . ;  30 MA . 184A855H l 2  

CR1 0 1  IN457 A ;  60V . ;  200 MA. 1 84 A885H07 

CR 1 0 2  IN457A ; 60V . ;  200 MA. 184A885H07 

CR1 0 4  IN457A; 60V. ; 200 MA. 1 8 4 A885H0 7  

DIODES - Z EN ER 

C R l  IN3027A; 20V. ± 10% ;  lW. 188A302H10  

CR2 IN30 27A ;  20V. ± 1 0%; 1 W .  1 88 A3 0 2 H 1 0  

CR103 IN3686B ;  20V. ± 5% ;  750MW. 185A2 1 2 H06 

VR l IN28 28B; 45V. ± 5%; 50W. 1 84 A854H06 

VR2 IN2984B;  20V. ± 5%; lOW. 762A6 3 1 H0 1  

Z20 1 IN753A;  6 . 2V.  ± 5% ;  400 MW. 862A606H0 1 

POT ENTIOMETERS 

R5 lOK;  2W. 1 8 5 A086 H 1 0  

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

R 1 2  l K ;  !JiW. 6 29A430H02 

R5 2 l K ;  !JiW. 6 29 A645H04 

R156  2 . 5 K ;  !JtW. 6 29A64 5 H07 
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I.L. 4 1-945.528 

ELECTR I CAL PARTS LIST (Con t' d .) 

CIRCUIT D E S C R I P T I O N  
W ESTINGHOUSE 

SYMBOL D E SI GNATION 

R E SI STO R S  

R l  400 ohms ±5%; 25 w. 1 202587 

R2 26 . 5  ohms ±5%; 40 W. (For 48 V .  Supply) 04D l 29 9H44 

R2 150  ohms ±5% ;  40 W .  (For 1 25 V.  Supply) 1 202499 

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

R3 1 50 ohms ±5%; 40 W.  ( For 1 25 V.  Supply) 1 202499 

R3 500 ohms ±5% ; 100 W. (For 250 V .  Supply) 6 29 A843H03 

R4 100 ohms ±5%; 1 W. Composition 1 8 7A643H03 

R6 lOK ±5%; Vz W. Composition 1 84A763 H5 1  

R8 l O OK ±5%;  1 W.  Composition 187A643H75 

R l l lOK ±5% ; Vz W. Composition 1 84A763H5 1 

R l 3  5 . 6K ±5%; Vz W .  Composition 184A763H45 

R 1 4  3 .3K ±5%;  Vz W. Composition 1 84A763H39 

R 1 5  3 3 0  ohms ±5%; Vz W .  Composition 184A763 H l 5  

R l6 lOK ±5%; Vz W. Composition 184A763 H5 1 

R l 7  33K ±5%; Vz W .  Composition 184A763H63 

R l 8  3 . 3K ±5%; Vz W. Composition 184A763H39 

R l 9  3 . 3K ±5%; Vz W .  Composition 184A763 H3 9  

R20 lOK ±5%; Vz W. Composition 1 84A763 H5 1 

R 2 1  33K ±5% ; Vz W. Composition 1 84A763H63 

R22 330 ohms ±5%; Vz W. Composition 1 84A763 H 1 5  

R23 lOK ±5%; Vz W. Composition 184A763H5 1 

R3 1 3 .3K ±5%; Vz W. Composition 184A763H39 

R32 22K ±5% ; Vz W. Composition 1 84 A763H5 9 

R33 680 ohms ±5%; '!z W. Composition 184A763H23 

R34 68 ohms ±5% ;  Vz W. Composition 1 87A290 H 2 1  

R35 lOK ±5% ;  Vz W. Composition 1 84A763H5 1 

R36 3 30 ohms ±5% ; Vz W. Composition 1 84A763 H 15 

R37 3 . 3K ±5%; Vz W. Composition 184A763 H3 9  

R38 1000 ohms ±5%; Vz W. Composition 1 84 A7 63H27 

R3 9 22K ±5%; Vz W. Co mpos ition 1 8 4A763H59 

R40 680 ohms ±5% ;  Vz W. Composition 184 A7 63 H23 

R4 1 68 ohms ±5%; Vz W. Composition 187A290H2 1 

R4 2 lOK ±5%; Vz W .  Composition 1 8 4 A763H5 1 

R5 1 4 . 7K ±5%;  Vz W. Composition 1 84 A763H43 

R53 27K ±5%; � W. Composition 184A763H6 1 

R54 2 . 2K ±5% ;  Vz W. Composition 1 87A763H35 
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ELECTR ICAL PARTS LIST (Cont 'd . )  

CIRCUIT 
D E S C R I P T I O N  WESTINGHOUSE 

SYMBOL D ESIGNATION 

R ESI STORS (Cont' d . )  

R55 27 ohms ±5%; Yz W .  Composition 187A290 H l l  

R56 l OK ±5%; Y2 W. Composition 1 84A763H5 1 

R57 4 . 7K ±5% ;  Y2 W .  Composition 1 84A763H43 

R58 27K ±5%; Y2 W. Composition 184A763H6 1 

R59 1 .5K ±5%; Y2 W. Composition 1 84A763H3 1 

R60 1 80 ohms ±5%; Y2 W. Composition 1 84A763 H09 

R6 1 4 . 7K ±5%; Y2 W. Composition 1 8 4A763H4 3  

R62 1 . 5K ±5% ;  Y2 W .  Composition 1 84A763H3 1 

R63 3 . 3K +5% ; Y2 W. Composition 1 84A763H63 

R64 2 . 7 K  ±5% ; Y2 W. Composition 184A763H37 

R65 680 ohms ±5% ;  �/2 W. Composition 1 8 4A763H23 
-

R66 68 ohms ±5%; Y2 W. Composition 187A290H21  
------ -��------�-

R67 4 .7K ±5%; Y2 W. Composition 1 84A763H4 3  

R68 2 . 7K ±5% ;  Y2 W .  Composition 1 84A763H37 

R69 18K ±5%; Y2 W. Composition 184A763H57 

R70 220 ohms ±5% ;  Y2 W .  Composition 1 84A763 H l l 

R7 1 270 ohms ±2% ;  Nickel Iron W .  W .  09D8 3 2 6G l 9  

R72 330 ohms ±5%; Y2 W. Composition 184A763 H l 5  

R8 1 4 . 7K ±5% ; Y2 W. Composition 1 84 A763H43 

R82 4 .7K ±5%; Y2 W. Composition 1 84A763 H4 3  

R8 3 2 . 2K ±5%; Y2 W .  Composition 184A763H3 5  

R84 2 . 2K ±5% ;  Y2 W .  Composition 184A763H3 5 

R85 6 . 8K ±5%; Y2 W .  Composition 184A763H47 

R l O l  2 2K ±5%; Y2 W. Composition 1 84A763 H5 9 

R 1 0 2  22K ±5%; Y2 W. Composition 184A763H59 

R 1 03 82K ±5%; Y2 W. Composition 1 84 A763H7 3  

R 1 0 4  8 2K ±5%; Y2 W. Composition 1 84A763H73 

R 1 05 lOK ±5%; Y2 W. Composition 184A763 H5 1 

R l 0 6  39K ±5% ; Y2 W. Composition 1 84A763H65 

R 1 0 7  lK ±5%; Y2 W. Composition 1 84A763 H2 7  

R l08 l K  ±5%; Y2 W .  Composition 1 84A763H27 

R 1 09 l K  ±5%; 1 W. Composition 1 84A763 H27 

R l l O  lOK ±5%; 1 W. Composition 1 84A763 H5 1 

R l l l  22K ±5% ; Y2 W .  Composition 184A763H59 

R l 12 lOK ±5% ; Y2 W. Composition 1 84A763H5 1 

R 1 1 3  l OK ±5%; Y2 W. Composition 1 84A763H5 1 
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I.L. 4 1.945.528 

ELECTR ICAL PARTS LIST (Cont 'd . )  

CIRCUIT D E S C R I P T I O N  W E STINGHOUSE 
SYMBOL DESIG NATION 

T R AN S FO RM E R S 

T l l Toroidal type , 10000/400 ohms 1962797 

T 1 2  Toroidal type , 25000/300 ohms 1 962697 

T8 1 Pot . Core type 606B533G0 1 

T82 Pot. Core Type 606B533G02 

T R AH S I STO RS 

Q1 1 2N652A 1 84A638H l6 

Q1 2 2N1396  848A892H0 1 

Q 1 3  2N 1396 848A892H0 1 

Q3 1 2N274 187A270H0 1 

Q3 2 2N274 187A270H0 1 

Q5 1 2N396 762A575H03 

Q5 2 2N396 762A575H03 

Q53 2N396 763A575 H03 

Q54 2N39 6 762A585H03 

Q8 1 2N652A 1 84A638H 1 6  

Q82 2N652A 184A638H 1 6  

Q 1 0 1  2N699 184A63 8 H 1 9  

Q102 2N699 184A63 8 H 1 9  

Q103 2N696 762A585H0 1 

Q l 04 2N697 1 84 A638H 1 8  

Q 105 2N699 184A638H19 

M I SC E L LAH EO U S  

Y 1 1 Oscillator Crystal (Frequency 20kHz above Channel Frequency) 762A800H0 1 + ( Re q. Freq.)  

F L 1  Crystal Input Filter 4 0 1 C466 + ( Req.  Freq. )  

Fl2 I . F .  Filter 762A6 13G0 1 

PL Pilot Light Bulb - For 48 V .  Supply 187A1 33H02 

Pilot Light Bulb - For 1 25 or 250 V. Supply 183A955H0 1  

F l , F2 Fus e ,  1 . 5  A .  1 1D9 195 H26 

AL Alarm Relay 408C062H07 

IC20 1 Fairchild UA 7 1 0C (Int . Ckt . )  201C826H04 I 
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I.L. 4 1-945.525 

V R 2  

V R I  

PRINT E D  C I RCU IT  BOARDS F L I  

6068895 
Fig. 4 Component locations on Type TCF Receiver A ssembly. r-----------------------------------1 �----------------------------------\ 
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I.L • .41-945.528 

1 9  I 

i I I  I l l  I I I I I  I I  I I  I l l  I 
763A294 

Fig. 7 Component locations on amplifier and limiter printed 
circuit board. 
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19  I '------, 
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I C l02 +1 
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I � C IO I J 
1 9  
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0 
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Fig. 8 Component locations on discrimin ator printed circuit 
board. 

Fig. 9 Component locations on output printed circuit 
board. 
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COMPONENT STYLE REO. REF 
TRANSISTOR 

Q ll-012-013 849A441H03 3 2N4249 

RESISTOR 
R l5-R22 184A763Hl5 2 33on 112w ±5% 

R 14-R 18-R 19 184A763H39 3 3.3K l/2W ±5% 
R l3 184A763H45 1 5.6K l/2W ±5% 

R 11-R 16-R20-R23 184A763H51 4 !OK l/2W ±5% 
R l7-R21 184A763H63 2 33K l/2W ±5% 

R24 184A763H83 1 220K l/2W +5% 
R25 184A763H43 1 4.7K l/2W ±5% 

CAPACITOR 
C l l-Cl3-Cl7 187A624H02 3 .25MFD. 200V. 

