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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

CAUTION
It is recommended that the user of this equip-
ment become thoroughly acquainted with the informa-
tion in this instruction leaflet before energizing the
carrier assembly. Failure to observe this precaution
may result in damage to the equipment.

If the carrier set is mounted in g cabinet, it
must be bolted down to the floor or otherwise secuyr-
ed before swinging out the equipment rack to prevent
its tipping over,

APPLICATION

The type TC carrier equipment covered by these
instructions is designed for use with solid-state
relaying systems for transmission line protection,
It can also be used for maintenance communication
between terminals of a line section,

CONSTRUCTION

The transmitter-receiver unit consists of g
standard 19-inch wide panel 17% inches (10 rack
units) high. The panel is notched for mounting on a
standard relay rack. All components are mounted on
the rear of the banel. Metering jacks, a test switch,
and the receiver gain control are accessible from
the front of the banel. See Fig. 1. The circuitry is
divided into Several sub-assemblies as shown in
Figure 2. The components mounted op each printed
circuit board or other sub-assembly are shown en-
closed by dotteq lines on the internal Schematic,
Fig. 8. The location of components on the five
printed circuit boards are shown on separate illys-
trations, Figures 3 through 7.

External connections to the assembly are made
through a 24-circuit receptacle J104. The r-f output
connection to the assembly is made through a coax-
ial cable jack J103. When voice communication is
used, the voice adapter plugs into receptacle J105
on the front panel,

The receiver gain control R207 is accessible
from the front of the panel. In addition, three current

jacks are provided for measuring the following
quantities,

J101 — Transmitter
current,

bower-amplifier collector

J202 — Receiver CLI 0-3 ma, output current.

J203 — Recejver 200-ma, output current,

The receiver filter input resistor R201 is con-

Nected directly to term. #1 of FL201 and is covered
with insulating sleeving.

OPERATION

Transmitter
—fsmitter

The transmitter is made up of four main stages
and two filters, The stages include a crystal oscil-
lator, buffer-amplifier, driver, and bower amplifier,
With reference to internal schematic, Fig. 8, the
oscillator crystal serves as ga series-resonant cir-
cuit between the collector of Q101 and the base of
Q102. The output of Q102 is fed back through capa-
citors C102, C103, and C112 to the base input of
Q101, thus providing oscillation at the crystal fre-
quency. The frequency is essentially independent
of voltage or temperatyre changes of the transistors.

Thus the frequency stability is that of the crystal
itself.

The oscillator output energizes the buffer-am-
plifier transistor Q103 through the potentiometer
R112 which controls the transmitter power output.
Keying of the transmitter output is controlled in the
buffer-amplifier stage by changing the d-¢ potential
supplied to Q103 emitter circuit. This is accomplish-
ed in the two buffered-input keying circuits (tran-
sistors Q151-152 and Q153-154-155 and associated
components), Normally Q152 is conducting, causing
a flow of current from positive 45 v.d.c. through
R117 and transistor Q152 to negative. When a d-c
voltage is applied to carrier-start terming] 6 or
7 (of J104), transistor Q151 is turned on which
in turn switches transistor Q152 to a non-conducting
state. Then the path from pos. 45 v.d.c, goes through
R117, diodes Z159 and D151, then up to the trans-
mitter board through Zener diode Z101 to negative.
The 20-volt d-c botential across Z1g1 supplies
voltage to transistor Q103, causing transmission
of carrier. Note that operation of carrier test switch
SW101 applies bositive 20 v.d.c. to J104 terminal
6 circuit and similarly allows the transmission of
carrier.

When carrier is being transmitted for any reason,
a carrier-stop request from the protective relays
takes preference over any carrier-start operation.
When a d-c voltage is applied to J104 terminal §
or 9, transistor Q154 turns on, Q155 turns off, and
Q153 turns on which connects the transmitter key-
ing circuit back to negative d.c. thus stopping
carrier. If carrier is started through the Voice
Adapter, the diode D151 isolates the d-c carrier-
start voltage from negative (through Z159, and Q152
which is normally conducting). The zener diode 7159
prevents the smajl forward voltage across D151 and
Q153 from causing a small amount of carrier trans-
mission under standby conditions,

o
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The buffer output energizes the driver stage
which operates class B. When voice modulation is
used, the transmitter modulating voltage is applied
to the base-emitter circuit of transistors Q104 and
Q105.

The output of the driver stage passes through
filter FL101, then to the input transformer T104 of
the power amplifier stage. Filter FL101 improves
the waveform of the signal applied to the power
amplifier. This stage uses two series—connected
O type 2N 3792 power transistors, Q107 and Q108,
operating as @ class-B push-pull amplifier with
single-ended output. Transistor Q106 applies for-
ward base bias to Q107 and Q108 when the carrier
start circuit is energized. Diodes D103 and D105
provide protection for the pase-emitter junction of
the power transistors. Zener diodes Z102 and 2103
protect the collector-emitter junctions from Surges
which might come in from the pOwWer line through
the coaxial cable.

The output transformer T105 couples the power
transistors to the transmitter output filter FL102.
The output filter includes two trap circuits (L102,
Cn. and L.103, CQ) which are factory tuned to the
second and third harmonics of the transmitter fre-
quency. Capacitor Cp approximately cancels the in-
ductive reactance of the two trap circuits at the
operating frequency. Protective gap G101l is a small
lightning arrester o limit the magnitude of switching
surges or other line disturbances reaching the car-
rier set through the line tuner and coaxial cable.
Auto-transformer T106 matches the filter impedance
to coaxial cables of 50, 60, or 70 ohms characteristic
impedance.

The series-resonant circuit composed of L105
and Cg 1s tuned to the transmitter frequency, and
aids in providing resistive termination for the output
stage as well as attenuation for higher order har-
monics. Jack J102 is mounted on the rear panel
of FL102 and is used for measuring the r.f. output
current of the transmitter into the coaxial cable.
It should be noted that the filter contains nO shunt
reactive elements, resulting in a reverse impedance
free of possible “across—the—line” resonances.

Receiver

The receiver is @ superheterodyne type to facil-
itate obtaining constant bandwidth regardless of
the channel frequency. The major stages include
an input filter, attenuator (gain control), crystal
oscillator, mixer, i.f. filters and i.f. amplifiers,
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diode detector, d-c amplifier, and d-c power output
stage.

The fixed input filter rejects undesired signals
while accepting 2 wide enough band of frequencies
to assure fast operation. The receiver sensitivity
is adjusted by means of the continuously variable
input control R207. The receiver oscillator (Q201
and Q202) is basically the same as the transmitter
oscillator. The oscillator frequency is 20 kHz above
the incoming signal frequency. The receiver channel
frequency is determined by the input filter and the
oscillator crystal.

Mixing is accomplished by feeding the incoming
signal to the emitter, and the receiver oscillator
signal to the base of the mixer Q203. Mixer oscil-
lator requirements are met through adjustment of
potentiometer R212. Injection into two separate
elements, base and emitter, provides a circuit cap-
able of handling greater signal level varjations
than one in which injection is made into only a
single element such as the base. This receiver
uses an intermediate frequency of 20 kHz Typical
characteristics of poth filters and the complete
receiver are shown on curves, rig. 9 and 10.

The 20-kHz i.f. signal is rectified by diodes
p201 and D202. The resulting d-c output is am-
plified by transistors Q207 and Q208, giving a re-
ceiver output current of nominally 200 ma. for a
30-ohm external alarm relay coil circuit. Fig. 11
shows the receiver 200-ma. output characteristic.

NOTE: For _all applications, an alarm relay or
equivalant resistive load (30-35 ohms, 3
watt) must be connected to the receiver
200-ma. output circuit.

For solid-state relaying applications, the re-
ceiver also has a 20-volt d-c buffered output
(transistors Q253 and Q254 on receiver CLI and
output board). At an input signal level that would
give about 100-ma. output current, the receiver
20-volt output will appear at J104 terminal 18.

To provide a more accurate indication of re-
ceived signal level, a carrier level indicator (CLD
is provided on the receiver quxiliary circuit board,
This device includes a sensitivity adjustment
(R252), two amplifier stages (©251 and Q252), and
a diode detector. The filtered output of the detector
is brought out through J202 to J104 terminals 16
and 17 for connection to an external 0-3 d-c millia-
meter. A typical CLI curve of output milliamperes
vs. receiver input signal margin is shown in Fig. 12.
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Power Supply
— — =T Subply

The power supply circuit for 48 or 125-v.d-c
supply uses g series-type transistorized d-¢ voltage
regulator which has a very low standby current drain
when there is no output current demand. The zener
diode Z1 holds a constant base-to-negative volt-
age on the series-connected bower transistor Q1.
Depending on the local current, the d-c¢ voltage drop
through the transistor Q1 and resistors R and R2
varies to maintain g constant output voltage of
approximately 45-v. d-c. The zener diode Z2
serves to protect the collector-base Junction of Q1
from surge voltages. Capacitor C1 provides a low
carrier-frequency impedance across the d-c output
voltage. Capacitors C2 and C3 bypass r.f. or tran-
sient voltages to ground, thus breventing damage to
the transistor circuits. Inductance L1 and capacitor
C4 serve as a filter to brevent any appreciable car-
rier-frequency energy from getting onto the external
d.c. supply circuits.

For a 250-volt d-¢ supply, the circuit of Figure
15 is used. This consists of an external voltage-
dropping resistor assembly (135 ohms total) in con-
Jjunction with three 15-volt Zener diodes on the TC
set chassis connected in series. The resistor as-
Ssembly (see Figure 16) must be mounted at the top
of a cabinet or an open rack. Because of the heat
dissipated, no transistorized equipment should be
mounted above the resistor panel. The 250-volt TC
set has a constant current drain of 1.5 amperes d-c,

Relaying Control Circuits
— 79 =onfrof Lircuits

The transmitter start ang stop control” circuits
and the recejver Zmlt output (previously des-
cribed) allow this type TC set to be used with
solid-state protective and auxiliary relays which
also have 20-volt input and output‘‘logic’’, In
addition, these carrier control circuits are designed
to absorb and limit externally generated surges so
they will not damage the transistors or associated
components,

For flexibility in application, provision is also
made for keying the transmitter from either 48 or
125 wvolts d.c, Also, the 200-ma receiver output
circuit is brought out to g J104 terminal for con-
nection to a 30-ohm alarm relay, if desired,

CHARACTERISTICS

30-300 kHz (50-300 kHz for
bhase comparison relaying)
10 watts into 50 to 70-ohm
resistive load

55 db below 10 watts.

Frequency range
Transmitter output

Harmonics

4

Receiver sensitivity 125 mv. input for 180 ma,
minimum output current
Receiver selectivity 1500 Hz bandwidth (3 dp down);

down 80 db at +3kHz,
Transmitter-receiver

channel rating 40 db

Input Voltage 48, 125, or 250 V. d-c

Supply voltage
variation 42-56V, 105-140v, 210-280V

Battery Drain: 0.5 amp standby, 1.35 amp

48 V.D.C. transmitting

125 V.D.C. 0.25 amp standby, 1.1 amp
transmitting

250 V.D.C. 1.5 amp standby or transmitting

Temperature range

Frequency Spacing
——77F7¢Y Jpacing

The minimum recommended frequency Spacing
between two Type TC carrier sets operated in bara-
llel without hybrig units is shown on the curve of
Fig. 13. For example, at 100 kHgz. the minimum
Spacing is 8 kHgz, Closer Spacing would result in
the generation of intermodulation products caused
by the non-linear load presented by each transmitter
to the other one.

The minimum frequency Spacing between g TC
carrier channel and an adjacent transmitter signal
keyed on-off at g rate of 60 pulses per second can
be determined from the nomograph of Fig, 14, Using
the example shown by the dashed line, consider g

uation of 15 decibels. The TC receiver would be
set to give a margin of 15 db below the normal re-
ceived signal, or for a sensitivity of —30 dp (rela-
tive to a 24.5 volt, 10-watt signal). The interfering
signal is assumed to be a 10-watt transmitter at
the same location, To determine the minimum
frequency spacing of the TC receiver from this
interfering signal, lay a straight edge between the
—30 db point on the receiver sensitivity scale and
the zero-dp point on the interfering transmitter
scale. The resulting line Crosses the channej
Spacing scale between 3 ang 4 kHz. For this ex-
ample, a channel spacing of at least 4 kHz should
be used. (In order not to conflict with the limits of
Fig. 13, an t-f hybrid may be needed between the TC
set and the other transmitter, depending on the
actual application.)

For protective relaying applications to 3-terminal
lines, the transmitter frequencies are offset 100 hertz
to prevent a siow beat or cancellation of the received
signal when two transmitters send blocking signals
to the third terminal. The three transmitters operate

—20 to +60°C. around chassis,

Ay
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at fc, fc+100 Hz,and fc—100 Hz. All receivers
operate at the channel center frequency (fc).

INSTALLATION

The type TC transmitter-receiver is generally
supplied in a cabinet or on a relay rack as part of
a complete carrier assembly. The location must be
free from dust, excessive humidity, vibration, cor-
rosive fumes, or heat. The maximum ambient tem-
perature around the chassis should not exceed 60°C.

ADJUSTMENTS

Transmitter

The main adjustment on the transmitter is the
power output control R112 on the transmitter printed
circuit board. Disconnect the coaxial cable from the
assembly terminals and replace with a 50 to 70 ohm
noninductive 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 T106 output
lead to the corresponding tap. Connect an a-c vac-
uum tube voltmeter (VIVM) across the load resis-
tor. Turn the transmitter power output control R112
to minimum (full counterclockwise).

NOTE: Do not change the adjustment of the R142
control on the printed circuit board. See Mainten-
ance section for R142 adjustment.

Now apply d-c power and note the d-c voltage
across the two pin jacks TP1 and TP2. If this is
in the range of approximately 42 to 46 volts, throw
the carrier-test switch SW101 on the panel to the
ON position. Slowly advance the output control
R112 on the transmitter printed-circuit board until
about 10 volts is obtained across the output load
resistor. At this point, check the adjustment of the
series output tuning coil L105 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 maximum voltage
across the load resistor. For 200-300 kHz operation,
L105 is a ‘‘pot core’’ and has a adjustable core
screw. Use a screw-driver in this case. No locking
device is needed.

Now continue to advance the output control R112
until the output voltage tabulated in the following
table is obtained across the load resistor. Recheck
the setting of L105 to be sure it is at its maximum
point for 10 watts output. Tighten the locking nut.
Turn off the carrier test switch SW101, remove the
load resistor, and reconnect the coaxial cable cir-
cuit to the transmitter.

NOTE: For 200-300kHz sets, inductor L1105 is a pot
core and the foregoing adjustment check is generally

1.L. 41-944.328

unnecessary since there is little chance of its
setting being disturbed. However, if desired, the pot
core setting can be checked using a screwdriver to
vary the setting of the adjustable core. There is no
locking device as the adjustable core is held in
place by friction.

T106 Tap Voltage for 10 Watts Output
50 22.4
60 24.5
70 27.0

Transmitter Filter

Normally, the output filter (FL102) will require
no readjustment except as noted under Adjustments-
Transmitter, as it is factory tuned for maximum sec-
ond and third harmonic rejection, and for series
resonance (maximum output at the fundamental
frequency) with a §0-ohm load. The adjustable
cores of L102 and L103 have been set for maximum
harmonic rejection at the factory, and no change
should be made in these settings unless suitable
instruments are available for measuring the second
and third harmonic present in the transmitter output.

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

Receiver

The receiver poard has two controls; the i.f.
input control R239 which is factory-set to give 2
sensitivity of 125 mv. for 180 ma. output, and the
local oscillator output control R212. The oscillator
output is preset at the factory at 0.5 volt. This
setting can be checked by connecting an a-c VIVM
petween receiver test points TP202 and TP206
(shield lead of VTVM.) The voltmeter reading with
the equipment energized, but not transmitting, should
pe 0.5 volt rms. Note Fig. 5 for location of com-
ponents on the receiver printed board.

The other adjustment on the receiver is the gain
control R207 which 1is front-panel mounted. It is
recommended that the receiver gain normally be set
for a 15-db operating margin to allow for reasonable
variations in receiver input signal level without
affecting -the output blocking current. This adjust-
ment can be made in two ways, as follows:

1. First, measure the normal received signal from
the remote terminal (after the line tuners have
been adjusted) by starting the remote transmitter
and measuring the voltage across the coaxial
cable at the receiving terminal. This signal
should preferably be measured with a tuned volt-
meter such as the Sierra carrier-frequency volt-

5
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meter. If a simple VITVM is used, have the
remote transmitter turned on and off several
times to be sure the VTVM reading is actually
the remote signal, Note the reading. Now dis-
connect the coaxial cable, and feed ga signal
into the carrjer assembly atthe coaxial terminals
from a separate signal generator. Set the signal
generator to the received frequency at a level
15 db below the previously measured incoming
signal. With a 0-250 ma. (minimum) d-¢ milliam-
meter plugged into J203, adjust the receiver
gain control until an output current of about 100
ma. is obtained. As this point is on the steep
portion of the receiver output-input curve, it
may be difficult to set the gain control for
exactly 100 ma. This is not necessary, how-
ever, as the signal is not normally at this
value. This is the operating setting of the re-
ceiver gain control. Return the coaxial cable
connections to normal.

NOTE: Do not energize the local transmitter
when making the foregoing adjustment as the
signal generator may be damaged.

2. As an alternate brocedure if no signal generator
is available, the local transmitter itself may be
used as the signal generator. First determine
the normal received signal from the remote ter-
minal as explained previously under (1). Then
turn off the remote transmitter.

Now turn on the local transmitter and reduce its

output to a valuye 15 db below the normal re-

ceived signal level, Then adjust the receiver
gain control to give 100 ma. output as before,

When this adjustment has been made, reset the

local transmitter to its hormal 10-watt output

level.

In applications where the line attenuation is
low and a strong signal is received, the adjustment
of the receiver gain control R207 becomes critical.
For such applications, the setting of i-f gain control
R239 may be reduced to lower the overall receiver
gain. The front-panel control R207 will then have a
smoother and more gradual control as the knob is
rotated, making it easier to obtain the 15-db margin
setting,

For such a strong-signal condition, it is recom-
mended that with R239 at maximum, the j-f gain
control R237 pe adjusted to give 100 ma. receiver
output current for ap input r-f voltage 25 dp below
the normal received signal level. Then the front
banel control R207 is set for the normal 15-dp
margin as breviously described.

Carrier Level Indicator (CLI)
——— =EY¢€ Indicator (CLI)

The CLI should be adjusted on a clear dry day
when line conditiong are considered normaj, After
the receiver sensitivity has been set for a 15-db
margin, turn on the remote tfransmitter at its normal
10-watt output. With a small screw-driver, adjust
the CLI input control R252 to give a reading of
2.5 ma. on the 0-3 ma. d-¢ milliammeter in the CLI
output circuit. This current can be read at J202
on the TC set panel for convenience, If the re-
ceived signal varies for any reason, the CLI out-
put current will change accordingly, as indicated
by the curve in Fig. 12,

When carrier is transmitted from the local station,
the pointer of the local CLI output milliammeter
will be driven off scale. This will not in any way
damage the instrument as the CLI saturation current
is less than 4 ma. d.c.

MAINTENANCE

Periodic checks of the received carrier signal
will indicate Droper operation of the equipment, At
regular maintenance intervals, any accumulated
dust should be removed, particularly from the heat
sinks. It is also desirable to check the transmitter
bower output and receiver sensitivity at such times,
making any necessary readjustments to return the
equipment to its initia] settings.

Voltage values should be recorded after adjust-
ment in order to establish reference values which
will be useful when checking the apparatus. The
readings will remain fairly constant over an indef-
inite period unless a failure occurs. However, if
transistors are changed, there may be consider-
able difference in these readings without the over-
all performance being affected.

Typical voltage and current values are given
in Tables I through VI, Voltages should be mea-
sured with a VTVM. Readings may vary as much as
+20%.

The transmitter keying board is mounted over
the power amplifier board. See Fig, 2. In order to
check test-point voltages on the power-amplifier
board, first remove the keying circuit-board recept-
acle mounting screws and the two screws holding
down the upper end of the board. Now carefully
lift the transmitter keying board away from the
bower-amplifier board, pulling from the top, but
do not disturb the chassis harness wiring any more
than necessary. This will expose the test points
on the power-amplifier hoard S0 that voltage readings
can he taken.
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Similarly, the receiver CLI and output board
can be moved to uncover the right-hand portion of
the receiver board. Remove the four mounting screws
nolding the receiver auxiliary board in place. Lift
up this board from the left side and pull it away
from the receiver board. This will expose the
right half of the receiver board.

Adjustment of R142 on Transmitter Board

The small adjustable resistor (pot.) R142 sets
the forward base bias on transmitter transistors
Q104 and Q105 to the proper point for class-B
operation. This is a factory adjustment and need
not be changed unless transistors Q104 or Q105
(or both) are replaced. However, if these trans
sistors are changed, or if the R142 setting is dis-
turbed in error, the following adjustment procedure
should be followed to reset R142:

First remove d-c power from the TC carrier set
assembly. Unsolder the lead from terminal 2 of
transformer T103 (just above FL101) and tem-
porarily connect a low-range d-¢ milliammeter
(0-1.0 or so) between the removed lead () and
T103 terminal 2 (—). Turn the slotted control on the
small pot (R142) to full counterclockwise. Now,
apply power to the TC carrier set, but do not trans-
mit carrier. Advance the pot until the d-c milliam-
meter reads 0.2 mA d.c. + .05 mA. Tumn off the
power, remove the milliammeter, and solder the lead
pack on terminal 2 of T103. Again apply d-c power
and proceed with the transmitter adjustment as
described in the ADJUSTMENTS section.

Replacement of Q107- Q108

The two transistors Q107 and Q108 in the
transmitter power-amplifier stage are a matched pair
with the gain of the two units matched within 5%.
If one of the transistors fails, both should be
replaced with a new matched pair. Thisis necessary
to keep the second harmonic of the transmitter out-
put at an acceptably low value. The pair of tran-
sistors should be ordered as ¢2 of style 187A673H16
< transistors Type 2N379 2.

NOTE: Only power amplifier ~module styles
774B541G01 through GOS5 are used with Type
ON3792 transistors. When ordering replace-
ment transistors, check to see that you have
this style module. If not, the existing
module can be modified by changing D104
and D106 to type 1N4818 Diodes. Order
these diodes as ‘‘2 of style 188 A342H06 .

I.L. 41-944.32B

CHANGE OF OPERATING FREQUENCY

The parts required for changing the operating
frequency of a type TC carrier set are as follows:

Transmitter

1. Oscillator Crystal (Y101), specify frequency.
NOTE: Modify A-B-C jumpers on transmitter
board if required for new frequency. See table
marked ‘‘1"’ under internal schematic (Fig.8).

2. R136 Jumper

For operation in 30-50kHz range, clip off R136

as indicated in Fig. 3.

3. chllandcli@,(on Power Amp. board)

a. 30-50 kHz — 0.47 mfd. — S#188A293HO01

b. 50.5-75 kHZ — 0.22 mfd. — S#188A293H02

c. 75.5-100 kHz — 0.15 mfd. — S#188A293H03

d. 100.5-150 kHz — 0.10 mid. — S#188A293H04

e. 150.5-300 kHz — 0.047 mfd. — S#188A293HO5
4. Transmitter Module Mounting Plate,

When changing from 2 frequency of 200KHz or

below to a frequency above 200KHz, the follow-

ing is also necessary:
Transmitter module mounting plate S#691B610H01
and associated hardware.

This is necessary to raise the transmitter print-

ed circuit board (module) away from the main

panel as the 200.5-300kHz. receiver input filter

FL201 mounts underneath it. See Fig. 2.

5. Zener Diode 2104

For the 200.5-300kHz. range, a type 1N2999A

zener diode Z104 is mounted on the Q108 heat

sink adjacent to the protective diode Z103.

Remove the lead from the Q108 heat sink (see

pig. 2 for location) and connect it to the in-

sulated terminal of zener diode Z104.
6. FL101 and FL102

Filter FL101 is & small series-resonant tuned
circuit between the driver and power amplifier
stages of the transmitter. It has just two ter-
minals. Filter FL102 is a larger assembly, des-
cribed under OPERATION. It has three external
connections: input, output, and ground. This
filter is mounted by four corner posts. To re-
place, unsolder the three leads, remove the nuts
from the mounting posts, and lift the filter
assembly from the posts. The new filter can
now be installed.

Inductors L101, L102, and 1103 in these filters
are adjustable over a limited range, but forty-two
combinations of capacitors and inductors are re-
quired to cover the frequency range of 30 kHz to 300
kHz The widths of the frequency groups vary from
1.5 kHz at the low end of the channpel frequency

7
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range to 13 kHz at the upper end. A particular as-
sembly can be adjusted over g somewhat wider range
than the width of its assigned group since some
overlap is necessary to allow for component toler-
ances. The nominal kHz adjustment ranges of the
groups are:

30.0-31.5 61.0- 64.0 | 113.0-119.5 207.1-214.0
32.0-33.5 64.5- 68.0 | 120.0-127.0 214.1-222.0
34.0-36.0 68.5- 72.0 | 127.5-135.0 222.1-230.0
36.5-38.5 72.5- 76.0 | 135.5-143.0 230.1-240.0
39.0-41.0 76.5- 80.0 | 143.5-151.0 240.1-250.0
41.5-44.0 80.5- 84.5 | 151.5-159.5 250.1-262.0
44.5-47.0 85.0- 89.0 | 160.0-169.5 262.1-274.0
47.5-50.0 89.5- 94.5 | 170.0-180.0 274.1-2817.0
50.5-53.5 95.0-100.0 | 180.5-191.5 287.1-300.0
54.0-57.0 | 100.5-106.0 192.0-200.0

57.5-60.5 | 106.5-112.5 200.1-207.0

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

A signal generator, a frequency counter, and a
vacuum-tube voltmeter are required for readjustment
of FL101. The signal generator and the counter
should be connected across terminals 4 and 5 of
transformer T103 and the voltmeter across terminals
1 and 2 of transformer T104. The signal generator
should be set at the channel center frequency and
at 2 at 3 volts output. The core screw of the small
inductor should be turned to the position that gives
a true maximum reading on the VTVM. Turning the
screw to either side of this position should 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 ef-
fect of core screw rotation on the VTVM reading will
be less when the resonant inductance occurs near
the end of core travel,

The procedure for readjustment of the 2nd and
3rd harmonic traps of filter F1,102 is somewhat
similar. A signal generator and a counter should be
connected to terminals 3 and 4 of transformer T105
and a 500-ohm resistor and a VTVM to the terminals
of protective gap G10l1. 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, L102, to the position
that gives a definite minimum reading on the VTVM.

