INSTALLATION

Westinghouse |.L. 41-944.6G
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

RESERVE SIGNAL DETECTOR
FOR TC AND KR CARRIER

Description Style
Panel mounted for 48 or 125 volt 470D167G02
D.C. KR or TC Carrier

Panel mounted for 250 volt D.C. 470D167G03
TC Carrier only -

Rack mounted for 48 or 125 volt 408C484G01
D.C. KR or TC Carrier

Rack mounted for 250 volt D.C. 408C484G03

TC Carrier only
APPLICATION

The reserve signal detector is a device used to
detect changes in received signal level on a power-
line carrier channel. The relaying receiver output
current is saturated at normal received.signal levels,
Thus, even a substantial reduction in the received
signal may not give a corresponding drop in zéeeiver
output current. The reserve signal detector makes
it possible to detect such changes in gignalflevel
before the signal drops to a low enough@ualuéyto
cause an incorrect relay operation.

CONSTRUCTION

The reserve signal detector isfavailable in two
different mechanical designs:¥ onegfor sSswitchboard
mounting, and one for rack mounting (19'' panel).
The unit for switchboand .moeunting is shown in
Figure 1 which includes4outlin® dimensions and
schematic wiring. Figurg 2 shows the outline of the
rack-mounting unit, and, Figure 3 is the internal
schematic for this deSign.“*Electrically both units
consist of a fixed resistor, a variable resistor, and
a normally oepenypushbitton connected in series.

OPERATION

The resistorsdand pushbutton of the reserve sig-
nal detector are“connected into the transmitter car-
rier-start circuit, effectively functioning as a sepa-
rate transmitter output control. This control is ob-
tained by varyihg the d-c voltage to the amplifier
stage following the crystal oscillator in either the
KR'or TC transmitter. With the TC set, the output will
not drop appreciably until sufficient resistance has
been inserted to drop the voltage across zener
diode CR101 below its 20-volt breakdown. The ad-
justable resistor is effective over a 25-db range of

transmitter output. If a fault occurs while a re-
serve signal test is being made (with reduced trans-
mitter output), operation’ of/ any carrier-start protec-
tive relay will instantly restore full output as long
as required for the,relaying function. The connec-
tions of the regsenve signal detector into the carrier-
start circuit®are shown on the overall schematic
which applies to%a particular order.

ADJUSTMENT

Becausewof differences in transmitter output,
supplyy voltage, and service conditions, it is not
practieallto nave a calibrated dial for this unit. How-
ever,pcalibration may be made at installation by re-
cording output (either db or volts) at various knob
settings of R1. Then, by depressing pushbutton S1
and adjusting the R1 dial so as to obtain one-half
the normal saturated receiver output current (on a
clear dry day), any increase in line attenuation at a
later time may be noted as the difference between
the original setting, and that required to obtain the
one-half maximum receiver output current at the time
of ‘checking. The normal procedure for this test is
to start with the knob full counterclockwise, and
rotate slowly until the remote receiver output drops
to half its maximum value.

NOTE: The :iominal ‘‘one-half maximum’’ value
for the TC set is 100 ma, and for the KR set, 10 ma.
Since these values are half way up a steep curve, it
may be rather difficult to adjust to exactly 10 or 100
ma. If the receiver output current is within + 20 per
cent of the nominal 10 or 100 ma figure, any attenu-
ation figures will be correct within one db.

If communication between stations on a line sec-
tion makes the foregoing periodic adjustment pro-
cedure inconvenient, there is a second method of us-

All possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. 1f
further information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.
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RESERVE SIGNAL DETECTOR

ing the reserve signal detector. First, set the re-
ceiver sensitivity to the desired margin for deterior-
ation of signal. Depending on power company stand-
ards, this will usually be somewhere between 6 and
15 db. Now on a clear dry day, close S1 and in-
crease R1 setting until the remote receiver output
current drops 20 per cent. Leave the control at this
point. At another time when a reserve signal test is
to be made, it is necessary only to close the S1
pushbutton and have the remote operator note the re-
ceiver output current. If it does not drop more than
20 per cent or so, the desirable receiver margin still
exists. If the receiver output drops to a low value
or to zero, it indicates that the original margin no
longer exists. This could mean increased line loss,
reduced iransmitter output, reduced receiver sensi-
tivity, or a combination of these factors.

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 equiped
for doing repair work. When ordering parts, atways
give the complete nameplate data as well as the part
identification as given in the Parts (List.

PARTS LIST
Symbol Description Style
R1 200-K Pot. 185A086H27
R1 200-K Pot. 185A067TH14
R2 2000-0hm resistor 1267296
8000-ohm, resistor 1205219
Sl Rushbutton Switch 879A860H01
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Westinghouse 1.L. 41-944.5B
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TCU CONTROL UNIT FOR
SKB OR HKB PHASE COMPARISON

CARRIER RELAYING

CAUTION: 1t is recommended that the user of this
equipment become thoroughly acquainted with the
information in this instruction leaflet before energiz-
ing the carrier assembly. This is particularly import-
ant for those persons not familiar withtransistorized
equipment.

APPLICATION

The type TCU control unit is used in conjunction
with the type TC transistorized carrier set for SKB
or HKB phase-comparison carrier relaying. The
control unit, which is also completely transistorized,
serves to control carrier transmission, compare
local and remote quantities during a fault, and
initiate tripping for an internal fault.

CONSTRUCTION

The type TCU control unit consists of a stamdard
19-inch wide panel approximately 5-14 inghes¥%3 rack
units) high. The panel is notched for mounfing on a
standard relay rack.All small componénts aSSociated
with the static circuitry are mo@intedjon tWwo printed
circuit boards on the rear of the “panel. Three ad-
justable controls and seyerali\larger components
are mounted on a separate ;SubasSsembly as shown
on outline drawing Fig. lmand“edmponent location
drawing Fig. 2.

OPERATION

General

In phase-compartison relaying, the relative phase
positions of the fault currents at the two ends of a
line section are compared over a carrier channel to
determine whether the fault is within or outside the
protected line section. To make the comparison
overy a‘'single carrier channel, the single-phase
output) voltage of the SKB or HKB relay sequence
network energizes the type TCU control unit which
performs the following functions:

SUPERSEDES I.L. 41-944.5A

Complete Revision

1. Controls the transmiSsion gof carrier in half-
cycle pulses at thegihine“frequency (usually 60
Hz).

2. Compares the phase ‘position of the pulses re-
ceived from 4he remote terminal with similar
local pulsespdevieloped directly from the se-
quence nefwork output.

3. Initiatésaripping if the comparison indicates
am interpal fault.

In additiony the control unit has two secondary
functions:

. Transient blocking and unblocking. If tripping
IS not set up within 25— 32 milliseconds after
FD2 operates, the flip-flop circuitis desensitized
so that discharge of stored energy (in reactive
circuit eclements) at the clearing of an external
fault will not cause incorrect tripping. However,
if an internal fault develops before the external
fault is cleared, the change in phase position
of the local and remote carrier pulses will
cancel the transient blocking after about two
cyvcles to allow a slightly delayed tripping.

2. Carrier squelch. When tripping takes place for
an internal fault, the operation of either the ICS

unit in the HKB relay or the AR relay unit in the
SKB relay energizes a circuit which stops
transmission of carrier. This is to prevent unde-
sirable carrier blocking of another terminal
which might require sequential tripping becausc
of a lower value of fault current at that terminal.
No matter what causes carrier transmission at
such a time (carrier test, for example), the
carrier squelch will hold carrier off for a reason-
able time to allow tripping at other terminals
of the faulted line section.

Explanation of Logic Diagram and

Basic Comparison Circuit

A logic diagram of one terminal of the complete
system is shown in Fig. 3. The blocks in this
illustration include complete units such as the
carrier transmitter and receiver, and the relay

EFFECTIVE FEBRUARY 1973




TYPE TCU CONTROL UNIT FOR SKB OR HKB
PHASE COMPARISON CARRIER RELAYING

enough to allow triggering of the flip-flop for
any internal fault.

4. Transient unblocking — Approximately 25 ms. to
unblock the flip-flop. This circuit requires more
than a single operating pulse, but not more than
two operating pulses (during an internal fault)
to release the flip-flop. Thus it will not operate
on a single transient pulse.

5. Phase delay — Adjustable up to 6 ms. to balance
the delay in the blocking channel equipment.
For type TC carrier, the channel delay is 2 ms.

INSTALLATION

The type TCU control unit is generally supplied ina
cabinet or on a relay rack as part of a complete
carrier assembly. The location must be free from
dust, excessive humidity, vibration, corrosive fumes,
or heat. The maximum ambient temperature around
the chassis must not exceed 55°C. (Minimum temp.
is —20°C).

SETTINGS

There are three adjustable controls (Rygy. 102 and
103) on the rear of the unit. The settings of Ry01
and R1g2are described in the assembly instructionsy
The setting of Rjp3 is a factory adjustmepf§A
procedure for checking the Rjg3 setting is deseribed
in the following section under Calibration.

MAINTENANCE

Routine Maintenance

Periodic checks of the relaying 'system as described
in the assembly instructions®™are ‘desirable to indi-
cate impending failure,so thatf'thel equipment can be
taken out of service for ‘€@oerreetion. At regular main-
tenance intervals, s/any accumulated dust should be
removed.

Voltage values should be recorded after adjustment
in order to establish reference values which will be
useful when checkiftg the apparatus. The readings
will remain fairly constant over an indefinite period
unless a‘failure occurs.

Typical, voltage values are given in the following
table.WReadings may vary somewhat, depending on
thegactual zener breakdown voltage and variations
between transistors.

4

TABLE |
Test Point DC Voltages

NOTE: All voltages are positive with respect to
battery negative (TP1 or TP54). The actual
values will depend somewhat on the regulat-
ed 22 volts which has af +4%ytolerance.

TEST SIMULATED
pOINT | STANDBY PAULT*
1 — p—
(neg.)
2 22 22
(pos.)
3 22 11
(square wave pulse)
4 20.3 20.0
5 0 12
(square wave pulse)
6 0.5 9.8
(square wave pulse)
54 21.5 21.0
52 20 8.5
53 22 21
54 - —
(neg.)

*Test current applied to one relay terminal only,
and high enough to pick up FFD1 and FD2.

_Overall System Check

The overall performance of the TCU control unit in
conjunction with the protective relay and carrier
equipment can best be made by following the pro-
cedures described in the system instructions which
accompany each equipment assembly. Test switches
are provided to simulate internal or external faults,
and a trip-circuit indicating light together with a
receiver output milliammeter serve to indicate
proper operation of the installation.

Calibration

As stated under SETTINGS, the adjustment of phase
delay control Rjg; and the 4-ms. delay control
R1g2 are covered in the system instructions for
the complete TC-TCU carrier (or equivalent)
assembly. In the following paragraphs, procedures
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PHASE COMPARISON CARRIER RELAYING
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are given for checking the transient blocking and
unblocking times and the carrier squelch time.

A. Transient Blocking Time

1.

Connect a s.p.s.t. toggle switch between
terminal 4 of the TCU right-hand printed
circuit board and terminal 17 of the left
hand board. Also connect the START ter-
minal of an electronic timer or the EXT.
TRIGGER terminal of an oscilloscope with
a calibrated horizontal sweep and provision
for a single sweep to the above terminal 17
as shown in Fig. 8A.

Connect the timer STOP circuit of scope
vertical input to TP53 (probe lead) and
TP54 (shield lead) on the left-hand (rear
view) printed circuit board of the TCU Con-
trol Unit. TP54 is negative dc and provides

the return circuit for both START and STOP
inputs. Set timer for positive START voltage
and negative STOP voltage.

Connect a jumper between TP2 and TP3 on
the right hand (rear view) printed circuit
board. (This disables the output of the local
squaring amplifier which might otherwise
interfere with this test).

Carrier assembly energized and in Standby
conditions (normal) but out of services

Close switch to initiate transieat blecking.
The voltage at TP53 to TP54 will{drop from
approximately 20 volts to legs than®ne volt
dc after 18 to 32 ms. This time is determined
by the value of R65 in the type TCU Control
Unit, and is not adjustdble.

At the completion ‘offytesting, be sure to
remove the jumper fromg'P2 and TP3.

B. Transient UnblocKing Time

1.

Connect ‘ay.s.pusgt. toggle switch between
termifals .4 (pes. 45 V DC) and 7 (receiver
output) /0f the TCU right-hand (rear view)
printed ciretrtit board, as shown in Fig. 8B.

Connect the timer stop circuit or scope
vertical input to TP53 and TP54 as des-
cribed in Part A.

Initially close the toggle switch. This
applies positive 45 volts dc to the remote
squaring amplifier input and represents a
received signal. Reset the scope ‘‘single
sweep’’ control if necessary.

Apply sufficient 60-Hz current throfigh SKB
relay terminals 4 and 5 (phase A_to“neutral)
to operate both FFD1 and FD2 faylt detgctors.
A current of two amperes will be,sufficient
in most cases.