C l4-Cl5 187A624H04 2 lMFD. 200V. 
C l2 SEE NOTE " 
C l6 SEE NOTE • 

POTENTIOMETER 
R l2 629A430H02 1 1ooon 

TRANSFORMER 
T i l  205C043G01 1 10,000/400 
Tl2 205C043G03 1 25,000(.!00 

CRYSTAL 
Yll  SEE NOTE o 

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

• =Cl6 RANGE 22 TO lOOPf. AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS. 

o =Yil RANGE-50 TO 220 KHZ. 

264C855 

) 
Fig. 10 Internal Schematic 3D-200KHz Oscillator and Mixer 

Silicon Transistor Version 
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COMPONENT STYLE 
TRANSISTOR 

0211 849A441H03 

RESISTOR 
R211-R213-R215 184A763H51 

R212 184A763H27 
R214 184A763H37 
R216 1B4A763H49 
R217 184A763H34 
R218 184A763H07 
R219 184A763HI5 
R220 184A763H67 
R221 184A763H83 
R222 184A763H43 

CAPACITOR 
C211 SEE NOTE .... 

C212-C213-C215 184A663H04 
C214 SEE NOTE 0 

C216-C217 187A624H04 
C218 187A624H02 

ZENER DIODE 
Z201 862A606H01 

I NTERNAL CIRCUIT 
IC201 201C826H04 

TRANSFORMER 
T211 7148677G01 
T212 205C043G03 

C RYSTAL 
Yll  SEE NOTE 0 

.6. = C211 RANGES FROM ' 100Pf. TO 1,000Pf. 

REO. REF. 

1 2N4249 

3 10K 1/2W +5% 
1 1K 1/2W +5% 
1 2.7K 1/2W +5% 
1 8.2K l/2W +5% 
1 2K 1/2W +5% 
1 150n 112w +5% 
1 33on 112w +5% 
1 47K 1/2W ±5% 
1 220K 1/2W +5% 
1 4.7K 1/2W ;:5% 

3 . lMFD. 50V. 

2 1 MFD. 200V. 
1 .25 MFD. 200V. 

1 1N753A 

1 UA710C 

1 
1 

I 1 

0 = C214 STYLE NO. 187A695H 17 .56Pf. BUT MAY VARY UP TO 100Pf. 
0= Yll  FREQUENCY EQUALS RECEIVER (CHANNEL) FREQUENC·Y 

PLUS 20 K HZ .  

Fig. 1 1  I nternal Schematic 200. 5-300KHz. Oscillator and 
M ixer Silicon Transistor Version. 

264C844 
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C O MPO N ENT 
TRANSISTOR 

Q3 1-Q32 

R ESISTOR 
R34-R41 

R36 
R33-R40 

R38 
R31-R37 
R35-R42 
R32-R39 

CAPACITOR 
C3 1-C32-C33-C35 

C34 
C36 

FILTER 
. FL2 

¢ • COMMON TERMI NAL 

Fig. 12  Internal Schematic /. F. A mplifier - S i licon 
Transistor Version. 

} 

STYLE -REQ REF. 

849A441H03 . . 2 2PitA249 

187A290H2r 2 68h 1i2.W +5% 
184A763H f5 1 33GO 1/2W +5% 
184A763H23 2 sario 112w +5% 
184A763H27 1 1K 1/2W +5% 
184A763H39 2 j:3K 1/2W +5% 
184A763H 5 1  2 -lOK 1/2W - ±5% 
184A763H59 2 

. 
· 22K .l/2W .+5% 

187A624H02 4 .25MFD. 200V ; 
187A624H04 1 lMFD. 200V. 
762A757H01 1 100 Pl. 

762A6 13G01 1 

264C856 
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COMPONENT 
TRANSISTOR 

051-052-053-054 

RESISTOR 
R66 
R55 
R70 
R72 
R65 
R59 

R54-R62 
R64-R68 

R51-R57-R61-R67 
R56 
R69 

R53-R58 
R63 
R71 
R60 
R73 

CAPACITOR 
C54 I f J M  

�I I C51-C52-C56-C58-C59 

1 TP55 5 ! 
I () ' )> 
I 

<��-+--4 

C59 

.._ _ _  ....:�:J:- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -����02_) 

Fig.  13 Internal Schematic A mp lifier and L im iter - Sil icon 
Transistor Version 

C53-C55-C57 
C60 

DIODE 
D51-D52-D53 

POTENTIOMETER 
R52 

STYLE 

849A441H03 

187A290H2 1 
187A290Hll 
184A763Hll 
184A763H 15 
184A763H23 
184A763H31 
184A763H35 
184A763H37 
184A763H43 
184A763H51 
184A763H57 
184A763H61 
184A763H63 
09D8326G20 
184A763H09 
629A531 H02 

187A584H 15 
187A624H02 
187A624H01 
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 1/2W ±5% 
3300 1/2W ±5% 
6800 1/2W +5% 
1.5K 1/2W ±5% 
2.2K 1/2W ±5% 
2. 7K 1/2W +5% 
4. 7K 1/2W ±5% 
10K 1/2W ±5% 
18K 1/2W ±5% 
27K 1/2W ±5% 
33K 1/2W +5% 

1000 ±2% 
1800 1/2W ±5% 
56 o 112w ±2% 

1300MMF. SOOV. 
.25MFD. 200V. 
0.1MFD. 200V. 
l.OMFD. 200V. 

1N457A 

1K 

264C841 
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D81 

082 

T81 T82rn 
( 

7 
S F I T I cas j] ' '" . 

1 5 

D85 

Q:; 

I 

C90 

C91 

I t - - - - - - --------- ----------- - - --������L-i-:_ _ _  .1 

) 
Fig. 14 Internal Schematic Discriminator - Silicon Tran­

sistor Version. 

J 

C OMPO N E N T  S T V L E  
TRANSISTOR 

081-082 849A441H01 

RESISTOR 
R81-R82 184A763H38 
R83-R84 184A763H35 

R85 184A763H 1 1  
R87 184A763H53 

CAPAC ITOR 
C81-C82-C90-C91 762A703H01 

C83-C88 762A736H02 
C84-C89 l87A624H 16 

C86 187A684H08 
C85-C87 SEE NOTE 0 
DIODE 

D81-D82 184A855H07 
D85-D86 184A855Hl2 

TRANSFORMER 
T81 606B533G01 
T82 606B533G02 

0 =ONE OR TWO CAPACITORS USED; VALUES 
DETERMINED IN TEST. 

R EO I R E F  

2 2N3645 

2 3K J/2W +5% 
2 2.2K l/2W ot5% 
1 2200 J/2W +5% 
1 12K J/2W ot5% 

4 .22MFD. 50V. 
2 4. 5 TO 100 Pf. 
2 .0091MFD. 200V. 
1 lOO P!. 

2 1N457A 
2 1N628 

1 
1 

264C843 
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763A292 

F ig.  15 Component Locations 30-lOOKHz. Oscillator and 
M ixer Silicon Transistor Version. 

19 1 

�-
I 

-� 
Dwg. 763A293 

I 

Fig. 1 7  Component Locations I. F. Amplifier - Silicon 
Transistor Version. 

I.L. 4 1 ·945.528 

TP216 
0 

0 TP214 19 
�-

TP215 
0 

Y l l 

TP2 1 1  � 0 
�-Qa211 

IR21 1 I  IR222I 
l+ C218 1 

@ 4 
3 

�' '  C 2 1 7 I 
_____ I 

-� 
202C934 

F ig. 16 Component Locations 200. 5-300KHz. O scillator 
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Fig.  18 Component Locations Amplifier and L imiter -
Sil icon Transi stor Version 
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I N ST A L L A TI O N  • 

Westinghouse I . L. 4 1 -945.4 1  

O P E R A T I O N  • M A I N T E N A N CE 

I N S T R U C T I O N S  
TYPE TCF POWER LINE CARRIER TRANSMITTER 

EQUI PMENT - 1 0 WATT OUTPUT -

FOR MU LTI-STATION SU PERVISORY CONTROL 

CAU T I O N :  It is recommended that the user of this 
equipment be come thoroughly familiar with the 
informat ion in thi s instruction leaflet before energiz­
ing the carri er assembly. F ailure to  observ e this  
precaution may result in damage to the equipment . 

If the carrier set is mounted in a cabine t ,  it must 
be bolt ed down to the floor or otherwise secured be­
fore swing ing out the e quipment rack to p re vent its 
tipping over .  

A P P L I C A T I O N  

The TCF power line carrier t ran smitt er  e quip­
ment for mult i-stat ion supervisory control applica­
t ions is similiar in appearance to the TCF 1 w att/ 1 0  
watt t ransmitt e r  for transfer-trip re lay ing applica­
tion s .  Howe ver ,  be cause a Guard frequency cannot 
be used in multi-station supervi sory control applica­
t ions , the transmitter  is connect e d  so that it has no 
out put until the keying contact  is closed. It then 
provides 10 w atts output at a fr equency 1 00 hertz 
below the channel center fre que ncy ( which would be 
c alled the Trip fr e quency in transfer-trip applica­
tion s ) .  The center fre quency ( fc) of the channel can 
have any value between 30kHz and 300kHz in 0 . 5 kHz 
steps . This high fre quency i s  superpo sed on a high 
voltage power line through a line tun er and coupling 
equi pment , an d through s imilar coupling e qu ipm ent 
at remot e stations it ac tivat e s  rece iving equipment 
that i s  tuned to the sam e frequency . 

The transmitter is designed to hol d its fre quency 
within close limit s since it i s  used with receiving 
equipment that has a high degree of fre quency 
selectivity. This minimize s the possib ility of false 
operation of a receiver  resulting from rando m tran­
sient frequencies produced by line d isturbances or 
by other cause s .  

C O N S T R U C T I O N  

The 10 watt TCF transmitter unit is mounted on 
a standard 19 -inch p ane l 1 2'i4 i nche s ( 7  rack units) 

NEW IN FORMATION 

high wit h  edgP s lot s for mounting on a st andard 
relay r ar.:: k. All components ar e mounted on the rear 
of the panel .  Fuse s ,  a pilot light , a power switch 
and a j ac k  for m r?t er ing  the amplifier collector 
current are ac cessible from the front of the pan el .See 
Fig.  5 .  The components mount ed on e ac h  printed 
board or other sub-assembly are shown enclosed by 
dot ted lines on the internal schematic , Fig. 1 .  The 
location of component s on the  two print ed c ircuit 
boards are shown on separate i llustration s ,  Fig. 3 
& 4 .  

External conne cti ons t o  the ass embly are made 
through a 1 2- circuit recept ar.:: l e ,  J 3 .  The r .f .  output 
connection to the ass emb ly i s  mad e through a 
coax ial cable jac k ,  J2 .  

O P E R A T I O N  

The transmit ter is made u p  o f  four main st ages 
and two filt er s .  The stages include two c rystal 
oscill ators operating at fre quencie s that differ by 
the desired c hannel frequency , a mixer  and b uffer 
amplifier , a dr iver st age and a power amplifier . One 
filt er is loc ated between the driver and the power 
amplifier and the final filter removes harmonic s that 
may be generated by distortion in the pow e r  am­
plifi e r .  