Similarly, with the signal generator set at exactly
three times the channel center frequency and 5 to
10 volts output, set the core screw of the small
inductor, L.103, to the position that gives a definite
minimum reading on the VTVM. Then remove the
instruments and the 500-ohm resistor.

If the change in frequency is enough to require a
different filter, it will come factory adjusted as
described in the foregoing paragraph.

After all the tabulated changes have been made
for the new frequency, the transmitter can be opera-
ted with a 50 to 70-ohm load (depending on which
tap of T106 is used) connected to its output, and
inductor 1,105 can be readjusted for maximum output
at the changed channel frequency by the procedure
described in the ADJUSTMENT section.

If a frequency-sensitive voltmeter is available,
the second and third harmonic traps may be adjusted
(or checked) without using an oscillator as a source
of double and triple the channel frequency. Connect
the frequency-sensitive voltmeter from TP109 to
ground and adjust the transmitter for rated output
into the selected load resistor. Set the voltmeter at
twice the channel frequency and, using its tuning
dial and db range switch, obtain a maximum on-scale
reading of the second harmonic. Then vary the core
position of L.102 until a minimum volimeter reading
is obtained. Similarly, tune the voltmeter to the
third harmonic and adjust 1,103 for minimum volt-
meter reading. It should be noted that this procedure
may not give the true magnitude of the harmonics
because of the large value of fundamental frequency
voltage present at the tuned voltmeter input termin-
als. This condition will overload the input circuit
of some commercial instruments. However, the pro-
cedure is satisfactory for adjusting the traps for
maximum harmonic rejection.

If accurate measurement of the harmonic levels
is desired, the frequency-selective voltmeter is
connected, through a rejection filter, to the termin-
als of the 60-ohm load resistor. The filter must pro-
vide high rejection of the fundamental. A twin-T
filter is suitable for this purpose. The insertion
losses of this filter at the second and third har-
monics must be measured and taken into account,
Receiver

1. Receiver Oscillator Crystal (Y201), specify fre-
quency, and modify A-B-C jumpers as required.

Receiver input filter (FL201), specify frequency.
3. Resistors R211-R238 Combination

See values in Fig. 8 below internal schematic.
4. ResistorsR218 and R224 may have to be reduced.
See following paragraph.

Do
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The emitter resistors R218 and R224 of the
i-f stages are normally 33 ohms to give the
required receiver gain. If the operating fre- FL201-IN to Gnd.

quency 1is refiuced, the.recelver gain V\{lll FL201-OUT t0 Gnd.
probably be higher. In this case, a reduction
in the setting of the i-f input control R239 will
give the 125-mv. sensitivity. If the new operating

TEST POINT TYPICAL AC VOLTAGES

Q203 - E to TP206
Q204 - Cto TP206

frequency is higher, the receiver gain will be Q205 - Bto TP206
lower. If more than 125 mv. is required to obtain Q205 - C to TP206
180 ma. output, the gain can be increased by Q206 - B to TP 206

reducing the value of one or both of the re-
sistors R218 and R224. In most cases, these

resistors should fall in the range of 22 to 33

Q206 - C to TP206
TP202 to TP206

ohms.
TABLE | All voltages read with a-c vacuum-tube voltmeter.
Receiver D.C. Measurements TABLE Il
Note: All voltages are negative with respect to Pos. Transmitter D-C Measurements
45V. (TP206) Note: All voltages are positive with respect to Neg.
D.C. (TP104). Al voltages read with d.c.

TEST POINT R Bignah WINPT VIVM.
|
TP203 11-12
TP 204 < 0.5 TP101 8.5 volts d.c. 8.5 volts d.c.
TP 205 TP102 <0.5 20
TP 103 <0.5 19.5
TRANSISTOR TP 105 <0.5 9
TP 106 44 24
TP107 44 24
TP 108 45 44

TP110
TP111

TP112
TP 113
J101

(Front Panel)

All voltages read with d-c¢ vacuum-tube voltmeter.
< 0.5 — means ‘‘less than 0.5"’

Receiver RF Measurements

Note: Taken with 100 kHz receiver filter, 0.125-volt
input signal, and gain control R207 at maxi-
mum. Depending on receiver frequency and
transistor characteristics, the following
values will vary appreciably.
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TABLE IV

Transmitter RF Measurements

Note: ‘“‘Carrier-on’’ voltages taken with transmitter
set to 10 watts output (24.5 volts across 60
ohms). These voltages subject to variation,
depending on frequency and transistor char-
acteristics,

TEST POINT A-C VOLTAGE

T101-3 to TP104 1.5 volts, rms.

TP103 to TP102 0.2
TP105 to TP104 1.1 ¢
TP110 to T102-4 0.2
TP111 to T102-4 0.2
Q104-C to TP104 3.3
Q105-C to TP104 3.3
T103-4 to Gnd. 1.1
T104-1 to Gnd. 1.4
Q107-B to TP107 0.5 volts, rms.
Q108-B to TP113 0.5
Q107-C to TP107 14-16
Q108-C to TP113 14-16
T105-4 to Gnd. 105
T106-2 to Gnd. 100-160*
TP109 to Gnd. 30-50 *
J102 to Gnd. 24.5

Note: T101-3 =tap 3 of Transformer T101
Q104-C = Collector of Transistor Q104
TP105 = Test point 105
All voltages read with a-c VTVM

* These values may vary considerably with
frequency.
¢ - High-impedance circuit. VTVM causes
significant loading,.

TABLE V
Transmitter Keying Board
D.C Voltages
CARRIER STOP
CARRIER ON (D.C. on
TEST NOBMAL (D.C. on J104-6 or 7
POINT (Carrier Off) J104-6 or 7) and
J104-8 or 9)
TP151 16 v.d.c. <1.0 v.d.c. | <1.0 v.d.c.
Term. 17 <1.0 24.6 4.9
TP152 16 16 <1.0
TP153 <1.0 <1.0 16
Term. 1 0* 20 <1.0

*May show <1.0 volt with VTVM
10

TABLE vI

Receiver CLI and Output Board

(with normal recejved signal)

D.C VOLTAGE SIGNAL
TEST POINT - TO NEG. VOLTAGE (a.c.)
TP-251 4.9 v.d.c. 0.3 v. rms.
TP-252 9.8 2.9
TP-253 < 1.0 -
L TP-254 19.7 -

Recommended Test Equipment

I. Minimum Test Equipment for Installation

a. Milliammeter 0-250 ma. DC
b. 60-ohm 10-watt non-inductive resistor.

c. A-C Vacuum Tube Voltmeter (VTVM). Volt-
age range 0.01 to 30 volts, frequency range
60 Hz to 330 kHz, input impedance—one
megohm, minimum.

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

Voltage Range: 0.1 to 300 volts

Imput Impedance: 1.0 megohm, min.

II. Desirable Test Equipment for Apparatus Main-
T Of ADparatus Main-

tenance.

a. All items listed in .

b. Signal Generator
Output Voltage: up to 10 volts r.m.s.

Frequency Range: 20 to 330 kHz

Oscilloscope

2 o

Ohmmeter

@

Capacitor checker

-

Frequency counter

g. Frequency-selective voltmeter

Renewal Parts

Repair work can be done most satisfactorily at
the factory. However, replacement parts can be fur-
nished, in most cases, to customers who are equipped
for doing repair work. When ordering parts, always
give the complete nameplate data.
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I.L. 41-944.32B

ELECTRICAL PARTS LIST

Transmitter Section

c201
C102
C103
C104
C105
C106
C107
C108
C109
C110
1 Cl11
Cc112
T C113
Cl14
C115

C116

CA

D101
D103
D104
D105
D106
G101
J101

SYMBOL

CB, CC, CD, CE

RATING

0.1 mfd, 200 V.DC

.005 mfd, 300 V.DC

180 pf. 500 V.DC

e

0.25 mfd, 200 V.DC

0.25 mfd, 200 V.DC

0.25 mfd, 200 V.DC

0.25 mfd, 200 V.DC

0.50 mfd, 200 V.DC

0.25 mfd, 200 V.DC
0.25 mfd, 200 V.DC

(See Table Below)

e

39 pf. 500 V.D.C.

e

(See Table Below)

100 pf., 500 V.DC

100 pf., 500 V.DC

0.001 mfd, 500 V.DC

art of FL101

P
Part of FL.102
1N4818

1N 4818

1N4818

1N4818

Type RVS Arrester
Closed Circuit Jack

STYLE NUMBER

187A624HO1
187A694H29
187A695H29

187A624H02
187A624H02
187A624H02
187A624H02
187A624H03
187A624H02
187A624H02

187A695H12

187A695H23

187A695H23
187A694H11

Vary with Frequency

Vary with Frequency

184A855H0T
188A342H06
188 A342H06
188A342H06
188 A342H06

637A026A01
187A606HO01

#200.5 — 300 kHz only.

30

50.5-75 kHz
75.5-100 kHz

100.5- 150 kHz

150.5-300 kHz

1 FREQ. (C111, C113)

-50 kHz

0.47 mfd, 400 V.DC

0.22 mfd, 400 V.DC
0.15 mfd, 400 V.DC

0.1 mfd, 400 V.DC

0.047 mfd, 400 V.DC

STYLE NUMBER

188A293H02
188A293H03
188A293H04
188A293H05

188A293H01
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ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

RATING

Banana Plug Jack

Coaxral Cable Jack

24- Term Receptacle

l 2—Term Rec eptacle

Part of F‘LlOl

FL102 Trap Coil (2nd Harmonic)

Matched Pair

SYMBOL OHMS m WATTS
R101 5,600 5 1
RI02 *'777;27,;20}) I T S R
R103\*— o 10 000 T 7¥1707 . 770?57 N
R4 | w0000 | 5 o5
RI05 | 77—;7390 T e 05
rR106 | 1200 5 T T es
R10T | 10000 T T T
RT()S\iﬁ - 100,6(7)767 T 7577777777777075 77777 )
R109 N e B
R a0 | s T e
RiIZ | 1kpot | s | 025
 ruz | a0 s T s
RIE | w000 T T T
Ri5 | 10 | s 05

12

FL102 Trap Corl (3rd Harmonlc)
400 mh.
~ FL102 Coil (part of series-resonant
circuit tuned to fundamental freq.)
2.0 mh.
Q101 2N2905A
2N2905A
2N525
2N3712

STYLE NUMBER

2 of 185A431H01

18’7A633H01

187A669H01

629A205H02

Vary with Frequency

3500A27HO1

762A672H10

762A672H10
184 A638H13
762A672HO7

762A672HO7

187 A67 3H 16

187A67 3H16

STYLE NUMBER
187A643H45
' i 8’%11;621“171{7357

187A763H75

184A763H 17
184A763H29

1 84A64 1H51

184A763H75
184A763H1'7

187TA763H29

629A430H02

184A763H43

187A641H51

184A763H07
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

184A763H03
1202588
629A531H56

629A531H03
185A207H51

187A683HOL
187A290H01

187A644H03
T 18TA641H2T
187A644H43
|187A640H0L |
187A644H35
184A636H14
187A640HO1
187A644H43
184A636H14
184A636H18
184A636H18
188A317HOL
629A531H58
187A642H55
187A641H2T
187A641H27
620A531H04

Type 3D202 Thermistor 185A211H06
20 0.125 629A430H13

Ty 0.5 "629A531H63

RATING STYLE NUMBER ‘_l
880A357THO1

e oowjaooms

T102 110,000/400 et | 714B666GO1

|
ol

SW101 Carrier Test Switch

i3 B 1930/60 ohms L.633000 1962694

B Pri_.[gach sec. 292B526G01
292B526G02 |

T4 Tums ratio, 1/0.5

T105 T 10/500 ohms

- T106 T s0/50-60-7T00mms 292B526G03

Y101 30-300 kHz crysitallipﬁr 328007873774 - Specify Frequency

z101 ﬁ'”’iT@EiBIQO V5% 862A288H03
7102 IN2999B (56 V 5%) 629A798H04
629A798H04

z103 IN2999B (56 V 15%)

13
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ELECTRICAL PARTS LIST

Transmitter Keying Board

SYMBOL RATING STYLE NUMBER
C151-C152 0.47 mfd., 200 V. 849A437HO4
C154 - 47 mfd., 50 V. 863A530H01
D151 IN457A 184A855H07
D152 1N4818 188A342H06
Q151 to Q155 2N3417 848A851H02
RI51-R159 ] 47K, Y W 629A531HT2
R152-R153-R160-R161 4.7K, Y5 W. 629A531H48
RIsaR62 | 8K, HW. 629A531H78
R155-R158-R163-R166-R169 | 10K, B W 629A53 1H56
R156-R164-R167 R 6.8K, % W. 629A53 1H52
R157-R165-R168 27K, Y W. 629A531H66
R170 700, 5 W. 763A129H04
Z151-2152-Z155-Z156 IN3688A (24V) 862A288H01
Z153-Z157 IN3686B (20V) 185A212H06
Z154-Z158 IN957B (6.8V) 185AT97THO6
Z159 IN48A (3.9V) 185AT9TH13

L Z160 IN5357B (20V) 862A288H02
Receiver Section
0.1mfd., 200 V. DC 187A624H01
) 300 p Pf. 500 V. DC T 1874695835
180 ptf. 50?\/ Dc‘ R 187TA695H29 o
0.25 mfd. 200 V. DC 187A624H02

e S

0.25 mfd, 200 V. DC 187A624H02
0.25 mfd, 200 V. DC 187A624H02
©0.25 mfd., Eﬂ; | T is7as4mos ]
_0.25 mid., 200 v. pc 187A624H02
£ 0.25 mfd., 200 V. D*CW*¥¥¥ﬁﬁ7 _ 187A624H02

0.25 mfd., 200 v. bC 187A624H02
0.1 mfd., 200 V. D oC | ls7aszenos
0.25 rﬁfd., 200V.DC | 1g7Ag24mH09
2.0 mtd., 200 V. pC 187A624H05
0.25 m}&, 200v.0c | 187A624H02
39 pfd., 500 V. DC | 187a695H12
TN457A | 1saasssH07
IN457A 184A855H07
INgg1s 188A342H06
1N4818 T *77*77%”*”ﬁ@m‘
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ELECTRICAL PARTS LIST

Receiver Section (cont.)

SYMBOL RATING STYLE NUMBER
FL201 Receiver Input Filter 30 300 kHz Specify Frequency
FL202 Receiver i.f. Filter - 20kHz (2 sectlons) 187A590G027
] 7267))“ Receiver Coajaéug Jack ] 187A638H01
T or T Closed Cireuit dack cLb T is7acoemol
s Closwd Circutt gack ooMA) | 187AG06HON
e 0w T 1s7as599m02
_J—&Ol o *27N2—9(35A1_7*7(7’— R 762A672H10
- Q202kk‘7wﬂgikﬁ 21\’175705;)777'7—7774 ] 762A672H10
T @os | en2e0sa ) 1 7624672110
o 44(22347” I 2N2905A - 7ﬁ%74?62A6A72E1/0 |
r’— Q205 2N2905A - S 77/4;672;;5@10 |
 Quos T wasa T reeasmno |
Q207 2N3645 849A441HO01
o QhZ’087W I 2N4903” S 187TAGT3H13
SYMBOL RATING STYLE NUMBER
OHMS £T0L. % WATTS
7Rﬂ)1 10,000 10 0.5 18'7A641H5_1—~
R202 - 2,2007 - 107 ] 0.577—*4 187A641H35
- Eg(gi R 777710})6(? o 471? I 0.5 R 187A641H51
- R204 100,000 5 0.5 184A763HT5
; ;205777' N 379(57 - 77577 D 405*#74; 184A763H17
R206 7 1,200 5 0.5 184AT63H29
R207 o 72757K POT. ] <7r104—.4~_—— 2 185A086H07
R208 R 10,&)7 —v%~———10—»—*—~——* 7770,57** 187A641H51
o0 | e | s | os | issswom

R210 390 5 0.5 184AT63H17

t R211 I T L - - - See T Note Below
R212 1 K pot. 20 0.25 629A430H02
R213 _;_**7,f}£(& 7ﬁ__74777”57"7 o 4*<7*0.5 #> 184AT63H29
R214 _*(5;690*,4vgi_*4_5_7k,%{ 1 ] 187A643H45

- R215 | 729,(7)790” R N N ,,Q_',L* i 184AT63H58
R216 3,600 5 0.5 184A763H40

t R211 — 10K - above 50KHZ - S#187A641H51
22K - 30-50kHz - S#187A641H59

15
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ELECTRICAL PARTS LIST

Receiver Section (Cont.)

RATING
SYMBOL STYLE NUMBER
OHMS *TOL. % WATTS

R217 620 5 0.5 184 AT63H22
R218 | a3 T s T T 0.5 | 187A290H13
R219 10,000 | 10 0.5 187A641H51
R220 20,000 5 0.5 184A763H58
R221 800 p s T T o5 T issatesni
R222 3,600 5 0.5 184A763H40
R223 s | s 0.5 184A763H22
R224 33 5 0.5 187A290H13
R225 110,000 10 0.5 187A641H51
R226 20,000 5 0.5 184A763H58
R227 300 | 5 0.5 184A763H14
R228 3,600 5 0.5 184A763H40
R229 620 5 0.5 184 A763H22
R230 10 5 0.5 187A290H01
R231 o 2,000 5 ] 0.5 184A763H34
R232 1,200 | 5 2 185A207H29
R233 4,700 10 2 187A642H43
R234 5,100 5 0.5 184A763H44
R235 1.5K 5 0.5 184A763H21

. R236 | 4,700 10 1 187A644H43
R237 170 5 40 1336074

t  R238 — — —_ See 1 Note Below
R239 1 K pot. 20 | 0.25 629A430H02
R240 50 Sensistor 0.25 187A685H08
R241 100 Type 3D102 Thermistor 185A211H12
R242 100 Type TM-Y% Sensistor 187A685H06
R280 56 5 ] 0.5 187 A200H 19
T201 10,000/10,000 Ohms 714B677G01
T202 10,000/400  Ohms 205C043G01
T203 25,000/300  Ohms 205C043G03
Y201 50-320kHz Crystal per 328C083 Specify Frequency
Z201 IN3027B (20V. +5%) 184A449H07
7202 IN1789 (56V. +10%) 584C434H08
Receiver CLI and Output Board

SYMBOL RATING STYLE NUMBER
C251 to €253 0.27 mfd, 200 V.d.c. 188A669H05
C255 to C260
C254 0.82 mfd, 200 V.d.c. 188A669H15
D251-D252 1N457A 184A855H07
D253 IN645A 837A692H03
2251 IN3686B (20V.) 185A212H06
7252 1N3688A (24V.) 862A288H01

T R238 - omit - above 50kHz
- 22K, 30-50kHz, S#187A641H59.

16
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ELECTRICAL PARTS LIST
Receiver CLI and Output Board (Cont.)

SYMBOL RATING | STYLE NUMBER |
R251 27K MR Semsistor | 187A685HO5
R252 . 5K, “4W. pot;,’__#__!: 629A430HL7
_711253 I o 72270, LW, ] I 184A763H11
R2S4 | oK *ﬁiélﬁ?’mt% |
R255-R260 15K, VW, B . 184AT63H55 |
kﬁ;}ZSG* N 2 4K 1/2W B | 1'844A7>63H36 -
R2;~f N S 330 TM % éens1stor o 1 7‘7178'7A685H07 ]
Mf_fg_ﬁkw_fl,‘li&, ) E I — ,4,!18‘1_/&6&113
. mR2€1 560, ew. oo - 184AT63HZ1 |
M#’I%_lel{ L P — | 184AT63H29 |
R263-R264 180, ‘/EW;/ﬁ,f - ] ~ 184AT63H09 |
R266 L 275,7&%17_7*#447/7 ) ggfti’_@9A531H66
R267-R 269 vk ww. | 629A531H56
R268 S 6.8K, w. 629A531H52 |
R270 __#7@4*8’25;&“7 - *‘577/17_4_1279£531H78
R271 150, 3W,‘__d /__ﬁl'ﬁggﬁ'YQHOl ]
Q251-Q252 2N4356 . | 849A441HO2
O Q283 o oowsal7 | 848A851HO2
Q254 2N3645 849A441HO01
B Power Supply Section
SYMBOL FUNCTION DESCRIPTION OR RATING STYLE NUMBER
€1 | (Dto(—)bypass | 045mfd 3OVAC 1723408
C2 r_é-cgmﬂfr_____’ 0.5 mfd, 1500 XIE_F_—___@IQ@
C3 A-C groundmg - 0.5 mfd, 1500 VDC 1877962
ca + eme | 18 mid, 800 vDC _ | 1acesoomiz |
—Tiin | Filter A 5.5 mh. L719B135G01
o Series Regulator |  2N62%9 3503A41HO1
BRI ] [ Series dropping 26.5 ohms, 40W. 04D1299H44
- R2 | 125V Series dropg@i:ga;;:Rl —A—/_—’mf
R3 0l { Current limitinfg_ BoTohm'sﬂiioﬁw,;m%’ 1268047 N
R1 For 48 VDC, _ _
R2 48V R1=R2 0
R3 s 753 = 2675 OETS e 40W, /—~’04*I;§§;1;4—4v—
TP1 Test pomt (+) - I;m Jack - red R 1;7;;;;{01 a
TP2 Test point (=) | PinJack — black ] 187A332H02
z1 Voltage Piggglator 1N2828B (45V ) 184A854H06
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Power Supply

The power supply circuit for 48 or 125-v.d-c
supply uses a series-type transistorized d-c voltage
regulator which has a very low standby current drain
when there is no output current demand. The zener
diode Z1 holds a constant base-to-negative volt-
age on the series-connected power transistor Q1.
Depending on the local current, the d-c voltage drop
through the transistor Q1 and resistors R1 and R2
varies to maintain a constant output voltage of
approximately 45-v. d-c. The zener diode Z2
serves to protect the collector-base junction of Q1
from surge voltages. Capacitor C1 provides a low
carrier-frequency impedance across the d-c output
voltage. Capacitors C2 and C3 bypass r.f. or tran-
sient voltages to ground, thus preventing damage to
the transistor circuits. Inductance L1 and capacitor
C4 serve as a filter to prevent any appreciable car-
rier-frequency energy from getting onto the external
d.c. supply circuits.

For a 250-volt d-c¢ supply, the circuit of Figure
15 is used. This consists of an external voltage-
dropping resistor assembly (135 ohms total) in con-
junction with three 15-volt Zener diodes on the TC
set chassis connected in series. The resistor as-
sembly (see Figure 16) must be mounted at the top
of a cabinet or an open rack. Because of the heat
dissipated, no transistorized equipment should be
mounted above the resistor panel. The 250-volt TC
set has a constant current drain of 1.5 amperes d-c,

Relaying Control Circuits

The transmitter start and stop control” circuits
and the receiver 20-volt output (previously des-
cribed) allow this type TC set to be used with
solid-state protective and auxiliary relays which
also have 20-volt input and output‘‘logic’’. In
addition, these carrier control circuits are designed
to absorb and limit externally generated surges so
they will not damage the transistors or associated
components.

For flexibility in application, provision is also
made for keying the transmitter from either 48 or
125 volts d.c. Also, the 200-ma receiver output
circuit is brought out to a J104 terminal for con-
nection to a 30-ohm alarm relay, if desired.

CHARACTERISTICS

30-300 kHz (50-300 kHz for
phase comparison relaying)
10 watts into 50 to 70-ohm
resistive load

55 db below 10 watts,

Frequency range

Transmitter output

Harmonics

Receiver sensitivity 125 mv. input for 180 ma.
minimum output current

Receiver selectivity 1500 Hz bandwidth (3 db down);
down 80 db at +3kHz,
Transmitter-receiver
channel rating 40 db

Input Voltage 48, 125, or 250 V. d-c

Supply voltage

variation 42-56V, 105-140V, 210-280V

Battery Drain: 0.5 amp standby, 1.35 amp

48 V.D.C.

transmitting

125 V.D.C. 0.25 amp standby, 1.1 amp
transmitting

250 V.D.C. 1.5 amp standby or transmitting

Temperature range —20 to +60°C. around chassis.

Frequency Spacing

The minimum recommended frequency spacing
between two Type TC carrier sets operated in para-
llel without hybrid units is shown on the curve of
Fig. 13. For example, at 100 kHz. the minimum
spacing is 8 kHz. Closer spacing would result in
the generation of intermodulation products caused
by the non-linear load presented by each transmitter
to the other one.

The minimum frequency spacing between a TC
carrier channel and an adjacent transmitter signal
keyed on-off at a rate of 60 pulses per second can
be determined from the nomograph of Fig. 14. Using
the example shown by the dashed line, consider a
type TC set used on a channel with a normal atten-
uation of 15 decibels. The TC receiver would be
set to give a margin of 15 db below the normal re-
ceived signal, or for a sensitivity of —30 db (rela-
tive to a 24.5 volt, 10-watt signal). The interfering
signal is assumed to be a 10-watt transmitter at
the same location. To determine the minimum
frequency spacing of the TC receiver from this
interfering signal, lay a straight edge between the
—30 db point on the receiver sensitivity scale and
the zero-db point on the interfering transmitter
scale. The resulting line crosses the channel
spacing scale between 3 and 4 kHz, For this ex-
ample, & channel spacing of at least 4 kHz should
be used. (In order not to conflict with the limits of
Fig. 13, an r-f hybrid may be needed between the TC
set and the other transmitter, depending on the
actual application.)

