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INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TCF POWER LINE CA RRIER F REQU ENCY -SHIFT 
REC EIVER EQU IPMENT - WITH RELA Y OUTPUT FOR 

SUPERVISORY CONTROL A ND TELEMETERING 

CA U TION 

It is r ecommended that the user of this equipment become thoroughly acquainted 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 .  

A P P LI CA TION 

The TCF frequency-shift receiver equipment as adapted for supervisory control and certain telemeter­
ing applications responds to carrier-frequency signals transmitted from the distant end of a power line 
and carried on the power line conductors. The Guard frequency is  100 cycles above the center frequency 
of the channel ( which can be selected within the range of 30KC to 200KC), and it is transmitted contin­
uously when conditions are normal and no information is to be conveyed over the channel. Its reception 
indicates that the channel is operative. The Trip frequency ( so called because in frequency-shift relaying 
applications the reception of this frequency causes closure of relay contacts in the trip circuit of a circuit 
breaker) is 100 cycl es below the channel center frequency. When supervisory control or telemetering in­
formation is to be conveyed over the channel, the transmitter at one end of the channel is switched alter­
nately 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 durations of the intervals that the relay contacts are 
open and closed also can be utilized to convey information over the channel. 

CONST RU CTION 

The TCF receiver unit for supervisory control and telemetering applications is mounted on a standard 
19-inch wide panel lOYz inches high ( 6  rack units) with edge slots for mounting on a standard r elay rack. 
All components are mounted at the rear of the panel. Fuses, a pilot light, a power switch, an input atten­
uator, and a jack for metering the discriminator output current are accessible from the front of the p anel. 
Refer to Fig. 3. 

All of the circuitry that is suitable for mounting on printed circuit boards is  contained in an enclosure 
that projects from the rear of the p anel and is accessibl e 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. Reference to the inter­
nal 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 printed circuit boards is divided into seven compartments. The parti­
tions between compartments together with the outer walls of the enclosure provide complete shielding 
between adjacent boards and from external fields. 
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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 respective­

ly. These are not required for the TCF receiver for supervisory control and telemetering and the compart­

ments are vacant. 

The printed circuit boar�s slide into position in slotted guides at the top and bottom of each compart­
ment, and the board 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 its function in the circuit. 

A board extender (Style No. 644B315G01) is available for facilitating circuit voltage measurements or 

major adjustments. After withdrawing any one of the circuit boards, the extender is inserted in that com­

partment. The board then is inserted into the terminal block on the front of the extender. This restores 

all circuit connections, and all components and test points on the board are readily accessible. 

A portion of the receiver operates from a regulated 20V.D.C. supply, and the remainder from a regulated 

45 V. D. C. supply. These voltages are taken from two zener diodes mounted on a common heat sink. Var­
iation 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 48, 125 or 250 V.C.D. 

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. 

OP ERA TION 

Input Control 

The signals to which the TCF receiver responds are received through a coaxial cable connected to 
jack J2 of Fig. 1. Resistor R4 and 20-volt zener diodes CR1 and CR2 protect the receiver from abnormal­

ly 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 panel 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 accurate 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 voltmeter 

when possible. 

Crystal F i l ter 

From the attenuator, the signal passes through a crystal filter, FL 1. This filter has a narrow pass 

band, and frequencies several hundred cycles above or below the center frequency (fc) of the channel are 

greatly attenuated. Figure 2 shows a typical curve for the crystal filter, as well as a characteristic curve 

for the intermediate frequency filter, FL 2, and for the discriminator output. The narrow pass band of FL 1 
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. 

Oscill ator and Mixer  

From the crystal filter, the signal enters the oscillator and mixer stage o f  the receiver. Crystal Yll, 

transistors Q12 and Q13, and their associated resistors and capacitors, comprise a crystal-controlled 

oscillator that operates at a frequency 20 KC above the channel frequency, fc. The output from this local 

oscillator is fed through transformer Tll to potentiometer R12, and the latter is adjusted to feed a suitable 

input to the base of mixer transistor Qll. The output of FL 1 is impressed on the emitter-collector circuit 

of Qll. As the result of mixing these two frequencies, the primary of transformer T12 will contain fre­

quencies of 20KC and 2fc + 20KC. 
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I.L. 4 1 -945.53 

I F  Ampl i fi er 

The output from the secondary of T12 is amplified by Q31, in the intermediate frequency amplifier 

stage, and is impressed on filter FL2. This is a two-section filter, with both filters contained in a common 

case. Its press band is centered at 20KC. While its passband is much wider than that of the crystal fil­

ter, it eliminates the frequencies present at its input that are substantially higher than 20KC. 

Amplif ier and L i m i ter 

The output from the second section of the IF amplifier stage is fed to potentiometer R52 at the input 

of the amplifier and limiter stage. Sufficient input is taken from R52 so that with minimum input signal 

( 5 mv.) at J2 and with R5 set for zero attenuation, satisfactory amplitude limiting will be obtained at the 

output of the limiter stage. 

Oi scr im inator 

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 J1) at fc cycles. The 

adjustment for zero output at fc cycles is made by capacitor C88. C83 also is adjusted to obtain a max­

imum voltage reading across R84 when the current output is zero. Maximum current output, of opposite 
polarities, will be obtained when the frequency is 100 cycles above or below the zero output frequency. 

This separation of 200 cycles between the current peaks is affected by the value of C86 (the actual value 

of which may be changed slightly from its typical value in factory calibration if required). It should be 
observed that although the higher signal frequency is fc + 100 cycles, after leaving the mixer stage and 

as seen by the discriminator the corresponding frequency is 20KC-100 cycles. Similarly, the lower signal 

frequency is converted to 20KC + 100 cycles. 

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

Q8 2 is made conductive when current flows out of terminal 4 (which occurs with trip output) and Q81 is 
made conductive when current flows into terminal 4. Consequently, terminal 15 is at a potential of approx­

imately + 20 volts at Guard frequency and terminal 11 is at + 20 volts at trip frequency. 

Output Circu its 

The output circuit board of the receiver contains output relay HG. The contacts of this relaY are the 

mercury-wetted type, which assures bounoeless operation. It also contains telephone-type relaY AL, the 

contacts of which can be used to energize an alarm. 

When Trip signal is received, terminal 8 of Output printed circuit board is at approximately +20 volts 
potential and transistor Q101 becomes conductive, which energizes relay HG. When Guard signal is 
present, terminal 1 of the Output board is at approximately +20 volts potential. The base of transistor 
Q102 is connected to terminal 1 and 8 through resistors R103 and R104. Consequently when either 

Guard or Trip signal is present this transistor is conductive. 

When neither Guard nor Trip signal is present, indicating a loss of channel, Q102 is not conductive 
and capacitor ClOl begins to charge through resistors R106 and R107. When the capacitor voltage reaches 

the breakdown level of zener diode CR102 (in approximately 150 milliseconds) transistor Ql03 receives 

base input and becomes conductive. This removes base input from Q104 and the alarm relaY AL drops 

out and energizes an alarm through its normally-closed contacts. A copper slug on the core of the alarm 

relaY adds an additional delay of approximately 40 milliseconds before the alarm contacts close. When 

Guard signal reappears and Ql02 becomes conductive, capacitor C101 discharges rapidly through the low 

resistance of R107. This quick-reset feature of the RC time-delaY reduces the possibility of operation of 

the loss-of-channel alarm by noise signal, which may override and cancel the Guard signal briefly but 

repetitively or may appear as a false Trip signal. 

It should be noted that relaY HG has Form D contacts, and only the normally-open ..Q!:. the normally­
closed contacts should be used unless there is no objection to having both contacts momentarily closed 
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simultaneously when the relay is energized or deenergized. 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 terminals that are externally connected to the HG relay terminals. 
With such protection the HG contacts have maximum ratings of 2 amperes, 500 volts, and 100 volt-amperes. 

The HG relay will pick up at approximately 20 volts. 

The AL relay contacts are rated at 4 amps. , 150 watts, for an a-c non-inductive load. The relay will 

pick at 35 to 40 volts. 

Power Supply 

The regulated 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 of the panel. Resistors (R2, R3) of suitable value are con­
nected between the station battery supply and the 45 volt zener to adapt the receiver for use on 48, 125 or 

250 V.D.C. battery circuits. The receiver is connected to the external supply through a switch and fuses, 

and a pilot light indicates whether the D.C. circuits are energized. Capacitors C1 and C2 bypass r.f. or 

transient voltages to ground. 
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Frequency range 

Sensitivity (noise-free 

channel) 

Input Impedance 

Bandwidth (crystal filter) 

Discriminator 

Operating Time 

Frequency spacing 
A. For two or more sig­

nals over one-way 

channel. 

B. For two-way channel 

Ambient temperature range 

Battery voltage variations 

Rated Voltage 

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

250 V.D.C. 

Battery drain 

Dimensions 

Weight 

C HARA CTER! STI C S  

30-200KC 

0.005 volt (65 db below 1 watt for limiting) 

5000 ohms minimum 

down < 3 db at 220 cycles 
down > 60 db at 1000 cycles 

down >85 db at 3000 cycles 

Set for zero output at channel center frequency and for max. out­

puts at 100 cycles above and below center frequency. 

9 ms. channel (transm. and recvr. ) 

2 ms. HG relay operate and release times 

500 cycles minimum 

1500 cycles minimum between transmitter and adjacent receiver 
frequencies. 

-20 ° C to +60 ° C temperature around chassis. 

Allowable Variation 

42- 56 V.D.C. 

105-140 V.D.C. 

210-280 V.D.C. 

0.20 a. at 48 V.D. C. 

0.27 a. at 125 or 250 V.D.C. 

Panel height- lOW' or 6 r.u. 

Panel width - 19" 

13 lb. www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I.L. 4 1-945.53 

I NSTA LLA TION 

The TCF receiver is generally supplied in a cabinet or on a relay rack as a 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 60". 

A DJU STMENTS 

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. 

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 margin of sensitivity than is needed to assure 
correct operation with the maximum expected variation in attenuation of the transmitter signal. In the 

absence of data on this, the receiver may be set to operate on a signal that is 15 db below the expected 

maximum signal. After installation of the receiver and the corresponding transmitter, and with a normal 

signal being received, input attenuator R5 should be adjusted to the position at which the alarm relay 
drops out. R5 then should be readjusted to increase the voltage supplied to the receiver by 15 db. The 

scale markings for R5 permit an approximate setting to be made but it is preferable to make this setting 

by means of the db scales of an a-c VTVM connected from ground to the sliding contact of R5. 

In case factory adjustments have been accidentally disturbed or components have been replaced, it may 

be necessary to readjust the oscillator and mixer, the limiter, or the discriminator, and procedures 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 11 and terminal 18 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 20KC 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 C12. Reducing C12 increases the frequency, but the capacity should 

never be less than a value that insures reliable starting of oscillation. The frequency at room tempera­
ture is usually several cycles above the crystal nominal frequency as this reduces the frequency devia­

tion at the temperature extremes. 

The adjustment of the amplifier and limiter is made by potentiometer R52. An oscilloscope should 
be connected from the base of transistor Q54 to terminal 18 of the limiter. With 5 mv. of signal frequency 

on the receiver input (R5 at zero), R52 should be adjusted to the point where the peaks of the oscillo­
scope trace begin to flatten. This should appear on the upper and lower peaks at approximately the same 
setting. The R52 adjusting screw then should be turned one turn farther in the direction to produce limit­

ing. 

Adjustment of 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. ) Connect 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 observed. Remove the VTVM from across R84 and observe the milliammeter reading as 

the oscillator frequency is varied. Positive and negative peaks should occur at 100 cycles above and 

below center frequency. 

MA I NTENA N C E  

Periodic checks of the received carrier signal and the receiver sensitivity will detect gradual deter­
ioration and permit its correction before failure can result. An overall check can be made with the atten­

uation control R5. A change in operating margin from the original setting can be detected by observing 
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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 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 the printed circuit boards are accessible when the door on the front of 

the panel is opened. (An offset screwdriver would be required for adjusting R12. ) However, as described 
under "CONSTRUCTION"; any board may be made entirely accessible while permitting electrical oper­

ation by using board extender Style No. 644B315G01. This permits attaching instrument leads to the 

various test points or terminals when making voltage, oscilloscope or frequency checks. 

It is advisable to record voltage values after adjustment in order to establish reference values which 
will be useful when checking the apparatus. The readings will remain fairly constant over an indefinite 

period unless a failure occurs. However, if transistors are changed, there may be 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. 

Some readings may vary as much as ± 20%. 

TABLE I 

R ECE IV ER D-C MEASUR EMENTS 

Note: All voltage readings taken with ground of d-e VTVM on terminal 18 ( + 20v. ). Receiver adjusted for 

15 db operating margin with input signal down 50 db from 1 watt. Unless otherwise indicated, voltage will 

not vary appreciably whether signal is high, low or fc frequency. 

6 

Col lector of Transistor Volts (-) 

Q11 _________________________ 20 

Q12 14.5 (No signal) 

Q12 -------------- 14.0 (High or low freq. signal) 

Q13 17.0 (No signal) 

Q13 ______________ 15.0 (High or low freq. signal) 

Q31 18. 5 

Q32 18.5 

Q51 8.4 

Q52 13.5 

Q53 4.4 

Q54 18 

Q81 20 (No signal or fc - 100 cy.) 

Q81 < 0.5 (fc + 100 cy.) 

Q82 and Q101 20 (No signal or fc + 100 cy.) 

Q82 and Q101 < 0.5 (fc- 100 cy.) 

Q103 20. 5  (No signal) 

Q104 <0.5 (No signal) 

Q105 45 (No signal) 
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I.L. 41-945.53 

TABLE I I  

R ECE IVER R F  MEASU REMENTS 

Collector of Transistor Volts (fc + cy.) 

. 25 Q32 ________________ __ ____________ __ 

Q51 

Q52 --------------------------------­

Q53 

Q54 ______________________________ __ 

REC OMMEND ED T EST EQU IP M ENT 

I .  Minimum Test E quipment for Installation 

. 3  

. 4  

2.1 

4.8 

a.  A-C vacuum Tube Voltmeter (VTVM). Voltage range 0.003 to 30 volts, frequency range 60 cycles/ 

sec. to 230-kc., input impedance 7. 5 megohms. 

b. D-C Vacuum Tube Voltmeter ( VTVM) 

Voltage Range: 1. 5 to 300 volts 

Input Impedance: 7. 5 megohms 

I I . Desirable Test Equipment for Apparatus Maintenance. 

a. All items listed in I. 

b. S ignal Generator 

Output Voltage: Up to 8 volts 

Frequency Range: 20-kc to 230-kc 

c. Oscilloscope 

d. Frequency counter 

e. Ohmmeter 

f. Capacitor checker 

g. Milliammeter 0- 1. 5 or preferably 1. 5-0-1.5 range, for checking discriminator. 

Some of the functions of the recommended test equipment are combined in the type TCT carrier test 

meter unit, which is designed to mount on a standard 19" rack but also can be removed and used as a 
portable unit. 

RENEWA L PA RTS 

Repair work can be done most satisfactorily at the factory. However, replacement parts can be fur­

nished, 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 draw­

ing. 
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Fig. 3. Outline and Drilling P lan for the Type TCF Receiver A s sembly. 
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[] 
PRINTED CIRCUIT BOARDS FL-201 

REAR VIEW 644B101 

Fig. 4. Component Locations on the TCF Receiver P anel. 
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763A292 

Fig. 5. Component Locatio n s  on the Oscillator and Mixer 

P rinted Circuit Board. 
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FL2 

'--- 19 I r--

1 Ill II I I I II Ill I I  Ill 
763A293 

Fig. 6. Component Locations on the I. F. Amplifier P rinted 

Circuit Board. 
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19 I I I I I I I I I I II II I I I I I I 
763A294 

Fig. 7. Component Locations on the Amplifier and Limiter 

P rinted Circuit Board. 
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Fig. 8. Component Locations on the Discriminator Printed 

Circuit Board. 
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INSTALLATION 
Westinghouse I.L. 41-945.53A 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYP E TCF POWER LINE CA RRIER F REQUENCY-SHIFT 
REC EIVER EQUIPMENT - WITH RELA Y OUTPUT FOR 

SUP ERVISORY C ONTROL A ND TELEMETERING 

CAUTION: It is recommended that the user of this 

equipment become thoroughly acquainted with the 

information in this instruction leaflet before ener­

gizing the carrier assembly. Failure to observe this 

precaution may result in damage to the equipment. 

If the carrier set is mounted in a cabinet, it must 

be bolted down to the floor or otherwise secured 

before swinging out the equipment rack to prevent 

its tipping over. 

AP P L ICATION 

The TCF frequency-shift receiver equipment as 

adapted for supervisory control and certain tele­

metering applications responds to carrier-frequency 
signals transmitted from the distant end of a power 

line and carried on the power line conductors. The 

Guard frequency is 100 cycles above the center 

frequency of the channel (which can be selected 

within the range of 30KC to 200KC), and it is trans­

mitted continuously when conditions are normal and 

no information is to be conveyed over the channel. 

Its reception indicates that the channel is operative. 

The Trip frequency (so called because in frequency­

shift relaying applications the reception of this fre­

quency causes closure of relay contacts in the trip 

circuit of a circuit breaker) is 100 cycles below the 
channel center frequency. When superv i sory control 

or telemetering information is to be conveyed over 

the channel, the transmitter at one end of the chan­

nel is switched alternately between Guard and Trip 
so as to produce at the receiving end a desired 

number of operations of a relay �ctivated by the 

trip frequency. Control of the durations of the inter­

vals that the relay contacts are open and closed also· 

can be utilized to convey information over the chan­

nel. 

CONST RUCTION 

The TCF receiver unit for supervisory control 

and telemetering applications is mounted on a 

standard 19'-inch wide panel lOYz inches high (6 rack 

units) with edge slots for mounting on a standard 

relay rack. All components are mounted at the rear 

SUPERSED ES I.L. 41-945.53 
*D enotes change from superseded issue. 

of the panel. Fuses, a pilot light, a power switch, an 

input attenuator, and a jack for metering the dis­

criminator output current are accessible 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 enclo­

sure 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. 4. Reference to 

the internal schematic connections on Fig. 1 will 

show the location of these components in the cir­

cuit. The dotted lines enclosing separate areas of 

Fig. 1 indicate that the components thus enclosed 

are all on the same printed circuit board. 

The enclosure that contains the printed circuit 

boards is divided into seven compartments. The 

partitions between compartments together with the 

outer walls of the enclosure provide complete shield­

ing between adjacent boards and from external 
fields. 

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 respec­

tively. These are not required for the TCF receiver 
for supervisory control and telemetering and the 

compartments are vacant. 

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 is keyed so that if a board is 

placed in the wrong compartment, it cannot be in­

serted into the terminal block. A handle on the front 

of each board is labeled to identify its function in 

the circuit. 

A board extender (Style No. 644B3 15GO 1) is 

available for facilitating circuit voltage measure­

ments or major adjustments. After withdrawing any 

one of the circuit boards, the extender is inserted in 

that compartment. The board then is inserted into 
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the terminal block on the front of the extender. This 

restores all circuit connections, and all compon­

ents and test points on the board are readily acces­

sible. 

A portion of the receiver operates from a regu­

lated 20 V.D.C. supply, and the remainder from a 

regulated 45 V.D.C. supply. These voltages are 

taken from two zener diodes mounted on a common 

heat sink. Variation of the resistance value be­

tween the positive side of the unregulated D. C. sup­

ply and the 45 volt zener adapt the receiver for 
operation on 48, 125 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. 

OP ERATION 

I nput Control 

The signals to which the TCF receiver responds 

are received through a coaxial cable connected to 

jack J2 of Fig. 1. Resistor R4 and 20-volt zener 

diodes CR 1 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 

panel 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 accurate 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 
voltmeter when possible. 

Crysta l F i lter 

From the attenuator, the signal passes through a 

crystal filter, FL 1. This filter has a narrow pass 

band, and frequencies several hundred cycles above 

or below the center frequency (fc) of the channel 

are greatly attenuated. Figure 2 shows a typical 

curve for the crystal filter, as well as a character­

istic curve for the intermediate frequency filter, 
FL2, and for the discriminator output. The narrow 

pass band of FL 1 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. 

2 

Osci l l ator and Mixer 

From the crystal filter, the signal enters the 

oscillator and mixer stage of the receiver. Crystal 

Yll, transistors Q12 and Q13, and their associated 

resistors and capacitors, comprise a crystal-con­

trolled oscillator that operates at a frequency 20 

KC above the channel frequency, fc. The output from 

this local oscillator is fed through transformer T11 

to potentiometer R12, and the latter is adjusted to 

feed a suitable input to the base of mixer transistor 

Q11. The output of FL 1 is impressed on the emitter­

collector circuit of Q11. As the result of mixing 

these two frequencies, the primary of transformer 

T12 will contain frequencies of 20KC, 2fc + 20KC, 

fc and fc + 20KC. 

IF  Ampl i f ier 

The output from the secondary of T12 is ampli­

fied by Q31, in the intermediate frequency amplifier 

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 20KC. 

While its passband is much wider than that of the 

crystal filter, it eliminates the frequencies present 
at its input that are substantially higher than 20KC. 

Ampl i fier and L i miter 

The output from the second section of the IF 

amplifier stage is fed to potentiometer R52 at the 

input of the amplifier and limiter stage. Sufficient 

input is taken from R52 so that with minimum input 
signal (5 mv.) at J2 and with R5 set for zero atten­
uation, satisfactory amplitude limiting will be ob­

tained at the output of the limiter stage. 

D iscr im inator 

The output of the limiter stage is fed to the 

discriminator. The discriminator is adjusted at the 

factory to have zero output (as measured by a milli­

ammeter inserted in the circuit at jack J 1) at fc 

cycles. The adjustment for zero output at fc cycles 

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 cycles above or below the zero 

output frequency. This separation of 200 cycles 

between the current peaks is affected by the value 

of C86 (the actual value of which may be changed 
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slightly from its typical value in factory calibration 
if required). It should be observed that although the 
higher signal frequency is fc + 100 cycles,  after 
leaving the mixer stage and as seen by the discrim­
inator the corresponding frequency is 20KC· 100 
cycles. Similarly, the lower signal frequency is 
converted to 20KC + 100 cycl es. 

The discriminator output is connected to the 
bases of  transistors Q8 1 and �8 2 in such manner 
that Q8 2 is made conductive when current flows o ut 
of terminal 4 ( which occurs with trip output) and 
Q8 1 is made conductive when current flo ws into 
terminal 4. Consequently, termin al  15 is at a poten­
tial of approximately +20 volts at Guard frequency 
and terminal 1 1  is at + 20  volts at Trip frequency. 

Output Ci rcuits 

The o utput circuit board o f  the receiver contains 
output relay HG. The contacts of this relay are the 
mercury-wetted type, which assures bounceless  
operation. It al so contains telephone-typ e relay AL, 

the contacts o f  which can be used to energize an 
alarm. 

When Trip signal is received, terminal 8 of  
Output printed circuit bo ard is  at approximately 
+20 volts potential and transistor Q 10 1 becomes 
conductive, which energizes relay HG. When Guard 
signal is present, terminal 1 of the Output board is 
at approximately +20 volts potential. The base o f  
transistor Q10 2 i s  connected to terminal 1 and 8 
through resistors R 10 3 and R 10 4. Consequently 
when either Guard or Trip signal is present this 
transistor is conductive. 

When neither Guard nor Trip signal is present, 
indicating a loss of channel, Q 10 .2  is not conduc­
tiv e and capacitor C lO 1 b e gins to charg e through 
resistors R 106 and R 107. When the cap acitor volt­
age reaches the breakdown level of zener diode 
CR 10 2 ( in appro ximately 1 50 milliseconds) transis­
tor Q 103 receives base input and becomes conduc­
tive. This removes base input from Q 10 4  and the 
alarm relay AL drops out and energizes an alarm 
through its normally-clo sed contacts. A copper slug 
on the core of the alarm relay adds an a(iditional 
delay of approximately 40 milliseconds before the 
alarm contacts clo se. When Guard signal reapp ears 
and Q 10 2  becomes conductive, c ap acitor C 10 1 dis­
charges rapidly through the low resistance of R 10 7. 
This quick-reset feature of the RC time-delay re­
duces the po ssibility of  op eration of  the loss-of­
channel al arm by noise signal, which may override 
and cancel the Guard signal briefly but rep etitively 
or may appear as a false Trip signal. 

I.L. 4 1-945.53A 

It should be noted that rel ay HG has Form D 
contacts, and only the normally-open or the normally­
clo sed contacts should be used unless there is no 
obj ection to having both contacts momentarily 
clo sed simultaneously when the relay is energized 
or deenergized. Also , for protection of the HG relay 
contacts, the external device controll ed should 
contain series resistance and c apacitance (of  values 
suitabl e for the lo ad voltage and current) across  
the terminals 'that are externally connected to  the 
HG relay terminals .  With such protection the HG 
contacts have maximum ratings of 2 amperes , 500 
volts, and 100 volt- amperes. The HG relay will pick 
up at approximately 20 volts. 

The AL relay contacts are rated at 4 amp s. , 
1 50 watts, for an a-c non-inductive load. The relay 
will pick at 35 to 40 volts. 

Power Supply 

The regulated 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 of the 
p anel .  Resistors ( R2, R3) of suitabl e value are 
connected between the station battery supply and 
the 45 volt zener to adapt the receiver for use on 
48 , 1 25 or 250 V. D.C.  battery circuits. The receiver 
is connected to the external supply through a switch 
and fuse s, and a pilot light indicates whether the 
D.C.  circuits are energized. Capacitors C 1  and 
C 2  bypass r. f. or transient voltages to ground. 

CHARACT ERISTICS 

Frequency range 30- 200KC 

Sensitivity ( noise- 0. 005  volt ( 65 db below 1 watt 
free channel) for limiting) 

Input Impedance 5000 ohms minimum 

Bandwidth 
(crystal filter) 

Discriminator 

Op erating Time 

down < 3 db at 220 cycles 
do wn > 60 db at 1000 cycles  

Set for zero o utput at channel 
center frequency and for max. 
o utputs at 100 cycles above 
and below center frequency. 

9 m s. channel ( transm. and 
recvr. ) 

2 ms.  HG relay op erate and re­
l ease times 
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Frequency 
spacing 
A. For two or 

more signals 
o ver one­
way channel-

B. For two-way 
channel 

Ambient temp era­
ture range 

Battery voltage 
variation s  
Rated Voltage 

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

Battery drain 

Dimensions 

Weight 

500 cycles minimum 

1500 cycl es minimum between 
transmitter and adjacent re­
cei ver frequencies. 

-20ac to + 60ac temperature 
around chassis. 

Allowabl e V ariation 
4 2- 56 V. D .C .  

10 5- 140 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 height - 10Yz" or  6 r .  u. 
P anel width - 19 " 

1 3  lb.  

I NSTAL L ATION 

The TCF receiver is generally supplied in  a 
cabinet or  on a relay rack as a part of a complete 
carrier assembly. The loc ation must be free from 
dust, excessive humidity, vibration ,  corro sive fumes, 
o r  heat. The maximum ambient temperature around 
the chassis must not exc eed 60a. 

ADJUSTMENTS 

All factory adjustments o f the TCF receiver have 
been c arefully made and should not be altered unless 
there is evidence o f  damage or malfunctioning. Such 
adjustments are: frequency and output l evel of th e 
o scill ator and mixer; input to the amplifier and l imit­
er; frequency spacing and magnitude 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 great­
er margin of  sensitivity than is needed to assure 
correct op �ration with the maximum expected varia­
tio.n in attenuation of the transmitter signal . In the 
absence of  data on this, the receiver may be set to 
operate on a signal that is 15 db below the expected 
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maximum signal. After installation o f  the receiver 
and the corresponding transmitter, and with a normal 
signal being received , input attenuator R5 should be 
adjusted to the po sition at which the alarm relay 
drop s out. R5 then should be readjusted to increase 
the voltage supplied to the receiver by 15 db. The 
scale markings for R5 p ermit an appro ximate setting 
to be made but it is preferable to mak e this setting 
by means of the db scales  of an a-c VTVM connected 
from ground to the sliding contact of  R5. 

In case factory adjustments have been accident­
ally di;;;turbed or components have been repl aced, it 
may be necessary to readjust the oscillator and 
mixer, the limiter, or the discriminator, and pro­
cedures for these adjustments are described in the 
following p aragraphs.  

Potentiometer R 1 2  in the o scil lator 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 circuit board ( gro und terminal of voltmeter). A 
frequency counter can be connected to the same 
points for a check on the frequency, which should 
be 20KC above the channel frequency. The frequen­
cy is fixed by the crystal used, except  that it may 
be changed a few cycl es by the value of cap acitor 
C 12. Reducing C 1 2  increas es the frequency, but th e 
cap acity should never be l ess than a value that in­
sures reliable starting of o scillation.  The frequency 
at room temperature is usually several cycl es above 
the crystal nominal frequency as this reduces the 
frequency deviation at the temperature extremes.  

The adjustment of  the amplifier and limiter is 
mad e  by potentiometer R52. An o scillo scop e should 
be connected from the base of transistor Q54 to ter­
minal 18 of the limiter. With 5 mv. of signal frequen­
cy on the receiver input ( R5 at zero) ,  R 5 2  should be 
adjusted to the point where the p eaks of the o scil­
loscope trace begin to flatten. This should app ear 
on the upper and lower p eak s at approximately the 
same setting. The R5 2 adjusting screw then should 
be turned one turn farther in the direction to produce 
limiting.  

Adjustment of the discriminator is made by 
cap acitors C83  and C88. Apply to the receiver input 
a 5 mv. sign al taken from an o scillator set at the 
center frequency of the channel. ( R5 at zero . )  Con­
nect a 1. 5-0- 1. 5  milliammeter in the circuit at J 1  
and a VTVM acro ss R8 4. Adjust C88 for zero current 
in the milliammeter and C83  for maximum voltage 
acro ss R84, rechecking the adjustments alternately 
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until no further change is observed. Remove the 
VTVM from across R84 and observe the milliammeter 
reading as the oscillator frequency is vari ed. Posi­
tive and negative p eaks should occur at 100 cycles 
above and below center fre qu ency. 

MAINTENANCE 

P eriodic checks o f  the received carrier signal 
and the receiv er sensitivity will detect gradual 
deterioration and p ermit its correction befor e failure 
can result. An o verall check can be made with th e 
attenuation control R5. A change in operating mar­
gin from the original setting c an be detected by ob­
serving the change in the dial setting required to 
drop out the al arm relay. If  ther e  is a substanti al 
reduction in margin, the si gnal voltage at the re­
ceiver input should be checked to see whether the 
reduction is due to loss of signal or loss of receiver 
sensitivity. 

All adjustabl e components on the printed circuit 
bo ards are accessibl e when the door on the front o f  
the p anel is opened. ( An offset screwdriver would 
be required for adjusting R 1 2. )  However , as des­
cribed under "CONSTRUCTION", any bo ard may be 
made entirely acc essible while p ermitting el ectrical 
op eration by using bo ard extender styl e No. 
644B3 15GO 1 .  This permits attaching instrument 
leads to the various test points or terminals when 
making voltage, oscilloscope or frequency checks. 

It is advisabl e to r ecord voltage values after ad­
justment in order to establish reference values which 
will be useful when checking the app aratus. The 
readings will remain fairly constant over an indef­
inite period unless a failure occurs. However, i f  
transistors are changed, there may be considerable 
differ ence in these readings without the overall p er­
formanc e being affected. 

Typical voltage values are given in the following 
tables. Voltages should be measured with a VTVM. 
s:>me readings may vary as much as ± 20o/c. 

TABLE I 
RECEI VER D-C MEASU REMENTS 

Note: All voltage readings tak en with ground of d-e 
VTVM on terminal 18 (+20 v.). Receiver adjusted for 
15 db operating margin with input signal down 50 db 
from 1 w att. Unless otherwise indic ated, voltage will 
not vary appreciably whether signal is high, low or 
fc frequency. 

I.L. 41-945.53A 

Col lector 
of 

Transistor Volts ( -) 

Q l l  20 

Q1 2 1 4 . 5  (No signal )  

Q 1 2  14 .0  (Hi gh o r  low freq. signal) 

Q13  17 .0  ( No signal)  

Q13 15 .0  (High or  low freq. signal) 

Q31 18. 5 

Q32 18. 5 

Q5 1 8. 4 

Q52 13. 5 

Q53 4. 4 

Q54 18  

Q8 1 20 ( No signal or fc - 100 cy. ) 

Q8 1 < 0 . 5  ( fc + 100 cy. ) 

Q8 2 and Q101 20 ( No signal or fc + 100 cy. ) 

Q8 2 and Q10 1 <o. 5 (fc- 100 cy. )  

Q103 20. 5 (No signal) 

Q104 < 0 .  5 ( No signal) 

Q105 45 ( No signal) 

TABLE I I  
RECEIVER R F  MEASUREMENTS 

Col lector of Transistor 

Q32 

Q5 1 

Q5 2 

Q53 

Q54 

Volts ( fc + cy.) 

. 25 

. 3  

. 4  

2.1 
4 .8  

F I L TER RESPONSE MEASUREMENTS 

The crystal input filter ( FL 1) and the IF  filter 
( FL  2) are in sealed containers and rep airs can be 
made only by the factory. The stability of the origin­
al respons e characteristics is such that in normal 
usage no appreciabl e change in response will occur. 
However the test circuits of Fig. 9 can be used in 
cas e  there is reason to suspect that either of  the 
filters has been damaged. 

Fig. 2 shows the - 3db and -60 db check points 
for the crystal filters. The response curve of the 
IF filter shows the combined effect of the two sec-

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



tions,  and was obtained by adding the attenuation of  
each section for identical frequencies. The scale of  
Fig. 2 was chosen to show the crystal filter re­
sponse, which p ermitted only a portion of the IF 
filter curve to be shown. The check points for the 
p ass band of  each section of the l atter are "down 
3db maximum at 19. 7 5  and 20. 25 KC",  and for the 
stop band are "down 18 db minimum at 19 . 00 and 
2 1.00  KC" . The signal generator voltage (Fig.  9 )  
must b e  held  constant throughout the entire check. 
A value of 20 db (7 .8  volts) is  suitable. The reading 
of  VM 2 at the frequency of  minimum attenuation 
shoul d not be more than 2 2db belo w the reading of  
VM 1. It should be noted that a limit measured in  
thi s manner i s  for conveni ence only and do es not 
indicate actual insertion loss of  the filter. Th e in­
sertion lo ss would be approximately 16db less than 
the measured difference because of  the input resis­
tor and the difference in input and output imp edances 
of the filter. 