A s ingl e  cryst al desi gned for oscill at ion in t h e  
30kHz t o  300kHz range cannot b e  forced to oscill at e  
aw ay from i t s  nat ural frequency b y  as m u c h  a s  ±1  00 
hert z.  In order  to obt ain this desired freque ncy shift , 
it is necessary to use cry st als in the 2MHz r ang e .  
T h e  c rystal s  are Y 1 and Y2 o f  F i g .  1 .  Th e frequency 
of Y2 i s  2.  00 MHz when operated with a specified  
amount of series capac ity , an d the fre quency o f  
Y 1  is 2 . 0 0  M H z  plus t h e  channel fre qu enc y ,  o r  2 . 0 3  
M H z  to 2 . 30 MHz. Capacitor C 5 5  and cry stal Y2 i n  
series are connected b etween t h e  positive side of 
the supply volt age and the base of transistor Q5 1 ,  
which operat e s  in the emitter follower mode . The 
emitter i s  coupled to the base through C5 7 ,  an d wit h  
Y 2  removed the b ase of Q5 1  would be held at ap­
proximately t he m idpo int of the supply volt age by R5 1 
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TY P E  TCF 1 0  WATT FOR S U P E RV I SORY C O N T R O L
-------------------------

and R 5 2 .  The crystal serves as a serie s-re sonant 
circuit with very high inductance and low c apaci­
t anc e .  The circuit can be made to oscillate at other 
than the natural frequency of the crystal by varying 
the series capac itor , C55 .  Increasing C55 will lower 
the frequency of oscillations and reducing C55 will 
raise the frequency . 

Crystal Y 1 is connected in a circuit that i s  
similar exc ept for the addition o f  C 5 3  and diodes 
D 5 1  and D52 . By adj ustment of C52 this circuit c an 
be made to oscillate at 1 00 hertz above its mark ed 
frequency. This adj ustment is required when t he 
tr ansmitter must have a Guard frequency output . 
Capacitor C53 is not effective until D 5 1  is biased 
in the forward direction and becomes conductive . 
It is biased in the reverse direction until a voltage 
of sufficient magnitude is applied at terminal 3 
of the printed circuit board .  In two-frequency applica­
t ions , 45 V . D . C .  is so applied by closure of a 
control or keying contact , but in the single-frequency 
application terminal 3 is permanently connected to  
the 4 5  volt supply . With D5 1 conducting, C53  is  
effectively in parallel with C 5 2 ,  and adjustment 
of C53 will reduce the frequency by 200 hertz .  

The crystals taken individually have a gre ater 
variation of frequency with temperature than would 
be acceptable.  However ,  by proper m atching of the 
two crystals , the variation in their difference fre­
quency can be kept within limits that permit holding 
the frequency st ability of the overall tran smitt er to 
± 1 0  hertz ove r a t emperature range of -20 to +5 5°C ,  

The frequencies produced b y  the two oscillators 
are coupled to the b ase  of mix er transistor Q53 
through C62 and C63 .  The sum of the two fre ­
quencies is so high that a negligible amount appears 
on the secondary of transformer T5 1 ,  but the dif ­
ference frequency is accepted and amplified by Q53 
and Q54 .  

I n  a 1 watt/ 1 0  watt transmitter for t ransfer-trip 
relaying, the output is increased from 1 to 1 0  watts  
by closure of the same contact that changes the 
frequency from Guard to Trip . This contact applie s 
45 V . D . C .  at terminal 3 of the printed circuit board ,  
and thus supplies b ase  input to  transistor Q55 
through diode D53 and resistor R72.  This in effect 
places potentiometer R70 in parallel with e mitter 
resistor R68 , and by adjusting the amount of resist­
ance in R70 that is not bypassed by C66 the output 
of buffer-amplifier transistor Q54 c an be incre ase d  
b y  t he amount required to obt ain  10 watts o utput 

2 

from the transmitter . In the transmitter for m ulti­
stat ions supervisory control D51 and Q55 are con­
ductive at all times,  and the t ransmitter will h ave 
output at the desired level and frequency when 
voltage is supplied to the collectors of Q54 and 
driver stage transi stors Q5 6 and Q5 7 by closure of  
a control cont act connected between terminals J3-7 
and J?-8 . As is shown on the internal s chem atic,  
Fig. 1 ,  the voltage for the keying circuit is obt ained 
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.  Thermistor R73 and resistors R 74 
and R75 are connected to provide a variable b ias 
t hat reduces the effect of varying ambient te mpera­
tur e  on the input level. 

The driver filter ,  FL 1 0 1 ,  consists of a series 
resonant inductor and capacitor connected between 
the drive r and power amplifier stages by appropriat e  
transformers T1  and T 2 .  This filter great ly improves 
the waveform of the signal applied to the power 
amplifier . 

The power amplifier uses two series-conn ecte d 
power transistor s ,  Q 1 0 1  and Q 1 0 2 ,  operating as a 
class B push-pull amplifier with single-ended output . 
Diodes D 1 0 1  and D 1 03 provide protection for the 
base-emitter junctions of t he power transistors .  
Zener diodes D 1 0 5  and D 106 protect the collector­
emitter junctions from surges that might come in 
from the power line through the coaxial cab le .  

The output transformer T3 couples the power 
transistors to the output filter F L 1 0 2 .  The output 
filt er includes two trap circuits ( L 1 0 2 ,  CB and L 1 0 3 ,  
C c) which are factory tuned to the second and third 
harmonics of the transmitter frequency. Capacitor 
CD approximately cancels the inductive reactance 
of the t wo t rap circuits at the operating fre quency .  
Protect ive gap G 1  is  a small lightning arrester 
to limit the magnitude of switching s urges or other 
line disturbances reaching the carrier set through the 
line tuner and coaxial cable. Auto-transformer T4 
matches the filter impe dance to coaxial cable of 
50, 6 0 ,  or  70 ohms .  

The series resonant circuit composed of L l 05 
and C E is tuned to the transmitter fre quency, and 
aids in providing  resistive termination for the o utput www . 
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stage . Jack J 102  is mounted on the rear p anel of 
FL 102 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" 
resonances .  

The power supply is a series-type t ransistorized 
d-e voltage regulator which has a very low standby 
current drain when there is no output current demand. 
The zener diode Z1  holds a constant base-to -nega­
tive voltage on the series-connected power transistor 
Ql . De pending on the load current,  the d-e voltage 
drop through transistor Q1 and resistors R1 and R2 
varies to maintain a const ant output voltage . The 
zener diode Z2 serves to protect the collector-base 
junction of Ql from surge voltages .  Capacitor C l  
provides  a low carrier-frequency impedance across 
the d-e output voltage.  Capacitors C2 and C3 bypass 
r .f. or transient voltage to ground , thus preventing 
damage to the transistor circuits .  

C H A R A C TE R I S T I C S  

Frequency range 30-300 kHz 

Output 10 watts ( into 50 to 70 ohm 
resistive load) 

Frequency stability ± 1 0  hertz from -20°C to +55 °C .  

Frequency spacing 3 kHz min . between trans­
mitter and adjacent rec eiver 
frequencies .  

Harmonics 

Input Voltage 

Supply voltage 
variation 

Battery drain-not 
transmitting 

Battery drain­
transmitting 

Keying circuit 
current 

Temperature range 

Dimensions 

Weight 

Down 55 db ( min . )  from output 
level. 

48 or 125 v . d . c .  

42-56 v .  for n o m .  48 v .  supply 
1 05- 140 v. for nom. 1 25 v .  
supply. 

0 . 25 a. 

1 . 15 a. for 48 v .  supply 
0 . 9  a. for 1 25 v. supply 

0 . 02 a. 

-20 to 55°C .  around chassis.  

Panel height - 1 2\4" or 7 r .  u .  
Panel width - 1 9 ' '  

1 2  lbs . 

I N S T A L L A T I O N  

The TCF 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 m aximum ambient temperature around 
the chassis must not exceed 60°C .  

A D J U S T M E N T S  

The TCF transmitter i s  shipped with the po wer 
output control R64 adjusted to the posit ion that 
would be used for 10 watts Trip output into a 60 
ohm load . The single 1 0  watt output required for 
mult i-stat ion supervisory control is obtained with 
a single setting of R64. In case repairs have made 
readjustment necessary the following procedure is 
preferred . 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 
impedance of the coaxial c able and line tuner .  If 
t his is not known , assume 60 ohms.  Connect the T4 
output lead to the corresponding tap. Connect an a-c 
vacuum t ube voltmeter (VTVM) across  the load 
resistor. Turn power control R64 to minimum ( full 
counterclockwise) . Turn on the power switch on the 
panel and note the d-e voltage ac ross terminals 5 
and 7 of J3 . If this is in the range of 42 to 46 volt s .  
rotate R64 clockwise t o  obtain 4 o r  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 moving 
the adjustable core in and out a small amount from 
it s initial position. Leave it at the point of m ax imum 
voltage across the load resistor used .  Then rotate 
R64 farther clockwise to obtain the correct voltage 
for 10 watts in the load resistor , as shown in the 
following table.  

T 1 0 6  
Tap 

50 

60 

70 

Voltage for 
1 0  Watts Output 

22 .4  

24 . 5  

26 .5  

Recheck the adjustment of L105 for m ax imum 
output voltage and readjust R64 for a 1 0  watt output 
if necessary. Tighten the locking nut on L 105 . Open 
the power switch , remova the load resistor, and re­
connect the coaxial cable circuit to the transmitter .  
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T Y P E  TCF 10 WATT F O R  SU P E R V ISORY C O N T R O L------------------------

Follow the procedure outlined in the line tuner 
instruct ions for its adjustment . 

Normally the output filter (FL1 02) will re quire 
no readjustment except as noted above.  It is factory 
tuned for maximum second and third harmonic re­
jection, and for series resonance ( maximum output 
at the fundamental frequency) with a 60-ohm load. 
A small amount of reactance in the transmitter output 
load circuit may be tuned out by readjustment of the 
movable core of L 10 5 .  This may be  nece ssary with 
some types of line coupling equipment . The adjust­
able cores of L 1 02 and L 103 have been set for 
maximum harmonic rejection and no change should 
be made in these settings unless suitable instru­
ments are available for measuring the second and 
third harmonic present in the transmitter output. 

The operating frequencies of crystals Y1 and 
Y2 have been c arefully adjusted at the factory and 
good stability can be  expected. If it is desired to 
check the fre quencie s of the individual crystals , 
this can be done by turning the m atched pair 1 80 °  
and inserting a crystal i n  i t s  proper socket with 
the other crystal unconnected. A sensitive fre­
quency counter with a range of at least 2 . 3  mega­
hertz can be connected from TP5 1 to TP5 4 .  (Con­
nection to TP5 4 rather than to TP53 provides a 
better signal to the counter and avoids some error 
from the effect of the counter input capac it ance on 
the oscillator circuit ) .  While measurement of the 
oscillator crystals individually is  necessary for 
the initial adjust ment of the oscillators , generally 
any subsequent checks may be made with a lower 
range co unter connected at the transmitter output. 
If a minor adjustment of the output frequency should 
be needed ,  this can be made with capacitor C5 3 .  

4 

Q56-Q57 B i a s  Adj u stment 

The push-pull out put stages of the transmitter 
board are normally shipped correctly biased.  If any 
components involved in these stages have beem 
changed , t hen it may be necessary to recheck the 
biasing of this stage . 

