
INSTALLATION 
Westinghouse I. L .  41-945.1C 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TC F POWER LINE CARRIER FREQUENCY-SHIFT 

TRANSMITTER EQUIPMENT - I WATT I 10 WATT - TRANSFER-TRIP 

C AUT I 0 N: It is recommended that the user of this 
equipment become thoroughly familiar with the 
information in this instruction leaflet before ener­
gizing the carrier assembly. Failure to observe 
this precaution may result in damage to the equip­
ment. 

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

AP P LICATION 

The type TCF carrier transmitter equipment 
provides for the transmission of either of two closely 
controlled discrete frequencies, both within a nar­
row-band channel, over high-voltage transmission 
lines. The center frequency of the channel can vary 
from 30 to 200 KC in 0 . 5  KC step s. The two fre­
quencies transmitted are separated by 200 cycles, 
one being at center frequency ( fc) plus 100 cycles 
and the others at center frequency minus 100 cycles. 
The higher frequency, termed the Guard frequency, 
is transmitted continuously when conditions are 
normal. It indicates at the receiving end of the line 
that the channel is operative and it also serves to 
prevent false operation of the receiver by line 
noise. The lower frequency, termed the Trip fre­
quency, is transmitted as a signal that an operation 
( such as tripping a circuit breaker) should be per­
formed at the receiving end of the line. 

When frequency shift carrier is used in protec­
tive relaying app lications, it is recommended that 
the trip frequency be transmitted at a higher power 
level to increase reliability of the system under 
conditions of abnormally high channel losses or 
line noise. The frequency is shifted from Guard to 
Trip by the closing of a protective relay contact, 
and the same contact also shifts the transmitter 
from a 1 watt to a 10 watt output level. 

CONSTRUCTION 

The 1 watt/ 10 watt TCF transmitter unit is 

SUPERSEDE S I. L .  41-945.1 B 
*Denotes chan ge from su perseded 1ssue 

mounted on a standard 19-inch wide panel 1 2� 
inches ( 7  rack units) high with edge slots for mount­
ing on a standard relay rack. All components are 
mounted on the rear of the panel. Fuses, a pilot 
light, a power switch and a jack for metering the 
amplifier collector current are accessible from the 
front of the panel. See Fig. 5.  All of the circuitry 
that is suitable for printed circuit bo ard mounting i s  
o n  two such boards, a s  shown i n  Fig. 2. The com­
ponents mounted on each printed circuit board or 
other sub- assembly are shown enclosed by dotted 
lines on the internal schematic. Fig. 1. The loca­
tion of components on the two printed circuit bo ards 
are shown on separate illustrations, Fig. 3 & 4. 

External connections to the assembly are made 
through a 1 2-circuit receptacle, J3 . The r.f. output 
connection to the assembly is made through a coax­
ial cable j ack, J2. 

OP E RATION 

The transmitter is made up of four main stages 
and two filters. The stages include two crystal 
oscillators operating at frequencies that differ by 
the desired channel frequency, a mixer and buffer 
amplifier, a driver stage and a power amplifier. One 
filter is located between the driver and the power 
amplifier and the filter removes h armonics that may 
be generated by distortion in the power amplifier. 

A single crystal designed for oscillation in the 
30 KC to 200 KC range cannot be forced to oscillate 
away from its natural frequency by as much as ± 100 
cycles. In order to obtain this desired frequency 
shift, it is necessary to use crystals in the 2 MC 
range. The crystals are Y 1  and Y2 of Fig. 1. The 
frequency of Y2 is 2 . 00 MC when operated with a 
specified amount of series capacity, and the fre­
quency of Y 1  is 2.00 MC plus the channel frequency, 
or 2 .03 MC. Capacitor C55 and crystal Y2 in series 
are connected between the positive side of the sup­
ply voltage and the base of transisto r Q5 1 ,  which 
operates in the emitter follower mode. The emitter 
is coupled to the base- through C57, and with Y 2  
removed the base of Q5 1 would b e  held at approxi-
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mately the midpoint of the supply voltage by R5 1 
and R52.  The crystal serves as a series-reso nant 
circuit with very high inductance and low capaci­
tance. The circuit can be made to oscillate at other 
than the natural frequency of the crystal by varying 
the series capacitor,  C55. Increasing C55 will 
lower the frequency of oscillations and redu cing 
C55 will raise the frequency. 

Crystal Y 1 is connected in a circuit that i s  
similar except for the addition o f  C5 3 and diodes 
CR5 1  and CR52. By adjustment of C52 this circuit 
is made to oscillate at 100 cycles above its marked 
frequency. Cap acitor C53 is not effective until 
CR5 1 is biased in the forward direction and becomes 
conductive. It is biased in the reverse direction 
until the relay control contact is clo sed, which 
places 45 V . D . C. at terminal 3 of the printed circuit 
board. With CR5 1 conducting, C53 is effectively in 
parallel with C52. and adjustment of C5 3 will reduce 
the frequency by 200 cycles. The crystals taken 
individually have a greater variation of frequency 
with temperature than would be acceptable. How­
ever, by proper matching of the two crystals ,  the 
variation in their difference frequency can be kept 
within limits that permit holding the frequency sta­
of the overall transmitter to t 10 cycles/ sec. over 
a temperature range of - 20 to t 60" C.  

The frequencies produced by the two oscillators 
are coupled to the base of mixer transistor Q53 
through C62 and C6 3 .  The sum of the two frequen­
cies is so high that a negligible amount appears 
on the secondarY of transformer T5 1 ,  but the dif­
ference frequency is accepted and amplified by Q5 3  
and Q54. 

When the relay control, or keying, contact is 
closed, it increases the output power from 1 watt to 
10 watts as well as changing the frequency from 
Guard to Trip. This is effected by reducing the 
emitter resistance of buffer-amplifier transistor 
Q54 .  When the keying contact is open, transistor 
Q55 receives no base current and is non-conducting. 
Emitter resistor R70 therefore is effectivelY open­
circuited. The level of output power is adjusted to 
1 watt by means of R64 . When Q55 is made con­
ductive by closing the keying contact, R70 i s  
placed i n  parallel with R68 and the amount of emit­
ter resistance unbypassed by C66 can be adjusted 
as required to obtain a 10-watt output level. 

As is shown on the Internal Schematic , Fig. 1. 
the voltage for the keying circuit is obtained from 
the 45-volt regulated supply in the transmitter, and 
opening the single power switch de-energizes both 
the transmitter and the keying circuit. Cap acitor 
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C4 protects the transmitter from transient voltages 
that might be induced in the lead from terminal 8 of 
n to the keying contact, and it also effects a 
smoother rise in voltage from the 1-watt to the 10-
watt level. Resistor R8 reduces the duty on the 
keying contact. 

The driver stage consists of transistors Q56 and 
Q�,7 connected in a conventional push-pull circuit 
wlth input supplied from the collector of Q54 through 
transformer T52. Thermistor R73 and resistors R74 
and R75 are connected to provide a variable bias 
that reduces the effect of varying ambient tempera­
tures on the input level. 

The driver filter, FL 10 1 .  consists of a series­
resonant inductor and capacitor connected between 
the driver and power amplifier stages by appropriate 
transformers T1 and T2 .  This filter greatly im­
proves the waveform of the signal applied to the 
pc wer amplifier. 

The power amplifier uses two series-connected 
pcwer transistors, Q 10 1 and Q 10 2, operating as a 
class B push-pull amplifier with single-ended out­
put. Diodes CR10 1 and CR103 provide protection 
for the base-emitter junctions of the power transi s­
tors. Zener diodes CR105 and CR106 protect the 
collector-emitter junctions from surges that might 
ccme in from the power line through the coaxial 
cable. 

The output transformer T3 couples the power 
transistors to the output filter FL 102 .  The output 
filter includes two trap circuits (L 10 2. CB and 
L 103 ,  Cc) which are factory tuned to the second 
and third harmonics of the transmitter frequency. 
Capacitor CD approximately cancels the inductive 
reactance of the two trap circuits at the operating 
frequency. Protective gap G 1  is a small lightning 
arrester to limit the magnitude of switching surges 
or other line disturbances reaching the carrier set 
through the line tuner and coaxial cable. Auto­
transformer T4 matches the filter impedance to 
coaxial cables of 50, 60 , or 70 ohms. 

The series resonant circuit composed of L 105 
and CE is tuned to the transmitter frequency, and 
aids in providing resistive termination for the output 
stage. Jack J102  is mounted on the rear p anel of 
FL 10 2 and is used for measuring the r.f.  output 
current of the transmitter into the coaxial cable. 
It should be noted that the filter contains no shunt 
reactive elements, thus providing a reverse imped­
ance that is free of possible "acro ss-the-line" 
resonances. www . 
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The power supply is a series-typ e transistorized 
d-e voltage regulator which has a very low stand-by 
current drain when there is no output current demand. 
The Zener diode VR 1 holds a constant base-to­
negative voltage on the series-connected power 
transistor Ql. Depending on the load current, the 
d-e voltage drop through transistor Q1 and resistors 
R1 and R2 varies to maintain a constant output 
voltage. The Zener diode VR2 serves to protect 
the collector-base junction of Q1 from surge volt­
ages. Cap acitor C 1 provides a low carrier-frequency 
impedance acro ss the d-e output voltage. Cap aci­
tors C2 and C3 bypass r .f. or transient voltages to 
ground, thus preventing damage to the transistor 
circuits. 

CHARACTE R! STI C S  

Frequency 
range 

Output 

Frequency 
stability 

Frequency 
spacing 

Harmonics 

Input voltage 

Supply voltage 
variation 

Battery drain 

Keying circuit 
current 

Temp erature 
range 

Dimensions 

Weight 

30-200KC 
1 watt guard - 10 watts trip 
( into 50 to 70 ohm resistive 
load) 
-t 10 cycles/ sec. from -20 o C 
to + 60 8 C. 
1. One-way channel, two or 

more signals - 500 cycles 
min. 

2 .  Two-way channel, - 1500 
cycles min. between trans­
mitter and adj acent re­
ceiver frequencies. 

Down 55 db ( min. ) from output 
level. 
48 or 1 25 v .d .c .  

4 2-56 v.  for nom. 48 v .  supply. 
105- 140 v. for nom. 125 v. sup­
ply. 

0. 5 a. guard l 48 v. d. c. 
1 . 15a. trip 

. 1 25 v . .  c. 0.5 a. guard } d 
0 . 9  a. tnp 

4 rna. 
- 20 to + 60 "c. around chas­
sis. 
P anel height - 1 21Jl" or 7 r .u .  
P anel width - 19" 

12 lbs. 

INSTA L LATION 

The TCF transmitter is generally supplied in a 
cabinet or on a relay rack as part of a complete 
carrier assembly. The location must be free from 
dust, excessive humidity, vibration, corrosive 
fumes, or heat. The maximum ambient temperature 

I.L. 41 -945.1C 

around the chassis must not exceed 60 °C. 

ADJU STM E NTS 

The TCF 1 W /  lOW transmitter i s  shipped with 
the power output controls R64 and R70 set for out­
puts of 1 watt and 10 watts into a 60 ohm load. If it 
is desired to check these adjustments or if repairs 
have made readjustment necessary, the coaxial 
cable should be disconnected from the assembly 
terminals and replaced with a 50 to 70 ohm non-in­
ductive resistor of at least a 10 watt rating. Use 
the value of the expected input impedance of the 
coaxial cable and line tuner. If this is not known, 
assume 60 ohms. Connect the T4 output lead to the 
corresponding tap. Connect an a-c vacuum tube 
voltmeter ( VTVM) acro ss the load resistor. Turn 
power output control R64 to minimum ( full counter­
clockwise). Turn on the power switch on the p anel 
and note the d-e voltage across terminals 5 and 7 
of J3.  If this is in the range of 42 to 46 volts, ro­
tate R64 clockwise to obtain 4 or 5 volts across 
the load resistor used. At this point check the ad­
justment of the series output tuning coil L 105 by 
loosening the knurled shaft-locking nut and moving 
the adjustable core in and out a small amount from 
its initial position. Leave it at the point of maxi­
mum voltage across the load resistor used. Then 
rotate R64 farther clockwise to obtain the correct 
voltage for 1 watt in the load resistor, as shown in 
the following table. 

Then change to Trip frequency by connecting 
together terminals 2 and 3 of the transmitter printed 
circuit board ( which is approximately equivalent to 
connecting together terminals 7 and 8 of J3), and 
rotate R70 until the voltage across the load resistor 
is as shown in the following table for a 10 watt out­
put. Recheck the adjustment of L 105 for maximum 
output voltage and readjust R70 for a 10 watt output 
if necessary. Tighten the locking nut on L 105.  Open 
the power switch, remove the jumper used to key 
the transmitter to the 10 watt level, remove the load 
resistor, and reconnect the coaxial cable circuit to 
the transmitter. 

T 106 Voltage for Voltage for 
Tap 1 Watt Output 10 Watts Output 

50 7 . 1 22 . 4 

60 7 . 8  24. 5 

70 8.4 26. 5 

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

Normally the output filter (FL 102) will require 
no readjustment except as noted above. It is factory 
tuned for maximum second and third harmonic rej ec-
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tion, and for series resonance ( m aximum output at 
the fundamental frequency) with a 60-ohm load. A 
small amount of reactance in the transmitter output 
load circuit may be tuned out by readjustment of the 
movable core of L 105.  This may be necessary with 
some types of line coupling equipment. The adjust­
abl e cores of L l0 2  and L 103  have been set for 
maximum harmonic rejection and no change should 
be made in these settings unless suitable instru­
ments are available for measuring the second and 
third harmonic present in the transmitter output. 