For protective relaying applications to 3-terminal
lines, the transmitter frequencies are offset 100 hertz
to prevent a slow beat or cancellation of thereceived
signal when two transmitters send blocking signals
to the third terminal. The three transmitters operate
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at fe, fc+100 Hz, and fc—100 Hz. All receivers
operate at the channel center frequency (fc).

INSTALLATION

The type TC transmitter-receiver is generally
supplied in a cabinet or on a relay rack as part of
a complete carrier assembly. The location must be
free from dust, excessive humidity, vibration, cor-
rosive fumes, or heat. The maximum ambient tem-
perature around the chassis should not exceed 60°C.

ADJUSTMENTS

Transmitter

The main adjustment on the transmitter is the
power output control R112 on the transmitter printed
circuit board. Disconnect the coaxial cable from the
assembly terminals and replace with a 50 to 70 ohm
noninductive 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 T106 output
lead to the corresponding tap. Connect an a-c vac-
uum tube voltmeter (VTVM) across the load resis-
tor. Turn the transmitter power output control R112
to minimum (full counterclockwise).

NOTE: Do not change the adjustment of the R142
control on the printed circuit board. See Mainten-
ance section for R142 adjustment.

Now apply d-c power and note the d-c voltage
across the two pin jacks TP1 and TP2. If this is
in the range of approximately 42 to 46 volts, throw
the carrier-test switch SW101 on the panel to the
ON position. Slowly advance the output control
R112 on the transmitter printed-circuit board until
about 10 volts is obtained across the output load
resistor. At this point, check the adjustment of the
series output tuning coil L105 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 maximum voltage
across the load resistor. For 200-300 kHz operation,
L105 is a ‘‘pot core”’ and has a adjustable core
screw. Use a screw-driver in this case. No locking
device is needed.

Now continue to advance the output control R112
until the output voltage tabulated in the following
table is obtained across the load resistor. Recheck
the setting of L.105 to be sure it is at its maximum
point for 10 watts output. Tighten the locking nut.
Turn off the carrier test switch SW101, remove the
load resistor, and reconnect the coaxial cable cir-
cuit to the transmitter.

NOTE: For 200-300kHz sets, inductor L1105 is a pot
core and the foregoing adjustment check is generally

L. 41-944.32A

unnecessary since there is little chance of its
setting being disturbed. However, if desired, the pot
core setting can be checked using a screwdriver to
vary the setting of the adjustable core. There is no
locking device as the adjustable core is held in
place by friction.

T106 Tap Voltage for 10 Watts Output
50 22.4
60 24.5
70 27.0

Transmitter Filter

Normally, the output filter (FL102) will require
no readjustment except as noted under Adjustments-
Transmitter, as it is factory tuned for maximum sec-
ond and third harmonic rejection, and for series
resonance (maximum output at the fundamental
frequency) with a 60-ohm load. The adjustable
cores of 1102 and L103 have been set for maximum
harmonic rejection at the factory, and no change
should be made in these settings unless suitable
instruments are available for measuring the second
and third harmonic present in the transmitter output.

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

Receiver

The receiver board has two controls; the i.f.
input control R239 which is factory-set to give 2
sensitivity of 125 mv. for 180 ma. output, and the
local oscillator output control R212. The oscillator
output is preset at the factory at 0.5 volt. This
setting can be checked by connecting an a-c¢ VTVM
between receiver test points TP202 and TP206
(shield lead of VTVM.) The voltmeter reading with
the equipment energized, but not transmitting, should
pe 0.5 volt rms. Note Fig. 5 for location of com-
ponents on the receiver printed board.

The other adjustment on the receiver is the gain
control R207 which is front-panel mounted. It is
recommended that the receiver gain normally be set
for a 15-db operating margin to allow for reasonable
variations in receiver input signal level without
affecting -.the output blocking current. This adjust-
ment can be made in two ways, as follows:

{. First, measure the normal received signal from
the remote terminal (after the line tuners have
been adjusted) by starting the remote transmitter
and measuring the voltage across the coaxial
cable at the receiving terminal. This signal
should preferably be measured with a tuned volt-
meter such as the Sierra carrier-frequency volt-

5
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meter. If a simple VIVM is used, have the
remote transmitter turned on and off several
times to be sure the VIVM reading is actually
the remote signal. Note the reading. Now dis-
connect the coaxial cable, and feed a signal
into the carrier assembly atthe coaxial terminals
from a separate signal generator. Set the signal
generator to the received frequency at a level
15 db below the previously measured incoming
signal. With a 0-250 ma. (minimum) d-¢ milliam-
meter plugged into J203, adjust the receiver
gain control until an output current of about 100
ma. is obtained. As this point is on the steep
portion of the receiver output-input curve, it
may be difficult to set the gain control for
exactly 100 ma. This is not necessary, how-
ever, as the signal is not normally at this
value. This is the operating setting of the re-
ceiver gain control. Return the coaxial cable
connections to normal.

NOTE: Do not energize the local transmitter
when making the foregoing adjustment as the
signal generator may be damaged.

2. As an alternate procedure if no signal generator
is available, the local transmitter itself may be
used as the signal generator. First determine
the normal received signal from the remote ter-
minal as explained previously under (1). Then
turn off the remote transmitter.

Now turn on the local transmitter and reduce its
output to a value 15 db below the normal re-
ceived signal level. Then adjust the receiver
gain control to give 100 ma, output as before.
When this adjustment has been made, reset the

local transmitter to its normal 10-watt output
level.

In applications where the line attenuation is
low and a strong signal is received, the adjustment
of the receiver gain control R207 becomes critical.
For such applications, the setting of i-f gain contro}
R239 may be reduced to lower the overall receiver
gain. The front-panel control R207 will then have a
smoother and more gradual control as the knob is
rotated, making it easier to obtain the 15-db margin
setting.

For such a strong-signal condition, it is recom-
mended that with R239 at maximum, the i-f gain
control R237 be adjusted to give 100 ma. receiver
output current for an input r-f voltage 25 db below
the normal received signal level. Then the front
panel control R207 is set for the normal 15-db
margin as previously described.

Carrier Level Indicator (CLI)
—— =T =¢€vel Indicator (LLI)

The CLI should be adjusted on a clear dry day
when line conditions are considered normal. After
the receiver sensitivity has been set for a 15-db
margin, turn on the remote transmitter at its normal
10-watt output. With a small screw-driver, adjust
the CLI input control R252 to give a reading of
2.5 ma. on the 0-3 ma. d-c milliammeter in the CLI
output circuit. This current can be read at J202
on the TC set panel for convenience. If the re-
ceived signal varies for any reason, the CLI out-
put current will change accordingly, as indicated
by the curve in Fig. 12.

When carrier is transmitted from the local station,
the pointer of the local CLI output milliammeter
will be driven off scale. This will not in any way
damage the instrument as the CLI saturation current
is less than 4 ma. d.c.

MAINTENANCE

Periodic checks of the received carrier signal
will indicate proper operation of the equipment. At
regular maintenance intervals, any accumulated
dust should be removed, particularly from the heat
sinks. It is also desirable to check the transmitter
power output and receiver sensitivity at such times,
making any necessary readjustments to return the
equipment to its initial settings.

Voltage values should be recorded after adjust-
ment in order to establish reference values which
will be useful when checking the apparatus. The
readings will remain fairly constant over an indef-
inite period unless a failure occurs. However, if
transistors are changed, there may be consider-
able difference in these readings without the over-
all performance being affected.

Typical voltage and current values are given
in Tables I through VI. -Voltages should be mea-
sured with a VTVM. Readings may vary as much as
+20%.

The transmitter keying board is mounted over
the power amplifier board. See Fig. 2. In order to
check test-point voltages on the power-amplifier
board, first remove the keying circuit-board recept-
acle mounting screws and the two screws holding
down the upper end of the board. Now carefully
lift the transmitter keying board away from the
power-amplifier board, pulling from the top, but
do not disturb the chassis harness wiring any more
than necessary. This will expose the test points
on the power-amplifier board so that voltage readings
can be taken.
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Similarly, the receiver CLI and output board
can be moved to uncover the right-hand portion of
the receiver board. Remove the four mounting SCrews
holding the receiver auxiliary board in place. Lift
up this board from the left side and pull it away
from the receiver board. This will expose the
right half of the receiver pboard.

Adjustment of R142 on Transmitter Board

The small adjustable resistor (pot.) R142 sets
the forward base bias on transmitter transistors
Q104 and Q105 to the proper point for class-B
operation. This is a factory adjustment and need
not be changed unless transistors Q104 or Q105
(or both) are replaced. However, if these trans
sistors are changed, or if the R142 setting is dis-
turbed in error, the following adjustment procedure
should be followed to reset R142:

First remove d-c power from the TC carrier set
assembly. Unsolder the lead from terminal 2 of
transformer T103 (just above FL101) and tem-
porarily connect a low-range d-c milliammeter
(0-1.0 or so) between the removed lead (+) and
T103 terminal 2 (—). Tumn the slotted control on the
small pot (R142) to full counterclockwise. Now,
apply power to the TC carrier set, but do not trans-
mit carrier. Advance the pot until the d-c milliam-
meter reads 0.2 mA d.c. £ .05 mA. Turn off the
power, remove the milliammeter, and solder the lead
back on terminal 2 of T103. Again apply d-c power
and proceed with the transmitter adjustment as
described in the ADJUSTMENTS section.

Replacement of Q107- Q108

The two transistors Q107 and Q108 in the
transmitter power-amplifier stage are a matched pair
with the gain of the two units matched within 5%.
If one of the transistors fails, both should be
replaced with a new matched pair. This is necessary
to keep the second harmonic of the transmitter out-
put at an acceptably low value. The pair of tran-
sistors should be ordered as‘‘2 of style 187A673H02
transistors, type GP2151"".

CHANGE OF OPERATING FREQUENCY

The parts required for changing the operating
frequency of a type TC carrier set are as follows:

Transmitter

1. Oscillator Crystal (Y101), specify frequency.
NOTE: Modify A-B-C jumpers on transmitter
board if required for new frequency. See table
marked “ '’ under internal schematic (Fig.8).

L.L. 41-944.32A

2. R136 Jumper
For operation in 30-50kHz range, clip off R136
as indicated in Fig. 3.

3. Capacitors C111 and C113 (on Power Amp. board)

a. 30-50 kHz — 0.47 mfd. — S#188A293H01
b. 50.5-75 kHz — 0.22 mfd. — S#188A293H02
c. 75.5-100 kHz — 0.15 mfd. — S#88A293H03
d. 100.5-150 kHz — 0.10 mfd. — S#188A293H04
e. 150.5-300 kHz — 0.047 mfd. — S#188A293H05

% 4, Transmitter Module Mounting Plate

When changing from a frequency of 200KHz or
below to a frequency above 200KHz, the follow-
ing is also necessary:
Transmitter module mounting plate S#691B610H01
and associated hardware.

This is necessary to raise the transmitter print-
ed circuit board (module) away from the main
panel as the 200.5-300kHz. receiver input filter
FL201 mounts underneath it. See Fig. 2.

% 5. Zener Diode Z104

For the 200.5-300kHz. range, a type 1N2999A
zener diode Z104 is mounted on the Q108 heat
sink adjacent to the protective diode Z103.
Remove the lead from the Q108 heat sink (see
Fig. 2 for location) and connect it to the in-

sulated terminal of zener diode Z104.

6. FL101 and FL.102

Filter FL101 is a small series-resonant tuned
circuit between the driver and power amplifier
stages of the transmitter. It has just two ter-
minals. Filter FL102 is a larger assembly, des-
cribed under OPERATION. It has three external
connections: input, output, and ground. This
filter is mounted by four corner posts. To re-
place, unsolder the three leads, remove the nuts
from the mounting posts, and lift the filter
assembly from the posts. The new filter can
now be installed.

Inductors L101, L102, and L103 in these filters
are adjustable over a limited range, but forty-two
combinations of capacitors and inductors are re-
quired to cover the frequency range of 30 kHz to 300
kHz. The widths of the frequency groups vary from
1.5 kHz at the low end of the channel frequency
range to 13 kHz at the upper end. A particular as-
sembly 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 kHz adjustment ranges of the

x groups are:



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

30.0-31.5 61.0- 64.0 | 113.0-119.5 | 207.1-214.0
32.0-33.5 64.5- 68.0 | 120.0-127.0 | 214.1-222.0
34.0-36.0 68.5- 72.0 | 127.5-135.0 | 222.1-230.0
36.5-38.5 72.5- 76.0 | 135.5-143.0 | 230.1-240.0
39.0-41.0 76.5- 80.0 | 143.5-151.0 | 240.1-250.0
41.5-44.0 80.5- 84.5 | 151.5-159.5 | 250.1-262.0
44.5-47.0 85.0- 89.0 | 160.0-169.5 | 262.1-274.0
47.5-50.0 89.5- 94.5 | 170.0-180.0 | 274.1-287.0
50.5-53.5 95.0-100.0 | 180.5-191.5 | 287.1-300.0
54.0-57.0 | 100.5-106.0 | 192.0-200.0

57.5-60.5 | 106.5-112.5 | 200.1-207.0

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

A signal generator, a frequency counter, and a
vacuum-tube voltmeter are required for readjustment
of FL101. The signal generator and the counter
should be connected across terminals 4 and 5 of
transformer T103 and the voltmeter across terminals
1 and 2 of transformer T104. The signal generator
should be set at the channel center frequency and
at 2 at 3 volts output. The core screw of the small
inductor should be turned to the position that gives
a true maximum reading on the VTVM Turning the
screw to either side of this position should 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 ef-
fect of core screw rotation on the VTVM reading will
be less when the resonant inductance occurs near
the end of core travel,

The procedure for readjustment of the 2nd and
3rd harmonic traps of filter FL102 is somewhat
similar. A signal generator and a counter should be
connected to terminals 3 and 4 of transformer T105
and a 500-ohm resistor and a VTVM to the terminals
of protective gap G101. 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, 1102, to the position
that gives a definite minimum reading on the VTVM.
Similarly, with the signal generator set at exactly
three times the channel center frequency and 5 to
10 volts output, set the core screw of the small
inductor, 1,103, to the position that gives a definite
minimum reading on the VTVM. Then remove the
instruments and the 500-ohm resistor.

If the change in frequency is enough to require a
different filter, it will come factory adjusted as
described in the foregoing paragraph.

After all the tabulated changes have been made
for the new frequency, the transmitter can be opera-
ted with a 50 to 70-ohm load (depending on which
tap of T106 is used) connected to its output, and
inductor 1,105 can be readjusted for maximum output
at the changed channel frequency by the procedure
described in the ADJUSTMENT section.

If a frequency-sensitive voltmeter is available,
the second and third harmonic traps may be adjusted
(or checked) without using an oscillator as a source
of double and triple the channel frequency. Connect
the frequency-sensitive voltmeter from TP109 to
ground and adjust the transmitter for rated output
into the selected load resistor. Set the voltmeter at
twice the channel frequency and, using its tuning
dial and db range switch, obtain a maximum on-scale
reading of the second harmonic. Then vary the core
position of 1.102 until a minimum voltmeter reading
is obtained. Similarly, tune the voltmeter to the
third harmonic and adjust 1,103 for minimum volt-
meter reading. It should be noted that this procedure
may not give the true magnitude of the harmonics
because of the large value of fundamental frequency
voltage present at the tuned voltmeter input termin-
als. This condition will overload the input circuit
of ‘some commercial instruments. However, the pro-
cedure is satisfactory for adjusting the traps for
maximum harmonic rejection.

If accurate measurement of the harmonic levels
is desired, the frequency-selective voltmeter is
connected, through a rejection filter, to the termin-
als of the 60-ohm load resistor. The filter must pro-
vide high rejection of the fundamental. A twin-T
filter is suitable for this burpose. The insertion
losses of this filter at the second and third har-
monics must be measured and taken into account.

- Receiver

1. Receiver Oscillator Crystal (Y201), specify fre-
quency, and modify A-B-C jumpers as required.

2. Receiver input filter (FL201), specify frequency.

3. Resistors R211-R238 Combination
See values in Fig. 8 below internal schematic.

4. ResistorsR218 and R224 may have to be reduced.
See following paragraph.
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The emitter resistors R218 and R224 of the -
i-f stages are normally 33 ohms to give the TEST POINT TYPICAL AC VOLTAGES
required receiver gain. If the operating fre- FL201-IN to Gnd. : 07
quency is reduced, the receiver gain will F1,201-OUT to Gnd 04
probably be higher. In this case, a reduction
. . e - .10
in the setting of the i-f input control R239 will Q203 - E to TP206 09
give the 125-mv. sensitivity. If the new operating Q204 - C to TP206 . :
frequency is higher, the receiver gain will be Q205 - Bto TP206 .013
lower. If more than 125 mv. is required to obtain Q205 - Cto TP206 1.2
180 ma. output, the gain can be increased by Q206 - B to TP206 .15
reducing the value of one or both of the re- Q206 - C to TP206 2.5
sistors R218 and R224. In most cases, these TP202 to TP206 0.5
resistors should fall in the range of 22 to 33 '
ohms. L -
TABLE | All voltages read with a-c vacuum-tube voltmeter.
#* Receiver D.C. Measurements x TABLE Ill
Note: All voltages are negative with respect to Pos. Transmitter D-C Measurements
45V. (TP206) Note: All voltages are positive with respect to Neg.
D.C. (TP104). All voltages read with d.c.
WITH 125
TEST POINT R Slonah M. INPUT VTVM.
TP201 35-38 35-38
o CARRIER OFF CARRIER ON
TP202 0 0 TEST POINT j
TP203 11-12 11-12 s d e d
TP 204 < 0.5 9- 3 TP101 8.5 volts d.c. 8.5 volts d.c.
TP 205 18-22 18-22 TP102 <0.5 20
TP103 <0.5 19.5
TRANSISTOR V coLt. VcoLL. TP105 <0.5 9
TP 106 44 24
Q201 43 43
TP107 44 24
Q202 43.5 43.5 TP108 45 14
Q203 18.0 18.0 ‘10 <10
Q204 18.0 18.0 TP110 . .
Q205 18.0 18.0 TP111 <1.0 <1.0
Q206 11.0 11.5 TP112 0 <0.5
Q207 22.0 5.0 TP113 45 44
Q208 44.0 2.0 J J101 5 ma. max. 0.6 amp.
All voltages read with d-¢ vacuum-tube voltmeter. (Front Panel)
< 0.5 — means ‘‘less than 0.5”

g |
TABLE Il TRANSISTOR V coLt. V coLL.
* .
Receiver RF Measurements Q101 9.0 L8
. . . Q102 1.0 1.0
Note: fI‘aken v.v1th 100 kHz r'ece1ver filter, 0.125-V0'1t Q103 <0.5 9.0
input signal, .and gain coptrol R207 at maxi- Q104 45 44
mum. Depending on receiver frequency and
transistor characteristics, the following Q105 45 44
values will vary appreciably. Q106 44.5 1.2
Q107 0 0
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TABLE 1V

* Transmitter RF Measurements

Note: ‘‘Carrier-on”’ voltages taken with transmitter
set to 10 watts output (24.5 volts across 60
ohms). These voltages subject to variation,
depending on frequency and transistor char-
acteristics.

TEST POINT A-C YOLTAGE

T101-3 to TP104 1.5 volts, rms.

TP103 to TP102 0.2
TP105 to TP104 1.1 ¢
TP110 to T102-4 0.2
TP111 to T102-4 0.2
Q104-C to TP104 3.3
Q105-C to TP104 3.3
T103-4 to Gnd. 1.1
T104-1 to Gnd. 1.4
Q107-B to TP 107 0.5 volts, rms.
Q108-B to TP113 0.5
Q107-C to TP107 14-16
Q108-C to TP113 14-16
T105-4 to Gnd. 105
T106-2 to Gnd. 100-160*
TP109 to Gnd. 30-50 *
J102 to Gnd. 24.5

Note: TI101-3 =tap 3 of Transformer T101
Q104-C = Collector of Transistor Q104
TP105 = Test point 105
All voltages read with a-c VTVM

* These values may vary considerably with
frequency.
% - High-impedance circuit. VTVM causes
significant loading.

TABLE VY
Transmitter Keying Board

D.C Voltages

CARRIER ON CA?SICER bl
.C. on
PTOEI:JTI' (Ctgfe%:-f) _”(004'3' o7y | 1047
J104-8 or 9)
TP151 16 v.d.c. <1.0 v.d.c. <1.0 v.d.c.
Term. 17 <1.0 24.6 4.9
TP152 16 16 <1.0
TP153 <1.0 <1.0 16
Term. 1 0* 20 <1.0

*May show <1.0 volt with VTVM
10

TABLE viI

Receiver CL| and Output Board

(with normal received signal)

D.C VOLTAGE SIGNAL
TEST POINT ~ TO NEG. VOLTAGE (a.c.)
TP-251 4.9 v.d.c. 0.3 v. rms.
TP-252 9.8 2.9
TP-253 < 1.0 —
TP-254 19.7 -

Recommended Test Equipment

I. Minimum Test Equipment for Installation

a. Milliammeter 0-250 ma. DC
b. 60-ohm 10-watt non-inductive resistor.

¢. A-C Vacuum Tube Voltmeter (VTVM). Volt-
age range 0.01 to 30 volts, frequency range
60 Hz to 330 kHz, input impedance—one
megohm, minimum.

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

Voltage Range: 0.1 to 300 volts

Imput Impedance: 1.0 megohm, min.

II. Desirable Test Equipment for Apparatus Main-
tenance.

a. All items listed in I.
b. Signal Generator
Output Voltage: up to 10 volts r.m.s.

Frequency Range: 20 to 330 kHz

Oscilloscope

2. 0

Ohmmeter

[0

Capacitor checker

—

Frequency counter

g. Frequency-selective voltmeter

Renewal Parts

Repair work can be done most satisfactorily at
the factory. However, replacement parts can be fur-
nished, in most cases, to customers who are equipped
for doing repair work. When ordering parts, always
give the complete nameplate data.
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ELECTRICAL PARTS LIST

% Transmitter Section

SYMBOL RATING STYLE NUMBER
c201 _____/MMO—BC—'/ 187A624HO1
C102 /MM/ 187TA694H29
C103 180 pf. 500 V.DC 18TA695H29
C104 0.25 mfd, 200 V.DC 187A624H02
C105 0.25 mfd, 200 V.DC 187A624H02
C106 0.25 mfd, 200 V.DC 187A624H02
C107 0.25 mfd, 200 V.DC 187A624H02
C108 0.50 mfd, 200 v.DC 187A624H03

e

C109 0.25 mfd, 200 V.DC 187TA624H02

1o C emmwaovoe | 17AGH

v

o

t Cl11 (See Table Below) —

|~ I
C112 T 39 pf. 500 V.D.C. 187TA695H12
et
T C113 (See Table Below) . -
»_______/___,________f_’____r__f_/_/—____a

Cli4 P___’_J_LO(M—V—D—C—‘—/’ 187A695H23
C115 /’,MBC,’___I___ 187A695H23
C116 0.001 mfd, 500 V.DC 187A694H11
CA ﬂl_/ Vary with Frequency
CB, CC, CD, CE Part of FL.102 Vary with Frequency
D101 1N457A 184A855H07
D103 1N4818 188A342H06
D104 1N91 182A881H04
D105 1N4818 188A342H06
D106 1IN91 182A881H04
G101 Type RVS Arrester 637A026A01
J101 Closed Circuit Jack 187A606H01

#200.5 — 300 kHz only.

1t FREQ. (C111, cl13) RATING STYLE NUMBER

30 -50 kHz ] 0.47 mfd, 400 V.DC 188A293H01
50.5-75 kHz 0.22 mfd, 400 V.DC 188A293H02
75.5-100 kHz 0.15 mfd, 400 V.DC 188A293H03

100.5- 150 kHz 0.1 mfd, 400 V.DC 188A293H04

#* | 150.5-300 kHz 0.047 mfd, 400 V.DC 188A293H05

n
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* ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

SYMBOL

RATING

J102

12-Term Receptacle

Part of FL101

Banana Plug Jack

Coaxial Cable Jack

24-Term Receptacle

2N2905A

2N3712
2N3712

Q108

F1,102 Trap

FL IE Coil (part of?e?ie?—r
circuit tuned to

2N2905A

Coil (3rd Harmonic)

fundamental freq.)

Matched Pair - Texas Instrument

Co. - Identif. GP2151

STYLE NUMBER
2 of 185A431H01

187TA633H01

187A669H01

629A205H02

Vary with Frequency

Vary with Frequency

Vary with Frequency
 292B096GO1

Vary with Frequency

T62A672H10
762A672H10

184A638H13

762A672H07

T62A672H07
184A638H11
187A673H02

187TA673HO02

SYMBOL OHMS +TOL. % WATTS STYLE NUMBER
R101 5,600 5 1 187A643H45
R102 T 200 10 0.5 |  187A641H35 |
R103 . 10000 10 0.5 |  187A641H51
R104 100,000 s s 187AT63HT5
R105 390 5 0.5 184AT63H17
R16 | 120 | 5 0.5 \
R108 100,000 5 0.5 184A7T63HT5
R109 0 | 5 05 184A763H17
R111 1,200 5 0.5 187 AT63H29
R112 1K Pot 20 0.25 629A430HO2
R113 4,700 5 0.5 184 A763H43

“ 10,000 10 0.5 187A641H51
R115 150 s 0.5 184 A763HO0T
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ELECTRICAL PARTS LIST

% Transmitter Section (Cont.)