Because o f  the extreme frequency sensitivity o f  
the crystal filter, the o scillator used i n  its te st cir­
cuit should have very good frequency stability and a 
clo se verni er control . The o scill ators used for fac­
tory testing have special modifications for thi s use. 
A value of approximately 10db ( 2. 45 volts) is suit­
abl e for th e constant voltage at which to hold VM 1 
throughout the check .  The reading of VM 2 at the 
frequency o f minimum attenuation will vary somewh at 
with the channel frequency but should not be more 
than l ldb below the reading of VM 1. (The filter in­
sertion loss is approximately 6db l ess than the 
difference i n  readings.) 

CONVERSION O F  RECEIVER FO R CHANGED 
CHANNEL F R E QU ENCY 

The p arts required for converting a TCF receiver 
for op erating  on a different chann el frequency con­
sist of a new crystal filter (FL 1) , a new local o s­
cillator crystal ( Y  1 1) and probably a di fferent feed­
back capacitor (C 12) .  Because the wide range o f  
channel frequenci es precludes maintaining a factory 
stock o f  the v arious crystal s, immediate shipment 
of the filter and the o scill ator crystal cannot b e  
made. After the crystals h ave been procured and the 
filter has b een compl eted, it is recommended that 
the receiver be return ed to the factory fo r th e con­
version and for compl ete test and adjustment. How­
ever, if the time that the receiver can b e  out o f  
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service must b e  k ept  to a minimum, the conversion 
may be m ade by customers who are equipp ed for 
this work .  

RECOMMENDED T EST E QUI PMENT 

I .  Min imum Test Equi pment for Insta l l ation 

I I .  

a. A- C Vacuum Tube Voltmeter (VTVM) .  Voltage 
range 0 . 0 0 3  to 30 volts, frequency range 60 
cycl es/ sec. to 230-kc . ,  input imp edanc e 7 . 5 
megohms. 

b. D-C Vacuum Tube Voltmeter (VTVM) .  
Voltage Range: 
Input Imp edance: 

1. 5 to 300 volts 
7. 5 megohms 

Des i rab le  Test Equ ipment for Apparatus 
tenance. 

a. All items listed in I .  

b .  Sign al Gen erator 
Output Voltage: Up to 8 volts 
Frequency Range: 20-kc to 230-kc 

c. O scilloscop e 

d. Frequency counter 

e. Ohmmeter 

f. Cap acitor checker 

Main-

g. Milliammeter 0- 1. 5 or  preferably 1. 5-0- 1. 5 
range, for checking eli scrimin ator. 

Some of the functions of the recommended test 
equipment are combined in the typ e TCT carri er test 
meter unit, which i s  design ed to mount on a standard 
19" rack but also can be remo ved and used as a 

portabl e unit. 

RENEWAL PARTS 

Rep air work can be don e  mo st satisfactorily at 
the factory. Ho wever, replacement p arts can be fur­
nished, in mo st cases, to customers who are equipp ed 
for doing repair wo rk . When ordering p arts. al ways 
give th e compl ete nameplate data and identify the 
p art by its designation on the Intern al Sch ematic 
drawin g and Westinghouse Designation on the 
Electrical P art Li st. 
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ELECTRICAL P ARTS L IST 

CIRCUIT 
D E S C RIPTIO N 

WESTINGHOUSE 
SYMBOL DESIGNATION 

CAPACITORS 

C 1  Oil-filled; 0 . 5  mfd. ; 1500 V .D .C .  1 87 7962  

C2 Oil-filled; 0 . 5  mfd . ;  1500 V .D .C. 1 877962 

C 1 1  Metallized 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 Metallized paper; 1 . 0  mfd . ;  200 V . D .C. 1 87A624H04 

C15 Metallized paper; 1 . 0  mfd . ;  200 V. D .C .  1 87A624H0 4 

C31  Metallized paper; 0 .25 mfd . ;  200 V.D. C. 1 87A6 24H0 2 

C32 Metallized p aper; 0. 25 mfd . ;  200 V. D . C. 187A624H02 

C33 Metallized paper; 0 . 25 mfd. ; 200 V .D .C. 187A624H0 2 

C34 Metallized pap er ;  1 . 0  mfd. ; 200 V .D .C .  187A624H04 

C35 Metallized paper; 0 . 25 mfd . ;  200 V.D. C. 1 87A624H0 2 

C51  Metallized paper; 0 . 25 mfd . ;  200 V .D .C. 187A624H0 2 

C52 Metall ized paper ;  0 . 25 mfd . ;  200 V.D .C.  187A624H02 

C53 Metallized paper; 0 . 1  mfd. ; 200 V .D .C. 1 87A624H01 

C54 Dur-Mica, 1300 pf. ; 500 V .D .C .  1 87A584H15 

C55 Metallized paper; 0 . 1 mfd . ;  200 V.D .  C. 187A624H0 1 

C56 Metallized paper; 0 . 25 mfd . ;  200 V .D .C .  187A624H0 2 

C57 Metallized paper; 0 . 1 mfd . ;  200 V .D .C .  18 7A624H0 1 

C58 Metallized paper ;  0 . 25 mfd. ; 200 V .D .C .  1 87A624H02 

C59 Metallized paper; 0 . 25 mfd . ;  200 V.D .C. 1 87A624H02 

C60 Metall ized p aper; 1 . 0  mfd. ;  200 V.D .C. 187A624H04 

C81 Mylar; 0.22 mfd . ;  50 V.D . C. 762A703H0 1 

C82 Mylar; 0 . 2 2  mfd. ; 50 V.D. C. 762A703H0 1 

C83 variable; 4 . 5 - 1 00 pf. 762A73 6H02 

C84 Polystyrene, 9100 pf. ; 200 V .D .C. 1 87A624H 1 6  

C85 Temp . compensating; 1 50 V.D . C . ;  pf. as required 

C86 100 pf. ;  zero temp . coef. 187A684H08 

C 87 Temp. compensating; 150 V .D. C . ;  pf. as required 

C88 Variable ;  4 . 5 - 100 pf. 762A736H02 

C89 Polystyrene ;  9100 pf. ;  200 V. D . C .  187A624H 1 6  

C90 Mylar ;  0 . 22 mfd. ; 50 V. D .C .  762A703H0 1 

C91  Mylar; 0 . 22  mfd . ;  50  V .D .C .  762A703H0 1 

C l 0 1  Tantalum, 6. 8 mfd . ;  3 5  V . D . C .  1 84A66 1H25 
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ELECTRICAL P ARTS LIST (Cont'd.)  

CIRCUIT WESTINGHO USE 
SYMBO L D E S C R I P T I O N  DESIGNATION 

DIODES - G ENERAL P URPOSE 

CR5 1 1N457A; 60 V . ;  200 MA. 184A855H07 

CR5 2 1N457A; 60 V . ;  200 MA. 1 84A855H07 

CR53 1N457A; 60 V.; 200 MA. 184A855H07 

CR8 1 1N 9 1; 1 00 V . ;  150 MA. 182A881H04 

CR82 1N91; 100 V. ; 150 MA. 182A88 1H04 

CR83 1N91; 100 V. ; 150 MA. 1 8 2A88 1H0 4 

CR85 1N628; 125 V.; 20 MA. 1 84A844H l 2  

CR86 1N628; 125 V. ; 30 MA. 1 84A855H 1 2  

CR101  1N457A; 60  V. ; 2 00 MA. 1 84A885H07 

CR103 1N457A; 60 V . ;  2 00 MA.  1 84A885H07 

DIODES - ZENER 

CRl 1N30 27A; 20 V.  ± 10%; 1 W. 1 88A307Hl0  

CR2 1N30 27A; 20 V. ± 10%; 1 W. 1 88A307H l0 

CR10 2 1N3686B; 20 V. ±5%; 750 MW. 185A2 12H06 

VRl 1N2828B; 45 V .  ±5%; 50 W. 1 84A854H06 

VR2 1N2984B; 20  V. ±5%; 10 W. 762A63 1H0 1 

POTENTIOMETERS 

R5 lOK; 2W. 1 85A086H l0 

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

R 1 2  lK;  Y-tw. 629A430H02 

R52 1K; Y-tw. 629A645H04 

RESISTORS 

R l  400 ohms ±5%; 25W. 1 202587 

R2 26.5 ohms ±5%; 4 0W. (For 4 8  V. Supply) 0 4D 1 299H4 4 

R2 1 50 ohms ±5%; 4 0W.  (For  125 V .  Supply) 1 20 24 99 

R2 300 o hms ±5%; 50W. (For 250 v. Supply) 763A963H0 1 

R3 150 ohms ±5%; 40W. (For 125 V .  Supply) 1 202499 

R3 500 ohms ±5%; 100 W.  (For 250 V. Supply) 6 29A843H0 3 

R4 100 ohms ±5%; 1 W .  Composition 187A64 3H0 3 

R6 lOK ±5%; VzW. Composition 1 84A763H 5 1  

R8 lOOK ±5%; 1 W. Composition 187A64 3H75 

R l l  lOK ±5%; Yzw. Composition 184A763H 5 1  

R 13 5 . 6K ±5%; Yzw. Composition 184A763H45 

R 14 3 . 3K ±5%; Yzw. Composition 184A763H39 

R15  330 o hms ±5%; Yzw. Composition 1 84A7 63H 15 

R16 10K ±5%; Yzw. Composition 184A763H 5 1  

R 1 7  3 3K ±5%; Yzw. Composition 184A763H63 

R18 3 . 3K ±5%; Yzw. Composition 184A763H39  

R 1 9  3 . 3K ±5%; Yzw. Composition 184A763H39 

R20 10K ±5%; Yzw. Composition 184A763H51 
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I.L. 4 1-945.53A 

EL ECTRICAL PARTS L I ST (Cont'd.) 

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

WESTINGHO USE 
SYMBO L DESIGNATION 

RESISTORS (Cont'd . )  

R21  33K ±5%; Yzw. Composition 1 84A763H63 
R22 3 30 ohms ±5%; Yzw. Composition 1 84A763H l5 

R23 lOK ±5%; 1/zW. Composition 1 84A763H5 1 
R3 1 3. 3K ±5%; YzW. Composition 184A763H39 

R32 22K ±5%; Yzw. Composition 184A763H5 9 

R33 680 ohms ±5%; Yzw. Composition 1 84A763H23 
R34 68 ohms ±5%; Yzw. Composition 1 87A290H 2 1  
R35 lOK ±5%; Yzw. Composition 1 84A7 63H5 1 
R36 330 ohms ± 5%; YzW. Composition 1 84A763H 15 
R37 3 . 3K ±5%; Yzw. Composition 1 84A763H39 
R38 1000 ohms ±5%; YzW.  Composition 1 84A763H27 
R39 2 2K ± 5%; YzW. Composition 1 84A763H59 

R40 680 ohms ±5%; Yzw. Composition 1 84A763H23 

R4 1 68 ohms ±5%; Yzw. Composition 1 87A290H2 1 
R42 lOK ±5%; Yzw. Compo sition 184A763H51 
R5 1 4 . 7K ±5%; Yzw . Composition 1 84A763H43 
R53 27K ±5%; Yzw. Composition 184A 763H6 1 
R54 2 . 2K ±5%; YzW. Composition 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. Composition 1 84A763H43 
R58 27K ±5%; Yzw. Composition 1 84A763H 6 1  

R59 1 . 5K ±5%; w. Composition 1 84A763H 3 1  
R60 1 80 ohms ±5%; Yzw. Composition 1 84A763H0 9 

R61  4 .  7K ±5%; YzW. Composition 184A763H4 3 
R62 1 . 5K ±5%; YzW. Composition 184A763H3 1 

R63 3 . 3K :t5%; Yzw. Composition 1 8 4A7 63H63 

R64 2. 7K ±5%; Yzw. Composition 1 84A763H37 

R65 680 ohms ±5%; YzW. Composition 1 84A763H23 
R66 6 8  ohms ±5%; YzW. Composition 187A290H2 1  

R67 4 .  7K ±5%; Yzw. Composition 184A763H43 
R68 2 .  7K ±5%; Yzw. Composition 1 84A763H37 
R69 1 8K ± 5%; Yzw. Composition 184A763H57 

R70 220 ohms ±5%; YzW. Composition 184A763H l l  
R71  270  ohms ±5%; Yzw. Composition 1 84A 763H 13 

R72 330 ohms ±5%; Yzw. Composition 1 84A763H 1 5  

R81 4 .  7K ±5%; Yzw. Compo sition 184A763H43 
R8 2 4 . 7K ±5%; Yzw. Composition 1 84A763H43 

R83 2 .  2K ±5%; Yzw. Composition 1 84A763H35 
R84 2. 2K ±5%; Yzw. Composition 184A763H35 
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CIRCUIT 
SYMBO L 

R85 

R 1 0 1  

R102  

R 103  

R104 

R105 
R106 

R107 

R 108 

R109 

R l l O  

R 1 1 1  

T 1 1  

T 1 2  

T 8 1  

T82 

Ql l 

Q 1 2  

Q 1 3  

Q3 1 

Q32 

Q51 

Q5 2 

Q53 

Q54 

Q81  

Q82 

Q 1 0 1  

Q10 2 

Q103 

Q104 

Y l l  

FL 1 

FL 2 

PL 

F 1 , F2 

AL 

HG 

1 0  

EL ECTRICAL PARTS L IST (Cont'd.) 

D E S C R I P T I O N  

R E SISTORS (Cont'd . )  

6 .8K ±5%; Y:!w. Compo sition 

18K ±5%; Y:!w. Comp osition 

10K ±5%; Yzw. Composition 

82K ±5%; Y:!W. Composition 

82K ±5%; Y:!W. Composition 

10K ±5%; 1 W. Composition 
39K ±5%; Yzw. Composition 

1000 ohms ±5%; Y:!W. Composition 

10K ±5%; 1/zw. Composition 

22K ±5%; Y:!W. Composition 

27K ±5%; Y:!W. Composition 

10K ±5%; YzW. Composition 

Toroidal type,  10000/400 ohms 

Toroidal typ e, 25000/ 300 ohms 

Pot. Core type 
Pot. Core type 

2N652A 

2N 1396 

2N 1 3 96 

2N 274 

2N274 

2N396  
2N3 96 
2N39 6  

2N396 

2N652A 

2N652A 

2N699 

2N696 

2N697 

2N699 

TRANS FORMERS 

TRANSISTORS 

MISCELLANEOUS 

Oscillator Crystal (Frequency 20 KC above Channel Frequency) 

Crystal Input Filter 

I . F. Filter 

Pilot Light Bulb - For 48 V. Supply 
Pilot Light Bulb - For 125 or 250 V. Supply 

Fus e, 1 . 5A 

Alarm Rel ay 

Mercury Weted Contact Relay; 2 amp ,  500 V. , 100 V.A.  

WESTINGHOUSE 
DESIGNATION 

184A763H47 

1 84A763H57 

184A763H 5 1  

184A763H73 

1 84A763H73 

187A643H5 1 
1 84A763H65 

185A763H27 

1 84A763H5 1 

1 84A763H23 

1 84A763H 6 1  

1 84A763H51  

1962797 

1962697  

606B533G0 1 
606B533G02 

1 84A638H 1 6  

848A892H01  

848A892H01 

187A270H0 1 

187A270H0 1 

762A575H03 
762A575H03 

762A575H03 

762A585H03 

1 84A638H 16  

1 84A638H 1 6  

1 84A638H l 9  

762A585H0 1 

1 84A638H 18  

1 84A638H 1 9  

762A800H0 1 + (Reg. Freq. 

4 10C466 + (Reg. Freq. 

762A61 3G0 1 

187A1 33H0 2 

1 8 3A955H01  

1 1D9 19H26 

408C062H07 
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I . L. 4 1-945.53A 

V R 2  

V I U  

P RINTED C I RCU IT BOARDS FL-201 

REAR VIEW 
644B101 

Fig. 4. Component L o c ations on th e TCF Recei ver P anel. 
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Fig. 7.  Component Lo cations on the Amplifier and Limiter 

Printed Circuit Board. 

I . L .  4 1 -945.53 A 
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Fig. 8. Component Lo cations on the Discriminator Printed 

Circuit Board. 
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F ig. 9. Test Circuits for TCF Frequen cy Shift Receiver Filters 
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INSTAL LATION 
Westinghouse I.L. 41-945. 53A 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYP E TCF P OWER LINE CA RRIER F REQU ENCY- SHIFT 
REC EIVER EQU IPMENT - WITH RELAY OUTP UT FOR 

SUP ERVISORY CONTROL A ND TELEMETERING 

CAUTION: It i s  recommended that the user of this  
equipment become thoroughly acquainted with the 
information in this instruction l eaflet before ener­
gizing the c arrier assembly. Failure to observe thi s 
precaution may result in damage to the equipment. 

If the carrier set is mo unted in a c abinet, it must 
be bolted down to the flo or or otherwi se secured 
before swinging out the equipment rack to prevent 
its tipping over. 

AP P L ICATION 

The TCF frequency-shift receiver equipment as 
adapted for supervisory control and certain tele­
metering applications responds to carrier-frequency 
signals transmitted from the distant end of a power 
line and carried on the power line conductors. The 
Guard frequency is  100 cycles  above the center 
frequency of  the channel ( which can be sel ected 
within the range of 30KC to 200KC) , and it is trans­
mitted continuously when conditions are normal and 
no information is to be conveyed over the channel. 
Its reception indicates that the channel is operative. 
The Trip frequency ( so called because in frequency­
shift relaying applications the reception of this fre­
quency causes clo sure of  relay contacts in the trip 
circuit of a circuit breaker) is  100 cycl es below the 
channel center frequency. When supervisory control 
or telemetering information is to be conveyed over 
the channel, the transmitter at one end of  the chan­
nel is  switched alternately between Guard and Trip 
so as to pro duce at the receiving end a desired 
number of operations of a relay q,cti vated by the 
trip frequency. Control of the durations of the inter­
val s  that the rel ay contacts are open and closed also· 
c an be utili zed to convey information over the chan­
nel .  

CONSTRUCTION 

The TCF receiver unit for sup ervi sory control 
and telemetering applications is mounted on a 
standard 19'-inch wide panel 101/z inches high ( 6 rack 
units) with edge slots for mounting on a standard 
relay rack . All components are mounted at the rear 

SUPERSED ES I. L .  41-945.53 
*D enotes change from super seded i ssue. 

of the p anel.  Fuses, a pilot light, a power switch, an 
input attenuator, and a jack for metering the dis­
criminator output current are accessible  from the 
front of the panel. Refer to Fig. 3. 

All of  the circuitry that is suitabl e for mounting 
on printed circuit boards is contained in an enclo­
sure that projects from the rear of the p anel and is 
accessibl e by opening a hinged door on the front of 
the panel .  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 
sho w the location of these components in the cir­
cuit. The dotted lines enclo sing separate areas of  
Fig. 1 indicate that the components thus enclo sed 
are all on the same printed circuit bo ard. 

The enclo sure that contains the printed circuit 
boards is divided into seven comp artments. The 
p artitions between comp artments together with the 
outer walls of the enclosure provide complete shield­
ing between adj acent bo ards and from external 
fields. 

TCF receivers for transfer trip relaying re quire 
a logic  circuit board and may require a carrier level 
indic ator circuit board, which are contained in the 
third-from-right and right hand comp artments respec­
tively. These are not required for the TCF receiver 
for sup ervisory control and telemetering and the 
compartments are vacant. 

The printed circuit boards slide into po sition 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 is  k eyed so that if a bo ard is 
placed in the wrong comp artment, it cannot be in­
serted into the terminal blo ck . A handle on the front 
of each board is labeled to identify its function in 
the circuit. 

A board extender ( Style No. 644B315G0 1) is 
availabl e for facilitating circuit voltage measure­
ments or major adjustments. After withdrawing any 
one of the circuit boards, the extender is  inserted in 
that comp artment. The bo ard then is  inserted into 
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the terminal block on the front of the extender. This 
restores all circuit connections, and all compon­
ents and test points on the board are readily acces­
sible. 

A portion of the receiver operates from a regu­
lated 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 the 45 volt zener adapt the receiver for 
operation on 48, 1 25 or 250 V. D. C. 

External connections to the receiver are made 
through a 24-circuit receptacl e, J 3  on Fig. 1. The 
r-f input connection to the receiver is made through 
a coaxial cable jack, J 2. 

OP ERATION 

I nput Control 

The signals to which the TCF receiver responds 
are received through a coaxial cable connected to 
j ack J2 of Fig. 1. Resistor R4 and 20-volt zener 
diodes C R 1  and CR2 protect the receiver from ab­
normally high voltages received through the coaxial 
cable. Input attenuator R5 reduces the signal to a 
level suitabl e for best operation of the receiver. 
The attenuator is adjustable from the front of the 
p anel and c an be cl amped at the desired setting. A 
scal e  on the p anel is graduated in db. While this 
scale  is typical rather than individually calibrated, 
it is accurate within one or two db. and is useful in 
setting approximate l evel s.  Settings should be made 
by observation of the db. scale of a suitable a-c 
voltmeter when possible. 

Crysta l F i l ter 

From the attenuator, the signal p asses through a 
crystal filter, FL 1. This filter has a narrow p as s  
band, and frequenci es several hundred cycles above 
or below the c enter frequency ( fc) of the channel 
are greatly attenuated. Figure 2 sho ws a typical 
curve for the crystal filter, as well as a character­
istic curve for the intermediate frequency filter, 
FL 2, and for the discriminator output. The narrow 
p ass band of FL 1 permits clo se spacing of channel 
frequenci es and reduces the possibility of  false 
operation caused by spurious signal s such as may 
result from arcing disconnects or corona discharge. 

2 

Osc i l l ator and Mixer 

From the crystal filter, the signal enters the 
oscillator and mixer stage of the receiver. Crystal 
Y l l, transistors Q 1 2  and Q 13, and their associated 
resistors and c apacitors, compri se a crystal-con­
trolled oscillator that operates at a frequency 20 
KC above the channel frequency, fc. The output from 
this local o scillator is fed through transformer T l l  
to potentiometer R 1 2, and the latter i s  adjusted to 
feed a suitable input to the bas e  of mixer transistor 
Q 1 1. The output of FL 1 is impressed on the emitter­
collector circuit of Q 1 1.  As the result of  mixing 
these two frequencies, the primary of transformer 
T 1 2  will contain frequencies of 20KC, 2fc + 20KC, 
fc and fc + 20KC. 

I F  Ampl i f ier 

The o utput from the secondary of T 1 2  is ampli­
fi ed by Q3 1, in the intermediate frequency amplifier 
stage, and is impressed on filter FL 2. This is a 
two-section filter, with both filters contained in a 
common case. Its p ass band is c entered at 20KC. 
While its p assband is  much wider than that of the 
crystal filter, it eliminates the frequencies present 
at its input that are substantially higher than 20KC. 

Ampl i fier and L i m i ter 

The output from the second section of the IF 
amplifier stage is  fed to potentiometer R 5 2  at the 
input of the amplifier and limiter stage. Sufficient 
input is tak en from R5 2 so that with minimum input 
signal (5 mv. ) at J2 and with R5 set for zero atten­
uation, satisfactory amplitude limiting will be ob­
tained at the output of  the limiter stage. 

Discrim i nator 

The output of the limiter stage i s  fed to the 
discriminator. The discriminator is adjusted at the 
factory to have zero output ( as measured by a milli­
ammeter inserted in the circuit at j ack J 1) at fc 
cycles. The adjustment for zero output at fc cycles 
is  made by cap acitor C88. C8 3 also is adjusted to 
obtain a m aximum voltage reading acro ss R8 4 when 
the current output is zero. Maximum current output, 
of opposite pol arities,  will be obtained when the 
frequ ency is 100 cycles above or below the zero 
output frequency. This sep aration of 200 cycles  
between the current p eak s is affected by the value 
of C86 ( the  actual value of which may be changed 
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slightly from its typical value in factory calibration 
if required). It should be observed that although the 
higher signal frequency is  fc + 100 cycles,  after 
l eaving the mixer stage and as seen by the discrim­
inator the corresponding frequency is 20KC - 100 
cycles. Similarly , the lower signal frequency i s  
converted to 20KC + 100 cycl es. 

The discriminator output is  connected to the 
bases of  transistors Q8 1 and Q8 2 in such manner 
that Q8 2 is made conductive when current flows out 
of terminal 4 ( which occurs with trip output) and 
Q8 1 is made conductive when current flo ws into 
terminal 4. Consequ ently , terminal 15 is at a poten­
tial of approximately +20 volts at Guard frequency 
and terminal 1 1  is at +20 volts at Trip frequency. 

Output Ci rcuits 

The o utput circuit board of  the receiver contains 
output relay HG. The contacts of this  relay are the 
mercury-wetted type, which assures bounceless  
operation. It also contains telephone-typ e relay AL , 
the contacts o f  which can be used to energize an 
alarm. 

When Trip signal is received, terminal 8 o f  
Output printed circuit bo ard is at approximately 
+20 volts potential and transi stor Q 10 1 becomes 
conductive, which energizes relay HG. When Guard 
signal i s  present, terminal 1 of  the Output board is  
at approximately + 20 volts potenti al .  The base of  
transistor Q lO 2 is connected to  terminal 1 and 8 
through resistors R 10 3  and R 10 4. Con sequently 
when either Guard or Trip signal is present this 
transistor is conductive. 

When neither Guard nor Trip signal is present, 
indicating a loss of  channel, Q 10.2 is not conduc­
tive and cap acitor C 10 1 begins to charge through 
resistors R 106 and R 107.  When the cap acitor volt­
age reaches the breakdown level of zener diode 
CR 10 2  (in appro ximately 1 50 milli seconds) transis­
tor Q 103 receives base input and becomes conduc­
tive. This removes base input from Q 10 4  and the 
alarm relay AL drop s out and energizes an alarm 
through its normally-clo sed contacts. A copper slug 
on the core of the al arm relay adds an a(ldition al 
del ay of appro ximately 40 milliseconds before the 
alarm contacts clo se. When Guard signal reapp ears 
and Q 10 2  becomes conductive, capacitor C 10 1 dis­
charges rapidly through the low resistance o f  R 10 7. 
This quick-reset feature of the RC time-delay re­
duces the po ssibility of  op eration of  the loss-of­
channel alarm by noise signal, which may override 
and cancel the Guard signal briefly but rep etitively 
or may appear as a fal se Trip signal. 

I.L. 4 1-945.53A 

It should be noted that relay HG has Form D 
contacts, and only the normally-open or the normally­
clo sed contacts should be used unl es s · there i s  no 
obj ection to having both contacts momentarily 
clo sed simultaneously when the relay is  energi zed 
or deenergized. Also , for protection of the HG relay 
contacts, the external device controll ed should 
contain series resistance and capacitance (of values 
suitable for the load voltage and current) acro ss 
the terminals that are externally connected to  the 
HG rel ay terminals .  With such protection the HG 
contacts have maximum ratings of  2 amperes , 500 
volts ,  and 100 volt-amperes. The HG relay will pick 
up at approximately 20 volts. 

The AL relay contacts are rated at 4 amp s. , 
1 50 watts, for an a-c non-inductive lo ad. The rel ay 
will pick at 35 to 40 volts. 

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 
p anel .  Resistors ( R2, R3) of suitabl e value  are 
connected between the station battery supply and 
the 45 volt zener to adapt the receiver for use on 
48 , 1 25 or 250 V . D. C. battery circuits. The receiver 
is connected to the external supply through a switch 
and fuses,  and a pilot light indicates whether the 
D. C. circuits are energized. Cap acitors C 1 and 
C 2  bypass r. f. or tran sient voltages to ground. 

CHARACTERIST ICS 

Frequency range 

sensitivity ( noise­
free channel) 

Input Imp edance 

Bandwidth 
(crystal filter) 

Discriminator 

Op erating Time 

30- 200KC 

0.005 volt ( 65 db below 1 watt 
for limiting) 

5000 ohms minimum 

do wn < 3 db at 220 cycl es 
down > 60 db at 1000 cycles 

set for zero output at channel 
center frequency and for max. 
o utputs at 100 cycles above 
and below c enter frequency. 

9 m s. channel ( transm. and 
recvr. ) 

2 ms.  HG rel ay operate and re­
l ease times 
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Frequency 
spacing 
A. For two or 

more signals 
o ver one­
way channel-

B. For two-waY 
channel 

Ambient temp era­
ture range 

Battery voltage 
variations  
Rated Voltage 

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

Battery drain 

Dimensions 

Weight 

500 cycles minimum 

1500 cycl es minimum between 
transmitter and adjacent re­
cei ver frequenci es. 

- 2Q oc to + 60 oC temp erature 
around chassis. 

Allowabl e Variation 
4 2- 56 V. D .C .  

10 5- 140 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 height - 10Y2" or 6 r. u. 
P anel width - 19 " 

1 3  lb. 

INSTAL L ATION 

The TCF receiver is  generally supplied in a 
cabinet or on a rel ay rack as a p art of a complete 
c arri er assembly. The location must be free from 
dust, excessive humidity, vibration, corro sive fumes, 
or  heat. The maximum ambient temperature around 
the chassis must not exc eed 60 °. 

ADJUSTMENTS 

All factory adjustments of  the TCF receiver have 
been carefully made and should not be altered unless 
there is  evidence of damage or mal functioning. such 
adjustments are: frequency and output level of the 
o scillator and mixer; input to the amplifier and l imit­
er; frequency spacing and magnitude of discriminator 
output peaks. 

After the receiver has been installed, the input 
attenuator R5 must be set for the desired operating 
m argin. The receiver should not be set with a great­
er margin of  sensitivity than is  needed to assure 
correct opt'\ration with the maximum expected varia­
tiop in attenuation of the transmitter signal .  In the 
absence of data on this,  th e receiver may be set to 
operate on a signal that is 15 db below the expected 

4 

maximum signal. After installation o f  the receiver 
and the corresponding transmitter, and with a normal 
signal being received, input attenuator R5 should be 
adjusted to the po sition at which the alarm relay 
drop s out. R5 then should be readjusted to increase 
the voltage supplied to the receiver by 15 db. The 
scale markings for R5 p ermit an approximate setting 
to be made but it is preferable to mak e  thi s setting 
by means of the db scales of an a-c VTVM connected 
from ground to the sliding contact of  R5. 

In c ase factory adjustments have been accident­
ally di�turbed or components have been replac ed, it  
may be necessary to readjust the oscillator and 
mixer, the limiter, or the discriminator, and pro­
cedures for these adjustments are described in the 
follo wing p aragraphs. 

Potentiometer R 1 2  in the o scillator and mixer 
should be s et for 0. 3 volt, measured with an a-c 
VTVM connected between TP 1 1  and terminal 18 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 20KC above the channel frequency. The frequen­
cy is fixed by the crystal used, exc ept that it may 
be changed a few cycles by the value of cap acitor 
C 12. Reducing C 1 2  increases the frequ ency, but the 
c ap acity should never be less than a value that in­
sures reliable starting of o scillation. The frequency 
at room temperature is usu ally several cycles abo ve 
the crystal nominal frequency as thi s reduces the 
frequency deviation at the temperature extremes. 

The adjustment of the amplifier and limiter is 
made by potentiometer R52. An o scillo scop e should 
be connected from the base of transistor Q54 to ter­
minal 18 of the limiter. With 5 mv. of signal frequen­
cy on the receiver input ( R5 at zero) ,  R 5 2  should be 
adjusted to the point where the peaks  of  the o scil­
lo scope trace begin to fl atten. Thi s shoul d appear 
on the upper and lower p eak s at approximately the 
same setting. The R5 2 adjusting screw then should 
be turned one turn farther in the direction to produce 
limiting. 

Adju stment of the discriminator is made by 
cap acitors C83  and C88.  Apply to the receiver input 
a 5 mv. sign al taken from an o scillator set at the 
center frequency of the channel . ( R5 at zero . )  Con­
nect a 1. 5-0- 1. 5 milli ammeter in the circuit at J 1 
and a VTVM across R84. Adjust C88 for zero current 
in the milliammeter and C83  for maximum voltage 
acro ss R84, rechecking the adjustments alternately 
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until no further change is  observed. Remove the 
VTVM from acro ss R84 and obs erve the milliammeter 
reading as the o scillator frequency is  vari ed. Posi­
tive and negative peak s should occur at 100 cycles  
abo ve and belo w center fre quency. 

MAINTENANCE 

P eriodic checks of the received carrier si gnal 
and the receiver sensitivity will detect gradual 
deterioration and p ermit its correction before failure 
can result. An o verall ch eck can be made with th e 
attenuation control R5. A change in op erating mar­
gin from the original setting c an be detected by o b­
serving th e change in the dial setting required to 
drop out the al arm relay.  If there is a substanti al 
reduction in margin , the si gnal voltage at the re­
ceiver input shoul d be check ed to see whether the 
reduction is due to loss of signal or loss of receiver 
sensitivity. 

All adjustabl e components on the printed circuit 
boards are accessibl e when the doo r on the front o f  
the p anel is opened. (An offset screwdriver would 
be required for adjusting R1 2. )  However, as des­
cribed under "CONSTRUCTION " ,  any bo ard may be 
made entirely acc essible whil e permitting el ectrical 
op eration by using board extender style No.  
644B3 15G0 1. This permits attaching instrument 
leads to the various test points or terminal s when 
making voltage, oscillo scope or frequency checks. 

It i s  advi sable to record voltage values after ad­
justment in order to establish reference values which 
will be useful when checking the app aratus. The 
readings will remain fairly constant over an indef­
inite period unless a failure occurs. Ho wever, i f  
transistors are changed, there may be considerable 
difference in these readings without the overall p er­
formance being affected. 

Typic al voltage value s are given in the following 
tabl es. Voltages should be measured with a VTVM. 
SJme readings may vary as much as ± 20o/c. 

TABLE I 
RECEI VER D-C MEASUREMENTS 

Note: All voltage readings tak en with ground of d-e 
VTVM on terminal 18 ( +20 v.). Rec eiver adjusted for 
15 db op erating margin with input signal down 50 db 
from 1 watt. Unless otherwi se indic ated, voltage will 
not vary appreciably whether signal is high, low or 
fc frequency. 