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

and inserting a crystal in its proper socket with the 
other crystal unconnected. A sensitive frequency 
counter with a range of at least 2. 2 megacycles can 
be connected from TP5 1  to TP54. ( Connection to 
TP54 rather than to TP5 3  provides a better signal 
to the counter and avoids some error from the effect 
of the counter input capacitance on the oscillator 
circuit.)  While measurement of the oscillator crystals 
individually is necessary for the initial adjustment 
of the oscillators. generally any subsequent checks 
may be made with a lower range counter connected 
at the transmitter output. If any minor adjustment of 
the Guard and Trip frequencies should be needed, 
the Guard adjustment should be made with capacitor 
C52 and the Trip adjustment with C5 3. 

MAINT E NANC E  
P eriodic check s of the transmitter Guard and 

Trip power outputs will detect impending failure so 
that the e quipment can be taken out of service for 
correction. At regular maintenance interval s, any 
accumulated dust should be removed, particularly 
from the heat sink s. It is also desirable to check 
the transmitter power output at such times, making 
any necessary readjustments to return the equipment 
to its initial settings. 

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

Typical voltage values are given in the follow­
ing tables.  Voltages should be measured with a 
VTVM. Readings may vary as much as -t 20%. 
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T ABL E 

TRANSMITTE R  D-C M EASUR E M E NTS 

Note: All voltages are positive with respect to 
N eg. 45 V. ( TP5 1) . .  All voltages read with 
d-e VTVM. 

Voltage at Voltage at 
1 Watt 10 Watts 

Test Point Output O utput 

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

TP55 2 1  18.5 
TP56 2 1  18 . 5  
TP57 * < 1 .0  * < 1 .0  

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

TP 103 21  ± 2 2 1  ± 2 
TP 105 44. 3 44.0 

TABL E I I  

TRANSMITTER RF M E AS URE M E NTS 

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

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

Voltage at Voltage at 
1 Watt 10 Watts 

Test Point Output Output 

TP54 to TP5 1 0 . 0 15-0 . 0 3  0 . 0 15-0.03 
TP57 to TP5 1  0 .05 -0 .09 0 . 3  - 1. 2 
TP59 to TP5 1  0 .05  -0.09 0. 3 - 1.2 

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

T2- 1 to Gnd. . 5 7  1 . 8 5  
TP 1 0  1 to TP 1 0  3 5. 2 17 .0  
TP 10 3 to  TP 105 5. 2 17 .0  

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

J 102 to Gnd. 7 . 8  24. 5 www . 
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TRANSMITTE R  FOR CONVE RSION OF 
CHANGE D  CHANNE L FRE QU E NCY 

The p arts required for converting a 1W/ lOW 
TCF transmitter for operation on a different channel 
frequency consist of a pair of matched crystals for 
the new channel frequency, new capacitors C 103  and 
C 104 on the power amplifier circuit board if the old 
and new frequencies are not in the same frequency 
group ( see table on internal schematic drawing) and, 
in general, new or modified filters FL 10 1 and 
FL 102 .  Inductors L 10 1, L 10 2  and L 10 3  in these 
filters are adjustable over a limited range, but 
thirty-two combinations of capacitors and inductors 
are required to cover the frequency range of 30 KC 
to 200 KC. The widths of the frequency group s  vary 
from 1 . 5  KC at the low end of the channel fre quency 
range to 1 2  KC at the upper end. A p articular assem­
bly can be adjusted over a somewhat wider range 
than the width of its assigned group since some 
overlap is  necessary to allow for component toler­
ances. The nominal KC adjustment ranges of the 
group are: 

30. 0- 3 1 . 5  6 1.0- 64.0 1 13.0 - 1 19 . 5  
3 2.0- 33. 5 64.5- 68.0 1 20.0- 1 27.0 
34.0 - 36.0 68.5- 7 2.0 1 27.5- 135.0 
36.5 - 38.5 7 2 . 5 - 76. 0 1 35.5- 143.0 
39.0 - 4 1.0 76. 5 - 80 . 0  143.5 - 15 1.0 
4 1.5 - 44.0 80. 5- 84. 5 15 1.5 - 159.5 
44.5- 47.0 85.0- 89.0 16o:o- 169 . 5  
47. 5- 50.0 89.5- 94.5 170.0- 180 . 0  
50.5 - 5 3.5 9 5 . 0 - 100.0 180. 5- 19 1. 5 
54.0 - 57.0 100 . 5 - 106 .0  19 2.0- 200.0 
57. 5- 60.5 106.5 - 1 12. 5 

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

A signal generator, a frequency counter and a 
vacuum tube voltmeter are required for readjustment 
of FL 10 1 .  The signal generator and the counter 
should be connected across terminals 4 and 5 of 
transformer T 1 and the voltmeter across terminals 
1 and 2 of transformer T2. The signal generator 
should be set at the channel center frequency and 
at 2 to 3 volts output. The core screw of the small 
inductor should be turned to the position that give s 

I.L. 4 1 -945. 1 C  

a true maximum reading on the VTVM. Turning the 
screw to either side of thi s po sition should def­
initely reduce the reading. The change in inductance 
with core position is less at either end of the travel 
than when near the center and consequently the 
effect of core screw rotation on the VTVM reading 
will be less when the resonant inductance occurs 
near the end of core travel. 

The procedure for readjustment of the 2nd and 
3rd harmonic trap s of filter FL 10 2 is somewhat 
similar. A signal generator and a counter should be 
connected to terminals 3 and 4 of transformer T3 , 
and a 500 ohm resistor and a VTVM to the termin­
als of protective gap G l .  The ground or shield lead 
of all instruments should be connected to the 
grounded terminal of the transformer. Set the signal 
generator at exactly twice the channel center fre­
quency and at 5 to 10 volts output. Turn the core 
screw of the large inductor, L 10 2 ,  to the po sition 
that gives a definite minimum reading on the VTVM. 
Similarly, with the signal generator set at exactly 
three times the channel center frequency and 5 to 
10 volts output, set the core screw of the small 
inductor, L 10 3, to the po sition that gives a definite 
minimum reading on the VTVM. Then remove the 
instruments and the 500 ohm resi stor. 

After the new pair of matched crystals have 
been adjusted , as described under "ADJUSTMENTS", 
the transmitter can be operated with a 50 to 70 ohm 
load (depending on which tap of T4 is used) con­
nected to its output, and inductor L 105 can be read­
justed for maximum output at the changed channel 
frequency by the procedure described in the same 
section. 

If a frequency-sensitive voltmeter is available,  
the 2nd and 3rd harmonic trap s may be adjusted 
without using an oscillator as a source of double 
and triple the channel frequency. Connect the fre­
quency- sensitive voltmeter from TP 109 to ground 
and adjust the transmitter for rated o utput into the 
selected load resistor. Set the voltmeter at twice 
the channel frequency and, using the tuning dial and 
db range switch, obtain a maximum on-scale reading 
of the 2nd harmonic. Then vary the core position of 
L 10 2 until a minimum voltmeter reading is obtained. 
Similarly, tune the voltmeter to the third harmonic 
and adjust L 103 for minimum voltmeter reading. 
Although the transmitter frequency will differ from 
the channel center frequency by 100 cycles, the 
effect of this difference on the adjustment of the 
harmonic trap s will be negligible. It should be 
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noted that the true magnitude of the harmonics can­
not be measured in this manner because of the pre­
ponderance of the fundamental frequency at the volt­
meter terminals. Accurate measurement of the har­
monics requires use of a filter between TP 109 and 
the voltmeter that provides hi gh rejection of the 
fundamental. The insertion lo sses of this filter for 
the 2nd and 3rd harmonics must be measured and 
taken into account. 
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RE COMM E ND E D  TE ST E QU I PM E NT 

I. Minimum Test Equipment for Installation. 

a. 60-ohm 10-watt non-inductive resistor. 

b. 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. 

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

Voltage Range: 1 . 5  to 300 volts. 

Input Impedance: 7 . 5  megohms. 

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

b.  Signal Generator 
Output Voltage up to 8 volts. 

Frequency Range: 20-kc to 230-kc .  

c .  Oscilloscope 

d. Frequency counter 

e. Ohmmeter 

f .  Capacitor checker. 

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

RENEWA L  PARTS 

Repair work can be done mo st satisfactorily at 
the factory. However, replacement parts can be 
furnished, in most cases, to customers who are 
equipped for doing repair work. When ordering parts, 
always give the complete nameplate data and ident­
ify the part by its designation on the Internal Sche­
matic drawing. 
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CIRCUIT 
SYMBOL 

C 1  

C 2  

C3 

C 4  

C5 1 

C 5 2  

C53 

C54 

C55 

C56 

C57 

C58 

C59 

C60 

C61 

C62 

C63 

C64 

C65 

C66 

C67 

C68 

C69 

C70 

C 10 1  

C 10 2  

C 10 3  & C 10 4  

C 10 3  & C 104 

C 10 3  & C 104 

C 103  & C 104 
C 10 3  & C 104 

CR5 1 

CR52 

CR53 

C R 10 1  

CR10 2 

CR 10 3  
CR 104 I 
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E LE CTRICAL PARTS LIST 

D E S C R I P T I O N  

CAPACITORS 

O il-filled; 0 .45  mfd. ; 330 V. A. C. 

O il-filled; 0.5 mfd. ; 1500 V . D. C. 

O il-filled; 0.5 mfd. ; 1500 V.D.C. 

O il-filled; 0 . 5  mfd. ; 1500 V. D. C. 

Dur-Mica, 1500 pf.; 500 V.D. C. 

V ariable, 3 -75 pf. 

V ariable, 3 -75  pf. 

M etallized p aper, O il mfd. ; 200 V.D. C. 

V ariable, 3 - 75 pf. 

Dur-Mica, 2000 pf. ;  500 V. D. C. 

Dur-Mica, 2000 pf.; 500 V.D. C.  

Metallized p aper, 0.25 mfd. ; 200 V. D.C. 

Dur-Mica, 100 pf. ; 500 V. D.C. 

Dur-Mica, 100 pf. ; 500 V. D. C. 

M etallized p aper, 0 . 25 mfd . ;  200 V . D.C. 

Dur-Mica, 4700 pf.; 500 V . D.C. 

Dur-Mica, 1000 pf. ;  500 V . D. C. 

Metallized p aper, 0.25 mfd. ; 200 V.D. C .  

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

M etallized p ap er, 0. 25 mfd. ; 200 V .D. C. 

M etallized p ap er, 0. 25 mfd. ;  200 V . D. C. 

M etallized p aper, 0.5 mfd. ;  200 V . D.C. 

M etalli zed p aper, 0 . 25 mfd. ; 200 V . D. C .  

Dur-Mica, 300 pf. ;  500 V . D. C .  

Metallized paper, 0. 2 5  mfd.; 200 V .  D. C. 

M etallized p aper, 0.25 mfd. ; 200 V . D.C. 

( 30 - 50 KC)- Extended foil, 0. 47 mfd.; 400 V. D.C. 

( 50 . 5 - 75 KC) - Extended foil, 0 . 22  mfd.; 400 V . D. C. 

( 7 5. 5 - 100 KC)- Extended foil, 0 . 1 5  mfd. ; 400 V . D. C. 

( 100 . 5 - 150 KC) - Extended foil, 0 . 10 mfd. ; 400 V.D. C. 
( 150. 5 - 200 KC) - Extended foil, 0 .047 mfd. ; 400 V . D. C. 

DIODES- GENERAL PURPOSE 

IN628; 1 25 V . ;  30 MA. 

IN628; 1 25 V . ;  30 M A. 

IN 457A; 60 V . ;  200 M A. 

IN538; 200 V . ;  750 MA.  

IN9 1; 100  V . ;  150 M A. 

IN538;  200 V . ;  750 MA.  

IN9 1;  100  V . ;  150 MA. 

WESTIN GHOUSE 
DESIGNATION 

17 23408 

1877962 

1877962 

1877962 

762A7 57H03 

762A736H0 1 

762A7 36H0 1 

187 A624H0 1 

762A736H0 1 

187 A584H0 1 

187 A584H0 1 

187 A624H02 

762A757H0 1 

762A757H0 1 

187 A624H02 

762A757H04 

762A7 57H0 2 

187 A624H0 2 

187 A624H0 2 

187A6 24H0 2 

187 A624H0 2 

187 A624H 0 3  

1 8 7  A624H0 2 

187 A584H09 

187 A624H0 2 

187 A624H0 2 

188 A 29 3H0 1 

188 A 29 3H0 2 

188A 29 3H03 

188 A 29 3H04 
188 A 29 3H05 

184A885H 1 2  

184A885H 1 2  

184A885H07 

407C703H03 

18 2 A88 1H04 

407C703H03 
182A881H04 www . 
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CIRCUIT 
SYMBOL 

VRl 

VR2 

VR3 

CR54 

CR105 

CR106 

R 1  

R 2  

R3 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R5 1 

R52 

R53 

R54 

R55 

R56 

R57 

R58 

R59 

R60 

R61 

R62 

R63 

R64 

R65 

R66 

R67 

R68 

R69 
r--

R70 
R71 
R72 

10 

ELECTRICAL PARTS LIST (Cont'd-) 

D E S C R IPT I O N  

DIODES- ZENER 

IN2828B; 45 V. ±5%; 50 W. 

IN3009A; 130 V. ± 10%; 10 W. 
IN1789; 56 V. ± 10%; 1 W. 