Open the toggle switch to startgtiming. This
operation removes theyp simulated received
carrier and starts ‘‘timingout’’ the transient
unblocking functions The voltage at TP43-54
will rise from less,than, one volt to approxi-
mately 20 volts aftem a delay of 15 to 35
millisecondsg.This delay will vary from one
reading to, the next because of the variation
in the pointpon the ac wave at which the
togglefswiteh is opened. The delay can be
variedby readjustment of R103 on the rear
of #henTCW Control Unit.

To (repeat the transient-unblocking timing
chieck, close the toggle switch, then moment-
arily interrupt the ac to the relay. This will
reset FD2 which allows the flip-flop in the
TCU to reset.

Carrier Squelch Time

This timing check is best made using a scope
with a calibrated sweep since carrier builds up
relatively gradually after the ‘‘squelch’’ in-
terval.

1.

Connect a s.p.s.t. toggle switch from posi-
tive of the dc supply to the squelch input
terminal of the carrier assembly.

(Refer to the system dc schematic for the
proper terminals. If the TC carrier set and
TCU Control Unit are mounted in a cabinet,
the squelch input terminal on the assembly
terminal blocks (Z terminals) is the one
that connects to TCU terminal 2 of J101.
For the SKB relay, this squelch circuit is
initiated by (1) closing of an auxiliary ICS
contact or (2) closing of a contact on the
AR tripping relay unit. For the HKB relay,
squelch is initiated by an auxiliary ICS
contact. When the protective relay and
carrier are both mounted in the same cubicle,
it is generally more convenient to make
connections directly to the relay case
terminals).

The toggle switch must also apply the
positive dc supply voltage to the EXT.
TRIGGER terminal of a scope as shown
in Fig. 8C. Be sure that the dc supply
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voltage is not in excess of the safe maximum
value for this scope input circuit.

Connect the scope vertical input to TCU
right-hand circuit board terminals 1 (probe)
and 15 (shield). Terminal 15 is negative
dc which provides the return for the scope
trigger input also.

Set the scope vertical input for dc and an
amplitude of 20 volts, and set the EXT.
TRIGGER for a negative dc input. (Actually,
the input will drop from battery positive to
zero when the toggle switch is opened).

Transmit carrier by turning on the Carrier
Test switch on the panel of the type TC
carrier set.

ed,

Close the test toggle switch, then reset the
scope if necessary. Closing this switch

will stop transmission of carrier. Do not ment na

4

N
S

Q
o
¥

L 4

leave it closed longer than necessary t y
make the test.

Now open the toggle switch. Capacitor, C6
in the squelch circuit will start to dischar

After an interval of 120 to 180 milliseconds,
transistor Q11 will stop conducting an@ the
voltage to the scope verti input will

rise to 20 volts, indicatin er trans-
mission again. \
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TYPE TCU CONTROL UNIT FOR SKB OR HKB

PHASE COMPARISON CARRIER RELAYING

I.L. 41-9

ELECTRICAL PARTS LIST

CIRCUIT sYymsoOL

DESCRIPTION

WESTIN Us
STYLE NUMB

B

RIGHT HAND BOARD (REAR VIEW) 408C338G03 TO G08

CAPACITOR 4
CltoCs 0.25 MFD 200VDC 187A624H02
(of;] 39 MFD  35VDC 7A508H04

DIODES
CR1-CR6-CR7-CR8 1N4818 A Q 188A342H01
CR2 IN3797B-22V 185A089H09
CR3-CR4-CR10 1N457A 184A855H07
CR5 IN91 182A881H04
CR9 IN748A-3.9V 186AT9TH13

A Maybe IN538 Diodes on some boards

RESISTORS
R1-R2 2.2K, %@10% 187A641H35
R3-R10-R12-R27 100K, +10% 187A641H75
R4-R11 0 YW +5% 184AT63H75
RS K, VBw +10% 187A641H59
R6 Qﬁ, VoW +5% 184AT63H65
R7-R20 \ . W £10% 187A641H67
R8-R16-R31 VK, VBW *+10% 187A641H43
R9 470 Ohm, 3W 5% 184A636H20
R13 33K, %W +10% 187A641H63
R14 ¢ O 68K, VoW +10% 187A641H71
R15 \ 27K, YW *10% 187A641H61
R17-R19-R30 10K, VoW +10% 187A641H51
R18 3.3K, VoW  +5% 184AT63H39
R21-R22 O 470K, %W +10% 187A641H91
R23 3309}, 2W 5% 185A207H15
R24 @ 1.2K, VoW  +5% 184AT63H29
R25 \ 5.6K, VoW +10% 187A64 1H45
R2 39K, YW +10% 187A641H65
R2 15K, YaW +10% 187A641H55
R32 33K, W 5% 184A763H63

TRANSISTORS
(Q1-Q2) - (Q6-QT) 2N652A Matched Pair 671B632G01

3-Q5-Q8-Q9 2N 3645 849A441HO1
Q10-Q11 2N699 184A633H19
Q12-Q13 2N652A 184A638H16




TYPE TCU CONTROL UNIT FOR SKB OR HKB
PHASE COMPARISON CARRIER RELAYING

ELECTRIC PARTS LIST

CIRCUIT SYMBOL

DESCRIPTION

LEFT HAND CIRCUIT BOARD (REAR VIEW) STYLE 408C377G03 TO 408C337G07

CAPACITORS
Cb1 0.25MF'D, 200VDC 187TA624H02
C52-C55 1.0MFD 200VDC 187A624H04
C53-C54 500 MMF, 200VDC A 18 TAG9THO3
Cb56 3.0MFD 200VDC 188A293H06
A Maybe .05 MF'D on some boards
DIODES
CR51-CR57-CR61 1N957B-6.8V 186A797THO6
CR52-CR60 IN91 182A881H04
CR53-CR54-CR55-CR56-CR58-CR63-CR64-CR65 1IN538 407CT703HO03
CR59 1IN960B-9.1V 186AT97HI10
CR62 1N 1789456V 584C434HO08
CR66 IN965B-45V. 186AT97HO8
RESISTORS
R51 40 Ohmy 2W +10% 187A640H17
R52-R53-R55-R49-R64-R66-R85 10K, 2W  +10% 187A641H51
RS54 120K, W +10% 187TA641HT7
R56 22K, oW 5% 184A763H59
R57,R69-R80 4.7K YW +10% 187A641H43
R58-R70-R74 22K, LW +10% 187A641H59
R60-R79 4.7K, aW +5% 184A763H43
R61-R71-R77 5.6K, oW +5% 184AT63H45
R62 1.5K, LW *+10% 187A641H31
R63-R82 2.2K, LW +10% 187A641H35
R65-R83 6.8K, LW +10% 187A641H47
R67 (G03-G04) 470 Ohm, 3W 5% 184A636H20
R67 (G05-G06-GOT) 750 Ohm, 3W +5% 185A209H19
R68 47K, VoW +10% 187A641H67
R72 15K, LW +10% 187A641H55
R73 Thermistor 1D101 185A211H04
R75-R84 470 Ohm, Y2W +10% 187A641H19
R76 100K, VLW +10% 187A641H75
R78 6.8K, VoW 5% 184AT63H47
R81 8.2K, LW +10% 187A641H49
R86 470K, VoW +10% 187A641HO01
TRANSISTORS
Q51-Q52-Q53*Q54 2N652A 184A638H16
Q55 2N699 184A638H19
Q56:=Q57-Q58 2N697 184A638H18
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I.L. 4

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL

DESCRIPTION

WES Hg ]

STY NUMBER

LEFT HAND CIRCUIT BOARD (REAR VIEW) 204C315G01

CAPACITOR
C51 22MFD 50V 762A703H01
C52 1.0 MFD 35V 837A241H15
C53-C54 500MMF 500V 187TA694H03
C56-C517 4.7 MFD 35V 184A661H02
DIODES
CR51-CR57-CR61-CR67-CR52-CR53-CR54-CR55 IN95TB — 6.8V 186AT9THO6
CR56-CR58-CR60-CR63-CR64-CR65-CR68-CR69 1N457A 184 A855H07
CR59 1N960B-9.1 186A79TH10
CR62 1N1789-56 584C434H08
CR66 1N965B- 186AT9THO8
RESISTORS
R51 £10% 187A640H17
R52-R53-R55-R59-R64-R66-R72-R85 5% 184AT63H51
R54 5% 184AT63HTT
R56-R58-R70-RT4 5% 184AT63H59
R57-R60-R69-R79-R80 5% 184A763H43
R61-RT7 6K, VaW 459 184AT63H45
R62 1.5K, VoW +5% 184A763H31
R63 2K, VoW +5% 184A763H35
R65-R78 6.8K, VoW +5% 184AT63H47
R67 750 Ohm, 3W 5% 185A209H19
R68-R82 47K, VoW 5% 184 AT63H67
R81 8.2K, VoW £5% 184 AT63H49
R83 1K VoW 45% 184AT63H27
R84-R87 470 Ohm, YaW +5% 184AT63H19
R86 470K, %W 5% 184AT63H91
TRANSISTORS
Q51-Q52-Q53-Q54 \ 2N3645 849A441H01
Q55 2N699 184A638H19
Q56-Q57-Q58 2N697 184A638H18
PARTS NOT ON BOARDS
CAPACITOR
C101 0.225 MFD 339VAC 1723409
CHOK
L101 8.5 Henry, 400 Ohms 188A460HO01
RESISTORS
L 4 100K Pot. 2w 185A067H10
1K Pot. 2W 185A06TH09
50K Pot. 2W 185A067H11
48VDC 300 Ohm 25W 1202847
4, 125VDC 1250 Ohm 25W 1202589
R105, 48VDC 1000 Ohm 25W 1202588
105, 125VDC 3750 Ohm 25W 1202955







TYPE TCU CONTROL UNIT FOR SKB OR HKB
PHASE COMPARISON CARRIER RELAYING
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TYPE TCU CONTROL UNIT FOR SKB OR HKB

PHASE COMPARISON CARRIER RELAYING
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Fig. 8. Component Location on Left-Hand (rear view) Printed Circuit Board in Type TCU Control Unit.
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Fig) 9. Component Location on Right-Hand (rear view) Printed Circuit Board in type TCU Control Unit.
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TYPE TCU CONTROL UNIT FOR SKB OR HKB
PHASE COMPARISON CARRIER RELAYING

toggle sw.
/ To term. 17 of TCU left-hand p.c. board
o— 2> and timer START or scope EXT. TRIGGER.
To term. 4 of TCU right—hand p.c. board
A > (pos. 45 V.D.C.)
— o m === — = To timer STOP or
onTCU  ({TP53 --O<— — scope VERTICAL INPUT!
left—hand / -
p.c. board.
IP54 O
NEG. D.C.

TEST CONNECTIONS TO CHECK TRANSIENT BLOCKING TIME

toggle sw.
o/ To term. 7 of TCU right=hand p.c. board
[ o > and timer START or_scope\EXT: TRIGGER.
B i ~ To term. 4 of TCU right—hand p.c. board
(pos 45 V.D.C)
_______ Toytimer STOP or
on TCU -O<t scope VERTICAL INPUT.
left—hand | TP93 - - —F
p.c. board
TP54_ _Oq
NEG. D.C.

toggle sw
pos D.C. O o . SQUELCH INPUT.
supply ! g '<T‘
2 (on J101)
C l_(> To scope EXT. TRIGGER.

ter f y — === T VERTICAL INPUT

ms.o 4 L0« © scope .
TCU right— - = _——
hand p.c.
board. 15

NEG. D.C.
TEST CONNECTIONS TO CHECK CARRIER SQUELCH

TIME

8784281

F1G.glI\TEST CONNECTIONS FOR CHECKING TRANSIENT BLOCKING AND UNBLOCKING
TIMES AND CARRIER SQUELCH TIME.
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INSTALLATION

Westinghouse 1.L. 41-944.35A
OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE TC-10 POWER LINE CARRIER
TRANSMITTER-RECEIVER (WIDE BAND)
30 to 300 kHz 10 WATTS - 48, 125, 250 Vdc
WITH OPTIONAL VOICE

CAUTION: It is recommended that the user of
this equipment become thoroughly
acquainted with the information in
this instruction leaflet before energiz-
ing the carrier assembly. Failure to
observe this precaution may result in
damage to the equipment.

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

© APPLICATION

The type TC-10 carrier equipment is deSigned
for blocking type pilot relay systems. The first of
these is the directional-comparison schemesiusing
the KA-4 relay, or other electromechanicalcarrier
relay. The TC-10 is also applied to selid-state
directional-comparison systems such Jas the
SKAU-3 or Uniflex blocking systems. THe second
type of system which uses th& TC=10 is the phase-
comparison blocking systemsgwhigh use the SKB-
TCU or SKBU-1 carrier, relays.

The type TC-10 cafrier can also be used for
functions other than relaying. These include a
“push-to-talk’” maintenance telephone channel,
data acquisitian, on8upervisory control.

The controlfof the transmitter can be handled
in many different €onfigurations. The elementary
diagrams for keying the transmitter are shown in
Figures 42 thru 48.