SYMBOL OHMS + TOL. % WATTS STYLE NUMBER
R116 100 5 0.5 184AT63H03
R117 1,000 B 5 25 1202588
R118 10,000 2 ] 0.5 629A531H56
R119 | 62 | 2 05 | 620a531H03 |
R120 | 10,000 I D A 2 185A207H51
R121 0 | 5 e 2 187A683H01
R122 10 5 | 0.5 187A290HOL |
R123 10 10 0.5 187A290HO1
ri2a | 10 Rt 187A644H03

T "Rizz i | o | iﬁj:::fsﬁsuﬂzv
mize | a0 | w0l 1| 1STACHEE
R127 10 | 1w 1 o5 | 1s7a6s0HOL
R128 2200 | 5 ) 1 187A644H35
R129 o1 | e E:# 184A636H14
R130 T 10 T w0 I o 187A640HO1
R131 2700 | 5 -1 187A644H43
R132 B Tgﬂ’ﬂﬂg_gﬂji 0.5 | 1sameseH1s |
R133 0.27 10 T 1| 184A636HIS
R134 | 0.27 w0 | 1| 184AG36HIS
RI35 D Y R R (RN I B _ 188A317THOL |
R136 | 1200 L 2 1 o5 | 6294531H58
R137 15,000 T 1w 2 187A642H55
R138 T ie00 | 10 N 05 187A641H27
R139 1,000 1w | o5 187A641H27
R140 o 68 | 2 :;f:jﬁ 0.5 17 629A531H04
R141 30 Type 3D202 Thermistor 185A211HO6
R142 " 05K pot. | 20 T 0.25 584C276H23
‘R143 20,000 | o5 | 629A531H63

SYMBOL RATING STYLE NUMBER
SW101 Carrier Test Switch 880A357THO1

e oowamam | sweoson
T102 - 0000/400ct - 714B666GO1
T103 1930/60 ohms 1633000 1962694
Tl&?kﬁik‘_, :—4; Tu;rs ratioi,*l/*gfi,_ﬂi.ﬁakﬁgg seci 1 292B526G01
T105 " io/s000nms ~ | 202B526G02
T106  s00/50-60-700hms | 292B526G03
Y101 T o 30-3b0 kHz crystal per 328C083 Specify Frequency
ziol | IN5357B (20 V ©5%) | 8624288H03
7102 | IN2099B (56 V #5%) 629A798H04
7103 IN2999B (56 V #5%) 629AT98H04

13
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ELECTRICAL PARTS LIST
» Transmitter Keying Board

SYMBOL RATING STYLE NUMBER
C151-C152 0.47 mfd., 200 V. 849 A437HO4
C153 25 mtd., 125 V. 184A637THOL
C154 47 mfd., 50 V. 863A530H01
D151 IN457A 184A855H07
D152 1N4818 188A342H06
Q151 to Q155 9N3417 848A851H02
R151-R159 47K, Yo W. 629A531H72
R152-R153-R160-R161 47K, V2 W. 629A53 1H438
R154-R162 82K, % W. 629A531HT8
R155-R158-R163-R166-R 169 10K, % W. 629A53 1H56
R156-R164-R167 6.8K, ¥ W. 629A53 1H52
R157-R165-R168 27K, % W. 629A53 1H66
R170 700, 5 W. 763A129H04
Z151-Z152-Z155-Z 156 IN3688A (24V) 862A288H01
Z153-Z157 1IN3686A (20V) 185A212H06
Z154-Z158 IN957B (6.8V) 185A797HO6
Z159 INT48A (3.9V) 185A797HI3
Z160 IN5357B (20V) 862A288H02

Receiver Section
c201 ° 0.1 mfd., 200 V. DC 187A624H01
22  300pf. 500 V. DC | 187A695H3%
C203 180 pf. 500 V. DC 187A695129
C204 0.25 mfd. 200 V. DC 187A624H02
C205 0.25 mfd, 200 V. DC 187A624H02
C206 0.25 mfd, 200 V. DC 187A624H02
C207 N 0.25 mfd., 200 V. DC 187A624HO2
C208 T 025w, 00V e 187A624H02
C209 | 025 md, 200 v. bo | 1s7a624m02
ceto T T oosmf, 0v.pe 187TA624H02
ca11 © 0.1mfd, 200V, DC 187A624H01
c212 T om0 v. pe 187A624H02
c213 - 2.0 mfd., 200 V. DC 187A624H05
c214 I 0.25 mfd., 200 V. DC 187A624H02
c215 S 39prd., s00v.D0 187A695H12
D201 ] ~ IN57A - | 184As53HOT
D202 1N457A 184A855H07
D203 - 1Nesis N 188A342H06
D204 T T iNasis T [ 188A342H06

14
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1.L. 41-944.32A

ELECTRICAL PARTS LIST

% Receiver Section (cont.)
SYMBOL RATING STYLE NUMBER
FL.201 Receiver Input Filter 30-300 kHz Specify Frequency

FL202 » Receiver i.f. Filter - 20kHz (2 sections) 187A590G02

Tt ReceiverCosx, Iputdack | 1s7A638H01

- J202 477“7—k_7—ci)sediéiir;E;lETCvEI»)ﬁiik>i77* 187TA606HO01

J203 Closed Circuﬁ Jack (200MA) 187A606H01

- L.20 14¥—*A 33?&:47;7; ] 187A599H02

Q201 2N2905A T62A672H10

Q202 2N2905A o 762A672H10

Q203 S T mesa | eacnml0

N 7Q27047‘ N - 5\1279(EA7 - ] 762A672H10
——;#CQ%E)*iik 7 ﬁi*igl\igﬁwgkkifi*r;i ] 762A672H10 1

- (2250?4 o 7721:17279705X777 - - e 762A672H10

Q207 2N3645 849A441HO1

Q208 ] 2NZ90;7 S o 187TA6T3H13

SYMBOL RATING STYLE NUMBER

OHMS +TOL. % WATTS

R201 10,000 10 0.5 187A641H51

R202 - 2,200 4710* 0.5 187TA641H35

R203 T 00 | w0  os 187A641H51

R204 100,000 5 0.5 184A763HT5

R205 _a_* —E)O o 45—*—‘—# 0.5 184AT63H1T

R206 1,200 5 0.5 184AT63H29

R207 25K Pot 10 2 185A086H07T

R208 10,000 10 0.5 187A641H51

R209 100,000 | 5 . o 0.5 ) 184AT63H17

R210 390 5 0.5 184AT63H17

i R211 - - - See 1 Note Below

R212 1 K pot 20 0.25 629A430H02

R213 R 1,200 5 ] 0.5 184AT63H29

R214 5,600 5 1 187A643H45

R215 _*7*2701%0_75_‘_*'_.57__*_# 0.5 184AT63H58

R216 3,600 5 0.5 184A763H40

+ R211 — 10K - above 50kHz - S#187A641H51
22K - 30-50kHz - S#187A641H59

15
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

200.5-300 KHZ ONLY
—

@“513;

POWER AMPLIFIER C1
2 a @ AND TRANSMITTER
FL201{200.5~300KHZ)

@08/ | «ryiNg BOARDS || 8107
UNDER TRANSMITTER —_—
D It \,

“BOAR —
o L, TI03

TI04 TI05
FLIOI

£

| TRANSMITTER PRINTED
| CIRCUIT BOARD
!

L —

bl r
v )
FL201 FL202
(30-200KHZ)
FL102
RECEIVER
— CLI AND
RECEIWVER OUTPUT BOARD ﬁ
BOARD TP2 TP
8 6 69 [ O

5 Ll c4
& sor | ]

205C297
% Fig. 2 Type TC Carrier Assembly — Parts Location
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* Fig. 3 Transmitter Printed Circuit — Parts Location
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* Fig. 4 Power Amplifier Printed Circuit — Parts Location
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Power Supply

The power supply circuit for 48 or 125-v.d-c
supply uses a series-type transistorized d-c voltage
regulator which has a very low standby current drain
when there is no output current demand. The zener
diode Z1 holds a constant base-to-negative volt-
age on the series-connected power transistor Q1.
Depending on the local current, the d-c voltage drop
through the transistor Q1 and resistors R1 and R2
varies to maintain a constant output voltage of
approximately 45-v. d-c. The =zener diode Z2
serves to protect the collector-base junction of Q1
from surge voltages. Capacitor C1 provides a low
carrier-frequency impedance across the d-c¢ output
voltage. Capacitors C2 and C3 bypass r.f. or tran-
sient voltages to ground, thus preventing damage to
the transistor circuits. Inductance L1 and capacitor
C4 serve as a filter to prevent any appreciable car-
rier-frequency energy from getting onto the external
d.c. supply circuits.

For a 250-volt d-c supply, the circuit of Figure
15 is used. This consists of an external voltage-
dropping resistor assembly (135 ohms total) in con-
junction with three 15-volt Zener diodes on the TC
set chassis connected in series. The resistor as-
sembly (see Figure 16) must be mounted at the top
of a cabinet or an open rack. Because of the heat
dissipated, no transistorized equipment should be
mounted above the resistor panel. The 250-volt TC
set has a constant current drain of 1.5 amperes d-c.

Relaying Control Circuits

The transmitter start and Stop control” circuits
and the receiver 20-volt output (previously des-
cribed) allow this type TC set to be used with
solid-state protective and auxiliary relays which
also have 20-volt input and output‘‘logic’’. In
addition, these carrier control circuits are designed
to absorb and limit externally generated surges so
they will not damage the transistors or associated
components.

For flexibility in application, provision is also
made for keying the transmitter from either 48\ or
125 volts d.c. Also, the 200-ma receiver output

circuit is brought out to a J104 terminal for con-
nection to a 30-ohm alarm relay, if desired.

CHARACTERISTICS

30-300 kHz (50-300 kHz for
phase comparison relaying)
10 watts into 50 to 70-ohm
resistive load

55 db below 10 watts,

Frequency range

Transmitter output

Harmonics

Receiver sensitivity 125 mv. input for 180 ma.
minimum output current

Receiver selectivity 1500 Hz bandwidth (3 db down);
down 80 db at +3kHz.
Transmitter-receiver
channel rating 40 db

Input Voltage 48, 125, or 250 V. d-c

Supply voltage

variation 42-56V, 105-140V, 210-280V

Battery Drain: 0.5 amp standby, 1.35 amp

43 V.D.C.

transmitting

125 V.D.C. 0.25 amp standby, 1.1 amp
transmitting

250 V.D.C. 1.5 amp standby or transmitting

Temperature range —20 to +60°C. around chassis.

Frequency Spacing

The minimum recommended frequency spacing
between two Type TC carrier sets operated in para-
llel without hybrid units is shown on the curve of
Fig. 13. For example, at 100 kHz. the minimum
spacing is 8 kHz. Closer spacing would result in
the generation of intermodulation products caused
by the non-linear load bresented by each transmitter
to the other one.

The minimum frequency spacing between a TC
carrier channel and an adjacent transmitter signal
keyed on-off at a rate of 60 pulses per second can
be determined from the nomograph of Fig. 14. Using
the example shown by the dashed line, consider a
type TC set used on a chamnel with a normal atten-
uation of 15 decibels. The TC receiver would be
set to give a margin of 15 dp below the normal re-
ceived signal, or for a sensitivity of —30 db (rela-
tive to a 24.5 volt, 10-watt signal). The interfering
signal is assumed to be g 10-watt transmitter at
the same location. To determine the minimum
frequency spacing of the TC receiver from this
interfering signal, lay a straight edge between the
—30 db point on the receiver sensitivity scale and
the =zero-db point on the interfering transmitter
scale. The resulting line crosses the channel
spacing scale between 3 and 4 kHz. For this ex-
ample, a channel spacing of at least 4 kHz should
be used. (In order not to conflict with the limits of
Fig. 13, an t-f hybrid may be needed between the TC
set and the other transmitter, depending on the
actual application.)

For protective relaying applications to 3-terminal
lines, the transmitter frequencies are offset 100 hertz
to prevent a slow beat or cancellation of the received
signal when two transmitters send blocking signals
to the third terminal. The three transmitters operate
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at fc, fc+100 Hz, and fc— 100 Hz. All receivers
operate at the channel center frequency (fc).

INSTALLATION

The type TC transmitter-receiver is generally
supplied in a cabinet or on a relay rack as part of
a complete carrier assembly. The location must be
free from dust, excessive humidity, vibration, cor-
rosive fumes, or heat. The maximum ambient tem-
perature around the chassis should not exceed 60°C.

ADJUSTMENTS

Transmitter

The main adjustment on the transmitter is the
power output control R112 on the transmitter printed
circuit board. Disconnect the coaxial cable from the
assembly terminals and replace with a 50 to 70 ohm
noninductive 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 T106 output
lead to the corresponding tap. Connect an a-c vac-
uum tube voltmeter (VITVM) across the load resis-
tor. Turn the transmitter power output control R112
to minimum (full counterclockwise).

NOTE: Do not change the adjustment of the R142
control on the printed circuit board. See Mainten-
ance section for R142 adjustment.

Now apply d-c power and note the d-c voltage
across the two pin jacks TP1 and TP2. If this is
in the range of approximately 42 to 46 volts, throw
the carrier-test switch SW101 on the panel to the
ON position. Slowly advance the output control
R112 on the transmitter printed-circuit board until
about 10 volts is obtained across the output load
resistor. At this point, check the adjustment of the
series output tuning coil L105 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 maximum voltage
across the load resistor. For 200-300 kHz operation,
L105 is a ‘‘pot core’’ and has a adjustable core
screw. Use a screw-driver in this case. No locking
device is needed.

Now continue to advance the output control R112
until the output voltage tabulated in the following
table is obtained across the load resistor. Recheck
the setting of L105 to be sure it is at its maximum
point for 10 watts output. Tighten the locking nut.
Turn off the carrier test switch SW101, remove the
load resistor, and reconnect the coaxial cable cir-
cuit to the transmitter.

NOTE: For 200-300kHz sets, inductor L.105 is a pot
core and the foregoing adjustment check is generally

I.L. 41-944.32A

unnecessary since there is little chance of its
setting being disturbed. However, if desired, the pot
core setting can be checked using a screwdriver to
vary the setting of the adjustable core. There is no
locking device as the adjustable core is held in
place by friction.

T106 Tap Voltage for 10 Wails Output
50 22.4
60 24.5
70 27.0

Transmitter Filter

Normally, the output filter (FL102) will require
no readjustment except as noted under Adjustments-
Transmitter, as it is factory tuned for maximum sec-
ond and third harmonic rejection, and for series
resonance (maximum output at the fundamental
frequency) with a 60-ohm load. The adjustable
cores of 1,102 and L.103 have been set for maximum
harmonic rejection at the factory, and no change
should be made in these settings unless suitable
instruments are available for measuring the second
and third harmonic present in the transmitter output.

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

Receiver

The receiver board has two controls; the i.f.
input control R239 which is factory-set to give a
sensitivity of 125 mv. for 180 ma. output, and the
local oscillator output control R212. The oscillator
output is preset at the factory at 0.5 volt. This
setting can be checked by connecting an a-c vTVM
pbetween receiver test points TP202 and TP206
(shield lead of VTVM.) The voltmeter reading with
the equipment energized, but not transmitting, should
be 0.5 volt rms. Note Fig. 5 for location of com-
ponents on the receiver printed board.

The other adjustment on the receiver is the gain
control R207 which is front-panel mounted. It is
recommended that the receiver gain normally be set
for a 15-db operating margin to allow for reasonable
variations in receiver input signal level without
affecting .the output blocking current. This adjust-
ment can be made in two ways, as follows:

1. First, measure the normal received signal from
the remote terminal (after the line tuners have
been adjusted) by starting the remote transmitter
and measuring the voltage across the coaxial
cable at the receiving terminal. This signal
should preferably be measured with a tuned volt-
meter such as the Sierra carrier-frequency volt-

5
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meter. If a simple VITVM is used, have the
remote transmitter turned on and off several
times to be sure the VTVM reading is actually
the remote signal. Note the reading. Now dis-
connect the coaxial cable, and feed a signal
into the carrier assembly atthe coaxial terminals
from a separate signal generator. Set the signal
generator to the receijved frequency at a level
15 db below the previously measured incoming
signal. With a G-250 ma, (minimum) d-¢ milliam-
meter plugged into J203, adjust the receiver
gain control until an output current of about 100
ma. is obtained. As this point is on the steep
portion of the receiver output-input curve, it
may be difficult to set the gain control for
exactly 100 ma. This is not necessary, how-
ever, as the signal is not normally at this
value. This is the operating setting of the re-
ceiver gain control. Return the coaxial cable
connections to normal.

NOTE: Do not energize the local transmitter
when making the foregoing adjustment as the
signal generator may be damaged.

2. As an alternate procedure if no signal generator
is available, the local transmitter itself may be
used as the signal generator. First determine
the normal received signal from the remote ter-
minal as explained previously under (1), Then
turn off the remote transmitter,

Now turn on the local transmitter and reduce its

output to a value 15 db below the normal re-

ceived signal level. Then adjust the receiver
gain control to give 100 ma. output as before,

When this adjustment has been made, reset the

local transmitter to its normal 10-watt output

level.

In applicaticns where the line attenuation is
low and a strong signal is received, the adjustment
of the receiver gain control R207 becomes critical.
For such applications, the setting of i-f gain control
R239 may be reduced to lower the overall receiver
gain. The front-panel control R207 will then have a
Smoother and more gradual control as the knob is
rotated, making it easier to obtain the 15-db margin
setting.

For such a strong-signal condition, it is recom-
mended that with R239 at maximum, the i-f gain
control R237 be adjusted to give 100 ma. receiver
output current for an input r-f voltage 25 dp below
the normal received signal level. Then the front
banel control R207 is Set for the normal 15-dp
margin as previously described.

Carrier Level Indicator (CLI)
—— =" =¢vel Indicator (LLI)

The CLI should be adjusted on a clear dry day
when line conditions are considered normal. After
the receiver sensitivity has been set for a 15-db
margin, turn on the remote transmitter at its normal
10-watt output. With a small screw-driver, adjust
the CLI input control R252 to give a reading of
2.5 ma. on the 0-3 ma. d-c milliammeter in the CLI
output circuit. This current can be read at J2092
on the TC set panel for convenience. If the re-
ceived signal varies for any reason, the CLI out-
put current will change accordingly, as indicated
by the curve in Fig. 12.

Whencarrier is transmitted from the local station,
the pointer of the lccal CLI output milliammeter
will be driven off scale. This will not in any way
damage the instrument as the CLI saturation current
is less than 4 ma. d.c.

MAINTENANCE

Periodic checks of the received carrier signal
will indicate proper operation of the equipment. At
regular maintenance intervals, any accumulated
dust should be removed, particularly from the heat
sinks. It is also desirable to check the transmitter
bower output and receiver sensitivity at such times,
making any necessary readjustments to return the
equipment to its initial settings.

Voltage values should be recorded after adjust-
ment in order to establish reference values which
will be useful when checking the apparatus. The
readings will remain fairly constant over an indef-
inite period unless a failure occurs. However, if
transistors are changed, there may be consider-
able difference in these readings without the over-
all performance being affected.

Typical voltage and current values are given
in Tables I through VI -Voltages should be mea-
sured with a VTVM. Readings may vary as much as
+20%.

The transmitter keying board is mounted over
the power amplifier board. See Fig. 2. In order to
check test-point voltages on the power-amplifier
board, first remove the keying circuit-board recept-
acle mounting screws and the two screws holding
down the upper end of the board. Now carefully
lift the transmitter keying board away from the
power-amplifier board, pulling from the top, but
do not disturb the chassis harness wiring any more
than necessary. This will expose the test points
on the power-amplifier board so that voltage readings
can be taken.
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Similarly, the receiver CLI and output board
can be moved to uncover the right-hand portion of
the receiver board. Remove the four mounting screws
holding the receiver auxiliary board in place. Lift
up this board from the left side and pull it away
from the receiver board. This will expose the
right half of the receiver board.

Adjustment of R142 on Transmitter Board

The small adjustable resistor (pot.) R142 sets
the forward base bias on transmitter transistors
Q104 and Q105 to the proper point for class-B
operation. This is a factory adjustment and need
not be changed unless transistors Q104 or Q105
(or both) are replaced. However, if these trans
sistors are changed, or if the R142 setting is dis-
turbed in error, the following adjustment procedure
should be followed to reset R142:

First remove d-c power from the TC carrier set
assembly. Unsolder the lead from terminal 2 of
transformer 'T103 (just apove FL101) and tem-
porarily connect a low-range d-¢ milliammeter
(0-1.0 or so0) between the removed lead (+) and
T103 terminal 2 (=). Tumn the slotted control on the
small pot (R142) to full counterclockwise. Now,
apply power to the TC carrier set, but do not trans-
mit carrier. Advance the pot until the d-c milliam-
meter reads 0.2 mA d.c. % 05 mA. Turn off the
power, remove the milliammeter, and solder the lead
back on terminal 2 of T103. Again apply d-c power
and proceed with the transmitter adjustment as
described in the ADJUSTMENTS section.

Replacement of Q107- Q108

The two transistors Q107 and Q108 in the
transmitter power-amplifier stage are a matched pair
with the gain of the two units matched within 5%.
If one of the transistors fails, both should be
replaced with a new matched pair. This is necessary
to keep the second harmonic of the transmitter out-
put at an acceptably low value. The pair of tran-
sistors should be ordered as «9 of style 187TA673H02
transistors, type GP2151"".

CHANGE OF OPERATING FREQUENCY

The parts required for changing the operating
frequency of a type TC carrier set are as follows:

Transmitter

1. Oscillator Crystal (Y101), specify frequency.
NOTE: Modify A-B-C jumpers on transmitter
board if required for new frequency. See table
marked ‘'’ under internal schematic (Fig.8).

L. 41-944.32A

2. R136 Jumper
For operation in 30-50kHz range, clip off R136
as indicated in Fig. 3.

3. Capacitors C111 and C113 (on Power Amp. board)

a. 30-50 kHz — 0.47 mfd. — S#188A293HO01
b. 50.5-75 kHz — 0.22 mfd. — S#188A293H02
¢. 75.5-100 kHz — 0.15 mfd. — S#188A293HO03
d. 100.5-150 kHz — 0.10 mfd. — S#188A293H04
e. 150.5-300 kHz — 0.047 mfd. — S#188A293HO05

% 4. Transmitter Module Mounting Plate

When changing from a frequency of 200KHZ or
below to a frequency above 200KHZ, the follow-
ing is also necessary:
Transmitter module mounting plate S#691B610HO1
and associated hardware.

This is necessary to raise the transmitter print-
ed circuit board (module) away from the main
panel as the 200.5-300kHz. receiver input filter
FL201 mounts underneath it. See Fig. 2.

% 5. Zener Diode Z104

For the 200.5-300kHz. range, a type 1N2999A
zener diode Z104 is mounted on the Q108 heat
sink adjacent to the protective diode Z103.
Remove the lead from the Q108 heat sink (see
Fig. 2 for location) and connect it to the in-

sulated terminal of zener diode Z104.

g. FL101 and FL102
Filter FL101 is a small series-resonant tuned
circuit between the driver and power amplifier
stages of the transmitter. It has just two ter-
minals. Filter FL102 is a larger assembly, des-
cribed under OPERATION. It has three external
connections: input, output, and ground. This
filter is mounted by four corner posts. To re-
place, unsolder the three leads, remove the nuts
from the mounting posts, and lift the filter
assembly from the posts. The new filter can
now be installed.

Inductors L101, L102, and 1,103 in these filters
are adjustable over a limited range, but forty-two
combinations of capacitors and inductors are re-
quired to cover the frequency range of 30 kHz to 300
kHz. The widths of the frequency groups vary from
1.5 kHz at the low end of the channel frequency
range to 13 kHz at the upper end. A particular as-
sembly can be adjusted over a somewhat wider range
than the width of its assigned group since someé
overlap is necessary to allow for component toler-
ances. The nominal kHz adjustment ranges of the

% groups are:
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30.0-31.5 61.0- 64.0 | 113.0-119.5 | 207.1-214.0
32.0-33.5 64.5- 68.0 | 120.0-127.0 214.1-222.0
34.0-36.0 68.5- 72.0 | 127.5-135.0 222.1-230.0
36.5-38.5 72.5- 76.0 | 135.5-143.0 | 230.1-240.0
39.0-41.0 76.5- 80.0 | 143.5-151.0 240.1-250.0
41.5-44.0 80.5- 84.5 | 151.5-159.5 250.1-262.0
44.5-47.0 85.0- 89.0 | 160.0-169.5 | 262.1-274.0
47.5-50.0 89.5- 94.5 | 170.0-180.0 | 274.1-287.0
50.5-53.5 95.0-100.0 | 180.5-191.5 287.1-300.0
54.0-567.0 | 100.5-106.0 192.0-200.0

57.5-60.5 | 106.5-112.5 200.1-207.0

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

A signal generator, a frequency counter, and a
vacuum-tube voltmeter are required for readjustment
of FL101. The signal generator and the counter
should be connected across terminals 4 and 5 of
transformer T103 and the voltmeter across terminals
1 and 2 of transformer T104. The signal generator
should be set at the channel center frequency and
at 2 at 3 volts output. The core screw of the small
inductor should be turned to the position that gives
a true maximum reading on the VTVM Turning the
screw to either side of this position should 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 ef-
fect of core screw rotation on the VTVM reading will
be less when the resonant inductance occurs near
the end of core travel.