IN3686B; 20 V. ± 5%; 750 MW. 

IN2999A; 56 V. ± 1 0 %; 10 W .  

IN2999A; 56 V .  ± 10%; 10  W .  

RESISTORS 

26.5 ohms ±5%; 40 W .  

26. 5 ohms ± 5%; 4 0  W .  

2 6 . 5  ohms ±5%; 4 0  W.  ( For 4 8  V .  Supply) 

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

100 ohms ± 10%; 1 W. Composition 

1 K  ± 1 0%; liz W. Composition 

3K ± 5%; 5 W. Wire Wound 

1 5 K  ± 10%; 2 W. Composition 

1 00 ohms ± 5%; 2 W. Composition 

10K ± 5%; YzW. Composition 

10K ± 5%; YzW. Composition 

10K ± 5%; liz W. Composition 

lOK ± 5%; liz W. Composition 

10K ± 5%; liz W. Composition 

100 ohms ± 5%; liz W. Composition 

3.3K ±5%; Yz W. Composition 
3 . 3K ± 5%; Yz W. Composition 

100 ohms ± 5%; Yz W .  Composition 
10K ± 5%; Y2 W. Composition 

5. 6K ± 5%; Yz W. Composition 

15K ± 5%; Yz W. Composition 

10K ± 5%; Yz W. Composition 

1 K  ± 5%; Yz W. Composition 

Potentiometer, 1 K; 1JI W. 

1 . 8K ± 5 %; Yz W.  Composition 

8 . 2K ±5%; Yz W. Composition 

3 . 3K ± 5%; Yz W. Compo sition 

330 ohms + 5%; Yz W. Compo sition 

800 ohms + 5%; 3 W. Wire Wound 

Potentiometer, lK; lJ:t W · 

4:. 7K + 5%; 1;2 w. Composition 

3.9K + 5%; 1/z w. Composition 

I.L. 4 1 -945.1 C 

WESTIN GHOUSE 
DESIGNATION 

184A854H06 

184A6 1 7 H 1 2  

584A434H08 

185A2 1 2H06 

184A617H13  

184A617H 1 3  

04D1 299H44 

04D1 299H44 

04D1 299H44 

1 268047 
187A644H03 

1 8 7 A64 1 H27 

1 88A3 1 7H0 1 

187A64 2H55 

185A207H03 

184A763H5 1 

184A763H5 1 

184A763H5 1 

184A763H5 1 

184A763H5 1 

184A763H03 

1 84A763H39 

184A763H39 

184A763H03 

184A763H5 1 

184A763H45 

184A763H55 

184A763H5 1 

184A763H27 

629A430H0 2 

184A763H33 

184 A763H49 

1 84 A763H39 

184A763H 1 5  
184A859H06 

629 A430H0 2 

184 A763H43 

184 A763H65 
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I.L. 4 1 -945.1C 

ELECTRICAL PARTS Ll ST ( Cont' d.) 

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

SYMBOL DESIGN ATION 

RESISTORS (Cont'd.) 

R73 Thermistor, 30 ohms , Type 3D202 (G.E.C.) 185A21 1 H06 

R74 180 ohms ± 5%; 1/z W. Composition 184 A763H02 

R75 100 ohms ± 5%; Vz W. Composition 184A763H03 

R76 2K ± 5%; Vz W.  Composition 184 A763H34 

R77 10 ohms ± 5%; Vz W. Composition 187A290H01 

R78 10 ohms ± 5%; liz W. Composition 187A290H0 1 

R101 10 ohms ± 5%; liz W. Composition 187 A280H01 

R102  2.  2K ± 10%; 1 W. Composition 187A644H35 

R 103 2. 7 ohms ± 10%; Vz W. Wire Wound 184 A636H 14 

R104 0. 27 ohms ± 10%; 1 W. Wire Wound 184A636H 18 

R 105 10 ohms ± 5%; liz W. Composition 187 A290H0 1 

R106 4.  7K ± 10% 1 W. Compo sition 187A644H43 

R107 2. 7 ohms ± 10%; liz W. Wire Wound 184A636H14 
R108 0. 27 ohms ± 10%; 1 W. Wire Wound 184A636H18 

TRAN SFORMERS 

T1 Driver Output Transformer 606B410G01 
------· 

T2 Power Amp. Input Transformer 29 2B5 26G0 1 

T3 Power Amp. Output Transformer 292B5 26G02 

T4 Load-Matching Auto-Transformer 29 2B5 26G03 
----

T5 1 Buffer Amplifier Transformer 606B537G01 
T52 Driver Input Transformer 606B537G02 

TRAN SISTORS 

Q5 1 2N697 184A638H18 

Q5 2 2N697 184A638H18 

Q53 2N697 184A638H 18 

Q54 2N699 184A638H19 

Q55 2N697 1 84 A638Hl8 

Q56 2N657 184A638H15 

Q57 2N657 184A638H 1 5  
Q 1 0 1  2N1908 (Use in Matched Pairs) 187 A673H02 

Q102 2N1908 (Use in Matched P airs) 187 A673H02 

MISCEL LAN EOUS 

Y1-Y2 Supplied for Desired Channel Frequency in 
Pair Matched Per Specifications on Drawing 408C743 

FL1 0 1  Driver Filter 408C261 + ( Req. Freq. ) 

FL102 Output Filter 541D214  + ( Req.  Freq. ) 

PL Pilot Light Bulb - For 48 V. Supply 187 A 1 33H0 2 

Pilot Light Bulb- For 125 or 259 V .  Supply 183A955H01 

F 1 ,  F2 Fuse, 1 . 5  A. 1 1D9 195H26 
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TRANSMITTER PRINTED 

CIRCUIT BOARD 

o, 
0 

REAR VIEW 

-

� 
CRI06 

POWER AMPLIFIER 

0102 PRINTED CIRCUIT 

BOARD 
I 

-

FLI 02 

0®�®® 
Gc=] 

Fig. 2 Component locations of the type TCF transmitter assembly. 
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Fig. 3 Component locations of the transmitter printed circuit board. 
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Fig. 4 Component locations of the power amplifier printed circuit board. 
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Fig. 5 Outline and drilling plan for the type TCF transmitter assembly. 
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Westinghouse I.L. 41-945.16 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TCF POWER LINE CARRIER FREQUENCY ·SHIFT 

TRANSMITTER EQUIPMENT - I WATT I 10 WATT - TRANSFER- TRIP 

CAUTION: It i s  reco mmended that the user o f  thi s  equipment become tho ro u ghly familiar with the 
info rmation in thi s  in struction leaflet befo re energi zin g  the carrier assembly. F ailure to o b serve thi s 
p recaution may result in damage to the equip ment. 

If the carrier set is mounted in a cabinet, it  must be bol ted do wn to the flo o r  or o therwi se secured 
before swinging o ut the equipment rack to p revent its tipp ing o ver. 

A PPLIC ATION 

The type T C F  carrier transmitter e quipment p ro vi des for the tran smission o f  either o f  two clo sely 
controlled di screte frequencies, bo th within a n arro w- ban d channel, o ver hi gh- voltage transmi ssion 
l ines. The center frequency of the channel can v ary fro m 30 to 200 K C  in 0. 5 KC step s. The two 
frequencies transmitted are sep arated by 200 cycles, o ne being at center frequency ( fc) p l u s  1 00 
cycles an d the others at center frequency minu s  1 00 cycles. The higher frequency, termed the Guard 
frequency, i s  transmitted continuou sly when con di tio n s  are normal . It indicates at the receiving end 
o f  the line that the channel i s  operative and it al so serves to p revent fal se operation o f  the recei ver 
by line noi se. The lo wer frequency, termed the Trip frequency, is transmitted as a si gnal that an 
operation ( such as tripp ing a circuit breaker) should be perfo rmed at the receivin g  end o f  the l ine. 

When frequency shift carrier is u sed in pro tective rel aying applications, it is recommended that 
the trip frequency be transmitted at a hi gher po wer level to increase reli ability of the sy stem under 
con di tio n s  o f  abnormally high channel lo sses o r  line noi se. The frequency i s  shifted from G u ard to 
Trip by the clo sing of a p ro tective rel ay contact, and the same co ntact al so shifts the transmitter 
from a 1 w att to a 10 w att o utpu t  level. 

CON ST R UCTION 

The 1 w att/ 10 w att T C F  transmitter unit i s  mo unted on a standard 19-inch wide p anel 1 2  )4 inches 
( 7  rack units) high with edge slots fo r mountin g on a standard relay rack . All components are mounted 
on the rear of the p anel .  Fu ses, a pilot  l i ght, a po wer s wi tch and a j ack fo r metering the amplifier 
collector current are accessible from the front  o f  the p anel . See Fig. 5. All of the circuitry that i s  
suitable fo r printed circuit bo ard mountin g i s  o n  two such bo ards, as sho wn i n  F i g. 2 .  The compo nents 
mounted on each p rinted circuit board or o ther sub-assembly are sho wn enclo sed by do tted lines on 
the internal schematic. Fi g. 1. The location of co mponents on the two p rinted circuit bo ards are 
s ho w n  on separate illustrations, Fi g. 3 & 4 .  

External connections to  the assembly are made thro ugh a 1 2-circuit recep tacle, J3 .  The r. f. o u t­
put  connection to the assembly i s  made thro ugh a co axial cable j ack, J 2. 

OPE RATION 

The transmitter i s  made up o f  fo ur main stages and two filters. The stages inclu de two cry stal 
o scillators operating at frequencies that differ by the desired channel frequency, a mixer an d bu ffer 
amplifier, a driver stage and a po wer amplifier. One filter i s  located between the driver and the 
po wer amplifier and the final fil ter remo ves h armonics that may be generated by distortion in the 
p o wer ampl i fier. 

A single cry stal desi gned fo r o scillation in the 30 K C  to 200 K C  range canno t  be forced to o scil­
l ate away fro m its n atural frequency by as much as ± 100 cycles. In o rder to o btain thi s  desired 
frequency shift, it is necessary to u se crystal s in the 2 MC range. The cry stal s are Y 1 and Y 2  o f  

SUPERSEDES I.L. 41-945.1A 
*Denotes change from superseded issue 
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Fi g, 1. The frequen cy o f  Y 2  i s  2.00 M C  when op erated with a speci fied amount o f  series c ap acity ,  
an d the frequen cy of Y 1  i s  2. 00 M C  plus the c h annel frequency,  or 2 .03  M C  t o  2.20 M C .  c ap acito r  
C 5 5  and crystal Y 2  in  series are connected between the po sitive si de o f  the supply vol tage and the 
base of tran sisto r  Q5 1 ,  which operates in the emitter follo wer m o de. The emitter is coupled to the 
base thro u gh C 57 ,  and with Y2 remo ved the base of Q 5 1  woul d be hel d at appro xim ately the midpoint  
of  the supp l y  vo ltage by R5 1 an d R 5 2. The c rystal serves as a series-reson ant circuit with very 
hi gh inductance and lo w c ap aci tan ce. The circuit c an be made to o s cill ate at o ther th an the n atural 
frequen cy of the crystal by varying the series cap acito r, C 5 5. In creasi n g  C 5 5  will lo wer the frequen cy 
o f  o s cill ation s  an d reducing C 55 will raise the frequen cy, 

Crystal Y 1 is connected in a circuit that is similar excep t fo r the additio n o f  C 5 3  an d dio des C R 5 1  
an d C R5 2 .  By adj u s tment o f  C 5 2  thi s circuit i s  m a de to o scill ate at 1 00 cycles abo ve its m arked 
frequen cy, C ap acitor C 5 3  is not effective until C R 5 1 is  biased in the fo rward direction and becomes 
condu cti ve. It is bi ased in the reverse directio n  until the rel ay control contact i s  clo sed, which 
pl aces 4 5  V. D. C.  at terminal 3 o f  the printed circuit bo ard. With C R 5 1  conducting,  C 5 3  i s  effectively 
in p arallel with C 5 2, an d adj ustment of C 5 3  will reduce the frequen cy by 200 cycles. The cry stal s 
taken indi vi dually have a greater vari ation o f  frequen cy with temperature than wo uld be accep table. 
Ho wever, by p roper m atchi n g  of the two cry stal s,  the variatio n  in thei r difference frequen cy c an be 
kep t  within limits that p ermit hol din g the frequen cy stability of the o verall tran smi tter to ± 1 0  
cy cles/ sec. o ver a temperature ran ge o f  - 2 0  t o  ± 60oc. 

The frequencies pro duced by the t wo o scill ators are coupled to the base of mi xer tran si sto r Q 5 3  
thro u gh C 6 2  and C 6 3. T h e  s u m  o f  the t wo frequen cies is so high that a negli gible amo un t  appears 
on the second ary of transfo rm er T 5 1 ,  but the difference frequen cy is accepted an d ampl i fied by Q5 3  
an d Q 5 4 .  

When the rel ay co ntro l ,  o r  keyin g ,  contact i s  cl o sed , it  increases the o u tp u t  po wer fro m 1 w att to 
1 0  w atts as well as changing the frequen cy from G u ard to Trip.  This i s  effected by reducin g the 
emitter resi stan ce of buffer- amplifier transi sto r  Q 54. When the keying contact is open, tran si sto r  
Q 5 5  receives n o  base current and i s  non- conducting.  Emitter resi sto r R 7 0  therefore i s  effecti vely 
open-circuited. The level o f  o u tp u t  p o w er is adj usted to 1 w att by m ean s of R 6 4 .  When Q 5 5  is m ade 
co n ducti ve by clo sin g the keying co ntact,  R70 is pl aced in p arallel with R68 an d the amount of 
emitter resi stance unbyp assed by C 6 6  can be adj u sted as required to obtain a 1 0- w att o u tp u t  level. 