CONSTRUCTION

The transmitter-réceiver unit consists of a
standard 19-inch wide chassis 5% inches (3 rack
units) high. The“ehassis is notched for mounting on
a standard( relay rack. Metering jacks, fuses,
power and“test switches, pilot light, and the
receiver/gain, control are accessible from the front

© ofghe chassis, See Fig. 3. The circuitry is divided
© into\8%plug-in modules as shown in Fig. 3. The

components mounted on each printed circuit
boeard“or other sub-assembly are shown enclosed
by detted lines on the internal schematic, Fig. 18.
The locations of components on the eight printed
circuit boards are shown on separate illustrations,
Figures 4 through 17.

External connections to the assembly are made
through a 36-circuit receptacle J3. The r-f output
connection to the assembly is made through a
coaxial cable jack J2. When voice communication

© is used, the handset plugs into a jack on the front

panel of the voice adapter module.

The input attenuator control RS is accessible
from the front of the receiver input module panel.
In addition, two current jacks are provided on the
detector module for measuring the following quan-
tities:

— Receiver 20-mA. output current.

— Receiver 200-mA. output current.

© A standard set of harnesses are available for

use with the TC-10. These are shown in Figure 49
and are styles 1335D24GO01 through G20. Note the
inclusion of resistors on the Z block for

All possible contingencies which may arise during installation, operation, or maintenance, and all
details and variations of this equipment do not purport to be covered by these instructions. If further
information is desired by purchaser regarding his particular installation, operation or maintenance of
his equipment, the local Westinghouse Electric Corporation representative should be contacted.

SUPERSEDES I.L. 41-944.35, DATED JULY 1979

ODENOTES CHANGED SINCE PREVIOUS ISSUE.

EFFECTIVE AUGUST 1980



duplicating the KA-4 function with other elec-
tromechanical relaying systems when desired.

OPERATION
TRANSMITTER

The transmitter is made up of four main stages
and a filter. The stages include two crystal os-
cillators operating at frequencies that differ by the
desired channel center frequency, a mixer and
buffer amplifier, a driver stage and a power
amplifier. The output filter removes harmonics
that may be generated by distortion in the power
amplifier.

A single crystal designated for oscillation in
the 30 kHz to 300 kHz range cannot be forced to
oscillate away from its natural frequency by as
much as + 150 hz. In order to obtain this desired

© frequency shift, it is necessary to use two crystals

in the 2 MHz range. The crystals are Y1 and Y2
of Fig. 19. The frequency of Y2 is 2.00 MHz when
operated with a specified amount of series ca-
pacity and the frequency of Y1 is 2.00 MHz plus
the channel center frequency, or 2.03 MHz for
30 kHz center frequency. Capacitor CSS and
crystal Y2 in series are connected between the
positive side of the supply voltage and the base of
transistor QS!, which operates in the emitter
follower mode. The emitter is coupled to the base
through C57. With Y2 removed, the base of @51
would be held at approximately the midpoint of
the supply voltage by R51 and R52. Thefcrystal
serves as a series resonant circuit with very high
inductance and low capacitance. Thegeireuit can
be made to oscillate at other than,the'natural fre-
quency of the crystal by varying the'seriesrcapaci-
tor, C55. Increasing CS5 will lower thefrequency
of oscillations and reducing CSSiwill raise the fre-
quency. This oscillator cangbedmade to oscillate
in the range of +1004Hz from/its marked fre-
quency.

Crystal Y1 is€consected in a circuit that is-

similar except for theiaddition of CS3 and diodes
D51 and DS2. By adjustment of CS52 this circuit

© can be made to oscillate at +100 Hz from its

marked frequency. The crystals taken individually
have a greater variation of frequency with temp-
erature than“would be acceptable. However, by
proper4matehing of the two crystals, the variation
in their difference frequency can be kept within
limits%that’ permit holding the frequency stability

of the overall transmitter to +10Hz over a temp*
erature range of -20 to +55°C.

The frequencies produced by the twoWos;
cillators are coupled to the base of mixer transistor
Q53 through C62 and C63. The sum of the two
frequencies is so high that a negligible amount
appears on the secondary of transformeg T51, but
the difference frequency is accepted and’amplified
by Q53 and Q54.

When the keying contrgl is closed, it increases
the output power to 10, watts; This is effected by
reducing the emitter resistance of buffer-amplifier
transistor Q54. When the keying control is open,
transistor Q5SS receives,no base current and is non-
conducting. Emditter, resistor R70 Therefore is
effectively {open-¢ircuited. The level of output
power is adjusted to 1 watt by means of R64.
When Q5$,is made conductive by closing the key-
ing centrolcircuit, R70 is placed in parallel with
R68 and, the’ amount of emitter resistance un-
bypassed by C66 can be adjusted as required to ob-
taimya 10-watt output level.

Als shown on the Internal Schematic, Fig. 18,
the voltage for the keying circuit is obtained from

© the 45-volt regulator supply in the Keying Module.

Thedriver stage consists of transistors Q56 and
Q57 connected in a conventional push-pull circuit
with input supplied from the collector of Q54
through transformer T52.

The power amplifier (Fig. 20) uses two series-
connected power transistors, Q2 and Q4, operating
as a class B push-pull amplifier with single-ended
output. Diodes D2 and D4 provide protection for
the base-emitter junctions of the power transistors.
Zener diodes Z2 and Z4 protect the collector-
emitter junctions from surges that might come in
from the power line through the coaxial cable.

Terminals #17 and 18 on J3 (Fig. 18) are con-
nected across a 2-ohm resistor R6, located on the
power-amp module. When the transmitter is
operating (carrier-on), approximately .5 amperes
(dc) of current flows through R6 developing ap-
proximately 1 volt (dc) for 48V units and 0.25
amps (dc) of current developing 0.5V dc for 125V
and 250V units. This voltage (or current) can be

A
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used to drive an indicating device such as an os-
cillograph or indicating relay for carrier-on indica-
tion. The value of input impedance of the device
connected to these terminals will have no effect on
the transmitter operation, provided that R6
remains as a shunt resistor. R6 should not be
removed or value increased, in an effort to provide
a higher current level for driving the indicating
device, as this could jeopardize carrier-start opera-
tion.

The output transformer T3 (Fig. 21) couples
the power transistors to the output filter FL102.
The output filter includes two trap circuits (L102,
Cl, C2, L103, C3 and C4) which are factory tuned
to the second and third harmonics of the
© transmitter frequency. Capacitors C5, C6 ap-
© proximately cancel the inductive reactance of the
two trap circuits at the operating frequency.
Protective gap G1 is a small lightning arrester to
limit the magnitude of switching surges or other
line disturbances reaching the carrier set through
the line tuner and coaxial cable. Auto-transformer
T4 matches the filter impedance to coaxial cable of
50, 60 or 70 ohms.

The series resonant circuit composéd of/L105
and C7 is tuned to the transmitter frequency, and
aids in providing resistive termination for,thevout-
put stage. Jack J102 is mounted os the panel of
FL102 and is used for measuring the rf. output
current of the transmitter into the coaxial cable. It
should be noted that the filter ‘contains no shunt
reactive elements, thus prgviding a reverse im-
pedance that is free of possible “across-the-line”
resonances.

When keyed for (voicepby the voice adapter,
transistor Q5SS (Fig. “19)#1s keyed into class-A
operation so thatfitsq€anduction can be modulated
by the voice thputifrom the voice adapter. Poten-
tiometer R82 in the transmitter module and R41 in
the voicé-addptergmodule are adjusted so that the
nominal outputfof carrier is 3.25 watts (14 volts
across 60 ohms). The voice input modulates the
carrier through this transistor by varying the
amount of conduction of Q5SS so that the output
power of carrier varies with the voice amplitude
follewing the .voice frequency components. Since
with Q5SS completely nonconducting, R64 has been
set to produce a 1-watt output, maximum modula-
tion on the side to shut off Q55 will not resultin an

output level of less than 1 watt carrier at anyitime.
Also since the output level has been set at, 10" watts
with QSS completely conducting by thefadjusting
of R70, the maximum modulation ensthe side of
“turn-on’’ of QS5 will not result in a carrier output
level of greater than 10 watts at any time.

The biffer keyinggboard in addition to
providing proper buffering also contains logic for
the proper keying of output level in regard to
protective relaying operation and voice adapter
operation.

RECEIVER

The teceiver is a superheterodyne type to
facilitateyobtaining constant bandwidth regardless
of the channel frequency. The major stages include
an inputufilter, attenuator (gain control), crystal
oscillater, mixer, I.F. filters and I.F. amplifiers,
diederdetector, dc amplifier, and dc power output
stage. See Figures 23, 24 and 25.

The fixed input filter rejects undesired signals
while accepting a wide enough band of frequencies
to assure fast operation. The receiver sensitivity is
adjusted by means of the continuously variable in-
put attenuator control RS. The receiver oscillator
is basically the same type as the transmitter but
uses an operational amplifier. The oscillator fre-
quency is 20 kHz above the incoming signal fre-
quency. The receiver channel frequency is deter-
mined by the input filter and the oscillator crystal.

Mixing is accomplished by feeding the in-
coming signal to the emitter, and the receiver os-
cillator signal to the base of the mixer Q211. Injec-
tion into two separate elements, base and emitter,
provides a circuit capable of handling greater
signal level variations 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 both filters and the

complete receiver are shown on curves, Fig. 29
and 30.

© The20 kHz LF. signal is rectified by diodes D2
and D3. The resulting dc output is amplified by
transistors Q2 and Q3, giving a receiver output
current of nominally 200 mA. for a 30-ohm exter-
nal relay coil circuit. Where a second output
current of 20 mA. is desired, an external 2000-ohm



relay circuit can be connected to the receiver out-
put as shown in Fig. 31. If only a 20-mA output is
desired, a 33-ohm resistor and diode must still be
connected into the circuit as shown.

Voice Adapter Module

Voice Receiver Circuit — The voice adapter
receiver (Fig. 26) consists of three r-f amplifier
stages Q1, Q2, and Q3, a diode detector, and an
audio amplifier Q5. The receiver features
automatic volume control whereby, if the received
r-f input level varies, due to line switching_ or
weather conditions, there will be a minimal effect
on listening volume and the volume control need
not be readjusted. This is accomplished using a
field effect transistor Q10 connected in series with
C4 across the emitter resistor R8 of the second r-f
amplifier stage Q2. The drain-to-source resistance
of Q10 varies directly with the dc voltage applied
between its gate and source (TP-A to TP-B).
Therefore, controlling the dc voltage between TP-
A and TP-B will affect the drain-source resistance,
thereby controlling the effective emitter bypass im-
pedance and the gain of Q2. The dc voltage applied
to TP-A is maintained proportional to the signal
level at the output of the detector stage. Q4 serves
as a dc amplifier for feedback to the F.E.T. Fig. 41
illustrates the A.V.C. response of the receiver cigs
cuitry. Plotted simultaneously is the feedback d¢
voltage (TP-A to TP-B).

The demodulated audio signal is present accoss
volume control R14. It is then fed through™@l1 to
the audio amplifier stage Q5. The €ellector load of
QS5 is one half of the primary winding'ef T2 which
is used to match the impedance of ¢the handset
receiver.

Speech-Amplifier Circuit

The speech amplifier’ circuit is a three-stage
audio amplifier usingdtransistor Q6, Q8 and Q9.
The circuit features “afitomatic level control
whereby the output, applied to modulate the TC-
10 Transmitter, is held at a constant level while the
microphone ‘input level can vary up to 25dB in
amplitudefFhis\is accomplished by controlling the
gain of the first amplifier stage Q6, by placing a
field effect transistor Q11 in series with C18 across
the Q6 ‘emitter resistor R24. The effective drain-

to-source resistance of Q11 varies in proportion tg
the dc voltage applied to its gate (TP-8).
Therefore, controlling this dc voltage will affect
the drain source resistance, thereby controllingthe
effective emitter bypass impedance, and the gain
of Q6. The dc voltage at TP8 is maintained
proportional to the audio signal level at the collec-
tor of the second amplifier stage Q8" This signal is
applied to the base of Q7 whichywhen'turned on by
the negative going peaks will causeéicurrent to flow
through D3 and charge C19 applying a dc voltage
to the gate of the F.E.T. (Q1Y) in proportion to the
signal level. The audio signal is applied through
C21 to the third amplifier Q9. The final output
level can be adjusted using R37.

POWER SUPPLY

The power, supply (in Fig. 18) is a series-type
transistorized) deyvoltage regulator which has a
very low, Stand=by current drain when there is no
outputeurrent demand. The zener diode Z 1 holds
a constant _base-to-negative voltage on the series-
connegted power darlington transistor Q1. Depen-
dingyon¥the load current, the dc voltage drop
through transistor Q1 and resistor R2 (in Fig. 18B)
variés to maintain a constant nominal 100-volt
output. The Zener diode Z2 is used in a second

@ series regulator to supply a nominal to 45V for use

with the keying circuit, receiver, and the voicg
adapter. It is placed in a series regulator circuit
(Q2 & R1) so that it does not draw current unless
called upon by the receiver and voice adapter.
Capacitor Cl provides a low carrier-frequency im-
pedance across the dc output voltage. Capacitors
C2 and C3 by pass r.f. or transient voltages to
ground, thus preventing damage to the transistor
circuit.