Unsolder the lead from terminal 2 of transformer 
T1 (j ust above F L 1 0 1 )  and temporarily connect a 
low-range d-e milliammet er (0- 1 . 0  rna) between the 
removed lead ( +)  and T 1 terminal 2 (-) .  Turn the 
slotted control on the small potentiometer to full 
counterclockwise .  Now apply power to the TCF 
carrier set, but do not transmit carrier . This can 
be done by removing the crystals .  Advance the 
pot entiometer  c lockwise until the milliammete r  

reads 0 .  2 rn a .  Turn off the power , remove the mil ­
liammeter ,  and solder the lead back on terminal 
2 of T l .  Replace the crystals and again apply d-e 
power to reenergize the transmitter .  C heck output ,  
etc. of transmitter as previously describe d .  

M A I N T E N A N C E  

Periodic checks of the transmitter power output 
will detect impending failure so t hat the equipment 
can be taken out of service for correction . At regular 
maintenance intervals , any accumulated dust should 
be removed ,  part icularly from the heat sinks .  It is 
also desirable to check the transmitter power output 
at such time s ,  making any nece ssary readjustments 
to return the equipment to it s initial settings . 

Volt age values should be recorded after adjust­
ment in order to establish reference v alues which 
will be useful when checking the a pparatus.  The 
readings will remain fairly constant over an in­
definite period unless a failure occurs . However , if 
t ransistors are changed,  there may be  considerable 
difference in these readings without the o verall 
performance being affected. 

Typical voltage values are given in the follow­
ing tab le s .  voltages should be meas ured with a 
VTVM. Readings may vary as much as ± 20%. 

T A B L E  

TRANSMITTER D-C M EASU R EMENTS 

Note : All  voltages are positive with respect to Neg .  
45  V .  (TP5 1 ) .  All voltages read with d-e  VTVM. 

Test Voltage at 10 watts 
Point Output 

TP52 20 

TP53 5 .4 
TP54 3 . 4 

TP55 1 8 . 5  
TP5 6 1 8 . 5  
TP57 < 1  

TP58 45 
TP59 < 1  
TP 1 0 1 0 

TP103 21  ± 2 
TP1 05  4 4 . 0  
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T Y P E  TCF 1 0  WATT FOR S U P E R V I S O R Y  CONTROL ______________________ I_.L_._4_J_.9_4_5._4_1 

T A B L E  I I  

T RANSM I T T E R  RF  ME ASU R EMENTS 

Note : Volt ages taken with transmitter set  to in­
dicated output across 60 ohms. These volt­
ages subject to variation s ,  depending upon 
frequency and transistor characteristics .  
T5 1 -3 = Terminal 3 of  transformer T5 1 .  Other 
t ransformer terminals identified similarly . 
All voltages read with a-c VTVM. 

Test 
Point 

TP54 to TP5 1 

TP57 to TP5 1 

TP59 to TP5 1  

T 1 - 1  to TP5 1 

T 1 -3 to TP5 1 

T 1 -4 to Gnd . 

T2 - 1 to Gnd . 

TP 1 0 1  to TP103  

TP103  to TP 105  

T3 -4 to Gnd. 

T4-2 to Gnd. 

TP 1 09 to Gnd. 

J 1 0 2  to Gnd . 

Voltage at 1 0  Watt s 
Output 

0 . 0 1 5-0 . 03 

0 . 3  - 1 . 2 

0 . 3  - 1 . 2 

5 . 6  
4 .9 

2 . 0  

1 . 8 5  

1 7 . 0  

1 7 . 0  

1 1 2 

1 10 

3 1  

2 4 . 5 

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

I .  Minimum Test Equipment for Inst allation.  

a. 60-ohm 1 0-watt non-inductive resistor . 

b .  A-C vacuum Tube Voltmeter ( VTVM) . Volt­
age range 0 . 003 to 30 volt s ,  frequ ency range 
6 0  hertz to 3 30 -kHz in put impedance 7 . 5  
megohms . 

c .  D-C Vacuum Tub e Voltmeter ( VTVM) . 

Voltage Range:  1 . 5  to 300 volts 

Input Impedance :  7 . 5  me gohms 

II . D esirable Test Equipment for Apparatus Main­
tance . 

a. All items listed in I .  

b .  Signal Generator 

Output Voltage:  

Frequency Range : 

c .  Oscil loscope 

d. Frequency counter 

e. Ohmmeter 

f .  Capacitor Checker 

Up to 8 volt s 

20-kHz to 330-kHz 

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 fl. 
standard 1 9 "  rack but also can be  removed and 
used as a portable unit .  

R E N EW A L  P A R T S 

Repair work can be done most satisfactorily at 
the factory . Howeve r ,  replacement parts can be 
furnished in most cases ,  to customers who are 
equipped for doing repair work . When ordering 
parts ,  always give the complete n ameplate data  
and ide ntify the  part by  its de signation on the  
Internal Schematic drawing . 
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T Y P E  TCF 1 0  WATT FOR S U P E R V I SORY CO NTR O L------------------------

E LECTRICAL PARTS L I ST 

CIRCUIT D E S C R I P T I O N  W E ST INGHOUSE 
SYMBOL DESIG NATION 

CAPACI TORS 

C 1  Oil-filled;  0 . 4 5  mfd. ; 3 3 0  V . A . C .  1 723408 

C2 Oil-filled ;  0 . 5  mfd . ;  1 5 0 0  V . D . C .  1 877962 

C3 Oil-filled ; 0. 5 mfd. ; 1 500 V . D . C .  1 877962 

C 1 1  Metallized Paper,  0 . 4 7  mfd . ; 849 A4 3 7H04 

C 2 1  Metallized Paper , 0 . 47 mfd . ;  849A437H04 

C5 1 Dur-Mica, 1 500 pf. , 500 V . D . C .  762A75 7 H03 

C52 variable , 5 . 5- 1 8  pf. 879A834H0 1 

C53 Variable ,  5 . 5- 1 8  pf. 879 A834H0 1 

C54 Met allized paper ,  . 1  mfd. ; 200 V . D . C .  187A6 24H01 

C55 variable ,  5 . 5- 1 8  pf. 76 2A736H0 1 

C56 Dur-Mica, 2000 pf. ; 500 V . D . C .  1 87A584H0 1 

C57 Dur-Mica ,  2000 pf. ; 500 V . D . C .  1 87A584H0 1 

C58 Metallized paper, 0 . 25 mfd. ; 200 V . D . C .  1 87A624H02 

C59 Dur-Mic a, 1 00 pf. , 500 V . D . C .  762A757H01 

C60 Dur-Mica, 1 00 pf. , 500 V . D . C .  762A75 7H0 1 

C 6 1  Met allized pap er, 0 . 25 mfd . ;  200 V . D .C .  1 8 7A624H02 

C62 Dur-Mic a, 4700 pf. , 500 V . D . C .  762A757H04 

C63 Dur-Mica, 1 000 pf. , 500 V . D . C .  76 2A757H02 

C64 Metallized paper ,  0 . 25 mfd. ; 200 V . D . C .  1 8 7A624H02 

C65 Metallized paper,  0 . 25 mfd . ; 200 V . D . C .  1 8 7A624H02 

C67 Metallized paper ,  0 . 25 mfd . ;  200 V . D . C .  1 87A624H02 

C68 Metallized paper, 0 . 5  mfd . ; 200 V . D .C .  1 87A6 24H03 

C69 Metallized paper ,  0 . 25 mfd . ; 200 V . D . C .  1 87A624H0 2 

C70 Dur-Mica, 300 pf ,  500 V . D . C .  1 87A584H09 
-

C7 1 3 pf, 86 1 A846H03 

C72 3 pf , 8 6 1 A846H03 

C73 3 pf, 8 6 1 A84 6H03 
C 1 0 1  Metallized paper , 0 . 25 mfd. ; 200 V . D . C .  1 87A624H02 

C 1 02 Metallized pape r ,  0 . 25 mfd . ;  200 V . D . C .  1 87A6 24H02 

C 1 03 & C104 (30-50 KC ) - Extended foil, 0 . 4 7  mfd. ; 400 V . D . C .  1 88A293H0 1 

C l 03 & C 1 04 (5 0 . 5 -75 KC) - Extended foil , 0 . 2 2  mfd. ; 400 V . D . C .  1 88A293H02 
C 1 03 & C l 04 (75 . 5 - 1 00 KC) - Extended foil , 0 . 1 5  mfd. ; 400 V . D . C .  1 88A293H03 
C 1 0 3 & C l 04 ( 1 00 . 5 - 150  KC) Extended foil ,  0 . 10 mfd . ; 400 V . D . C .  1 88A293H04 
C 1 03 & C 1 04 ( 1 5 0 .  5-300 KC) Ext ended foil , 0 . 04 7  mfd . ;  400 V . D . C .  

1 8 8A293H05 
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T Y PE T C F  1 0  WATT FOR SU P E R V I SO R Y  CONTROL ___________________ ......:.::.L::;L·:...:4:..:1.;;,:·9..::;45::.:·:::.!.4 1  

CIRCUIT 
SYMBOL 

D 1 1 

D 1 2  
-

D 1 3  ·----

D 1 4  

D1 5 
-------· 

D 1 6  

D 2 1  

D22 

D23 

D24 

D25 

D5 1 

D52 

D58 

D 1 0 1  

D 1 0 2  

D 1 03 

D 1 04 

Z 1  

Z 2  

Z l l 

Z 1 2  

Z 1 3  

Z 14 

Z2 1 

Z22 

Z23 

Z24 

Z54 

Z 1 05 

Z 1 0 6  

E LECTR I CAL PARTS L IST 

D E S C R I P T I O N  

DIODES - G EN E RAL PU RPOSE 

1 N645A 
--� ----- •.. ------

1N645A 1--------·· ---
1N4822 

I-· 
1 N4822 

1--· 
1 N4 822 

1N4822 

1 N645A 

1N4822 

1N4822 

1N4822 

1N4822 

1N628 ; 125  V . ; 30 MA . 

1 N628 ; 1 25 V. , 30 MA . 

1 N628 ; 1 25 V . ,  30 MA . 

1 N538 ; 200 V. 750 MA. 

1 N9 1 ; 100  V . ,  1 50 MA. 

1N538 ;  200 V. , 750 MA. 

1 N 9 1 ; 1 00 V. , 150 MA. 

DIODES - Z E N E R  

1 N2828B;  45V.  ± 5% ;  5 0  W .  

1N3009A; 1 30 V. ± 1 0%; 1 0  W.  

1 N957B 

1N3 688A 

1 N3 688A 

1N3686B 

1 N957B 

1N3688A 

1 N3 688A 

1 N 3686B 

1N3686B; 20 V. ± 5%; 750 MW. 

1N2999A ; 56V. ± 1 0% ;  10 W.  