As is sho wn on the Internal schem ati c ,  Fig. 1 ,  the vol tage for the k eyin g  circuit is obtained 
from the 4 5- volt  regulated supply in the tran smitter, and opening the single po wer s witch de-energi zes 
both the tran smitter an d the keyi n g  circuit. c ap acitor C4 pro tects the tran smitter from tran sient 
vol tages that m i ght be in duced in the lead from terminal 8 of J3 to the keying contact, and it also 

effects a smoother rise in vol tage from the 1-w att to the 10- watt level. Resi sto r R8 reduces the duty 
on the keying contact. 

The driver stage consists o f  tran si sto rs Q 56 and Q 5 7  co nnected in a co n ventional p ush-p ull cir­
cuit with input supplied from the collecto r  o f  Q 5 4  thro u gh tran sformer T 5 2. Thermi sto r  R 7 3  and re­
sistors R 7 4  and R 7 5  are connected to pro vi de a v ari able bias that reduces the effect o f  varyin g  
ambient temperatures o n  the input level . 

The driver filter, FL 1 0 1 ,  consi sts o f  a series reso n ant inducto r  and c ap acitor connected between 
the driver an d po wer amplifier stages by app ro p riate tran sfo rmers T 1  and T 2. Thi s fil ter greatly 
impro ves the waveform of the signal app lied to the po wer amplifier. 

The p o wer amplifier uses two series- connected po wer tran sistors,  Q l O  1 and Q 102, operatin g a s  
as a c l a s s  B p u sh-pull amplifier with sin gle-en ded o utp ut. Dio des C R 1 0 1  and C R 103 p ro vide p ro­
tection fo r the base-em itter junctions of the p o wer tran si sto rs. Zener dio des C R 105 and C R 1 06 p ro­
tect  the collecto r-emitter j u n c ti o n s  fro m surges that m i gh t  come in fro m the p o wer line thro u gh the 
co axial c able. 

The o utpu t  tran sformer T3 couples the p o wer tran si sto rs to the outp u t  fil ter FL 102. The o utput 
fil ter incl u des two trap circuits ( L  102, CB and L 1 03,  C c) which are facto ry tuned to the secon d  
and third harmon i c s  o f  the tran smitter frequen cy. cap acitor c0 app ro xim ately can cel s the inducti ve 
reactan ce o f  the two trap circuits at the op erati n g  frequen cy. P ro tective gap G 1  i s  a sm all li ghtnin g  
arrester to limit the magnitude o f  s witching surges o r  o ther line di sturbances reachi n g  the c arrier set 
thro u gh the line tuner an d co axi al cable. Auto-tran sformer T4 m atches the fil ter imped an ce to 
coaxial c ables of 50, 60, or 70 ohms.  
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I.L. 41-945.1 8 

The series reso nant circuit compo sed o f  L 1 05 and CE i s  tuned to the transmitter frequency, and 
aids in p ro viding resistive termination for the o utput  stage. Jack J 102 i s  mo unted o n  the rear p anel 
o f  FL 102 and is u sed for measurin g the r. f. o utp ut current o f  the tran smitter into the co axial cable. 
It  sho ul d be no ted that the filter contains no shunt reactive elements, thu s p ro vi ding a reverse imped­
ance that is free of p o s si ble " acro ss- the-line" reson ances. 

The po wer supply is a series-type tran si storized d- e voltage regul ator w hich has a very lo w stand­
by current drain when there i s  no o u tp ut current deman d. The Zener dio de V R 1  holds a con stant 
base-to-negative voltage o n  the series-co nnected po wer tran sisto r  Q 1.  Depending on the lo ad current, 
the d- e voltage drop thro u gh tran sisto r  Q 1  an d resisto rs R 1  an d R 2  varies to maintain a con stant 
o utp ut  vol tage. The Zener dio de V R 2  serves to p ro tect the collector- base j unction o f  Q 1  fro m surge 
voltages. C ap acito r C 1  p ro v i des a lo w carrier-frequency impedance acro ss the d- e o u tp u t  voltage. 
C ap acito rs C 2  and C 3  byp a s s  r. f. o r  transient voltages to ground, thus preventing damage to the 
tran si sto r  circuits. 

F'requency range 

O utput  

F re quency stability 

Frequency sp acing 

H armonics 

Inpu t  voltage 

Supply voltage variation 

B attery drain 

Keying circuit current 

Temperature range 

Dimensions 

Weight 

CHARAC T E RI STIC S 

30-200 K C  

1 w att guard - 1 0  w atts trip ( into 5 0  to 7 0  ohm re­
si stive lo ad) 

± 10 cycles/ sec. fro m - 20oc to +60oc. 

1 .  One- w ay channel, two o r  mo re si gnal s - 500 
cycles min. 

2. Two- w ay channel - 1 500 cycles min. between 
transmitter and adj acent recei ver frequencies. 

do wn 55 db  (min. ) from o utpu t  level. 

48 or 1 25 v. d . c. 

4 2- 56 v. fo r nom. 48 v. supply. 
1 05- 1 40 v. fo r nom. 1 25 v. supply. 

0.  5 a. guard } 
1 5 . 48 v. d. c  . 

• 1 a. tnp 

0. 5 a. guard } 
0 9 . 1 2  5 v. d. c . . a. tnp 

4 ma. 

-20 to + 60°C. around chassis. 

Panel height - 12 �" or 7 r. u. 
Panel width - 19 " 

1 2 lbs. 

IN ST ALLATION 

The T C F  transmitter i s  generally supplied in a cabinet or o n  a rel ay rack as p art o f  a complete 
carrier assembly. The lo cation must be free from dust, excessive humidity, vibration, co rro sive 
fumes, o r  heat. The maximum ambient temperature aro und the chassis mu st not exceed 60°C. 

ADJU ST M E NT S  

The T C F  1 W/ 1 0W transmitter i s  shipped with the p o wer output  contro l s  R 6 4  and R 7 0  set for o ut­
p uts o f  1 w att and 10 w atts into a 60 ohm lo ad. If  i t  i s  desired to check these adj ustments o r  i f  re­
p airs h ave made readjustment necessary, the co axial cable sho u l d  be disconnected from the as sembly 
terminal s  and rep l aced with a 50 to 70 o hm non-inductive resi sto r  of at least a 10 w att rating. U se the 
v alue of the expected inp ut  impedance of the co axial cable and line tuner. If thi s is no t kno wn, as­
sume 60 o hms. Connect the T4 o utput lead to the correspo n ding tap .  Connect an a-c vacuum tube 
voltmeter ( V TVM) acro ss the load resi stor. Turn po wer o utp ut control R64 to minimum ( full co unter­
clock wi se). Turn on the po wer switch on the panel and no te the d- e voltage acro ss terminal s 5 an d 
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7 of J3. If thi s  i s  in the range of 42 to 46 volts, rotate R64 clock wise to obtain 4 or 5 volts across the load 
resistor used. At this point check the adjustment of the series output tuning coil L 105 by loo sening the 
knurled shaft-locking nut and moving the adjustable core in and o ut a small amount from its initial po sition. 
Leave it at the point of maximum voltage across the load resi stor used. Then rotate R6.4 farther clock wise to 
o btain the correct voltage for 1 watt in  the load resi stor, as shown in the following table. 

Then change to Trip frequency by connectin g  together terminals 2 and 3 of the transmitter printed circuit 
board ( which i s  approximately equivalent to connecting together terminals 7 and 8 o f  J3), and rotate R70 
until the voltage across the load resistor is  as shown in the following table for a 10 watt o utput. Recheck 
the adjustment of L 105 for maximum output voltage and readjust R70 for a 10 watt output if necessary. 
Tighten the locking nut on L 105. Open the power switch, remove the jumper used to key the transmitter to 
the 10 watt level , remove the load resistor, and reconnect the coaxial cable circuit to the transmitter. 

T 106 Voltage for Vol tage for 
T ap 1 W att O utp ut 1 0  Watts O utp ut  

50 7 . 1 2 2 . 4  
6 0  7 . 8  2 4 . 5 
7 0 8 . 4  2 6 . 5 

Follo w  the procedure o utlined in the line tuner instruction s fo r i ts adju s tment. 

Normally the output filter ( FL 102) will require no readju s tment except a s  n o ted abo ve. I t  i s  
factory tuned for maximum second and third h armonic rejection ,  and fo r series reson ance (maximum 
o u tp u t  at the fundamen tal frequency) with a 60-ohm lo ad. A small amo unt of reactance in  the tran s­
mitter o utp ut  l o ad circuit may be tuned out  by readj u stment o f  the mo vable core o f  L 105. This m ay 
be necessary with some types o f  line co upling equipment. The adjustable cores o f  L 102 and L 103 
h ave been set for maximum harmonic rejectio n  and no chan ge should be made in these setti n gs unless 
suitable instruments are avail able fo r measuri n g  the second and third harmonic p resent in  the tran s­
mitter o utp ut. 

The operatin g  frequencies of crystal s Y 1 and Y 2  h ave been carefully adj u sted at the factory and 
goo d  stability can be expected. If  it is desired to check the frequencies of the indi vidual cry st al s,  
thi s can be don e  by turnin g the matched p air 1 8 0° and in serting a cry stal in  its p roper socket with 
the o ther cry stal unco nn ected. A sen sitive frequency co unter with a range o f  at l east 2. 2 megacycles 
can be connected fro m TP 5 1  to TP 5 4 .  ( Co nnection to TP 5 4  rather than to TP 5 3  p ro vides a better 
si gnal to the counter and a vo i d s  some error fro m the effect of the co unter inp ut cap acitance o n  the 
o scill ator circuit. ) While measurement o f  the o scill ato r crystal s indi vidually i s  necessary for the 
i niti al adj ustment of the o scill ators, generally any subsequent check s may be made with a lo wer 
ran ge co unter co nnected at the tran smitter output. If  any min o r  adj ustment of the Gu ard and Trip 
frequencies should be needed, the Gu ard adj ustment should be m ade with cap acitor C 5 2  and the Trip 
adju stment with C 5 3 .  

MAINTENANC E 

P eriodic check s o f  the tran smitter Guard and Trip po wer o utp uts will detect impendi n g  failure so 
that the equipment can be taken out  of service fo r co rrection .  A t  regul ar maintenance interval s, any 
accumul ated dust sho uld be remo ved, p articul arly fro m the heat sink s. It  i s  also desirable to check 
the tran smitter po wer o utput  at such times, making any necessary readju stments to return the equip­
ment to its initial settin gs. 

Voltage v al ues should be reco rded after adj ustment in  o rder to establish reference values which 
will be useful when check i n g  the app aratus. The readi n gs will remain fairly con stant o ver an indef­
inite perio d  unles s a failure o ccurs. Ho wever, if  tran si stors are changed, there may be con siderable 
di fference in these readi n g s  without the o verall p erfo rmance being affected. 

Typical voltage val ues are gi ven in the follo win g tables. Voltages should be measured with a 
V T VM .  Readings may vary as much as ± 20o/c. 
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T ABLE I 
TRANSMITTER D-C MEASUREMENTS 

I.L. 41·945.1 8 

No te: All voltages are po siti ve with resp ect to Neg. 4 5  V. ( TP 5 1).  All vol ta ges read with d- e V T V M .  

Test P o int  

TP 5 2  
TP 5 3  
TP 5 4  

TP 5 5  
TP 5 6  
TP 57 

TP 58 
TP 59 
TP 1 0 1  

TP 1 0 3  
TP 1 0 5  

Voltage at 1 W att 
O utp ut  

20 
5 . 4  
3 . 4  

2 1  
2 1  

* < 1 . 0  

44 . 3  
* < 1 . 0  

0 

2 1  ± 2 
44.3 

Voltage at 10 W atts 
O u tp u t  

2 0  
5 . 4  
3.4 

18.5 
1 8 . 5  

* < 1 . 0  

44. 1 
* <Lo 

0 

2 1  ±2 
44.0 

T ABLE TI 
TRANSMITTER RF MEASUREMENTS 

Note: Voltages t ak en with tran smitter set to indicated o utp ut  acro ss 60 ohms. These voltages sub­
ject to variations,  depending upon frequency an d transi sto r  c h aracteristi c s. T 5 1- 3  = Terminal 
3 o f  tran sfo rmer T 5 1 .  O ther tran sfo rmer termin al s  i dentified similarly . .  All voltages read 
with a- c V T V M .  

Test P o int Voltage at 1 W att Voltage at 10 watts 
O utp ut O u tp ut 

TP 54 to TP 5 1  0. 0 15 - 0. 03 0. 0 1 5  - 0. 03 
TP 57 to TP 5 1  0. 05 - 0. 09 0. 3 - 1 . 2 
TP 59 to TP 5 1  0. 05 - 0. 09 0. 3 - 1 . 2  

T 1· 1  to TP 5 1  1 . 6 5  5 . 6  
T 1- 3  to T P  5 1  1 .  4 5  4 . 9  
T 1·4 to Gn d. . 6  2. 0 

T 2-1 to Gnd. . 57 1 . 8 5  
TP 10 1 to TP 1 0  3 5. 2 17.0 
TP103 to TP 105 5. 2 1 7 . 0  

T 3- 4  to Gnd. 35 1 1 2  
T 4- 2 to Gnd. 3 1  1 10 
TP 1 09 to Gnd. 9 . 8  3 1  

Jl02 to Gnd. 7 . 8  24 . 5 

R E C 0 M ME N D E D T E S T E Q U I P M E N T 

I .  Minimum Test E quip ment for Installation.  
a. 60-ohm 1 0- w att non- in du ctive resistor. 

b. 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. 

c. D- C V a cuum Tube Voltmeter ( VTVM).  
Voltage R an ge: 
Inp ut Impedan ce: 

0. 1 5  to 300 volts. 
7. 5 mego hms. 
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II.  Desirable Test Equipment fo r App aratu s M aintenance. 
a. All i tems li sted in I .  

b .  Si gn al Generato r 
O u tp u t  Voltage: 
Frequency Ran ge: 

c. O scillo scope 

d. Frequency co unter 

e. Ohmmeter 

f. Cap aci to r checker. 

up to 8 volts. 
20-kc to 2 30-kc. 