I.L. 4 1-945.53A 

Col l ector 
of 

Transi stor Volts (-) 

Q l l  20 

Q12  14 . 5  (No signal) 

Q 1 2  1 4 . 0  (High o r  low freq. signal) 

Q 1 3  17 .0  (No signal) 

Q13 15 .0  (High or low freq. signal) 

Q31 18 . 5  

Q32 18 . 5  

Q5 1 8. 4 

Q5 2 13. 5 

Q53 4. 4 

Q54 18  

Q8 1 20 (No signal or fc - 100 cy. ) 

Q8 1 < 0 . 5  (fc + 100 cy. )  

Q8 2 and Q10 1 20 (No signal or fc + 100 cy. ) 

Q8 2 and Q10 1 < 0 . 5  (fc - 100 cy. )  

Q103 20. 5 (No signal) 

Q 104 < 0.  5 (No signal) 

Q 105 45 (No signal) 

TABLE I I  
RECEIVER RF  MEASUREMENTS 

Col lector of Trans i stor 

Q32 

Q5 1 

Q5 2 

Q5 3  

Q54 

Vol ts  ( fc + cy.) 

. 25 

. 3  

. 4  

2 . 1 
4 . 8  

F I L TER RESPONSE MEASUREMENTS 

The crystal input filter (FL 1) and the IF  filter 
(FL 2) are in sealed containers and repairs c an be 
made only by the factory. The stability of  the origin­
al response characteri stics  i s  such that in normal 
usage no appreciabl e change in response will occur. 
Ho wever the test circuits o f  Fig. 9 can be u sed in 
case there i s  reason to susp ect that either of the 
filters has been damaged. 

Fig. 2 sho ws the - 3db and -60db check points 
for the crystal filters. The response curve of the 
IF filter shows the combined effect of the two sec-
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tions,  and was obtained by adding the attenuation of  
each section for identical frequenci es. The scale of  
Fig. 2 was cho sen to show the crystal filter re­
sponse, which p ermitted only a portion of  the IF 
filter curve to be shown. The check points for the 
p as s  b and of  each section of  the l atter are "down 
3db maximum at 19. 7 5  and 20 . 25 KC" , and for the 
stop b and are "down 18 db minimum at 19 . 00 and 
2 1. 00 KC".  The sign al generator voltage ( Fig. 9 )  
must b e  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 belo w the reading o f  
VM L It  should be noted that a limit measured in 
thi s manner is for convenience only and do es  not 
indicate actual insertion loss of  the fil ter. Th e in­
sertion lo ss would be appro ximately 16db less than 
the measured difference because of the input resis­
tor and the difference in input and output imp edances 
o f  the filter. 

Because o f  the extrem e frequency sensitivity o f  
th e crystal filter, the o scillator u sed i n  i t s  te st cir­
cuit should have very good frequency stability and a 
clo se verni er control.  The o scill ators used for fac­
tory testing have special modifications for thi s use. 
A value of appro ximately 10db ( 2. 45 volts) i s  suit­
abl e for th e constant voltage at which to hold VM 1 
throughout the check . The reading of VM 2 at th e 
frequency ofminimum attenuation will vary somewh at 
with the channel frequency but should not be more 
than l ldb belo w the reading of VM 1. (The  filter in­
sertion los s  is approximat ely 6db 1 ess than the 
difference in readings. ) 

CONV ERSION O F  RECE IVER FO R CHANGED 
CHANNEL F R E QUENCY 

The p arts required for converting a TCF receiver 
for operatin g on a different channel frequency con­
si st of a new crystal filter (FL 1), a new local o s­
cillator crystal ( Y 1 1) and probably a di fferent feed­
back capacitor ( C 12). Because the wide range o f  
channel frequenci es precludes m aintaining a factory 
stock o f  the various crystal s ,  immediate shipment 
of the fil ter and the o scill ator crystal c annot b e  
made. After the crystals h ave been procured and the 
filter has been completed, it is recommended that 
the receiver be returned to the factory fo r th e con­
version and for compl ete test and adjustment. How­
ever, if the time that the receiver can be out o f  
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service must b e  k ep t  to a minimum, th e conversion 
may be m ade by customers who are equipp ed for 
this work. 

RECOMMEND ED T EST EQUIPMENT 

I .  Min imum Test  Equi pment for  I nsta l l ation 

I I .  

a. A- C Vacuum Tube Voltmeter ( VTVM). Voltage 
range 0 .003  to 30 volts ,  frequency range 60 
cycl es/ sec. to 230-kc . ,  inp ut imp edanc e 7. 5 
megohms. 

b. D-C Vacuum Tube Voltmeter (VTVM). 
Voltage Ran ge: 1. 5 to 300 volts  
Input Imp edance: 7. 5 megohms 

Des i rab le  Test Equipment for Apparatus Main-
tenance. 

a. All items listed in I. 

b. Signal Gen erator 
Output Voltage: Up to 8 volts 
Frequency Range: 20-kc to 230-kc 

c. O scillo scop e 

d. Frequency counter 

e. Ohmmeter 

f. Cap acitor check er 

g. Milli ammeter Q- 1. 5 or preferably 1. 5-0- 1. 5 
ran ge, for checking di scrimin ator. 

Some of the functions of the recommended test 
equipment are combined in the typ e  TCT carri er test 
meter unit, which i s  design ed to mount on a standard 
19 " rack but also c an be remo ved and used as a 

portabl e unit. 

RENEWAL P ARTS 

Rep air work can be done  mo st satisfactorily at 
the factory. Ho wever, replacement p arts can be fur­
nished, in mo st cases, to custom ers who are equipp ed 
for doing repair work . When ordering p arts. al way s  
give the complete nameplate data and identify the 
p art by its designation on th e Intern al Schem atic 
drawing and Westinghouse Designation on the 
Electrical P art Li st. 
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I . L. 4 1-945.53A 

EL ECTRI CAL P ARTS L IST 

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

WESTINGHOUSE 
SYMBOL DESIGNATION 

CAPACITORS 

C 1  Oil-filled; 0 .5  mfd. ; 1500 V . D . C .  1 87 7962 

C2  Oil-filled; 0 . 5  mfd . ;  1500 V .D .C.  1 877962 

C 1 1  Metall ized paper; 0 . 25 mfd . ;  200 V. D. C .  1 87A624H02 

C 1 2- C l6 Mica, cap acity as required; 500 V .D .  C. 

C 1 3  Metallized paper; 0 . 25 mfd. ; 200 V. D. C. 1 87A624H0 2 

C l4 Metallized paper; 1 . 0  mfd . ;  200 V . D .C. 187A624H04 

C15 Metallized paper; 1 . 0  mfd . ;  200 V. D. C. 1 87A624H0 4 

C31  Metall ized pap er; 0 . 25 mfd . ;  200 V .D .C. 1 87A624H0 2 

C32 Metallized paper; 0 . 25 mfd. ; 200 V. D . C. 187A624H02 

C33 Metallized paper; 0 . 25 mfd. ; 200 V .D .C. 187A624H0 2 

C34 Metallized pap er ;  1 . 0  mfd. ; 200 V .D .C .  1 87A624H04 

C35 Metallized paper; 0 . 25 mfd . ;  200 V.D. C. 1 87 A624H0 2 

C51  Metallized paper; 0 . 25 mfd. ; 200 V .D .C. 187A624H0 2 

C52 Metallized paper; 0 . 25 mfd . ;  200 V.D .C . 187A624H02 

C53 Metalli zed paper; 0 . 1  mfd. ; 200 V . D .C. 187A624H01 

C54 Dur-Mica, 1300 pf. ; 500 V .D .C .  1 87A584H 1 5  

C55 Metall ized paper; 0 . 1 mfd . ;  200 V .D .  C. 1 87A624H0 1 

C56 Metallized paper; 0 . 25 mfd . ;  200 V .D .C .  187A624H0 2 

C57 Metallized paper; 0 . 1 mfd. ; 200 V. D . C .  18 7A624H0 1 

C58 Metallized paper ;  0 . 25 mfd. ; 200 V .D .C .  1 87A624H02 

C59 Metallized p aper; 0 . 25 mfd . ;  200 V.D .C. 1 87A624H02 

C60 Metallized paper; 1 . 0  mfd. ; 200 V .D .C. 187A624H04 

C81  Mylar; 0 .22  mfd. ; 50  V . D . C . 762A70 3H0 1 

C82 Mylar; 0 . 2 2  mfd . ; 50 V .D . C. 762A703H0 1 

C83 variable; 4 .  5 - 1 00 pf. 762A73 6H02 

C84 Polystyrene, 9100 pf. ; 200 V .D .C. 1 87A624H16  

C 85 Temp. comp ensating; 1 50 V.D . C . ;  pf. as required 

C86 100 pf. ;  zero temp . coef. 187A684H08 

C 87 Temp. compensating; 150 V .D .C . ; pf. as required 

C88 variabl e ;  4 . 5 - 100 pf. 762A736H02 

C89 Polystyrene; 9100 pf. ; 200 V. D . C .  1 87A624H 1 6  

C 90 Mylar; 0 . 22 mfd. ; 50 V. D .C .  762A703H0 1 

C91  Mylar; 0 . 22  mfd. ; 50  V .D .C .  762A703H0 1 

C l O l  Tantalum, 6 . 8  mfd. ; 3 5  V . D . C .  1 84A66 1H25 
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EL ECTRICAL P ARTS L I ST (Cont'd.) 

CI R CUIT WESTINGHOUSE 
SYMBO L D E S C R I P T I O N  DESIGNATION 

DIODES - GENER AL PURPOSE 

CR5 1 1N45 7A; 60 V . ;  200 MA. 1 84A855H07 

CR52 1N4 57A; 60 V . ;  200 MA. 1 84A855H07 

CR53 1N457A; 60 V.; 200 MA. 184A855H07 

CR8 1 1N9 1 ;  1 00 V . ;  150 MA. 182A881H04 

CR82 1N91 ;  100 V. ;  150 MA. 182A881H04 

CR83 1N91;  100 V . ; 150 MA. 1 8 2A88 1H0 4 

CR85 1N628; 125 V . ; 20 MA. 1 84A844H l 2  

CR86 1N628; 125 V.; 30 MA. 1 84A855H 1 2  

CR1 0 1  1N457A; 6 0  V. ; 2 00 MA. 1 84A885H07 

CR103 1N457A; 60  V . ;  200 MA. 184A885H07 

DIODES - ZENER 

CRl 1N30 27A; 20 V .  ± 10%; 1 W.  1 88A307H10 

CR2 1N30 27A; 20 V .  ± 10%; 1 W. 1 88A307H 1 0  

CR10 2 1N3686B; 20 V. ±5%; 750 MW. 1 85A2 12H06 

VRl 1N2828B; 45  V .  ±5%; 50 W. 1 84A854H06 

VR2 1N 2984B; 20 V. ±5%; l O W. 762A63 1H0 1 

POTENTIOMETERS 

R5 lOK; 2W. 1 85A086H 10  

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

R l 2  lK; '4W. 629A430H02 

R52 lK; '4W. 62 9A645H04 

RESISTORS 

R l  400 ohms ±5%; 25W. 1 202587 

R2  26. 5 ohms ±5%; 4 0W.  (For 48  v .  Supply) 04D1 299H44 

R2 1 50 ohms ±5%; 4 0W.  (For  125 V .  Supply) 1 20 24 99 

R2 300 ohms ±5%; SOW. (For 250 v. Supply) 763A963H0 1 

R3 1 50 ohms ±5%; 40W. (For 125 V .  Supply) 1 202499 

R3 500 ohms ±5%; 100 w. (For 250 V. Supply) 629A843H0 3 

R4 100 ohms ±5%; lW. Composition 187A643H0 3 

R6 lOK ±5%; Yzw. Composition 1 84A763H51  

R8 lOOK ±5%; 1 W. Composition 187A64 3H75 

R l l  lOK ±5%; Y2W. Composition 1 84A763H5 1 

R 1 3  5 . 6K ±5%; Yzw. Composition 184A763H45 

R 1 4  3 . 3K ±5%; Yzw. Composition 184A763H39 

R15  330 o hms ±5%; Y2W. Composition 184A763H l5  

R 1 6  lOK ±5%; Yzw. Composition 184A763H5 1 

R 1 7  3 3K ±5%; Yzw. Composition 1 84A763H63 

R 18 3 . 3K ±5%; Yzw. Composition 184A763H39  

R19  3. 3K ±5%; Yzw. Compositio n 1 84A763H39 

R20 lOK ±5%; Y2W. Composition 184A763H51  
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I.L. 4 1-945.53A 

EL ECTRICAL P ARTS L I ST (Cont'd.) 

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

WESTINGHOUSE 
SYMBO L DESIGNATION 

RESISTORS (Cont'd . )  

R2 1 33K ±5%; Yzw. Composition 1 84A763H63 
R22 3 30 ohms ±5%; YzW. Composition 1 84A763H 15 

R23 lOK ±5%; Yzw. Composition 1 84A763H51  
R31  3 .  3K ±5%; Yzw. Composition 184A763H39 

R32 22K ±5%; YzW. Composition 184A763H59 

R33 680 ohms ±5%; YzW. Composition 1 84A763H23 
R34 68 ohms ±5%; YzW. Composition 1 87A290H 2 1  
R35 lOK ±5%; Yzw. Composition 1 84A763H 5 1  

R36 330 ohms ±5%; YzW. Composition 1 84A763H l5 
R37 3 . 3K ±5%; YzW. Composition 1 84A763H39 
R38 1000 ohms ±5%; Yzw. Composition 1 84A763H 27 
R39 2 2K ±5%; YzW. Composition 1 84A763H 59 

R40 680 ohms ±5%; Yzw. Composition 1 84A763H23 

R4 1 68 ohms ±5%; Yzw. Composition 1 87A290H2 1 
R42 lOK ±5%; Yzw. Composition 184A763H5 1  
R5 1 4 .  7K ±5%; Yzw . Composition 1 84A763H43 
R53 27K ±5%; Yzw. Composition 184A763H 6 1  
R54 2 .2K ±5%; YzW. Composition 184A763H35 
R55 27 ohms ±5%; YzW. Composition 1 87A290H l l  
R56 lOK ±5%; Yzw. Composition 1 84A763H 5 1  

R57 4. 7K ±5%; Yzw. Compo sition 1 84A763H43 
R58 27K ±5%; YzW. Composition 1 84A763H6 1  

R59 1 . 5K ±5%; w. Composition 184A763H 3 1  
R60 1 80 ohms ±5%; YzW. Composition 1 84A763H0 9 

R61  4 .  7K ±5%; Yzw. Composition 1 84A763H4 3 
R62 1 . 5K ±5%; Yzw. Composition 184A 763H3 1 

R63 3 .3K ±5%; Yzw. Composition 184A763H63 
R64 2. 7K ±5%; YzW. Composition 1 84A763H37 

R65 680 ohms ±5%; Yzw. Composition 1 84A763H23 
R66 68 ohms ±5%; YzW. Composition 187A290H 21  

R67 4 .  7K ±5%; Yzw. Composition 1 84A763H43 
R68 2. 7K ±5%; Yzw. Composition 1 84A763H37 

R69 1 8K ± 5%; Yzw. Composition 184A763H57 

R70 220 ohms ±5%; Yzw. Composition 184A763H l l  
R71  270 ohms ±5%; Yzw. Composition 1 84A763H 13 

R72 3 30 ohms ±5%; YzW. Composition 1 84A763H 15 

R81 4 .  7K ±5%; Yzw. Composition 184A763H43 
R8 2 4 .  7K ±5%; YzW. Composition 1 84A763H43 

R83 2 .  2K ±5%; Yzw. Composition 1 84A763H35 
R84 2. 2K ±5%; Yzw. Composition 184A763H35 
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CIRCUIT 
SYMBOL 

R85 

R10 1 

Rl02  

R103  

R104 

R105 
Rl06  

R107  

R108 

R109  

R l lO 

R 1 1 1  

T l l  

T 1 2  

T81 

T82 

Q l l  

Q 1 2  

Q13  

Q3 1 

Q32 

Q5 1 
Q52 

Q53 

Q54 

Q81  

Q8 2 

Q 10 1 

Q10 2 

Ql03 

Q104 

Y l l  

FL 1 

FL2 

PL 

F 1 , F2 

AL 

HG 

1 0  

EL ECTRICAL PARTS L IST (Cont'd.) 

D E S C R I P T I O N  

RESISTORS (Cont'd. ) 

6. 8K ±5%; Yzw. Compo sition 

1 8K ±5%; Yzw. Composition 

lOK ±5%; Yzw. Composition 

82K ±5%; Yzw. Composition 

82K ±5%; Yzw. Composition 

lOK ±5%; 1 W. Composition 
39K ±5%; Yzw. Composition 

1000 ohms ±5%; Yzw. Compo sition 

1 0K ±5%; 1/zW. Composition 

22K ±5%; Yzw. Composition 

27K ±5%; Yzw. Composition 

10K ±5%; YzW. Composition 

Toroidal type, 10000/400 ohms 

Toroidal type, 25000/300 ohms 

Pot.  Core typ e 
Pot. Core type 

2N652A 

2N 1396 

2N 1 3 96 

2N274 

2N274 

2N396 
2N3 9 6  

2N 39 6  

2N396 

2N652A 

2N652A 

2N699 

2N696 

2N697 

2N699 

TRANSFORMERS 

TRANSISTORS 

MISCELLANEOUS 

Oscillator Crystal (Frequency 20 KC above Channel Frequency) 

Crystal Input Filter 

I . F. Filter 

Pilot Light Bulb - For 48 V.  Supply 

Pilot L ight Bulb - For 125 or 250 V. Supply 

Fuse, 1 . 5A 

Alarm Relay 

Mercury Weted Contact Relay; 2 amp, 500 V. , 100 V. A. 

WESTINGHOUSE 
DESIGNATION 

1 84A763H47 

184A763H57 

1 84A763H5 1 

184A763H73 

1 84A763H73 

1 87A643H5 1 
1 84A763H65 

1 85A763H27 

1 84A763H5 1 

1 84A763H23 

1 84A763H6 1 

1 84A763H5 1 

1962797 

1962697 

60 6B53 3G0 1 
60 6B533G02 

1 84A638H 1 6  

848A892H0 1 

84 8A892H01  

1 87A270H0 1 

1 87A2 70H0 1 

762A575H03 
762A575H03 

762A575H03 

762A585H03 

1 84A638H 1 6  

184A638H 1 6  

1 84A638H l 9  

762A585H0 1 

184A638H 1 8  

1 84A638H1 9  

762A800H0 1 + (Reg. Freq. 

4 10C466 + (Reg. Freq. 

762A6 13G0 1 

1 87A1 33H0 2 
18 3A9 55H0 1 

1 1D9 19H26 
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INSTALl AnON 
Westinghouse I. L. 4 1 -945 .53B 

• OPERATION • MAINTENANCE 

INSTRUCTIO N S  
TYPE TC F POWER LINE CA RRIER FREQUENCY- S HIFT 
REC EIV ER EQUIPMENT -WITH RELA Y OUTPUT FOR 

S UP ERV IS ORY CONTROL A ND TELEMETERING 

CAUTION: It is recommended that the user of thi s 
equipment become thoroughly acquainted with the 
information in this instruction leaflet before ener­
gizing the c arrier assembly. Failure to observe thi s 
precaution may result in damage to the equipment. 

If the c arri er set is mo unted in a c abinet, it must 
be bolted down to the floor or otherwi se secured 
before swinging out the equipment rack to prevent 
its tipping over. 

AP P L ICATION 

The TCF frequency- shift rec eiver equipment as 
adapted for supervisory control and certain tele­
metering applications responds to carrier-frequency 
signals transmitted from the distant end of a power 
line and carried on the power line conductors. The 
Guard frequency is 100 cycles  above the center 
frequency of the channel ( which can be sel ected 

* within the range of 30KC to 300 KC ) ,  and it is trans­
mitted continuously when conditions are normal and 
no information is to be conveyed over the channel. 
Its reception indicates that the channel is operative. 
The Trip frequency ( so called because in frequency­
shift rel aying applications the reception of this  fre­
quency causes clo sure of  relay contacts in the trip 
circuit of a circuit break er) is  100 cycl es below the 
channel center frequency. When supervisory control 
or tel emetering information is to be conveyed over 
the channel , the transmitter at one end of  the chan­
nel 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 durations of the inter­
vals that the rel ay contacts are open and closed al so 
can be utili zed to convey informatio n over the chan­
nel .  

CONST RUCTION 

The TCF receiver unit for sup ervisory control 
and telemetering applications is mounted on a 
standard 19-inch wide panel 10Vz inches high ( 6 rack 
units) with edge slots for mounting on a standard 
relay rack . All components are mounted at the rear 

S U PERS ED ES I. L. 41 -94 5 . 53A 
* Den otes change from s u pe rseded 1 ssue . 

of the p anel .  Fuses, a pilot light, a po wer switch, an 
input attenuator, and a j ack for metering the dis­
criminator output current are accessible from the 
front of the panel. Refer to Fig. 3. 

All o f  the circuitry that is suitabl e for mounting 
on printed circuit boards is �ontained in an enclo­
sure that proj ects from the rear of the p anel and is 
accessibl e by opening a hinged door on the front of 
the panel .  Other components on the rear of the 
p anel are lo cated as shown on Fig. 4. Reference to 
the internal schematic connections on Fig. 1 will 
show the location of these components in the cir­
cuit. The dotted lines enclosing separate areas of 
Fig. 1 indicate that the components thus enclo sed 
are all on the same printed circuit bo ard. 

The enclo sure that contains the printed circuit 
boards is divided into seven comp artments. The 
p artitions between comp artments together with the 
outer walls of the enclosure provide complete shield­
ing between adj acent bo ards 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 respec­
tively. These are not required for the TCF receiv er 

for supervisory control and tel emetering and the 
compartments are vacant. 

The printed circuit boards slide into po sition 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 bo ard 
and terminal block is k eyed so that if a board is  
placed in the wrong compartment, it cannot be in­
serted into the terminal block. A handle on the front 
of each board is labeled to identify its function in 
the circuit. 

A board extender ( Style No . 644B315GO 1) is 
available for facilitating circuit voltage measure­
ments or major adjustments. After withdrawing any 
one of the circuit boards, the extender is  inserted in 
that compartment. The board then is inserted into 
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the terminal block on the front of the extender. This 
restores all circuit connections, and all compon­
ents and test points on the board are readily acces­
sibl e. 

A portion of the receiver operates from 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 resi stance value be­
tween the po sitive side o f  the unregulated D. C. sup­
ply and the 45 volt zener adapt the receiver for 
operation on 48, 1 25 or 250 V . D. C. 

External conn ections to the receiver are m ade 
through a 24-circuit receptacl e, J 3  on Fig. 1. The 
r-f input connection to the receiver is made through 
a co axial cable jack,  J 2. 

OPERATION 

I nput Control 

The signals  to which the TCF receiver responds 
are received through a co axial cable connected to 
jack J 2  of  Fig. 1. Resistor R4 and 20-volt zen er 
diodes C R 1  and CR 2 protect the receiver from ab­
normally high voltages received through the coaxial 
c able.  Input attenuator R5 reduces the si gnal to a 
level suitabl e 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 
scal e  on the p anel is graduated in db. While  thi s 
scal e  i s  typical rather than individually calibrated, 
it i s  accurate within one or two db. and is useful in 
setting approximate level s .  Settings should be m ade 
by observation of the db. scale of a suitable a-c 
voltmeter when possible .  

Crysta l F i l ter 

From the attenuator, the signal p asses through a 
crystal filter, FL 1. Thi s filter has a narrow p as s  
band, and frequenci es several hundred cycles  above 
or below the center frequency ( fc) of the channel 
are greatly attenuated. Figure 2 sho ws a typical 
curve for the crystal filter, as well as a character­
istic  curve for the intermediate frequency filter, 
FL 2, and for the discriminator output. The narrow 
p ass band of FL 1 permits clo se spacing of channel 
frequenci es and reduces the possibility of fal se 
operation c aused by spurious signal s  such as may 
result from arcing disconnects or corona discharge. 

2 

Osc i l l ator and Mixer 

From the crystal filter, the signal enters the 
o scillator and mixer stage of  the receiver. Crystal 
Y 1 1 ,  transistors Q 1 2  and Q13, and their associated 
resistors and c ap acitors, comprise a crystal•con­
trolled oscillator that operates at a frequency 20 
KC above the channel frequency, fc. The o utput from 
this local o scillator is  fed through transformer T l l  
to potentiometer R 1 2, and the latter i s  adjusted to 
feed a suitable input to the base  of mixer transistor 
Q 1 1. The output of FL 1 is impressed on the emitter­
collector circuit of  Q 1 1 .  As the result of  mixing 
these two frequencies, the primary of transformer 
T 1 2  will contain frequencies of 20KC, 2fc + 20KC, 
fc and fc + 20KC. 

I F  Amp I i f ier  

The output from the secondary of  T 1 2  is  ampli­
fi ed by Q3 1, in the intermediate frequency amplifier 
stage, and is impressed on filter FL 2.  Thi s is a 
two- section filter, with both fil ters contained in a 
common case. Its p ass band is  c entered at 20KC. 
While its p assban d  is  much wider than that of the 
crystal filter, it eliminates the frequenci es present 
at its input that are substantially higher than 20KC. 

Amp l i fier and L i m i ter 

The output from the second section of  the IF  
amplifier stage is fed to potentiometer R 5 2  at the 
input of the amplifi er and limiter stage. Sufficient 
input i s  taken from R5 2 so that with minimum input 
signal (5 mv. ) at J2 and with R5 set for zero atten­
uation ,  satisfactory amplitude limiting will be ob­
tained at the output of the limiter stage. 

Discri m inator 

The output of the limiter stage i s  fed to the 
discriminator. The discriminator is adjusted at the 
factory to have zero output ( as measured by a milli­
ammeter inserted in the circuit at j ack J 1) at fc 
cycl es. The adjustment for zero output at fc cycles 
is made by cap acitor C88 .  C8 3 al so is adjusted to 
obtain a m aximum voltage reading acro s s  R8 4 when 
the current output is zero. Maximum current output, 
of oppo site pol arities ,  will be obtained when the 
frequency is 100 cycles above or below the zero 
output frequency. This sep aration o f  200 cycles  
between the current p eak s is  affected by the value 
of C86 ( the  actual value of which may be changed 
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slightly from its typical value in factory calibration 
if required). It should be observed that although the 
higher signal frequency is  fc + 100 cycles,  after 
leaving the mixer stage and as seen by the discrim­
inator the corresponding frequency is 20KC - 100 
cycles. Similarly , the lower signal frequency i s  
converted to 20KC + 100 cycl es. 

The discriminator output is connected to the 
bases of transistors Q8 1 and Q8 2 in such manner 
that Q8 2 is made conductive when current flo ws out 
of terminal 4 ( which occurs with trip output) and 
Q8 1 is m ade conductive when current flo ws into 
terminal 4. Consequently, terminal 15 is at a poten­
tial of approximately + 20 volts at Guard frequency 
and terminal 1 1  is at + 20 volts at Trip frequency. 

Output Circuits 

The output circuit board of the receiver contains 
output relay HG. The contacts of this relay are the 
mercury-wetted type, which assures bounceless 
operation. I t  al so contains telephone-typ e relay AL , 
the contacts of  which can be used to energize an 
alarm. 

When Trip signal is  rec eived, terminal 8 of  
Output printed circuit bo ard is  at approximately 
+20 volts potential and transi stor Q 10 1 becomes 
conductive, which energizes relay HG. When Guard 
signal is  present, terminal 1 o f  the Output bo ard is  
at approximately + 20 volts potential. The base of  
transistor Q 10 2 is  connected to  terminal 1 and 8 
through resistors R 10 3  and R 10 4. Consequently 
when either Guard or Trip signal is present this 
transistor is conductive. 

When neither Guard nor Trip signal is present, 
indicating a lo ss of channel, Q 10.2 is not conduc­
tive and cap acitor C 10 1 begins to charge through 
resistors R 106 and R 10 7. When the cap acitor volt­
age reaches the breakdown l evel of zener diode 
CR 10 2  (in appro ximately 150 milli seconds) transis­
tor Q 103  receives base input and becomes conduc­
tive. This removes base input from Q l0 4  and the 
alarm relay AL drops out and energizes an alarm 
through its normally-clo sed contacts. A copper slug 
on the core of the alarm relay adds an a(iditional 
del ay of appro ximately 40 milliseconds before the 
alarm contacts clo se. When Guard signal reappears 
and Q 10 2  becomes conductive, cap acitor C lO l  dis­
charges rapidly through the low resistance of  R 107 .  
This quick-reset feature of  the RC time-delay re­
duces the possibility of  op eration of  the loss-of­
channel alarm by noise signal , which may override 
and cancel the Guard signal briefly but repetitively 
or may appear as a false Trip signal. 

It should be noted that relay HG has Form D 
contacts, and only the normally-open or the normally­
clo sed contacts should be used unless there i s  no 
obj ection to having both contacts momentarily 
clo sed simultaneously when the rel ay is energi zed 
or deenergized. Also , for protection of the HG relay 
contacts, the external device controll ed should 
contain series resi stance and c apacitance (of  values 
suitable for the lo ad voltage and current) across  
the terminals that are externally connected to the 
HG relay terminals. With such protection the HG 
contacts have maximum ratings of 2 amperes, 500 
volts, and 100 volt- amperes. The HG relay will pick 
up at approximately 20 volts. 

The AL relay contacts are rated at 4 amp s. , 
150 watts, for an a-c non-inductive lo ad. The relay 
will pick at 35 to 40 volts. 

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 .  Resi stors ( R 2, R3) of suitabl e value are 
connected between the station battery supply and 
the 45 volt zener to adapt the receiver for use on 
48 , 1 25 or  250 V .D .C. battery circuits. The receiver 
is connected to the external supply through a switch 
and fuses, and a pilot light indicates whether the 
D. C. circuits are energized. Cap acitors C 1 and 
C 2  bypass r. f. or transient voltages to ground. 

CHARACTERIST ICS 

Frequency range 30 - a:JOKC 

Sensitivity (noise- 0 .005 vol t  ( 6 5  db below 1 watt 
free channel) for limiting) 

Input Impedance 5000 ohms  minimum 

Bandwidth down < 3 db at 220 cycl es 
(crystal filter) down > 60 db at 1000 cycles 

Discriminator Set for zero output at channel 
center frequency and for max. 
o utputs at 100 cycles above 
and below center frequency. 

Op erating Time 9 ms. channel (transm. and 
recvr. ) 

2 ms.  HG rel ay operate and re­
l ease times 
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Frequency 
spacing 
A. For two or 

more signal s 
o ver one­
way channel-

B. For two-way 
channel 

Ambient temp era­
ture range 

Battery voltage 
variations 
Rated Voltage 

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

Battery drain 

Dimensions 

Weight 

500 cycl es minimum 

1500 cycles minimum between 
transmitter and adjacent re­
cei ver frequenci es. 

-2()oC to + 60 oC temperature 
around chassis. 

Allowabl e Variation 
4 2- 56 V. D .C .  

10 5- 140 V. D.C.  
2 10- 280 V. D. C. 

0 .  20 a. at 48 V . D. C. 
0 .  27 a. at 125 or 250 V. D.C.  

P anel height - 10\lz" or 6 r .  u .  
P anel width - 19 " 

1 3  lb .  

I NSTAL L ATION 

The TCF receiver is  generally supplied in a 
c abinet or on a rel ay rack as a part of a complete 
c arrier assembly. The location must be free from 
dust, excessive humidity, vibration, corro sive fumes, 
or heat. The maximum ambi ent temperature around 
the chassis must not exc eed 60 o. 

ADJUSTMENTS 

All factory adjustments ofthe TCF receiver have 
been c arefully made and should not be altered unless 
there is evidence of damage or malfunctioning. Such 
adjustments are: frequency and output level of the 
o scill ator and mixer; input to the amplifier and l imit­
er; frequency spacing and magnitude of discriminator 
output peaks. 

After the receiver has been installed, the input 
attenuator R5 must be set for the desired op erating 
m argin. The receiver should not be set with a great­
er margin of sensitivity than i s  needed to assure 
correct op �ration with the maximum expected varia­
tio.n in attenuation of the transmitter signal. In the 
absence of data on this ,  the receiver may be set to 
operate on a signal that is  15 db below the expected 

4 

maximum signal. After installation of the receiver 
and the corresponding transmitter, and with a normal 
si gnal being received, input attenuator R5 should be 
adju sted to the po sition at which the alarm relay 
drop s out. R5 then should be readju sted to i ncrease 
the voltage supplied to the receiver by 15 db. The 
scale markings for R5 p ermit an approximate setting 
to be made but it is preferable to mak e this setting 
by means of the db scales of an a-c VTVM connected 
from ground to the sliding contact of R5. 

In c ase factory adjustments have been accident­
ally di �turbed or components have been replaced, it  
may be necessary to readjust the oscillator and 
mixer, the limiter, or the discriminator, and pro­
cedures for these adju stments are described in the 
follo wing p aragraphs.  

Potentiometer R12 in the o scillator and mixer 
should be s et for 0. 3 volt, measured with an a-c 
VTVM connected between TP 1 1  and terminal 18 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 20KC above the channel frequency. The frequen­
cy is fixed by the crystal used, except that it m ay  
b e  changed a few cycles  by the value of cap acitor 
C 12. Reducing C 12 increases the frequency, but the 
cap acity should never be less than a value that in­
sures reli able starting of o scill ation. The frequency 
at room temperature is usually several cycl es  abo ve 
the crystal nominal frequency as thi s reduces the 
frequency deviation at the temp erature extremes. 

The adjustment of the amplifier and limiter is 
made  by potentiometer R 5 2. An o scillo scop e should 
be connected from the base of transistor Q54 to ter­
minal 18 of the limiter. With 5 mv.  of signal frequen­
cy on the receiver input ( R5 at zero) ,  R 5 2  should be 
adjusted to the point where the p eaks of the oscil­
lo scope trace begin to flatten. Thi s should appear 
on the upper and lower p eak s at approximately the 
same setting. The R5 2 adjusting screw then should 
be turned one turn farther in the direction to produce 
limiting. 

Adjustment of the discriminator is made by 
cap acitors C83  and C88.  Apply to the receiver input 
a 5 mv. sign al taken from an o scillator set at the 
center frequency of the channel . ( R5 at zero . )  Con­
nect a 1. 5-0- 1. 5 milli ammeter in the circuit at J 1 
and a VTVM across R8 4. Adjust C88 for zero current 
in the milliammeter and C83  for maximum voltage 
acro ss R84, rechecking the adjustments alternately 
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until no further change is observed. Remove the 
VTVM from acro ss R84 and observe the milliammeter 
reading as the oscillator frequency is vari ed. Posi­
tive and negative p eaks should occur at 100 cycles 
abo ve and below center frequency. 