1 N2999A ; 56V.  ± 1 0%;  1 0  W.  

W E ST I NGHOUSE 
D ESIGNATION 

837A692H03 

837A692H03 

1 88A3 4 2H 1 1  

1 88A342H 1 1  

1 88A342 H l l  

1 88A3 4 2H 1 1  

837A6 92H03 

1 88A342H 1 1  

1 88A34 2H 1 1  

1 88A34 2H 1 1 

1 88A3 4 2H 1 1 

1 84A885 H 1 2  

1 84A885H12  

1 84A885H 1 2  

407C703H03 

1 8 2A88 1 H04 

407C703H03 

1 82A881 H04 

l 84A854H06 

1 84A6 1 7H 1 2  

1 86A797H06 

862A288H0 1 

862A288H0 1 

1 85 A2 1 2 H06 

1 86A797HOO 

862A288H0 1  

8 6 2A288H0 1 

1 85A2 1 2H06 

1 85A2 1 2H06 

1 84A6 1 7 H l 3  

1 84A6 1 7H 13 
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TY P E  T C F  1 0  WATT F O R  SU P E R V ISORY CON T R O L-------------------------

E LECTRICAL PARTS L IST 

CIRCUIT D E S C R I P T I O N  W ESTI NGHOUSE 
SYMBOL D ESIGNATION 

R ESI STO RS 
R 1  26 . 5  ohms ±5%; 40 W. ( For 1 25 V Supply) 0 4 D 1 299H44 

R2 2 6 . 5  ohms ±5% ;  4 0  W .  (For 1 2 5  V Supply) 04D 1 2 99H44 

R3 26.5 ohms ±5% ;  40 W .  (For 48 V Supply) 0 4 D 1 299H4 4 

R3 500 ohms ±5%; 40 W .  ( For 125  V Supply) 1 268047 

R4 1 00 ohms ±1 0%; 1 W .  Composition 1 87A644H03 

R5 1 K  ±10%;  Vz W. Compo sition 187A64 1 H27 

R6 3K ±5%; 5 W .  Wire Wound 1 88A3 1 7H 0 1  

R7 1 5K ±10%; 2 W. Composition 1 87A64 2H55 

R 1 1  4 . 7K ± 2% ;  Vz W. Metal Glaze 629A53 1 H43 

R 1 2  1 2K ± 2%;  Vz W. Metal Glaze 629A53 1H58 

R 1 3  1 0K ±2% ;  Vz W .  Metal Glaze 629A53 1 H5 6  

R 1 4  6 . 2K ±2% ;  Vz W .  Metal Glaze 6 29A53 1H5 1 

R 1 5  1 . 5K ±2%;  Vz W. Metal Glaze 6 29A53 1 H3 6  

R 1 6 ,  R26 5 1K ±2%; Vz W. Metal Glaze 629A5 3 1 H73 
R 1 7  l . SK ±2% ;  Yz W .  Metal Glaze 629A53 1H38 

R2 1 4 .7K ±2% ;  Vz W .  Metal Glaze 629A5 3 1 H4 8  

R 2 2  1 2 K  ±2%; Vz W. Metal Glaze 6 29A53 1 H5 8  

R23 10K ±2%; Yz W .  Metal Glaze 629A5 3 1 H 5 6  

R 2 4  6 . 2K ±2% ;  Vz W .  Metal Glaze 6 29A53 1H5 1 

R25 1 . 8K ±2%; Vz W .  Metal Glaze 6 29A53 1H38 

R 1 8 ,  R28 18K ±2% ; Vz W .  Metal Glaze 629A5 3 1 H62 

R27 1 . 5K ±2%; Yz W. Metal Glaze 629A5 3 1 H3 6  

R5 1 10K ±2%; Yz W. Composition 1 84A763H5 1 

R 5 2  1 0 K  ±2%; Vz W .  Composition 184A7 63H5 1 

R53 10K ±2% ;  Vz W .  Composition 1 84A7 63 H5 1  

R54 i oK ±2%; Yz W. Compo sition 1 84A763H5 1 

R55 100 ohms ±5% ;  Vz W .  Composition 1 84A763H03 

R56 3 . 6K ±5%; Vz W .  Composition 1 84A763H40 

R57 3 . 6K ±5% ; Vz W .  Composition 1 84A763H40 

R58 1 00 ohms ±5%; Vz W .  Composition 1 84A763H03 

R59 1 0 K  ±5% ; Vz W .  Composition 1 84 A763H5 1 

R60 5 . 6K ±5%; Vz W .  Composition 1 84A7 63 H4 5  

R6 1 1 5 K  ±5% ;  Vz W .  Composition 1 84 A763 H55 

R62 1 0K ±5% ;  Vz W .  Composition 1 84 A763 H5 1 

R63 1 K  ±5% ;  Vz W .  Composition 1 84A763H27 

R64 Potentiometer, 1 K ;  % W .  629A430H02 

R65 1 .8K ±5%;  Vz W .  Composition 1 84A763H02 

R66 8 .2K ±5% ;  Vz W .  Composition 1 84A763H49 

R67 1 2 K  ±5% ; Vz W .  Composition 184A76 3H53 

R68 3 3 0  ohms ±5% ; Vz W .  Composition 1 84A 763 H 1 5  

R69 800 ohms ± 5% ;  Vz W .  Composition 1 84 A859H06 

R72 39K ± 5% ;  Vz W .  Composition 1 84A763H6 5  

R73 Thermistor , 30  ohms , Type 3D202 (G. E . C . )  1 85A2 1 1 H06 
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T Y P E  TCF 10 WATT FOR S U P E R V ISORY CONTROL ____________________ ..;.:I•..=L.:...• ..;..4 1:....-9:...;;4�5-.4-1 

E LECTR ICAL PARTS L IST 

CIRCUIT 
D E S C R I P T I O N  W E STINGHOUS E  

SYMBOL D E SIGNATION 

R ESISTO RS (Cont i nued) 

R74 62 ohms ±5%; Yz W. Composition 629A53 1H03 
R75 68 ohms ±5% ;  Yz W .  Composition 187A290H0 1 
R76 2K +5% ; Yz W. Composition 184 A763H34 
R77 10 ohms ±5%;  Yz W .  Composition 1 87A290H0 1 

R78 10 ohms ±5%;  Yz W .  Composition 1 8 7A290H0 1 

R79 20K ±2%; Yz W. Met al Glaze 629A5 3 1 H63 
R80 25K Potentiometer ±20% ; 'l4 w. 629A43 0H09 

R 10 1  10 ohms ±5% ;  Yz W .  Composition 187A280H0 1 
R 1 02 2 . 2K ± 10%; 1 W.  Composition 1 87A644H35 

R 1 0 3  2 .  7 ohms ± 10% ; Yz W .  Wire Wound 184A636H 14  
R 104 0 . 27 ohms ± 10%; 1 W.  Wire Wound 1 84A636H 1 8  

R 1 05 10 ohms ±5% ;  Yz W .  Composition 187A290H0 1 

R106 4 .7K ±10%; 1 W .  Composition 1 87A644H43 

R 1 07 2 . 7  ohms ±10%;  Yz W. Wire Wound 1 84A636 H 1 4  
R 108 0 . 27 ohms ±1 0%; 1 W. Wire Wound 184A636H 18  

TRANSFO RM E RS 

T 1  Driver Output Transforme r 606B4 10G0 1  

T 2  Power Amp. Input Transformer 292B526G0 1 
T3 Power Amp. Output Transformer 292B5 2 6G02 

T4 Load-Matching Auto-Transformer 292B526G03 

T5 1 Buffer Amplifier Transformer 606B5 3 7G 0 1  

T52 Driver Input Transformer 606B537G02 
TRANSI STO RS 

Q1 2N10 1 5C 1 87A3 4 2 H02 

Q l l 2N4356 849A4 4 1 H02 

Q 1 2  2 N699 1 84A638H 1 9  

Q2 1 2N4356 849A44 1 H02 

Q22 2N699 1 84A638H 1 9  

Q5 1 2N697 1 84A638H 1 8  

Q52 2 N697 1 84A638H 1 8  
Q53 2N697 1 84A63 8 H 1 8  

Q54 2N699 1 84A638H 1 9  

Q5 6 2N2726/2N 37 1 2  762A672H07 

Q5 7 2N27 26/ 2N37 1 2  762A672H07 

Q1 0 1  2 N 1 908 ( Use i n  Matched Pairs) 1 87A673H02 

Q102 2N 1 90 8  ( Use in Matched P airs) 1 87A673H02 
MI SC EL LAN EOUS 

Y1 -Y2 
Supplied  for Desired Channel Frequency in Pair  

4 08C743 Matched Per Specifications on Drawing 

FL 1 0 1  Driver Filter 408C26 1  + (Req. Freq. )  
FL 1 0 2  Output Filter 5 4 1 S2 1 4  + .  ( Re q. Freq. ) 

PL Pilot Light Bulb - For 48 V. Supply ( When supplied) 1 87A 1 33H02 

Pilot Light Bulb - For 125 or  259 V. Supply (When supplied) 1 83A955H01 
F1 , F2 Fuse , 1 . 5A ( When supplied) 1 1D 9 1 95H26 
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TY P E  TCF 1 0  WATT F O R  SU P E RVISORY CONT R O L  ________________________ _ 
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TY P E  T C F  1 0  WATT F O R  S U P E RVISORY C O N T R O L  _______________________ _ 

1 3  

c n @ (� �)  I I I 

I I VRI I 
I LJ r------, I I C2 I' [-] � 
I I C3 Cl � ! I C4 I ---
1 G a GJ  
I I  l TRAN SMITTER PRI N T E D  

CIRCUIT BOA R D  

�-� 
R E A R  V IEW 

POWER AMPLIFIER 
PRINTED CIRCUIT 

BOARD 

F L I 0 2 

R d  
�J 

8 @�@ @ � � l 
Fig.  2 .  Component L ocation s of th e Type TCF Tran sm itter 

Fig. 3. Component L oc ations of th e Tran sm itter Printed Circuit Board 
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Fig. 4 .  Component locat io n s  o f  th e Power Amplifier Printed C ircuit Board 
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I. L. 4 1-945.4 1  

7 6 3A 0 5 6  

4 1 0 C 3 1 2  

Fig. 5 .  Outline and D r i l l i n g  P lan for the Type TCF Tran s m i tter A s s em b l y  

W E S T I N G H O U S E  E L· E C T R I C  C O R P O R A T I O N  

N EWAR K ,  N .  J .  R E LAY- I N ST R U M E N T  D IV I S I O N  
Printed in U.S.A. 
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I N ST A L L A TI O N  
Westinghouse I . L .  4 1 -945.21  

• OPE 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 I O N S  
TYPE TCF POWER LINE CARRIER 

FREQUENCY-SHIFT TRANSMITTER EQUIPMENT-
1 WATT/ 1 WATT- VOLTAGE KEYED FOR TELEMETERING 

CAU TION 
It is recommended that the user of this equipment 
become thoroughly familiar with the information in 
this instruction leaflet before energizing the carrier 
assembly. Failure to observe this precaution m ay 
result in damage to the equipment . 

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

A P P L I C A T I O N 

The type TCF carrier tran smitter equipment 
provides for the transmission of either of two closely 
controlled discrete frequencie s ,  both within a 
narrow-band channel , over high-voltag e transmission 
lines.  The cente r frequency of the channel can vary 
from 30 to 300 kHz in 0 . 5  kHz st eps . The two fre­
quencies transmitted are separated by 200 hertz , 
one being at center frequency ( fc)  plus 1 00 hertz and 
the other at center frequency minus 1 00 hertz .  