Some o f  the functions o f  the recommended test equipment are co mbined in the type T C T  carrier 
test meter unit, which is desi gned to mount on a stan d ard 19" rack but also can be remo ved an d 
used as a p ortable unit.  

RENEWAL PARTS 

Rep air wo rk can be done mo st sati sfactorily at the factory.  Ho wever, rep lacemen t  p arts can be 
furni shed, in mo st cases, to customers who are equipped fo r doing rep ai r  work .  When o rderi n g  p arts, 
alw ays give the complete n ameplate data an d i dentify the p art by its desi gnation on the Internal 
Schematic drawi n g. 

6 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



r--, 
I l\J I 
\ � I 
'--__] 
r--, 

I 10 I 
\ � I 
\_-- _j 
r---, 

1 10 I 
\ � I 
\_ __ _j 

TRANSMITTER PRINTED 

CIRCUIT BOARD 

REAR VIEW 

POWER AMPLIFIER 

PRINTED CIRCUIT 

BOARD 

FL102 

R 
l:J 

8®r;J®® 
Gc=] 

Fig. 2 Component locations of the type TCF transmitter assembly. 
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Westinghouse LL. 41- 945.1A 

INSTAL LATION • OPERATION • MAINTENANCE 

INST R UCTIONS 
TYP E TC F P OW E R  LINE C AR RIE R F R EQUE NC Y - SHIF T  

TR ANSMITTE R  EQUIP ME NT - I W ATT I 10 W ATT - TR ANSF E R -TRIP 

CAUTION: It i s  reco mmended that the user o f  thi s equipment become thoro ughly familiar with the 
information in thi s in struction leaflet before energizing the carrier assem bly. Failure to o bserve thi s 
p recaution may result in damage to the equip ment. 

If  the carrier set is  mounted in a cabinet, it must be bolted down to the floo r  or o therwi se secured 
before swinging out  the equipment rack to p revent its tipp ing o ver. 

A PPLIC ATION 

The type T C F  carrier transmitter equipment p ro vides for the tran smi ssion of either o f  two clo sely 
controlled di screte frequencies, bo th within a n arro w-b an d  channel , o ver hi gh- voltage transmi ssio n 
l ines. The center frequency o f  the channel can v ary fro m 30 to 200 K C  in 0 . 5  KC step s. The two 
frequencies transmitted are sep arated by 200 cycles, o ne being at center frequency ( fc) plus 100 
cycles an d the o thers at center frequency minu s  1 00 cycles. The higher frequency , termed the Guard 
frequency , is transmitted continuou sly when con di tions are normal . It indicates at the receivin g en d 
o f  the line that the channel is operative and it al so serves to p revent fal se operation o f  the receiver 
by line noi se. The lo wer frequency, termed the Trip frequency, is transmitted as a si gnal that an 
operation ( such as tripp ing a circuit breaker) should  be perfo rmed at the receiving end of the l ine. 

When frequency shift carrier is u sed in pro tective rel aying applications,  it is reco mmended that 
the trip frequency be transmitted at a hi gher po wer level to increase reliability of the sy stem under 
con dition s  o f  abnormally high channel lo sses or line noise. The frequency is shifted from Guard to 
Trip by the clo sing of a p ro tective rel ay contact, and the same co ntact al so shifts the transmitter 
from a 1 w att to a 10 w att o utpu t  level . 

CONSTR UCTION 

The 1 w att/ 1 0  w att T C F  transmitter unit i s  mounted on a standard 1 9-inch wide p anel 1 2  '11 inches 
( 7  rack units) high with edge slots for mountin g on a standard relay rack . All components are mounted 
on the rear of the p anel. Fuses, a p ilot l i gh t, a p o wer s wi tch and a j ack fo r metering the amplifier 
collector current are accessible fro m the front of the p anel . See Fig. 5.  All of the circuitry that i s  
suitable fo r printed circuit bo ard mountin g i s  o n  two such bo ard s ,  a s  sho wn i n  Fig.  2 .  The compo nents 
mounted on each p rinted circuit board or o ther sub- a s sembly are sho wn enclo sed by dotted lines on 
the internal schematic. Fig. 1 .  The location o f  co mponents on t he two p rinted circuit bo ards are 
shown on sep arate illustration s ,  Fig. 3 & 4. 

External connectio n s  to the assembly are made thro u gh a 1 2-circuit receptacle, J3. The r. f. o u t­
p u t  connection to the assembly i s  made thro ugh a co axi al cable j ack , J 2. 

OPE R ATION 

The transmitter is made up o f  fo ur main stages and two filters. The stages include two crystal 
o scill ators operating at frequencies that differ by the desired channel frequency , a mixer and buffer 
amp lifier, a driver stage and a po wer amplifier. One filter i s  located between the driver and the 
po wer amp lifier and the final filter remo ves harmonics that may be generated by distortion in th€ 
p o wer amplifier. 

A single cry stal desi gned for o scillation in the 30 K C  to 200 K C  range canno t be forced to o scil­
l ate away fro m i ts n atural frequency by as much as ± 1 0 0  cycles. In o rder to o btain thi s desired 
frequency shift ,  it is necessary to use crystal s in the 2 MC ran ge. The cry stals are Y 1 and Y 2  o f  

SUPERSEDES L L .  41- 945.1 EFF ECTIVE MARCH 1966 
*Denotes change from superseded i ssue www . 
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Fi g. 1. The fre qu en cy o f  Y 2 i s  2 . 0 0  M C  w h en op erated with a sp ecifi ed amount o f  s eri es  c ap acity ,  
and th e fre qu en cy of Y 1  i s  2.00 M C  p lu s  t h e  chan n el fre qu ency,  or  2 . 0 3  M C  to 2 . 20 M C .  cap acito r 
C 5 5  an d cry stal Y 2  in seri e s  are connected b etween the po siti v e  si de o f  the sup p ly voltage an d th e 
base o f  tran si stor Q 5 1 ,  which op erates  in the emitter follo wer  m o d e .  The emitter i s  co upled to th e 
bas e thro u gh C 5 7 ,  an d with Y 2 rem o v ed the base o f  Q 5 1  would b e  h eld at appro xim ately th e midpoint 
of th e supp ly vo ltage by R5 1 an d R 5 2 .  T h e  cry stal s erves as  a seri es-reso n ant circuit with very 
hi gh inductan c e  and lo w cap acitan ce.  Th e circui t c an b e  made to o sci llat e  at o ther  than the n atural 
frequ ency of th e crystal by varying th e s eri es  cap acito r ,  C 5 5 .  In creasing C 55 will lo w er th e frequ en cy 
of o scillations and reducin g C 5 5  wi ll rai s e  th e frequen cy. 

Cry stal Y 1 is co nnected in a circuit that is similar e x c ept fo r the addition of C 5 3  and dio d e s  C R 5 1  
an d C R5 2 .  B y  adj u stm ent o f  C 5 2  thi s circuit i s  made to o scillate at 1 0 0  cycles abo ve its m ark ed 
fre qu e n cy.  Cap acitor C53 i s  no t effective  until C R 5 1  i s  biased in th e fo rward direction and beco m e s  
conducti v e .  It is bi ased i n  t h e  reverse di rection until t h e  relay co ntro l contact i s  clo s e d ,  whi ch 
p lac es 45 V. D . C. at terminal 3 o f  the p rinted circuit bo ard. With C R 5 1 conducti n g ,  C 5 3  i s  effecti v ely 
in p arallel with C 5 2 ,  and adj u stm ent o f  C 5 3  will redu c e  th e fre quency by 200 cycles. The cry stals 
taken indi vidually have a greater vari ation o f  frequency with temp erature than wo uld be acc eptable. 
Ho w ever,  by p ro p e r  m atching of th e two cry s tals, th e variation in th eir differenc e frequ ency can b e  
k ep t  within limits that p ermit holdi n g  th e frequ ency stability o f  t h e  o verall tran smitter t o  ± 10  
cycles/ s e c .  o v er a temp erature  ran ge o f - 20 to ± 60oc.  

T h e  frequenci e s  p roduced by th e two o s cillato rs are co up led to th e base o f  mi x er tran si stor Q 5 3  
thro u gh C 6 2  and C 6 3 .  T h e  sum o f  th e two fre qu en ci e s  is s o  high that a n e gli gi ble amo unt  app ears 
on th e s econdary of tran sfo rm er T 5 1 ,  but th e difference frequency is accepted an d amplifi ed by Q 5 3  
an d Q 54. 

Wh en th e relay contro l, or keyin g,  contact is clo s e d ,  i t  increases the o u tput  p o w er fro m 1 w att to 
10  w atts as w ell as changing th e frequency fro m Guard to Trip.  This i s  e ffected by reducin g th e 
emitter r e si stan c e  o f  buffer-ampli fi er transi sto r Q 5 4. Wh en the keying contact i s  op en ,  tran si sto r  
Q 5 5  receives n o  base current and i s  non-co n ducting.  Emitter resi sto r  R 7 0  th ere fore i s  effectively 
op en- circuited. Th e level o f  output p o w er is adj usted to 1 w att by m eans o f  R 6 4 .  Wh en Q 5 5  is m ad e  
conducti v e  by clo sin g  t h e  k eying contact, R 7 0  i s  placed i n  p arallel with R68 an d th e amount o f  
emitter resistan c e  unbyp assed by C 6 6  can b e  adj u sted as  r e quired t o  obtain  a 10- w att o utp ut level. 

As is shown on th e Intern al s c h em ati c ,  Fig.  1 ,  the voltage fo r the k eying circuit is o btain ed 
fro m th e 4 5- volt regulated supply in th e tran smitter,  and opening the sin gle po w er switch de- en ergi z e s  
bo th t h e  tran smitter a n d  t h e  k eyin g circuit. C ap a cito r  C 4  p ro tects th e tran smitter from tran si ent 
voltages that m i ght  be indu ced in th e lead fro m termin al 8 of J3 to the k eyin g  co ntact, and it also 
effects a s moother rise in voltage from the 1- w att to th e 10- watt level. R esi sto r R8 redu c e s  th e duty 
on th e keying contact. 

T h e  dri ver stage con si sts o f  tran si sto rs Q 5 6  an d Q 5 7  co nnected in a con ventional p ush-p ull cir­
cuit with inp ut suppli ed from th e collecto r o f  Q 5 4  thro u gh transfo rm e r  T 5 2 .  Thermi sto r  R 7 3  and re­
si sto rs R 7 4  an d R 7 5  are connected to p ro vi d e  a vari able bi as that reduc e s  th e e ffect of varyin g  
am bient temp eratures o n  th e input level. 

T h e  dri ver  filter, FL 10 1 ,  co n si sts of a s eri e s  r e sonant inducto r  and cap acito r connected betw e en 
the dri v e r  an d po w er amplifier  stages by app ropri ate tran sfo rm ers T 1  and T 2. This filter greatly 
impro v e s  th e wavefo rm of the si gnal appli ed to th e po w er amplifi er. 

Th e po w e r  amplifier  uses two s e ri es- connected p o wer  tran sistors ,  Q l O l  and Q 10 2 , op eratin g as  
as  a cla ss  B p u sh-p ull ampli fi er with sin gle- ended o utp ut. Dio des CR 10 1 and C R 10 3  p ro vi d e  p ro­
tection fo r th e b a s e- emitter junctions of th e p o wer  tran si sto rs. Z en er dio d e s  C R 1 0 5  and C R 1 0 6  p ro­
tect th e collector- emitter  j u nction s  fro m surges that m i ght com e  in  from th e p o wer  lin e  thro ugh the 
co axial cable. 

The o u tput  tran sfo rm er T3 co uples th e p o w er transi stors to the output  filter FL 1 0 2. The o utp ut 
filter inclu des two trap circuits ( L  1 0 2 ,  CB an d L 1 0 3, C c ) which are factory tun ed to th e secon d  
and third harmonics o f  th e tran smitter fre quen cy. C ap acito r  Cn app ro xim ately can c els th e inducti v e  
reactan c e  o f  th e two trap circuits a t  th e op erati n g  frequency.  P ro tecti ve  gap G 1  i s  a sm all li ghtnin g  
arrester to limit th e magnitu d e  o f  switching surges o r  o th er lin e  di sturban c e s  reaching th e c arri er s et 
thro u gh th e lin e  tun er an d co axi al cable .  A uto-tran sfo rm er T 4  m atches the filter imp edan c e  to 
co axial c able s o f  5 0 ,  60 , o r  70 o hm s. 
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I . L. 4 1 -945 . 1 A  

T h e  seri e s  reso n ant circuit co mpo s ed o f  L 1 0 5  and CE i s  tun ed to the tran smitter fre qu en cy, and 
aid s  in pro viding resi stive terminatio n  fo r th e o utp ut stage. J ack J 10 2 i s  mounted on the rear p an el 
o f  FL 10 2 and i s  u s e d  fo r m easuring  th e r. f. o utput c urrent o f  th e tran smitter into the coaxi al cabl e. 
It sho ul d b e  noted that the filter contain s no shunt reacti ve el em ents, thu s  pro vi ding  a reverse imp e d­
anc e  that i s  fre e  o f  p o s si bl e  "acro ss- the-lin e "  resonan c es. 