The procedure for readjustment of the 2nd and
3rd harmonic traps of filter FL102 is somewhat
similar. A signal generator and a counter should be
connected to terminals 3 and 4 of transformer T105
and a 500-ohm resistor and a VTVM to the terminals
of protective gap G101, 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, L102, to the position
that gives a definite minimum reading on the VTVM.
Similarly, with the signal generator set at exactly
three times the channel center frequency and 5 to
10 volts output, set the core screw of the small
inductor, 1,103, to the position that gives a definite
minimum reading on the VIVM. Then remove the
instruments and the 500-ohm resistor.

If the change in frequency is enough to require a
different filter, it will come factory adjusted as
described in the foregoing paragraph,

After all the tabulated changes have been made
for the new frequency, the transmitter can be opera-
ted with a 50 to 70-ohm load (depending on which
tap of T106 is used) connected to its output, and
inductor L.105 can be readjusted for maximum output
at the changed channel frequency by the procedure
described in the ADJUSTMENT section,

If a frequency-sensitive voltmeter is availabie,
the second and third harmonic traps may be adjusted
(or checked) without using an oscillator as a source
of double and triple the channel frequency. Connect
the frequency-sensitive voltmeter from TP109 to
ground and adjust the transmitter for rated output
into the selected load resistor. Set the voltmeter at
twice the channel frequency and, using its tuning
dial and db range switch, obtain a maximum on-scale
reading of the second harmonic. Then vary the core
position of L.102 until a minimum voltmeter reading
is obtained. Similarly, tune the voltmeter to the
third harmonic and adjust 1,103 for minimum volt-
meter reading. It should be noted that this procedure
may not give the true magnitude of the harmonics
because of the large value of fundamental frequency
voltage present at the tuned voltmeter input termin-
als. This condition will overload the input circuit
of some commercial instruments. However, the pro-
cedure is satisfactory for adjusting the traps for
maximum harmonic rejection.

If accurate measurement of the harmonic levels
is desired, the frequency-selective voltmeter is
connected, through a rejection filter, to the termin-
als of the 60-ohm load resistor. The filter must pro-
vide high rejection of the fundamental. A twin-T
filter is suitable for this purpose. The insertion
losses of this filter at the second and third har-
monics must be measured and taken into account.

* Receiver

1. Receiver Oscillator Crystal (Y201), specify fre-
quency, and modify A-B-C Jjumpers as required.

2. Receiver input filter (FLL201), specify frequency.

3. Resistors R211-R238 Combination
See values in Fig. 8 below internal schematic.

4. Resistors R218 and R224 may have to be reduced.
See following paragraph,
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The emitter resistors R218 and R224 of the
i-f stages are normally 33 ohms to give the
required receiver gain. If the operating fre-
quency is reduced, the receiver gain will
probably be higher. In this case, a reduction
in the setting of the i-f input control R239 will
give the 125-mv. sensitivity. If the new operating
frequency is higher, the receiver gain will be
lower. If more than 125 mv. is required to obtain
180 ma. output, the gain can be increased by
reducing the value of one or both of the re-
sistors R218 and R224. In most cases, these

resistors should fall in the range of 22 to 33
ohms.

TABLE |

* Receiver D.C. Measurements

Note: All voltages are negative with respect to Pos.
45V. (TP206)

TEST POINT SEANORT) W A2
TP201 35-38 35-38
TP202 0 0
TP203 11-12 11-12
TP 204 < 0.5 2- 3
TP 205 18-22 18-22

TRANSISTOR V coLt. V coLL.
Q201 43 43
Q202 43.5 43.5
Q203 18.0 18.0
Q204 18.0 18.0
Q205 18.0 18.0
Q206 11.0 11.5
Q207 22.0 5.0
Q208 44.0 2.0

All voltages read with d-c vacuum-tube voltmeter.
< 0.5 — means “less than 0.5"’

TABLE i

»* .
Receiver RF Measurements

Taken with 100 kHz receiver filter, 0.125-volt
input signal, and gain control R207 at maxi-
mum. Depending on receiver frequency and
transistor characteristics, the following
values will vary appreciably.

Note:

1.L. 41-944.32A

TEST POINT

FL201-IN to Gnd.

FL201-OUT to Gnd.
Q203 - E to TP206
Q204 - C to TP206
Q205 - B to TP206
Q205 - C to TP206

Q206 - B to TP206
Q206 - C to TP206
TP202 to TP206

All voltages read with a-

TYPICAL AC VOLTAGES

¢ vacuum-tube voltmeter.

» TABLE lli

Transmitter D-C Measurements

Note: All voltages are positive with respect to Neg.
D.C. (TP104). All voltages read with d.c.

VTVM.

TP110
TP111

TP112
TP113
J101

(Front Panel)

0
45

TRANSISTOR

5 ma. max.

TEST POINT CARRIEROFF CARRIER ON

TP101 8.5 volts d.c. 8.5 volts d.c.
TP102 <0.5 20

TP 103 <0.5 19.5

TP105 <0.5 9

TP 106 44 24

TP107 44 24

TP108 45 44
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Note:

TABLE 1Y

* Transmitter RF Measurements

‘““Carrier-on’’ voltages taken with transmitter
set to 10 watts output (24.5 volts across g0
ohms). These voltages subject to variation,
depending on frequency and transistor char-

acteristics.

TEST POINT

A-C VOLTAGE

T101-3 to TP104
TP103 to TP102
TP105 to TP104

TP110 to T102-4
TP111 to T102-4
Q104-C to TP 104

Q105-C to TP104
T103-4 to Gnd.
T104-1 to Gnd.

Q107-B to TP107
Q108-B to TP113

1.5 volts, rms.
0.2

.16

3.3
1.1
1.4

0.5 volts, rms.
0.5

Q107-C to TP107 14-16
Q108-C to TP113 14-16
T105-4 to Gnd. 105
T106-2 to Gnd. 100-160*
TP 109 to Gnd. 30-50 *
J102 to Gnd. 24.5

Note: T101-3 =tap 3 of Transformer T101

Q104-C = Collector of Transistor Q104
TP 105 = Test point 105

All voltages read with a-c VTVM

* These values may vary considerably with
frequency.

% - High-impedance circuit. VTVM causes

significant loading.

TABLE Vv
Transmitter Keying Board

D.C Voltages

CARRIER STO
ot | o | | A
J104-8 or 9)
TP151 16 v.d.c. <1.0 v.d.c. | <1.0 v.d.c.
Term. 17 <1.0 24.6 4.9
TP152 16 16 <1.0
TP153 <1.0 <1.0 16
Term. 1 0* 20 <1.0

*May show <1.0 volt with VTVM

10

TEST POINT

TABLE VI

Receiver CLI and Ovutput Board

(with normal received signal)

D.C VOLTAGE
- TO NEG.

SIGNAL
VOLTAGE (a.c.)

0.3 v. rms.
2.9

Recommended Test Equipment

I. Minimum Test Equipment for Installation

a.

b.

Milliammeter 0-250 ma. DC
60-ohm 10-watt non-inductive resistor.

A-C Vacuum Tube Voltmeter (VTVM). Volt-
age range 0.01 to 30 volts, frequency range
60 Hz to 330 kyz, input impedance—one
megohm, minimum.

- D-C Vacuum Tube Voltmeter (VTVM).

Voltage Range: 0.1 to 300 volts

Imput Impedance: 1.0 megohm, min.

II. Desirable Test Equipment for Apparatus Main-
tenance.

a.
b.

o o

@

All items listed in I.
Signal Generator
Output Voltage: up to 10 volts r.m.s.

Frequency Range: 20 to 330 kHz

Oscilloscope
Ohmmeter
Capacitor checker
Frequency counter

Frequency-selective voltmeter

Renewal Parts
Jenewat Farrs

Repair work can be done most satisfactorily at
the factory. However, replacement parts can be fur-
nished, in most cases, to customers who are equipped
for doing repair work. When ordering parts, always
give the complete nameplate data.
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1.L. 41-944.32A

ELECTRICAL PARTS LIST

x Transmitter Section

SYMBOL RATING

C104 0.25 mfd, 200 V.DC

C105 25 mfd, 200 V.DC

C106 0.25 mfd, 200 V.DC
0

c107 25 mfd, 200 V.DC

C109 0.25 mfd, 200 V.DC

C110 0.25 mfd, 200 V.DC

t Cl11 (See Table Below)

L

C108 0.50 mfd, 200 V.DC

Ccl112 39 pf. 500 V.D.C.
tC113 (See Table Below) .
Cll14 100 pf., 500 V.DC

C115 100 pf., 500 V.DC

Cl16 0.001 mfd, 500 V.DC

CA Part of FL 101

CB, CC, CD, CE Part of FL.102

D101

D103 1N4818

D104
J101 Closed Circuit Jack

STYLE NUMBER

187A624H01
187A694H29
187TA695H29
187A624H02
187A624H02
187A624H02
187A624H02
187A624H03
187TA624H02
187A624H02

—

187A695H12
187A695H23
187A695H23
187A694H11
Vary with Frequency
vary with Frequency
184A855H0T
188A342H06
182A881H04
188A342H06
182A881H04
637A026A01
187TA606HO01

#200.5 — 300 kHz only.

RATING J

1 FREQ. (C111, C113)

STYLE NUMBER

0.47 mfd, 400 V.DC

50.5-75 kHz
75.5-100 kHz

0.22 mfd, 400 V.DC
0.15 mfd, 400 V.DC

100.5- 150 kHz 0.1 mfd, 400 V.DC

150.5-300 kHz 0.047 mfd, 400 V.DC

188A293H01
188A293H02

188A293H03
188A293H04
188A293H05

1
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* ELECTRICAL PARTS LIST

Transmitter Section {Cont.)

Banana Plug Jack 2 of 185A431H01

187A633H01

Coaxial Cable Jacl?
 oaTem Receptacle  187A669H01
****** 12Term Reeeptacte | 629A205H02
\—7¥77Part o?}‘iﬂ)il—igi e — Ga;; with Frequency

-—
FL102 Trap Coil (2nd Harmonic) Vary with Frequency

FL102 Trap Coil (3rd Harmonic) Vary with Frequency

400 mn, ‘  292B096G01
. FL102 coil (part of series-resonant
circuit tuned to fundamental freq.)

Vary with Frequency

2N2905A 762A672H10
. eNaeosa 162467210
s  184A638HI3
B e —  T624672H0T
o \2&3712 . 762A672HO7
T B 184A638H11
R Mat;l;;;i?- Texas Instrument 187A673H02

Co. - Identif. GP2151 187TA673H02

. 187A64 1H51
. 187TAT63HT5
. 184A763H17

184 A763H29

184A641H51

184A763HT5
184A763H17

187A763H29
629A430H02
184A763H43

187A641H51
184 AT63HOT

12
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ELECTRICAL PARTS LIST

% Transmitter Section (Cont.)

0.5 184A763H03
25 1202588
05 |  629A531H56
- 05 629A531H03
2 185A207H51
2 187A683H01
0.5 187A290H01
0.5 |  187A290HOL
1 187TAG44HO3 |
7:75.75*/;:175 A641H2T
T 1874644143 |
05 B 187A640HO01
1 187A644H35
05 184A636H14
0.5 187A640HO1
1 187A644H43
T 05 | 184A636HI4
1| 1ssA636HIS
T | 1s4nescH1S
N ’?/:‘yblssmlmm
T es 629A531H58
- | 187A642H55
- 05 - 187A641H27
N 0.5 187A641H27
- ﬁrlogﬁjl 629A531H04
R141 Type 3D202 Thermistor 185A211H06
R142 | égﬁggt.*gl/*go—#*ii T 0.25 584C276H23
R143 — o0 | 2 o o5 629A531H63 J
SYMBOL RATING STYLE NUMBER
SW101 Carrier Test Switch 880A357HO1
A7 T
T102 j,g_fi#/il_g@ﬁ@_%lf -  714B666GO1
T103 1930/60 ohms L633000 | 1962694
T104 kﬁﬂ:ITk;;lTuTEPratiOiI_/O.E))*ﬂl’PEi.)/*each sec. | 292B526G01
7 Ttws | T ao/s000mms ~ | 2928526602
7 T106 500/50 - 60 - 70 ohms + 292B526G03
Y101 1 BO-E(ERHZ crystal per 328C083 Specify Frequency
7101 WW 862A288H03
T zwo2 | IN2999B (56 V 5%) | 629A798HO4
B 2103 IN2999B (56 V +5%) | 629a798H04

13
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ELECTRICAL PARTS LIST

% Transmitter Keying Board

SYMBOL RATING STYLE NUMBER
C151-C152 0.47 mfd., 200 V. 849A437HO4
C153 25 mfd., 125 V. 184A637HO1
C154 47 mfd., 50 V. 863A530H0 1
D151 IN457A 184A855H07
D152 IN4818 188A342H06
Q151 to Q155 2N3417 848A851H02
R151-R159 47K, Y2 W. 629A531HT2
R152-R153-R160-R161 4.7K, Y2 W. 629A53 1H48
R154-R162 - 82K, % W. 629A531H78
R155-R158-R163-R166-R 169 10K, ¥ W. 629A53 1H56
R156-R164-R167 6.8K, % W. 629A53 1H52
R157-R165-R168 B 27K, % W. 629A53 1H66
R170 700, 5 W. 763A129H04
Z151-Z152-2155-Z156 IN3688A (24V) 862A288H01
Z153-Z157 IN3686A (20V) 185A212H06
Z154-2158 IN957B (6.8V) 185A797THO6
Z159 B IN748A (3.9V) 185A797TH13
Z160 - IN5357B (20V) 862A288H02

Receiver Section
c201 “ 0.1 mfd., 200 V. DC 187A624H01
ce2 T 300 pf. 500 v.DC 187A695H35
C203 L 180 Bf. 500 V. DC | 1s74695H20
C204 0.25 mfd. 200 V. DC 187A624H02
C205 T 0.25 mfd, 200 V. DC 187A624H02
C206 e 0.25 mfd, 200 V. DC 187A624HO2
C207 ﬁ,_¥,,jﬁﬁ;ﬁﬁ _70;2555 , 200 V. DC_ 187A624 HO2
C208 0.25 mfd., 200 V. DC 187A624H02
c00 | 025 mid. 200 V. po 187A624HO2
c210 7gtifj: \i&iﬁfﬁé.}’s mfd., 200 v. pc 187TA624H02
c211 0.1 mfd., 200 V. DC | ts7a624n01
cerz T ©0.25 mfd., 200 V. DC | 187A624H02
c213 I 2.0 mfd., 200 V. DC 187A624H05
C214 T T 0 i 200y pc 187A624H02
c215 T e soov.ope 187A695H12
D201 x:f, - “ﬂﬁ; 7”1771\71?75775 i\i¥ - 7‘ 184A855H07
D202 1N457A | 184a855M07
?—\\g;¥hi& - 1N48;éii%ﬁ_hiﬁ“ 188A342H06
D204 T T Nass T —— | 188A342H106

14
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ELECTRICAL PARTS LIST

% Receiver Section (cont.)

Specify Frequency

187A590G02
187A638H01

187A606H01
187A606H01

187A599H02
762A672H10

Receiver i.f. Filter - 20kHz (2 sections)

Receiver Coax, Input Jack

Closed Circuit Jack (CLI)

R P e

Closed Circuit Jack (200MA)

33 mh.
2N2905A

[

762A672H10
762A672H10

75N2905A 7 762A672H10
- 7271\172&)751:77 . 762A672H10
e  1624672H10
2N3645 849A441HO1
——2&1456377”77 - - 187TA6T3H13
SYMBOL RATING STYLE NUMBER
OHMS *TOL. % WATTS
R201 _10/.000 % 10 o 0.5 18’7A641H5—1_a
R202 . 2,200 0 10 | 0.5 187A641H35

R203 7 10,000 10 0.5 187A641H51
R204 100,000 5 0.5 184A763HTS
s w0 | T es | tesatesmin |
“ 1,200 5 0.5 184A763H29

R207 25K Pot. 10 2 185A086H07
R208 10,000 10 | 0.5 | 187A641H51
R209 100,000 5 7 0.5 184AT63H17
R210 390 5 0.5 184AT63H1T
t R211 - - - See 1 Note Below
R212 1 K pot. 20 0.25 629A430H02
R213 B 1,200 5 1 0.5 184AT63H29
R214 5,600 ] 5 1 187A643H45
‘R215 (lgziqig@/’__li 5 s 0.5 184AT63H58 |
R216 3,600 5 0.5 184AT763H40
+ R211 — 10K - above 50kHZ - S#187A641H51
29K - 30-50kHz - SH#187TA64 1H59

15
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ELECTRICAL PARTS LIST

* Receiver Section (Cont.)

RATING
SYMBOL STYLE NUMBER
OHMS *TOL. % WATTS
R217 620 5 0.5 184A763H22
R218 - 33 5 ] 0.5 187A290H13
R219 10,000 10 0.5 187A641H51
R220 20,000 5 0.5 184A763H58
R221 300 0.5 184A763H14
R222 3,600 5 184AT63H40
R223 I 5 184 AT63H22
R224 0.5 187A290H13
R225 . 187A641H51
R226 184A763H58
R227 184A763H14
R228 184A763H40
R229 184A763H22
R230 187A290H0 1
R231 184A763H34
R232 185A207TH29
R233 187A642H43
R234 184A763H44
R235 187A644H19
R236 187A644H43
R237 1336074
t  R238 See T Note Below
R239 629A430H02 |
R240 Sensistor 0.25 187A685H08
R241 Type 3D102 Thermistor 185A211H12
R242 100 Type TM-1 Sensistor 187A685H06
T201 T14B677G01
T202 10,000/400  Ohms 205C043G01
T203 25,000/300  Ohms 205C043G03
Y201 90-320kHz Crystal per 328C083 Specify Frequency
2202 IN1789 (56V. +10%) 584C434H08
Receiver CLI and Output Board
SYMBOL RATING STYLE NUMBER
ggg; o gggg 0.27 mfd, 200 V.d.c. 188A669H05
C254 0.82 mfd, 200 V.d.c. 188A669H15
D251-D2532 IN457A 184A855H07
D253 1N645A 837A692H03
7951 IN3686B (20V.) 185A212H06
2252 IN3688A (24V.) 862A288H01

T R238 - omit - above 50kHz
- 22K, 30-50kHz, S#187A641H59.

16
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INE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

1.L. 41-944.32A

ELECTRICAL PARTS LIST
#* Receiver CLI and Output Board (Cont.)

SYMBOL RATING STYLE NUMBER
R251 2.7K, TM-% Sensistor 187A685H05
R252 K, %W. pot 629 A430HOT
R253 ™ ww. | 184A763HIL
R254 I 22K WW. | 184A763H35
R255-R260 - 15K, YW, . | 184AT63H55 |
R256 24K, WW. 184AT63H36 |
R25T T 330, TM-% 7sie;silstgr 1 187A685H0T
R258-R259 R ,4LK, A 184AT63H43
R261 - 560, YW. ] 184A763H21
R262-R 265 [ & TN - | 184AT63H29
R263-R264 180, YaW. | 184A763H09
R266 - 2K, kW, - | 629A531H66
R267-R269 [ 0 629A531H56
R268 . eBK Viw; I |629A531H52
R270 D T A — 620A531HT8
R271 S flt}o, 3W. - | 762a679HO1
Q251-Q252 2N4356 849A441H02
Q253 - ,#”JNEQL;?:::,*;:T*/# 848A851HO1
Q254 2N3645 849A441HO1
- Power Supply Section
SYMBOL FUNCTION DESCRIPTION OR RATING STYLE NUMBER
c1 (+) to () bypass | os4s5md. 330VAC | 1723408
Cc2 A-C grounding | 0.5 mfd, 1500 ° vDC ~_‘1§7_'7962
c3 A-C grounding 0.5 mid, 1500 VDC 1877962
o ke T mid, 800 VDC |  14C9400HI12
L1 7;:f Filter ) ) 5.5 mh. | m9BI135G01
Q1 Series Reguﬁlaﬁg_ii*4’“2@*21191_557817110)%3@&&01- 187A342H02
R1 ) [ Series dropping 26.5 ohms, 40W. 04D1299H44
R2 ] 125V Seriesjrggig:; leame as R1 o 04D1299H44
R3 - | Current limiting g&) ohmggimiwl 1 1268047 |
R1 For 48 VDC, _ _
R 48V R1=R2 0
R3 I LBEE 26.5ohms 40W 04D125—)5;;4#M
[ Te1 | Testpoint( PinJack —red | 157A332MH01
. TP2 | Testpoint (- L Pin Jack — black | 187A332H0Z |
oz Voltage Regulator | ~ IN2828B (45V.) 184A854H06
Z2 Surge Protection 1N3009A (130\7.) EeTer Diodesﬁé 184A617TH12
73 Voltage Reg. — for 250 V.D.C. IN2813B (15V.) 184A854H11

17
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L. 41-944.32A

El ®® @ I

FL201{200.5-300KHZ)
UNDER TRANSMITTER

'BOARD
\

TRANSMITTER PRINTED
CIRCUIT BOARD

“
m

200.5-300 KHZ ONLY

POWER AMPLIFIER
AND TRANSMITTER

KEYING BOARDS

2104
2103
Q108

TI04

FL102

RECEIVER
CLI AND
OUTPUT BOARD

RECEIVER
BOARD

TI05

]

TPl

205C297
x Fig 2 Type TC Carrier Assembly — Parts Location
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* Fig. 3 Transmitter Printed Circuit — Parts Location
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TPIO8

RI133
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RI34
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* Fig. 4 Power Amplifier Printed Circuit — Parts Location

FOR 30TO0 50 KHZ ONLY
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* Fig. 5 Receiver Printed Circuit—Parts Location
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l.L. 41-944.32A

QI53
+ © =1 o'P'% +
[Z159 {Ri69} ZI57
+ + Qi55
@lea ot c152 @
2156
[z152
2154 zisgl- -{Riel -
_ RI53 1P -{RlGG}-
o la |52© <{Ri65 N
(L) Qisl @Ql 4 -IRIG?
S RISTFTPSIO  —Ri64} Zi6o
o o rI70 HO
o [RI56 |
2 . RO
N Ci53 = Cl54
L‘ ) _ _ |
- — — 880A176
Fig. 6. Transmitter Keying Board — Parts Location.
205C0206G0!
c258
& {reesl {Reed}-
—{p252 c2s7 c2%9 -
— —R2e5 |-
c2s6 |- msz
[R261 |- [ R262 ] TP254
52— O
~ c255 4_27°|-
R256 - @
c254
cese |- — c260
_{L,‘_—_;—_gj_r—" Q251) QTP25 R269 |
Re53} —{R255
1 coss k- 0253 O 1983
—4 c25
'0‘-‘1? ? o O (2) ?NEG
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Power Supply

The power supply circuit for 48 or 125-v.d-c
supply uses a series-type transistorized d-c voltage
regulator which has a very low standby current drain
when there is no output current demand. The zener
diode VR1 holds a constant base-to-negative volt-
age on the series-connected power transistor Q1.
Depending on the load current, the d-c voltage drop
through the transistor Q1 and resistors R1 and R2
varies to maintain a constant output voltage of
approximately 45-v. d-c. The zener diode VR2
serves to protect the collector-base junction of Q1
from surge voltages. Capacitor C1 provides a low
carrier-frequency impedance across the d-c output
voltage. Capacitors C2 and C3 bypass r.f. or tran-
sient voltages to ground, thus preventing damage to
the transistor circuits. Inductance L1 and capacitor
C4 serve as a filter to brevent any appreciable car-
rier-frequency energy from getting onto the external
d.c. supply circuits.

For a 250-volt d-c supply, the circuit of Figure
15 is used. This consists of an external voltage-
dropping resistor assembly (135 ohms total) in con-
junction with three 15-volt Zener diodes on the TC
set chassis connected in series. The resistor as-
sembly (see Figure 16) must be mounted at the top
of a cabinet or an open rack. Because of the heat
dissipated, no transistorized equipment should be
mounted above the resistor panel. The 250-volt TC
set has a constant current drain of 1.5 amperes d-c.

Relaying Control Circuits
— 773 ~onmrol Lircuits

The transmitter start and Stop control circuits
and the receiver 20-volt output (previously des-
cribed) allow this type TC set to be used with
solid-state protective and auxiliary relays which
also have 20-volt input and output‘‘logic’’. In
addition, these carrier control circuits are designed
to absorb and limit externally generated surges so
they will not damage the transistors or associated
components.

For flexibility in application, provision is also
made for keying the transmitter from either 48 or
125 volts d.c. Also, the 200-ma receiver output
circuit is brought out to a J104 terminal for con-
nection to a 30-ohm alarm relay, if desired.

CHARACTERISTICS

30-300 kHz (50-300 kHz for
phase comparison relaying)
10 watts into 50 to 70-ohm
resistive load

55 db below 10 watts.

Frequency range
Transmitter output

Harmonics

4

Receiver sensitivity 125 mv. input for 180 ma,
minimum output current

Recelver selectivity 1500 Hz bandwidth (3 db down);

down 80 db at +3kHgz,
Transmitter-recejver

channel rating 40 db
Input Voltage 48, 125, or 250 V. d-c

Supply voltage

variation 42-56V, 105-140V, 210-280V

Battery Drain: 0.5 amp standby, 1.35 amp

43 V.D.C.

transmitting

125 V.D.C. 0.25 amp standby, 1.1 amp
transmitting

250 v.D.C. 1.5 amp standby or transmitting

Temperature range —20 to +55°C around chassis

Frequency Spac ing
——17F7¢Yy dpacing

The minimum recommended frequency spacing
between two Type TC carrier sets operated in para-
llel without hybrid units is shown on the curve of
Fig. 13. For example, at 100 kHz. the minimum
spacing is 8 kHz. Closer spacing would result in
the generation of intermodulation products caused
by the non-linear load bresented by each transmitter
to the other one.