For a 250-volt dc supply, the circuit of Fig. 35
is used. This consists of an external voltage-
dropping resistor assembly in conjunction with a
125V TC-10 set chassis connected in series. The
resistor assembly (see Fig. 34) 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-10 set has a constant current drain of
0.9 amperes dc, and uses 1%2 amp fuses in the
resistor panel.

When the TC-10 set is used with solid-state

s
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protective relays (such as the SKBU-11), power
© switch S2, and fuses F1 and F2 are omitted from
© the assembly. See Figures 22C & 22D. Instead, the

carrier-stop relays is provided by fusing the
resistor supplied as part of standard, hagness and
connecting as shown in Figure 44/

dc power for the complete relaying assembly is
controlled from a single switch and set of fuses.
This is done to prevent an incorrect tripping or
blocking output which might result from interrup-
tion of one or both sides of the dc supply to the
carrier set or protective relays. For solid-state
relaying applications, there are no connections to
J3 terminals 7 or 6 (normally fused positive and
fused negative). See Fig. 18.

RELAYING CONTROL CIRCUITS

The carrier control circuit for KDar relaying is
shown in elementary form in Fig. 28. The *“Trans-
mitter Control” circuit is normally held at fused
negative potential through the normally-closed
carrier test pushbutton and the phase and ground
carrier-start relay contacts. Opening of any of
these contacts allows current to flow from fused
positive through resistor R¢c and the Diode Dy
to the transmitter control terminal TC 10/9 thug
starting carrier transmission at full outputy The
reception of carrier from either the local or remote
transmitter normally causes a saturated“Current
200 mA. to flow in the alarm and holding “coils
(AL and RRH) in the type KA-4 (or
equivalent) receiver auxiliary relay:

If the protective relays®callifor Stopping the
transmission of carrier, closingyof CSP or CSG
contact connects the transmitter control circuit
back to fused negative, thus stopping any carrier
transmission regardless of how it was started.

If a relaying cdrrier,channel is also used for an
auxiliary funetionysuch as telemetering or super-
visory control, the keying contact for this function
is connected dnto the carrier-start circuit in series
with the “cafrierdtest pushbutton. Such a contact
must be normally closed (in the non-operating con-
dition). An auxiliary relay in the receiver output,
usually ingplace of the alarm relay, energizes the
telemetering or supervisory control equipment
through contacts on the auxiliary relay.

Note also that the KA-4 function for normally
closed carrier-start relays and normally open

Other types of connections are shown in
Figures 44 through 49.

CARRIER CONTROL
FOR OTHER FUNCTIONS

If a type TC-1Q, set is keyed on-off for tele-
metering or supervisory control only (no protective
relaying), onevef the circuits shown in Fig. 42 can
be used. ‘Arrangements are shown for either a
normallyselosed or normally-open carrier-start
contact./In the former case, a diode is required to
allowyusing the Voice Adapter for push-to-talk
voice, communication between stations. Note that
continuous telemetering must be interrupted when
it I8 desired to use the carrier channel for voice
éommunication.

The receiver output can be connected for either
200 mA, or 20 mA operation as shown in Fig. 31.
The 200-mA output is preferable (if a choice is
available) because of a slightly better time cons-
tant in the 200-mA receiver output circuit. In some
cases, both the 200-mA and the 20-mA outputs
may be used together. For example, the 200-mA
output can be used with a standard carrier aux-
iliary relay (for directional-comparisan relaying),
while the 20-mA output feeds a 2000-ohm receiver
relay used with supervisory control equipment.
The connections shown in Fig. 31 would be used
for this case, with the receiver relay holding coil
(RRH) in place of the RRH and AL coils shown.
The alarm function would be provided by the
supervisory control equipment.

CHARACTERISTICS

30-300 kHz (50-300 kHz
for phase comparison re-

laying.)

10 watts into 50 to 70
ohm resistive load

55 dB below 10 watts

Frequency Range

Transmitter Output

Harmonics



O Receiver Sensitivity

125 mV input for the
180 mA minimum output
current

1500 Hz bandwidth (3dB
down); 80 dB at +3kHz.

Receiver Selectivity

Transmitter-Receiver
O Channel Rating 40dB

Input Voltage 48, 125, or 250V dc
Supply Voltage
Variation 42-56V, 105-140V, 210-

280V

Battery Drain:
48V dc 0.5 amp standby, 1.35
amp transmitting

125V dc 0.25 amp standby, 0.6
amp transmitting
250V dc 0.9 amp standby or trans-

mitting (with external re-
sistor Panel)

20 to +55°C around
chassis’

Temperature Range

FREQUENCY
SPACING

The minimum recommended frequency spacs
ing between two type TC-10 carrier sets opérated
in parallel without hybrid units is shewn ‘en the
curve of Fig. 32. For example, at 100, kHz, the
minimum spacing is 8 kHz. Closer, spacing would
result in the generation of integymodulation
products caused by the non-lineaf Toad“presented
by each transmitter to the otherjone.

The minimum frequency,$pacing between a
TC-10 carrier channelfand ‘an adjacent transmitter
signal keyed on-offdat agrate of 60 pulses per se-
cond can be determingd frgm the nomograph of
Fig. 33. Using the example shown by the dashed
line, consider a type TC-10 set used on a channel
with a normal attenuation of 15 decibels. The TC-
10 receiver would be set to give a margin of 15dB
below the n@rmal received signal, or for a sensitivi-
ty of -30dB (relative to a 24.5 volt, 10-watt signal).
The interfering signal is assumed to be a 10-watt
transmitterjat the same location. To determine the

minimum frequency spacing of the TC-10 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 example, a channel spacing of at least 4kHz
should be used. (In order not to conflict with the
limits of Fig. 32, an r-f hybrid, may be needed
between the TC-10 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 preventya slow beat or cancella-
tion of the received signal when two transmitters
send blocking sighals,to¥the third terminal. The
three transmitters gperate at fc, fc + 100 Hz. and
fc - 100 Hz. "Allyrec€ivers operate at the channel
center frequency (fc).

INSTALLATION

The “Btype TC-10 transmitter-receiver is
generally supplied in a cabinet or on a relay rack
as part of a complete carrier assembly. The loca-
tion must be free from dust, excessive humidity,
vibration, corrosive fumes, or heat. The maximum
ambient temperature around the chassis must not
exceed 55°C.

ADJUSTMENTS

TRANSMITTER

The TC-10 transmitter is shipped with the
power output controls R64, R82, R41 and R70, set
for outputs of 1 watt, 3.2 watts and 10 watts into a
60-ohm load. If it is desired to check the ad-
justments or if repairs have made readjustment
necessary, the coaxial cable should be dis-
connected from the assembly terminals and replac-
ed with a 50 to 70 ohm non-inductive resistor of at
least a 10-watt rating. Use the value of the ex-
pected input impedance of the coaxial cable and
line turner. If this is not known, assume 60 ohms.
Connect the T4 output lead to the corresponding
tap. Connect an ac vacuum-tube voltmeter
(VTVM) across the load resistor. Turn power out-
put control R64 to minimum (full counter-
clockwise). Key for reserve signal detector by



jumpering terminals 21 & 11 on keying module.
Turn on the power switch on the panel and note the
dc voltage across terminals 3 & 35 on keying
module. If this is in the range of 40 to 46 volts,
rotate R64 clockwise to obtain 4 or 5 volts across
the load resistor used. At this point check the ad-
justment of the series output tuning coil L105 by
loosening the knurled shaft-locking nut and mov-
ing the adjustable core in and out a small amount
from its initial position. Leave it at the point of
maximum voltage across the load resistor used.
Then rotate R64 farther clockwise to obtain the
correct voltage for 1 watt in the load resistor, as
shown in the following table.

Then change to relaying output by connecting
together terminals 5 to 3 on keying module, and
rotate R70 until the voltage across the load
resistor is as shown in the following table for a 10
watt output. Recheck the adjustment of L105 for
maximum output voltage and readjust R70 for a
10-watt output if necessary. Tighten the locking
nut on L105. Open the power switch and remove
the jumper used to key the transmitter to thef10
watt level. Key for voice by connecting tepminal |
to 31 on voice adapter module. Turn ghe power
back on. Adjust “C”’(R41) on the voicenadapter
module and/or R82 on transmitter modulefor a
3.2 watt output across the load ge€sistore (14V
across 60 ohms). Open the power switch, Temove
connections to terminals of J3#remove the load
resistor, and reconnect the €oaxial cable circuit to
the transmitter. Note on frequencies above 200

O kHz, L105 adjustment, is “@, screw-driver adjust-

ment. There is no knurled, shaft-locking nut.

VOLTAGE (RMS)
RESERVE VOICE RELAYING
SIGNAL OUTPUT

O T4 RWATT 3.2 WATTS 10 WATTS
TAP OUTPUT OUTPUT OUTPUT

50 7.1 12.7 22.4
60 7.8 14 245
70 8.4 15 26.5

Follow the procedure outlined in the line tuner
instructions for its adjustment.
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Normally the output filter FL102 (L105'& C7)
will require no readjustment exeept “as’ noted
above. It is factory tuned for maximum second
and third harmonic rejection, and*for series
resonance (maximum output at the fundamental
frequency) with a 60-ohm load. A gmall amount of
reactance in the transmitter output load circuit
may be tuned out by readjustment of the movable
core of L10S. This may besnecessary with some
types of line coupling,equipment. The adjustable
cores of L102 and K103 have been set for max-
imum harmonic'rejection and no change should be
made in theséysettings unless suitable instruments
are availableyfor®measuring the second and third
harmonie present in the transmitter output.

The joperating frequencies of crystals Y1 and
Y 2%havebeen carefully adjusted at the factory and
goad stability can be expected. If it is desired to
cheek, the frequencies of the individual crystals,
this can be done by inserting a crystal in its proper
socket with the other crystal unconnected. A sen-
sitive frequency counter with a range of at least 2.3
MHz can be connected from TPS51 to TP54.
(Connection to TP54 rather than to TP53 provides
a better signal to the counter and avoid some error
from the effect of the counter input capacitance on
the oscillator circuit.) While measurement of the
oscillator crystals individually is necessary for the
initial adjustment of the oscillators, generally any
subsequent checks may be made with a lower
range counter connected at the transmitter output.
If any minor adjustment of the frequencies should
be needed, the adjustment should be made with
capacitor C52.

RECEIVER

The receiver has two controls: one is I.F. input
control Ry which is factory set for 180 mA DC
output at J (200 mA) on detector board with an
input of 125mV, at rated frequency, into J1 (Re-
ceiver Input) with Rg (Input Attenuator) on input
board set for minimum attenuation. The input
attenuator Rg is the other receiver control and is
front-panel mounted on the input-module. It is
recommended that the receiver 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 voltmeter such as the Sierra carrier-
frequency voltmeter. If a simple VIVM
reading 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 disconnect the coaxial
cable, and feed a signal into the carrier
assembly at the coaxial terminals from a
separate signal generator. Set the signal
generator to the received frequency at a level
15dB below the previous measured incoming
signal. With a 0-250 mA. (mimimum) dc
milliammeter plugged into the 200 mA output
jack on the detector module, adjust the input
attenuator RS 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 RS for exactly 100 mA.
This is not necessary, however, as the signal is
not normally at this value. This is the operating
setting of the input attenuator. 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.

. As an alternate procedure if no signal generator
is available, the local transmitter itself may be
used as the signal generator. Firstidetémine the
normal received signal fromgthe remote ter-
minal as explained previously, under (1). Then
turn off the remote transmitter™Now turn on
the load transmitter sand{reduce its output to a
value 15 dB belowytheWmormal received signal
level. Then adjust the receiver gain control to
gain 100 mA. output asdbefore. When this ad-
justment has beenynade, 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 ad-
justment, ‘6f) the input attenuator becomes
critical™Eor such applications, the setting of i-f
gain control R2 may be reduced to lower the
overall'receiver gain. The front-panel control

RS will then have a smoother and morg
gradual control as the knob is rotated, making
it easier to obtain the 15dB margin setting{For
such a strong-signal condition, itWis
recommended that with RS at maximum, the i-
f gain control R2 be adjusted to give 100 mA
receiver output current from an input r-f
voltage 25 dB below the normalfreceived signal
level. Then the front panel input attenuator RS
is set for the normal 15-dB_margin as previous-
ly described.

O Carrier Level Indicator‘Adjustment

Self-Contained Instruments

Connect a signal generator to TJ2 and TJI
on receiver input module and adjust for rated
channel frequencyyand the voltages listed with
the proceduret,below. Adjust the detector
module asifollows:

a)yAdjust the signal generator input to the
receiver to 700 mv. Adjust R27 CLI level
for 100 mv. at TP9 to TP11 on the detector
module. (This is the 0 dB point on the CLI
imeter).

b) Adjust the signal generator input to the
receiver to 2.2 volts. Adjust R36 span ad-
just for 3.0 volts at TP9 to TPI11. (This is
the +10dB point on the CLI meter).

c) Adjust the signal generator input to the
receiver to 70 mv. Adjust R47 full scale ad-
just for —20dB on the internal instrument.