The po w er supply is a s eri e s- typ e tran sistorized d- e voltage re gul ato r which has a v ery low stand­
by current drain when there i s  no o u tp u t  current d em an d. The Z ener dio d e  VR 1  hol d s  a con stant 
base-to-n e gati v e  vol ta g e  on the seri es- conn e cted p o w er tran sisto r  Ql. D ep en di n g  on th e lo ad current, 
th e d- e voltage drop thro u gh tran si stor Q l  and resi sto rs R l  and R2 vari es  to m aintain a con stant 
o utp ut vol tage. The Zener dio d e  V R 2  serves  to p ro tect the coll ecto r-base j un ction o f  Q 1  from surge 
voltag es. C ap acitor C l  p ro v i d e s  a low carri er- fre qu ency imp edan c e  acro s s  th e d- e o utpu t  vol ta g e. 
C ap acit::>rs C 2  and C 3  byp a s s  r. f. o r  tran si ent voltages to gro und,  thus preventing dam a g e  to th e 
tran si stor circuits. 

F'requ en cy ran g e  

O utput 

F requency stability 

Frequ en cy sp aci n g  

H armoni c s  

Inp u t  voltage 

Supply voltage variation 

B attery drain 

* K eying circuit current 

Temperature range 

Dimensions 

Wei ght 

CHARAC T E RI S T IC S  

30- 200 K C  

1 w att guard - 10 w atts trip ( into 5 0  to 70  o hm re­
si stive lo ad) 

± 10 cy c l e s/ sec .  from - 20oc to +60 °C. 

1. O n e- way chan n el ,  two or m o re signal s - 50 0 
cycl es  m i n .  

2.  T wo-way chann el - 1 500 cycles m in. b et w e en 
transmitter and adj acent rec ei ver fre qu en c i e s. 

do wn 55 db ( m in. ) from o utp ut l evel. 

48 or 125 v. d. c .  

4 2- 56 v .  fo r nom.  48 v. supply.  
1 0 5- 1 40 v. fo r nom.  1 2 5  v. supply. 

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

48 v. d. c. 

0 .  5 a. guard } 
0 9  . 1 2 5 v. d. c . 

. a. tnp 

4 rna. 

-20 to + 60°C. around chassis. 

Panel height - 12 �· • or 7 r. u. 
Panel width - 19 " 

1 2 lbs. 

I N S T ALLA T I O N  

Th e T C F  tran smitter i s  g en erally supplied in a cabin et or o n  a rel ay rack as p art o f  a comp l ete 
carri er assembly.  The lo c ation m u st be free  from dust,  e x c essive humidi ty ,  vibration ,  corro sive 
fum es,  o r  h eat. The m aximum am bient temp erature around the chassis m u st not  e x c eed 60°C. 

ADJ U S T M E N T S  

Th e TCF 1 W/ 10W tran smitter i s  shipp ed with the p o w er o u tp ut contro l s  R 6 4  and R 70 s et for o ut­
p uts o f  1 w att and 10 watts into a 60 ohm lo ad. If i t  i s  d e sired to check the s e  adj u stm ents o r  i f  re­
p airs have m ade readj u stm ent n e c e ssary , the co axial c abl e sho ul d  be di sconnected from th e assembly 
term inal s  an d rep l ac ed with a 50 to 70 ohm non-inductive resi sto r o f  at l east a 10 watt rating.  Use th e 
val u e  o f  the exp ected inp ut  imp edan c e  o f  the coaxi al c abl e and lin e tun er. If thi s is no t kno wn,  as­
sum e 60 ohm s. Conn ect th e T4 o utput  l ead to the corresp o n ding tap .  Connect an a- c vacuum tube 
voltm eter ( VTVM) acro s s  the load resi stor. Turn p o w er o utp ut control R 6 4  to  minimum ( full counter­
clo ck wi se).  Turn on the p o w er switch on th e pan el and note th e d- e voltage acro s s  t erminal s  5 an d 
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* 
7 of J3. If this i s  in th e range of 42 to 46 volts, rotate R64 clock wise to obtain 4 o r  5 volts across the load 
resistor used. At this point check the adjustment of th e series output tuning coil L 105 by loosening the 
knurled shaft-locking nut and moving the adjustable core in and o ut a small amount from its initial position. 
L eave it at the point of maximum voltage across  the load resistor used. Then rotate R64 farther clock wise to 
o btain the correct voltage for 1 watt in the load resi stor, as shown in the following tabl e. 

� Then change to Trip frequency by connecting together terminals 2 and 3 of the transmitter printed circuit 
board ( which i s  aPPro ximately equivalent to connecting together terminals 7 and 8 of J3), and rotate R70 
until the voltage acro ss the load resistor i s  as shown in the following table for a 10 watt output. Recheck 
the adjustment of L 105 for m aximum output voltage and readjust R 70 for a 10 watt o utput if necessary. 
Tighten the locking nut on L 105. Open the power switch, remove the j ump er used to k ey the transmitter to 
the 10 watt l evel , remove the load resistor, and reconnect the coaxial cable circuit to the transmitter. 

T 10 6  Voltage for Vol tage for 
T ap 1 W att O utp ut 10  W atts O u tp u t  

50 7 . 1 22 . 4 
60 7 . 8  2 4 . 5  
7 0  8 . 4  26. 5 

Follo w th e p ro c edure outlined in th e lin e  tun er instructi o n s  fo r its  adj u stm ent. 

N o rm ally the output fil ter  ( FL 1 0 2) will require no readju s tm ent e x c ep t  a s  noted abo v e. It i s  
facto ry tun ed for m aximum s econ d  an d third h arm o n i c  rej ecti o n ,  and for s eri e s  reso n an ce ( m aximu m  
o u tp u t  a t  th e fund am ental frequency)  with a 60-ohm lo ad. A small amo u n t  o f  reactan c e  in  th e tran s­
m i tter o utp ut  load circuit m ay be tun ed out  by readj ustm ent o f  th e m o vabl e co re of L 1 0 5 .  This  m ay 
b e  n e c e s s ary with som e  typ e s  o f  lin e co upling e quip m ent. Th e adJustabl e cores o f  L 1 0 2  and L 10 3 
have b een s et fo r m aximum harmonic rej ection and no chan ge should b e  m ad e  in the s e  s etti n gs unl e s s  
suitabl e instrum ents are avail abl e for m easuri n g  the s econd an d third harm o n i c  p re s ent  in  th e tran s­
m itter o utp ut. 

The operating frequ enci e s  of crystal s Y 1 and Y 2  h ave b e en c arefully adj u sted at th e facto ry an d 
goo d  stability can b e  e xp e cted.  If it i s  d e sired to check th e frequ en ci e s  o f  the i n di vi du al crystal s ,  
thi s c an be do n e  b y  turning the matched p air 1 8 0 o  an d i n sertin g  a cry stal i n  its  p rop er so ck et with 
th e o th er cry stal unconn e cted. A s en siti v e  frequency co unter with a range of at l east 2. 2 m egacycl e s  
c an b e  connected from TP 5 1  to TP 54.  ( Conn ecti o n  to TP 54 rath er than t o  TP 5 3  p ro vi d e s  a b etter 
signal to the counter and avoids som e  error from th e effect o f  the co unter inp ut c ap acitan c e  o n  th e 
o s cill ator circuit. ) Whil e m easurem ent o f  the o scill ator crystal s indi vi du ally i s  n e c e ssary for th e 
initi al adjustm ent o f  th e o scill ators ,  gen erally any subsequent c h e c k s  m ay b e  m ad e  with a l o w er 
ran g e  co unter conn ect ed at th e tran smitter output. If any minor adj ustm ent o f  th e G u ard and Trip 
frequen ci es  shoul d be n eeded ,  th e Guard adj ustment should be m ad e  with c ap acitor C 5 2  and th e Trip 
adj u stm ent with C 5 3. 

M A I NT E NA NC E 

P erio dic check s o f  th e tran smitter Guard an d Trip p o w er outp uts will detect imp endi n g  failure so 
that the e quipm ent  c an b e  taken out  of s ervi c e  fo r correction.  A t  regular m aintenanc e  interval s ,  any 
accumul ated dust shoul d  be r em o v ed, p arti cul arly from th e h e at sink s.  It i s  al so d e si rabl e to c h e ck 
th e tran smitter po w e r  o utput  at s u ch tim e s ,  m akin g any n e c e s s ary readj u stm ents to return the e quip­
m ent  to its initi al s etti n gs.  

Voltage v al u e s  shoul d b e  recorded after adj ustm en t  in  o rder  to e stabl i s h  r eferenc e  v al u e s  which 
will be u s eful when checking the app aratus. The readi n g s  will rem ain fairly con stan t  o ve r  an ind ef­
inite p erio d  unl es s  a failure o cc urs. Ho w e v er, if  transistors are changed,  th ere m ay b e  con si d e rabl e 
di fferen c e  in the s e  readi n g s  without th e o v erall p erfo rm an c e  b ei n g  affected. 

Typ i c al voltage val u e s  are gi ven in the follo win g tabl e s. Volta g e s  should b e  m e asured with a 
V T V M .  R eadi n g s  m ay vary as  m u ch as  ± 20%. 
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T ABL E I 
TRANSMITTER D-C MEASUREMENTS 

I.L. 4 1 -945.1 A 

No te: All voltages are po siti v e  with resp ect to N e g. 4 5 V.  ( TP 5 1) .  All voltages read with d- e VTVM.  

T e st P o int  

TP 5 2  
TP 5 3  
TP 5 4  

TP 5 5  
TP 5 6  
TP 57 

TP 58 
TP 59 
TP 10 1 

TP 10 3 
TP 1 0 5  

Voltage a t  1 W att 
O u tp ut 

20 
5 . 4  
3. 4 

2 1  
2 1  

. 6 5  

44. 3 
. 6 5  

0 

2 1± 2  
44. 3 

Voltage at 10 W atts 
O u tp u t  

2 0  
5. 4 
3 . 4 

1 8 . 5  
18 . 5 

. 6 5  

44. 1 
. 6 5 

0 

2 1± 2  
4 4 . 0  

T ABLE TI 
TRANSMITTER RF MEASUREMENTS 

N o t e :  Voltages tak en with tran smitter s et t o  i n di cated o u tp u t  acro s s  60 o hm s.  These voltages sub­
j ect  to variation s, d ep en di n g  upo n  frequen cy an d transi stor characteri stics.  T 5 1- 3  = T ermi n al 
3 o f  trans fo rm er T 5 1 . O ther tran sfo rm er term i n al s  i dentifi ed similarly. All voltage s  read 
with a- c V T VM . 

T est Point  Voltage at  1 W att Voltage at 10 W atts 
O u tp ut O utp ut  

TP 5 4  to TP 5 1  0 . 0 1 5  - 0 . 0 3  0 . 0 1 5 - 0 . 0 3  
TP 57 to TP 5 1  0 . 0 5  - 0 . 0 9  0 . 3  - 1 . 2 
TP 59 to TP 5 1  0 . 0 5  - 0 . 0 9  0 . 3  - 1 . 2 

T l- 1  to TP 5 1  1 . 6 5 5. 6 
T l- 3  to TP 5 1  1 . 4 5  4 . 9  
T l- 4  to G n d. . 6  2 . 0  

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

T 3- 4  to Gnd. 3 5  1 1 2  
T 4- 2 to G n d. 3 1  1 10 
TP 109 to G n d. 9 . 8  3 1  

J 10 2 to Gnd. 7 . 8  24. 5 

R E C 0 M ME N D E D T E S T E Q U I P M E N T 

I. Minimum T e st E quipm ent  fo r In stallation .  
a .  60-ohm 10- watt non-inducti v e  resi stor. 

b. 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. 

c. D- C Vacuum Tub e Voltm eter ( V T VM).  
Voltage R an g e :  0 . 1 5  to 3 0 0  volts. 
Input  Imp edan c e: 7 . 5 m egohm s.  
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II .  D e si rabl e T e s t  E quip m ent fo r App aratu s M aintenan c e .  
a .  A l l  item s l i sted in I .  

b .  Si gn al Gen erato r 
O u tp ut Vol tage:  
Frequ ency Range:  

c .  0 scilla s cop e 

d. Fre qu ency co unter 

e. Ohmm eter 

f .  Cap acito r  check er. 

up to 8 vol t s .  
20-k c t o  230-k c. 

So m e  of th e function s  of th e reco m m ended test e quip m ent are com bin ed in th e typ e TCT carri er 
test  m eter uni t, whi ch is d e si gn e d  to m o unt on a stan dard 19 " rack but al so can b e  rem o v e d  an d 
u s ed as a p o rtabl e unit.  

RENEWA L P A RTS 

R ep air wo rk can be do n e  m o st sati s facto rily at th e factory. H o w ever, rep l a c em en t  p arts can b e  
furni shed,  in m o st c a s e s , to custom ers who are e quipp ed fo r doin g repair work .  When o rd erin g  p arts,  
al ways give the compl ete n am eplate d ata  an d i d en ti fy th e p art by its  desi gnation on th e Intern al 
Sch em atic drawin g. 
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Fig. 2 Component locations of the type TCF transmitter assembly. 