When the TCF transmitter is  used in  voltage ­
keyed telemetering applications ,  the transmis sion 
of the high or the low frequency in the channel is 
controlled by the positive and negative half cycles 
of an a-c voltage obt ained from a telemetering trans­
mitter. This tran smitter converts a d-e millivolt 
signal to an a-c voltage of proportional frequency , 
which typically may have a range from 1 5  Hz at 
zero millivolts to 35 H z  at a selected maximum value 
of millivolts.  The high frequency output of the TCF 
transmitter is carried to a TCF receiver over a power 
line and through coupling capacitors and line tuners 
at each end . The receiver converts the high  fre­
quency signal to an a-c voltage of frequency which 
varies identically with that which keys the trans­
mitter, and a telemetering receiver converts this 
varying frequency to a proportional d-e millivolt 
output . 

C O N S T R U C T I O N 

The 1 watt/1 watt TCF transmitter unit i s  
mount ed o n  a standard 1 9-inch wide panel 8-3/4 
inches ( 5  rack units)  high with edge slots for mount­
ing on a standard relay rack. All components are 
mounted on the rear of the panel.  Fuses , a pilot 
light , and a power switch are accessible from the 
front of the panel.  See Figure No . 5 .  All of the 
circuitry that is suitable for printed circuit board 
mounting is cont ained on two such boards ,  loc ated 
as shown on Figure No.  2 .  The locations of the com­
ponent s on the voltage -keyed input board are shown 
on Figure No . 4 and the locations of the components 
on the board containing the oscillators , mixer and 
buffer amplifier , and final amplifier are shown on 
Figure No. 3. The components i ncluded on each 
board are indicated also by areas enclosed by dotted 
lines on the internal schematic .  Figure No.  1 .  A 
Zener diode mounted on a heat sink provides a 
regulated 4 5-volt d-e power supply and an output 
filter removes harmonics that may be generated by 
distortion in  the amplifier .  The locations of all cir­
cuit elements on the panel are shown on Figure No . 
2 and their electrical connections are shown on 
Figure No . 1 .  

External connections t o  the as sembly are made 
through a 1 2 -circuit receptacle , J3 . The r .f. output 
connection to the assembly is made through a 
coaxial cable j ac k ,  J2 (Figure No.  1 ) .  

O P E R AT I O N 

The transmitter is made up of four main stage s 
and an output filter .  The input stage receives the 
a-c voltage from a telemetering transmitter and 
amplifies it to a level sufficient for properly shifting 
the frequencie s of the two crystal oscillators in the 
next stage . The two oscillator frequencies enter the 
mixer and buffer amplifier st age ,where the difference 
frequency is amplified to drive the final amplifier 
stage . The output of this fourth stage enters the out-

A II 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 regarding his particular installation, operation or maintenance of 
his equipment. the local Westinghouse Electric Corporation represen tative should be contacted. 
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T Y P E  TCF VOLTAGE K E Y E D  FOR T E L E M E T E R I N G-------------------------

put filter , which is tuned to the difference ( fun­
damental )  frequency and contains second and third 
harmonic traps for further reduction of harmonic s. 

The a-c output voltage from the telemetering 
transmitter is applied to terminals  9 - 1 0  of input 
jack J3 , and is connected through resistors R 1 0 1  
and R 1 03 t o  the bases o f  transistors Q10 1 and Q l 0 2 .  
These transistors are biased b y  resistors R 1 0 2  and 
R1 06 so that a small value of a-c voltage at ter­
minals 9 - 1 0  will make them alternately conductive . 
When terminal 9 is positive with respect to terminal 
10 , transistor Q102  conducts and when 9 is ne gative 
with respect to 10,  Q10 1 conducts .  Conse quently , 
current flows from terminal 2 to terminal 1 of trans­
former T 1  when 9 is positive and from 2 to 3 when 
9 is negative . Zener diode Z 1 03 has a 1 5 -volt 
rating and Zener diode Z54 ( on the larger c ircuit 
board) has a 20-volt rat ing . Thus there is a nominal 
5 volt drop across resistor R l l O ,  and for a static 
condition ( no a-c input voltage and crystals removed 
from sockets) the anode of diode D5 2 is held at 
+ 1 5  volts ,  thereby causing both D51  and D5 2 to 
be reverse biased.  It will be seen that D55 and 
D56 are similarly reverse biased under this con­
dition. 

When Q 1 0 1  and Ql 03 are turned on and off 
alternately by a-c voltage from the telemetering 
transmitter , voltage of approximately square wave­
for m is induced in the secondary of transformer T 1 ,  
and when sec ondary terminals 4 and 6 alternately 
become sufficiently pos itive with respect to terminal 
5 diodes D 5 1  and D52 ,  or D 5 5  and D56 ,  become forward 
biased . The effect of this in shifting the frequencie s 
of the oscillators will be explained in a later para­
graph. 

A single crystal de signed for oscillation in the 
30 kHz to 300 kHz range c annot be forced to oscil­
late away from its natural frequency by as much as 
±100 hertz. In  order to obt ain this desired frequency 
shift , it is nece ssary to use crystals in the 2 MHz 
range . The crystals are Y1 and Y2 of Figure No . 1 .  
The frequency of Y2 i s  2 . 00 MHz when operated 
with a specified amount of  serie s capacity , and t he 
frequency of Y 1  is 2 . 00 MHz plus the channel 
frequency, or 2 . 03 MHz to 2 . 20 MHz. C apacitor 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 mod e. The emitter is  coupled to the base 
through C57 ,  and with Y2 removed the base of Q5 1 
would be held at approximately the m idpoint of the 

2 

supply voltage by R5 1  and R5 2 .  The crystal serves  
as  a series-resonant circuit with very high in­
ductance and low capacitance . The circuit can be 
made to oscillate at other than the n atural fre quency 
of the crystal by varying the serie s capacitor,  C55 .  
Increasi ng C55 will lower the frequency of oscilla­
tions and reducing C55 will raise the fre quency . 

Capacitor C70 is ineffective while diode D55 
i s  reverse biased and therefore non-conductive,  but  
when the diode is forward biased by sufficient 
positive voltage at terminal 1 2 ,  it becomes c onduc­
tive and C70 is effectively placed in parallel with 
C55 . This reduce s the frequency of osc illation by 
an amount determined by t he setting of C70.  The 
frequency of the oscillator circuit in which crystal 
Y1 is used will be reduced in sim ilar manner when 
t erminal 18 becomes sufficiently positive to forward 
bias diode D 5 1 . 

With diode D5 1 and D55 both reverse b iased 
and with C52 and C55 adjusted so that their as­
sociated cryst als  operate at their nomin al fr e­
quencies ,  the sum of the two frequenc ies  impressed 
on the base of mixer transistor Q5 3 through c ap­
acitors C62 and C63 is MHz + fc and the difference 
frequency is fc . The sum frequency is so high that 
a ne gligible amount appe ars on the secondary of 
transformer T5 1 but the difference frequency is  
accepted and amplified by Q53 and 54 . However , 
with an a-c voltage at input terminals 9 and 1 0  of 
J3 diode s D5 1 and D55 are each alt ern ately forward 
biased for substantially a full half-cycle , and by 
adjustment of capacitors C53 and C70 difference 
frequencies of fc + 1 00 hertz and fc - 1 00 hert z 
can be obtained on alternate half cycles .  

The crystals taken individually have a gre ater 
variation 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 holding 
the frequency stability of the overall transmitter to 
± 10 hertz over a temperature range of -20 to +55°C .  

The amplifier stage consists of transistors Q56 
and Q57 connected in a conventional push-pull 
c ircuit with input supplied from the collector of 
Q54 through transformer T52. Thermistor R73 and 
resistors R74 and R75 are connected to provide a 
variable bias that reduces the effe ct of varying 
ambient temperatures on the output level.  The output 
power is adjusted to 1 watt by mean s  of R64 . 
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T Y P E  T C F  VO L T A G E  K E Y E D  FOR T E L E M E T E R I N G  ___________________ .......!.I ..::L:...· ..::.4.!.:1-�94!.:5�. 2�1 

The output transformer T2 couple s the amplifier 
transistors to the output filter F L 1 0 2 .  The output 
filter includes two trap circuits ( L 1 02 ,  C B, and 
L 1 03 , CC) which are factory tuned to the second 
and third harmonics of the transmitter frequency . 
Capacitor C D approximately cance ls the inductive 
reactance of the two trap circ uits at the operating 
frequency. Protective gap G1 is a small lightning 
arrester to limit the magnitude of switching surge s 
or other line disturbances reaching the carrier set 
through the ' line tuner and coaxial cable . Auto­
transformer T3 matche s  the fi lter imped ance t o  
coaxial cables of 5 0 ,  60 ,  o r  7 0  ohms.  

The series re sonant circuit composed of L 1 05 
and CE is tuned to the transmitter frequency , and 
aids in providing resistive termination for the o utput 
stage . Jack J 102  is mounted on the rear panel of 
FL 102  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 element s ,  thus providing a revers e im­
pedance that is free of possible " across-the-lin e "  
resonances.  

The regulated 45 volt power supply is obtained 
from a 50-watt Zener diode mounted on a heat sink 
and connected to the station battery supply through 
suitable series  resistors ,  as shown on Figure No. 1 .  
Capacitor C68 provide s a low carrier-frequency im­
pedance across the d-e output voltag e ,  and capac­
itors C1 and C2 bypass r.f. or transient volt ages to 
ground, thus preventing damage to the transistor 
circuits .  

C H A R A C T E R I S T I C S 

Frequency Range 

Output 

Frequency Stability 

Frequency Spacing 

Harmonics 

30-300 kHz 

1 watt ( into 50 to 70 ohm 
re sistive load) 

± 10 hertz from -20°C to +55°C 

1 .  One-way channel, two or 
more signals - 500 hertz 
min .  

2 .  Two-way channel - 1 000 
hertz min .  between trans­
mitter and adjacent re­
ceiver frequencie s .  

down 55 db ( min . )  from out­
put level. 

Input Impedance of 
Keying C ircuit 

Keying Voltage 

Keying Frequency 

Supply Voltage 

Supply Voltage 

Battery Drain 

Temperature Range 

Dimensions 

Weight 

5 0 , 000 ohms 

1 0  to  50 volts p . -p ,  sine or 
square wave 

1 0  to 50 hertz 

4 8 ,  125 or 250 V . D . C .  
(Separate units)  

4 2-56 V. for nom.  48  V.  sup­
ply , 105- 140  V. for nom. 1 25 
V .  supply , 2 10-280 V .  for 
nom.  250 V .  supply 

0 . 1 2 a. at 48 V. d-e.  
0 . 27 a.  at 1 25 or 250 V. d-e.  

-20 to +55 °C around chassis 

Panel height - 8-3/4 " or 5 
r .  u .  

Panel width - 19 "  

1 0  lbs .  

I N S T A L LA T I O N  

The TCF transmitter is generally supplied in a 
cabinet or on a relay rack as part of a complet e  
carrier ass embly . The location must be free from 
dust , excessive humidity, vibration , corrosive fumes ,  
o r  heat . The  maximum ambient temperature around 
the chassis must not exceed 55°C .  