The minimum frequency spacing between a TC
carrier channel and ap adjacent transmitter signal
keyed on-off at a rate of 60 pulses per second can
be determined from the nomograph of Fig. 14, Using
the example shown by the dashed line, consider a
type TC set used on a channel with a normal atten-
uation of 15 decibels. The TC receiver would be
set to give a margin of 15 db below the normal re-
ceived signal, or for a sensitivity of —30 db (rela-
tive to a 24.5 volt, 10-watt signal). The interfering
signal is assumed to be a 10-watt transmitter at
the same location, To determine the minimum
frequency spacing of the TC receiver from this
interfering signal, lay a straight edge between the
—30 db point on the receiver sensitivity scale and
the zero-db point on the interfering transmitter
scale. The resulting line crosses the channel
spacing scale between 3 and 4 kHz. For this ex-
ample, a channel spacing of at least 4 kHz should
be used. (In order not to conflict with the limits of
Fig. 13, an t-f hybrid may be needed between the TC
set and the other transmitter, depending on the
actual application.)

For protective relaying applications to 3-terminal
lines, the transmitter frequencies are offset 100 hertz
to prevent a slow beat or cancellation of the received
signal when two transmitters send blocking signals
to the third terminal. The three transmitters operate
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at fc, fc+100 Hz,and fo_ 100 Hz. All receivers
operate at the channel center frequency (fc).

INSTALLATION

The type TC transmitter-receiver is generally
supplied in a cabinet or on a relay rack as part of
a complete carrier agssembly. The location must be
free from dust, excessive humidity, vibration, cor-
rosive fumes, or heat. The maximum ambient tem-
perature around the chassis should not exceed 55°C.

ADJUSTMENTS

Transmitter

The main adjustment on the transmitter is the
power output control R112 on the transmitter printed
circuit board. Disconnect the coaxial cable from the
assembly terminals and replace with a 50 to 70 ohm
noninductive 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 T106 output
lead to the corresponding tap. Connect an a-c vac-
uum tube voltmeter (VIVM) across the load resis-
tor. Turn the transmitter power output control R112
to minimum (full counterclockwise).

Now apply d-c power and note the d-c voltage
across the two pin jacks TPl and TP2. If this is
in the range of approximately 492 to 46 volts, throw
the carrier-test switch SW101 on the panel to the
ON position. Slowly advance the output control
R112 on the transmitter printed-circuit board until
about 10 volts is obtained across the output load
resistor. At this point, check the adjustment of the
series output tuning coil L105 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 maximum voltage
across the load resistor. For 200-300 kHz operation,
L105 is a ‘‘pot core’’ and has a adjustable core
screw. Use a screw-driver in this case. No locking
device is needed.

Now continue to advance the output control R112
until the output voltage tabulated in the following
table is obtained across the load resistor. Recheck
the setting of 1,105 to be sure it is at its maximum
point for 10 watts output. ’I"ighten the locking nut.
Turn off the carrier test switch SW101, remove the
load resistor, and reconnect the coaxial cable cir-
cuit to the transmitter.

NOTE: Do not change the adjustment of the R142
control on the printed circuit board See Mainten-
ance section for R142 adjustment.

l.L. 41-944.32

T106 Tap Voltage for 10 Watts Output
50 22.4
60 24.5
70 27.0

Transmitter Filter

Normally, the output filter (FL102) will require
no readjustment except as noted under Adjustments-
Transmitter, as it is factory tuned for maximum sec-
ond and third harmonic rejection, and for series
resonance (maximum output at the fundamental
frequency) with a 60-ochm load. The adjustable
cores of LL102 and L103 have been set for maximum
harmonic rejection at the factory, and no change
should be made in these settings unless suitable
instruments are available for measuring the second
and third harmonic present in the transmitter output.

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

Receiver

The receiver board has two controls; the i.f.
input control R239 which is usually factory-set at
maximum giving a sensitivity of 125 mv. or less for
180 ma. output, and the local oscillator output con-
trol R212. The oscillator output is preset at the
factory at 0.3 volt. This setting can be checked by
connecting an a-c VTVM between receiver test
points TP202 and TP206 (shield lead of VIVM).
The voltmeter reading with the equipment energized,
but not transmitting, should be 0.3 volt. Note Fig. 5
for location of components on the receiver printed
board.

The other adjustment on the receiver is the gain
control R207 which is front-panel mounted. It is
recommended that the receiver gain normally be set
for a 15-db operating margin to allow for reasonable
variations in receiver input signal level without
affecting .the output blocking current. This adjust-
ment can be made in two ways, as follows:

1. First, measure the normal received signal from
the remote terminal (after the line tuners have
peen adjusted) by starting the remote transmitter
and measuring the voltage across the coaxial
cable at the receiving terminal. This signal
should preferably be measured with a tuned volt-
meter such as the Sierra carrier-frequency volt-
meter. If a simple VI'VM is used, have the
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remote transmitter turned on and off several
times to be sure the VTVM reading is actually
the remote signal. Note the reading. Now dis-
connect the coaxial cable, and feed a signal
into the carrier assembly atthe coaxial terminals
from a separate signal generator. Set the signal
generator to the received frequency at a level
15 db below the previously measured incoming
signal. With a 0-250 ma, (minimum) d-c milliam-
meter plugged into J203, adjust the receiver
gain control until an output current of about 100
ma. is obtained. As this point is on the steep
portion of the receiver output-input curve, it
may be difficult to set the gain control for
exactly 100 ma. This is not necessary, how-
ever, as the signal is not normally at this
value. This is the operating setting of the re-
ceiver gain control. Return the coaxial cable
connections to normal.

NOTE: Do not energize the local transmitter
when making the foregoing adjustment as the
signal generator may be damaged.

2. As an alternate procedure if no signal generator
is available, the local transmitter itself may be
used as the signal generator. First determine
the normal received signal from the remote ter-
minal as explained previously under (1), Then
turn off the remote transmitter.

Now turn on the local transmitter and reduce its
output to a value 15 db below the normal re-
ceived signal level. Then adjust the receiver
gain control to give 100 ma. output as before.
When this adjustment has been made, reset the
local transmitter to its normal 10-watt output
level.

In applications where the line attenuation is
low and a strong signal is received, the adjustment
of the receiver gain control R207 becomes critical.
For such applications, the setting of i-f gain control
R239 may be reduced to lower the overall receiver
gain. The front-panel control R207 will then have a
smoother and more gradual control as the knob is
rotated, making it easier to obtain the 15-db margin
setting.

Carrier Level Indicator (CLI)

The CLI should be adjusted on a clear dry day
when line conditions are considered normal. After
the receiver sensitivity has been set for 2 15-db
margin, turn on the remote transmitter at its normal

6

10-watt output. With a small screw-driver, adjust
the CLI input control R252 to give a reading of
2.5 ma. on the 0-3 ma. d-c milliammeter in the CLI
output circuit. This current can be read at J202
on the TC set panel for convenience. If the re-
ceived signal varies for any reason, the CLI out-
put current will change accordingly, as indicated
by the curve in Fig. 12.

When carrier is transmitted from a given station,
the pointer of the local CLI output milliammeter
will be driven off scale. This will not in any way
damage the instrument as the CLI saturation current
is less than 4 ma. d.c.

MAINTENANCE

Periodic checks of the received carrier signal
will indicate proper operation of the equipment. At
regular maintenance intervals, any accumulated
dust should be removed, particularly from the heat
sinks. It is also desirable to check the transmitter
power output and receiver sensitivity at such times,
making any necessary readjustments to return the
equipment to its initial settings.,

Voltage values should be recorded after adjust-
ment in order to establish reference values which
will be useful when checking the apparatus. The
readings will remain fairly constant over an indef-
inite period unless a failure occurs. However, if
transistors are changed, there may be consider-
able difference in these readings without the over-
all performance being affected.

Typical voltage and current values are given
in Tables I through VI. Voltages should be mea-
sured with a VTVM. Readings may vary as much as
+20%.

Adjustment of R142 on Transmitter Board

The small adjustable resistor (pot.) R142 sets
the forward base bias on transmitter transistors
Q104 and Q105 to the proper point for class-B
operation. This is a factory adjustment and need
not be changed unless transistors Q104 or Q105
(or both) are replaced. However, if these trans
sistors are changed, or if the R142 setting is dis-
turbed in error, the following adjustment procedure
should be followed to reset R142:

First remove d-c power from the TC carrier set
assembly. Unsolder the lead from terminal 2 of
transformer T103 (Just above FL101) and tem-

N
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porarily connect a low-range d-c milliammeter
(0-1.0 or so) between the removed lead (4) and
T103 terminal 2 (—). Turn the slotted control on the
small pot (R142) to full counterclockwise. Now,
apply power to the TC carrier set, but do not trans-
mit carrier. Advance the pot until the d-c milliam-
meter teads 0.2 mA d.c. * 05 mA. Turn off the
power, remove the milliammeter, and solder the lead
back on terminal 2 of T103. Again apply d-c power
and proceed with the transmitter adjustment as
described in the ADJUSTMENTS section.

CHANGE OF OPERATING FREQUENCY

The parts required for changing the operating
frequency of a type TC carrier set are as follows:

Transmitter

1. Oscillator Crystal (Y101), specify frequency.
NOTE: Modify A-B-C jumpers on transmitter
board if required for new frequency. See table
marked ‘1’ under internal schematic (Fig.8).

2. R136 Jumper
For operation in 30-50kHz range, clip off R136
as indicated in Fig. 3.

3. Capacitors C111 and C113 (on Power Amp. board)

a., 30-50 kHz — 0.47 mfd. — S#188A293HO01
b. 50.5-75 kHz ~— 0.22 mfd. — S#188A293H02
¢. 75.5-100 kHz — 0.15 mfd. — S#188A293H03
d. 100.5-150 kHz — 0.10 mfd. — S#188A293H04
e. 150.5-300 kHz — 0.047 mfd. — S#188A293H05

4. FL101 and FL102

Filter FL101 is a small series-resonant tuned
circuit between the driver and power amplifier
stages of the transmitter. It has just two ter-
minals. Filter FL102 is a larger assembly, des-
cribed under OPERATION. It has three external
connections: input, output, and ground. This
filter is mounted by four corner posts. To re-
place, unsolder the three leads, remove the nuts
from the mounting posts, and lift the filter
assembly from the posts. The new filter can
now be installed.

Inductors L101, L102, and L1103 in these filters
are adjustable over a limited range, but forty-two
combinations of capacitors and inductors are re-
quired to cover the frequency range of 30 kHz to 300
kHz. The widths of the frequency groups vary from
1.5 kHz at the low end of the channel frequency
range to 13 kHz at the upper end. A particular as-
sembly can be adjusted over a somewhat wider range

l.L. 41-944.32

than the width of its assigned group since some
overlap is necessary to allow for component toler-
ances. The nominal kHZ adjustment ranges of the
group are:

30.0-31.5 61.0- 64.0 | 113.0-119.5 207.1-214.0
32.0-33.5 64.5- 68.0 | 120.0-127.0 214.1-222.0
34.0-36.0 68.5- 72.0 | 127.5-135.0 222.1-230.0
36.5-38.5 79.5- 76.0 | 135.5-143.0 230.1-240.0
39.0-41.0 76.5- 80.0 | 143.5-151.0 240.1-250.0
41.,5-44.0 80.5- 84.5 | 151.5-159.5 250.1-262.0
44 .5-47.0 85.0- 89.0 | 160.0-169.5 262.1-274.0
47.5-50.0 89.5- 94.5 | 170.0-180.0 274.1-287.0
50.5-53.5 95.0-100.0 | 180.5-191.5 287.1-300.0
54.0-57.0 100.5-106.0 | 192.0-200.0

57.5-60.5 | 106.5-112.5 200.1-207.0

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

A signal generator, a frequency counter, and a
vacuum-tube voltmeter are required for readjustment
of FL101. The signal generator and the counter
should be connected across terminals 4 and 5 of
transformer T103 and the voltmeter across terminals
1 and 2 of transformer T104. The signal generator
should be set at the channel center frequency and
at 2 at 3 volts output. The core screw of the small
inductor should be turned to the position that gives
a true maximum reading on the VTVM. Turming the
screw to either side of this position 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 ef-
fect of core screw rotation on the VIVM reading will
be less when the resonant inductance occurs near
the end of core travel.

The procedure for readjustment of the 2nd and
3rd harmonic traps of filter FL102 is somewhat
similar. A signal generator and a counter should be
connected to terminals 3 and 4 of transformer T105
and a 500-ohm resistor and a VTVM to the terminals
of protective gap G101. 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. Tumn the core
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screw of the large inductor, 1,102, to the position
that gives a definite minimum reading on the VTVM.
Similarly, with the signal generator set at exactly
three times the channel center frequency and 5 to
10 volts output, set the core screw of the small
inductor, L103, to the position that gives a definite
minimum reading on the VTVM. Then remove the
instruments and the 500-ohm resistor.

If the change in frequency is enough to require a
different filter, it will come factory adjusted as
described in the foregoing paragraph,

After all the tabulated changes have been made
for the new frequency, the transmitter can be opera-
ted with a 50 to 70-ohm load (depending on which
tap of T106 is used) connected to its output, and
inductor 1.105 can be readjusted for maximum output
at the changed channel frequency by the procedure
described in the ADJUSTMENT section.

If a frequency-sensitive voltmeter is available,
the second and third harmonic traps may be adjusted
(or checked) without using an oscillator as g source
of double and triple the channel frequency. Connect
the frequency-sensitive voltmeter from TP109 to
ground and adjust the transmitter for rated output
into the selected load resistor. Set the voltmeter at
twice the channel frequency and, using its tuning
dial and db range switch, obtain a maximum on-scale
reading of the second harmonic. Then vary the core
position of 102 until a minimum voltmeter reading
is obtained. Similarly, tune the voltmeter to the
third harmonic and adjust 1,103 for minimum volt-
meter reading. It should be noted that this procedure
may not give the true magnitude of the harmonics
because of the large value of fundamental frequency
voltage present at the tuned voltmeter input termin-
als. This condition wiil overload the input circuit
of some commercial instruments. However, the pro-
cedure is satisfactory for adjusting the traps for
maximum harmonic rejection.

If accurate measurement of the harmonic levels
is desired, the frequency-selective voltmeter is
connected, through a rejection filter, to the termin-
als of the 60-ohm load resistor. The filter must pro-
vide high rejection of the fundamental. A twin-T
filter is suitable for this purpose. The insertion
losses of this filter at the second and third har-
monics must be measured and taken into account.

Receiver

1. Receiver Oscillator Crystal (Y201), specify fre-
quency, and modify A-B-C jumpers as required.

2. Receiver input filter (FL201), specify frequency.

3. Resistors R211-R23§ Combination
See values in Fig. 8 below internal schematic.

4. Resistors R218 and R224 may have to be reduced.
See following paragraph.

The emitter resistors R218 and R224 of the
i-f stages are selected during factory test to
give the required receiver gain. This is desir-
able since the insertion loss of the input filter
F'L201 increases with frequency. If the operating
frequency is reduced, the receiver gain will
probably be higher. In this case, a reduction in
the setting of the i-f input control R239 will give
the 125-mv. sensitivity, If the new operating
frequency is higher, the receiver gain will be
lower. If more than 125 myv, is required to obtain
180 ma. output, the gain can be increased by
reducing the value of one or both of the re-
sistors R218 and R224. In most cases, these
resistors should fall in the range of 22 to 150
ohms. These two resistors are soldered to
small terminal posts on the printed circuit
board.

TABLE |
Receiver D.C. Measurements

Note: All voltages are negative with respect to Pos.
45 V. (TP206)

TEST POINT (ZT;ASP:;?,T) AYIVTHIIJ:FZ’SUT
TP201 38 38
TP202 0 0
TP203 11 11
TP204 .03 2.2
TP 205 20 20

TRANSISTOR Y coLL, VcoLL.
Q201 43 43
Q202 43.5 43.5
Q203 18.7 18.7
Q204 18.7 18.7
Q205 18.7 18.7
Q206 10.5 10.5
Q207 4.0
Q208 2.0

All voltages read with d-c vacuum-tube voltmeter.
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TABLE 1l

Receiver RF Measurements

Note: Taken with 36 kHz and 132 kHZ receiver fil-
ters, 0.125 volt input signal, and gain control
R207 at maximum. Depending on receiver fre-
quency and transistor characteristics, the fol-
lowing values will vary appreciably.

TYPICAL A-C VOLTAGES

FL201-IN to Gnd.
FL201-0OUT to Gnd.
Q203 - E to TP206

Q204 - C to TP206
Q205 - B to TP206
Q205 - C to TP206
Q206 - B to TP206
Q206 - C to TP206
TP202 to TP206

All voltages read with a-c vacuum-tube voltmeter.

TABLE 11l

Transmitter D-C Mea surements

Note: All voltages are positive with respect to Neg.
45V. (TP104). All voltages read with d.c.

VTVM.
TP101 7 volts d.c. 7 volts d.c.
TP102 20
TP103 19.5
TP105 9
TP106 22
TP107 22.2
TP108 44.8
TP110 < 1.0
TP111 < 1.0
TP112 0
TP113 45
J101 0.6 amp.

(Front Panel)

M V coLL. VY coLL.

I B
Q101 2.6 2.5
Q102 1.2 1.1
Q103 0 9.0
Q104 45 45
Q105 45 45
Q106 44 1.2
Q107 0 0
Q108 44.17 22.3

TABLE lV

Transmitter RF Measurements

Note: ‘‘Carrier-on”’ voltages taken with transmitier
set to 10 watts output (24.5 volts across 60
ohms). These voltages subject to variation,
depending on frequency and transistor char-

acteristics.
N

T101-3 to TP104 1.1 volts, rms.
TP103 to TP102 0.2

TP105 to TP104 0.7

TP110 to T102-4 0.2

TP111 to T102-4 0.2

Q104-C to TP104 4.3

Q105-C to TP104 4.3

T103-4 to Gnd. 1.5

T104-1 to Gnd. 1.4

Q107-B to TP107 .5 volts, rms.
Q108-B to TP113 )

Q107-C to TP107 14.5

Q108-C to TP113 14.5

T105-4 to Gnd. 105

T106-2 to Gnd. 155 *

TP109 to Gnd. 50 *

J102 to Gnd. 24.5

Note: T101-3 =tap 3 of Transformer T101
Q104-C= Collector of Transistor Q104
TP105 = Test point 105
All voltages read with a-¢ VIVM
*These values may vary considerably with
frequency.
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TABLE v

Transmitter Keying Board
D.C Voltages

NORMAL | CARRIERON| (D.C. on
(Carrier OF) | J104% or 7) and

J104-8 or 9

*May show <1.0 volt with VTVM

TABLE vi

Receiver CLI and Output Board

(with normal received signal)

D.C VOLTAGE SIGNAL

P
TEST POINT ~ TO NEG. VOLTAGE (a.c.)

10

CARRIER STOP

(D.C. on J104-6 or 7

Recommended Test Equipment

I. Minimum Test Equipment for Installation
—_— 7 A PRTL 10T “nstallation

a. Milliammeter 0-250 ma. DC
b. 60-ohm 10-watt non-inductive resistor.

¢. A-C Vacuum Tube Voltmeter (VTVM). Volt-
age range 0.01 to 30 volts, frequency range
60 Hz to 330 kHz, input impedance—one
megohm, minimum.

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

Voltage Range: 0.1 to 300 volts

Imput Impedance: 1.0 megohm, min.

II. Desirable Test Equipment for Apparatus Main-
T — ———=2 7t 1o Apparatus Main-

tenance,

a. All items listed in I.

b. Signal Generator
Output Voltage: up to 10 volts r.m.s.

Frequency Range: 20 to 330 kHz

Oscilloscope

o o

Ohmmeter

@

Capacitor checker
f. Frequency counter

g. Frequency-selective voltmeter

Renewal Parts
rewd rarfs

Repair work can be done most satisfactorily at
the factory. However, replacement parts can be fur-
nished, in most cases, to customers who are equipped
for doing repair work. When ordering parts, always
give the complete nameplate data.

A,



TYPE TC POWER LINE CARRIER TRANSMITTER-

SYMBOL

RECEIVER ASSEMBLY

I.L. 41-944.32

ELECTRICAL PARTS LIST

Transmitter Section

RATING

Cc101

-

C102
C103

50.5-75 kHz
75.5-100 kHz

100.5-150 kHz
150.5-200 kHz

I ey

0.1 mfd, 200 V. DC

]
.005 mfd, 300 V. DC

180 pf. 500 V. DC

0.25 mfd, 200 V. DC

0.25 mfd, 200 V. DC

e

0.25 mfd, 200 V. DC
0.25 mfd, 200 V. DC
0.50 mfd, 200 V. DC
0.25 mfd, 200 V. DC
0.25 mfd, 200 V. DC
(See Table Below)

39

STYLE NUMBER
187A624H01
187TA694H29
187A695H29
187A624H02
187A624H02
187A624H02
187A624H02
187A624H03
187A624H02
187A624H02

.

187A695H12

pfd, 500 V. DC

P, e~ ]
(See Table Below)
100 pf., 500 V. DC
100 pf., 500 V. DC

0.001 mfd, 500 V. DC

Part of FL.102
1N3686B (20 V + 5%)
1IN45TA

1N538
1IN91
1N538

1N91
IN2999A (56 V +10%)
IN2999A (56 V +10%)

Type RVS Arrester

0.47 mfd, 400 V. DC

0.22 mfd, 400 V. DC

V. DC

0.15 mfd, 400

0.1 mfd, 400 V. DC

0.047 mfd, 400 V. DC

187A695H23
187TA695H23

Vary with FrequenCy

185A212H06

184 A855H07T

407C703H03
182A881H04

407C703HO3

] e e

182A881H04
184A617TH13
184A617TH13

637A026A01
187A606HO1

187A694H11

vary with Frequency

Part of FL 101
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ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

““m

J102 Banana Plug Jack 54B159H0 2

J103 T Coaxial Cable Jack T 77‘18';%6‘33?{071_7

704 | erem ;{ege;pta'cle e  187A669HO1

105 | geremm Receptacle T emamsmn

Lloikﬁiﬁ - Part of FLIOI T Vary with Frequency
__Li1oz .1 FL ;og‘Trgpch(m (2nd Harmonicjui\xk Vary with Frequency

L103 FL102 Trap Coil (3rd Harmonic) - \;ar;vcltihiF‘;eiquiencjy

‘L | S 400mn. T 292B096G01

FLIO’) C011 (part of serles resonant

L105 circuit tuned to fundamental freq ) Vary with Frequency
Q101 2N274 187A270H01
Q102 2N274 187A270H01
Q103 2N525 184A638H13
Q104 2N657 184A638H15
Q105 2N657 184A638H15
Q106 TI—481 184A638H11
Q107 2N1908 Matched Pair - Texas Instrument

187A673H02

Co. - Identlf GP2151

STYLE NUMBER
187A643H45
187A64 1H35

2, 720707

10 000 187TAG41H51

100 000 187A763H75

184A763H17
184A763H29

184A641H51 j

10,000

100,000 184A76'3H75
184A763H17 |
S — - —

|

187A763H 29
- 7
|
-
|

629A430HO9
184A763H43

187A641H51 #
184A763H07

12

P
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1.L. 41-944.32

ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

|

R116 0.5 184 A7T63H03
R117 25 1202588
R118 0.5 629A53 1H58
R119 - &5/ 629A531H03
rR120 ?:2/ 185A207HS51
R121 2 - 187A683HO01 o
CR122 o5 | 187A200H01
R123 0.5 B o 187A290HL
. RIz 1 18TA644HO3
R125 3;5 - 187A641H27
R126 1 187A644H43
R127 0.5 187A640H01
R128 o 11 187A644H35
R129 B 0.5 - ;84A636H14
R130 0.5 r187A640H01 -
R131 /717 - B 187A64_4£Ii3’~4
R132 Q,E**fk 184A636H14’_4
13 o eacemd |
R134 '1 B 184A636H18
R135 57 - 77188A317H01
R136 o 70757 o 629A531H58 B
R137 3 7 187A642H55
R138 0_5 o 187A641H27
R139 05 | 1BTAG4IHZT
R140 05 |  629A531H04
R 141 185A211H06
R142 0.25 | 584C276H23
R143 0.5 629A531H63
RATING STYLE NUMBER
Ti101 //__/1&07@/740108&1@57777 205C043G01
31012_ 10,000/400 Cjtu 714B666G01
T3 | ~ 1930/60 ohms_ 1633000 | 1962694
TI04 | ~ Tums ratio, 7}@ 5 _ Pri./each sec. 292B526G01
T105 . 10/500 Oth - - - 292B526G02
T106 . 0 500/50 60 -70 ohms | i 292B526G03
Y101 30-300 kHz crystal per 3280083 Specify Frequency

13
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ELECTRICAL PARTS LIST

Transmitter Keying Board

SYMBOL RATING STYLE NUMBER
C151-C152 .047 mfd., 200 V. 849A43THO4
C153 - 25 mfid., 125v. | 184A637THOT |
C154 I 4Tmfd., sov. 863A530H01 |
Cpist - 1nes7a | 184A855H07T |
p1s2 T Nass | 188A342H06 |
O 417 T sagassimos
RISI-R159 | ek onw | 629A531H7T2
RI152R153-R160-R161 | 47K, %w. T 629a531m48
R154- R 162 T ek .,  629A531H78 |
R155-R158-R163-R166-R169 | 10K, %W, " 629A531H56
R156-R 164-R167 T sk ww, 629A531H52
. RI5TRI6S-RIES | ek, ww, 629A53 1H66
R170 [ 7 S — 763 A129H04

Z151-2152-Z2155-7156
Z153-Z157
Z154-7158

IN3688A (24V)
1N3686A (20V)

IN957B (6.8V)
IN748A (3.9V)

862A288H0 1
185A212H06

185A797THO6
185A797H13

IN5357B (20V) 862A288H0 2
Receiver Section

0.1 mfd., 200 V. DC 187A624H0 1

~ 300pt. s00v.pc 187A695H35

180 pf. 500 V. DC 187A695H29

0.2 mfd. 200 V. DC o 187A624H02

T o25MFD.200 v.DC 187TA624H02

©0.25 mfd., 200 V. DC | 187A62am02

0.25 mfd., 200 V. DC -  187A624HO2

0.5 md., 200 V.DCc  187A624H02

T 0.» md. 200V.DC N 187A624H02 |

0.25 mfd., 200 V. DC 187TA624H02

 0.imfd., 200V.pCc 187A624H0 1
05 e 20y b

© 20md., 200v.pC 187A624H05

 0.25mfd, 200V. DO 187A624H02

o 39 pfd., 500 v. pc 187A695H12
 IN302TB (20V + 5%)

N1 - 182A88 1H04

CR203 . IN91 ] 182A881H04

14



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY I.L. 41-944.32

ELECTRICAL PARTS LIST

Receiver Section (cont.)