Fig. 3 Component locations of the transmitter printed circuit board. 
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Fig. 4 Component locations of the power amplifier pr�nteJ CirCUit boarJ. 
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Fig. 5 Outline anJ Jrilling plan for the type TCF transmitter assembly. 
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Westinghouse I.L. 41-945.1 

INSTALLATION • OPERATION • MAINTENANCE 

INST R U C T ION S 
TY P E  T CF P OW E R  LINE CARRIER FREQUE NCY -SHIFT 

TRA NSMITTER E QUIP MENT - I WATT I 10 WA TT - TRA NSFER- TRIP 

CAUTION: It i s  recomm ended that the u s er o f  thi s e qu ip m ent b ecom e  thoro ughly familiar with the 
i n fo rm ation in this in struction l eafl et b e fore en ergi zing the carri er a s s em bly.  Failure to o b s erve this 
p recaution m ay result in dam age to the e quipm ent. 

If  the carrier s et is mounted in a cabin et,  it m u s t  b e  bolted do wn to th e floo r  or o therwise  s ecured 
b efore swinging out  the e quipm en t  rack to p revent i ts  tipping o v er. 

APPLI CATION 

The typ e T C F  carrier transmitter e quip m e n t  p ro vi d e s  for the transm i s sion o f  either o f  two clo s ely 
con trolled  discrete fre qu encies,  both within a narro w-ban d  chan n el ,  o ver high- voltage transmission 
lines.  The center frequency o f  th e channel c an vary from 30 to 200 KC in 0 . 5  KC step s. The two 
frequenci e s  tran sm i tted  are s ep arat e d  by 200 cycles, one b eing at c enter fre quency ( fc)  plus  100 
cycles and the o th ers at center fre qu ency m inus 100 cycl e s. The higher frequency,  t erm e d  the Guard 
fre qu ency, is transmitted continuou sly when condi tions are norm al .  I t  indi cates at the receiving end 
o f  the line that the channel i s  op erativ e  and i t  al so s erves to p revent fal s e  op eration o f  the receiver 
by line noi s e. The lower  frequency, term ed the Trip frequency,  i s  transmitted as a si gnal that an 
op eration ( su ch as tripping a circuit breaker) sho u l d  b e  p erfo rm e d  at the receivi n g  end o f  the line. 

When frequency shift carri er i s  u s e d  in pro tecti v e  relaying applications,  i t  i s  reco m m en d e d  that 
the trip frequency be transmitted at a higher p o w er l e v el to increase reliability of the sy stem under 
con di tion s  o f  abnormally high channel lo sses o r  line noise.  The fre qu ency i s  shifted from Guard to 
Trip by the clo sing o f  a p ro tecti v e  rel ay cont act, and the sam e contact al so shifts the tran smitter 
from a 1 watt to a 10 watt o utpu t  l evel.  

CONSTR UCTION 

The 1 watt/ 10 watt  T C F  tran smitter unit i s  m o unted on a standard 19-inch wide p an el 1 2  � inches 
(7  rack units)  high with edge slot s  for mountin g on a standard rel ay rack . All  compon ents are m o unted 
o n  the  rear o f  the p an el. Fuses,  a p ilot  l ight, a p o w er s wi tch and a j ack fo r m eterin g the ampl i fi er 
coll ecto r  current are a c c essible from th e front  o f  the p an el .  See Fig. 5. All o f  the circuitry that i s  
suitabl e for printe d  circuit bo ard m o un tin g i s  o n  t wo such bo ards, as sho wn i n  Fi g. 2 .  The compon ents 
m o unted on e ach p rinted circuit board or other sub- assem bly are sho wn enclo s e d  by dotted lines on 
the internal schematic.  Fig.  1 .  The lo cation o f  co mpon ents on the two p rinted circuit  bo ards are 
shown on s ep arate illustrations,  Fi g. 3 & 4. 

External conn ections to the assem bly are made thro u gh a 1 2- circuit receptacl e ,  J3. The r. f. o u t­
p u t  co nne ction to the assembly i s  m ad e  thro ugh a co axial cabl e  j ack, J 2. 

OPE RATION 

Th e tran smitter i s  made up o f  fo ur m ain stages and two filters. The stag e s  in clude two cry s tal 
o s cill ators op erating at fre qu enci es that differ by the d e sired channel frequen cy , a m ixer and bu ffer 
amplifi er, a driv er stage and a po wer amplifi er. O n e  fil t er is lo cated between the dri v er and the 
p o w er amplifi er and the final fil ter rem o v e s  harmonics that m ay be g en erate d  by dis tortion in the 
p o w er ampl i fi er. 

A singl e cry stal d e si gn e d  for o s cillation in the 30 K C  to 200 K C  range cannot be fo rced to o scil­
l at e  away from i ts natural frequency by as m u ch as ± 100 cycl es. In o rder  to o btain thi s d e sired 
frequency shift, i t  i s  n e c e s s ary to u s e  cry stal s in the 2 M C  range.  The cry stal s are Y 1 and Y 2  o f  
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Fi g. 1 T h e  frequen cy o f  Y 2  i s  2 . 0 0  M C  w h en op erated with a sp eci fi ed amo unt o f  s e ri e s  c ap acity, a 
and th e frequ ency o f  Y 1  i s  2 . 0 0  M C  p l u s  the chan n el fre qu e n cy,  or 2 . 0 3  M C  to 2 . 20 M C .  cap acito r  
C 5 5  an d cry stal Y 2  in seri e s  are connected b etween t h e  po siti v e  s i d e  o f  th e supply vol tage and th e 
b a s e  o f  tran si stor Q 5 1 ,  which op erat e s  in the emitter follo wer  m o d e .  Th e emitter i s  coupl ed to th e 
base thro ugh C 5 7 ,  an d with Y 2  rem o v ed th e base o f  Q 5 1  wou l d  b e  held at app ro xim atel y  th e midpoint 
of the supp ly  vo ltage by R5 1 and R 5 2. The c rystal s erves as  a s eri e s- resonant circui t with very 
h i gh inductan c e  an d lo w cap aci tan c e .  T h e  ci rcui t c an b e  made to o s cil l ate at o th er than th e n atural 
frequ ency of th e crystal by varying the s eri es  cap acitor, C 5 5 . Increasing C 5 5  will lo w er th e frequ en cy 
of o scill ation s  and reducin g C 5 5  will rai s e  th e frequen cy. 

Cry stal Y 1  is con n e cted in a circuit that is simil ar excep t  fo r th e addition of C 5 3  and dio d e s  C R 5 1 
an d C R5 2 .  B y  adj u stm ent o f  C 5 2  thi s circuit i s  m a d e  t o  o scil l ate  at 100  cycl es abo v e  i t s  m ark ed 
fre qu ency. C ap acitor C53 i s  not  effecti ve until CR 5 1  is biased in th e fo rward direction and b ecoTI') eS 
conducti v e .  It is bi ased in the reverse di rection until th e rel ay control contact i s  clo s ed, which 
pl aces 45 V. D . C.  at terminal 3 o f  the p rinted circuit bo ard . With C R 5 1  con ducting ,  C 5 3  i s  effecti v ely  
in p aral l el with C52 ,  and adj u stm ent o f  C 5 3  wil l  redu c e  th e frequency by 200 cy cl es. The cry stal s 
taken indi vi dually have a greater vari ation o f  frequency with temp erature than wo uld  be acc ep tabl e.  
H o w ever, by p roper  m atching o f  th e t wo crystal s ,  th e variati o n  in th eir differenc e  frequ ency c an be 
k ep t  wi thin limits th at p ermit holding th e frequency stability o f  th e o v erall tran smitter to ± 10  
cycl es/ s e c .  o v er a temp erature ran ge o f - 20 to  ± 60°C.  

Th e frequenci e s  p ro duced by th e two o s cill ato rs are  coupl ed to  th e base o f  mixer tran sisto r  Q53 
thro u gh C62 and C63.  T h e  sum o f  th e t wo fre qu en ci e s  i s  so h i gh that  a n e gl i gi bl e amo unt app ears 
on th e s econdary of tran sform er T 5 1 ,  but th e differen c e  frequency is accepted and amplifi ed by Q 5 3  
and Q 5 4 .  

Wh en th e rel ay contro l ,  o r  keyin g, contact i s  clo s ed ,  i t  increases the outp u t  po w er fro m 1 w att to 
10  w atts as  w ell  as changing th e frequency from Guard to Trip .  This i s  e ffected by reducing th e 
emitter r e si stan c e  o f  buffer- amplifier  transi sto r Q 5 4. Wh en th e keying contact i s  op en ,  tran sisto r  
Q 5 5  receives n o  base current and i s  non- conducting.  Emitter resi sto r R70 th erefore i s  effectiv el y  
op en- circuited. T h e  l e vel o f  outp u t  p o w er i s  adj u sted to 1 watt b y  m ean s o f  R 6 4 .  Wh en Q 5 5  i s  m ad e  
co n ducti v e  b y  clo si n g  th e k eying co ntact, R 7 0  i s  p l a c e d  in p arall el with R 6 8  an d th e amo un t  o f  
emitter resistan c e  unbyp as s e d  b y  C 6 6  can b e  adj u sted as  required t o  obtain  a 1 0- w att outp ut l evel .  

As i s  shown o n  th e Intern al sch em ati c ,  Fi g.  1 ,  the voltage fo r the k eying circuit i s  o btained 
from the 45-vo l t  regul at ed supply in th e tran smitter,  and op enin g the sin gl e po w er switch de- en ergi z e s  
both th e tran smitter and th e k eying circuit. C ap acito r C 4  p rotects the tran smitter from tran si ent 
voltages that mi ght be induced in the l ead from terminal 8 of J3 to the k eying co ntact, and i t  al so 
effects a smooth er ris e  in vol tage from the 1- w att to the 10- watt l evel . Resi sto r R S  red u ces th e duty 
on th e keying contact. 

The dri ver stage con si s t s  of tran si sto rs Q56 an d Q57 co nnected in a con venti o n al p ush-pull cir­
cuit with inp ut supplied from th e coll ecto r o f  Q 5 4  thro u gh tran sfo rm er  T 5 2 .  Therm i stor R 7 3  and re­
si stors R 7 4  an d R 7 5  are connected to pro vi de a vari abl e bias that redu c e s  th e effect o f  varying 
am bi ent t emp eratures  o n  the input l ev el .  

T h e  dri v e r  fil ter, F L  10 1 ,  co n si sts  o f  a seri es  r e so n ant inductor  and cap acito r con n ected betw e en 
th e driver  an d po wer  amplifi er stages by app ropri ate tran sfo rm ers T 1 and T 2. This filter greatly 
impro ve s  th e wavefo rm of the signal applied to th e po w er amplifi er. 

Th e p o w e r  amplifier  u s e s  two s eri es- connected po wer  tran sistors ,  Q l0 1 and Q 10 2 ,  op erati n g  as  
as  a cl a s s  B p u sh-p ull amplifi er with sin gl e- ended o utp ut. Dio des C R 10 1 and C R 10 3 p ro vi d e  p ro­
tection for th e base- emitter  jun ctio n s  of th e p o wer tran si sto rs. Z en er dio des C R 1 0 5  and C R 1 0 6  p ro­
tect th e col l ector- emitter junction s  fro m surges that m i gh t  co m e  in fro m th e p o wer  lin e thro ugh the 
co axial cabl e. 

The o utp ut tran sform er T3 coup l e s  th e p o w er tran si sto rs to the outp u t  fil ter  FL 10 2. Th e o utp ut 
filter  incl u d e s  two trap circuits ( L  1 0 2, CB an d L 1 0 3, Cc ) which are facto ry tun ed to th e s econ d  
an d third h armonics o f  th e tran smitter frequen cy. C ap a cito r CD appro xim ately c an c el s th e inductive 
reactan c e  of th e two trap circuits at th e op erati n g  frequency.  P ro t e cti ve  gap G l is a small l i ghtni n g  
arrester t o  l i m i t  th e magnitude o f  switching s u r g e s  o r  o ther l i n e  di sturban c e s  reachi n g  th e carri er s e t  
thro u gh th e l i n e  tun er an d co axial cabl e.  A uto- tran s fo rm er T 4  m atch e s  th e fil ter imp edan c e  to 
co axial cabl es o f  50 , 60 , o r  70 o h m s. 

2 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I.L. 4 1-945. 1 

Th e seri e s  reso n ant  circuit co mpo s e d  o f  L 1 0 5  and CE i s  tun ed to th e tran smitter fre qu en cy ,  and 
ai ds in p ro viding resistive t ermination fo r th e o utp ut stage. J a ck J 10 2  i s  mounted o n  th e rear  p an el 
o f  FL 10 2 an d i s  u s ed fo r m e asurin g the r. f. o utput  current o f  th e tran smitter into th e co axi al c abl e .  
It sho uld b e  noted that the filter contains no  shunt  reacti v e  el em ents, thu s p ro vi di n g  a reverse  imp e d­
an c e  that i s  fre e  o f  p o s sibl e " acro ss- the-lin e "  reso n an c es. 