© External Instrument

a) Same as step (a) above for self-contained
instrument

b) Same as step (b) above for self-contained
instrument

c) Adjust the signal generator input to the
receiver to 70 mv. Adjust R50 full scale
adjust for —20dB on the external instru-
ment.

VOICE ADAPTER MODULE

NOTE: Before attempting to make any set-
tings on the voice adapter module, the
associated TC-10 transmitter and receiver
must be set properly as follows:



©
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1. Using the adjustment procedures outlined
previously, the output power levels under
reserve signal detector, relaying, and voice
conditions must be set accurately to obtain
proper voice modulation.

Voice Receiver Sensitivity

The voice receiver sensitivity must be set using
the sensitivity control (R1) labeled ““Sens.” located
on the front of the module.

1. Set the remote TC-10 Transmitter for a power
output level of 10-watts.

2. Connect a DC voltmeter (0-10 volts min. sen-
sitivity of 15,000 ohms per volt) between TP-A
and TP-B on the front of the voice adapter
module.

3. Starting with “Sens.” (R1) Voice adapter
module at max. counterclockwise slowly turn
R1 clockwise, while observing the voltmeter, to
a point (Fig. 41, point A) where the voltage
begins to increase rapidly. This is the proper
setting of the receiver sensitivity. When the T.C-
10 transmitter operates at the voice powes level
of 3.25 watts, the voice receiver sensifivity will
be set at point B, Fig. 41.

Speech Amplifier Qutput

The speech-amp output level is,adjusted using
modulating adjustment labeled ‘“‘Mod.” (R37)
mounted on the front of theycireuit’board. The
procedure is as follows:

1. Connect an oscilloseope and an ac VIVM
across the TC-10 Trgansmitfer output terminals.

2. Plug in the telephonegandset. The voltmeter
should indicateé af teansmitter output level of
3.25 watts (b4 Velts'across 60 ohms).

3. Connect apraudio signal generator set at 1000
Hz. athadevel Of | volt (rms) between TPS and
circuit boagd terminal 17 (D.C. neg.) of the
speech-amp module.

4. Adjust “‘Mod.” (R37) on the speech-amp
board. Starting from max. CCW., increase the
level slowly while observing the modulation
pattern on the scope until a point of maximum
undistorted modulation is reached. This is the
proper setting.

Receiver Volume Control

The ““Receiver Level” volumegcontgol R14 is
located on the front of the voice adapter /module. It
has a knob on it and is adjusted for a comfortable
listening level. This naturally differs according to
each person’s preference or needs:

ACCESSORIES

1) Telephone Handset

a) Westinghouse style - 204C892HO0!I - noise
cancelingymierophone.

b) Westinghouse style - 204C892G0O! - non-
/moiseéycanceling microphone.

2 Remote, Hookswitch - Handset Assembly (for
sugfac€ mounting)

a), Westinghouse style - 205C246G01 - with
noise canceling handset.

b) Westinghouse style - 205C246G02 - with
non/noise canceling handset.

3) Remote Hookswitch - Handset Assembly (for
panel mounting)

a) Westinghouse style - 205C266G01 - with
noise canceling handset.

b) Westinghouse style - 204C266G02 - with
non/noise canceling handset.

For mounting and wiring details of the above
accessories see Figs. 36 thru 39.

4) Module Extender and Test Board -
1447C86GO01.

S) Exterior Carrier Level Indicator Instrument -
606B592A26.

MAINTENANCE

Periodic checks of the received carrier signal
will indicate impending failure so that the equip-
ment can be taken out of service for correction. At
regular maintenance intervals, any accumulated
dust should be removed, particularly from the heat
sinks. It is also desirable to check the transmitter
power output and receiver sensitivity at such times,
making any necessary readjustments to return the
equipment to its initial settings.



Voltage values should be recorded after read-
justment in order to establish reference values
which will be useful when checking the apparatus.
The readings will remain fairly constant over an
indefinite period unless a failure occurs. However,
if transistors are changed, there may be con-
siderable difference in these readings without the
overall performance being affected.

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

REPLACEMENT OF Q2 and Q4

The two transistors Q2 and Q4 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 output at an acceptably low value. The
pair of transistors should be ordered as 1 of
S#3508A21H04 matched pair transistors.

CHANGE OF OPERATING FREQUENCY

since some overlap is necessary to allow for com+
ponent tolerances. The nominal adjustment ranges
of the groups are:

30.0-31.5 61.0-640 113.0-119.5 207.1-214.0
32.0-33.5 64.5-68.0 120.0-127.0 214.1-222.0
34.0-36.0  68.5-72.0  127.5-1350"222.1-230.0
36.5-38.5  72.5-76.0 ©135.54143'5¢230.1-240.0
39.0-41.0 76.5-80.0  145.5-15N0 240.1-250.0
41.5-440 80.5-84.5 1515-159.5250.1-262.0
44.5-47.0 85.0-80.0 160.0469.5 262.1-274.0
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 néwafrequency lies within the same fre-
quency group‘as the original frequency, the filters
can be“readjusted. If the frequencies are in
differéntrgroups, it is possible that changes only in
the fixed“eapacitors may be required. In general,
however, it is desirable to order complete filter
asSemblies adjusted at the factory for the specified
frequency.

The procedure for readjustment of the 2nd and

O3rd harmonic traps of filter FL102 (L105S & C7) is
as follows. A signal generator and a counter
O should be connected to terminals 4 and 5 of

The parts required for changing the operating
O frequency of a type TC-10 carrier set are 4as

follows: O transformer T3 and a 500-ohm resistor and a
® VTVM to the terminals of protective gap G1. The

TRANSMITTER ground or shield lead of all instruments should be

© 1. Oscillator Crystals (Y1 & Y?2), specify frequen- connected to the grounded terminal of the
cy transformer. Set the signal generator at exactly

© 2. Capacitors Cl, C2, C3 andfC4 (on Output

Filter board)

3. For ease of replacement; thishis a complete
plug-in module. Howeyer,uthe unit can be
changed as noteddbelow.

Inductors L102 andyL103 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 fre-
quency fangesto 13 kHz at the upper end. A par-
ticulagassembly can be adjusted over a somewhat
wider_range than the width of its assigned group

10

twice the channel center frequency and at 5 to 10
volts output. Turn the core screw of the large in-
ductor, 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, 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. Since it is a
plug-in module, it is a simple matter to remove the
old one and replace it with the new one.
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After all the tabulated changes have been made
for the new frequency, the transmitter can be
operated with a 50 to 70-ohm load (depending on
which tap of T4 is used) connected to its output,
and inductor L10S can be readjusted for maximum
output at the change channel frequency by the
procedure described in the ADJUSTMENT sec-
tion.

If the frequency-sensitive voltmeter is available
the second and third harmonic traps may be ad-
justed (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, us-
ing its tuning dial and db range switch, obtain a
maximum on-scale reading of the second har-
monic. Then vary the core position of L102 until a
minimum voltmeter reading is obtained. Similarly,
tune the voltmeter to the third harmonic and ad-
just L103 for minimum voltmeter reading. It
should be noted that this procedure may not give
the true magnitude of the harmonics becausétef the
large value of fundamental frequency voltage pre-
sent at the tuned voltmeter input temminals. This
condition will overload the input circuityof ‘Some
commercial instruments. However, #gheyproeedure
is satisfactory for adjusting the traps'for maximum
harmonic rejection.

If accurate measurement of the harmonic
levels is desired, the frequency-sele€tive weltmeter
is connected, through a rejection filter,to the ter-
minals of the 60-ohm load resistor. The filter must
provide 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 measuredfand taken into account.

RECEIVER

1. Receiver Os¢illator Crystal (Y11), specify fre-
queficy.

2nReceiver input filter (FL201), specify frequen-
cyy,Order complete input module for ease of
replacement.

INIf 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 R2 will give the 125-mV sensitivity. If

the new operating frequency is higher, the

O receiver gain may 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 resistors R29 and R36 on
OSC & mixer BD. In most cases, these
resistors shall fall in the range of 68 to 47 ohms.

11



RECEIVER DC MEASUREMENTS

© TABLEI OO .

TEST STANDBY WITH INPUT SIGNAL ~ REFERENCE

POINT (NO SIGNAL) (MIN. OF 125mV) TEST POINT
Osc. Mixer Module

TP211 18V 18V 2@

TP212 0 0 & .

TP213 15.5V 15.5V ef.

TP214 6.5 6.5 Ref.

TP216 6.0 6.0 5 Ref.
TP217 6.2 6.2 215 Ref.
TP14 1.5 1.3 P215 Ref.
TPIS 1.6 1.4 Q TP215 Ref.
TP16 16 16 TP215 Ref.
Detector Module @
TPI Ref.

TP2 17

TPS 10.3 TP1 Ref.
TP6 20.2 TP1 Ref.
TP7 10.4 TP1 Ref.
TP8 16.5 . TPI Ref.
TP9 10.5 \ TP1 Ref.
TPI10 10.5 (&3 TP1 Ref.
TERM 11 10.4 4 TPI1 Ref.
TERM | 41.5 40.6 TP1 Ref.
TERM 3 10.4 \ 10.4 TP1 Ref.
TERM 5 0 6.7 TP1 Ref
TERM 7

0 6.7 TP Ref,
TERM 23 0 39.5 TP1 Ref.
TERM 33 20 ( ) 20 TPI Ref.
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O TABLE I O

RECEIVER AC MEASUREMENTS Q

TEST STANDBY WITH INPUT SIGNAL REFERENCE
POINT (NO SIGNAL) (125mV SIGNAL) TEST POINT
Osc. - Mixer Module ¢
TP211 35 35 TP215 Ref.
TP212 35 35 TP215 Ref.
TP213 0 0 TP215 Ref.
TP214 0 0 (b TP215 Ref.
TP216 0 0 TP215 Ref.
TP217 36 36

0 TP215 Ref.
TP14 054 7.2 TP215 Ref.
TP15 031 1 TP215 Ref.
TP16 012 TP215 Ref.

Term. 25 .006 Term. 27 Ref.

Term. S 011 0 Term.7 Ref.
Detector Module

Term. 25 .0055 2.0 Term. 27 Ref.

TP2 0 K\' 435 TP6

TP 5 0 .300 TP11



O TABLEII O .

TRANSMITTER DC MEASUREMENTS 0
CARRIER ON REFERENCE
TESTPOINT CARRIER OFF NORMAL VOICE ON TEST POINT
Transmitter Module ¢
TPS2 19 19 19
TP53 5.5 5.5 5.5 5
TP54 0 35 33 1
TP55 0 2.0 19 51
TPS56 0 19.5 18.5 TP51
TP57 0.5 0.5 0.5 TPS1
TP58 98 (For 125V 97.5 975 TPS1
Units)
44V (For 48V 438 43.8 TPS1
Term. 1 0 98;44 98; TPS1
Term. 3 98 (for 125), 97,43 7: TPS1
44 (for 48)
Term. 9 97 (for 125), 97:43 TPS1
43 (for 48)
Term. 11 97 (for 125,) 97:43 TPS1
43 (for 48)
Term. 27 97 (for 125), 97:43 ; TPS1
43 (for 48) .
Term. 33 0 0 TPS1
Term. 35 0 16.5 TPS1
TP59 0.5 \ .05 TPS1
Power Amp Module
Term 1 100v 45 @4 99:45 Term 25
Term 21 2 45 Term 25
Term 23 & O 0 Term 25
Term 17 \ 4 5 435 Term 25
Term 29 K 0 Term 25
Term 33 6 \ 43 5 435 Term 25
98:44 98:44 Term 25

L101 99 0

Q>®
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TEST POINT

Transmitter Module

TPS53
TP54
TPSS
TP57
TPS9
Term 11
Term 27

Power Amp Module
TERM 13
TERM 19
TERM 17

Output Filter
Input
TP109
Output

TEST POINT

TPI

TP2

TP3

TP4

TPS

TP6

TP7

TPR8
TERM, |
TERM 3
TERM'S5
TERM 13
TERM 19
TERM 21
TERM 23
TERM 29
TERM 31
TERM 33
TERM 35

© TABLEIV
TRANSMITTER AC MEASUREMENTS
CARRIER OFF CARRIER ON REFERENCE
125V 125V NORMAL VOICEON TEST POINT

UNITS UNITS 125V 48V 125V 48V

1.12 1.12 1.12 TPS1
13 128 .128 TPS1
.009 .680 .580 TPS1
.01 .560 460 TPS1
.01 .560 460 TPS1
.01 3.2 2.0 TPS1
.01 3.2 2.0 TPS1
0 1.02 0.98 TERM 23
0 1.03 0.98 TERM 21
0 44 33 TERM 33
0 45 33 Ground
0 32 30 Ground
0 25 15 Ground
© TABLEV
Typical DC VoltageiM easurements of Voice Adapter Module
VOLTAGE
Receiying Transmitting All Voltages taken with
respect to Neg. TPB
6.5 6.5
0 0
19.2 19.2
8.3 8.3
0 0
17 17
0 0
0 0
42 40.5
0 40.5
0 17
42 40.5
0 0
0 0
43 40.5
0 0
0 345
20.5 24.5
0 0