A D J U S T M E N T  

The TCF 1 WI 1 W transmitter is shipped with the 
power output control R64 set for an output of 1 watt 
into a 60 ohm load. If it is desired to check the 
adj ustments or if repairs have made readjustment 
necessary , the coaxial cable should be disconnect ed 
from the assembly terminals and replaced with a 50 
to 70 ohm non-inductive resistor of at le ast a 1 
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 T3 
output lead to the corresponding tap .  Connect an 
a-c vacuum tube volt meter ( VTVM) acro ss the load 
resistor . Turn power output control R64 to  minimum 
(full counterclockwise) .  Turn on the power switch 
on the panel and not e the d-e voltage across ter ­
minals 5 and 7 of J 3 .  If this is in the range of 42 
to 46 volt s ,  rotate R64 clockwise to obtain 3 or 4 
volts across the load resistor. At this point check 
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T Y P E  T C F  VO L T A G E  K E Y E D  FOR T E L E M E T E R I N G  _______________________ _ 

the adjustment of the series output tuning coil L 1 05 
by loosening the knurled shaft-locking nut and mov­
ing the adj ustable core in and out a small amount 
from it s initial position.  Leave it at the point of  
maximum voltage across the load resistor.  

Continue to advance R64 until the output voltage 
shown in the following table is obtained across the 
load resistor.  Recheck the setting of L 105 to be 
sure it is  at it s optimum point for 1 watt output . 
Tighten the locking nut . 

T3 * 
TAP 

50 

60 

70 

VOLTAGE FOR 
WATT OUTPUT 

7 . 1 

7 . 8  

8 . 4  

With n o  a-c voltage impres sed o n  terminals 9 and 
1 0 ,  the output frequency of the transmitter is fc . 
When the output filt er is adjusted for maximum 
output at this fre quency , the output voltage at the 
operating fre quencies of fc ± 100 hertz will not be 
appreciably lower. 

Follow the procedure outlined in the line tuner 
instructions for its adjustment. 

Normally the output filter (FL 102)  will require 
no readjustment except as noted above. It is factory 
tuned for maximum sec ond and third harmonic re­
jection ,  and for series resonance (maximum output 
at the fundamental frequency) with a 60-ohm load. 
A small amount of reactance in the transmitter 
output load c ircuit may be tuned out by readjustment 
of the movable core of L 1 0 5 .  This may be necessary 
with some types of line coupling e quipment. The ad­
justable cores of L 102  and L 1 03 have been set for 
maximum harmonic rejection and no change should 
be made in these settings unless suitable instru­
ments are available for meas uring the second and 
third harmonic present in the transmitter output. 

The operating frequencies of crystals Yl and 
Y2 have been carefully adjusted at the factory and 
good stability can be expe cted.  If it is desired to 
check the frequencies of the individual crystals , 
this can be done by turning the m atched pair 1 80° 
and inserting Y 1  crystal in its proper socket with 
the other crystal unconnected. Because of proximity 
to capacitor C70 , the crystal pair cannot be reversed 
to permit checking Y2 alone , but this can be done 
by partially withdrawing Y2 from its socket and 

4 

tilting it sufficiently to open-circuit the Y 1  crystal. 
A sensitive frequency counter with a range of at 
least 2 . 3  megahertz can be connected fro m  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 counter input 
capacitance on the oscillator circuit . )  

I f  for any reason, it should be necessary t o  re­
place a matched crystal pair ,  the following adjust­
ments should be made.  

With rated d-e voltage on the transmitter ,  with 
R64 fully clockwise to increase input to frequency 
counter ,  and with terminals 9 - 1 0  of J3 open, the 
frequency of Y 1  alone should be its m ark ed fre­
quency ( ±3 hertz) . If adjustment is necessary , adjust 
capacitor C52 for correct frequency. Next , apply 4 5 v .  
d - e  from t erminal 7 o f  J3 ( or terminal 2 o f  transmitter 
circuit board) to TP 1 04 (on input circuit board).  The 
frequency should drop to the marked frequency minus 
85 Hz ( ±3 Hz) , And should be adjusted to this value 
by C53 if necessary. If capacitor settings are chang­
ed, both steps should be rechecked until the oscil­
lator operates at the marked frequency of Y1 ( ± 3  
hertz) before applying 45 volts to T P 1  04 , and at 85 
hertz ( ±3 hertz) less than the m arked frequency 
after applying 45 volt s .  

Similarly, check the oscillator frequency with 
Y2 alone in circuit , and if neces sary adjust C55  for 
2 MHz ( ±3 hertz). Then apply 45 volts from terminal 
7 to T P 1 0 1 .  The frequency should be 2 MHz minus 
85 hertz ( ±3 hertz).  If capacitor settings are changed,  
recheck both steps as before. Turn R64 full counte r­
clockwis e ,  and after inserting both crystals in their 
socket s ,  readjust R64 for 1 watt output . 

With adjustments made as described , the dif­
ference frequency of the two oscillators will be  
fc  + 1 0 0  hertz on  one half-cycle of an a-c voltage 
on terminals 9 - 1 0 ,  and will be  fc - 100 hertz on the 
next half-cyc le . The fre quency cannot be m e asured 
when it is being continually shifted by an a-c keying 
voltage,  and adjustment s  must be m ade by using 
d-e voltage for biasing diodes D5 1 ,  D 5 2 ,  D55 and 
D56.  However , when an a-c keying voltage is  
present , the  connections to  the  mid-tapped secondary 
of T 1 cause the reverse bias voltage that is  present 
altern ately on each set of diodes to be much greater  
than when a d-e voltage is applied on TP 1 0 1  or 
TP104 .  The oscillator frequency with t his high 
r everse bias voltage shifts upward approximately 1 5  
hertz when the other oscillator with forward b ias 
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voltage shifts downward 85 hertz. The resultant 
difference frequencies therefore are fc + 1 00 hert z  
and f c  - 1 00 hertz for alternate half cycles at 
terminals 9 - 1 0 .  

For routine maintenance the frequencie s  of t h e  
individual oscillators need not be  checked .  The 
difference frequencie s can be measured directly at 
the transmitter output,  using the proper load re­
sistor to match t he T3 tap used .  With terminals 9 - 1 0  
open,  C 5 2  should be adjusted for a frequency of 
fc ±3 hertz. Then with +45V.  d-e applied to T P 1 0 4 ,  
C 5 3  should be adjusted for fc minus 85 (±3) hertz ,  
With 4 5  volts applied to TP1 0 1  instead of TP 104 , 
C70 should be adj usted for fc plus 85 ( ±3) hertz .  
A similar final adjustment should be made after 
making the individual adjustments required when a 
matched pair of cryst als is replaced. 

Q56-Q57 Bias Adj u stment 

The push-pull output stages of the transmitter 
board are normally shipped correctly biased. If any 
components involved in these stages have been 
changed , then it may be necessary to recheck the 
biasing of this stage . 

Unsolder the lead from terminal 2 of transformer 
T1 ( just above F L 1 0 1 )  and temporarily connect a 
low-range d-e milliammet er (0- 1 . 0  rna) between the 
removed lead ( +) and T 1 terminal 2 ( - ) .  Turn the 
slotted control on the small potentiometer to full 
counterclockwis e .  Now, apply power to the TCF 
carrier set , but do not tran smit carrier .  This c an 
be done by removing the cryst als . Advance the 
potentiometer clockwis e until the milliammeter 
reads 0 .  2 rna. Turn off the power , remove the m il ­
liammeter .  and solder the lead bac k  on terminal 2 
of T l .  Replace the cryst als and again apply d-e 
power to reenergize the transmitter.  Check output, 
etc .  of transmitter as previously describe d .  

M A I N T E N A N C E  

Periodic checks of the transmitter power output 
will detect impending failure so that the equipment 
can be t aken out of service for correction. At regular 
maintenance intervals , any accumulated dust should 
be removed ,  particularly from the heat sink . It is 
also desirable to c heck the transmitter power output 
at such times , making any necessary readjustments 
to return the equipment to it s initial settings.  

Voltage values should be rec orded 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 in­
definite 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 following 
tables.  Voltages should be measured with a VTVM.  
Readings may vary as much as ±20%. 

T A B L E  I 

TRANSMITTER D-C MEASU REMENTS 

Note : All volt ages are positive with respect to Neg .  
45 V .  (TP5 1 ) .  All  volt ages read with d-e 
VTVM . 

VOLTAGE AT 
TEST POINTS 1 WATT OUTPUT 

TP 52  20  

TP 53 5 . 4  

T P  54 3 . 4  

T P  55 2 1  

T P  5 6  2 1  

T P  5 7  . 6 5  

T P  5 8  44. 3 

TP 59 .65  

TP 102 20 

TP 103  20  

TP 1 05 15 

T A B L E  I I  

T RANSMITT ER R F  MEASU REMENTS 

Note :  Voltages taken with transmit ter set  to in­
dicated output across 60 ohms. These volt­
age s are subject to variations ,  depending 
upon frequency and transistor characteristics. 
T5 1 - 3  = Terminal 3 of transformer T5 1 .  Other 
transformer terminals identified similarly.  All 
voltages read with a-v VTVM. 
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T Y P E  T C F  VOLTAGE K E Y E D  FOR T E L E M E T E R  l N G  ------------------------

TEST POINTS VOLTAGE AT 
WATT OUT PUT 

TP 54 to T P5 1 0 . 1 2 

TP 57 to TP5 1 0 . 8  

T P  5 9  t o  TP5 1 0 . 8  

T2-1  to T P  5 1  2 6  

T2-3 to TP 5 1  2 6  

T2-4 t o  Gnd . 3 6  

T3-2 to Gnd . 30  

TP109  to Gnd. 9 . 8  

J 1 02 t o  Gnd. 7 . 8  

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

I .  Minimum Test Equipment for Installation 
a. 60-ohm 1 0-watt non-inductive resistor. 

b. A-C vacuum tube voltmeter ( VTVM) . Voltage 
range 0 . 003 to 30 volt s ,  frequency range 60 
hertz to 3 30-kHz. input impedance 7 .5  
megohms . 

c .  D-C vacuum tube  voltmeter ( VTVM) . 

Voltage Ran ge ;  0 . 1 5  to 300 volts 

Input Impedance:  7 .  5 megohms. 

II . Desirable Test Equipment for Apparatus Main­
tenance . 

a. All items listed in I. 

b .  Signal Generator 

O utput Voltage : up to 8 volts 

Frequency Range :  2 0-kHz to 900 kHz 

c .  Oscilloscope 

d .  Frequency counter 

e .  Ohmmeter 

f. C ap acitor 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 19 " rack b ut also can b e  removed and 
used as a portable unit . 