MAI NT ENANCE 

P eriodic checks of the received carrier signal 
and the receiver sensitivity will detect gradual 
deterior ation and p ermit its correction before failure 
can result. An overall check can be made with th e 
attenuation control R5. A change in op erating mar­
gin from the original setting c an be detected by o b­
serving the change in the dial setting required to 
drop out the al arm relay. If ther e  is a substanti al 
reduction in margin, the si gnal voltage at the re­
ceiver input should be check ed to see whether the 
reduction is due to loss of signal or loss of receiver 
sensitivity. 

All adjustabl e components on the printed circuit 
bo ards are accessibl e when the door on the front o f  
the p anel is opened. ( An offset screwdriver would 
be required for adjusting R 1 2. )  How ever, as des­
cribed under "CONSTRUCTION", any bo ard may be 
made entirely acc essible while permitting electrical 
op eration by using bo ard extender styl e No . 
644B 3 15GO 1. This permits attaching instrument 
leads to the various test points or terminals when 
making voltage, oscilloscope or frequency checks. 

It is advisabl e to r ecord 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 indef­
inite period unless a failure occurs. However, i f  
tr ansistors are changed, there may b e  considerable 
difference in these readings without the overall p er­
formance being affected. 

Typic al voltage values ar e given in the following 
tables. Voltages shoul d be measured with a VTVM. 
&>me readings may vary as much as ± 20%. 

TAB L E  I 
RECEIVER  D-C MEASUR EMENTS 

Note: All voltage readings tak en with ground of  d-e 
VTVM on terminal 18 ( +20 v.) . Rec eiver adjusted for 
15 db op erating margin with input signal down 50 db 
from 1 w att. Unl ess otherwise  indicated, voltage will 
not vary appreciably whether signal is high, low or 
fc frequency. 

Col l ector 
of 

Tran s i sto r  

Q l l  

Q l 2  

Q 1 2  

Q 1 3  

Q 1 3  

Q 3 1  

Q 3 2  

Q51  

Q5 2 

Q53 

Q54 

Q8 1 

Q8 1 

Q8 2 and Q l O l  

Q8 2 and QlO l 

Q l 0 3  

Q l 0 4  

Q l05  

20 

1 4 . 0  (Hl gh o r  low freq. signal) 

1 7 . 0  (No signal) 

1 5 . 0  (High or low freq. signal) 

18 . � 

18 

l-· n  () 

20 ( N1 1  :<u�nal or fc - 100 cy. ) 

· rv". rz • J{l0 cy. ) 

20 1 "<• - ; n : u  or fc + 100 cY. )  

< o :, (fc - lOO cy. ) 

?0. :) 1 No ;;, , l l al )  
(I . ,•, , N o  ,-,i ;'Dal) 

46 ( No signal )  

TABL E I I  
RECEIVER RF MEASUREMENTS 

Co l lector of Trans i stor 

Q32 

Q5 1 

Q5 2 

Q53 

Q54 

Vol t s  ( fc + cy.) 

. 25 

. 3  

. 4  

2. 1 

4 .8  

F I L T ER RESPONSE MEASU REMENTS 

The crystal input fil ter ( FL 1) and the IF filter 
( FL 2) are in sealed containers and rep airs c an b e  
made only b y  the factory. The stability of  th e origin­
al response characteristics is such that in normal 
usage no appreciabl e change in response will occur. 
Ho wever the test circuits of Fi g. 9 can be used in 
case  there is reason to susp ect that either of  the 
filters has been damaged. 

Fig. 2 shows the - 3db and - 60 db check points 
for the crystal filters. The response curve of the 
IF filter shows the combined effect of the two sec-
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tions,  and was obtained by adding  the attenuation of  
each section for identical frequencies. The scale of  
Fig. 2 was cho sen to show the crystal filter re­
sponse, which p ermitted only a portion o f  the IF 
filter curve to be shown. The check points for the 
p as s  band of each section of  the l atter are "down 
3db maximum at 19. 7 5  and 20 . 25 KC" , and for the 
stop band are "down 18 db minimum at 19 . 00 and 
2 1. 00 KC" . The signal generator voltage ( Fig. 9 )  
must b e  held  constant throughout the entire check. 
A value of  20 db ( 7 . 8  volts) is suitable. The reading 
o f  VM2 at the frequency of  minimum attenu ation 
should not be more than 2 2db below the reading o f  
V M  1 .  I t  should be noted that a limit measured in 
thi s manner i s  for convenience only and do es not 
indicate actual insertion loss of the filter. The in­
sertion lo ss would be appro ximately 16db l ess than 
the measured difference because of the input resis­
tor and the difference in input and output imp edances 
of the filter. 

Because o f  the extrem e frequency sensitivity o f  
the crystal filter, the o scillator used i n  its te st cir­
cuit should have very good fre quency stability and a 
clo se verni er control .  The o scill ators used for fac­
tory testing have special modifi cations for thi s use. 
A value of appro ximately 10db ( 2. 45 volts) i s  suit­
abl e for the con stant voltage at which to hold VM 1 
throughout the check . The reading of VM 2 at the 
frequency o fminimum attenuation will vary somewh at 
with the channel frequency but should not be more 
than l ldb belo w the reading of  VM 1. (The filter in­
sertion los s  is approximately 6db l ess than the 
difference in readings. ) 

CONVERSION O F  RECE IVER FO R CHANGED 
CHANN EL F R EQUENCY 

The p arts required for converting a TCF receiver 
for op erating  on a different channel frequency con­
si st of a new crystal filter (FL 1), a new local o s­
cillator crystal (Y  1 1) and probably a different teed­
back capacitor ( C  12) .  Because the wide range o f  
channel frequenci es precludes maintaining a facto ry 
sto ck of the v arious crystal s, imm ediate shipm ent 
of the fil ter and the o scill ator crystal cannot  b e  
made. After the crystals h ave been procured and the 
filter has b een compl eted, it is recommended that 
the receiver be returned to the factory fo r th e con­
version and for compl ete test and adjustment. How­
ever, if the time  that the receiver can be out o f  

6 

service  must be k ept  to a minimum, th e conversion 
may be m ade by custom ers who are equipp ed for 
this work . 

RECOMMENDED T EST E QUI PMENT 

I .  Mi n imum Test Equi pment for I n sta l l at ion 

I I .  

a A- C Vacuum Tube Voltmeter ( VTVM).  Voltage 
range 0 .0 0 3 to 30 volts , frequency range 60 
cycles/ sec. to 230-k c . ,  input imp edanc e 7 . 5 
megohm s. 

b. D-C Vacuum Tube Voltmeter (VTVM). 
Voltage R ange: 1. 5 to 300 volts  
Input Imp edance: 7. 5 megohms 

Des i rab le  Test Equipment for Apparatu s 
tenance, 

a. All items listed in I .  

b .  Signal Gen erator 
Output Voltage: Up to 8 volts 
Frequency Range: 20-kc to 230-kc 

c. Oscilloscop e 

d. Frequency counter 

e. Ohmmeter 

f. Cap acitor checker 

Mai n-

g. Milli ammeter 0- 1. 5 or preferably 1. 5-0- 1. 5 
range, for checking di scrimin ator. 

&:>me of the functions o f  the recommended test 
equipm ent are combined in the typ e TCT carri er test 
meter unit, which i s  designed to mount on a standard 
19 " rack but also c an be remo ved and used as a 

portabl e unit. 

RENEWAL PARTS 

Rep air work can be done  mo st sati sfactorily at 
the factory. Ho wever, replacement p arts can be fur­
nished, in mo st cases, to customers who are equipp ed 
for doing rep air wo rk . When ordering p arts. always  
give th e compl ete nameplate data and identify the 
p art by its designation on th e Intern al Schem atic 
drawing and westinghouse Desi gnation on the 
Electrical P art L i st. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I . L. 41 -945.53 8 

EL ECTRICAL P ARTS L IST 

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

WESTINGHOUSE 
SYMBOL DESIGNATION 

CAPACITORS 

C 1  Oil-filled; 0 . 5  mfd. ; 1500 V .D .C .  1 87 7962  

C2 Oil-filled; 0 .5 mfd . ;  1 500 V .D .C .  1 877962 

C 1 1  Metallized paper; 0 .  25 mfd . ;  200 V .  D . C .  1 87A624H02 

C 12-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 Metallized p aper; 1 . 0  mfd . ;  200 V . D .C. 187A624H04 

C15 Metallized paper; 1 . 0  mfd. ; 200 V. D .C .  1 87A624H0 4 

C31  Metallized paper; 0 .25 mfd. ;  200 V .D . C. 187A6 24H0 2 

C32 Metallized paper; 0 . 25 mfd . ;  200 V.D. C. 1 87A6 24H0 2 

C33 Metallized paper; 0 . 25 mfd. ; 200 V . D .C.  187A624H0 2 

C34 Metallized p ap er ;  1 . 0  mfd. ; 200 V .D .C .  1 87A624H04 

C35 Metalliz ed p aper; 0 . 25 mfd. ; 200 V.D. C. 1 87A624H0 2 

C51  Metallized paper; 0 . 25 mfd. ; 200 V.D. C. 1 87A624H0 2 

C52 Metallized paper; 0 . 25 mfd . ;  20 0 V.D .C.  18 7A624H02 

C53 Metallized paper; 0 . 1  mfd. ; 200 V . D .C. 1 87A624H0 1 

C54 Dur-Mica, 1300 pf. ; 500 V .D .C .  1 87A584H 1 5  

C55 Metall ized paper; 0. 1 mfd . ;  200 V . D. C. 187A624H0 1 

C56 Metallized paper; 0 . 25 mfd . ;  200 V .D .C .  187A624H0 2 

C57 Metallized paper; 0 . 1 mfd. ;  200 V .D .C .  18 7A624H0 1 

C58 Metalli zed paper ;  0 . 25 mfd . ;  200 V .D .C .  1 87A624H02 

C59 Metallized p aper; 0 . 25 mfd . ;  200 V.D .C. 1 87A624H02 

C60 Metallized paper; 1 . 0  mfd . ;  200 V.D .C.  187A624H04 

C81  Mylar; 0 .22 mfd. ; 50  V .D .C. 762A703H0 1 

C82 Mylar; 0 . 2 2  mfd. ; 50 V.D. C. 762A703H0 1 

C83 variable; 4 . 5 - 1 00 pf. 762A73 6H02 

C84 Polystyrene, 9100 pf. ; 200 V. D .C.  1 87A624H 1 6  

C85 Temp . comp ensating; 1 50 V.D .C . ;  pf. as required 

C86 100 pf. ; zero temp . coef. 1 87A684H08 

C87 Temp. compens ating; 150 V .D .C . ; pf. as required 

C88 variable ;  4 . 5  - 100 pf. 762A736H02 

C89 P olystyrene ;  9100 pf. ; 200 V. D . C .  187A624H 1 6  

C90 Mylar; 0 . 22  mfd. ; 50  V. D .C .  762A703H0 1 

C91  Mylar; 0 . 22  mfd. ; 50 V .D .C .  762A703H0 1 

j .. - -

C 1 0 1  Tantalum , 6 . 8  mfd . ;  3 5  V.D. C .  I 184A66 1H25 I 
•.. .. •.. .L ... - -
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EL ECTRICAL P ARTS L IST (Cont'd.) 

CIRCUIT WESTINGHOUSE 
SYMBO L D E S C R I P T I O N  DESIGNATION 

DIO DES - GENERAL PURPOSE 

CR5 1 1N45 7A; 60 V . ;  200 MA. 1 84A855H07 

CR52 1N457 A; 60 V . ;  200 MA. 1 84A855H07 

CR53 1N457A; 60 V.; 200 MA. 184A855H07 

CR8 1 1 N 9 1 ;  1 00 V . ;  1 50 MA. 182A88 1H0 4 

CR82 1 N 9 1 ;  100 V.;  150 MA. 1 82A88 1H04 

CR83 1 N 9 1 ;  100 V. ; 150 MA. 1 8 2A88 1H04 

CR85 1 N 628; 125 V.; 20 MA. 1 84A844H 1 2  

CR86 1N628; 1 25 V. ; 30 MA. 1 8 4A855H 1 2  

CR 1 0 1  1N457A; 6 0  V. ; 2 00 MA. 1 84A885H07 

CR103 1N457A; 60  V . ;  200  MA. 184A885H07 

DIODES - ZENER 

CR1 1 N 30 27A; 20 V .  ± 10%; 1 W.  1 88A307H 10 

CR2 1 N 30 27 A; 20 V .  ± 10%; 1 W. 1 88A307H 1 0  

CR10 2 1N3686B; 20 V. ±5%; 750 MW. 185A2 1 2H06 

VR1 1N 2 828B; 45 V. ±5%; 50 W. 1 84A854H06 

VR2 1 N 2984B; 20  V. ± 5%; 1 0  w. 762A63 1H01  

POTENTIOMETERS 

R5 lOK; 2W. 1 85A086H 10 

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

R 1 2  1 K ;  �w. 629A43 0H02 

R52 1K;  �w. 62 9A645H04 

RESISTORS 

R l  400 ohms ±5%; 25W. 1 20 2587 

R2 26. 5 ohms ±5%; 4 0W.  (For 48 V.  Supply) 04D 1 299H44 

R2 150 ohms ±5%; 4 0W.  ( For  1 25 V .  Supply) 1 20 24 99 

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

R3 1 50 ohms ±5%; 40W. (For 125 v. Supply) 1 202499 

R3 500 o hms ±5%; 100 W. (For 250 V. Supply) 6 29A843H0 3 

R4 100 ohms ±5%; 1W. Composition 187A64 3H0 3 

R6 lOK ±5%; YzW. Composition 1 84A763H 5 1  

R8 lOOK ±5%; 1 w. Composition 187A64 3H75 

R l l  lOK ±5%; Yzw. Composition 184A763H5 1  

R 1 3  5 . 6K ±.5%; Yzw. Composition 184A763H45 

R 1 4  3 . 3K ± 5%; Yzw. Composition 1 84A763H39 

R 1 5  330 o hms ±5%; Yzw. Composition 184A763H 1 5  

R 1 6  lOK ±5%; Yzw. Composition 184A763H 5 1  

R 1 7  3 3K ±5%; Yzw. Composition 184A763H63 

R18 3 . 3K ±5%; Yzw. Composition 184A763H3 9  

R 1 9  3 . 3K ±5%; Yzw. Composition 184A763H39 

R 20 lOK ±5%; Yzw. Composition 184A763H5 1 
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I . L .  41 -945.538 

EL ECTRICAL P ARTS L I ST (Cont'd.) 

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

WESTING HOUSE 
SYMBO L DESIGNATION 

R ESISTORS {Cont'd.} 

R2 1 33K ±5%; Yzw. Composition 184A763H63 

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

R23 lOK ±5%; Yzw. Composition 184A763H5 1 

R3 1 3. 3K ±5%; llzw. Composition 184A763H39 

R32 22K ±5%; YzW. Composition 184A763H59 

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

R34 68 ohms ±5%; llzw. Composition 1 87A290H 2 1  

R35 lOK ±5%; llzw. Composition 1 84A763H 5 1  

R36 330 ohms ±5%; YzW. Composition 1 84A763H 1 5  

R37 3 . 3K ±5%; llzw. Composition 1 84A763H39 

R38 1000 ohms ±5%; llzw. Composition 1 84A763H27 

R39 2 2K ±5%; YzW. Composition 1 84A763H59 

R40 680 ohms ±5%; llzw. Composition 1 84A763H23 

R4 1 68 ohms ±5%; llzw. Composition 1 87A290H2 1  

R42 lOK ±5%; llzw. Composition 1 8 4A763H51 

R5 1 4. 7K ±5%; llzw . Composition 1 84A763H43 

R53 27K ±5%; YzW. Composition 184A763H 6 1  

R54 2 . 2K ±5%; llzw. Composition 184A763H35 

R55 27 ohms ±5%; llzw. Composition 1 87A290H l l  

R56 l OK ± 5%; YzW. Composition 1 84A763H 5 1  

R57 4. 7K ±5%; YzW. Composition 1 84A763H43 

R58 27K ±5%; YzW. Composition 1 84A763H6 1  

R5 9 1 . 5K ±5%; W. Composition 184A763H 3 1  

R60 1 80 ohms ±5%; YzW. Composition 1 84A763H0 9 

R61  4. 7 K  ±5%; llzw. Composition 1 84A763H43 
R62 1 . 5K ±5%; YzW. Composition 184A763H3 1 

R63 3 .3K ±5%; Yzw. Composition 184A763H63 

R64 2. 7K ±5%; llzw. Composition 1 84A763H37 

R65 680 ohms ±5%; llzw. Composition 1 84A763H23 

R66 68 ohms ±5%; llzW. Composition 1 87A290H 2 1  

R67 4.  7K ±5%; llzw. Composition 184A763H43 

R68 2. 7K ±5%; llzw. Composition 1 84A763H37 

R69 1 8K ±5%; llzw. Composition 184A763H57 

R70 220 ohms ±5%; llzw. Composition 1 84A763H l l  

R 7 1  2 7 0  ohms ±5%; llzW. Composition 1 84A763H 13 

R72 330 ohms ±5%; YzW. Composition 1 84A763H 1 5  

R81 4.  7K ±5%; llzw. Composition 184A763H43 

R82 4 .  7K ±5%; llzw. Composition 1 84A763H43 

R83 2 . 2K ±5%; YzW. Composition 1 84A763H35 

R84 2 . 2K ±5%; YzW. Composition 1 84A763H35 
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EL ECTRICAL PARTS L IST (Cont'd.) 

C I R CUIT 
D E S C R I P T I O N  WESTINGHOUSE 

SYMBO L DESIGNATION 

R ESISTO RS (Cont'd . )  

R85 6 . 8K ±5%; Yzw. Composition 1 84 A763H47 

R l 0 1  1 8K ±5%; Yzw. Composition 1 84A763H57 

R 1 0 2  1 0 K  ±5%; Yzw. Composition 184A763H 5 1  

R103  82K ±5%; Yzw. Composition 184A763H73 
R104 82K ±5%; YzW. Composition 1 84A763H73 

R105  10K ±5%; 1 W .  Composition 1 8 7A643H5 1 
R106  39K ±5%; Yzw. Composition 1 84A763H65 

R107  1000 ohms ±5%; Yzw. Composition 1 85A763H27 

R 10 8  1 0K ±5%; Yzw. Composition 1 84A763H5 1 

R 1 0 9  22K ±5%; Yzw. Composition 1 84A763H23 

R l l O  27K ±5%; Yzw. Composition 1 84A763H6 1  

R 1 1 1  10K +5%; YzW. Composition 1 84A763H 5 1  
T RANSFO RMERS 

T l l  Toroidal type,  10000/400 ohms 196 2797 

T 1 2  Toroidal typ e, 25000/300 ohms 1 9 62697 

T81  Pot. Core type 606B533G0 1 
T82 Pot. Core type 606B533G02 

T R ANSISTO RS 

Q l l  2N652A 1 84A638H 1 6  

Q 1 2  2N 1396 848A892H 0 1  

Q 1 3  2N 1 3 96 84 8A892H0 1 

Q3 1 2N274 1 87A270H0 1 

Q32 2N274 1 87A270H0 1 

Q5 1 2N396 762A575H03 
Q5 2 2N396 762A575H03 

Q53 2N39 6  7 62A575H03 

Q54 2N396 7 62A585H03 

Q 8 1  2N652A 1 84A638H 1 6  

Q8 2 2N652A 1 84A638H 1 6  

QlO l 2N699 1 84A638H 1 9  

Q10 2 2N696 762A585H0 1 

Q103 2N697 184A638H l 8  

Q104 2N699 1 84A638 H 1 9  

MISCEL LANEOUS 

Y l l  Oscillator Crystal (Frequency 2 0  KC above Channel Frequency ) 762A800H0 1 + (Reg. Freq. 

FL l Crystal Input Filter 4 10C466 + (Reg. Freq. 

FL2 I . F. Filter 762A6 1 3G0 1 

PL Pilot L ight Bulb - For 4 8  V. Supply 1 87 A1 33H02 4 
Pilot L ight Bulb - For 1 25 or 250 V. Supply 18 3A955H0 1 I -------------- ------------·-r--- - ·---! 

F l , F2 I Fuse, L 5A I AL I Alarm
_
�

_
el ay 

_ �G I Mercury Weted Contact Rel ay; 2 amp , 300 v . ,  tOO 'I . A. L----· ------..L____ -
-------- ___ ____ .. ________________ __ , _______ -------------

1 0  

1 1D9 19H26 

L_ 408C062H07 

I 188A573H04 
--'----------

i 
·----·-- ·  -···-- j 

! 

.. 
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S ONLY I 

20 KC I. F. 
FILTER 
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"" 

DISCRIMINATOR 
OUTPUT 

l!�RYSTAL. 
FILTER 

ZERO REr. 

\ rT 
1\ 

o� 100 

�00 400 300 zoo 100 h 100 zoo 500 400 1500 

CYCLES- INPUT FREQUENCY C Y CL E S + 

,.  • CENTER FREQUENCY OF CRYSTAL. FILTER 

848A629 

Fig. 2. Filter and Discriminator Characteristics of the Type TCF Receiver. 

�, .. u__ _________ l 
/&WIDE: X f-oEEP - FOUR SLOTS 

tJ. • FOR 250 OR 125/ 250 Y.O.C. .ONLY 

��- J_ I I  I 

�� INPUT II'OW[llt ATOON 00�0� LOGIC 
CONT"OL i'{)'---�--' ,. ,... --t-- WH£N SUPPLIED 

-IN 
� 

ll��--------------���·�-·��®�- -�� 
i------------- lli MTG. CENlERS --------� 

�------------------ 11 -------� 

I 

-YDt---------�-�-,__J - - : - I  c�-==u-.�=---=r - , 
1------- 6 i A-----t 

4 1 0C495 
Fig. 3. Outline and Drilling Plan for the Type TCF Receiver A ssembly. 
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RE AR VIEW 

644B101 
* Fig. 4. Component L o cations on the TCF Recei ver P anel.  
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7 63A292 
L tion s on the O s c i l lato r  and M i xer 

F i g. 5. Component o c a  

p rinted C i rcu i t  Board. 

Fi g. 6. 
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7 63A29 3 . . .. , th 1 F Amp l . f• er P r�nted 
Component Lo cations  on e . . 

Circui t  Board. 
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763A294 

Fig. 7.  Component Lo cations on the A mp l i fier an d L imiter 

P rinted Circuit Board. 
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Fig. 8. Component Lo cation s o n  the Discriminator P rin ted 

C ircuit Board. 

SEC�2 

1 .  F .  F I LTER TEST CIRCUIT CO N N E C T I O N S  

INPUT FILTER TEST CI RCU IT CONNECT IONS 

849A 1 09 

Fig. 9. Test Circuits for TCF Frequency Shift R eceiver Filters 
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Fig.  10. Compon ent  Lo cation s on the Relay Output P rinted Circuit Board. 
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INSTALl ATION 
Westinghouse I . L .  4 1 -945 .538 

• OPERATION • MAINTENANCE 

INSTRUCTIO N S  
TYP E TCF POWER L I N E  CARRI ER FREQUENCY- SHI FT 
RECEIVER EQUI PMENT - WI TH RELAY OUTP U T  FOR 

SUP ERVI SORY CONTROL AND TELEMETERING 

CAUTION: I t  i s  recommended that the user o f  thi s 
equipment become thoroughly acquainted with the 
information in this instruction l e aflet before ener­
gizing the c arrier assembly. Failure to observe thi s 
precaution may result in damage to the equipment. 

If the c arrier set is mo unted in a cabinet, it must 
be bolted down to the floor or otherwi se secured 
before swinging out the equipment rack to prevent 
its tipping over. 

APP L ICATION 

The TCF frequency-shift receiver equipment as 
adapted for supervisory control and certain tele­
metering applications responds to c arrier-frequency 
signals transmitted from the distant end of a power 
line and c arried on the power line conductors. The 
Guard frequency is 100 cycl es above the center 
frequency of the channel ( which can be sel ected 

* within the range of 30KC to 300 KC ) ,  and it is trans­
mitted continuously when conditions are normal and 
no information is to be conveyed over the channel. 
Its reception indicates that the channel i s  operative. 
The Trip frequency ( so called because in frequency­
shift relaying applications the reception of this fre­
quency causes clo sure o f  rel aY contacts in the trip 
circuit of a circuit breaker) i s  100 cycl es below the 
channel center frequency. When supervi sory control 
or telemetering information is to be conveyed over 
the channel, the transmitter at one end o f  the chan­
nel 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 durations of the inter­
val s that the rel aY contacts are open and closed also 
c an be utilized to convey information o ver the chan­
nel .  

CONSTRUCTION 

The TCF receiver unit for supervisory control 
and telemetering applications is mounted on a 
standard 19-inch wide p anel 101/z inches high ( 6 rack 
units) with edge slots for mounting on a standard 
relay rack. All components are mounted at the rear 

S U P ERSEDES I . L.  41 -945 .53A 
*Den otes change from s u pe rseded i ssue . 

of the p an el .  Fuses, a p ilot light, a power switch, an 
input attenuator, and a j ack for metering the dis­
criminator output current are accessible from the 
front of the p anel. Refer to Fig. 3. 

All of the circuitry that i s  suitabl e for mounting 
on printed circuit boards is contained in an enclo­
sure that projects from the rear o f  the p anel and is 
accessibl e  by opening a hinged door on the front o f  
the p anel .  Other components on the rear of the 
p anel 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 cir­
cuit. The dotted lines enclosing separate areas of 
Fig.  1 indicate that the components thus enclo sed 
are all on the same printed circuit bo ard. 

The enclo sure that contains the printed circuit 
boards is divided into seven comp artments. The 
p artitions between comp artments together with the 
outer walls of the enclo sure pro vide complete shield­
ing between adj acent bo ards 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 bo ard, which are contained in  the 
third-from-right and right hand comp artments respec­
tively. These are not required for the TCF receiver 
for supervisory control and telemetering and the 
compartments are v acant. 

The printed circuit bo ards slide into position in 
slotted guides at the top and bottom of each com­
p artment, and the board terminals engage a terminal 
block at the rear of the compartment. Each board 
and terminal block is keyed so that if a bo ard i s  
placed i n  the wrong compartment, i t  c annot be in­
serted into the terminal block. A handle on the front 
of each board is l abeled to identify its function in 
the circuit. 

A board extender ( Style No. 644B 3 1 5GO 1) is  
available for facilitating circuit voltage measure­
m ents or major adjustments. After withdrawing any 
one of the circuit boards, the extender i s  inserted in 
that comp artment. The bo ard then i s  inserted into 
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the terminal block on the front of the extender. This 
restores all circuit connections, and all compon­
ents and test points on the board are readily acces­
sibl e. 

A portion of the receiver op erates from a regu­
l ated 20 V . D . C. supply, and the remainder from a 
regulated 45 V. D. C. supply. These voltages are 
taken from two zener dio des mounted on a common 
heat sink . Variation of the resistance value be­
tween the po sitive side o f  the unregulated D.C.  sup­
ply and the 45 volt zener adapt the receiver for 
operation on 48, 1 25 or 250 V . D. C. 

External connection s  to the receiver are mad e  
through a 24-circuit receptacle, J 3  on  Fig. 1. The 
r-f input connection to the receiver is made through 
a coaxial cable j ack , J 2. 

OP ERATION 

I nput Control 

The signal s to which the TCF rec eiver responds 
are received through a co axial cable connected to 
j ack J 2  o f  Fig. 1 .  Resistor R4 and 20-volt zener 
diodes CR l and C R 2  protect the receiver from ab­
normally high voltages received through the coaxial 
cable. Input attenuator R5 reduces the signal to a 
level suitabl e for best operation of the receiver. 
The attenuator i s  adjustable from the front of the 
p anel and can be cl amp ed at the desired setting. A 
scal e  on the p anel is graduated in db. Whil e  thi s 
scale i s  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. scale of a suitable a-c 
voltmeter when possible. 

Crysta l F i l ter 

From the attenuator, the signal p asses through a 
crystal filter, FL 1. This fil ter has a narrow p as s  
b and,  and frequenci e s  several hundred cycles above 
or below the center frequency ( fc) of  the channel 
are greatly attenuated. Figure 2 sho ws a typical 
curve for the crystal filter, as well as a character­
istic  curve for the intermediate frequency filter, 
FL 2, and for the discriminator output. The n arrow 
p ass b and of FL 1 permits clo se spacing o f  channel 
frequenci es and reduces the possibility of fal se 
operation c aused by spurious signal s such as may 
result from arcing disconnects or corona discharge. 

2 

Osc i l l ator and Mixer 

From the crystal filter, the signal enters the 
o scillator and mixer stage of the receiver. Crystal 
Y 1 1 ,  transistors Q 1 2  and Q l 3, and their associated 
resistors and c ap acitors, comprise a crystal�con­
trolled o scillator that operates at a frequency 20 
KC above the channel frequency, fc. The output from 
this  local o scil lator is fed through transformer T l l  
to potentiometer R 1 2, and the l atter i s  adjusted to 
feed a suitable input to the base o f  mixer transistor 
Q 1 1. The output of FL 1 is impressed on the emitter­
collector circuit o f  Q 1 1 .  As the result o f  mixing 
these two frequenci e s, the primary of transformer 
T 1 2  will contain frequencies of 20KC,  2fc + alKC, 
fc and fc + 20K C. 

I F  Ampl i f ier 

The output from the secondary o f  T l 2  i s  ampli­
fi ed by Q3 1 ,  in the intermediate frequency amplifier 
stage, and is impressed on filter FL 2.  Thi s is a 
two- section fil ter, with both fil ters contained in a 
common case. Its p ass b and i s  c entered at 20KC. 
While its p assband i s  much wider than that of the 
crystal filter, it eliminates the frequencies present 
at its input that are substantially higher than 20KC.  

Amp l i fier and L i m iter 

The output from the second section o f  the IF 
amplifier stage i s  fed to potentiometer R52 at the 
input of the amplifier and limiter stage. Sufficient 
input is tak en from R5 2 so that with minimum input 
signal (5 mv.) at J2 and with R5 set for zero atten­
uation ,  satisfactory amplitude limiting will be ob­
tained at the output o f  the l imiter stage. 

Di scr im i nator 

The output of the limiter stage is fed to the 
discriminator. The discriminator is adjusted at the 
factory to have zero o utput ( as measured by a milli­
ammeter inserted in the circuit at j ack J 1) at fc 
cycl es. The adjustment for zero output at fc cycl es 
is m ade by cap acitor C88 . C8 3 also i s  adjusted to 
obtain a m aximum voltage reading acro s s  R8 4  when 
the current output is zero. Maximum current output, 
of opposite pol arities,  will be obtained when the 
frequency i s  100 cycle s  above or belo w the zero 
output frequency. Thi s sep aration of 200 cycle s  
between the current p eak s is  affected b y  the value 
of C86 ( the  actual value of which m ay be changed 
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slightly from its typical value in factory calibration 
if required). It sho uld be o bserved that although the 
higher si gnal frequency i s  fc + 100 cycles, after 
l eaving the mixer stage and as seen by the discrim­
inator the corresponding frequency i s  20KC- 100 
cycles.  Similarly, the lower signal frequency i s  
converted to 20KC + 100 cycl es. 

The discriminator output is connected to the 
bases of transistors Q8 1 and Q8 2 in such m anner 
that Q8 2 is m ade conductive when current flo ws o ut 
of terminal 4 ( which occurs with trip output) and 
Q8 1 is m ade conductive when current flo ws into 
terminal 4. Consequ ently , terminal 15 i s  at a poten­
tial of approximately + 20 volts at Guard frequency 
and terminal 1 1  is at +20 volts at Trip frequency. 

Output C i rcu i ts  

The o utput circuit board o f  the  receiver contain s 
output relay HG. The contacts o f  thi s  relay are the 
mercury-wetted type, which assures bouncel ess 
operation. It al so contains tel ephon e-typ e relay AL , 
the contacts o f  which can be used to energize an 
alarm. 

When Trip signal i s  rec eived, terminal 8 o f  
Output printed circuit bo ard i s  a t  approximately 
+20 volts potential and transi stor Q 10 1 becomes 
conductive,  which energizes relay HG.  When Guard 
signal i s  present, terminal 1 of the Output bo ard i s  
at approximately + 20 volts potential. The base o f  
transistor Q 10 2 i s  connected t o  terminal 1 and 8 
through resistors R 10 3  and R 10 4. Consequently 
when either Guard or Trip signal is present this 
transistor is conductive. 

When neither Guard nor Trip signal i s  present, 
indicating a loss of channel, Q 10.2 is not conduc­
tive and cap acitor C 10 1 begins to charge through 
resi stors R 106 and R 107 .  When the cap acitor volt­
age reaches the breakdown l evel of zener diode 
CR 10 2 (in appro ximately 1 50 milliseconds) transis­
tor Q 10 3 receives base input and b ecomes conduc­
tive. This removes base input from Q 10 4  and the 
alarm rel ay AL drops out and energizes an alarm 
through its normally-clo sed contacts. A copper slug 
on  the core of the alarm relay adds an a(lditional 
del ay of appro ximately 40 milli seconds before the 
alarm contacts clo se. When Guard signal reappears 
and Q 10 2  becomes conductive,  cap acitor C 10 1 dis­
charges rapidly through the low resi stance of R 10 7. 
This quick-reset feature o f  the RC time-delay re­
duces the po ssibility o f  op eration of the loss-of­
channel alarm by noise signal ,  which may o verride 
and cancel the Guard signal bri efly but repetitively 
or m ay app e ar as a false Trip signal. 

It shoul d be noted that relay HG has Form D 
contacts, and only the normally-open or the normally­
clo s ed contacts should be used unless there i s  no 
obj ection to having both contacts momentarily 
closed simultaneously when the rel ay is energized 
or deenergized. Also , for protection of the HG relay 
contacts, the external device controll ed should 
contain seri es resistance and c ap acitance (of  values 
suitabl e for the lo ad voltage and current) acro ss 
the terminals  that are externally connected to the 
HG rel ay terminal s.  With such protection the HG 
contacts have m aximum ratings of 2 amp eres, 500 
volts, and 100 volt-amp eres. The HG relay will pick 
up at approximately 20 volts. 

The AL relay contacts are rated at 4 amp s. , 
1 50 watts, for an a-c non-inductive lo ad. The rel ay 
will pick at 35 to 40 volts. 

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 o f  the 
p anel .  Resistors ( R 2, R3) of suitabl e val u e  are 
connected b etween the station battery supply and 
the 45 volt zener to adapt the receiver for use on 
48 , 1 25 or 250 V . D.C.  battery circuits. The receiver 
is connected to the external supply through a switch 
and fuses, and a pilot light indicates whether the 
D. C.  circuits are energized. Cap acitors C 1 and 
C 2  bypass r. f. or tran sient voltages to ground. 