15



© TABLE VI O o
Typical AC Voltage Measurements of Voice Adapter Module
TEST POINT VOLTAGE 0
(TP-B return) Receiving (2) Transmitter (1)
TPI 220V 1) Transmitting AC Velt-
TP2 225V ages are gwith respect
Q2-C 6.1mv to neg. (@A-lkHz
Q3-C 670V signa\ (RMS)
Q4-B 33mv is tween TPS
an%on the Voice
Module. The
TP6 6mv elephone handset is in-
TP7 2lmv serfed into the jack.
TP8 2.7V (DC) 7 is set at max. CW
TP3 0.820V QZ
TP4 8.6V. @) Receiving
TERM 27 1.16 AC voltages are with

respect to negative.
An rf input signal at
the channel frequency
is applied to the re-
ceiver at a level of
25mv modulated 50%
at 1IKHz. Input sensi-
tivity control R1 is
set at max sensitivity
(Max CW). R4 in
the receiver section
is set at max. CW.
The telephone handset
is inserted into the
Voice Adapter Jack.
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NOT REQUIRED ON GO2
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1461C4060},G43(30-31 5kC)

1461C40G02.G44 (32-33.5xC)

1461C40G03, G45(34-36 «C)

1461C40G04,646 (365:-385KC)

COMPONENT DESCR PTICN se COMPONENT DESCRIPTION STVLE COMPONENT OESCR PTION STYLE COMPONENT DESCRPTION sTVED
CI CAPACITOR 2500 WWF SO0V B6/1A846H20 Ci CAPACITOR 2500 WMF SO0V B8GIAB46H20 Cl  CAPACITOR 2000 MMF 500V 187AS84HO! CI CAPACITOR 1500 MMF 300V 7624757403
C2 CRACTOR 2700 wMF SO0V 861A846H2I C2 CAmCTOR 2000 MMF 500V 1B7A5B4HO} C2 CAMCTOR 2000 WMF 500V 187A584HO C2 CamCTOR D00 MMF 500V 187888 4H01
C3 CAPACITOR 1500 MMF 500V 762A757HO3 C3 CAPACITOR 1000 MMF 500V 7624757H02 | [C3 CAPACITOR 390 WMF SOV T62ATSTHIS
C4 CAPACITOR 3300 WMFS0OV 1874584 126 C4 CAPACITOR 3300 MMF503v 1874 584126 [ [C4 CAPACITOR 3300 MMF 500V 187ASB4H26 C4 CAPACITOR 3300 MMF 500% 1874584126
C5 CAPaCITOR 4000 MMFI200 v 1BTA7O5HIS €5 CAPACITOR 2500 MMF 1200 v C5 CAPACITOR 2500 MMF 1200 \. 187ATOSHI3 C5 CAPACITOR 3000 MMF 1200V, IB7ATOSHI4
C6 CAPACTOR 4000 MMF 1200\ 1874705-113 C6 CAFACITOR 5000 MMF 1200 V C6 CAPACITOR 4000 MMFI2C0Vv  IB7A705+iI5 Ci CAPACITOR 2500 MMFI2C:0V  IBTATOSHI3
C7 CAPACITOR 7000 PF 300GV ~ 203C872M2{ |C7 CAPAGTOR 6000 PF 3000V C7 CAPACITOR 5500 PF 3000\  203CB721427| |CT C4PACITOR 5000 PF 3000V 202C872H26
L02 POT CORE 67083304 | (102 POT CORE 6708133c04 |02 POT CORE 670e133c04| [LO2 POTCORE 6708133604
LI03  POT CORE 6708133C06|  [LI03 POT CORE 6708135¢06)  [L.03 POT CORE 6708133606 | |L:03 POT CORE 6708133606
Lios  co 292B086GOI 103 coi 292B06€G0I [ |LIO5  COIL 2928086701 Li05 coL 2928086601
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R6 RESISTOR 3k ¢ 5y, BWIZ REQ) 18843ITHOI R6 RESISTOR 3Kt 5%, BW (2 REQ) 18BA3ITHOI R RESISTOR 3K 4%, BW (ZREQ) 18BA3ITHOI R6 RESISTOR 3K 259, 8W 12REQ) IBBA3ITHOI
R? RESISTOR 15K 10%. 2w 1874642K55|  R7 RESISTOR 15K 10% 2w 1874642H35]  [R7 RESISTOR 15K 10% 2w 187A642H55 R7 RESISTOR! 5k 0% 2w 187464235
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[ Gy A S -
[
i
|
P09 |
|
Lios o 22 l
SAME AS /’V/‘é—‘ 27,
FIG.1

FIG.I
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# - GONTHRU G32

__[meicate 2~

FIG.2 (OTHERWISE SAME AS FiG.i)
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Sub. 7
[>¢) Fig. 21. Internal Schemati¢'~ Transmitter Output Filter Module.
PARTS LISJm]461C42, SHEETS 1 THRU 5
146/C40G05,G47 (39-41kC) 1461C 40 GOB G48 (419-44KC) 1461C40G607.G49{44 5-47KC) 1461C40 GOB. G50(475-50%C)
COMPONENT DESCRIPTION STVLE COMPONENT DESCRIPTION, STYLE COMPONENT DESCR PTION SDLE COMPONENT OESCRIPTION STYLE
Ci  CAPACITOR 3000 MAtF 500V 1874584106 CI CAPACITOR 25Q0), MMF SO0V B861A846H20 Cl C4PACITOR 300 MMF SO0V 1874584109 ClI CAPACITOR 30 MMF 500V T763A209HI2
C2 CAMCITOR 150 MMF 500V B61AB46H2S C2 CARRCITOR 2000 MMF 500V 1874584H01 C2 CaPAC.TOR 2000 MMF 500 v 187A584H01
C3 CAPACITOR 820 MMF 500V T62AT57H22 C3 CAPACITOR 150 MMRS00V 86 1ABA6H2S C3 CePACITOR 1B0  MMF 500V T62ATSTHIO C3 CAPACITOR 390 MMF 500V TE62A TSTHIS
C4 CAPACITOR 2000 MMF SO0V 1874584 HO! C4 CAPACITOR 2000 MMF 500V 1874 584101 Ca CAPACITOR 1500 MMF 500V T62ATSTHOS
C5 CAFPACITOR 2500 MMF 1200 v 1BTATOS5HI3 C5 CAPACITOR 200 MMF 1200 137Aa705H04 C5 CaPACITOR 1500 WMMF 1200 V 18717051 C5 CAPACITOR 3000 MMF 1200 v 137TATOSHI4
C6 CAPACITOR 2500 MMFI1200V IB7TATOS5I3 C6 CAPACITOR 4000 MMF 1200y IBYATOSH IS C6 CaFACITOR 2000 *WMF 1200 v IBTATOSHI2 C6 CAPACITOR 200 MMF 12C0\ IB7TATOS HO4
C7 CaPACITOR 4200 PF 3000V “01C8T21H25 C7 C4PACITOR #4500 PF 3OO0V 20I1C872H23 C? CaPACITOR 3200 PF 300CV 201cB721422 C? CAPACITOR 2800 PF 3000V 201C87'2H20
LI02 POT CORE 6708133C04 L02 POT CORE ©728133C04 LI02 POT CORE 6728133004 LIO2 POT CORE 6708133G04
LI03 POT CORE 6708133606 L103  POT CORE $708133C06 Li0> POT CORE 67081213506 LIO3 POT CORE 6708133606
LIOS  coi 292 B0B6GOI LI05  COon 292 B086GOI LIOS cOoIL 292E0865,01 LI0S cOL 2928086G0)
T3 TRANSFORMER 2928525(C4 T3 TRANSFORMER 2928526(L4 T3 TRANSFORMER 2928526'C4 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526G03 14 TRANSFORMER 2928526003 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3% !5y, BW (2REQ) IS9BA3ITHO! R6 RESISTOR 34t 5% 8w (2 REQ) 1BBA3ITHOI R6 RESISTOR 3K 5% 8w (2REQ) 1BBA3ITHOI R6 RESISTOR 3K £ 5% 8w {2 REQ) 1B8BA3ITHO!
R?7 RESISTOR 15K 10% 2w 1871641455 R7, RESISTOR 5k 10% 2w 18716471455 R?T RESISTOR ISK  10% 2w 18TA64’HSS R?T RESISTOR ISk 10%. 2w 187A642H33
G!  LIGHTNING ARRESTER B877AI6HOI Gl LIGHTNING BhARRESTER B877A116HOI Gl LIGHTNING ARRESTER B8TTAIEHOI Gl LIGHTNING ARRESTER 87TAIEHOI

146!C 40609 G5i (505-53.5KC)

1461C40GI10, G52 (54-57KC)

i461C40GII G53 (575 - 605KC)

(461C40G12,654 (61-84KC)

e !
COMPONENT DESCRIPTION STLE COMPONENT DESCR PTION STVE COMPONENT DESCR'PTION STMLE COMPONENT DESCRIPTION STNE
CI CAPACITOR 300  MMF 500V 1974584 H09 Ci JedPACITOR 82  WMF SO0V 763A209H23 Ci CAPACITOR 1000 WMF SO0V 7624757MD2 | |CI CAPACITOR 1000 MMF 500V T62A737THO2
C2 CARCITOR 1500 MMF 500V 7624787H03 | |.c2 “camciTOR 1500 MMF 500V 7624757HO3 C2 CAPC TOR 390 MMF SO0V 7624757KIS C2 CARCITOR 250 MMF 300V 86LBAEHI
C3 CAPACITOR 180 MMF 500V 762ATSTHI0 €3 CAPACITOR 1000 MMF 500 v 7624757H02 €3 CAPACITOR 1000 MMF 300V 7624757HO2
C4 CAPACITOR 100  MMF 800V 7628157H03 | 1/C4 CAPACITOR 1500 WMMF 300V 762A757HO3 C4 CAPACITOR 300 MMF SO0V 1874584H 09 | |C4 CAPACITOR 180 MMF 300 T62ATSTHIO
CS CAPACITOR 2000 MMF 1200 v 187A705H(S | €5 CAPACITOR 3000 MMF 1200 v 1971705114 CS CAPACITOR 3000 MMF 1200 v 1B7a7C3MIa CS CAPACITOR 300 MMF 1200\ (BTATCIHOE
C6 CAPACITOR 500  MMF 1200 V 1874705109 C6 CAPACITOR 2500 MMF 1200 \ 187ATO5HI3
C? CAPACITOR 2200 PF 3000V 202c872MI7) ) C7  CAPACITOR 3500 PF 3000V 203C81'2H23| | C7 CAPACITOR 3100 PF 3000V 202caT2H2I €7 CaPACITOR 2800 PF 3000V 201C872H20
LI02  POT CORE €708133€04 | (LI02 POT CORE 6708133504 1102 POT CORE 6728133604 | [LI02 POT CORE 6708133604
LI03  POT CORE 6708133€06 | |LIO3 POT CORE 6708133606 |L103 POT CORE €708133¢06 | |LIO3 POT CORE 6708133606
LI105  coiL 292 B0A6GO! 103 co 292808601 Los  co 292 BOB6GO! Los co 292 8086GO!
T3 TRANSFORMER 2928525004 | | T3 TRANSFORMER 2928526704 T3 TRANSFORMER 292852604 | |T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2926852603 | | T4 TRANSFORMER 2928525503 T4 TRANSFORMER 2928523003 | [T4 TRANSFORMER 2928326603
R6 RESISTOR 3K 2 sy Bw (2 REQ]TIBBA3ITHOI R6 RESISTOR 3Kk 4% Bw (2 REQ) 198a317HOI R6 RESISTOR 3K 25% Bw (2REQ} I3AA3ITHOI R6 RESISTOR 3Kk 23% Bw (2MEQ) 1BBA3ITHOI
R? RESISTOR, 3x A0Y. 2w 1874642155 [ | R7 RESISTOR 13K 10%. 2w 187A64.:135 R7 RESISTOR 15K 10% 2w 1871642H33 | |R7 RESISTOR 15K 10% 2w 1874642133
G LIGHTNING ARRESTER B77AII6HOI Gl LIGHTNING ARRESTER B77A!I6HOI G LIGHTNING ARRESTER 87TAII6 HOI GI LIGHTNING ARRESTER 87TAHEMO!

(461C 40GI3 G55 (645-68 XC!