6 

R E N E W A L  P A R T S  

R epair work can b e  done most satisfactorily at 
the factory. However,  replacement parts can b e  
furnished ,  i n  most case s ,  t o  customers who are 
e quipped for doing repair work. When ordering parts , 
always give the complete nameplate d ata and 
identify the part by its designation on the Internal 
Schematic Drawing. 
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E LECTRICAL PARTS LIST 

CIRCUIT SYMBOL D E S C R I P T I O N  WESTINGHOUSE 
D ESIGNATION 

CAPAC I TORS 

C1 Oil-filled ; 0.5 mfd. ; 1500 V . D . C . 1 877962 

C2 Oil-fille d ;  0 .5 mfd . ; 1500 V . D . C .  1 877962 

C5 1 Dur-Mica, 1 500 pf. , 500 V . D . C .  7 62A757H03 

C52 Variab l e ,  5 .5 - 1 8  pf. 879A834H0 1 

C53 Variab le ,  5 . 5 - 1 8  pf. 8 79A834H0 1 

C54 Met allized paper,  . 1  mfd . ; 200 V . D . C .  1 87A624H0 1 

C55 Variable , 5 . 5- 1 8  pf.  762A736H0 1 

C56 D ur-Mica, 2000 pf. ;  500 V . D . C .  1 87A584H0 1 

C57 D ur-Mica, 2000 pf. ; 5 00 V . D . C .  1 87A584H0 1 

C58 Met allized paper,  0 .25  m fd. ; 200 V . D . C .  1 87A624H02 

C59 Dur-Mica, 1 00 pf. , 500 V . D . C .  7 62A7 5 7H0 1 

C60 Dur-Mic a ,  1 00 pf. , 500 V . D . C .  762A757H01 

C61 Metallized paper ,  0 . 2 5  mfd . ; 200 V . D . C .  1 8 7A624H02 

C62 Dur-Mic a, 4 700  pf. , 500 V . D . C .  762A757H04 

C63 Dur-Mica,  1 000 pf. , 500 V.D .C . 762A757H02 

C64 Metallized paper, 0 . 2 5  mfd . ; 200 V . D . C .  1 8 7A624H02 

C65 Metallized paper, 0 . 25 m fd . ;  200 V . D . C .  1 8 7A6 24H02 

C67 Metallized paper, 0 .25  mfd . ; 200 V . D . C .  1 87A624H02 

C68 Metallized p aper,  0 .  5 mfd . ;  200 V . D . C .  1 8 7A624H03 

C69 Metallized paper,  0 . 25 mfd . ; 200 V . D . C .  187A624H02 

C70 Dur-Mica, 300 pf ,  500 V . D .C .  1 87A584H09 

C 7 1  3 pf, 86 1A846H03 

C72 3 pf, 8 6 1A846H03 

C73 3 pf, 8 6 1A846H03 

C 10 1  Metallized paper ,  1 .0 mfd. ; 200 V . D . C .  1 8 7A624H04 

C 1 02 3 3  mf; 10 V . D . C .  1 87A508H 1 1  

DIO DES - G EN ERAL PU RPOSE 

D5 1 1N628 ; 125  V. ; 30 MA . 1 84A885 H 1 2  

D52 1N62 8 ;  1 25 V . ; 30 MA. 1 84A885H1 2  

D56 1 N6 2 8 ; 1 25V. , 30 MA. 1 84A885 H 1 2  

D57 1 N628 ;  125  V . ,  3 0  MA. 1 84A885H 1 2  

D 1 0 1  1 N4 5 7A ; 6 0  V ,  200 MA. 1 84A885H07 

D 1 02 1 N4 5 7A ; 60 V, 200 MA. 1 84A885H07 

DIO DES - ZEN E R  

Z 1  1 N2828B;  45V.  ± 5% ;  50W. 184A854H06 

Z54 1N3686B; 20V. ± 5%;  750 MW. 1 85A2 1 2H06 

Z 103  1 N3 683B 1 8 5 A2 1 2H07 
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E LECTR ICAL PARTS L IST 

C I RCUIT W E STINGHOUSE 
SYMBOL D E S C R I P T I O N  D ESIGNATION 

R E SI STO RS 

R 1  1 5 0  ohms ± 5% ;  4 0  W .  ( For 1 25 V Supply) 1 202499  

R2 150  ohms ± 5% ;  4 0  W.  ( For 1 25 V Supply ) 1 20 2499 

R 1 2 2 . 5  ohms ± 5% ;  4 0  W.  ( For 48  V Supply ) 04D 1 299H4 1 

R4 1 00 ohms ± 1 0%;  1 W. Composition 1 8 7A644H03 

R5 1 K  ± 1 <Y7o; Yz W. Composition 1 87 A64 1H27 

R6 3K ± 5% ; 5 W. Wire. Wound 1 88A3 1 7H 0 1  

R7 1 5K ± 10%; 2 W .  Composition 1 87A642H55 

R 1 1 4 . 7K ± 2%; Yz W. Metal Glaze 6 2 9A53 1H4 3  

R 1 2  1 2K ± 2% ;  Yz W. Metal Glaze 6 2 9A53 1H58 

R13  1 0K ± 2% ;  Yz W .  Metal Glaze 629A5 3 1 H56 

R5 1 1 0K ± 5%; Yz W. Composition 1 84A763 H5 1  

R5 2 10K ± 5%; Yz W. Composition 1 84 A7 63 H5 1 

R53 1 0K ± 5% ; Yz W. Composition 1 84A763H5 1 
--

R54 10K ± 5% ;  Yz W .  Composition 1 84 A763H5 1 � ------ �----·------ -
R55 1 00 ohms ± 5%; Yz W. Composition 1 84A763H03 

R56 3 . 6K ± 5%; Yz W. Composition 1 84A763H40 

R5 7 3 . 6K ± 5% ;  Yz W. Composition 1 84 A763 H4 0 

R5 8 100  ohms ± 5%; Yz W. Composition 184A7 6 3 H03 

R59 10K ± 5%;  Yz W .  Composit ion 1 84 A7 63 H5 1 

R6 0 5 . 6K ± 5% ;  Yz W .  Composition 1 84A763H45 

R6 1 1 5 K  ± 5% ;  Yz W .  Composition 184 A763H55 

R6 2 10K ± 5% ;  Yz W. Composition 1 84 A7 63 H5 1 

R63 lK ± 5% ;  Yz W .  Composition 184A763 H2 7 

R64 Potentiometer , 1 K ;  \4 w. 629A4 30H02 

R65 l . S K  ± 5% ;  \ �  W. Composition 1 84 A763H02 

R66 8 . 2K ± 5% ; �/z W. Composition 1 84 A763H4 9  

R67 1 2K ± 5% ;  Yz W .  Composition 1 84A763H53 

R68 330 ohms ± 5% ;  Yz W .  Composition 1 84A763 H 15 

R69 800 ohms ± 5%; \1z W.  Composition l 84 A85 9H06 

R72 39K + 5% ;  Yz W .  Composition 1 84A763H65 

R73 Thermistor, 30 ohms , Type 3D202 ( G . E . C . )  1 85A2 1 1H06 

R74 62 ohms ± 5% ;  Yz W .  Composition 629A53 1H03 

R75 68 ohm s  ± 5% ; \2 W .  Composition 1 87A290 H 2 1  

R76 2K ± 5% ;  \2 W .  Composition 1 84A763H34 

R77 10 ohms ± 5% ;  \1z W. Composition 1 87A290 H0 1 

R78 1 0  ohms ± 5% ;  Yz W .  Composition 1 87A290H 0 1  

R79 20K ± 2% ;  Yz W .  Met al Glaze 6 29A5 3 1 H6 3  

RSO 25K Potentiometer ± 20%; _ \4 w. 6 29A430H09 
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E LECTR ICAL PARTS LIST 

CIRCUIT 
D E S C R I P T I O N  WESTINGHOUSE 

SYMBOL D ESIGNATION 

R ESI STORS (Cont' d .) 

R10 1 22K ± 5%;  Yz W .  Composition 1 84A763H59 

R102 680 ohms ± 5%; Yz W. Composition 184A763H23 

R103 22K ± 5%;  Yz W .  Composition 1 84A763H59 

R 1 04 22K ± 5%; Yz W. Composition 1 84A763H59 
-

R105  3 . 3K ± 5% ;  Yz W .  Composition 1 84A763H39 

R 1 0 6  1 8 K  ± 5%; Yz ·\V. Composition 1 84 A763H57 

R 1 07 3 . 3K ± 5%; Yz W. Composition 1 84A763H39 

R108  22K ± 5%; Yz W .  Compo sition 1 84A763H59 

R 1 09 56K ± 5%; Yz W .  Composition 1 84 A763H69 

R 1 10 4 . 7K ± 5%; Yz W. Composition 1 84A763H43 

R 1 1 1  56K ± 5%; Yz W .  Composition 184A763H69 

T RANSFO RM E RS 

T 1  Input Transformer 670B248G 0 1  

T2 Output Transformer 606B4 10G02 

T3 Load-Matching Auto-Transformer 292B526G03 

T5 1 Buffer Amplifier Transformer 606B5 37G0 1 

T5 2 Driver Input Transformer 606B537G02 

TRANSI STORS 

Q1 2Nl0 15C 1 87A342H02 

Q l l 2N4356  849A44 1 H0 2  

Q1 2 2N699 1 84A638H 1 9  

Q2 1 2N4356 849A44 1 H02 

Q22 2N699 184A638H 19 

Q5 1 2N697 1 84A638H 1 8  

Q52 2N697 184A638H l 8  

Q53 2N697 1 84A638H 1 8  

Q54 2N699 1 84A638H 1 9  

Q5 6 2N 2726/ 2N37 1 2  762A672H07 

Q57 2N27 2 6/ 2N 37 1 2  7 62A672H07 

Q l 0 1 2N699 1 84 A638H 1 9  

Q102 2N699 1 84A638H 1 9  

MISCELLAN EOUS 

Y 1 -Y2 
Supplied for Desired Channel  Frequency in Pair 
Matche d  Per Specifications on Drawing.  

408C743 

FL 102  Output Filter 54 1S2 1 4  + ( Re q. Freq. )  

PL Pilot Light Bulb - For  4 8  V .  Supply (When supplied) 1 87A 1 33H02 

Pilot Light Bulb - For 1 25 or 259 V. Supply ( When s upplied)  1 83A9 95H0 1 

F 1 , F2 Fus e ,  1 .5A ( When supplied) 1 1D 9 1 95H26 
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TY P E  TCF VOLTAGE K EY E D  FOR T E L EM E T E R I N G  

V R I 

1 3  

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

VOLTAGE KEYED I NPUT CIRCUIT BOARD 

� 
L:=J 

, - - - , 
I I 
I I 
L _ _  J 

TRANS MITTER PRINTED 
CIRCUIT BOARD 

Tl 

REAR V IEW 

® @  

F L I 0 2  

IT] ®  ® ®  
� o  

6 0 6 B 8 3 4 

Fig. 2. Component Locations of Type TCF Transmitter Assembly. 

7 1 9 B 4 7 5  

Fig. 3. Component Locations of Transmitter Printed Circuit Board. 
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TP I0 30 0 ® 0 0 TPI02 
IR I 0 7 1 I R 1 0 5 I  c.':;oql R i O ! I

ICRsl:� �� 
0 []IQjJ I I R 1 02 J 

..___--;::=:=::::;:--...J. I R 1 o s l  
I C l 02 I 0TP I0 5 

C I O I  

I R 1 1 0  I I CRI031 
I R I OB I  I R 1 0 4 l 

® 
@ 

T PI04 I R i l l I I R I 09 I TP I O I 
0 0 ® ® 0 ® ® @) 0 

Fig. 4. Component Locations of Voltage Keyecl lnput B c1 oar . 

�--------- - 19 ----------------� 
�---------------- 18 � MTG. CENTERS --------·� I 

..--':B-

', � .� I I ¢0 o '®" Ll OFF �J\ ��---® l 
���, 5-W-IDE-X �j D-EE-P F-OU-R S-LO

-
TS

------------���_j 

Fig. 5. Outline of Type TCF Tran sm itter Assemb ly. 

I. L. 4 1-945.2 1  

7 6 3A 2 2 2  

4 1 0 C 3 8 9  

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

N EWAR K ,  N .  J. 
R E LAY· I N STR U M I NT D IVI S I O N  
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