CHARACTERI STICS 

Frequency range 30 - 200KC 

Sensitivity (noise- 0.005 vol t  ( 65 db below 1 watt 
free channel) for limiting) 

Input Imp edance 

B andwidth 
(crystal filter) 

Discriminator 

Op erating Time 

5000 ohms minimum 

down < 3 db at 220 cycl es 
down > 60 db at 1000 cycles 

Set for zero o utput at channel 
center frequency and for m ax. 
o utputs at 100 cycles above 
and below center frequency. 

9 ms. channel ( transm. and 
recvr. ) 

2 ms.  HG rel ay operate and re­
. l ease time s  
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Frequency 
spacing 
A. For two or 

more signal s 
o ver one­
way channel-

B. For two-way 
channel 

Ambient temp era­
ture range 

Battery voltage 
variations 
Rated Voltage 

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

Battery drain 

Dim ensions 

Weight 

500 cycl es minimum 

1500 cycles  m1mmum b etween 
transmitter and adjacent re­
cei ver frequenci es. 

- 20 °C to + 60 oc temp erature 
around chassis. 

Allowabl e V ariation 
4 2- 56 V. D .C .  

10 5- 140 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 an el hei ght - 10\lz" or  6 r .  u .  
P anel width - 19 " 

1 3 lb .  

I NSTAL L ATION 

The TCF receiver i s  generally suppli ed in  a 
cabinet or on a relay rack as a p art of a complete 
carrier assembly. The location must be free from 
dust, excessive humidity, vibration ,  corro siv e  fumes,  
or  heat. The maximum ambi ent temp erature around 

the chassis must not exc e ed 60 °. 

ADJUSTMENTS 

All  factory adjustments of the TCF receiver have 
b een c arefully made and should not be altered unle ss 
there i s  evidence o f  damage or mal functioning. Such 
adjustments are: frequency and output l evel of the 
o scill ator and mi xer; input to the amplifier and l imit­
er; frequency spacing and magnitude of discriminator 
output peaks. 

After the receiver has been installed, the input 
attenuator R5 must be set for the desired operating 
m argin. The receiver should not be set with a great­
er m argin of  sensitivity than i s  needed to assure 
correct op�ration with the maximum expected varia­
tio.n in attenuation of the transmitter signal .  In the 
absence of data on this ,  the receiver may be set to 
operate on a signal that i s  15 db below the expected 
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maximum signal. After installation of the receiver 
and the corresponding transmitter, and with a normal 
signal being received, input attenuator R5 should be 
adjusted to the position at which the alarm relay 
drop s out. R5 then should be readjusted to i ncrease 
the voltage supplied to the receiver by 15 db. The 
scal e  markings 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 case factory adjustments h av e  b een accident­
ally di�turbed or components have b een r eplaced, i t  
may be  necessary to readjust the o scillator and 
mixer, the limiter, or the discriminator, and pro­
cedures for these adjustments are described in the 
follo wing p aragraphs.  

P otentiometer R 1 2  in the o scillator and mixer 
should be s et for 0. 3 volt, measured with an a-c 
VTVM connected between TP 1 1  and terminal 18 on 
the circuit board ( ground terminal of voltmeter). A 
frequency counter can be connected to the sam e  
points for a check on the frequency, which should 
be 20KC above the channel frequency. The frequen­
cy is fixed by the crystal used, except  that it m ay 
be changed a few cycle s  by the value of cap acitor 
C 1 2. Reducing C 1 2  increases the frequency, but the 
cap acity should never be l ess than a v alue  that in­
sures reli able starting of o scill ation. The frequency 
at room temperature is usually s everal cycl es  abo ve 
the crystal nominal frequency as thi s reduces the 
frequency deviation at the temp erature extremes.  

The adjustment of  the amplifier and limiter i s  
made by potentiometer R 5 2. An o scillo scop e should 
be connected from the base of transistor Q54  to ter­
minal 18 of the limiter. With 5 mv. of signal frequen­
cy on the receiver input ( R5 at zero ) ,  R 5 2  should b e  
adjusted to the point where the p eak s of  the o scil­
loscope trace begin to fl atten. This should app ear 
on the upper and lower p eak s at approximately the 
same setting. The R5 2 adjusting screw then should 
be turned one turn farther in the direction to produce 
limiting. 

Adjustment of the discriminator is  m ade b,Y 
cap acitors C83 and C88.  Apply to the receiver input 
a 5 mv. signal taken from an o scil lator set at the 
center fre quency of the channel. ( R5 at zero . )  Con­
nect a 1. 5-0- 1. 5 milli ammeter in the circuit at J 1 
and a VTVM acro ss  R84. Adj ust C88 for zero current 
in the milli ammeter and C 8 3  for maximum voltage 
acro ss R84, rechecking the adjustments alternately 
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until no further change i s  observed. Remove the 
VTVM from acro ss R84 and obs erve the mill iammeter 
re ading as the o scillator frequency is vari ed. Posi­
tive and negative p e ak s  should occur at 100 cycle s  
above and belo w center fre quency. 

MAI NT ENANCE 

P eriodic checks of the received carrier signal 
and the receiver sensitivity will detect gradual 
deterioration and p ermi t  its correction before failure 
can result. An o verall check can be made with th e 
attenuatio n  control R5.  A change in op erating m ar­
gin from the ori ginal setting c an be detected by o b­
serving th e change in the dial setting required to 
drop out the al arm relay. I f  there is a sub stanti al 
reduction in margin ,  the si gnal voltage at the re­
ceiver i nput should be checked to see whether the 
reduction is due to loss of signal or loss of recei ver 
sensitivity. 

All adjustabl e components on the printed circuit 
boards are accessible when the door on the front o f  
the p anel is opened. ( An o ffset screwdriver would 
be required for adjusting R 1 2. )  Ho wever, as des­
cribed under "CONSTRUCTION " ,  any bo ard m ay be 
m ade entirely acc essibl e  whil e p e rmitting el ectrical 
op eration by using bo ard extender Style No. 
644B3 15GO 1.  This p ermits attaching instrument 
l e ads to the various test points or terminal s when 
making voltage, o scillo scope or frequency checks. 

It is advi sable to record voltage values after ad­
justment in  order to establish reference values which 
will be useful when checking the app aratus. The 
readings will remain  fairly constant o ver an indef­
inite p eriod unless a failure occurs. Ho wever, i f  
transistors are changed, there m ay b e  con siderable 
difference in these readings without the overall p er­
formance being affected. 

Typical voltage values are given in the following 
t abl es. Voltages should be measured with a VTVM. 
SJme readings may vary as much as ± 20o/c. 

TAB L E  I 
RECEIVER D-C MEASUR EMENTS 

Note: All voltage readings tak en with ground o f  d-e 
VTVM on terminal 18 ( +20 v.) . Receiver adjusted for 
15 db operatin g  m argin with input signal down 50 db 
from 1 watt. Unless otherwi se indicated, voltage will 
not vary appreci ably whether sign al is high, low o r  
fc frequency. 

Col lector 
of 

Trans i sto r 

Q l l  

Q 1 2  

Q 1 2  

Q 1 3  

Q13  

Q3 1 

Q32 

Q5 1 

Q5 2 

Q53 

Q54 

Q8 1 

Q8 1 

Q8 2 and Q l O l 

Q8 2 and Q 1 0 1  

Q103  

Q104 

Q105 

I . L . 41 -945.53 8 

20 
1 ± - 5  (No :,;i gnal) 

1 4 . 0  ( H i gh or low freq. signal) 

1 7 . 0  (No signal )  

1 5 .0 (High o r  l o w  freq. signal) 

18 . :'. 

20 ( N< '  ,, u�a;tl  or fc - 100 cy. )  

· 0 _ '; : k , 1 0 0  cy. ) 

, , ,L] or fc + 100 cy. ) 

< 0 :-, ( fc - JOO cy. ) 

45 ( No signal )  

TAB L E  I I  
RECEIVER RF MEASUREMENTS 

Co l lector of Trans i stor 

Q32 

Q5 1 

Q5 2 

Q53 

Q54 

Volts  ( fc + cy.) 

. 25 

. 3  

. 4 

2. 1 

4 .8  

F I L T ER RESPONSE MEASUREMENTS 

The crystal input fil ter ( FL 1) and the IF filter 
( FL 2) are in sealed containers and rep airs c an  b e  
m ade only b y  the factory. The stability of the origin­
al response characteri stic s  is such that in normal 
u sage no app reciabl e change in re sponse will occur. 
Ho wever the test circuits o f  Fi g. 9 can be u s ed in  
case there i s  reason to susp ect that either o f  the 
filters h as b een damaged. 

Fig. 2 sho ws the - 3db and - 60 db check points 
for the crystal filters. The response curve of the 
IF filter shows the combined effect o f  the two sec-
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tions,  and was o btained by adding the attenu ation of 
each section for i dentical frequencie s. The scale of  
Fig. 2 was cho sen to show the crystal filter re­
spo n se, which p ermitted only a portion of the IF 
filter curve to be shown. The check points for the 
p ass band of  e ach section of  the l atter are "down 
3db maximum at 19. 7 5 and 20. 25 K C " ,  and for the 
stop band are "down 18 db minimum at 19 . 00 and 
2 1. 00 K C " .  The sign al generator voltage ( Fig.  9 )  
must b e  h eld  constant throughout the entire check. 
A value of 20 db ( 7.8  volts) is suitable. The reading 
of VM2 at the fre quency of minimum attenuation 
should not be more than 2 2db belo w the reading o f  
VM L I t  should b e  noted that a limit m easured in 
thi s m anner is for convenience only and do es not 
indicate actual insertion loss of  the fil ter. Th e in­
sertion lo ss woul d be appro ximately 16db l ess than 
the m easured difference b ecause of the inp ut resis­
tor and the difference in input and output imp edances 
o f  the filter. 

B ecause o f  the extrem e frequency sensi ti vity o f  
the crystal filter, the o scil lator used i n  its test cir­
cuit should h ave very good fre quency stability and a 
clo se verni er control .  The o scill ators used for fac­
tory testing have special modifications for thi s use. 
A v alue of appro xim ately 10db ( 2. 45 volts) i s  suit­
abl e for the constant voltage at which to hold VM 1 
throughout the check . The reading of VM 2 at th e 
frequency ofminimum attenuation will vary somewh at 
with the channel frequency but should not be more 
than 1 1db below the reading of  VM 1.  ( Th e  filter in­
sertion loss is approximately 6db 1 ess than the 
difference in readings.)  

CONV E RSION OF RECE IVER FO R CHANGED 
CHANNEL F R EQU ENCY 

The p arts required for converting a TCF receiver 
for op erating on a different channel frequency con­
si st of a new crystal filter (FL 1) ,  a new local o s­
cillator crystal (Y  1 1) and probably a different feed­
b ack cap acitor ( C 1 2).  Because the wide  range o f  
channel frequenci es precludes m aintaining a factory 
stock of the various crystal s, immediate shipment 
of the fil ter and the o scill ator crystal cannot b e  
made. After the cry stals h ave b een p ro cured and the 
filter has b een compl eted, it is recommended that 
the receiver be returned to the factory for the con­
version and for compl ete test and adjustment. How­
ever, if the tim e  that the recei ver can b e  out o f  

6 

service  must b e  k ep t  to a minimum, the conversion 
may be m ade by custo mers who are equipp ed for 
this work. 

RECOMMENDED T EST EQUIPMENT 

I. M i n imum Test Equ i pment for I n sta l l at ion 

a A- C V acuum Tube Voltmeter ( VTVM) . Voltage 
range 0 .0 0 3  to 30 volts , frequency range 60 
cycl es/ sec. to 230-k c . ,  input imp edanc e 7. 5 
megohm s. 

b. D-C Vacuum Tube Voltmeter ( VTVM). 
Voltage Ran ge: 
Input Imp edance: 

1. 5 to 300 volts 
7. 5 m egohms 

I I .  Des i rab le  Test Equ ipment for Apparatus Ma i n­
tenance. 

a. All items listed in I .  

b. Si gn al G en erato r 
Output Voltage: 
Frequency Range: 

c. O scillosco p e  

d .  Frequency counter 

e. Ohmmeter 

f. Cap acitor check er 

Up to 8 volts 
20-kc to 230-kc 

g. Milli am meter 0- 1. 5 or  preferably 1.  5-0- 1. 5 
ran ge, for checking discrimin ato r. 

Some of the functions of the recomm ended test 
equipment are combined in the typ e  TCT carri er test 
m eter unit, which i s  desi gn ed to mount on a standard 
19 " rack but also can be remo v ed and used as a 

portabl e unit. 

RENEWAL PARTS 

R ep air  work can be don e  mo st sati sfactorily at 
the factory. Ho wever, replacement p arts can be fur­
nished, in mo st cases, to customers who are equipp ed 
for doing rep air work. When ordering p arts. al ways 
give th e compl ete nam epl ate data and i dentify the 
p art by its designation on the Intern al Schematic 
drawin g and Westinghouse Desi gnation on the 
Electrical P art L i st. 
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I . L .  41 -945.538 

EL ECTRICAL P ARTS L IST 

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

WESTINGHOUSE 
SYMBOL DESIGNATION 

CAPACITORS 

C 1  Oil-filled; 0 . 5  mfd. ; 1500 V . D . C .  1 87 79 6 2  

C2 Oil-filled;  0 .5  mfd . ;  1 500 V.D .C.  1 877962 

C 1 1  Metall ized 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  Metallized p aper; 0 . 25 mfd. ; 200 V. D. C.  1 87A624H0 2 

C 1 4  Metallized p ap er; 1 . 0  mfd . ;  200 V . D .C. 1 87A624H04 

C 1 5  Metall ized p ap er; 1 . 0  mfd. ;  200 V. D .C .  1 87A624H0 4 

C 3 1  Metall ized p ap er; 0 .25 mfd . ;  200 V . D . C. 1 8 7A624H0 2 

C32 Metallized p ap er ;  0.25 mfd . ;  200 V. D . C. 1 8 7A624H02 

C33 Metallized paper; 0 . 25 mfd . ;  200 V . D .C.  1 87A624H02 

C34 Metallized p ap er;  1 . 0  mfd . ;  200 V.D.C.  1 8 7A624H04 

C35 Metall ized p aper; 0 . 25 mfd . ;  200 V.D. C.  1 87 A624H0 2 

C 5 1  Metallized p aper; 0 .  25 mfd. ; 200 V .D .  C .  187A624H0 2 

C52 Metallized pap er;  0 . 25 mfd . ;  200 V.D .C . 1 8 7A624H02 

C53 Metallized paper;  0 . 1  mfd . ;  200 V . D .C. 1 8 7A624H0 1 

C54 Dur-Mica, 1 300 pf. ; 500 V.D . C .  1 87A584H 1 5  

C55 Metall ized p aper; 0. 1 mfd . ;  200 V.D. C. 1 87A624H0 1 

C56 Metallized p ap er; 0 . 25 mfd . ;  200 V. D .C .  187A624H0 2 

C57 Metallized paper; 0. 1 mfd. ;  200 V . D . C .  18 7A624H 0 1  

C58 Metallized paper; 0 . 25 mfd. ; 200 V . D . C .  1 87A624H02 

C59 Metallized p aper; 0 . 25 mfd . ;  200 V.D .C. 1 8 7A624H02 

C60 Metallized p aper; 1 . 0  mfd . ;  200 V.D .C. 187A624H04 

C 81 Mylar; 0 .22  mfd. ; 50 V . D . C. 762A703H0 1 

C82 Mylar; 0 . 2 2  mfd. ; 50 V.D. C. 762A703H0 1 

C83 variable ;  4 . 5 - 1 00 pf. 762A736H02 

C 84 Polystyrene, 9 1 00 pf. ; 200 V. D .C. 1 87A624H l 6  

C85 Temp. comp ensating; 1 50 V.D . C . ;  p f. as required 

C86 100 p f. ;  zero temp . coef. 1 8 7A684H08 

C87 Temp. compensating; 150 V. D . C . ;  pf.  as required 

C88 Variable ;  4.5 - 1 00 pf. 762A736H02 

C89 P olystyrene ; 9 1 00 p f. ;  200 V. D . C .  1 87 A624H 1 6  

C90 Mylar; 0 . 22 mfd. ; 50 V. D.C.  I 762A703H0 1 
+ 

C 9 1  Mylar; 0. 22 mfd . ;  5 0  V .D .C .  I 762A703H0 1 I ------ -+-
C 1 0 1  Tantalum, 6 . 8  mfd . ;  3 5  V.D. C .  ! 1 84A66 1H25 I 

. . ••• .L • . .  " _j 
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EL ECTRI CAL PARTS L IST (Cont' d.) 

CIRC U I T  WESTINGHO USE 
SYMBO L D E S C R I P T I O N  DESIGNATION 

DIO DES - GENERAL PURPOSE 

CR5 1 1N45 7A; 60 V. ; 200 MA. 1 84A855H07 

CR52 1N4 57A; 60 V.;  200 MA. 1 84A855H0 7 

CR53 1N457A; 60 V. ;  200 MA. 184A855H07 

CR8 1 1 N 9 1; 1 00 V . ;  1 50 MA. 182A88 1H04 

CR82 1 N 9 1 ;  1 00 V.;  150  MA. 1 82A88 1H04 

CR83 1 N 9 1 ;  100 V. ; 150 MA. 1 8 2A88 1H04 

CR85 1N628; 1 25 V. ;  20 MA. 1 84A844H 1 2  

CR86 1N628;  125  V.;  30 MA. 1 84A855H 1 2  

CR1 0 1  1N457A; 6 0  V. ; 2 00 MA. 1 84A885H07 

CR10 3 1N457A; 60 V . ;  2 00 MA. 1 84A885H07 

DIODES - ZENER 

C R 1  1N30 27A; 2 0  V.  ± 10%; 1 W. 1 88A307H 10  

CR2 1 N 30 27 A; 20 V. ± 10%; 1 W. 1 88A307H 10 

CR10 2 1N3686B; 20 V. ±5%; 750 MW. 185A2 1 2H06 

VR1 1N2828B; 45 V. ±5%; 50 W. 1 84A854H 0 6  

VR2 1 N 2984B; 20  V. ±5%; l O W. 762A6 3 1 H 0 1  

POTENTIOMETERS 

R5 lOK; 2W. 1 85A086H 10 

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

R 1 2  1 K ;  Vtw. 629A430H02 

R52 lK;  Vtw. 629A645H04 

RESI STORS 

R l  400 ohms ±5%; 25W. 1 20 2587 

R2 26. 5 ohms ±5%; 4 0W. (For 4 8  V .  Supply) 04D 1 299H44 

R2 1 50 ohms ± 5%; 4 0W.  (For 125 V.  Supply) 1 20 24 99 

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

R3 150 ohms ±5%; 40W. (For 125 v. Supply) 1 202499 

R3 500 ohms ±5%; 100 W.  (For 250 V. Supply) 6 29A843H0 3 

R4 100 ohms ±5%; 1 W. Composition 187A64 3H0 3 

R6 lOK ±5%; Yzw. Composition 1 84A763H 5 1  

R8 lOOK ±5%; 1 W. Composition 1 87A64 3H75 

R l l  lOK ±5%; YzW. Composition 1 84A763H5 1 

R 1 3  5. 6 K  ±5%; Yzw. Composition 184A763H45 

R 1 4  3 . 3K ±5%; Yzw. Composition 184A763H39 

R 15 330 o hms ±5%; YzW. Composition 1 84A763H l 5  

R 1 6  lOK ±5%; YzW. Composition 184A763H5 1 

R 1 7  3 3K ±5%; Yzw. Composition 1 84A763H63 

R 18 3. 3K ±5%; Yzw. Composition 1 8 4A763H39 

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

R 20 lOK ±5%; YzW. Composition 184A763H5 1 
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I . L .  41 -945.538 

EL ECTRICAL P ARTS L I ST {Cont'd.) 

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

WESTINGHOUSE 
SYMBO L DESIGNATION 

RESISTORS (Cont'd . )  

R 2 1  33K ±5%; Yzw. Composition 1 84A763H63 
R22 3 30 ohms ±5%; YzW. Composition 1 84A763H 1 5  

R23 lOK ±5%; Yzw. Composition 184A763H5 1  

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

R32 22K ±5%; Yzw. Composition 184A763H59 

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

R34 68  ohms ±5%; YzW. Composition 1 87A290H 2 1  

R35 lOK ±5%; Yzw. Composition 1 84A763H 5 1  

R36 330 ohms ± 5%; Yzw. Composition 1 84A763H 15  

R37 3 . 3K ±5%; Yzw. Composition 1 84A763H39 

R38 1000 ohms ±5%; YzW. Composition 1 84A763H27 

R39 2 2K ± 5%; YzW. Composition 1 84A763H59 

R40 680 ohms ±5%; YzW. Composition 1 84A763H23 

R4 1 68 ohms ±5%; YzW. Composition 1 87A290H2 1  

R42 lOK ±5%; Yzw. Composition 1 84A763H 5 1  

R5 1 4. 7K ±5%; YzW . Composition 1 84A763H43 

R53 27K ±5%; Yzw. Composition 184A 763H6 1 

R54 2 . 2K ±5%; YzW. Composition 184A763H 3 5  

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. Composition 1 84A763H43 
R58 27K ±5%; YzW. Composition 1 84A763H61  

R5 9 1 . 5K ±5%; W. Composition 184A763H 3 1  

R60 1 80 ohms ±5%; YzW. Composition 1 84A763H0 9 

R61  4 .  7K ±5%; Yzw. Composition 184A763H4 3 
R62 1 . 5K ±5%; Yzw. Composition 184A763H3 1 

R63 3 . 3K ±5%; Yzw. Composition 1 8 4A763H63 

R64 2. 7K ±5%; Yzw. Composition 1 84A763H37 

R65 680 ohms ±5%; Yzw. Composition 1 84A763H23 
R66 68  ohms ±5%; Yzw. Composition 187A290H 2 1  

R67 4 .  7K ±5%; YzW. Composition 1 84A763H43 
R68 2 .  7K ±5%; Yzw. Composition 1 84A763H37 

R69 1 8K ± 5%; Yzw. Composition 184A763H57 

R70 220 ohms ±5%; YzW. Composition 184A763H l l  
R 7 1  2 7 0  ohms ± 5%; Yzw. Composition 184A 763H l3 

R72 3 30 ohms ±5%; Yzw. Composition 1 84A763H 15  

R81  4 .  7K ±5%; YzW. Composition 184A763H43 

R8 2 4 .  7K ±5%; Yzw. Composition 1 84A763H43 

R83 2 .  2K ±5%; Yzw. Composition 1 84A763H35 
R84 2 .  2K ±5%; Yzw. Composition 184A763H35 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



EL ECTRICAL PARTS L I ST (Cont'd.) 

CIRCUIT 
D E S C R I P T I O N  WESTINGHOUSE 

SYMBO L DESIGNATION 

RESISTORS {Cont'd. ) 

R85 6. 8K ±5%; Yzw. Composition 1 84A763H47 

R l O l  1 8K ±5%; YzW. Composition 184A763H57 

R 1 0 2  l O K  ±5%; Yzw. Composition 1 84A763H 5 1  

R l 0 3  82K ±5%; Yzw. Composition 184A763H73 
R104  82K ±5%; Yzw. Composition 1 84A763H73 

R105  lOK ±5%; 1 W. Composition 187A643H5 1 
R106  3 9K ±5%; Yzw. Composition 1 84A763H65 

R107  1000 ohms ±5%; Yzw. Composition 1 85A763H27 

R108  10K ±5%; Yzw. Composition 1 84A763H5 1 

R109  22K ±5%; Yzw. Composition 1 84A763H23 

R l l O  27K ±5%; Yzw. Composition 1 84A763H6 1  

R l 1 1  10K +5%; YzW.  Composition 1 84A763H 5 1  
TRANSFORMERS 

T l l  Toroidal type, 10000/400 o hms 1962797 

T 1 2  Toroidal typ e, 25000/300 ohms 1962697  

T81 P ot. Core typ e 606B533G0 1 
T82 P ot.  Core type 606B533G02 

TRANSISTORS 

Q l l  2N652A 1 84A638H 1 6  

Q 1 2  2N 1 396 848A892H0 1 

Q 1 3  2N 1 3 96 84 8A892H0 1 

Q3 1 2N 274 1 87A270H0 1 

Q3 2 2N274 1 87A2 70H0 1 

Q5 1 2N396 762A575H03 

Q5 2 2N3 96 762A575H03 

Q53 2N 39 6 762A575H03 

Q54 2N396 762A585H03 

Q 8 1  2N652A 1 84A638H 1 6  

Q8 2 2N652A 1 84A638H 1 6  

Q10 1 2N699 184A638H 1 9  

Q10 2 2N696 762A585H0 1 

Q 1 0 3  2N697 184A638H l 8  

Q 104  2N699 1 84A638H 1 9  

MISCELLANEOUS 

Y l l  Oscillator Crystal (Frequency 2 0  KC above Channel Frequency) 762A800HO 1 + (Reg. Freq . .  

FL l Crystal Input Filter 4 10C466 + (Reg. Freq. · 

FL2 I .  F. Filter 762A6 1 3G0 1 

P L  Pilot L ight Bulb - For 4 8  V. Supply 1 87 Al 33H02 ' 

Pilot Light Bulb - For 1 25 or 250 V. Supply 1 8 3A9 55H0 1 I ---
-

--------·-------
-

--- ---
t---- - --� 

F l , F2 Fuse, 1 . 5A 1 1D9 19H26 l 

I I I 
-- t----- ----j 

AL Alarm Relay 408C 062H07 i r;G -----··-·-- --------·----- -----i 
I Mercury Weted Contact Relay; 2 amp, 500 v , tOO V . A. 188A573H04 

L--- -----------'----
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I . L. 41 -945.JA 

O m I [] 
PRINTED C I RCUIT BOARDS 
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FL201 
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REAR VIEW 
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* F i g. 4. Component L o cations on the TCF Receiver P anel. 
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I N STAL LATION 
Westinghouse I . L .  4 1 -945. 53D 

• OPERATION • MAI N TENANCE 

INSTRUCT IO N S  
TYP E TCF POWER LI N E  CARRI ER FREQU ENCY-SH I FT 
RECEIVER EQU I P M ENT - WITH RELAY OUTPUT FOR 

SUP ERVI SORY CONTROL AND TELEMETERI NG 

CAUTION: I t  is recomm ended that the user of  this 
equipment become thoroughly acquainted with the 
information in this instruction l e aflet before ener­
gizing the c arrier assembly. Failure to observe thi s 
precaution may result in damage to the equipment. 

If the c arrier set is mo unted in a c abinet, it must 
be bolted down to the floor or otherwi se secured 
before swinging out the equipment rack to prevent 
its tipping over. 

APP L ICATION 

The TCF fre quency-shift receiver e quipment as 
adapted for supervisory 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 100  hertz above the center 
frequency of the channel (which can be selected 
within the range of 3 0KHz to  3 00KHz), and it  is  trans­
mitted continuously when conditions are normal and 
no information is to be conveyed over the channel. 
Its reception indicates that the channel is operative. 
The Trip frequency ( so c alled because in frequency­
shift relaying applications the reception of thi s  fre­
quency causes closure of  rel ay contacts in the trip 
circuit of a circuit breaker ) is 1 0 0  hertz below the 
channel center frequency. When supervisory control 
or telemetering information is to be conveyed over 
the channel, the transmitter at one end of the chan­
nel 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 durations of the inter­
val s  that the rel ay contacts are open and closed al so 
can be utili zed to convey information over the chan­
nel . 

CONST RUCTION 

The TCF receiver unit for supervi sory control 
and tel em etering applications is mounted on a 
standard 19-inch wide p anel 10Vz inches high ( 6 rack 
units) with edge slots for mounting on a standard 
relay rack . All components are mounted at the rear 

SUPERSEDES I . L .  4 1 -945 .53C 
* Denotes change from s u perseded issue . 

of the p anel .  Fuses, a pilot light, a power switch, an 
input attenuator, and a j ack for metering the dis­
criminator outp ut current are accessible from the 
front of the p anel. Refer to Fig. 3. 

All of the circuitry that is suitable for mounting 
on printed circuit boards is contained in an enclo­
sure that proj ects from the rear of the p anel 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 these components in the cir­
cuit. The dotted lines enclo sing separate areas of 
Fig. 1 indicate that the components thus enclosed 
are all on the same printed circuit bo ard. 

The enclo sure that contains the printed circuit 
boards is divided into seven comp artments. The 
p artitions between comp artments together with the 
outer walls of the enclosure provide complete shield­
ing between adj acent bo ards 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 compartments respec­
tively. These are not required for the TCF receiver 
for supervisory control and tel emetering and the 
compartments are vacant. 

The printed circuit bo ards slide into po sition in 
slotted guides at the top and bottom of each com­
p artment, and the board terminal s  engage a terminal 
block at the rear of the compartment. Each board 
and terminal block i s  k eyed so that if a bo ard is 
p l aced in the wrong compartment, i t  c annot b e  in­
s erted into the terminal block. A handle on the front 
of each board is l abeled to identify its function in 
the circuit. 

A board extender ( style No. 644B 3 1 5GO 1) i s  
available for facilitating circuit voltage measure­
m ents or major adj u stments. After withdrawing 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 terminal blo ck on the front o f  the e xt en der. Thi s 

re stores all circuit conn ection s ,  and all compon­

ents and t e st points on th e b o ard are readily acc e s­

s i bl e .  

A portion o f  the receiver o p erat e s  fro m a regu­

l ated 20 V . D . C. supply,  and the remainder fro m a 

regulated 4 5  V. D. C. suppl y .  The s e  voltages are 

tak en from two zener dio d e s  m o unted o n  a common 

h eat sink . Vari ation o f  the resi stance val u e  b e­

tween the po siti ve side o f  the unre gul ated D . C. sup­

ply and th e 4 5  volt zener a d ap t  the recei v er fo r 

o p eration o n  48 , 1 25 or 250 V . D. C.  

Extern al conn ecti o n s  to thC' recei ver are m ad e  

thro u gh a 24- ci rc uit recep tacl e ,  J 3  o n  Fig.  1 .  The 

r- f inp ut connection to the rec ei v er i s  m ad e  throu gh 

a co axi al c abl e j ac k ,  J 2. 

OP ERATION 

I nput Control 

The s i gn al s  to which the TCF receiver re sponds 

are received thro u gh a co axi al c abl e connected to 

j ack J2 o f  Fig.  1 .  Resi sto r R4 and 20- volt z en er 

dio d e s  CR 1 and C R 2  protec� th e recei ver from ab­

normally high vol t ages rec eived thro u gh th e coaxial 

c abl e .  Input attenuator R 5  reduces the si gnal to a 

l evel sui t abl e for best op eration o f  the re ceiver. 

Th e attenuator i s  adj u stabl e from th e front of th e 

p anel and c an b e  cl amp e d  at the d e sired s etti n g. A 

scal e o n  th e p anel i s  gradusJed in db. Whi l e  thi s 

sc al e  i s  typ i c al rather than individually c ali brated, 

it i s  accurate within o n e o r  t wo db. and i s  useful in 

s etting appro ximate l evel s .  Setti ngs shoul d be m ad e  

by o b s ervation o f  the db. s c al e  o f  a suitabl e a- c 

vol tm eter wh en p o s si b l e .  

Crysta l F i l ter 

From th e atte nu ator , the s i gnal pas s e s  through a 

crys tal filt e r ,  F L l . T his f il t er has a narrow p ass 

band , and fr equenc ies s e veral hundred hertz abo ve 

or bel o w  the center fre qu ency ( fc) of the chan nel 

are greatly attenuated. F i gure 2 sho w s  a typi c al 

curve fo r the cry stal filter, as well  as a character­

istic curve fo r th e interm ediate fre qu ency fil ter, 

FL 2, and for the di scri m i n ator o utp ut. The n arro w 

p ass b an d  of FL 1 p ermi t s  clo s e  sp acing of chann el 

fre qu enci e s  and redu c e s  th e po s si bility o f  fal se 

op e ration c aused by spuri o u s  si gn al s such as m ay 

resul t  from arcing di sconn ect s or coro n a  di scharge. 

2 

Osc i l l ator and Mixer 

From the crystal filter,  the signal enters the 

o scil l ator and mixer stage o f  the receiv er. Crystal 

Y l l , transi stors Q 1 2  and Q 1 3, and their asso c i ated 

resi stors an d c ap acito rs , compri se a crystal-con­

trolled oscill ator that oper ates at a fr e qu e ncy 2 0K H z  

above the c hann e l  frequency , fc . The output from 

thi s  l o c al o scill ato r i s  fed through transformer T l l  

to po tentiom eter R 1 2, and the l atter i s  adj u st e d  to 

fe e d  a suitabl e inp ut to th e b a s e  o f  m i xer tran si sto r 

Q 1 1. The o utput o f  FL 1 i s  impre s se d  o n  the emitter­

col l e c to r  circuit o f  Q 1 1 .  A s  th e re s ul t  o f  mixing 

th e s e  two frequenci e s, the prim ary o f  tran sfo rmer 

T1 2 will c o ntain freq u e nc i e s  of 2 0K Hz, 2fc + 20KHz,  

fc  and fc + 2 0 K H z .  

IF Amp I i f ie r  

T h e  o utput from t h e  secondary o f  T 1 2  i s  ampli­

fi e d  by Q 3 1, in th e i nt erm edi ate fre quency amp lifier 

stage, and is impre ssed o n  fil ter FL 2 .  Thi s is a 

t wo- s ection fil ter, with both fil ters co ntai n e d  in a 

common cas e .  Its p as s  b and is c e ntered at 20KHz.  

W hile i ts p as s band is muc h wi de r than that of  the 

crystal filte r ,  i t  e li m inates the frequenc ies p r e s e nt 

at its i nput that are s ubst anti ally hi gher than 2 0 K H z .  

Amp I i f ier and L im i ter  

T h e  o utput fro m t h e  second s ectio n o f  th e I F  

ampl ifi er stage i s  f e d  to potenti o m eter R 5 2  a t  the 

i np ut o f  th e ampl i fi er and limiter stage. Suffi c i ent 

inp u t  is t ak en from R5 2 so that with minimum input 

si gn al (5 mv. ) at J 2  and with R5 set fo r zero atten­

uation ,  s ati s facto ry amplitude limiting will be o b­

tai n ed at the o utput o f  th e l i m i t er stage. 