Recelver 1 f Fllter 20kHz (2 sectlons)

,,,@%CPE‘ELQE?E‘;E@K Jack

Closed Circuit Jack (CLI)

Closed Clrcult Jack (200MA)

' 1§7A270H01
 187A270H01_
~ 187A270HO1
_ 187A270HO1
187A270HO1
_ 184A638H12
18TA673HO1

21\13933;\

2N1362

STYLE NUMBER

18TAG41H51
187A641H35
187A641H51

184A763H75 -
_ 184AT63HIT

185A086H07

28K Pot.

B o
R208 10,000 10 187A641H51
~ Ra0o w0000 |3  184AT63HT3
___R210 . 5 184AT6SHIT
T Rall ,Seﬁaj E%E,Bﬂgvx,,
R212  620A430H02
© R213 | 184AT63H29
I R I Y TR EE. S S e vy
~ R25 ) /1&@631158
R216 184 AT63H40

+ R211 — 10K - above 50kHZ - S#187AB641H51
22K - 30-50kHZ - S1#187A641H59

15
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ELECTRICAL PARTS LIST

Receiver Section (Cont.)

r SYMBOL RATING STYLE NUMBER
OHMS +*TOL. % WATTS
R217 620 5 0.5 184 AT63H22
R28 | e | 5 | es | wrazsomae
R219 B 19:‘@07f*‘,¥g*,,ﬂ,ﬁ\,ﬁff,_fo;Lﬁ 187A641H51 |
R220 w0 | s T 05 | 1s4A763H58
R221 300 5 0.5 |  184A763H14
R222 3,600 5 0.5 184 AT63H40
620 5 0.5 184AT63H22
5 0.5 187A290H20
05  187A641H51
05 184A763H58
05 | 1is4atesnis
0.5 . 184A763H40
05 | 1s4A763H22 i
o5 187A200H11
05 _ 184AT763H34
2 __185A207H29 |
2 187A642H43
05  184A763H44
1T 187Asaanis
U1 isTasams
40 1336074 |
o See t Note Below
0.25 629A430H02
Type 3D102 Thermistor . 185A211H12
Type ’FNi-% géns;s?(; T ‘TWIT‘\G_%HOG
o | 7u4meTiGor
T 205c043001
S | 205C043G03
Y201 50-320kHz Crystal per 328C083 Specify Frequency
Receiver CL| and Output Board
SYMBOL RATING

C251 to €253
C255 to C260

0.27 mfd, 200 V.d.c. 188A669H05

C254 0.82 mfd, 200 v.d.c, 188A669H15
D251-D252 1N457A\¥*77‘ e B 7}§%é§i5§977_ 7
1IN645A 837A692H03

1IN3686B (20V.)
IN3688A (24V,)

185A212H06

T R238- omit - above 50kHz
- 22K, 30-50KHz, S#187A641H59.

16
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ELECTRICAL PARTS LIST
Receiver CL1 and Output Board (Cont.)

SYMBOL RATING | STYLE NUMBER |
o RTK TM Se“ﬁ&fw
- /—_Mt//w
220, oW [ _184AT63HIL
- o - ”247271871/3\&77771 I 184A763H35
15K, 1/2Wﬂ - B 7F1§4£637Hk52k#*_
. 24K, W, .+ 184AT63H36 |
330, W | 184AT63HIS
AN __ 184AT63H43
560, YW. ot (184A763H21
~ R262] R26a B - L 1.2K, WW.o ]  184AT63H29 |
_R263-R264 | 180, W, © | _184A763HO9
R266 . e | ComUER
R267-1 R269 S 10K, MW, 7*6297A75§14H§k677u
6.8K, YaW. - 7 L 629A531H52 -
82K, 1/2W, »6¥279A531H’78 -
150 3WQ 762A639H01 ]
o Q2/1-Q252 | 2N4356 I — _849A441H02 |
. Q23 o i aNBalT [ _ 848A8SIHOL
Q254 2N3645 849A441HO1
Power Supply Section
SYMBOL FUNCTION DESCRIPTION OR RATING STYLE NUMBER
 (Oto(—ybypass | 0domid B330VAT 1723408 |
A-C grounding - 015/E£df1_5/00_\llzc I 1877962 o
o 77‘1;57 grounding o o 0.5 mfd, 1500 VDE | 1877962
CFier ””#';“F_E]ETW*FT"{EMOW N
I Filter I 44—5;7&1./77*’777'*7 ;’—7?91;135(}01 o
| seeskomlesr | Tape2wi0isC sicon \ Transistor | 1874342002
7751 ] 'VSerles dropping 26.5 ohms, 40W. 04D1299H44
TR | 1y | semesdroppine | sameasri | 04p12gmas
R3 { Current limiting ] 566 ohms, 4&/?7 . 7”17276870477777 o
R ] For 48 VDC, _ _
R2 48V R1=R2 0
__/R?L,rf, o l@i O_tini,_d,k,i B 40\&4,4 - 04D1299H44
TPl | Testpoint(h) | pinJack—red | 18}?51191_7’
TP2 | Test point (=) | Pin | Jack — black 187A332H02
VR1 L VoltaE_e#Re’guﬁo_r#/i L 1N%§3§B (45V ) 184A854H06 N
VR2 Surge Protection 7 71?13009A (12370V ) Zenertides 7 7154;&?1?};1—27 |
VR3 Voltage Regulator *kfgkjmll\IIZB—l/Sé_(*lBVa) B EX%&;J

17
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1.L. 41-944.32

200.5-300 KHZ ONLY

VRS

POWER AMFLIFIER
AND TRANSMITTER
KEYING BOARDS

FL201(200.5-300KHZ)
UNDER TRANSMITTER
BOARD

;
Y

TRANSMITTER PRINTED

-
|
!
| CIRCUIT BOARD
1

e T

[N

a

FL102

RECEIVER
CL! AND
QUTPUT BOARD

RECEIVER
BOARD

REAR VIEW
205C297
Fig. 2 Type TC Carrier Assembly —Parts Location
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Fig. 3 Transmitter Printed Circuit —Parts Location
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Fig. 4 Power Amplifier Printed Circuit —Parts Location

FOR 30 TO 50 KHZ ONLY
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Fig. 5 Receiver Printed Circuit —Parts Location
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Fig. 6. Transmitter Keying Board — Parts Location.
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Fig. 7. Receiver CLI and Output Board — Parts Location.
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TYPE TC POWER LINE

CARRIER TRANSMITTER-RECEWER ASSEMBLY

|F_FILTER TEST CIRCUIT
SEC*! _

INPUT FILTER TEST CIRCUIT

o O
4 5
2 3
Q O

Lo

va

FOR BOTH FILTERS,

b= 20 LOG ¥
V2

TC RECEIVER FILTER LIMITS

INPUT FILTER FOR 200.5-300 KHZ
INSERTION LOSS 12-16 D

30
. 7
25 a ——1
1 %
20 ;/ ,/
gy / Z
15 /: r7
AN+
g Z
7, \ ///// 2
%4 . %
° /|:( 18 19 20 2! 22 23 KHZ
TYPICAL SELECTIVITY
EACH SECTION
INSERTION LOSS 26 DB MAX.
35
DB
3c / \ /
20 ? %
7 /
A7
GV
g\ v
0 {é I Fo +1 -2 KW
TYPICAL SELECTIVITY.30-200KHZ

B, RISING WITH FREQUENCY

INSERTION LOSS 12-18 DB,
RISING WITH FREQUENCY.

DOWN 3dbAT T0.8-LI KHZ, RISING WITH FREQUENCY
AT 2KHZ, DOWN 22-3508,DROPPING WITH RISING FREQUENCY

62974

Fig.

25

9, Type TC Receiver Filter Characteristics



LL. 41-944.32

145 146 147 148 KHZ

Curve 538014

240

200

160

B

TYPE TC CARRIER
RECEIVER SATURATION
CURVE

D.C. OUTPUT MA.

120

80

Q

rd

MV INPUT

T
L

80

100 120 140 160

Curve 537965

Fig. 10. Type TC Receiver Overall Selectivity Curve.
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Fig. 11. Type TC Receiver — 200 ma. Output Characteristic.
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Power Supply
— 7P Supply

The power supply circuit for 48 or 125-v.d-¢
supply uses g series-type transistorized d-c voltage
regulator which has a very low standby current drain
when there is no output current demand, The zener
diode VR1 holds a constant base-to-negative volt-
age on the series-connected power transistor Q1.
Depending on the load current, the d-¢ voltage drop
through the transistor Ql and resistors R1 and R2
varies to maintain g constant output voltage of
approximately 45-v. d-c, The zener diode VR2
serves to protect the collector-base junction of Qi
from surge voltages. Capacitor C1 provides a low
carrier-frequency impedance across the d-c¢ output
voltage. Capacitors C2 and C3 bypass r.f, or tran-
sient voltages to ground, thus breventing damage to
the transistor circuits. Inductance L1 and capacitor
C4 serve as a filter to brevent any appreciable car-
rier-frequency energy from getting onto the external
d.c. supply circuits.

For a 250-volt d-c supply, the circuit of Figure
15 is used. This consists of an external voltage-
dropping resistor assembly (135 ohms total) in con-
Jjunction with three 15-volt Zener diodes on the TC
set chassis connected in series. The resistor as-
sembly (see Figure 16) must be mounted at the top
of a cabinet or an oben rack. Because of the heat
dissipated, no transistorized equipment should be
mounted above the resistor panel. The 250-volt TC
set has a constant current drain of 1.5 amperes d-c.

Relaying Control Circuits
— 1 79 ool Lircuits

The transmitteriart and stop control” circuits
and the receiver 20-volt output (previously des-
cribed) allow this type TC set to be used with
solid-state protective and auxiliary relays which
also have 20-volt input and output‘‘logic’’. In
addition, these carrier control circuits are designed
to absorb and limit externally generated surges so
they will not damage the transistors or associated
components,

For flexibility in application, provision is also
made for keying the transmitter from either 48 or
125 volts d.c. Also, the 200-ma receiver output
circuit is brought out to a J104 terminal for con-
nection to a 30-ohm alarm relay, if desired.

CHARACTERISTICS

30-300 kHz (50-300 kHz for
phase comparison relaying)
10 watts into 50 to 70-ohm
resistive load

55 db below 10 watts,

Frequency range
Transmitter output

Harmonics

4

Receiver sensitivity 125 v, input for 180 ma.
minimum output current
Receiver selectivity 1500 Hz bandwidth (3 db down):

down 80 db at +3kHz.
Transmitter-receiver

channel rating 40 db
Input Voltage 48, 125, or 250 V. d-c
Supply voltage

variation 42-56V, 105-140V, 210-280v
Battery Drain: 0.5 amp standby, 1.35 amp
48 V.D.C. transmitting
125 v.D.C. 0.25 amp standby, 1.1 amp
transmitting
250 V.D.C. 1.5 amp standby or transmitting

Temperature range =20 to +55°C around chassis

Frequency Spac ing
——TTF7ty dpacing

The minimum recommended frequency spacing
between two Type TC carrier sets operated in para-
llel without hybrid units is shown on the curve of
Fig. 13. For example, at 100 kHgz. the minimum
Spacing is 8 kHgz, Closer spacing would result in
the generation of intermodulation products caused
by the non-linear load presented by each transmitter
to the other one.

The minimum frequency spacing between a TC
carrier channel and an adjacent transmitter signal
keyed on-off at a rate of 60 pulses per second can
be determined from the nomograph of Fig. 14, Using
the example shown by the dashed line, consider a
type TC set used on a channel with a normal atten-
uation of 15 decibels. The TC receiver would be
set to give a margin of 15 db below the normal Te-
ceived signal, or for a sensitivity of —30 db (rela-
tive to a 24.5 volt, 10-watt Signal). The interfering
signal is assumed to be a 10-watt transmitter at
the same location. To determine the minimum
frequency spacing of the TC receiver from this
interfering signal, lay a straight edge between the
—30 db point on the receiver sensitivity scale and
the zero-db point on the interfering transmitter
scale. The resulting line crosses the channel
spacing scale between 3 and 4 kHz. For this ex-
ample, a channel spacing of at least 4 kHz should
be used. (In order not to conflict with the limits of
Fig. 13, an r-f hybrid may be needed between the TC
set and the other transmitter, depending on the
actual application.)

For protective relaying applications to 3-terminal
lines, the transmitter frequencies are offset 100 hertz
to prevent a slow beat or cancellation of the received
signal when two transmitters send blocking signals
to the third terminal. The three transmitters operate
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at fc, fc+100 Hz, and fo— 100 Hz. All receivers

operate at the channel center frequency (fe).

INSTALLATION

The type TC transmitter-receiver is generally
supplied in a cabinet or on a relay rack as part of
a complete carrier assembly. The location must be
free from dust, excessive humidity, vibration, cor-
rosive fumes, oI heat. The maximum ambient tem-
perature around the chassis should not exceed 55°C.

ADJUSTMENTS

Transmitter

The main adjustment on the transmitter is the
power output control R112 on the transmitter printed
circuit board. Disconnect the coaxial cable from the
assembly terminals and replace with a 50 to 70 ohm
noninductive 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 T106 output
lead to the corresponding tap. Connect an a-c vac-
uum tube voltmeter (VITVM) across the load resis-
tor. Turn the transmitter power output control R112
to minimum (full counterclockwise).

Now apply d-c power and note the d-c voltage
across the two pin jacks TP1 and TP2. If this is
in the range of approximately 42 to 46 volts, throw
the carrier-test switch SW101 on the panel to the
ON position. slowly advance the output control
R112 on the transmitter printed-circuit board until
about 10 volts is obtained across the output load
resistor. At this point, check the adjustment of the
series output tuning coil L105 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 maximum voltage
across the load resistor. For 200-300 kHz operation,
1,105 is a ‘‘pot core” and has a adjustable core
screw. Use a screw-driver in this case. No locking
device is needed.

Now continue to advance the output control R112
until the output voltage tabulated in the following
table is obtained across the load resistor. Recheck
the setting of L.105 to be sure it is at its maximum
point for 10 watts output. Tighten the locking nut.
Turn off the carrier test switch SW101, remove the
load resistor, and reconnect the coaxial cable cir-
cuit to the transmitter.

NOTE: Do not change the adjustment of the R142
control on the printed circuit board See Mainten-
ance section for R142 adjustment.

l.L. 41-944.32

T106 Tap Voltage for 10 Watts Output
50 22.4
60 24.5
70 27.0

Transmitter Filter

Normally, the output tilter (FL102) will require
no readjustment except as noted under Adjustments-
Transmitter, as it is factory tuned for maximum sec-
ond and third harmonic rejection, and for series
resonance (maximum output at the fundamental
frequency) with a 60-ohm load. The adjustable
cores of 1102 and L103 have been set for maximum
harmonic rejection at the factory, and no change
should be made in these settings unless suitable
instruments are available for measuring the second
and third harmonic present in the transmitter output.

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

Receiver

The receiver board has two controls; the i.f.
input control R239 which is usually factory-set at
maximum giving a sensitivity of 125 mv. or less for
180 ma. output, and the local oscillator output con-
trol R212. The oscillator output is preset at the
factory at 0.3 volt. This setting can be checked by
connecting an a-cC VTVM between receiver test
points TP202 and TP206 (shield lead of VTVM).
The voltmeter reading with the equipment energized,
but not transmitting, should be 0.3 volt. Note Fig. 5
for location of components on the receiver printed
board.

The other adjustment on the receiver is the gain
control R207 which is front-panel mounted. It is
recommended that the receiver gain normally be set
for a 15-db operating margin to allow for reasonable
variations in receiver input signal level without
affecting the output blocking current. This adjust-
ment can be made in two ways, as follows:

1. First, measure the normal received signal from
the remote terminal (after the line tuners have
been adjusted) by starting the remote transmitter
and measuring the voltage across the coaxial
cable at the receiving terminal. This signal
should preferably be measured with a tuned volt-
meter such as the Sierra carrier-frequency volt-
meter. If a simple VTVM is used, have the
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remote f{ransmitter turned on and off several
times to be sure the VTVM reading is actually
the remote signal. Note the reading. Now dis-
connect the coaxial cable, and feed a signal
into the carrier assembly atthe coaxial terminals
from a separate signal generator. Set the signal
generator to the received frequency at a level
15 db below the previously measured incoming
signal. With a 0-250 ma. (minimum) d-¢ milliam-
meter plugged into J203, adjust the receiver
gain control until an output current of about 100
ma, is obtained. As this point is on the steep
portion of the receiver output-input curve, it
may be difficult to set the gain control for
exactly 100 ma. This is not necessary, how-
ever, as the signal is not normally at this
value, This is the operating setting of the re-
ceiver gain control. Return the coaxial cable
connections to normal.

NOTE: Do not energize the local transmitter
when making the foregoing adjustment as the
signal generator may be damaged.

2. As an alternate procedure if no signal generator
is available, the local transmitter itself may be
used as the signal generator. First determine
the normal received signal from the remote ter-
minal as explained previously under (1). Then
turn off the remote transmitter.

Now turn on the local transmitter and reduce its
output to a value 15 db below the normal re-
ceived signal level. Then adjust the receiver
gain control to give 100 ma. output as before.
When this adjustment has been made, reset the
local transmitter to its normal 10-watt output
level,

In applications where the line attenuation is
low and a strong signal is received, the adjustment
of the receiver gain control R207 becomes critical,
For such applications, the setting of i-f gain control
R239 may be reduced to lower the overal] receiver
gain. The front-panel control R207 will then have g
smoother and more gradual control as the knob is
rotated, making it easier to obtain the 15-dp margin
setting.

Carrier Level Indicator (CLDI)
————=" —¢vel 'ndicator (CLI)

The CLI should be adjusted on a clear dry day
when line conditions are considered normal. After
the receiver sensitivity has been set for a 15-db
margin, turn on the remote transmitter at its normal

6

10-watt output. With a small screw-driver, adjust
the CLI input control R252 to give a reading of
2.5 ma. on the 0-3 ma. d-c milliammeter in the CLI
output circuit. This current can be read at J202
on the TC set panel for convenience. If the re-
ceived signal varies for any reason, the CLI out-
put current will change accordingly, as indicated
by the curve in Fig. 12,

When carrier is transmitted from a given station,
the pointer of the local CLI output milliammeter
will be driven off scale. This will not in any way
damage the instrument as the CLI saturation current
is less than 4 ma. d.c.

MAINTENANCE

Periodic checks of the received carrier signal
will indicate proper operation of the equipment. At
regular maintenance intervals, any accumulated
dust should be removed, particularly from the heat
sinks. It is also desirable to check the transmitter
power output and receiver sensitivity at such times,
making any necessary readjustments to return the
equipment to its initial settings.

Voltage values should be recorded after adjust-
ment in order to establish reference values which
will be useful when checking the apparatus. The
readings will remain fairly constant over an indef-
inite period unless a failure occurs. However, if
transistors are changed, there may be consider-
able difference in these readings without the over-
all performance being affected.

Typical voltage and current values are given
in Tables I through VI. Voltages should be mea-
sured with a VTVM. Readings may vary as much as
*+20%.

Adjustment of R142 on Transmitter Board

The small adjustable resistor (pot.) R142 sets
the forward base bias on transmitter transistors
Ql04 and Q105 to the proper point for class-B
operation. This is ga factory adjustment and need
not be changed unless transistors Q104 or Q105
(or both) are replaced, However, if these frans
sistors are changed, or if the R142 setting is dis-
turbed in error, the following adjustment procedure
should be followed to reset R142:

First remove d-c power from the TC carrier set
assembly. Unsolder the lead from terminal 2 of
transformer T103 (just above FL101) and tem-
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porarily —connect a low-range d-c milliammeter
(0-1.0 or s0) between the removed lead (4) and
T103 terminal 2 (—). Turn the slotted control on the
small pot (R142) to full counterclockwise. Now,
apply power to the TC carrier set, but do not trans-
mit carrier. Advance the pot until the d-c milliam-
meter reads 0.2 mA d.c. 2 05 mA. Turn off the
power, remove the milliammeter, and solder the lead
back on terminal 2 of T103. Again apply d-c power
and proceed with the transmitter adjustment as
described in the ADJUSTMENTS section.

CHANGE OF OPERATING FREQUENCY

The parts required for changing the operating
frequency of a type TC carrier set are as follows:

Transmitter

1. Oscillator Crystal (Y101), specify frequency.
NOTE: Modify A-B-C jumpers on transmitter
board if required for new frequency. See table
marked ‘1’ under internal schematic (Fig.8).

2. R136 Jumper
For operation in 30-50kHz range, clip off R136
as indicated in Fig. 3.

3. Wclllamdcﬁqon Power Amp. board)
a. 30-50 kHz — 0.47 mfd. — S#188A293HO1
b. 50.5-75 kHz ~— 0.22 mfd. — S#188A293H02
c. 75.5-100 kHz — 0.15 mfd. — S#188A293H03
d. 100.5-150 kHz — 0.10 mfd. — S#188A293H04
e. 150.5-300 kHz — 0.047 mfd. — S#188A293H05

4. FL101 and FL.102

Filter FL101 is a small series-resonant tuned
circuit between the driver and power amplifier
stages of the transmitter. It has just two ter-
minals. Filter FL102 is a larger assembly, des-
cribed under OPERATION. It has three external
connections: input, output, and ground. This
filter is mounted by four corner posts. To re-
place, unsolder the three leads, remove the nuts
from the mounting posts, and 1lift the filter
assembly from the posts. The new filter can
now be installed.

Inductors L101, L102, and L103 in these filters
are adjustable over a limited range, but forty-two
combinations of capacitors and inductors are fre-
quired to cover the frequency range of 30 kHz to 300
kHz. The widths of the frequency groups vary from
1,5 kHz at the low end of the channel frequency
range to 13 kHz at the upper end. A particular as-
sembly can be adjusted over a somewhat wider range

than the widt

ances. The nomi

1.L. 41-944.32

h of its assigned group since some
overlap is necessary to allow for com
nal kHz adjustment ranges of the

ponent toler-

group are:

30.0-31.5 61.0- 64.0 113.0-119.5 207.1-214.0
32.0-33.5 64.5- 68.0 120.0-127.0 214.1-222.0
34,0-36.0 68.5- 72.0 127.5-135.0 222.1-230.0
36.5-38.5 72.5- 76.0 135.5-143.0 230.1-240.0
39.0-41.0 76.5- 80.0 | 143.5-151.0 240.1-250.0
41.5-44.0 80.5- 84.5 151.5-159.5 250.1-262.0
44.,5-47.0 85.0- 89.0 160.0-169.5 262.1-274.0
47.5-50.0 89.5- 94.5 170.0-180.0 274,1-2817.0
50.5-53.5 95.0-100.0 | 180.5-191.5 287.1-300.0
54_1‘,0—5'7q0 100.5-106.0 192.0-200.0

57.5-60.5 106.5-112.5 200.1-207.0

If the new frequency lies within the same fre-

quency group as the

original frequency, the filters

can be readjusted. If the frequencies are in different
groups, it is possible that changes only in the fixed
capacitors may be required. In general, however, it
is desirable to order complete filter assemblies ad-
justed at the factory for the specified frequency.

A signal generator, a frequency counter, and a
vacuum-tube voltmeter are required for readjustment
of FL101. The signal generator and the counter
should be connected across terminals ¢ and 5 of
transformer T103 and the voltmeter across terminals
1 and 2 of transformer T104. The signal generator
should be set at the channel center frequency and
at 2 at 3 volts output. The core screw of the small
inductor should be turned to the position that gives
4 true maximum reading on the VIVM. Turming the
screw to either side of this position 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 ef-
fect of core screw rotation on the VIVM reading will
be less when the resonant inductance occurs near
the end of core travel.

The procedure for readjustment of the 2nd and
3rd harmonic traps of filter FL102 is somewhat
similar. A signal generator and a counter should be
connected to terminals 3 and 4 of transformer T105
and a 500-ohm resistor and a VIVM to the terminals
of protective gap G1ol. 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 3 to 10 volts output. Turn the care
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screw of the large inductor, L,102, to the position
that gives a definite minimum reading on the VTVM.
Similarly, with the signal generator set at exactly
three times the channel center frequency and 5 to
10 volts output, set the core screw of the small
inductor, 1,103, to the position that gives a definite
minimum reading on the VTVM. Then remove the
instruments and the 500-ohm resistor.

If the change in frequency is enough to require a
different filter, it will come factory adjusted as
described in the foregoing paragraph.

After all the tabulated changes have been made
for the new frequency, the transmitter can be opera-
ted with a 50 to 70-ohm load (depending on which
tap of T106 is used) connected to its output, and
inductor 1,105 can be readjusted for maximum output
at the changed channel frequency by the procedure
described in the ADJUSTMENT section.