1461C 40 G14, 656 (68.5-T2KC)

1461C40GI30 1461C 40GI13.G57 (72.5-76XC) 1461C40G!6.G58 (76 5-80KC)
———— i e i d
COMPONENT DESCRIPTION STYLE COMPONENT DESCR PTION STLE COMPONENT DESCRIPTICN STMLE COMPONENT DESCRIPTION STYLE
CI CAPACITOR 1000 MMWF SOC v 762A757H02 Cl CAPACITOR 360 MMF 300V 7624757HI4 C CAPACITOR 250 MMF 300V B61AB46HI | Ci CAPACITOR 180 MMF 500V 762A757HI0
C2 CAMCITOR 100 MWF 00V 762A757HO! C2 CAMCITOR 620 MMF 500V 187A%84HIl C2 camc TOR 620 WMF 500V 187A 584Nl C2 CARCITOR 620 MMF SO0V 187A584HII
C3  2APACITOR 1000 MMF 500 v 762A757H02 C3 CAPACITOR 820 MMF %00V 762A75THZ2 C3 CAPACITOR 820 MMF 300V 76287572 C3 CAPACITOR 130 MMF 500/ 762A757HO7
C4 APACITOR 36  MMFSOGV 763A209H14 C4 CAPACITOR 100 WMF 500V 7624737HOI €4 CAPACITOR 620 MMF 500V 1B7ASB4M Il
CS, CAPACITOR 2500 MMF 203 v IRTATOSHI3 C% CAPACITOR 200 MMF 1200V 197A70%5-104| |C5 CAPACITOR 1500 MMF 1200 V 18787C5HI1 C5 CAPACITOR 300 MMF 1200 V 1874705106
C6 CAPACITOR 2000 VA 200 V 1BATO4HI2 C6 CAPACITOR SO0 MMF 1200 v 187ATOSHI
C?SAPACITOR 2500 PF 3000V 203C872H19 C? CAPACITOR 2200 PF 300C\ 201CcBT2 M7 C7 CAPACITOR 2000 PF 3000V 202CBT2HIS C7 CaPACITOR 1800 PF 3000V 201CB72HI3
102y, POT, CORE 6708133G04 Li02 POT CORE 6708133704 L2 20T CORE 6708133C04 L2 POT CORE 6708133604
A 103" “POT 'CORE 6708133606 L'03 POT CORE 6708i33606 LIO3  POT CORE 6708131706 LI03 POT CORE 6706133606
LIos  coL 2928086G0!1 LI0S  COL 292 80£16¢.01 L5 con. 292 BOHEGO! L10s  coi 292B086GOI
T3 SRANSFORMER 2928526604 T3 TRANSFORMER 292852604 T3 TRANSFORMER 292852504 T3 TRANSFORMER 2928526004
T4 "RANSFORMER 2328526603 T4 TRANSFORMER 29285255(.03 T4 TRANSFORMER 2928526403 T4 TRANSFORMER 2928526603
R6 FHESISTOR 3Kt 5y EBW (2 REQ) 1EEA3ITHOI R6 RESISTOR 3k t4%, gw (2 REQ) (BBA3ITHDI R6 RESISTOR 3Kt 5y, 8w {2 REQ) 1BBA3ITMOI R6 RESISTOR 3k 5% 8w (2REQ) 1BBA3ITHOI
R7 HKESISTOR 5K 10% 2w 187A642H55 R7 RESISTOR ISK  10%. 2w 137464 H55 R7 RESISTOR 15K 10% 2w 187/\64:1 155 R7 RESISTOR 1S 10% 2w 1B7A642H53
Gl LIGHTNING ARRESTER 8774116 HOV Gl LIGHTNING ARRESTER 877A1I6HO) G LIGHTNING ARRESTER B877AI6HOI Gl LIGHTNING ARRESTER BTTAIKHOI
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1461C 40G17,G59 (80.5-84.5kC)

1461C40G18.G60 (85-89KC)
poomas

I.GIC‘OGI: G61(89,5-94.5xC)

1461C 40 620,662 (95-100KC}

ek
COMPONENT DESCRIPTION STWE COMPONENT DESCRIPTION STVLE COMPONENT ESCRIPTION STVLE COMPONENT DESCRIPTION STILE
Cl CAPACITOR 1500 MMF 500V 762A75THO3 | |CI  CAPACITOR 1000 MMF 500V 762A757THO2 | [CI  TAPACITOR 1000 MWF SO0V 7624757THO2| [ CAPAGITOR 1000 MMF 500V 762A757HO2
C2 CAPCITOR 360 MMF SO0V YE2AT57HI4 €2 CAPCITOR 200 MWF 500V T62ATSTHIT C2 CAPCITOR 82 MMF SO0V 7634209H23
€3 ZAPACITOR 270  MMF SO0V 762A75THI2 C3 CAPACITOR 82  MMF SO0V 763A209H23 €3 ZAPACITOR K00 MMF 500V 7624757H02 C3 CAPACITOR 1000 MMF 500 v 762a757HO2
C4 CAPACITOR 1500  MMF 500 V 7624757H03 | [C4 CAPACITOR 1500 MMF 500V 762A75THO3 C4 ZAPACITOR 390 MWF SO0V 762ATSTHIS €4), CAPACITOR 250 MMFSOOV 8614846 NIl
C5 CAPACITOR 4000 MMF 1200 v 1874705HB | |C5 CAPACITOR 4000 MMF 1200 v I1B7A7O5HIS C5 CAPACITOR 3000 MMF 1200 V 197ATOSH 14 C5UZAPACITOR 3000 MMF 1200 V 187A705H14
. C6 APACITOR 500 MMFI200V 187A705HO9 N
C7 APACITOR 2400 PF 3000V 2C3CB72H18| |CT _APACITOR 2100 PF 3000V 2C3CB72HIE C7 CAPACITOR 1900 PF 3000V 203ce72H 14| [£7 CAPACITOR 1700 PF 3003V 2C3CB72MI2
LI02 POT CORE 6738133605 | [LI02 POT CORE 6728133605 LI02  POT CORE 6708133605, 1102 POT CORE 6708133605
LIO3  POT CORE 6708133607 | [L103 POT CORE 6728133607 LIO3  POT CORE 6708133607 LI03  POT CORE 6708133607
Los  coL 2928086G0! [ (L105 COIL 2928086601 105 Cco 2928086601 Lj05 cow 292808660
T3 TRANSFORMER 2928526604 | [T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526604 T3 ~RANSFORMER 2928526604
T4 TRANSFORMER 2928526603 | (T4 TRANSFORMER 2928526603 T4 “RANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K $5% BW (2 REQ) 1BBA3ITHO! R6 FESISTOR 3K £5%, GW (2 REQ) IEGA3ITHOI R6 RESISTOR 3K 5% Ew (2 REQIIBBA3ITHOI R6 RESISTOR 3K % S% EW (2 REQ) IEEA3ITHOL
R7 HESISTOR 15K 10% 2w 187A4642H55 | |R7 RESISTOR 15K 10% 2w 167A642H55 R7 PESISTOR 15K o 107 2W. 1874642455 R7 RESISTOR 15K 10% 2w 16TAG42HSS
Gl __LIGHTNING ARRESTER 877A16HOI Gl__LIGHTNING ARRESTER B77A116HO) Gl__LIGHTNING ARRESTER B77AIISHO! Gl LIGHTNING ARRESTER B77A116 MO
) |461C40621,.663 (1005- 106KC) 1461C 40622.664(1065-112.5KC) 1461C40623.665(113-119.5xC) 1461C40624.G66 (120-127KC)
COMPONENT OESCRPTION STILE COMPONENT DESCRIPTION STVLE COMPONENT DESCRIPTION STYLE COMPOHENT DESCRIPTION STYLE
Cl CAPACITOR 360 MMF SO0V T62A75THIA Cl CAPACITOR 250 MMF SO0V 861AB46HII Cl capaCiTOR 150 “(MMF 500V B6IABA6H25 Cl CAPACITOR 6 MMF SOCV 7634209H 9
C2 CAMCITOR 620 MMF SO0V 1874 584 M1l C2 CAPACITOR 620 MWF SO0V 1B7AS84HIl Cz CAPCITOR 620 MMF 500V 18TAS84HII C2 CAPACITOR 620 MMF 50CV 18TAS584HI
C3 CAPACITOR 1000 MMF 500 v 762A757HO2 C3 CAPACITOR 1000 MMF 00V TE2ATSTHGR C3 CAPACITOR 62, MMF 500 v 7634209H20 C3 CAPACITOR 390 MMF 500V 762A75THIS
C4 CAPACITOR 130 MMF 500V 762A75THOT Ca CAPACITOR 8200 MMF 50CV 762875TH22 C4 CAPACITOR 390 MMFS0CV 762875THIS
C5 CAPACITOR 2500 MMF 2COV' 187A705H13 C5 CAPACITOR 2500 MMF 1200 v 187A735HI3 €5, CAPACITOR 200  MMFI200 v 13TA705HO04( [ C6 CAPACITOR 2000 MMF 1200 v 187TATOSHI2
€6, CAPACITOR 2000 MMF 1200 Vv 187ATOSHI2 -
C7 CAPACITOR 1500 PF 300CV 203C872HIL [ |C7 CAPACITOR 1300 PF 3000V 2c3ce72Mid| | C7 |ZAPACITOR 100 PF 3000w 203CB72H08| | C7 CAPACITOR 000 PF 3000V 203c872HOT
102 POT CORE 6708133605 | [LI02 POT CORE 6758133605, L2 POT CORE 6708133605 LI02  POT CORE 6708133605
1103  POT CORE 6708133607 | [LI03 POT CORE 6708133607 K03  POT CORE 6708/33607| | LIO3 POT CORE 6708133607
1105 con 292808660} Los  co 292808660 LIOS co 2928086GO0! 1105 CcoL 2928086601
T3 TRANSFORMER 2928526604 | | T3 TRANSFORMER 2920526604 T3)TRANSFORMER 2928526604 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526603 TRANSFORMER 2328226603 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 34%5% BW(2REQ) 188A3ITHOI R6 KESISTOR 3K $5%, BW (2 REQ) |BEABITHO! R6, HESISTOR 3K 5% GW (ZREQ} (BBA3ITHOI R6 RESISTOR 3KE5Y, oW (2REQ) 1BBA3ITHOI
R7 RESISTOR 15K 10% 2w 1B7A642H55 | | R7 RESISTOR 5K 10% 2w 187A642HS5 R?’ RESISTOR 15K 10% 2w 1874642H55 R7 RESISTOR 15K 10% 2w 167TA642H55
Gi__LIGHTNING ARRESTER B77AISHOI Gl LIGHTNING ARRESTER B774116H0I GI__LIGHTNING ARRESTER B77ANEHOL GI LIGHTNING ARRESTER B77AIEHOl
1461C40625.667 (127.5- 135KC) 1461C40626.668(1355" 143KC), 1461C 40 627,669 (143.5-15IKC) 1461C40628,G70 (151.5~159.5KC)
— — e —
COMPONENT DESCRIPTKIN STYILE COMPONENT DESCRIPTION TYLE PONE NT DESCRIFTION STYLE COWPONENT DESCRIPTION SIYLE
Cl CAPACITOR 300 MWF 50CV 187A584H09 | [CI CAPACITOR 270(JMMF sOCY 762475TH2 Cl CAPACITOR 300 MMF S0CV 187A584H09 Cl CAPACITOR 180 MMF 500V 762ATSTHIO
C2 CHACITOR 300 MMFSOOV 187A584H09 | {C2 CAPACITOR 270 MME 50CV 7628757mi2 C2 CAPRCITOR 10 MWF 50CV 762A757HIO C2 CAPACITOR 250 MWF SO0V 861AB46HII
C3 CAPACITOR 82  MMF 500V 763A209H23 C3  CAPACITOR 300 MMF SO0V 187A584H09 €3 CAPACITOR 250 MMF 500V 861AB46HI
C4 CAPACITOR 620 MMF 500 v 1B7A584 HiL C4 CAPACITOR 620 gMMF 50CIv, 187a584M11 C4 ZAPACITOR 250 MW 500V B861AB46HII C4 CAPACITOR 250 MMF500V B6IABA6HI
C3 ZAPACITOR 200 MVF 1200 v 197A 705 HO4| |C5 CAPACITOR 1500, MMF 1200 Y/ 13TATO5HI C5 CAPACITOR 400 MMFI200 V' 187A705H08 | | C5 CAPACITOR 200 MMF 1200 v 187A705H04
C6 ZAPACITOR 1500 MMF 1200 v 1874705 HIL C6 CAPACITOR 1500 MMF 1200 V 187A705 M1 C6 CAPACITOR 1500 MVF 1200 v 1874705 HI}
C7 CAPACITOF! 900 PF 3002V 2C3C872H06| [C7 ZAPACITOR, 800 Pf 3000V 2C3C872HO5| |C7 AFACITOR 100 PF 3003V 203C872H08 | | C7 ZAPACITOR 1000 PI 3009V 203c872HO7
102 POT CORE 6708133605 | |Li02 POT CORE 6708123605 1102 POT CORE 6708133605 LI02 POT CORE 6728133603
LIO3  POT CORE 6708133607 | {LIO3 POT CORE 6708133607 LI03  POT CORE 6708133607 LI03  POT CORE 6720133607
LI05 con 2928086GOI | |LIOS COL 2928086301 105 COL 2928086501 LI05  con 2928086GO!
T3 TRANSFORMER 2928526G04 | | T3 TRANSFORMER 2928526004 | | T3 “RANSFORMER 2928526604 T3 TRANSFORMER 2928426604
T4 TRANSFORMER 2928526603 | T4 "RANSFORMER 2928526603 T4 "RANSFORMER 2928526603 T4 TRANSFORMER 2328526603
R6 RESISTOR 3K 5% W (2REQ) I6BA3ITHOI R6 FHESISTOR 3K T 5% uw 12 REQI IEBA3ITHOI R6 RESISTOR 3K $5% B8W (2 REQ} IBBA3ITHOI R6 RESISTOR 3K £59. 8w (2 REQ) IESA3ITHOI
RT RESISTOR ISK  10% 2w 187A642M55 | |RT _RESISTOR 15K 10% 2w 187A642H55 R7 HESISTOR 15K 10% 2w 18TA642H55 R7 RESISTOR 15K 10%, 2w 187A642H55
. G LIGHTNING ARRESTER B7TAIEHOI Gl LIGHTNINGY, ARRESTER 8774116 HOI Gl LIGHTNING ARRESTER B77AII6HO Gl_LIGHTNING ARRESTER B7TAIEHOI
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I.L. 41-944.35