D i sc r im i nator 

The o utp ut of th e l imiter stage i s  fed to the 

di scrimi n ator. Th e di scriminato r is adj u sted at th e 

factory to h ave zero o utput ( as m e asured by a milli­

amm eter ins erted in the circ ui t  at j ack J 1) at fc 

hertz . The adjus tme nt f or zero output at fc hertz 

i s  mad e  by cap acitor C S S .  X8 3 al so is ad justed to 

o btain a maximum voltage r e ading acr oss R84 w he n  

the c urrent output is z e ro . Maximum c urrent output , 

of opposite p o l aritie s ,  will be obtained w he n  the 

fr equency is 1 0 0  hertz abov e or b elow t he z ero 

o utp ut fre que ncy. This separat i on of 200 hertz 

betw e e n  the c urrent p e ak s  is affected by the value 

of C86 ( the actual v alue of  which may be c hanged 
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slightly from its typical v alue in factory calibration 
if required ) .  It should be observed that alt hough the 
higher signal frequency is  fc + 1 00 hertz , after 
leaving the mixer stage and as seen by the discrim­
inator the corresponding frequency is 20KHz-l OG 
hertz . Similarly , the lower signal frequency is 
converted to  20KH z + 1 00 hertz . 

The discrimin ator output i s  connected to the 
bases of transistors Q8 1 and G8 2 in such m anner 
that Q8 2 is  made conductive when current flows out 
of terminal 4 ( which occurs with trip output) and 
Q8 1 is made conductive when current flo ws into 
terminal 4. Consequently,  terminal 15 is at a poten­
tial of approximately + 20 volts at Guard frequency 
and termin al 1 1  is at + 20 volts at Trip frequency. 

Output Ci rcu its  

The output circuit bo ard o f  the receiver contains 
output rel ay HG. The contacts o f  thi s  rel ay are the 
mercury-wetted type ,  which assures bouncel ess  
operation. It al so contains telephone-typ e relay AL , 
the contacts o f  which can be used to energi ze an 
al arm. 

When Trip signal is received, terminal 8 o f  
Output p rinted circuit bo ard i s  at approximately 
t 20 volts potential and transi star Q 10 1 becomes 
conductive ,  which energizes relay HG.  When Guard 
signal is present, terminal 1 of the Output bo ard is  
at appro ximately + 20 volts potenti al .  The base o f  
tran si stor Q 10 2  is  connected t o  terminal 1 and 8 
through resistors R 10 3  and R 10 4. Con sequently 
when either Guard or Trip signal is present this 
transistor is conductive. 

When neither Guard nor  Trip signal is p resent, 
indic ating a lo s s  o f  channel, Q 10 2 i s  no t conduc­
tive and cap acitor C 10 1 begins to charge through 
resistors R 106 and R 10 7. When the cap acitor volt­
age reaches the breakdown l evel of zener diode 
CR 10 2 ( in approximately 1 50 milli seconds) transis­
tor Q 10 3 receives base input and becomes conduc­
ti ve. This removes base input from Q 10 4  and the 
alarm relay AL drops out and energi zes an alarm 
through its normally-clo sed contacts. A copper  slug 
on th e core of the alarm relay adds an a(:lditional 
del ay of appro xim ately 40 mill i s econds before the 
alarm contacts clo se. When Guard signal reappears 
and Q 10 2  becomes conductive, cap acitor C lO 1 di s­
charges rapidly through the low resistance o f  R 10 7. 
This quick-reset feature o f  the RC time- delay re­
duces the po ssibili ty of operation of th e loss-of­
channel alarm by noi se signal , which may override 
and cancel the Guard signal bri e fly but rep etitively 
or may appear as a fal se Trip signal .  

I . L .  41 -945. 530 

It shoul d be noted that rel ay HG has Form D 
contacts, and only the norm ally-open o r  the normally­
clo s ed contacts should be used unl ess  there i s  no 
obj ection to having both cont acts mom entarily 
clo sed simultaneously when the rel ay is energi zed 
or deenergi zed. Also , for protection of the HG rel ay 
contacts, the external device controll ed should 
contain series resi stance and capacitance (of  values 
suitabl e for the load voltage and current) acro ss  
the  termin al s  that are external ly connected to the 
HG r elay terminals. With such protection the HG 
contacts have maximum ratings of 2 amperes,  500 
volts ,  and 100 volt- amperes. The HG rel ay will pick 
up at approximately 20 volts.  

The AL relay contacts are r ated at 4 amp s. , 
1 50 watts,  for an a-c non-inductive lo ad. The rel ay 
will pick at 35 to 40 volts.  

Power Supp l y  

The regulated 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 of the 
p an el .  Resistors ( R 2, R3) of suitabl e val u e  are 
connected b etween the station battery supply and 
the 45 volt zener to adapt the receiver for use o n  
48 , 1 25 o r  250 V.D.C.  battery circuits.  The receiver 
is  connected to the external supply through a switch 
and fuses, and a pilot light indicates whether the 
D. C. circuits  are energi zed. Cap acitors C l  and 
C 2  bypass r. f. or tran sient voltages to ground. 

CHARACT ERISTICS 

Frequency range 3 0-300KHz 

Sensitivity ( noise- 0 .005  vol t  ( 65 db below 1 watt 
free channel) for limiting) 

Inp ut Impedance 5000 ohms minimum 

Bandwidth 
(crystal fil ter) 

Di scriminator 

do wn < 3 db at 220 H z .  
down > 6 0  db at 1 000 H z. 

Set for zero output at channel 
ce nter frequency and for max . 
outputs at 1 00 hertz above 
and below center frequency. 

Operating Tim e  9 ms.  channel ( transm. and 
recvr. ) 

2 ms.  HG rel ay op erate and re­
l ease tim e s  
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Frequency 
spacing 
A. For two or 

more signal s 
o ver one­
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. 

Battery drain 

Dimen sions 

Weight 

500 hertz minimum 

1 000 hertz m1mmum between 
transmitter and adjac ent re­
ceiver frequencie s .  

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

Allo wabl e V ari ation 
4 2- 56 V. D .C .  

10 5- 140 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 an el h ei ght - 10\lz" o r  6 r .  u. 
P anel width - 19 " 

1 3  lb. 

I NSTAL L ATION 

The TCF receiver i s  generally supplied in a 
cabinet o r  on a rel ay rack as a p art of a complete 
c arri er assembly. The location must be free from 
dust, excessive humidity, vibration, corro sive fumes,  
or he at. The maximum ambient temperature aro und 
the chassis must not exceed 55 o C. 

4 

ADJUSTMENTS 

All factory adjustments of the TCF receiver hav e  
been carefully m ade and should not b e  altered unless 
there i s  evidenc e o f  dam age or m al functioning. Such 
adjustments are: frequency and output l evel of th e 
o scill ator and mi xer; input to the ampli fi er and l imit­
er; frequency sp acing and m agnitude of discriminator 
output p e aks. 

After the receiver has been installed, the input 
attenuator R5 must be set for the desired operating 
m argin. The receiver should not be set with a great­
er m argin o f  sensitivity than i s  needed to assure 
correct op eration with th e maximum exp ected vari a­
tion in attenuation of the tran smitter signal .  In the 
absenc e of  data on this,  th e receiver may be set to 
op erate on a signal that is 1 5  db belo w the exp ected 

m aximum signal. After install ation of the receiver 
and the correspondi n g  transmitter, and with a norm al 
signal being received, input attenuator R5 should be 
adj u sted to the position at which the alarm rel ay 
drop s out. R5 then should be readju sted to i ncrease 
the voltage supplied  to the receiver by 15 db. Th e 
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 case factory adjustm ents h ave been accident­
ally disturbed or components have b een repl ac ed, i t  
may b e  necessary t o  readjust the oscillator and 
mixer, the limiter, or the discriminator, and pro­
cedures for these adjustments are describ ed in the 
follo wing p aragraphs. 

P otentiometer R 1 2  in the o scil lator and mi xer 
should b e  s et for 0 .  3 volt, m e asured with an a-c 
VTVM connected between TP 1 1  and terminal 18 on  
the circuit board ( ground terminal o f  voltmeter). A 
frequency counter can be connected to the sam e  
points for a check on  the frequency, which should 
be 20KHz above the c hannel frequency. The frequen­
cy is fixed by the crystal used , except that it may 
be changed a few hertz by the v alue of c apacitor 
C l 2. Reducing C 1 2  increases the frequency , but the 
capacity should never be less than a value that in­
sures reliable starting of oscill ation . The frequency 
at room temperature is usually several hertz above 
the crystal nomin al frequency as this reduces the 
fr e quency d e vi ation at the temper ature e x tre me s .  

The adjustment of  the amplifier and limiter i s  
made by potentiometer R 5 2. An o scillo scop e should 
be connected from the base of tran sistor Q54 to t er­
minal 18 of the limiter. With 5 mv. of  signal frequen­
cy on the receiver input ( R5 at zero ) ,  R 5 2  should be 
adjusted to the point where the p eak s o f  the o scil­
lo scope trace begin to fl atten.  Thi s should app ear 
on the upper and lo wer p eak s at approximately the 
same setting. Th e R 5 2  adjusting screw then should 
be turned one turn farther in the direction to produce 
limiting. 

Adjustment of the discriminator is m ade by 
cap acitors C83 and C88. Apply to the receiver input 
a 5 mv. sign al taken from an o scil l ator set at the 
center frequency of the channel. ( R5 at zero . )  Con­
nect a 1. 5-0- 1. 5  milli ammeter in the circuit at J 1  
and a VTVM acro ss R84. Adj ust C88 for zero current 
in th e milli ammeter and C83 for maximum voltage 
acro ss R84, rech ecking the adj ustments alternately 
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until no further change i s  ob served. Remov e  the 

VTVM from acro ss R84 and obs erve th e mill i amm eter 

re ading as the o scillator frequency i s  v ari ed. Posi­

tive and ne gative peaks shou ld occur at 1 00 her tz 

above and below center fre que ncy. 

MAI NT ENANCE 

P erio dic checks o f  the rec ei v e d  c arri er signal 

and the receiver sensitivity will detect gradual 

deterioration an d p ermi t  its correction before failure 

can result. An o verall check can be m ade with th e 

attenuation control R5. A change in op erating m ar­

gin from the o ri gi n al settin g  can be detected by o b­

servin g  the change in the dial s etti ng required to 

drop out the al arm rel ay .  If there is a sub stanti al 

reduction in margin, the si gn al voltage at the re­

cei ver input should be check ed to see whether th e 

reduction i s  due to loss of signal or l oss of rec ei ver 

sensitivity. 

All adju stabl e components on the printed circuit 

bo ard s are acc es sibl e when the door on the front o f  

the p an el i s  opened. ( An o ffset screwdriv er would 

be required for adj usting R 1 2. )  Ho wever, as d e s­

cri bed under "CONSTRUCTION " ,  any bo ard m ay b e  

m ade entirely acc essibl e whi l e  p ermittin g  el ectric al 

op eration by u sing bo ard e xtender Styl e No. 

644B3 15GO 1.  Thi s permits attaching instrument 

l e ads to the various test points or termi n al s  when 

mak in g  voltage, o scillo scope or frequency checks. 

It is ad vi sabl e to record voltage v al ue s  after ad­

justment in  order to establish r eference val u es which 

will be u seful when c h ecking the app aratus. The 

re adings will rem ain fairly const an t  o ver an indef­

inite p eriod unl ess a f ailure occurs. Ho wever, i f  

transi stors are chan g e d, there m ay b e  con sid erabl e 

difference in these readings without the o verall p er­

form ance being affected. 

Typical voltage val ue s  are given in the following 

t abl es. Voltages shoul d be m easured with a VTVM. 

some readings may vary as much as ± 20o/c. 

TABLE I 
R ECEIVER D-C MEASUR EMENTS 

Note: All voltage readings tak en with ground o f  d- e 

VTVM on terminal 18 ( +20 v .) . Rec eiver adjusted for 

15 db op eratin g  m argin with input signal down 50 db 

from 1 watt. Unl ess otherwi se in  die ated, voltage will  

not  vary appreci ably whether signal is  hi gh, low or 

fc frequency. 

I . L .  4 1 - 9 45. 530 

Co l l ector 
of 

Tran s i stor Volts (-) 

Q l l 20 

Q1 2  1 4 . 5  (No si gn al )  

Q 1 2  1 4 . 0  ( H i gh or l o w  freq. si gnal) 

Q 1 3  1 7 . 0  ( No signal )  

Q 1 3  1 5 . 0  ( H i gh or l o w  freq. si gnal) 

Q 3 1  18. 5 

Q 3 2  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 H z . )  

Q8 2 and Q 1 0 1  20 ( No 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 sign al) 

Q 1 0 4  < 0 .  5 ( No signal )  

Q 10 5  45 ( No signal) 

TAB L E  I I  
R ECEIVER R F  MEASUR EMENTS 

Co l l ector of Trans i stor 

Q32 

Q5 1 

Q5 2 

Q53 

Q54 

Vol ts  ( fc + cy.) 

. 25 

. 3  

. 4  

2 . 1  

4 . 8  

FILTER R ESPONSE MEASUR EMENTS 

Th e crystal input fil t er ( FL 1)  and the I F  fil ter 

( FL 2) are in  seal e d  contai n ers and repairs c an b e  

m ade only b y  the factory. Th e stabil ity o f  th e ori gin­

al response charac teri sti c s  i s  such th at in no rm al 

usage no appreci abl e change in response will o c cur. 

Ho wever th e t e st circuits of Fi g. 9 can be u sed in 

case there is reason to susp ect that ei ther of th e 

fil ters h as been dam aged. 

Fig. 2 sho ws th e - 3db an d - 60 db ch eck points 

fo r the crystal fil ters. Th e response curv e  of the 

IF fil t er sho w s  the combi n ed effect of th e two sec-
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tions,  and was o btained by addin g  the attenuation of  
each section for i dentical fre quencie s. The scal e o f  
Fig. 2 was cho sen to show the crystal filter re­
spo n se, which p ermitted only a portion o f  the IF 
filter curve to be shown. The check points for the 
p ass band of e ach section of  the l atter are "down 
3db maximum at 1 9. 7 5  and 20 . 2 5  KHz" , and for th e 
stop band are "down 1 8  db minimum at 1 9 .00 and 
2 1 .00  KHz" . The signal generator voltage (Fig . 9 )  
must be hel d  constant throughout the entire check. 
A val u e  of  20 db ( 7. 8  volts) i s  suitable. The reading 
of  VM2 at the fre quency of  minimum attenuation 
should not be more than 2 2db belo w the reading o f  
V M  1 .  I t  should b e  noted that a limit measured in 
thi s manner is for conveni ence only and do es not 
indicate actual insertion loss of  the fil ter. The in­
sertion loss would be appro ximately 16db l ess than 
the measured difference b ecause of  the input resis­
tor and th e  difference in input and output imp edances 
of the filter. 

Becau se o f  the extreme frequency sensiti vity o f  
the crystal fil ter, th e o scil l ator used i n  its test cir­
cuit should h ave very good fre quency stability and a 
clos e  vernier control . The o scill ators used for fac­
tory testing have special modifications for thi s use. 
A v alue o f  appro ximately 10db ( 2. 45 volts) is suit­
abl e for the constant voltage at whi ch to hold VM 1 
throughout the check . The readin g  o f  VM 2 at th e 
frequency o fminimum attenuation will vary somewh at 
with the channel frequency but should not be more 
than l ldb belo w the reading of VM 1. ( The filter in­
sertion loss is approximately  6 db l ess than the 
difference in readings.)  

CONVERSION OF RECE IVER FO R CHANGED 
CHANNEL F R EQUENCY 

The p arts required for converting a TCF receiver 
for op eratin g on a different channel frequency con­
sist of a new crystal fil ter ( FL 1) ,  a new local o s­
cillator crystal ( Y  1 1) and probably a di fferent feed­
back cap acitor (C 1 2) .  Because th e wide range o f  
channel frequenci es precludes m aintaining a facto ry 
sto ck of  the various crystal s, imm ediate shipment 
of the fil ter and the o scill ator crystal cannot be 
made. After the crystals h ave b e en procured and the 
filter has b een compl eted, it is recommended that 
the receiver be returned to the factory fo r th e con­
version and for compl ete test and adjustment. How­
ever, if the tim e  that the recei ver can be out o f  

6 

service  must b e  k ept to a minimum, the conversion 
may be m ade by customers who are equipp ed for 
this work. 

RECOMMENDED T EST EQUI PMENT 

I .  Mi n imum Test Equ ipment for I n sta l l at ion 

'l. A-C V acuum Tube Voltmeter (VTVM ). Voltage 
range 0 . 00 3  to 30 volts , frequency range 6 0  
hertz t o  33 0 KHz , input impedance 7 .5 
mego hms. 

b .  D-C Vacuum Tube Voltm eter ( VTVM) .  
Voltage R ange: 1 .  5 to  300 volts 
Input Impedance: 7. 5 m egohms 

I I .  Des i rab le  Test Equ ipment for Apparatus Mai n­
tenance. 

a. All items listed in I .  

b. Si gnal Gen erator 
Output Voltage: Up to 8 volts 
Frequency Range: 20K H z  to 3 30KHz 

c. O scilloscop e 

d. Frequency counter 

e. Ohmmeter 

f. Cap acitor ch ecker 

g. Mill i ammeter 0- 1. 5 or preferably 1. 5-0- 1. 5 
ran ge, for checking di scrimin ator. 

&lme of the functions of the recomm ended test 
equipm ent are combined in th e typ e TCT carri er test 
meter unit, whi ch i s  desi gn ed to mount on a standard 
19 " rack but also can be remo ved and used as a 

portabl e unit. 

REN EWAL PARTS 

R ep ai r  work can be don e  most s ati sfactorily at 
the factory. Ho wever, replacement p arts can be fur­
nished, in mo st cases, to customers who are equipp ed 
for doing rep air wo rk . When o rdering p arts. al ways 
gi ve th e compl ete namepl ate data and identify the 
p art by its designation on the Internal Sch em atic 
drawing and Westinghouse Desi gnation on the 
Electrical P art Li st. 
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A D D E N D U M  

With shi pments of sets starting in early 1 97 3 ,  the 

germanium tr ansistors used in the various modules 

were re placed w ith sil icon transi st ors . In addi tion,  

due to the nature of silicon transis tors , s ome r e­

sistor values in the circuits had to be c hanged in  

o rder t o  correctly bias these trans istors . The refor e 

the trans istors are not r e place able on a p in for pin 

basis throu ghout t he r e c eiver .  Before attempting to 

replace a g ermanium trans is tor with a silicon 

transistor on older  s e ts using ge rmanium, please 

check t he s c he mat ic s on the fol lowing pages to see 

i f  the l ocation w here the r e placement i s  desired has 

additi onal co mponent c hange s .  If t hat is the cas e ,  

the n  the re plac e ment c a n  only b e  made b y  the same 

de s ig nati on transis tor or the additional component 

c hanges must al so be made . It s hould be p ointed out 

that the modules c ont aining the sili c on tr ansistor s  

are co mp letely interc hange abl e with the modules 

containing germ anium transi stor s. Therefore , the re 

is no p roblem w ith intermixing the s ilic on transistor 

modules w ith the germanium transistor modules 

in  the same receiver .  Thus complete new mod u le s  

containing s i licon transistors can b e  ordered and 

u sed as re placeme nts in older r e c e ivers having 

ge rmanium transistor module s .  The new modules 

have the same style numbers as the old ge rm ani um 

tr ansis tor modu les they r e plac e .  

I . L .  4 1 -945. 530 
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EL ECTRI CAL P ARTS L IST 

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

WESTINGHOUSE 
SYMBOL DESIGNATION 

CAPAC ITORS 

C 1  Oil-filled; 0 . 5  mfd. ; 1 5 00 V . D . C .  1 87 79 6 2  

C 2  Oil-filled; 0 . 5  mfd . ;  1 500 V .D .C .  1 877962  

C l l  Metall ized paper; 0 . 25 mfd . ;  200 V. D . C .  1 87A624H02 

C 1 2- C 1 6  Mica, capacity as required; 500 V . D .  C. 

C 13 M etall ized p aper; 0 . 25 mfd . ;  200 V. D. C.  1 87A624H0 2 

C 14 Metallized p ap er; 1 . 0  mfd . ;  200 V . D .C. 1 87A624H04 

C 15 Metallized p ap er; 1 . 0  mfd . ;  200 V .D . C. 1 87A624H04 

C3 1 Metallized p ap er; 0 .25 mfd . ;  200 V . D . C. 1 87A624H0 2 

C32 Metallized p ap er; 0. 25 mfd. ; 200 V. D . C. 1 8 7A624H02 

C33 Metallized paper; 0 . 25 mfd. ; 200 V . D . C. 1 87A624H02 

C34 Metallized p ap er; 1 . 0  mfd . ;  200  V.D.C.  1 87A624H04 

C35 Metall ized p aper; 0 . 25 mfd . ;  200 V.D. C. 1 87A624H02 

C 5 1  Metallized p aper; 0 .25  mfd . ;  2 0 0  V .D .C. 1 87A624H02 

C52 Metallized paper; 0 . 2 5  mfd . ;  200 V.D .C . 1 8 7A624H02 

C53 Metallized paper; 0 . 1  mfd. ; 200 V.D .C. 1 87A624 H 0 1  

C54 Dur-Mi ca, 1 300 pf. ; 500 V. D . C .  1 87A584H 1 5  

C55 Metall ized p aper; 0. 1 mfd . ;  200 V.D. C. 1 87A624HO l 

C56 Metallized pap er; 0 . 25 mfd. ;  200 V . D . C. 187A624H0 2 

C57 Metallized paper; 0. 1 mfd . ;  200 V. D . C .  18 7A624H0 1 

C 58 M etallized paper; 0 . 25 mfd . ;  200 V . D . C .  1 87A624H02 

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.  187A6 24 H04 

C 8 1  Mylar; 0 . 2 2  mfd . ;  5 0  V . D . C. 7 62A70 3H0 1 

C82 Myl ar; 0 . 2 2  mfd. ; 50 V .D . C.  762A703H0 1 

C83 variable; 4. 5 - 1 00 pf. 762A736H02 

C 84 Polystyrene, 9 1 00 pf. ; 200 V. D .C. 1 87A624 H 1 6  

C85 Temp. comp ensating; 1 50 V.D . C . ;  pf. as required 

C86 1 00 pf. ; zero temp . coef. 1 8 7  A684H08 

C87 Temp. comp ensating; 150 V.D.C . ; pf. as required 

C88 Variabl e ;  4 . 5 - 1 00 pf. 762A736H02 

C89 P olystyrene ; 9 1 00 pf. ;  200 V. D. C .  1 87A6 24H 1 6  

C90 Myl ar; 0 . 2 2  mfd. ; 50 V. D . C .  762A703H0 1 

C91  Mylar; 0 .22  mfd . ;  50  V. D . C .  762A703H0 1 

C l 0 1  Tantalum , 6 . 8  mfd. ; 3 5  V .D . C .  1 84A66 1H25 
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I . L .  4 1 -9 45.530 

EL ECTRI CAL P ARTS L IST (Cont'd.) 

CIRCUIT WEST I NGHOUSE 
SYMBO L D E S C R I PT I O N  DES I G N ATION 

DIO DES - GENERAL PURPOSE 

CR5 1 1N45 7A; 60 V. ; 200 MA. 1 84A855H07 

CR52 1N457A; 60 V.;  200 MA. 1 84A855H07 

CR53 1N457A; 60 V.; 200 MA. 1 8 4A855H07 

CR8 1 1 N 9 1 ;  1 00 V . ;  1 50 MA. 1 8 2A881H04 

CR82 1N91 ;  1 00 V . ;  1 5 0  MA. 1 82A88 1H04 

CR83 1 N 9 1 ;  100 V. ; 150 MA. 1 8 2A88 1H0 4  

CR85 1N628; 125 V . ;  20 MA. 1 84A844H 1 2  

CR86 1N628; 125 V. ; 30 MA. 1 84A855H 1 2  

CR1 0 1  1N457A; 60 V . ;  2 00 MA. 1 84A885H07 

CR1 0 3  1N4 57A; 6 0  V . ;  200 MA. 1 84A885H07 

DIODES - ZENER 

CRl 1N30 27A; 20 V. ± 10%; 1 W. 1 88A307 H 1 0  

CR2 1N30 27A; 20 V.  ± 10%; 1 W. 1 88A307H 1 0  

CR 1 0 2  1N3686B; 2 0  V .  ± 5%; 7 5 0  MW. 1 85A2 1 2H06 

VRl 1N2828B; 45  V. ±5%; 50 W. 1 84A854H06 

VR2 1N 2984B; 20 V. ± 5%; l O W. 762A63 1H0 1 

POTENTIOMETERS 

R5 lOK; 2W. 1 85A086H 1 0  

R 7  250K; 2W. 1 85A086H l l  

R l 2  l K ;  \4W .  629A430H02 

R52 lK;  1/tw. 629A645H04 

RESISTORS 

R l  400 ohms ±5%; 25W. 1 202587 

R2 26 .5  ohms ±5%; 4 0W. ( For 4 8  V .  Supply) 04D 1 299H44 

R2 1 50 ohms ± 5%; 4 0W.  ( Fo r  1 25 V.  Supply) 1 20 24 99 

R2 300 o hms ±5%; 50W. (For 250 v. Supply) 763A963H0 1 

R3 150 ohms ±5%; 40W. (For 125 V. Supply) 1 202499 

R3 500 ohms ±5%; 100 W. (For 250 V. Supply) 6 29A843H0 3 

R4 100 ohms ±5%; 1W.  Composition 1 87A643H0 3 

R6 lOK ±5%; VzW. Compo sition 1 84A763H 5 1  

R8 lOOK ±5%; 1 W. Composition 1 87A64 3H75 

R 1 1 10K ±5%; VzW. Composition 1 84A 763H5 1 

R 1 3  5 .  6K ±5%; 1/zW. Composition 184A763H45 

R 1 4  3 . 3K ± 5%; Yzw. Compo sition 184A7 63H39 

R 1 5  330 o hms ±5%; Vzw. Composition 1 84A763H l5  

R 1 6  10K ±5%; Y2W. Comp osition 184A763H5 1 

R 1 7  3 3K ±5%; Yzw. Composition 184A763H63 

R 18 3. 3K ±5%; VzW. Composition 184A763H39 

R 1 9  3 . 3K ±5%; Vzw. Compo sition 1 84A763H 3 9  

R20 10K ±5%; VzW. Composition 184A763H5 1 
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EL ECTRICAL P ARTS L I ST (Cont'd.) 

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

WESTINGHOUSE 
SYMBO L DESIGNATION 

RESISTORS (Cont' d . )  

R 2 1  3 3 K  ±5%; 1/zw. Composition 1 8 4A763H63 

R22 330 ohms ± 5%; 1/zw. Composition 1 84A763H 15  

R 23 lOK ± 5%; l!zw. Composition 184A763H5 1  

R3 1 3. 3K ±5%; 1/zw. Composition 184A763H39 

R32 22K ±5%; 1/zW. Composition 184A763H5 9 

R33 680 ohms ±5%; 1/zW. Composition 184A763H23 

R34 68  ohms ±5%; YzW. Composition 1 87A290H 2 1  

R35 lOK ±5%; YzW. Composition 1 84A7 63H 5 1  

R36 330 ohms ± 5%; 1/zW. Composition 1 84A763H 1 5  

R37 3 . 3K ±5%; 1/zW. Composition 1 84A763H39 

R38 1000 ohms ±5%; 1/zW. Composition 1 84A763H 27 

R39 2 2K ± 5%; 1/zw. Composition 1 84A763H59 

R40 680 ohms ±5%; 1/zw. Composition 1 84A763H23 

R4 1 68 ohms ±5%; YzW. Composition 1 87A290H 2 1  

R42 lOK ±5%; Yzw. Composition 1 8 4A763H 5 1  

R5 1 4. 7K ±5%; Yzw . Composition 184A763H4 3  

R53 27K ±5%; YzW. Composition 184A763H 6 1  

R54 2. 2K ±5%; 1/zw. Composition 184A763H35 

R55 27 ohms ±5%; 1/zW. Composition 1 87A290H l l  

R56 lOK ± 5%; YzW. Composition 1 84A763H 5 1  

R57 4 .  7K ±5%; YzW. Composition 1 84A763H43 

R58 27K ±5%; 1/zW. Composition 184A763H 6 1  

R5 9 1 . 5K ±5%; W. Composition 184A763H3 1 

R60 1 80 ohms ±5%; YzW. Composition 1 84A763H0 9 

R 6 1  4 .  7K ±5%; YzW. Composition 184 A  763H43 

R62 1 . 5K ±5%; 1/zw. Composition 18 4A763H 3 1  

R63 3 . 3K ±5%; YzW. Composition 184A763H63 

R64 2 .  7K ±5%; 1/zW. Composition 1 84A763H37 

R65 680 ohms ±5%; Yzw. Composition 184A763H23 

R66 68  ohms ±5%; YzW. Composition 187A290H 2 1  

R67 4 .  7K ±5%; 1/zw. Composition 184A 763H43 

R68 2. 7K ±5%; YzW. Composition 1 84A763H37 

R69 1 8K ± 5%; 1/zW. Composition 184A763H57 

R70 220 ohms ±5%; 1/zW. Composition 184A763H l l  

R 7 1  2 7 0  ohms ± 5%; 1/zw. Composition 184A763H 13 

R72 330 ohms ±5%; l!zw. Composition 1 84A763Hl5  

R81  4 .  7K ±5%; 1/zw. Composition 184A763H43 

R82 4. 7K ±5%; 1/zw. Composition 1 84 A763H4 3 

R83 2 .  2K ±5%; 1/zw. Composition 1 84A763H35 

R84 2 . 2K ± 5%; 1/zw. Composition 184 A  763H35 
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CIRCUIT 
SYMBOL 

R85 

R 1 0 1 

R 1 0 2  

R 1 0 3  

R 1 04 

R105  
R 1 0 6  

R 1 0 7  

R 108 

R 109 

R l l O 

R 1 1 1  

T 1 1  

T 1 2  

T81  

T82 

Q l l  

Q 1 2  

Q 1 3  
�-

Q3 1 

Q3 2 

Q5 1 

Q52 

Q53 

Q54 

Q81  

Q8 2 

Q 1 0 1  

Q10 2 

Q10 3 

Q l 0 4  

Y 1 1  

FL l 

FL2 

P L  

F 1 , F2 

AL 

HG 

EL ECT RICAL PARTS L I ST (Cont' d.) 

D E S C R I P T I O N  

RESISTORS (Cont'd . )  

6. 8K ±5%; VzW. Composition 

1 8K ±5%; lfzw. Comp osition 
-

10K ±5%; lfzw. Composition 

82K ±5%; VzW. Composition 

82K ±5%; VzW. Composition 

10K ±5%; 1 W. Composition 
39K ±5%; lfzw. Compositio n 

1000 ohms ±5%; 1/zW. Compo sition 

1 0K ±5%; Vzw. Composition 

22K ± 5%; Vzw. Composition 
---

27K ±5%; lfzw. Composition 

10K ±5%; VzW. Composition 
TRANSFORMERS 

Toroidal type,  10000/400 ohms 

Toroidal typ e, 25000/300 ohms 

Pot. Core typ e 

Pot. Core type 

TRANSISTORS 

2N652A 

2N l396  

2N 1 3 96 

2N 274 

2N274 

2N3 96 

2N3 96 

2N 39 6  

2N 396 

2N 652A 

2N652A 

2N699 

2N 696 

2N697 

2N69 9 

MISCELL ANEO US 

Oscillator Crystal (Frequency 20 KC abo ve Channel Frequency ) 

Crystal Input Filter 

I . F. Filter 

Pilot Light Bulb - For 4 8  V. Supply 

Pilot  L ight Bulb - For 1 25 or 250 V. Supp ly 

Fus e,  1 . 5A 
�------�-�� 

Alarm Rel ay 
-

---- - -- - � - --
- -

-
----

M ercury Weted Contact Relay;  2 amp , 500 V. , 100 V. A. 

I . L .  4 1 -9 45. 5 3 0  

WESTINGHOUSE 
DESIGNATION 

1 84 A763H47 

1 84A763H57 

1 84A 763H5 1 

184A763H73 

1 84A 763H73 

1 87A643H5 1 
1 84A763H65 

1 85A763H27 

1 84A763H5 1 

1 84A 763H23 

1 84A763H6 1 

1 84 A  763H5 1 

1 962797 

19 62697 

60 6B53 3G0 1 

606B533G02 

1 84A638H l 6  

848A892H0 1 

848A892H0 1 

1 87 A270HO 1 

1 87A2 70H0 1 

762A575H03 

762A575H03 

762A575H03 

762A585H03 

1 84A638H 1 6  

1 84A638H 1 6  

1 84A638H 1 9  

762A585HO 1 

1 8 4A638H l 8  

1 84A638H 1 9  

762A800H0 1 t (Reg. Freq. 

4 10C4 66 + (Reg. Freq. 

762A6 1 3GO 1 

1 87A1 33H0 2 

1 8 3A955H0 1 

1 1D9 19H26 

408C062H07 

188A573H04 
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1 5  

r-- ­' �1:!, 

_ ,N 
0 

D B  
( FILTER 

0 

_ , 

- z o  

- 30 

- 50 

- 6 0  

O O W N  
S O N LY ) 

I 

l--- 2 2 0  ... ----< 

r 
ZERO R E I" 

I \  I I  

00• ,00 

-, 
Z O K� Fl��-t-

'{ II I 
D I S C R I M I N ATOR 

O U T P U T  

FILTER 
iiCRYSTAL 

1\ 

�00 400 300 200 100 Ft 100 200 300 400 M>O 

C Y C L E S - I N P U T  F R E Q U E N C Y  C Y C L E S + 

F t �  C E N T E R  F R E Q U E N C Y  OF CRYSTAL F I LT E R  

848A629 , 

Fig. 2. Filter and Discriminator Characteristics of the Type TCF R ecei ver. 

� i  r _A__ _ __ hi �- - ----- - · - -- - - - -�"-----�--
-

�-��m ·- --- -, 

/ i- WIDE )( �  DEEP - FOUR SLOTS 

POWER 
o• 

() () �  

6 • Fell 250 OR 1 25 1 250 V.O.C. ONLY 

--n-- f i WHt:N SUPPLIED I 

c� J[ _ .J _ 1 l --- 5 - �"_,� _J West•n,nouse @ 
- ____ ____ 

_:=-:___+-_ _J I ------1 

I 
I 

---- 6 i (-----1 I Bt MTG CENTERS -
, . 