If a frequency-sensitive voltmeter is available,
the second and third harmonic traps may be adjusted
(or checked) without using an oscillator as a source
of double and triple the channel frequency. Connect
the frequency-sensitive voltmeter from TP109 to
ground and adjust the transmitter for rated output
into the selected load resistor. Set the voltmeter at
twice the channel frequency and, using its tuning
dial and db range switch, obtain a maximum on-scale
reading of the second harmonic. Then vary the core
position of 1,102 until a minimum voltmeter reading
is obtained. Similarly, tune the voltmeter to the
third harmonic and adjust L1103 for minimum volt-
meter reading. It should be noted that this procedure
may not give the true magnitude of the harmonics
because of the large value of fundamental frequency
voltage present at the tuned voltmeter input termin-
als. This condition wiil overload the input circuit
of some commercial instruments. However, the pro-
cedure is satisfactory for adjusting the traps for
maximum harmonic rejection.

If accurate measurement of the harmonic Jevels
is desired, the frequency-selective voltmeter is
connected, through a rejection filter, to the termin-
als of the 60-ohm load resistor. The filter must pro-
vide high rejection of the fundamental. A twin-T
filter is suitable for this purpose. The insertion
losses of this filter at the second and third har-
monics must be measured and taken into account.

Receiver

1. Receiver Oscillator Crystal (Y201), specify fre-
quency, and modify A-B-C jumpers as required.

2. Receiver input filter (FL201), specify frequency.

3. Resistors R211-R238§ Combination
See values in Fig. 8 below internal schematic.

4. Resistors R218 and R224 may have to be reduced.
See following paragraph.

The emitter resistors R218 and R224 of the
i-f stages are selected during factory test to
give the required receiver gain. This is desir-
able since the insertion loss of the input filter
FL201 increases with frequency. If the operating
frequency is reduced, the receiver gain will
probably be higher. In this case, a reduction in
the setting of the i-f input control R239 will give
the 125-mv. sensitivity. If the new operating
frequency is higher, the receiver gain will be
lower. If more than 125 my, is required to obtain
180 ma. output, the gain can be increased by
reducing the value of one or both of the re-
sistors R218 and R224. In most cases, these
resistors should fall in the range of 22 to 150
ohms. These two resistors are soldered to
small terminal posts on the printed circuit
board.

TABLE |

Receiver D.C, Measurements

Note: All voltages are negative with respect to Pos.
45 V. (TP206)

TEST POINT

STANDBY WITH 125

(No Signal) M V. INPUT
TP201 38 38
TP202 0 0
TP203 11 11
TP204 .03 2.2
TP205 20 20

TRANSISTOR VY coLL. VcoLL.

Q201 43 43
Q202 43.5 43.5
Q203 18.7 18.7
Q204 18.7 18.7
Q205 18.7 18.7
Q206 10.5 10.5
Q207
Q208

All voltages read with d-c vacuum-tube voltmeter.
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TABLE Il

Receiver RF Measurements

Note: Taken with 36 kHz and 132 kHZ receiver fil-
ters, 0.125 volt input signal, and gain control
R207 at maximum. Depending on receiver fre-
quency and transistor characteristics, the fol-
lowing values will vary appreciably.

TYPICAL AC VOLTAGES

TEST POINT
132 kHz.

FL201-IN to Gnd. .050
F1.201-OUT to Gnd. .020
Q203 - E to TP206 .090
Q204 - C to TP206 .52
Q205 - B to TP206 .052
Q205 - C to TP206 3.4
Q206 - B to TP206 .37

Q206 - C to TP206
TP202 to TP206

All voltages read with a-c vacuum-tube voltmeter.

TABLE il

Transmitter D-C Measurements

Note: All voltages are positive with respect to Neg.
45V. (TP104). All voltages read with d.c.
VTVM.

TEST POINT CARRIER OFF CARRIER ON
S
TP101 7 volts d.c. 7 volts d.c.
TP102 0 20
TP103 19.5
TP105 9
TP106 22
TP107 22.2
TP108 44.8
TP110 < 1.0
TP111 < 1.0
TP112 0
TP113 45
J101 0.6 amp.
(Front Panel)

1L, 41-944.32

' 1 vear |
___T_M VY coLL. Y coLL.
[ttt

Q101 2.5 2.5

Q102 1.2 1.1

Q103 0 9.0

Q104 45 45

Q105 45 45

Q106 44 1.2

Q107 0 0

Q108 44.17 22.3

TABLE IV

Transmitter RF Measurements

Note: “‘Carrier-on’’ voltages taken with transmitier
set to 10 watts output (24.5 volts across 60
ohms). These voltages subject to variation,
depending on frequency and transistor char-

acteristics.

TEST POINT A-C VOLTAGE
T101-3 to TP104 1.1 volts, rms.
TP103 to TP102 0.2
TP105 to TP104 0.7
TP110 to T102-4 0.2
TP111 to T102-4 0.2
Q104-C to TP104 4.3
Q105-C to TP104 4.3
T103-4 to Gnd. 1.5
T104-1 to Gnd. 1.4
Q107-B to TP107 .5 volts, rms.
Q108-B to TP113 )

Q107-C to TP107 14.5
Q108-C to TP113 14.5
T105-4 to Gnd. 105

T106-2 to Gnd. 155 *
TP109 to Gnd. 50 *
Ji02 to Gnd. 24.5

Note: T101-3 = tap 3 of Transformer T101
Q104-C = Collector of Transistor Q104
TP105 = Test point 105
All voltages read with a-c VIVM
*These values may vary considerably with
frequency.



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

TABLE Vv Recommended Test Equipment
Transmitter Keying Board I. Minimum Test Equipment for Installation
— - P PR 10T Instaliation

D.C Voltages

CARRIER STOF
NORMAL CARRIER ON (D.C. on

(D.C. on
(Carrier Off) 11046 or 7) “04a-gdor 7

J104-8 or 9

*May show <1.0 volt with VTVM

TABLE vi

Receiver CL1 and Output Board

(with normal received signal)

D.C VOLTAGE SIGNAL
P
TEST POINT - TO NEG. VOLTAGE (a.c.)

10

II.

Milliammeter 0-250 ma. DC
60-ohm 10-watt non-inductive resistor.

A-C Vacuum Tube Voltmeter (VTVM). Volt-
age range 0.01 to 30 volts, frequency range
60 Hz to 330 kHz, input impedance—one
megohm, minimum.

D-C Vacuum Tube Voltmeter (VTVM).

Voltage Range: 0.1 to 300 volts

Imput Impedance: 1.0 megohm, min.

Desirable Test Equipment for Apparatus Main-
tenance.

a,
b.

=0 o o

All items listed in I.

Signal Generator

Output Voltage: up to 10 volts r.m.s,
Frequency Range: 20 to 330 kHz
Oscilloscope

Ohmmeter

Capacitor checker
Frequency counter

Frequency-selective voltm eter

Renewal Parts

Repair work can be done most satisfactorily at

the factory. However, replacement parts can be fur-
nished, in most cases, to customers who are equipped
for doing repair work. When ordering parts, always
give the complete nameplate data.



TYP

E TC POWER LINE CARRIER TRANSMITTER-RECEIVE

R ASSEMBLY

1.L. 41-944.32

ELECTRICAL PARTS LIST

Transmitter Section

e

V SYMBOL RATING ﬁ STYLE NUMBER
c101 0.1mfd, 200 V. DC 187A624HO1
C102 .005 mfd, 300 V. DC 187TA694H29
C103 180 pf. 500 V. DC 187A695H29
C104 0.25 mfd, 200 V. DC T 137A624H02 |
C105 0.25 mfd, 200 V. DC T 1g7A624HOZ |
C106 0.25 mfd, 200 V. DC 187A624H02
C107 0.25 mfd, 200 V. DC 187A624H02
C108 0.50 mtd, 200 V. DC [ 18TAG24HO3
C109 0.25 mfd, 200 V. DC 187 A624HO0 2
C110 0.25 mfd, 200 V. DC T 1sTAG24HO2 |

+ Cl111 (See Table Below) — "
c112 39 pfd, 500 V. DC 187 A695H 12

+ C113 (See Table Below) —
cl14 100 pf., 500 V. DC 187A695H23
C115 100 pf., 500 V. DC 187A695H23
C116 0.001 mtd, 500 V. DC 187A694H11
CA Part of FL.101 Vary with Frequency

W Part of FL. 102 vary with Frequency
CR101 IN3686B (20 V * 5%) T 185A212H06 |
CR102 IN45TA 184 A855H07
CR103 1N538 407C703HO3
CR104 N9 1 182A881H04
CR105 1N538 407CT03HO3
crw06 | e B 7r47JrF§3§A881H04
criol08 | T N29%9A B6V :10%) T 184A617HI3
cmiosr | T UTIN2999A 6V £10%) T 1san6lTHI3
G101 T Type RVS Arrester 777'1**lk;'r1637 A026A01
7101 | Closed Circuit Jack T | 187A606H01

#200.5 — 300 kHz only.
30-50 kHz 0.47 mid, 400 V. DC 188A293HO 1
50.5-75 kHz 0.22 mfd, 400 V. DC 188 A293H02
75.5- 100 kHz 1T 0.15mfd, 400 V. DC - 188A293H03
100.5-150 kHz - 0.1 mfd, 400 V. DC T | 188A293HO4
150.5-200 kHz T 0.047mfd, 400 V. DC 188A293HO5

n



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

m«m

J102 Banana,Plug Jack 54B159H02
J103 T Coaxial Cable Jra‘ck I 18’77711&?7}51 )
J104 - I 24- Té;h Recégkaéi;migi777“74’474’4“7‘7”77%7;7 B 187A66§;&ﬁfﬁgﬁ
s | latemn Receptacle T T T T T T T T emamsioz
Lol - Part of F‘LlOl [ 7V;l}; with FTedEy
_7&,19277”7”777 . FrLio2 Tra;Coil (2;1d Harmonic)‘h*‘ﬁgi Vary with Frequency
L103 F‘L102 Trap Coﬂ (3rd Harmomc) - gzi;yiwiithif;r?e’(;ﬁein;y
Lt T oo ] »mossco1
P FL102 Coil (part of serles-resonant [
circuit tuned to fundamental freq) Vary with Frequency
2N274 S - R 187A270H01
2N274 - R 187A27OH01 N
2&5% S 74%7777%777m4&84A&mH13 )
2N657 N 184A638H15 )
2N657 [ 184A638H15 N

TI—481 184A638H11 /
2N1908

2N1908

Matched Pair - Texas Instrument
187A673HO2
Co. - Identif. GP2151

187A643H45
187A641H35
187A641H51
187TATG3HTS
184A763H17

184A’763H29

184A641H51 |
184A77;673"‘3H75 f
184AT63H17 ’
187A763H29 ﬂ\
7 629A430H02 -

SR

184A763H43

187A641H51

184 A7 63HO7

12



l.L. 41-944.32

TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

RI116 7/7§¥7’ 441005 184A’763H03
R117 I 2 1202588
R118 2 b 05 629A531H58
R119 2 - 0.5 629A531H03 |
R120 /_»5—7 B 2 185A207H51
R121 - 1#5 /_2, ,187A683H01
R122 - 5 **77/9{)* - 187A290H01
R123/ - 10 - 0.5 187TA290HOL
R124 7 N 1o I S 187TA644H03 |
R125 B 74170’ L ’0/5 187A641H27 1
R126 1o I 187A644H43
RrRi27T - 10 - _’(li,_ 187A640H01
R128 B ; ﬁ. N 1 - 187TA644H35
R129 o I(; - o 0.5 N 184 A636H14
R130 10 0.5 ) 187A§491;19177
R131 7777*7517 I S 7/187A644H43“7*
R132 77*747170 o 7,70i_1 184 A636H14
R133 [ T T S
R134 10 1 184A636H18
R135 ~~771;0—7 o 7737 - 7188A317H01 N
R3S o 2 [ es | owasume
R137 B 4771077 i - 7737 B 771/87A642H55
10 /OES - 187A641H27
w0 es | isTAGEN
e 77777277k777 o (LE’,I, 6§A531H04
B Type 3D202 Thermils:tolrfili 185A211H06
(25K pot. | 20 L 025 - 584C276H23
20,000 2 0.5 620A531H63
RATING STYLE NUMBER

10,000/400 ohms 205C043G01

10,000/400 c.t. 714B666G01

‘ 1930/60 ohms  L633000 1962694
~ Turns ratio, 1/04@7 77#7#7?3:/7e7ach sec. 292B526G01
o 10/500 ohms o 7 292B526G02
o e k292B526G03

500/50 - 60 - 70 ohms i

30-300 kHz crystal per 328C083 Specify Frequency

13



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

SYMBOL r

ELECTRICAL PARTS LIST

Transmitter Keying Board

RATING

STYLE NUMBER 7

C151-C152
C153

C154
D151

R154-R 162
R155-R158-R163-R166-R169
R156-R 164-R 167 -
R157-R165-R168

R170
Z151-Z152-Z155-2 156
Z153-7157
Z154-Z158

Z159
Z160

esers: T

.047 mfd., 200 V.

25 mtd., 125 V.
47 mfd., 50 V.
IN457A

1N4818

- 2N3417

% w.
47K, bw.
82K, %w.
10K, YW,

68K, % W.

IN3688A (24V)
IN3686A (20V)

IN957B (6.8V)
IN748A (3.9V)

IN5357B (20V)

Receiver Section

0.1 mfd., 200 V. DC
300 pf. 500 V. DC
8 et
500 V., DC

180 pf.

0.25 MFD. 200 V. DC
0.25 mfd., 200 V. pC
0.25 mfd., 200 V. DC
0.25mid., 200 V.DC

0.% mfd., 200 V. DC

0.25 mfd., 200 V. DC

0.1 mfd., 200 v. DC

0.25 mfd., 200 V. DC

2.0 mfd., 200 V. DC

0.25 mfd., 200 V. DC

IN3027B (20V * 5%)
1IN91
IN91

849A437THO04
184A637HO1

184A855H07
188 A34 2H06
848A851H02
629A531H72
629A53 1H48
 629A531H78 |
 629A531H56 |
629A531H52
629A53 1H66
763 A129H04

862A288H01
185A212H06

185A797HO6
185A797H13

862A288H02

187A624HO01
187A695H35
187A695H29

187A624H02
 18TA624HO2
187A624H02 |
187A624H02
187A624H0 1
187A624H02
187A624H05

187A624H02

187A695H12

184A449H07
182A881H04

182A881H04

14



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY LL. 41-944.32

ELECTRICAL PARTS LIST

Receiver Section (cont.)

1N538

1N1789 (56 V ks 10%) 484C434H08 j
Recelver Input Fllter 30 300 kHz Sglecify F‘requenc;

Receiver i.f. Fllter 20kHz (2 sectlons)

fi‘icel‘ELCf’E};l‘lp},‘if,?‘ik,,,,, —

Closed Circuit Jack (CLI)

Closed Cucu1t Jack (200MA) .

187A606H01

33 mh. B 187A599H01
T e S
2N274 187A270H01 B
T e - " 1s7A270H0L
| oNoms | 187A270H01

187A270H0L

187A2'79H01
184AG3BH12
187A673HO1

STYLE NUMBER

187A641H51

187A641H35
18’7A64 1H51

_ 10,000
2,200

10,000
100,000

1B4ATE3HTS

_ 184AT63H1T
184A763H29

1 85A08 6HOT

25K Pot.

10 000 18'1A64}<H§>14*7
100 000 i 18747A763H75
184A763H17

§9¢,  Note Below
629A430H02

184A763H29

B 184A763H58
184A763H40

+ R211 — 10K - above 50kHz - S#187A641HS1
292K - 30-50kHZ - S#187A641H59

15



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

ELECTRICAL PARTS LIST

Receiver Section (Cont.)

SYMBOL RATING STYLE NUMBER 7
OHMS tTOL. % WATTS

R217 184A763H22
R218 i @@@E‘i
R219 187A641H51 |
R220 184A763H58
_ 184AT763H14 |

184 A763H40

184AT63H22
187TA290H20
. 187AG41H51
. 184AT63H58
| 184A763H14
184 AT63H40
184A763H22
 187A290H11
184A763H34
_ 185A207H29
187A642H43
 184A763H44
 187A644H19
| 1874644143
1336074 |
See T Note_]}el&
 620A430H02

187A685H06

 205C043G01
205C043G03

Specify Frequency

C251 to C253

C255 to C260 188A669H05
c25¢ | osomid smeean  188A669HI5
D251-D252  184A855H0T
D253 IN645A I e

 Zo51 IN3686B (20v.) | © 185A212H06

IN3688A (24V,)

t R238- omit - above 50kHz
- 22K, 30-50KHz, S#187A641H59.

16



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY L. 41-944.32

ELECTRICAL PARTS LIST
Receiver CLI and QOutput Board (Cont.)

m_m_m

R251 o 4*/’1{’1473213, Eﬁiwsistor - 187A685H05
R252 B - 5K, '4W. pot ] 629 A430H07
R253 B
B R25‘} I R o 2 2K 1/zW L o 7*4178éé’7,63§3r5144
R255 R260 15K 1/qu - ] *E%ALE_SEES_SJ#
 R256 B | 1sanvesmss
B R257 330, »LW. - L 77}%471\77915}_115177
mmemoss | ATRAL | 184AT63H43
REL | 560, M. S| sesesE2t
CRasamaes | MEGAS | iseatesmas
reesme | Do, wN  184ATG3HO9
e T  629A531HEE
,~52§7 R‘?GQ I N ,IQK; f/g_W o o - ~ 629A531H56
77(3727575?"7 I S 68K 1/2We o ) B 7 629A§§1H52 o
R210*7 82K, 15W. - ) 642775)}75737171}@**7
R271 150 3Wn 7 762A679H01 B
7~_Q7251 Q252 R L 2N4356 R b 849A441H02 -
Q253 2N3417 848A851H01 -

Qw4 e Nmess T T 849A441HOL

Power Supply Section

FUNCTION DESCRIPTION OR RATING STYLE NUMBER
 (pro(—ybypass | 098 mfd. 330 vAaC | 1723408
A-C grounding 0.5 mfd, 1500 vDC 1877962
I ac srounding 05 ma swvoe | ieTee2
| Filter - 1 _jflm_f/di 800 VDC T Tjicesoon12 |
R S T [ mesisscor |
_,_Q,l*, R Serie*s-ieig%tﬂor—ﬂﬂigﬁigr’ry’pe/lNLOLSC Silicon T Tran51stor . },87,A§4,2H,,0,2,,,
) RL :kSerles dropping 26,5 ohms, 40W. 04D1299H44
Rz | 125V { Seriesd Gropping__ | Sameas RI L oapuzeomss
o Cgrrent limiting 5363;155 ;6;-- - - 7126870;; S
For 48 VDC, _ _
48V R1=R2 O
o R3 = 26 5 ohms N 4gW O4D1299H4;Wﬁ
2 N /Te_s;t_pong(lﬂ - |  Pin Jack — reg 7:7777 e ) 71;7;;;;7
TP2 Testpoint () L _Pin Jack — black 187A332H02
VR1 - VoltagejR_eguﬁlitgrAiik o 1N2828B (45V ) 184A854H06 -
VR2 Surge Protection 7 7;—# 1N3009A (1236\77 ) Zeneirrich;des 7 TE;;A;S?H—lt‘Z o
L VR3 Voltage Regulator ¥71N2813B (13577 B 7718741854H11

17
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY 1L, 41-944.32

®®®
JIOS

Vb N ®

1 L

2005-300 KHZ ONLY

POWER AMPLIFIER
AND TRANSMITTER
KEYING BOARDS

FL201{200.5~300KHZ)
UNDER TRANSMITTER
BOARD

3
|
TRANSMITTER PRINTED
CIRCUIT BOARD }
4

—==4=n

FLIO2

RECEIVER
CL! AND
OUTPUT BOARD

RECEIVER
BOARD

P2 TPIC‘
5 Em e O

SW
101

REAR VIEW
205C297
Fig. 2 Type TC Carrier Assembly —Parts Location
)
- —_—
il
o
e 2
© o
! ~
x s
o [+ 4
o
a E s
| d =
Nk :
Q2 I
Jk %Q 558 _
%o
% g Smy!| o
elE af g wHg e
©
@3 A
O De——
CLIP JUMPER FOR 30-50 KHZ

CLIP JUMPER FOR HZ /HZM RELAYING

714B958

Fig. 3 Transmitter Printed Circuit —Parts Location
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

]
a
- — Cli3
o O
o N
& =
a
8 (o Cilh —
Pz O
@
m o
@

—~ Cl109

TPIO6
CRIO4
Ri34 - OrTri07

CRI05
[RI30]
E :
o
N
!

RI29

Ri28

I

[R127]
CRIO3

188A319

Fig. 4 Power Amplifier Printed Circuit —Parts Location

TFOI"I 30 TO 50 KHZ ONLY

+ "II.'fzol‘llI)

0205

C206

QO

Tonz()

-RairH

-Re2g-

-R22%-
c207
c208

6 7 TP20S
O

1R223-
c209
c210

e g e

MJ

CR201

Mo i s| 4 cai3
w - 38 |
© L20l
< O S ©
2 o @5 <+ 8 8 o Q208
o 1 g = N
5“"’”‘5'.8 5 s L e ey
ONEG OTP204 TP203 +
187/\766q
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Fig. 5 Receiver Printed Circuit —Parts Location




TYPE TC POWE

R LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

L. 41-944.32

TP
mest o > T

N
~

|
+

O

@
1

¥ @mss

o
o
)
1

B

12154 z158|
| B2 TP@Q 0
o o |52I 4 'IHEEI- N
S RISTLETPSIO  -{RI64} i
8 RI5! O RI7T0 O 156
0 DIS2]]
S -‘* ciss | teisa
j 9 - - |
- — — 880A176
Fig. 6. Tronsmitter Keying Board - Parts Location.
205C020G0OI
c258 [
~{ree3}-
cs7 €259
_
c256 Tstz
R26l [R262] TP254
o
1 cess R279
Mg ez
o)
c254
c252 Cc260
R254] q251) OTP25I ~{Rr269 |-
R255 o
0253
€253 - TP253
R267
cesl
p0s.0 o) 9 (3) ? (l)NEG
° 2 880A174

Fig. 7. Receiver CLI and Output Boaord — Parts Location.
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

30
DB
=N | | | /I
LF FILTER _TEST CIRCUIT 4 7
-_FS—E'C';*l“ 20 ¢% (/
1 / 7
15 /’: 7
NV
B\ 77 /
;z / /
ol

ol
o)
o
=Y

=

18 19 20 21 22 23 KHZ

TYPICAL SELECTIVITY

EACH SECTION
INSERT ION LOSS 26 DB MAX.

o ]
\NPUT FILTER TEST CIRCUIT 30
i ?Sf/\ Z
L5 3 N7 7
[10 K| o / //
@ @ L F 5 // -—L//\
Lok é

(o)
N

NN

%

FOR BOTH FILTERS,

pg= 20 LOG ¥ 5
V2

r
NN

RN

-1 Fo +! -2 KHZ
TC RECEIVER FILTER LIMITS TYPICAL SELECTIVITY, 20-200KHZ
INPUT FILTER FOR 200.5 -300 KHZ INSERTION LOSS j2-18 DB,
INSERTION LOSS 12-16 DB, RISING WITH FREQUENCY  RISING WITH FRE QUENCY.
DOWN 3dbAT T 0.8-1.1 KHZ, RISING WITH FREQUENCY
AT 2KHZ, DOWN 22-3508,DROPPING WITH RISING FREQUENCY

629A4

Fig. 9. Type TC Receiver Filter Characteristics
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L.L, 41-944,32

| S

TYPE TC CARRIER
RECEIVER SATURATION
CURVE

240

200
<
b3

5| is0
IS
2
5]
S

d| 120

80

40

MV INPUT
0
80 100 120 140 160
146 147 148 KHz
Curve 538014 Curve 537965
Fig. 10. Type TC Receiver Overall Selectivity Curve. Fig. 11. Type TC Receiver — 200 ma. Output Characteristic,
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TYPE TC POWER LINE CARRIER TRANSMlTTER-RECElVER ASSEMBLY l.L. 41-944.32
3.0
//
= /
o /,
5 /
o 2.5
(s 4
o [
< 71|
5 !
2 20 ’
< / |
o |
wl
>
W I
|
x 15 )4 ‘
= / |
& / |
9 4 |
& NORMAL LEVEL OF
w0 RECEIVER INPUT
la-J / SIGNAL=+15DB.
s /
/
<
= 7
= 05 y
s LEVEL AT WHICH
4= RECEIVER 20V. l
- , OUTPUT APPEARS.
L I
1
0 i |
-5 0 +5 +10 +15 +20
TC RECEIVER INPUT SIGNAL MARGIN
( DB ABOVE PICKUP )
880A590

Fig. 12. Typical curve of the carrier level indicator
current vs. receiver margin above minimum
operating level.
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

KHZ

~50 4

(125MV) -46 4

- 40 |

3 30 A
>
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W
>
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wl
[od

- 10 A

(24 5V) o

CHANNE L SPACING
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Fig. 14. Minimum Channel Spacing for Keyed Carrier 0 p.p.s.
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

l.L. 41-944.32

!
I

. INPUT

|

1

]

' >I0|POS' 250 V.
| |D'C

| |

T

P (91 EXT. RES. <135
1

I lFuseo pPos., __ _ |
P 7 la ExT RES S~

VR3
IN28138'S P2 cl

|
+— 4 | POS. 45 VDC.
|

- 5

[
!
I
[
|
]
!
I
T FUSED NEG.
[

|L)9 NEG. DC. INPUT
|

862A932
Fig. 15. Detail of Power Supply Section for 250-Volt Supply.
~—s3wioe x § DEEP-45LOTS
A 7 T
i o9 T
= 0O QO O
| _ ‘ . - N
OO OIORN T
. : |
§
=0 O O 0.0 <
I ~ e
L MTG. CENTERS
T =2 = %
T ] il 1 i )
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411C533

Fig. 16. Outline of External Resistor Unit for 250-Volt Operation.
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