The po wer  supply is a seri e s- typ e tran si stori z e d  d- e voltage re gul ato r which has a very low stand­
by current drain when th ere i s  no o u tput  current d em an d. The Z en er dio de V R 1  hol ds a con stant 
b a s e- to- n e gati v e  vol tage o n  th e seri es- conn ected po w er tran si sto r Q l . D ep ending o n  th e l o ad current, 
the d- e voltage drop thro u gh tran si stor Q 1  an d resi sto rs R 1  an d R 2 vari e s  to m aintain a con stant 
o utp ut vol tage. The Z e n er dio de V R 2  serves  to p ro tect the coll ecto r- b a s e  j un ctio n of Q 1  from surge 
vol tages.  Cap acito r C 1 p ro vi des  a l o w  carri er- fr e qu en cy imp edan c e  acro s s  th e d- e o utput voltage.  
C ap acito rs C2 and C3 byp a s s  r. f. or tran sient voltages to gro un d, thus preven tin g dam age to th e 
tran si stor circuits. 

F'requency ran ge 

O utput 

Frequency Stability 

Frequency Sp acing 

H armo nics 

Inp ut  Voltage 

supply voltage v ariation 

B attery drain 

T emp erature ran ge 

D im en sio n s  

W ei ght 

CH A R A C T E RI ST I C S  

30- 200 K C  

1 w att guard - 10  w atts trip ( into 5 0  to 7 0  o hm re­
si sti v e  lo ad) 

± 10 cycl es/ sec. from - 20ac to +60ac.  

1 .  O n e- w ay chann el ,  two or  more si gn al s - 500 
cycl es  min.  

2 .  T wo- w ay chann el - 1500 cy cl es  min. b etween 
tran smitter and adj acent rec eiver fre qu enci es.  

do wn 55  db ( min. ) from o utput  l evel.  

48 or  1 25 v. d. c.  

4 2- 56 v. fo r nom.  48 v. supply. 
1 0 5- 1 40 v. fo r nom. 1 2 5  v. supply. 

0 . 5  a. guard } 
4 8  v. d. c. 

1. 1 5 a. trip 
0 .  5 a. guard } 
0 9  

. 1 25 v. d. c  . 
. a. tnp 

- 2 0  to + 60"  C. aro u n d  chassis.  

P an el h eight - 1 2 ';.4 "  o r  7 r. u.  
P an el wi dth - 1 9 "  

1 2  l b s. 

INST A L L AT ION 

The T C F  tran smitter i s  gen erally supplied  in a cabinet o r  o n  a rel ay rack as  p art o f  a comp l et e  
carri er assembly. Th e lo cation m u st b e  free  from du st, e x c e ssi v e  humidity ,  vibration,  corro sive 
fum e s ,  or  h e at. The m aximum ambient temp erature aro u n d  the chassis m u st not  exceed 60°C.  

ADJ U ST M E NT S  

The T C F  1 W/ 1 0 W  tran smitter i s  shipp ed with the p o w er o utp ut contro l s  R 6 4  an d R 7 0  set  fo r o u t­
p uts o f  1 w att and 10 w atts into a 60 ohm lo ad. I f  it i s  d e sired to check these  adj u stm ents o r  if re­
p airs h av e  m ade readju stm ent n e c e s sary , the co axial c abl e sho uld b e  dis conn ected from th e as s em bly 
terminal s and rep l ac e d  with a 50 to 70 o hm non-indu cti v e  resi sto r o f  at l east a 10  w att rating. Use the 
v al u e  o f  the exp ected inp ut imp edan c e  o f  the coaxi al cable an d lin e tun er. If thi s  i s  not k n o w n ,  as­
sum e 60 ohms.  Conn ect  th e T 4  o utpu t  l ead to the corre spo ndin g  tap . Connect an a- c vacuum tube 
voltm eter ( VT VM) acro s s  the l o a d  resi sto r. Turn p o w er o u tp ut control R 6 4  to minimum ( full counter­
clo ckwise) .  Turn o n  the p o w er switch o n  th e p an el and note the d- e voltage acro s s  terminal s  5 and 
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7 o f  J 3. I f  thi s  i s  in the ran g e  o f  4 2  to 46 volts,  ro tate R 6 4  clo ck wi s e  to o btain th e correct vol tage 
for  1 watt in  th e lo ad resi stor u s ed. 

Then chan ge to trip fre qu ency by con n ectin g to g ether terminal s 2 an d 3 o f  th e p rinted circuit 
bo ard (or t erminal s 7 an d 8 of J 3) ,  and rotate R70 until abo ut 10 volts  is o b tain ed acro s s  th e l o ad 
resi sto r. A t  thi s point  ch e ck th e adj u stm ent o f  t h e  s eri es o u tp ut tunin g coil L 1 0 5  by loo s en i n g  th e 
knurl ed s haft-lo ckin g  nut and m o vin g th e adj u s table core in an d o u t  a sm all amo u n t  from its  initial 
p o sition.  L eave i t  at the point  o f  m aximum voltage acro s s  the load resi stor. 

Continu e  to advan c e  R 7 0  until the  o u tput  vol tage sho wn in th e follo win g tabl e i s  obtain ed across 
th e lo ad resi stor. R ec h e ck th e s ettin g o f  L 105 to b e  sure i t  is at  its op tim um p oint for 10 w atts o u t­
p ut. Tighten th e l o ckin g nut.  O p en th e po w er s witch,  rem o v e  th e j ump ers used to k ey th e trans m i tt er 
to the 10 watt l evel,  rem o v e  the lo ad resi stor, an d reconn ect th e co axial cabl e circuit to th e tran s-
mitt er. 

T 10 6  Vo l tage fo r Voltage for 
Tap 1 Watt O utp ut 10  Watts O u tp u t  

50 7. 1 22 . 4 
60 7 . 8  24. 5 
70 8 . 4  26. 5 

Follo w th e p ro c e dure o u tlined in th e line tun er instru c ti o n s  fo r i ts  adj u stm ent. 

N o rm ally the o utp ut fil ter ( FL 1 0 2) will require no readj u stm ent excep t  a s  noted abo ve. I t  i s  
facto ry tun ed for m aximum s econd an d third h armonic  rej ectio n ,  an d fo r s eri e s  reso n an c e  ( m axim um 
o utp u t  at th e fun dam ental fre qu ency) with a 60-ohm lo ad. A small amount of reactanc e  in  the tran s­
m i tt er o utp ut load circuit m ay be tun ed o u t  by readj ustm ent o f  th e m o vabl e core of L 1 0 5 .  This m ay 
b e  n e c e ss ary with som e  typ es o f  line coupling e quipm ent. Th e adJustabl e cores o f  L 10 2 and L 10 3 
h a v e  been s et for m aximum harmonic rej ection and no chan g e  should b e  m a d e  in the s e  s etti n g s  unl e s s  
suitabl e instrum ents are available fo r m easuri n g  the second an d third harmonic  p re s en t  in  th e trans­
mitter o utp ut. 

Th e operati n g  frequ en ci e s  of cry stal s Y 1 an d Y 2  have been carefully adj usted at the factory and 
goo d  stabili ty can b e  e xp e c t ed. I f  i t  i s  d e sired to check the frequ en ci e s  of th e indi vidual cry stal s ,  
thi s can b e  don e  b y  turning the match ed p air 180°  and i n s erti n g  a cry stal in  i t s  p ro p er so ck et with 
th e oth er crystal unco n n e cted. A s en sitive frequency counter with a rang e  of at l east 2 . 2 m e gacycl e s  
can b e  con n e cted from TP 5 1  to T P  5 4 .  ( Conn ection t o  T P  5 4  rather than to T P  5 3  p ro vi d e s  a b etter 
si gn al to the counter and avo i d s  som e  error from th e e ffect of th e counter inp u t  capacitan c e  on th e 
o scill ator circui t. ) Whil e m e a surem ent o f  the o scillator cry stal s individually i s  n e c e ssary for th e 
initial adj ustm ent o f  th e o s cill ators, gen erally any subs equent c h e ck s  m ay b e  m ad e  with a l o w er 
ran ge co unter conn ected at th e tran smitter outp ut. I f  any minor adj ustm ent o f  the G u ard and Trip 
fre qu enci es  s houl d be n e ed e d, th e Guard adj ustm ent should be m ad e  with cap acitor C 5 2  and th e Trip 
adj ustm ent with C 5 3 .  

MA I NTENANC E  

P erio dic  c h e ck s  o f  th e tran smitter Guard an d Trip p o w er o utputs  will detect  imp endi n g  failure so 
that the e quipm en t  c an be taken out of s ervi c e  fo r co rrection.  At regul ar m ainten an c e  interval s,  any 
accumul ated dust should be remo ved, p arti cularly from th e h eat sink s.  I t  is also d e si rabl e to c h e ck 
th e tran smitter p o w e r  o utp ut at s u ch tim e s ,  m aking any n eces sary readj u stm ents to return the  e quip­
m en t  to its initi al s ettin gs.  

Voltage val u e s  should b e  recorded after adj ustm ent in  o rder to e stabli sh referen c e  val u e s  which 
will b e  us eful when c h e ck i n g  the app aratus. Th e readings will  rem ain fairly constant o ver  an i n d e f­
inite p erio d  unl e s s  a fail ure o cc urs. Ho wever, if  transisto rs are chan ged,  t h ere  m ay be con siderabl e 
di fferen c e  in th e s e  readi n g s  wi tho ut the o verall p erform ance b ei n g  affected.  

Typ i c al voltage val u e s  are gi ven in the follo win g tabl es.  Voltage s  should b e  m easured with a 
V T VM .  R eadi n gs m ay vary as m u ch as ± 20%. 
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T ABL E I 
TRANSMITTER D-C MEASUREMENTS 

I.L. 4 1.945. 1 

No te: All voltages are po siti v e  with resp ect to N e g. 4 5 V.  ( TP 5 1) .  All voltages read with d- e V T V M .  

T e st P o int  

TP 5 2 
TP 5 3  
TP 5 4  

TP 5 5  
TP 56 
TP 57 

TP 58 
TP 59 
TP 10 1 

TP 1 0 3  
T P  1 0 5  

Voltage a t  1 w att 
O utp ut 

20 
5. 4 
3. 4 

2 1  
2 1  

. 6 5  

44. 3 
. 6 5  

0 

2 1± 2  
44. 3 

Voltage at 1 0  W atts 
O utp ut  

20  
5 . 4 
3 . 4  

1 8 . 5  
1 8 . 5 

. 65 

44. 1 
. 6 5  

0 

2 1± 2  
4 4 . 0  

T ABL E II 
TRANSMITTER RF MEASUREMENTS 

N o t e :  Voltages t ak en with tran smitter s et t o  indicated o utp ut  acro ss  60 o h m s. T h e s e  voltages sub­
j e ct to variatio n s ,  d ep ending upo n  frequency an d tran si sto r  c h aracteri sti c s. T 5 1- 3  = T ermi n al 
3 o f  trans fo rm er T 5 1 . O th e r  tran sfo rm er term i n al s  i dentifi e d  simil arly. All voltag e s  read 
with a- c VTVM.  

T est Point  Voltage at  1 Watt Voltage at 10 W atts 
O utp ut  O utp ut  

TP 54 to TP 5 1  0 . 0 1 5  - 0 . 0 3  0 . 0 1 5  - 0 . 0 3  
TP 57 to TP 5 1  0 . 0 5  - 0 . 0 9  0 . 3  - 1 . 2 
TP 59 to TP 5 1  0 . 0 5  - 0 . 0 9  0 . 3  - 1 . 2  

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

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

T 3- 4  to Gnd. 3 5  1 1 2  
T 4- 2 to Gnd. 3 1  1 10 
TP 109  to Gnd.  9 . 8  3 1  

J 10 2  to Gnd. 7 . 8  24. 5 

R E C 0 M ME N D E D T E S T E Q U I P M E N T 

I .  Minimum Test  E quip m ent  fo r In stall ation.  
a .  60-ohm 10- w att non-inductive  resi stor. 

b. A- C vacuum T u b e  Voltm eter ( VTVM).  Voltage ran g e  0 . 0 0 3  to 30 volts ,  frequ ency ran ge 60 
cycl es/ sec. to 230-k c .  input imp edan c e  7 . 5  m e go h m s. 

c. D- C vacuum T u b e  Voltm eter ( VT VM).  
Voltage R an g e :  0 . 1 5  to 300 vol ts.  
Input Imp edan c e :  7 .  5 m egohm s. 
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II.  D esirabl e T e s t  E quip m en t  for App aratu s M ainten an c e .  
a. All  item s l isted  in I .  

b .  Si gn al G en erator 
Outp ut Voltage:  
Frequ ency Ran g e :  

c.  0 scillo scop e 

d. Fre qu ency co unter 

e. O hmm eter 

f. Cap aci to r check er. 

up to 8 volts .  
20- k c  to  2 30-k c .  

I.L. 4 1-945. 1 

So m e  o f  th e fun ction s  o f  the reco m m ended test  equip m ent are combined in th e typ e T C T  carri er 
test m eter unit,  whi ch is d e si gn e d  to m o un t  on a stan d ard 1 9 "  rack but al so can b e  rem o v e d  an d 
used as a p o rtabl e unit.  

R E N E WA L  P ARTS 

R ep air work can be don e  m o st sati s facto rily at th e facto ry. Ho w e ver, repl ac em en t  p arts can b e  
furni shed,  in m o st c a s e s ,  to custom ers who are equipp ed fo r doing rep ai r  work .  When o rd eri n g  p arts, 
al ways gi ve  th e com p l ete n am ep l ate  d ata and i d enti fy th e p art by its design ation o n  th e Intern al 
Sch em ati c drawin g. 
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Fig. 2 Component locations of the type TCF transmitter assembly. 

Fig. 3 Component locations of the transmitter printed circuit board. 
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Fig. 5 Outline and drilling I L P an ror the t TCF ype transmitter assembly. 
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