4 1 0C49i 

Fig. 3. Outline and Drill ing Plan for the Type TCF R ecei ver A ssembly. 
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I . L .  4 1 -945. 5 3 0  

V R 2  

V ,_ l  

PRINTED CIRCUIT BOARDS F L-201 

REAR VIEW 644B101 1--------------------------------·----·-··--·---
F i g. 4. Compon en t  L o cations on th e TCF Recei ver P anel.  

(:\. C:') 8'] 01 2 � ' ' '� 
Q TPI I ,-----, 

I C l4 I [ C l 5 � 
[R 1 3  J 8 TPI2 

@D 0 
C!ID [ R 1 7j 
[BE] 
� C l l  � 

Y l l  ( R 2 2] 
[ R 2 1 ]  [Fl�o_l 

L--- 1 ..0 8 T P1 3:Y [fl}TI [B_�t3__) � C l 3 t 
L-.- 1 9  I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

F i g. 5. 

1 6  

7 6 3A292 

Comp onent L o c at ions  o n  t h e  O s c i l lator and M i xer 

P rinted C i rcu i t Board. 

F L2 

L--
I 9 I ,.---
1 I I I I I I I I I I I I I I I I I I  

F i g. 6. 

7 6 3A29 3 

Component L o c a tions on the I. F. A mp l i fier P ri n ted 

C i r c u i t  Board. 
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� C 5 2  

4 C 5 9 � 
� �  C 5 1  � 
IR53l .__ _ __j @TIS � � C 56 � 

@TI � C 5 3  t [BIQJ 
[]]TI

TP52Q � @[) Uill @]J 
TP51Q TP53�Q []!QJ � C � B  � I 1 �-§D--l C 5 5  I []]!] 8 � 8 lff68l Q!S3 � TP 55 Q 0 54 � . I I [[IT] � T P54 :J C 57 I � OC!ill � � C 6 0 � 

1 9 I I I I I I I I I I I I  I I I I I I I I 
763A294 

Fig. 7.  Component Lo cations on the Amplifier and Limiter 

Printed Circuit Board. 

I. L. 4 1 -945. 530 

� �0 
� 0 � CR84 e WHE N  

USED v C!.!!J .......__ __ _ 
1 9  I 

I 1 1 1 1 1 1  I I l l II I I  I I l l 

7 63A2 9 5  

Fig. B .  Compon ent Lo cations o n  the Discriminator Prin ted 

Circuit Board. 

SEC."'2 

1 .  F. F I LTER TEST C I RCUIT CONNEC T I O N S 

I N P U T  FILTER T E S T  C I R C U I T  CON N E C T IONS 

849A 1 09 

F i g. 9. Test Circuits for TCF Frequen cy Shift Receiver F i lters 
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1 8  

A L  
ALAR M 
R E LAY 

QTP105 
ICR IO� [ki l l  J 
8 8  TP).Q4 Q,..._. ----. U R I08  0 I R I I O  I 

J.CRIO 2 � ([@]] 
R I 0 7 llii.Q§J 
I + C IO I I  eo� � I R I 0 3 1

1-

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 cations on the Relay Output P rinted Circuit Board. 
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r - � � - -;- - - -- - - - - - - - - - - - - - - - - - - - - - -it- - - - - - 1 

Q l l  

I 
I 
I 
I 
I 
I 
I 

T lrr �l 
- - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _2a_i _ _  �:£_c��o.!.1. 

COMPONENT STYLE REQ. REF 
TRANSISTOR 

Q l l-Ql2-Ql3 849A441H03 3 2N4249 

RESISTOR 

R l5-R22 184A763H l5 2 3300 l/2W ±5% 
R 14-R 18-R 19 184A763H39 3 3.3K l/2W +5% 

R l3 l84A763H45 1 5.6K l/2W +5% 
R 11-R 16-R20-R23 184A763H 5 1  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- C l3-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 10000 

TRANSFORMER 
T l l  205C043G01 1 10,000/400 
Tl2 205C043G03 1 25,000/300 

C RYSTAL 

Y l l  SEE NOTE o 

" =C l2 RANGE 4 TO 390Pf. AS REQUIRED BY FREQUENCY 
AND C RYSTAL CHARACTERISTICS. 

• =C 16 RANGE 22 TO lOOPf. AS REQ
.
U I RED BY FREQUENCY 

AND C RYSTAL CHARACTERISTICS. 

o =Yll RANGE-50 TO 220 KHZ. 

2 6 4 C 8 5 5  

* Fig. 1 1 .  Internal Schem atic 30-200KHz Oscillator ancl M ixer Silicon Tran s istor Version 
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N 
0 

r - - 2r �rn�------ ------------------9r- - - - - - - - -� 

Q 2 1 1  

C216 

I I I I I I n� 
�> 6 1 I I I I I I I I ..... - - --- - - - - - - - - - --------------------- _l!!_i _jgQ_2.£.9QZC2QlJ 

COMPONENT STYLE REQ REF 

TRANSISTOR 

0 2 1 1  849A441H03 1 2N4249 

RESISTOR 

R211-R213-R215 184A763H 5 1  3 !OK l/2W +5% 

R212 184A763H27 1 lK l/2W +5% 

R214 184A763H37 1 2. 7K l/2W ±5% 

R216 l84A763H49 ) 8.2K l/2W +5% 

R217 184A763H34 1 2K l/2W +5% 

R218 184A763H07 1 1500 l/2W +5% 

R219 184A763H I 5  1 3300 l/2W ±5% 

R220 184A763H67 1 47K l/2W +5% 

R221 184A763H83 1 220K l/2W +5% 

R222 184A763H43 1 4. 7K l/2W +5% 

CAPACITOR 

C 2 1 1  S E E  NOTE ... 
C212-C213-C215 184A663H04 3 . lMFD. 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 I R C U IT 

IC201 201C826H04 1 UA7 10C 

TRANSFORMER 

T2 1 1  7 148677G01 1 

T212 205C043G03 1 

C RYSTAL 

Yll SEE NOTE 0 1 

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

0 = C 2 14 STYLE NO. 187A695H l7 .56Pf. BUT MAY VARY UP TO lOOP!. 

0= Y 1 1  FREQUENCY EQUALS RECEIVER (CHANNEL) FREQUENCY 
PLUS ZO KHZ.  

2 6 4 C 8 4 4  

* 
Fig. 12.  Internal Schematic 200.5-JOOKHz. Oscillator ancl M ixer Silicon Transi stor Version 
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«
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I 
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1 
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I 
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I 
I 
I 
I 

14 1 �> 
I 

12 I �> 

: 
' · ··· - ---· · ' 

I 

- - -- - - - - - - - -
1 

J, 18 
- - - - - - -'- - - - v - -

COMPON ENT 
TRANSISTOR 

Q3 1-Q32 

RESISTOR 

R34-R41 

R36 

R33-R40 

R38 

R31-R37 

R35-R42 

R32-R39 

CAPACITOR 

C3 1-C32-C33-C35 

C34 

C36 

FILTER 

L __ . FL2 

¢ = COMMON TERMI NAL 

* Fig. 13.  Internal Schematic / . F. Amp lifier - Silicon Transistor Version 

STHE REQ 

849A441H03 2 

187 A290H21- 2 

184A763H i5 1 

184A763H23 2 
184A763H27 1 
184A763H39 2 

184A763H5 1  2 

184A763H-59 2 

187A624H02 4 

187A624H04 1 

762A757H01 1 

762A613G01 1 

- REF 

2N4249 

68h 1/2W +5% 

3300 1/2W +5% 

6a0n - 1/2W +5% 

1K 1/2W +5% 

-ijK 1/2W +5% 

lOK 1/2W +5% 

22K 1/2W +5% 

�25MFD. 200V 

lMFD. 200V. 

100 Pl. 

-

2 6 4 C 8 5 6  

:-
r 
.... 
.:0 .... � "' w 
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N 
N 

�----;/'-----�6�----------- - - - - - - - - - - - - - - - - - 1 
I I 
I I 
I I 
I y l  
I f 

<1 14 C60 I I 
I TP55 

5 ! I 0 • » 
I 

« • + 

C59 

..... - - - -\'/- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ---��c�::.::_o_:_i 

COMPONENT 

TRANSISTOR 

Q5 l-Q52-Q53-Q54 

RESISTOR 

R66 

R55 

R70 

R72 

R65 

R59 

R54-R62 

R64-R68 

R 5 1-R57-R6l-R67 

R56 

R69 

R53-R58 

R63 

R 7 1  

R60 

R73 

CAPACITOR 

C54 

C5 1-C52-C56-C58-C59 

C53-C55-C57 

C60 

D I O D E  

D 5 1 - D52-D53 

POTENTIOMETER 

R52 

* Fig. 14.  Internal Schem atic Amplifier and L imiter - Silicon Transi stor Version 

STYLE REQ REF 

849A44 1H03 4 2N4249 

187A290 H 2 1  l 680 l/2W ±5% 

l87A290H 1 1  l 270 1/2W +5% 

184A763H 1 1  l 2200 l/2W ±5% 

l84A763H 15 1 3300 l/2W ±5% 

184A763H23 1 6800 1/2W +5% 

l84A763 H 3 1  1 l.5K l/2W ±5% 

184A763H35 2 2.2K l/2W ±5% 

184A763H37 2 2 . 7  K l/2W ±5% 

184A763H43 4 4.7K l/2W ±5% 

l84A763 H 5 1  1 !OK 1/2W ±5% 

184A763H57 1 18K 1/2W +5% 

l84A763H61 2 27K 1/2W ±5% 

184A763H63 1 33K 1/2W ±5% 

0908326020 1 1000 ±2% 

184A763H09 1 1800 1/2W ±5% 

629A 5 3 1 H02 1 56 o 112w ±.2% 

187A584H l5 1 1300MMF. 500V. 

187A624H02 5 .25MFD. 200V. 

187A624H 0 1  3 0. 1MFD. 200V. 

187A624H04 1 l.OMFD. 200V. 

184A855H07 3 1N457A 

629A645H04 l 1 K  

2 6 4 C 8 4 1  
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C O �.� P O r"' E N T  ST Y L E  
T RANSISTOR 

081-082 849A44 1 H O I  

RESISTOR 

R 8 !- R82 184A763H38 

R83-R84 !84A763H35 

R85 184A763H I I  
R87 184A763H53 

CAPACITOR 

C 8 !-C82-C90-C 9 !  762A703HOI 

C83-C88 762A736H02 

C84-C89 187A624H 16 

CB6 187A684H08 

C85-C87 SEE NOTE 0 

DIODE 

D8 1-D82 184A855H07 

D85- D86 184A855H 12 

TRANSFORMER 

T8 ! 6068533GO I 

T82 6068533002 

0 = O N E  OR TWO CAPAC ITORS USED; VALUES 
DET E R M I N E D  I N  TEST. 

* 
Fig. 15.  Internal Schem atic Discriminator - Silicon Transistor Version 

I R E O  I 
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2 

I 
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REF  

2 N3645 

3 K  J/2W +5% 

2.2K 1 '2W .._5% 

2200 1 12W ±5% 

12K 1 12W ±5% 

.22MFD. 50V. 

4.5 TO lOOP!. 

.009 1 M F D. 200V. 

100 Pl. 

IN457A 

IN628 

2 6 4 C 8 4 3  

:-
: 
... 
-0 ... "' 
"' "' 
c 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



() G  1 R l l  . 
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Q l l  Q TP I I  
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I R 14' liTTl 

---, 
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8 
C l5 

19 I / I  I I I I I I I l I I  I I  I I I I  I I I 
7 6 3A 2 9 2  

Fig. 1 6 .  Component Location s 3D-200KHz. Osc illator 
ancl M ixer Silicon Transi stor Version 

I+C35I I R4 2 I  I R35] I C36] � � {() TP31 Q3 l R33 �P33 r-::� C32+ 
� OQ32 c 3 4  + 0 0 I R34 I 
I R39I �32 
� I R38 I  I]� © C3 I.!!::!..!...J TP32 I 

jC33B 7 6 5 4 3 2 I � 

FL. 2  

19 7 I 

�- �=-==-� 
7 6 3A 2 9 3 

Fig. 18.  Component Locati()n s / . F. Amplifier - Sil icon 
Tran sistor Version 
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TP216 
0 

0 TP214 1 9  

�--

TP215 
0 

Y l l 

TP2 1 1  � 0 
�O Q21 1  

[@] IR222I 

8 
© 4 

3 

�I I  C 2 1 7 I 
_____ I 

-� 
2 0 2 C9 3 4 

Fig. 1 7. Compon ent Location s 200.5-300KHz. 

Oscil lator ancl Mixer Silicon Transistor Version 

1 9  I 

I I I I I I I I I I I  I I l I I I I I 
7 6 3A 2 9 4  

Fig. 1 9. Component Lo cations Amplifier ancl L imiter 

- Sili con Transi stor Version 
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([ill I R8 1  I I R85 I  
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Q81 R87 Q82  
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Fig. 20. Component Location s Di scriminato r - Silicon Tran s is tor Vers ion 

I. L. 4 1 -945.530 
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I NSTAL LATION 
Westinghouse I . L .  4 1 -945 . 53D 

• OPERATION • MAI N TENANCE 

INSTRUCT IO N S  
TYP E TCF POWER LINE CARRI ER FREQU ENCY- SH I FT 
RECEIVER EQUI PMENT - WITH RELAY OUTPUT FOR 

SUPERVI SORY CONTROL AND TELEMETERI NG 

CAUTION: I t  is recommended that the user of thi s 
equipment become thoroughly acquainted with the 
information in this instruction l e aflet before ener­
gizing the c arrier assembly. F ailure to observe this 
precaution may 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 o therwi se secured 
before swinging out the equipment rack to prevent 
its tipping over. 

AP P L ICATION 

The TCF fre quency-shift receiver e quipment as 
adapted for supervisory 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 100  hertz above the center 
frequency of the channel (which can be selected 
within the range of 30KHz to  3 00KHz), and i t  is  trans­
mitted continuously when conditions are normal and 
no information is to be conveyed over the channel. 
Its reception indicates that the channel is operative. 
The Trip frequency ( so c alled because in fre quency­
shift relaying applications the reception of thi s  fre­
quency causes clo sure of relay contacts in the trip 
circuit of a circuit bre a ker ) is 1 0 0  hertz below the 

channel center frequency. When supervisory control 
or telemetering information is to be conveyed over 
the channel, the transmitter at one end of the chan­
nel 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 durations of the inter­
vals that the rel ay  contacts are op en and closed also 
c an be utilized to convey information o ver the chan­
nel .  

CONSTRUCTION 

The TCF receiver unit for sup ervi sory control 
and tel em etering applications is mounted on a 
standard 19-inch wide panel 10\lz inches high ( 6 rack 
units) with edge slots for mounting on a standard 
relay rack . All components are mounted at the rear 

SU PERSEDES I . L .  4 1 -945. 53C 
*Denotes c hange from s u perseded i s su e .  

o f  the p an el .  Fuses, a p ilot light, a power switch, an 
input attenuator, and a j ack for metering the dis­
criminator outp ut current are accessible  from the 
front of the p anel. Refer to Fig. 3. 

All of the circuitry that i s  suitabl e for mounting 
on printed circuit boards is contained in an enclo­
sure that proj ects from the rear o f  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 connections on Fig. 1 will 
show the location of these components in the cir­
cuit. The dotted line s  enclosing separate areas of 
Fig. 1 indicate that the components thus enclosed 
are all on the same printed circuit board. 

The enclo sure that contains the printed circuit 
bo ards is divided into seven comp artments. The 
p artitions b etween comp artments together with the 
outer walls of the enclo sure 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 level 
indicator circuit board, which are contained in  the 
third-from-right and right h and compartments respec­
tively. These are not required for the TCF receiver 
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 and bottom of each com­
p artment, and the board terminals engage a terminal 
block at the rear of the compartment. Each board 
and termin al block is k eyed so that if a bo ard i s  
placed i n  the wrong comp artment, i t  c annot be in­
serted into the terminal block .  A handle on the front 
of each board is l abeled to identify its function in 
the circuit. 

A board extender ( Style No. 644B 3 1 5GO 1) is 
available for facilitating circuit voltage measure­
m ents or m ajor adjustments. After withdrawing any 
one of the circuit boards, the extender i s  inserted in 
that comp artment. The board then i s  inserted into 
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the terminal blo ck on the front o f  th e e xt en der. Thi s 

resto res all circuit connecti o n s ,  and all compon­

ent s  and test points o n  th e b o ard are readily acc e s­

s i bl e .  

A porti o n  o f  the recei ver o p erat e s  fro m a regu­

l ated 20 V . D . C. suppl y ,  and the remai n d e r  fro m a 

regulated 4 5  V. D. C. s up pl y .  Th e s e  volt age s are 

tak e n  fro m two zener dio des m o unted o n  a common 

h eat sink . Vari ation o f  the resi stan c e  val u e  b e­

tween t h e  po siti v e  side o f  the unregul ated D .  C. sup­

p l y  and th e 45 volt zen Pr adapt th e receiver for 

o p eration on 48, 1 25 or 250 V . D . C.  

Extern al conn ecti o n s  w the receiver are m ad e  

thro u gh a 24- ci rc uit r e c ep tacl e ,  J 3  on Fi g.  1 .  The 

r- f inp ut connection to th e recei ver is m ade throu gh 

a co axial c abl e j ac k ,  J 2. 

OP E RA.TION 

I nput Control 

The s i gn al s  to which the TCF receiver respo nds 

are received thro u gh a co axi al c abl e connected to 

j ack J2 o f  Fig.  1 .  R e si stor R4 and 20- volt zen er 

dio d e s  C R 1  and C R 2  protPct th e rec e i v e r  from ab­

normally high vol t ages recf?ived through th e coaxial 

c abl e .  Input attenuato r R 5  reduc e s  the si gnal to a 

l e vel suit abl e fo r best operation of th e re ceiver. 

Th e attenuator i s  adj u stabl e from th e front of th e 

p anel  and c an be c l amp e d  at the d e sired s etti n g. A 

scal e o n  th e p anel i s  graduated in db. Whil e  thi s 

s c al e  i s  typ i c al rather th an individually c ali brated,  

i t  is accurate within o n e  o r  two db. an d is useful in 

s etti n g  appro xim ate l evel s .  Settings should b e  m ad e  

by o b s ervation o f  the db. sc al e  o f  a s ui t abl e a- c 

vol tm eter when p o s sibl e .  

Crysta l F i lter 

From the atte nu ator , the signal pas s e s  through a 

crys tal filt e r ,  FL l .  This filter has a n arrow p ass 

band , and frequencies s e ve ral hundred hertz above 

o r  below the c enter fre qu E"ncy ( fc )  o f  the chan n el 

are greatly attenuated.  F i gure 2 sho w s  a typ i c al 

curve fo r the cry stal fil ter, as w el l  as a character­

i sti c curve for the interm ediate fre quency fil ter, 

FL 2, and for the di scrimin ator outp ut. The n arrow 

p ass b and o f  FL 1 p ermi t s  clo s e  sp acing of chan n el 

fre qu enci e s  and redu c e s  the po s si bil ity o f  fal s e  

op eration c aused b y  sp uri o u s  si gn al s  such as m ay 

re sult from arci n g  disconnects o r  coro n a  di s charge. 

2 

Osc i l l ator and Mixer 

From the crystal filter,  th e signal enters the 

o scil l ator and m i x er stage o f  the receiver. Crystal 

Y 1 1 , tran s istors Q 1 2  and Q 1 3, and their asso c i ated 

resi stors an d c ap acitors,  compri s e  a crystal-con­

trolled osc illator that oper ates at a frequency 2 OK H z  

above t h e  c hannel  fre quency ,  fc . The ou tput from 

thi s  l o c al o sc il l ato r i s  fed thro u gh transformer T l l  

to po tentiom eter R 1 2, and the l atter i s  adj usted to 

fe e d  a suitabl e inp ut to th e b a s e  of m i xe r  tran si sto r 

Q 1 1. The o utput o f  FL 1 i s  i mp re s s e d  o n  the emitter­

col l e c to r  circuit o f  Q 1 1 . As t h e  result o f  mixing 

the se two fre quenci e s, the prim ary o f  transfo rmer 

T12 will co ntain freq uenc ies of 2 0K H z, 2fc + 20KHz,  

fc and fc + 2 0 K H z .  

IF Ampl i f ie r  

The o utput from th e s econdary o f  T 1 2  i s  ampli­

fi e d  by Q3 1, in th e i n t erm ediate fre quency amp l ifi er 

stage,  and is impre ssed on fil ter FL 2 .  Thi s is a 

two- s ection fil ter, wi th both fil ters contai n e d  in a 

com mon cas e .  Its p as s  b and is c e ntered at 2 0 K H z .  

W hi le i ts p ass band is m u c h  w i d e r  than that o f  the 

crystal filte r ,  i t  e l i mi n at e s  the frequ encies p r e s e nt 

at its i nput that are s u bst anti ally hi gher than 2 0 K H z .  

Ampl i f ier  and L im i ter 

The o utput fro m the second secti o n  of th e I F  

ampl ifi er stage i s  f e d  t o  p o tentio m eter R 5 2 a t  th e 

i np ut o f  th e ampl i fi er and l i m i t er stag e. Suffi c i ent 

input i s  t ak en from R5 2 so th at with minimum input 

signal (5 mv. ) at J2 and with R5 set fo r zero atten­

uation ,  s ati s factory amp l itude l i miting wil l  be o b­

tai n ed at th e o utp ut o f  th e l i m i t er stage.  

Di scri m i nator 

The o utp ut o f  the l imi ter stag e i s  fed to the 

di scrimi n ator. Th e di scriminato r is adj usted at the 

factory to h ave zero o utp ut ( as m easured by a milli­

amm eter i n s erted in the circ ui t  at j ack J 1) at fc 

hertz . The ad jus tme nt f or zero output at fc hertz 

i s  mad e  by cap ac i tor C88. X8 3 al so is adjusted to 

o btain a maximum voltage r e adi n g  across R84 w hen 

the current output i s  z e ro . Maximum c urrent output , 

of opposite p o l aritie s ,  will be obtained w he n  the 

frequency is 100 her tz above or below t he z ero 

o utp ut fre quency. This sep arat i on of 200 hertz 

b e tw e e n  the current p e ak s  is affected by the val ue 

of C86 ( the actual v alue of which may be c hanged 
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slightly from its typic al  v alue in factory calibration 

if r e qu ired ). It s hould be observed t hat alt hough the 

h i gher s i gnal fre quency i s  fc + 1 00 he rtz , after 

l e aving the mixer stage and as see n by the discrim­

i nator the c orre sponding frequency is 20KHz-1 00 

hertz . Similarly, the lower s ignal frequency is 

co nverted to 20KH z + 1 00 hertz.  

The di scrimin ator output i s  connected to the 

bases o f  transistors Q8 1 and �8 2 in  such m ann er 

that �8 2 i s  made conductiv e  when c urrent flo w s  o ut 

of termin al 4 ( which o ccurs with trip output) and 

Q8 1 is m ade conductive when current flo ws into 

termi n al 4. Cons equ ently , terminal 15 i s  at a poten­

ti al of appro ximately + 20 volts at Guard frequency 

and terminal 1 1  is at +20 volts at Trip frequency. 

Output C i rcu i ts  

The o utput circuit bo ard o f  the r ec ei v er contai n s  

output rel ay HG. T h e  contacts o f  thi s rel ay are the 

mercury-wetted type,  which assures bouncel e s s  

op eratio n. It al so contains tel epho n e-typ e rel ay AL , 

the contacts o f  which can be used to en ergi ze an 

al arm . 

When Trip signal i s  rec eived, terminal 8 o f  

Output printed circuit bo ard i s  at approximately 

+ 20 volts potential and transi star Q 10 1 becomes 

conducti v e ,  which energizes rel ay HG. When Guard 

si gnal i s  pre sent, termi n al 1 of the Output board i s  

at app ro ximately + 20 volts potenti al .  The base o f  

tran sistor Q 1 0  2 i s  co nnected t o  terminal 1 and 8 

through resistors R 10 3  and R 10 4. Con sequently 

when either Guard or Trip signal is present this 

tran si stor is conducti ve.  

When neither Guard nor Trip signal i s  present, 

indic ating a lo s s  o f  channel, Q l0 2  is not conduc­

tive and c ap acitor C 10 1 begi n s  to charge thro ugh 

resi stors R 106 and R 10 7. When the cap acito r  vol t­

age reaches the breakdown l ev el o f  zener diode 

CR 10 2 (in appro xim ately 1 50 millis econds) transis­

to r Q 10 3 receives base input an d becom e s  conduc­

ti ve.  This removes base input fro m Q 10 4  and the 

alarm rel ay AL drops out and en ergi zes an al arm 

thro ugh its normally- clo sed contacts.  A copper sl u g  

o n  t h e  core of the alarm rel ay adds an a(iditio nal 

del ay of appro xim ately 40 mill is econds before the 

al arm contacts clo se. Wh en Guard sign al reapp ears 

and Q 10 2  becomes conductive, c ap acitor C 10 1  di s­

charges rapidly thro ugh the lo w resi stanc e of R 10 7 .  

Thi s quick-reset feature o f  th e R C  time-delay re­

duces th e possibility of op eration of the lo ss- o f­

channel al arm by no ise signal , which may ov erride 

and c ancel the Guard signal bri efly but rep etiti v ely 

or m ay app e ar as a fal se Trip signal .  

I . L .  41 -945. 53 0  

It shoul d  be noted that rel ay HG h as Form D 

contacts, and o nly the no rm ally-open or the normally­

clo sed contacts sho uld be used unl e s s  there i s  no 

o bj e ctio n  to havin g  both contacts mom entarily 

closed simultaneously when the rel ay is energi zed 

or deenergized. Al so , for protection o f  the HG rel ay 

contacts, th e external device co ntroll ed shoul d 

contain series resi stan c e  and c ap acitance ( o f  v alues 

suitabl e for the l o ad voltage an d  current) acro s s  

the termin al s  that are external ly connected t o  the 

HG rel ay termin al s.  With such p rotection the HG 

contacts h ave m aximum ratings of 2 amp eres , 500 

vol ts,  and 100 volt- amp eres. The HG rel ay will pick 

up at approximat ely 20 volts.  

The AL relay contacts are r ated at 4 amp s. , 

1 50 watts ,  for an a-c non-inductive lo ad. The rel ay 

will p ick at 35 to 40 volts.  

Power Supp l y  

The regul ate d 20 V . D . C .  an d  45 V . D. C. circuits 

o f  the recei ver are supplied from zener diodes 

mounted on a common h e at sink on the rear o f  the 

p anel . Resi stors ( R 2,  R3) of suitable val ue are 

conn ected b etween th e station battery supply and 

the 45 volt zener to adapt the receiver for use o n  

48 , 1 25 or 250 V . D. C .  battery c ircuits. The rec eiver 

i s  connected to the e xternal supply through a switch 

and fuse s,  and a p ilo t l ight indi c ate s whether the 

D. C.  circuits are energi zed. Cap aci tors C 1  and 

C 2 byp ass r. f. or tran si ent voltages to ground. 

CHARACT ERIST ICS 

Frequency r ange 

Sen sitivity ( no i se­

free chann el ) 

Inp ut Imp edance 

Bandwidth 

(crystal filter) 

Di scriminato r 

Op erating Time 

3 0-300KH Z  

0. 0 0 5  vol t ( 65 d b  below 1 watt 

fo r l imiting) 

5000 ohms minimum 

do wn < 3 db at 220 H z .  

down > 6 0  d b  a t  1 00 0 H z. 

Set for zero output at c hannel 

ce nter frequency and for max .  

outputs at 1 0 0 hertz above 

and below center frequency. 

9 ms. channel ( transm. and 

recvr. ) 

2 m s .  HG rel ay op erate an d re­

l e ase tim e s  
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Frequency 
spacing 
A. For two or 

more signal s 
o ver one­
way channel-

B. For two-way 
channel 

Ambient t emp era­
ture range 

Battery voltage 
variations 
Rated Voltage 

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

Battery drain 

Dimensions 

Weight 

500 hertz minimum 

1 000 hertz m1mmum between 
transmitter and adjacent re­
ceiver frequencie s .  

- 20°C to + 55°C temperature 
around c hassis. 

Allo wabl e Vari 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. at 1 25 or 250 V. D.C.  

P an el hei ght - 10\lz" o r  6 r. u. 
P anel width - 19 " 

1 3  lb .  

INSTALLATION 

The TCF receiver i s  generally suppli ed in a 
cabinet o r  on a rel ay rack as a p art of a complete 
c arri er assembly. The lo c ation must be free from 
dust, excessive humidity, vibration, corro sive fumes, 
or he at. The maximum ambient temperature aro und 
the chassis must not exceed 55 o C .  

ADJ USTMENTS 

All factory adjustments of the TCF receiver have 
been c arefully made and should not be altered unless 
there i s  evidenc e o f  dam age or malfunctioning. Such 
adjustm ents are: frequency and output l evel of the 
o scill ator and mi xer; input to the amplifier and l imit­
er; frequency spacing and magnitude of discriminator 
output p e aks. 

After the receiver has been installed ,  the input 
attenuator R5 must be set for the desired op erating 
m argin. The receiver shoul d not be set with a great­
er margin of  sensitivity than is needed to assure 
correct op eration with th e maximum exp ected varia­
tion in attenuation of the transmitter signal . In the 
absenc e of d at a  on this ,  the receiver may be set to 
op erate on a signal that i s  1 5  db below the exp ected 

4 

maximum signal. After installation o f  the receiver 
and the corresponding transmitter, and with a normal 
signal being received, input attenuator R5 should be 
adjusted to the position at which the al arm relay 
drop s out. R5 then should be readju sted to i ncrease 
the voltage supplied to the receiver by 15  db. The 
scal e  m arkings for R5 p ermit an approxim at e  setting 
to be made but it  is preferable to mak e this setting 
by means of the db scales of an a-c VTVM connected 
from ground to the sliding contact of  R5. 

In case factory adjustments h ave been accident­
ally disturbed or components have b een r eplac ed, i t  
m ay be necessary t o  readjust the o scil lator and 
mixer, the limiter, or the discriminator, and pro­
c edures for these adjustments are described in th e 
fol lo wing p aragraphs.  

Potentiometer R 1 2  in the o scill ator and mixer 
should be s et for 0. 3 volt, measured with an a-c 
VTVM connected between TP 1 1  and terminal 18 on  
th e circuit board ( ground termin al of  voltmeter). A 
fre quency counter can be connected to the sam e  
points for a check on  the frequency, which should 
be 20KHz above the c hannel frequency. The frequen­
cy is fixed by the crystal used , except that it may 
be changed a few hertz by the v alue of c apacitor 
C l 2 .  Reducing C 1 2  increas es the frequ ency , but the 
capacity should never be less than a v alue that in­
sures reliable starting of oscill ation . The frequency 
at room temperature is usually several hertz above 
the crystal nomin al fre quency as this reduces the 
fr equency devi ation at the temperature extre mes . 

The adjustment of the amplifi er and limiter i s  
mad e  by potentiometer R 5 2. An o scillo scop e should 
be connected from the base of tran sistor Q54 to ter­
minal 18 of the limiter. With 5 mv. of sign al frequen­
cy on the receiver input ( R5 at zero) ,  R 5 2  should be 
adjusted to the point where th e p eak s of th e o scil­
loscope trace begin to fl atten. Thi s should appear 
on the upper and lo wer p eak s at approximately the 
same setting. Th e R5 2 adjusting screw then shoul d 
be turned one turn farther in the direction to produc e  
limiting. 

Adju stment of the discriminator is made by 
c ap acitors C83 and C88. Apply to the receiver input 
a 5 mv. sign al taken from an o scill ator set at the 
center fre qu ency of the chann el . (R5 at zero . )  Con­
nect a 1. 5-0- 1. 5 mill iammeter in the circuit at J 1 
and a VTVM acro ss R84. Adjust C88 for zero current 
in th e milli ammeter and C83 for maximum voltage 
acro ss R84,  rechecking the adjustments alternately 
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until no further change i s  ob served. Remo v e  the 

VTVM from acro ss R84 and obs erve the mill i amm eter 

reading as the o scil l ator frequency i s  v ari ed. Posi­

tive and ne gative peaks shou ld occ ur at 1 00 hertz 

above and below center fre que ncy. 

MAINT ENANCE 

P erio dic check s o f  t h e  rec eived carri er signal 

and the receiver sensitivity will detect gradual 

deterioration and p ermi t  its correction before failure 

can result. An o verall check can be m ade with th e 

attenuation control R5. A change in op erating m ar­

gin from the o ri gi n al setting can be detected by o b­

serving th e change in the dial s etti ng required to 

drop out the al arm relay .  I f  there i s  a sub st anti al 

reduction in margin, the si gn al vol tage at the re­

ceiver input should be check ed to see whether th e 

reduction i s  due to loss of signal or l oss of rec ei ver 

sensitivity. 

All adj u stabl e compon ents on the printed circuit 

bo ard s are accessibl e when the door on the front o f  

the p an el i s  op en ed. ( An o ffset screwdriver would 

be required for adjusting R 1 2. )  Ho wever, as d e s­

cri bed under "CONSTRUCTION " ,  any bo ard m ay  be 

m ade entirely acc essibl e  whil e p e rmittin g  el ectri c al 

op eration by usin g bo ard extender Style No.  

644B 3 15G0 1. This p ermits att aching instrument 

l e ads to the various test points or terminal s  when 

m aking vol tage,  o scillo scope o r  frequency checks. 

It is advi sabl e to r ecord voltag e v al u e s  after ad­

justment i n  order to e stablish r eference val u e s  which 

wil l  be useful when checking the app aratus. The 

readi ngs will rem ain fairly constant o ver an indef­

inite p eriod unl ess a failure occurs. Ho wever, i f  

transistors are changed, there may be considerable 

difference in these re adings without the overall p er­

form anc e being affected. 

Typical voltage v al ue s  are given in the following 

tabl es. Vol tages shoul d be m e asured with a VTVM. 

SJme readings may vary as much as ± 20o/c. 

TABL E I 
R ECEIVER D-C MEASU R EMENTS 

No te: All voltage readings tak en with ground o f  d- e 

VTVM on terminal 18 ( +20 v.). Recei v er adj usted for 

15 db op erating m argin with input signal down 50 db 

from 1 w att. Unl ess otherwi se indicated,  vol tage will 

not vary appreci ably whether signal i s  high, low o r  

fc frequency. 

I . L .  4 1 -9 45. 5 3 0  

Co l lector 
of 

Trans i stor Volts ( -) 

Q l l 20 

Q1 2  1 4 . 5  ( No signal) 

Q 1 2  1 4 . 0  (Hi gh o r  l o w  freq. si gnal) 

Q 1 3  1 7 . 0  ( No si gnal) 

Q 1 3  1 5 . 0  ( H i gh or lo w freq. si gn al )  

Q3 1 18. 5 

Q 3 2  18. 5 

Q51 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 H z . )  

Q8 2 and Q 10 1  2 0  (No s ignal of fc + 1 00 H z . )  

Q8 2 and Q 1 0 1 < 0 .5 ( fc - 1 0 0  H z. ) 

Q 1 0 3  20. 5 ( No signal )  

Q 1 0 4  < 0 .  5 ( No signal) 

Q 10 5  4 5  ( No sig nal) 

TABL E I I  
R ECEIVER RF MEASUREMENTS 

Col l ector of  Trans i stor 

Q32 

Q5 1 

Q5 2 

Q 5 3  

Q54 

Volts  ( fc + cy.) 

. 25 

. 3  

. 4  

2 . 1  

4 . 8  

F ILTER R ESPONSE MEASUR EMENTS 

Th e crystal input fil t er ( FL 1)  and the I F  fil ter 

( FL 2) are in seal e d  contai n ers and rep airs can b e  

m ade only b y  t h e  factory. Th e stability o f  t h e  o ri gin­

al respon s e  charac teri sti c s  i s  suc h  th at in no rm al 

usage no app reciabl e chan ge in response will occur. 

Ho wev er th e t e st ci rcuit s of Fi g. 9 can be u sed in 

case th ere is reason to susp ect that either o f  th e 

filters has been d am aged. 

Fig. 2 sho ws th e - 3db and - 60 db check points 

fo r the crystal fil ters. Th e resp o n se curv e of the 

IF filter sho ws the combined effect of th e two sec-

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



tions,  and was o btained by adding the attenu ation of  
each section for i dentical frequencie s. The scale o f  
Fig. 2 was cho sen to show the crystal filter re­
spo n se, which p ermitted only a portion of the IF 
filter curve to be shown. The check points for the 
p ass b and of  each section of  the l atter are "down 
3d b maximum at 1 9. 7 5  and 20 . 2 5  KHz" , and for th e 
stop band are "d own 1 8  db minimum at 1 9 .00 and 
2 1 .00 K Hz" . The signal generator voltage (Fig . 9 )  
must be hel d  constant throughout the entire check. 
A v alue of 20 db ( 7 . 8  volts) is suitable. The reading 
of VM2 at the fre quency of minimum attenuation 
should not be more than 2 2db below the reading o f  
VM L It  should be noted that a limit measured i n  
thi s m anner i s  for convenience only and do es not 
indicate actual insertion lo ss of th e fil ter. The in­
sertion loss would be appro ximately 16db l ess than 
the measured difference because of the input resis­
tor and the difference in input and output imp edances 
o f  th e filt er. 

B ecau se o f  the extreme frequency sensi ti vity o f  
th e crystal filter, the o scillator used i n  its test cir­
cuit should h ave very good frequency stability and a 
clo se verni er control . The o scil l ators used for fac­
tory testing have special modi fications for thi s use. 
A v alue o f  appro ximately 10db ( 2. 45 volts) i s  suit­
abl e for th e constant voltage at whi ch to hol d  VM 1 
throughout the check . The reading of VM 2 at the 
frequency o f minimum attenuation will vary somewh at 
with the channel frequency but should not b e  more 
than l ldb belo w the reading of VM l. ( The filter in­
sertion loss is approximately 6db l ess than the 
difference in readings. ) 

CONVERSION O F  REC I: IVER FO R CHANGED 
CHAN N EL F I� E QU ENCY 

The p arts required for converting a TCF receiver 
for op eratin g  on a different channel frequency con­
si st of a new crystal filter (FL 1) ,  a new local o s­
cillator crystal ( Y  1 1) and probabl y a di fferent feed­
back capacitor ( C  1 2).  Because the wide range o f  
channel frequenci es p recludes m aintaining a factory 
sto ck of the various crystal s, immediate shipment 
of the fil ter and the o scill ator crystal cannot b e  
made. After the crystals h ave b een procured and the 
filter has b een compl eted, it is recommended that 
the receiver be returned to the factory fo r the con­
version and for compl ete test and adjustm ent. How­
ever, if the time that the receiver can be out o f  

6 

service  must b e  k ept to a minimum, the conversion 
m ay be m ade by customers who are equipp ed for 
this work.  

RECOMMENDED T EST E QUIPMENT 

I .  M in imum Test Equ ipment for I n sta l l ation 

a A-C V acuum Tube Vo ltmeter (VTVM). Voltage 
range 0 . 003  to 30 volts , frequency range 6 0  
hertz to 33 0 KHz,  i nput impedance 7 . 5 
megohms . 

b. D-C Vacuum Tub e Voltm eter (VTVM). 
Voltage Range: 1. 5 to 300 volts 
Input Impedance: 7. 5 m egohms 

I I .  Des i rab le Test Equ ipment for Apparatus Mai n­
tenance. 

a. All items listed in I .  

b. Signal Gen erator 
Output Voltage: Up to 8 volts 
Frequency Range: 20KHz to 3 30KHz 

c. O scilloscop e 

d. Frequency counter 

e. Ohmmeter 

f. Cap acitor checker 

g. Milliammeter 0- 1. 5 or preferably 1. 5-0- 1. 5 
range, for checking discrimin ator. 

Some of the functions of  th e recommended test 
equipment are combined in th e typ e TCT carri er test 
m eter unit, which i s  d esign ed to mount on a standard 
19" rack but also can be remo v ed and used as a 

portabl e unit. 

R EN EWAL PARTS 

R epai r  work can be don e  most s atisfactorily at 
the factory. Ho wever, replacement p arts can be fur­
nished, in mo st cases, to custom ers who are equipp ed 
for doing repair wo rk . When ordering p arts. al way s  
gi ve th e compl ete namepl ate data and identify the 
p art by its design ation on the Internal Sch em atic 
drawing and Westinghouse Desi gnation on the 
Electrical P art L i st. 
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A D D E N D U M  

With shi pments of sets st arting in early 1 97 3 ,  the 
germ anium transistors used in the various modules 
were replaced with si licon transist ors.  In addition, 
due to the nature of silicon transistors , s ome re­
sistor values in the circuits had to be c hanged in 
order to correctly bias these transistors . Therefore 
the transistors are not replaceable on a p in for pin 
basis throughout t he re ceiver. Before attempting to 
replace a germanium transistor with a silicon 
transistor on older sets using germanium, please 
check t he schematic s on the fol lowi ng pages to see 
if the l ocation w here the replacement is de sired has 
additi onal component c hange s .  If t hat is the case, 
the n  t he replace ment can only be made by the same 
designati on transistor or the additional component 
changes must also be made . It should be pointed out 
that the modules c ont aining the silicon transistors 
are completely interc hange able with the modules 
containing germanium transist ors. Therefore , there 
is no problem with intermixing the silic on transistor 
modules with  the germanium trans is tor modules 
in the same receiver. Thus complete new module s 
cont aining silic on transistors can be ordered and 
used as replaceme nts in older receivers having 
germ anium transistor module s .  The new modules 
hav e  the same style numbers as the old germ anium 
transis tor modules they replace.  

I . L .  4 1 -945. 5 3 0  
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EL ECTRI CAL PARTS L I ST 

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

WESTINGHOUSE 
SYMBOL DESIGNATION 

CAPACITORS 

C 1  Oil-filled; 0 . 5  mfd . ;  1500 V . D . C .  1 87 79 6 2  

C2 Oil-filled; 0 .  5 mfd . ;  1500 V . D . C. 1 877962 

C l l  Metall ized paper; 0 . 25 mfd . ;  200 V. D . C .  1 87A624H02 

C 1 2- C 16 Mica, capacity as required; 500 V . D . C. 

C 1 3  Metallized p aper; 0 . 25 mfd. ; 200 V . D . C .  1 87A624H0 2 

C 14 Metal l ized p ap er; 1 . 0  mfd . ;  200 V .D .C. 1 87A624H04 

C 1 5  Metall ized p ap er; 1 . 0  mfd . ;  200 V . D . C .  1 87A624H0 4 

C 3 1  Metallized p ap er; 0 .25 mfd . ;  200 V . D . C .  1 87A624H0 2 

C32 Metallized p ap er; 0 . 2 5  mfd . ;  200 V.D . C. 1 8 7A624H02 

C33  Metallized paper; 0 . 25 mfd . ;  200 V . D .C .  1 8 7A624H02 

C34 Metallized p ap er; 1 . 0  mfd . ;  200 V . D . C. 1 8 7A624H04 

C35 Metall ized p aper; 0 . 25 mfd . ;  200 V .D . C .  1 87 A624H0 2 

C 5 1  Metallized p aper; 0 . 25 mfd . ;  200 V . D . C .  1 87A624H0 2 

C52 Metallized paper; 0 . 25 mfd . ;  200 V.D .C . 1 8 7A624H02 

C53 Metallized paper; 0 . 1  mfd . ;  200 V . D .C. 1 87A624 H 0 1  

C54 Dur··Mica, 1300 pf. ; 500 V . D . C .  1 87A584H 1 5  

C55 M etallized paper; 0 . 1  mfd . ;  200 V.D. C. 1 8 7A624HO J 

C56 Metall ized pap er; 0 .25 mfd . ;  200 V. D . C .  187A624H0 2 

C57 Metallized paper; 0 . 1  mfd . ;  200 V. D . C .  18 7A624H0 1 

C 58 Metallized p ap er; 0 . 25 mfd . ;  200 V .D .C .  1 87A624H02 

C59 Metallized p aper; 0 . 25 mfd . ;  200 V.D .c.  1 87A624H02 

C60 Metall ized p aper; 1 . 0  mfd . ;  200 V.D .C. 187A624H04 

C 8 1  Mylar; 0 .22  mfd . ;  5 0  V .D .  C .  762A703H0 1 

C82 Myl ar; 0 . 2 2  mfd. ; 50 V.D. C. 762A703H0 1 

C83 variable ;  4 . 5 - 1 00 pf. 762A736H02 

C 84 Polystyrene, 91 00 pf. ; 200 V . D .C. 1 87A624 H 1 6  

C85 Temp. comp ensating; 1 50 V.D . C . ;  pf. as required 

C86 100 pf. ; zero temp . coef. 1 8 7A684H08 

C87 Temp. comp ens ating; 150 V . D . C . ; pf.  as required 

C88 variable;  4 . 5 - 100 pf. 7 62A736H02 

C89 P olystyrene; 9 1 00 pf. ; 200 V. D . C .  1 87A624H 1 6  

C90 Myl ar ; 0 . 22 mfd. ; 50 V. D . C .  762A 703H0 1 

C91  Mylar; 0 .22  mfd. ; 50  V. D . C .  762A 703H0 1 

C 1 0 1  Tant alum, 6 . 8  mfd . ;  3 5  V .D . C .  1 84A66 1H25 
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I . L .  4 1 -945. 5 3 0  

EL ECTRI CAL PARTS L IST (Cont'd.) 

CIRCUIT WESTINGHOUSE 
SYMBO L D E S C R I P T I O N  DESIGN A Tl  ON 

DIO DES - GENERAL PURPOSE 

CR5 1 1N45 7A; 60 V. ; 200 MA. 1 84A855H07 

CR52 1N457A; 60 V . ;  200 MA. 1 84A855H07 

CR53 1N457A; 60 V.; 200 MA. 184A855H07 

CR81 1 N 9 1 ;  1 00 V. ;  1 50 MA. 182A881H04 

CR82 1 N 9 1 ;  100 V. ;  1 5 0  MA. 1 82A88 1H04 

CR83 1 N 9 1 ;  100 V. ; 150 MA. 1 8 2A88 1H04 

CR85 1N628; 125 V . ;  20 MA. 1 84A844H l 2  

CR86 1N628; 125 V. ;  30 MA. 1 8 4A855H 1 2  

CRl O l  1N457A; 60 V. ; 2 00 MA. 1 84A885H07 

CR 1 0 3  1N4 57A; 6 0  V . ;  2 00 MA. 1 84A885H07 

DIODES - ZENER 

CRl 1N30 27A; 20 v.  ± 10%; 1 w. 1 88A307 H 1 0  

CR2 1N 30 27A; 20 V. ± 10%; 1 w. 1 88A307H l0  

CR10 2 1N3686B; 20 V. ± 5%; 750 MW. 1 85A2 1 2H06 

VRl 1N2828B; 45 V.  ± 5%; 50 W. 1 84A854H06 

VR2 1N2984B; 20 V. ± 5%; l O W. 762A63 1H0 1 

POTENTIOMETERS 

R5 lOK; 2W. 1 85A086H 1 0  

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

R 1 2  l K ;  lf1w. 629A430H02 

R52 1K; 1,4 W. 629A645H04 

RESISTO RS 

R l  400 ohms ± 5%; 25W. 1 20 2587 

R2 26. 5 ohms ±5%; 40W. (For 4 8  V .  Supply) 04D l 299H44 

R2 1 50 ohms ± 5%; 40W. (For 1 25 V.  Supply) 1 20 24 99 

R2 300 o hms ±5%; 50W. (For 250 v. Supply) 763A963H0 1 

R3 150 ohms ±5%; 40W. (For 125  v. Supply) 1 202499 

R3 500 ohms ±5%; 100 W .  (For 250 V.  Supply) 6 29A843H0 3 

R4 100 ohms ±5%; lW .  Composition 187A643H0 3 

R6 10K ±5%; VzW. Compo sition 1 84A763H5 1  

R8 lOOK ±5%; 1 W. Composition 1 87A64 3H75 

R l l  lOK ±5%; !fzw. Composition 1 84A763H5 1 

R 1 3  5 . 6K ±5%; 1/zW. Composition 184A763H45 

Rl4  3 . 3K ± 5%; V2W. Composition 184A763H39 

R l 5  330 o hms ±5%; 1/zW. Composition 1 84A7 63H l5  

Rl6  lOK ±5%; 1/zW. Composition 184A763H5 1  

R 1 7  3 3K ± 5%; VzW. Compo sition 1 84A763H63 

R 1 8  3 . 3K ±5%; VzW. Composition 184A763H 3 9  

R l 9  3 . 3K ±5%; VzW. Compo sitio n 184A763H39 

R 20 lOK ±5%; VzW. Composition 184A763H 5 1  
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EL ECTRICAL P ARTS L I ST (Cont'd.) 

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

WESTINGHOUSE 
SYMBOL DESIGNAT ION 

RESISTORS (Cont'd . )  

R 2 1  3 3 K  ±5%; lhw. Composition 1 84A763H63 

R22 3 30 ohms ±5%; lhw. Composition 1 84A763H 1 5  

R23 lOK ±5%; YzW. Composition 1 84 A763H5 1 

R31 3. 3K ±5%; Yzw. Composition 184A763H39 

R32 22K ±5%; Y2W. Composition 184A763H5 9 

R33 680 ohms ±5%; Y2W. Composition 1 84A763H23 

R34 68 ohms ±5%; lhw. Composition 1 87A2 90H2 1 

R35 lOK ±5%; lhw. Composition 1 84A763H 5 1  

R36 330 ohms ±5%; lhW. Composition 1 84A763H 1 5  

R37 3 . 3K ±5%; Yzw. Composition 1 84A763H39 

R38 1000 ohms ±5%; YzW.  Composition 1 84A763H27 

R39 2 2K ±5%; YzW. Composition 1 84A763H59 

R40 680 ohms ±5%; Yzw. Composition 1 84A763H23 

R4 1 68 ohms ±5%; Yzw. Composition 1 87A290H2 1 

R42 lOK ±5%; lhw. Composition 184A763H 5 1  

R 5 1  4.  7K ±5%; Y2W . Composition 1 84A763H4 3 

R53 27K ±5%; Y2W. Composition 184A 763H6 1 

R54 2 . 2K ±5%; Y2w. Composition 184A763H35 

R55 27 ohms ±5%; Yzw. Composition 1 87A290 H l l  

R56 l OK ±5%; lhw. Composition 1 84A763H5 1 

R57 4 .  7K ±5%; lhw. Composition 1 84A763H43 

R58 27K ±5%; 1/zW. Composition 1 84A 763H 6 1  

R59 1 . 5K ±5%; W. Composition 1 84A763H 3 1  

R60 1 80 ohms ±5%; Y2w. Composition 1 84A76 3H0 9 

R61  4. 7K ±5%; YzW. Composition 1 84A763H4 3 
R62 1 . 5K ±5%; Yzw.  Composition 184A 763H3 1 

R63 3. 3K ±5%; Yzw. Composition 184A763H63 

R64 2 .  7K ±5%; Y2w. Composition 1 84A763H37 

R65 680 ohms ±5%; Yzw. Composition 1 84A763H23 

R66 68  ohms ±5%; Y2W. Composition 187A290H 2 1  

R67 4 .  7K ±5%; Yzw. Composition 1 84A 763H43 

R68 2. 7K ±5%; Yzw. Composition 1 84A763H37 

R69 1 8K ±5%; lhw. Composition 184A763H57 

R70 220 ohms ±5%; lhW. Composition 1 84A763H l l  

R71  270  ohms ±5%; Y2 w .  Composition 1 84A763H 13  

R72  330 ohms ±5%; Y2W. Composition 1 84A 763H 1 5  

R8 1 4 . 7K ±5%; 1/zW. Compo siti on 184A763H43 

R82 4 .  7K ±5%; Y2W. Composition 1 84A763H4 3 

R83 2 .  2K ±5%; Y2w. Composition 1 84A763H35 
R84 2.  2K ±5%; Y2w. Composition 1 84 A  763H35 
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CIRCUIT 
SYMBOL 

R85 

R 1 0 1  

R 102  

R 103  

R 104 

R105 
R 10 6  

R 1 0 7  

R 10 8  

R109  

R 1 1 0  

R 1 1 1  

T 1 1  

T 1 2  

T81  

T82 

Q1 1 

Q 1 2  

Q 1 3  

Q3 1 

Q3 2 

Q5 1 

Q5 2 

Q53 

Q54 

Q S l  

Q8 2 

Q 1 0 1  

Q l 0 2  

Q 103  

Q l04 

Y 1 1  

FL 1 

FL 2 

PL 

F 1 , F2 

AL 

HG 

EL ECTRICAL PARTS L I ST (Cont'd.) 

D E S C R IP T IO N  

RESISTORS (Cont'd . )  

6 .8K ±5%; YzW. Composition 

1 8K ±5%; YzW. Comp osition 

lOK ± 5%; l!zw. Composition 

82K ±5%; l!zw. Composition 

82K ±5%; YzW. Composition 

10K ±5%; 1 W. Composition 
3 9K ±5%; Yzw. Compositio n 

1000 o hms ±5%; 1/zW. Compo sition 

1 0K ±5%; YzW. Compo sition 

22K ±5%; YzW. Composition 
----

27K ±5%; YzW. Composition 

10K +5%; l!zw. Composition 

TRANSFORMERS 

Toroidal type ,  1 0 000/400 o hms 

Toroidal typ e, 25000/300 ohms 
---

P ot. Core type 

Pot. Core type 

TRANSISTORS 

2N652A 

2N 1 3 96 

2N 1 3 96 

2N 274 

2N274 

2N396 

2N3 96 

2N 39 6  

2N 396 

2N 652A 

2N652A 

2N699 

2N696 

2N 697 

2N69 9 

MISCELL ANEO US 

Oscil lator Crystal (Frequency 20 KC abo ve Channel Frequency ) 

Crystal Input Filter 

I. F. Filter 

Pilot L ight Bulb - For 48 V. Supply 

Pilot L ight Bulb - For 1 25 or 250 V. Supp ly 

Fus e, 1 . 5A 
------------- - - - -

Alarm Rel ay 
----�- ------- - - - - ------- --

Mercury Weted Contact Relay; 2 amp , 500 v . , 100 V . A. 

I . L .  4 1 -9 45. 530 

WESTINGHO USE 
DESIGNATION 

1 84 A763H47 

184A763H57 

1 84A763H5 1 

184A763H73 

1 84A 763H73 

1 87A643H5 1 
1 84A763H65 

1 85A 763H27 

1 84A763H5 1 

1 84A 763H23 

1 84A763H6 1 

1 84A 763H5 1 

196 2797 

1 9 62697 

606B53 3G0 1 

606B533G02 

1 84A638H 1 6  

848A892H0 1 

848A892H0 1 

1 87A270H0 1 

1 87A2 70H0 1 

762A575H03 

762A575H03 

762A575H03 

762A585H03 

1 84A63 8H l 6  

1 84A638H 1 6  

1 84A638H l 9  

762A585HO 1 

1 84A638H l 8  

1 84A638H l 9  

762A800HO 1 + (Reg. Freq. 

4 10C466 + (Reg. Freq. 

762A6 1 3G0 1 

1 87A1 33H0 2 

18 3A955H0 1 

1 1 D9 19H26 

408C062H07 

188A573H04 
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( f! L T E R  
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_ ,  

- 2 0  

- 30 

- • o 

- 50 

-60 

D O W N  1.----- z z o  ... -----1 
S O N LY }  

� .W+ 20 KC I. F. 

1+- F I LT E R  

+--- Nl '{ 
D I S C R I M I N ATOR 

O U T P U T  

v:R Y S TAL [\ FILTER 

' ZERO REI" 

J [\ \ 
' 

DO• 100 1\ 
1\ 

500 400 300 zoo 100 ft 100 200 300 400 &10 

C Y C L E S - I N PU T  F R E Q U ENCY C Y CL E S + 

f c :  C E N T E R  FREQUENCY OF C R Y STAL F I L T E R  

848A629 

Fig. 2. Filter and Di scriminator Characteristics of the Type TCF R ecei ver. 

i- WIDE X t DEEP - FOUR SLOTS 

I "' P U T  
A T T E 'IUATION 

POW[P 
" 

J) o c) �  
LOG I C  

CO ... TI!OL 

I - - - -0---- � 

rrf-L- -t-: ------��---=----=-----
18-i- MTG CENTERS -� 19 ---

6 • FOR Z!IO OR 12!5 1 2!50 1/ 0.C, ONLY 

WHEN Sl.JPPLI[D r----
� � � � 

---- --- - �c- - -� - : i 
, -- ___ _;'�-- ,�__J I 

,__ __ 6 � '----1 
4 1 0C49� 

Fig. 3. Outline and Drilling Plan for the Type TCF Receiver A ssembly. 
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I . L .  4 1 -94 5 . 5 3 0  

VR2 

V .. l 

PRINTED CIRCU IT BOARDS FL-201 

REAR VIEW 
644B101 1---------------------------------------·-·------

F i g. 4. Component L o cations on the TCF Receiver P anel. 

� . .  \ e @-:J C\  � '�'_) Q TPII v 
,..----, 

1 C l 4 l [ C I S  � 
[if1 3] 8 TP12 

§:] 0 
[¥15 ] [!II] � 4 C l l  � 

Y l l [R 2 2] 
I R 21) LR�O_] 

L--.-- 1 J:.) 8 
T P1 3 :Y []}!] � �l_!3_) 

i C l 3 
� 

§]-
L-- 1 9 I 1 1 1 1 1 1 1 1 1 1 1  I l l \  I I  I I  

-

7 6 3A292 
Fig.  5. 

1 6  

Component Lo catio n s  on the O s c i l lato r and M i xer 

P r inted C ircuit  Board. 

� C 3 5 �PQ� � T P 31 � C 3 2  � 
[ill] -i 

� 
0 8 

[ill] 

C!:!IJ § C 3 4  0 5 1 � [B]]J @iJ 0 [TID RJ@!]  ,, 8G 
t[ F L 2  t±J 

� 1 9 I 

I I I I I I I I I I I I I  I I I I I I 
;---

F i g. 6.  

7 6 3A29 3 
. .  L t . n the 1 F Amp l l f• er P r� n ted Component oca IOnS o . . 

Circui t Board. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



4 C 59 � 
I C 5 2 � J C 5 1 L 1 � Offil l r 

0 L03J ITill q I � C 56 � 
� l C 5 3  l �L---� 

CB:EJ
TP52Q [!EJ �@I] c:Bm 

TPSIQ TP53Q .Q � � C 5 8 � I I �- lcR53L-- l c s s r mTI  � 8 � 8 'if68l Q 53 � TP55 Q 0 54 � . I I CKTI:J � T P54 l C 57 r -§D- OITm � 4 C 6 0  � 
1 9 I I I I I I I I I I I I  I I I I I I I I 

7 6 3A294 

Fig. 7.  Component Lo cation s  on the A mp l i fier an d L imiter 

P rinted Circuit Board. 

I . L .  4 1 -945. 530 

,�. � ,�, HI 
CBB B 8 I C83 I 

I T72C90 I I C9�1 1 L' j' __ __jiCRB5I mD �ICRBSI _ 

() 
� [@  

� �0 
� 0 � CR84 a '0 [!!!] ......___ __ _ 19 I 

I \ I I I I I  I I l l  I i l l  I I  I I  
WHEN 
USED 

7 6 3A2 9 5  

Fig. B .  Component Lo cation s o n  the Discriminator P rin ted 

Circuit Board • 

.------------------------------------------

I F. F I LTER TEST C I RCU IT CO N N E C T I O N S  

I N P U T  FILTER TEST C I R C U I T  CON N EC T I O N S  

849A 109 

F i g. 9.  T e s t  Circuits for TCF Frequen cy Shift Receiver Fi lters 
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AL A R M  
R E LAY 

QTPI05 
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[EIQ1J rniQD � I R 1 0 3 I I-
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F i g. 10.  Component Lo cation s on the R elay O utput P rinted Circui t Board. 
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COMPONENT STYLE REQ REF 

TRANSISTOR 

Q l l-Ql2-Ql3 849A44 1H03 3 2N4249 

RESISTOR 

R l5-R22 184A763Hl5 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 ll-R 16-R20-R23 184A763H 5 1  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 14- C l5 187A624H04 2 lMFD. 200V. 

C l2 SEE NOTE Y 
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 l l  SEE NOTE o 

Y � C l2 RANGE 4 TO 390Pf. AS R EQ U I R E D  BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS. 

• � C l6 RANGE 22 TO lOOP!. AS REQUIRED BY FREQUENCY 
AND CRYSTAL CHARACTERISTICS. 

o � Y l l  RANGE-50 TO 220 KHZ. 

2 6 4 C 8 S S  

* Fig. 1 1 .  Internal Schem atic 3D-200KH z O sci llator ancl M ixer Silicon Tran s is tor Version 
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N 
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r--2r -���------------------------gx---------�l ' ' ' ' I 

Q2 1 1  

C216 

I I I I I I 
T2 1r-

-
+ 

�> 6 1 I I I I I I 
I ! I I 

� _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1!!,
: 

_j�2.£lQZ'2£1J 

C O MPONENT STY LE REQ REF 
TRANSISTOR 

0 2 1 1  849A44 1H03 1 2N4249 

RESISTOR 

R 2 1 1- R 2 13-R215 184A763H 5 1  3 !OK 1/2W +5% 

R212 184A763H27 1 lK l/2W +5% 

R 2 14 184A763H37 1 2. 7K 1/2W +5% 

R216 184A763H49 1 8.2K l/2W +5% 

R217 184A763H34 1 2K 1/2W +5% 

R218 184A763H07 1 1500 1/2W +5% 

R219 184A763H I 5  1 3300 1/2W +5% 

R220 184A763H67 1 47K 1/2W +5% 

R221 184A763H83 1 220K 1/2W +5% 

R222 184A763H43 1 4. ?K l/2W +5% 

CAPACITOR 

C2 1 1  SEE NOTE ... 
C212-C213-C215 184A663H04 3 . 1MFD. 50V. 

C214 SEE NOTE 0 
C216-C217 187A624H04 2 1 MFD. 200V. 

C218 187A624H02 1 .25 MFD. 200V. 

ZENER DIODE 

Z201 862A606H01 1 1N753A 

INTERNAL CIRCUIT 

IC201 201C826H04 1 UA7 10C 

TRANSFORMER 

T2 1 1  7 148677G01 1 

T212 205C043G03 1 

CRYSTAL 

Y l l  S E E  NOTE 0 1 

.o1. = C 2 1 1  RANGES FROM lOOPf. TO 1,000Pf. 

0 = C 2 14 STYLE NO. 187A695H 17 .56Pf. BUT MAY VARY UP TO lOOPf. 

0= Y l l  FREQUENCY EQUALS RECEIVER (CHANNELl FREQUENCY 
PLUS 20 KHZ.  

2 6 4 C 8 4 4  

* 
Fig. 12. Internal Schem atic 200.5-300KHz. Oscillator ancl M ixer Silicon Tran sistor Version 
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14 1 7> 
I 
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C OMPONENT 

TRANSISTOR 

Q31-Q32 

RESISTOR 

R34- R41 

R36 

R33-R40 

R38 

R31-R37 

R35-R42 

R32-R39 

CAPACITOR 

C31-C32-C33-C35 

C34 

C36 

FILTER 

. FL2 -- -- ·- ·- --

¢ • COMMON TERMI NAL 

* Fig. 13.  Intern al Schematic / . F. Amplifier - Silicon Transistor Version 

STYLE REQ 

849A441H03 2 

187A290H2r 2 

184A763H i"5 1 

184A763H23 2 
184A763H27 1 

184A763H39 2 

184A763H51 2 

184A763t-i59 2 

187A624H02 4 

187A624H04 1 

762A757H01 1 

___l62A613GO 1 1 

REF.  

21'14249 . 

68h 1/2W +5% 

3300 1/2W +5% 

6s0n 1/2W ±5% 

1K 1/2W ±5% 

3:3K 1/2W ±5% 

lOK l/2W +5% 

22K 1/2W +5% 

�25MFD. 200V 

1MFD. 200V. 

100 Pf. 

2 6 4 C 8 5 6  
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1 14 C60 I I 
I TP55 

5 ! I 0 • » 
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C59 

._ _ _  _:�J- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -��c��o_:_) 

C O M PONENT 
TRANSISTOR 

05 1-052-053-054 

RESISTOR 

R66 

R55 

R70 

R72 

R65 

R59 

R54-R62 

R64-R68 

R 5 1-R57-R61-R67 

R56 

R69 

R53-R58 

R63 

R 7 !  

R60 

R73 

CAPACITOR 

C54 

C51-C52-C56-C58-C59 

C53-C55-C57 

C60 

DIODE 

D51-D52-D53 

POTENTIOMETER 

R52 

* Fig. 14.  Internal Schem atic Amp li fier and L im i ter - Silicon Tran si stor Version 

STYLE 

849A44 1H03 

187A290 H 2 1  

187A290H l l  

184A763H 1 1  

184A763H15 

184A763H23 

184A763H 3 1  

184A763H35 

184A763H37 

184A763H43 

184A763 H 5 1  

184A763H57 

184A763H61 

184A763H63 

09D8326G20 

184A763H09 

62 9 A 5 3 1 H02 

187A584 H I5 

187A624H02 

187A624HOI 

187A624H04 

184A855H07 

629A645H04 

REO REF. 

4 2 N 4249 

1 680 1/2W +5% 

1 270 1/2W ±5% 

1 2200 1/2W +5% 

1 3300 1/2W ±5% 

1 6800 I/2W +5% 

I 1.5K 1/2W +5% 

2 2.2K I/2W ±5% 

2 2 . 7 K  I/2W +5% 

4 4.7K I/2W +5% 

I !OK 1/2W ±5% 

I 18K I/2W +5% 

2 27K 1/2W +5% 

I 33K 1/2W ±5% 

I 1000 +2% 

I 1800 I/2W + 5% 

1 56 o 112w ±2% 

I 1300MMF. 500V. 

5 .25MFD. 200V. 

3 O. IMFD. 200V. 

I I.OMFD. 200V. 

3 IN457A 

I 1 K  

2 6 4 C 8 4 1  
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CO ','PONENT STYLE  
TRANSISTOR 

081-082 849A44 1H01 

RESISTOR 

R 8 1-R82 184A763H38 

R83-R84 184A763H35 

R85 184A763H 1 1  

R87 184A763H53 

CAPAC ITOR 

C8 1-C82-C90-C91 762A703H01 

C83-C88 762A736H02 

C84-C89 187A624H 16 

C86 187A684H08 

C85-C87 SEE NOTE 0 

DIODE 

D81-D82 184A855H07 

D85-D86 184A855H 12 

TRANSFORMER 

T8 1 6066533001 

T82 6066533002 

0 = O N E  OR TWO CAPAC ITORS USED; VALUES 
DETERMINED IN TEST. 

* 
Fig. 15.  Internal Schem atic Discrimin ator - Silicon Transistor Version 

I REO I 
2 

2 

2 

1 
1 

4 
2 

2 
1 

2 
2 

1 

1 

3 K  

2 . 2 K  

REF  

2N 3645 

l i2W +5% 

1 12W +5% 

2200 1 12W +5% 

12K 1 /2W ±5% 

.22MFD. 50V. 

4.5 TO lOOP!. 

009 1M F D .  200V. 

100 Pf. 

1N457A 

1N628 

2 6 4 C 8 4 3  
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I2 Y l l ' R221 
� [l!H1 � 
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7 6 3 A 2 9 2  
Fig. 16.  Component Locations 30-200KHz. Oscillator 

ancl M ixer Silicon Transistor Version 

I+C35j I R42 j I R3 5 l  I C36] '132+\ 
IR40fP330 r=l =----==----.,1 TP31 Q3 1 R33 rn!D Oo32 c34 + . 10 0 I R34 l  
I R39l R32 
I R37 l I R38 I I R36 j 0 TP32 

fC33B 2 I 

FL 2 

19 7 I 

�- --- --� 
7 6 3A 2 9 3 

Fig. 18.  Component Location s / . F. Amplifier - Silicon 
Tran sistor Version 

24 

TP216 
0 

0 TP214 
19 

�--

TP215 
0 

Yl l  @ 
C 2 1 7 I 

I 

--� 
2 0 2 C 9 3 4 

Fig. 1 7. Compon ent Location s 200.5-300KHz. 

Oscillator ancl 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. 7 9. Compon ent Locations Amplifier ancl Limiter 

- Sili con Transistor Version 
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mJ] ( + C90 [ + C9 1 I 
mJ] 1Re4 ] 1 Re3 l 

(lQi[J [lQll] I C8 1  + I I + C82 I 
®iJ I Re l l 

[ff8"5] 
F .--1 R-8 6--.J ; 0 108411 0 s 

Q8 1  Q82 

�-�-
Fig.  20. Compon ent Location s Discrim in ator - Sil icon Tran s i s tor Version 

I. L. 4 1 -945.530 

W H E N  
U S E D  

7 6  3A 2 9  5 
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