1461C40G 29,671 (160-169 5KC) 1461C 40 630,672 (170-180KC ) 1461C40 631,673 (180.5-1915KC) 1461C40632.674 (192-200KC )
COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STVLE COMPONENT DESCRIPTION STVLE COMIPONENT DESCRIPTION STYLE
Cl CAPACITOR 180  MMF 500V 762A757HIO €I CAPACITOR 82 MMF 500V 763A209H23| | CI CAPACITOR 300 MMF 500V 1874584H09 CI CAPACITOR 20 MMF SO0V 763A209H07
C2 CAPACITOR 200 MMF 500V 762A757HIl C2 CARCITOR 250 MMF 50CV 86IABAGHII c2 250 MMF 500V B6IABAGHIL
C3 CAPACITOR 200 MMF 500V 762A757Hil C3 CAPACITOR 390 MMF 500V 762A757HI5 €3 CAPACITOR 150 MMF 500 v B6IABA6H 25 130 MMF 500V 7624757H07
€4 CAPACITOR 250 MMF 500V B61AB4A6HII C4 CAPACITOR 200 MMF 500 v T62AT57 Kl 180 MMF 500v 762A75THIO
C5 CAPACITOR 1500 MMF 1200 Vv 1B7A70S5HII C5 CAPACITOR 400 MMF 200V 137A705HO8| C5 CAPACITOR 200 MF 1200 vV 187A705
C6 CAPACITOR 1080 MMF 1200 V 137ATO5HIO €6 CAPACITOF! 1000 MMF 1200 V. 1874705 1000 MMF 1200 V. 187ATO5HIO
C7 CAPACITOR 900 PF 3000V 203CB72H0g| | C7 CAPACITOR 750 PF 3000V 203C872H04 [ C7 CAPACITOR 650 PF 3000V 203C872H02 < 600 PF 3000V 203C872H02
LI02  POT CORE 6708133605 | LI02 POY CORE 6708133605 | LI02 POT CORE 6708133 6708133605
L1103 POT CORE 6708133607 | LIO3  POT CORE 6708133607 | LIO3  POT CORE 670813 6708133607
105 coiL 2928086501 L105 COiL 2928086G0I| | LI05 COIL 2928 5 L 292808660
T3 7TRANSFORMER 2928526G04| | T3 TRANSFORMER 2928526GCA| | T3 TRANSFORMER 292B! TRANSFORMER 2928526604
T4 TRANSFORMER 2928526G03| | T4 TRANSFORMER 2928526G03| | T4 TRANSFORMER 2 TRANSFORMER 2928526603
R6 RESISTOR 3k 5% Bw (2REQ) 1BEA3ITHOI | r& RESISTOR 3k £5% Bw (2REQ} (BBA3ITHOI R6 RESISTOR 3K 5% tw (2 REQ} RESISTOR 3K 59, gw {2 REQ) 1BBA3ITHOI
R? RESISTOR 15K 10% 2w 1874642155 | R7 RESISTOR 18K 10% 2w 1874642H55| | R7 HESISTOR 15K 10% 2W R7 RESISTOR 15K 10% 2w 187A642H55
Gl LIGHTNING ARRESTER B77A1I6HOI Gl _LIGHTNING ARRESTER B77AI6HOI | | Gt LIGHTNING ARRESTER LIGHTNING ARRESTER B77AII6H
1461C40633,675(200/-207 KC) 1461C40634.676(207.1-214 KC) - 1461C40636,678 (2221-230KC)
COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION SYYLE COMPONENT COMPONENT DESCRIPTION STYLE
CI CAPACITOR 56 MMF 500V 763A209H19 CI CAPACITOR Cl CAPACITOR 62 MMF 500V 763A209H20
C2 CAMCITOR 270MMF 500V 762A757HI2 €2 CAPCITOR 300MMF 500V 187A584H09 C2 CARCITOR B61AB46H25 CAPACITOR 200 MMF 500V 7624757 HI
C3 CAPACITOR 200MMF 500V TE62ATSTHI C3 CAPACITOR 200 MMF 500V TE2A7STHII %, CAPACITOR I B6/AB46H25 C3 CAPACITOR 6 2 MMF 500V 763A209H20
C4 CAPACITOR 3 0MMF 500V 7634 209H 12 C3 CAPACITOR 20 MMF500V 763A209H07 C4 CAPACITOR 763A209H19 C4 CAPACITOR 130 MMFS00V 762A757HO7
CS CAPACITOR 200MMF 1200 v 187A705H04 €5 CAPACITOR 200 MMFI1200 v 187A705H04 <5 CAPACITOR v I874705H08 [ [CS5 CAPACTOR 400 MMFI200V 1874705108
C6 CAPACITOR 500MMF 1200 v 187A705K09 C6 CAPACITOR 500 MMF 1200 v 187A705 HO9 C6 CAPACITOR 0 187A705H04 [ | C6 CAPACITOR 200 MMFI200V 187A705K04
C7 CAPACITOR 1200PF 3000V 203CB72H09 | [C7 CAPACITOR 1200 PF 3000V 203C872H09 C7 CAPAGITOR 0 203CB72H0B( [C7 CAPACITOR 1100 PF 3000V 203CB72H08
L02 POT CORE 6708133609 102 POT CORE 670B133¢09 6708133609 Li02  POT CORE 6708133609
LI03  POT CORE 6708133608 103 POT CORE 6708133608 6708133608 1103 POT CORE 6708133608
1105 POT CCRE 6708133609 LI05 POT CORE 6708133609 6708133609 105 POT CORE 6708133603
T3 TRANSFORWMER 292B526G04 T3 TRANSFORMER 2928526G04 292B526G04 T3 TRANSFORMER 292852604
T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K 5% Bw (2REQ) IBBA3ITHOI R6 RESISTOR 3K 5% 3w (2REQ) 1BBAZITHOL 3K 5% 8w (2REQ) [BBA3ITHOI LB RESISTOR 3k ¢ 5% BW (2 REQ) IBBA3ITHOI
R?7 RESISTOR 15K 10% 2w 1B7A642HES R7 RESISTOR 15K 0% 2w 1B7A612H55 15K 10% 2w 187464124155 R7 RESISTOR 15K 10% 2w 187464255
Gl UGNTN\RGAARP[SIEN B87TAISHO! G LIGHTNING  ARRESTER B877A1ISHOI B877AII6HOI Gl LIGHTNING ARRESTER B77A116HOI
37,679 (230.1-240KC)! 1461C 40 638,680 (240.1 250KC) GBI (2504 -262KC) + 1461C40 640,662 (262.1-274KC}"
COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION DESCRIPTION STYLE ] _COMPONENT, DESCRIPTION_ STYLE
C! CAPACITOR 30 MMF 500V APACITOR 56 MMF 500V 763A209Hi9 Ct  CAPACITOR 36 MMF 500V 763A209HK
C2 CAMCITOR 250 MMF 500V B61ABAGHIl C2 CAMCITOR 200 MMF 500V 762, CAPCITOR 150 MMF 500V 8614B46H25 €2 CAMCITOR 150 MMF 500V 861A846H25
C3 CAPACITOR 150 MMF 500V B61AB46H25 C3 CAPACITOR 130 MMF 500V 762 CAPACITOR 62 MMF500V 7634209120 €3 CAPACITOR 100 MMF 500V 762A757HO!
Ca rAPACITOR 20 MMF 500V 7634209407 Ca CAPACITOR 30 MMF 500V, CAPACITOR 82 MMF500V 7634209423 | C4 CAPACITOR 30 MMFS500V 763A209H12
CAPACITOR 400 MMFI200V J87A705H08| |CS CAPACITOR 400 MMFI200V 1874705H08
C6 CAPACITOR 500 MMF 1200 v 187A705K09 €6 CAPACITOR 500 MMF|
C7 CAPACITOR 1000 PF 3000V 203C872H07 | |C7 caPACITOR 900 PF CAPACITOR 800 PF 3000V 203C872HO5| | C?7 CAPACITOR 700 PF 3000V 203C872H03
L2 POT CORE 6708133609 LI02  POT CORE 6708133609 LI02 POT CORE 6708133609 LI02 POT CORE svoglssgos
u03  POT CORE 6708133608 LI03  POT CORE 6708133608 1103 POT CORE 6708133608 LI03  POT CORE 6708133608
uos POT c%n: 6708133603 LI05 POT CORE 6708133609 L105 POT CORE 6708133609 LI05 POT CORE 6708133609
T3 TRANSFORMER 2928526604 T3 TRANSFORMER 8526604 T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526(C4
T4 TRANSFORMER 2928526603 T4 TRANSFORMER 8526603 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K £ 5% 8w (2 REQ) IBBA3ITHOI RE RESISTOR (2 REQ) 1BBA3ITHO R6 RESISTOR 3K £5% Bw (2 REQ]  1BBA3I7HOI R6 RESISTOR 3K 5%, 8W (2 REG) 1BBA3I7HOI
R7? RESISTOR 15K 10% 2w 187A642H55 R7 RESISTOR 187A642H55 R7 RESISTOR 15K 10% 2W 187A642H55 R7 RESISTOR ISK10% 2w 187A642H55
Gl LIGHTNING ARRESTER B877ANE6HOI Gt LIGHTNING ARRE! B877AI6HOI Gl LIGHTNING ARRESTER 87TAIEHO!I Gl LIGHTNING ARRESTER 877ANEHOI
0G41,G83 (2741-287KC) * 1461C40642.684 (2687.1-300KC}"
DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE
20 MMF 500V 763A209H07
150 MMF 500V 86/A846M25 C2 CAPCITOR 150  MMF 500V 861A846H25
100  MMF 500V 762A757HOI C3 CAPACITOR 82 MMF500V 7634209123
20 MMF 500V 763A209H07 C4 CAPACITOR 30 MMF500V 7634209K 12
400 MMFI200 vV 187A705H08 | |C5 CAPACITOR 400 MMFPROOV 187A705H08

650 PF 3000V 203C872H02 C

S

CAPACITOR 600 PF 3000V 203C872K01

2 POT CORE 6708133609 Lo2  POT CORE 6708133609
3 POT CORE 670BI33G08 | [LI03 POT CORE 6708133608
05 POT CORE 6708133609 | [(i05 587 CORE 6708133609
T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K £ 5% BWw (2 REQ) IBBA3ITHOI R6 RESISTOR 3Kt 5% BW(2 REQI IBBA3ITHO!
R7 RESISTOR 15K 10% 2W 187A642H55 | |R7 RESISTOR 15K 10% 2W 1B7A642H55
Gl LIGHTNING ARRESTER 877AII6HO! Gl _LIGHTNING ARRESTER 877A1I6HO!
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1464C1060!

CAMPONENT DESCRIPTIU4  STYLE NO. COMPONENT DESCRIPTION  STYLE NO.

- - - - ---- .- - ————- - .- - COMPBNENT DESCRIPTI®N  STYLE NO.
c1 CAPACITUR <04TUF 200V §49A4IMO4 R0 RESISTOR  27:04 .50W 53  1BUAT6IMH6L _ secemaeees e -
c3 CAPACITUR “04TUF 200V 84JALI 104 R31 RESISTOR 1300.0 +50W S 1B4AT6IHI) IN9STB T KBy 13€ATITI 6
€ CAPACITOR <04TUF 200V 49A4ITHO4 R32 RESISTOR 1500.0 -50W 5T 1B4AT6IHIIL INJ6SEB 20.0V 1453212406

—S— RI3 RESISTOR 6200.0 .50W St 184A76JMa6 1$KE200 200.0V 3 TSAEEI L
cs CAPACITOR £047UF 200V B49AGIMI4 R34 RESISTOR 10-0K -50w SX  184A 763451 ISKE200 290.0V 3 (a81 5 1
. RIS RESISTOR  12.04 -50% 5t (84AT63rS) .
Rl& RESISTOR  27.0K .50W 5% 144A763H6L —

o D10DE 1Na5 78 184ABSSHOT R17 RESISTOR  12.0K .50V SI  184A761HS) ISKE200 200.0V 878A619M01

o2 otopr: 1N45TA 184A853H07 RI8 RESISTOR 10.0K SO0 St 1B4AT6IHSI -
03 DI0OE 1V4STA 184AESSHOT R39 RESISTOR _ 27.0K .50V 5%  I84R76IH6L 1SKE200 200.0v 87846 HO1
Da DIODE 1Nas7A 184ABSSHOT R4 RESISTOR  4700.0 .50W 5% 184A76IH4I P 3
03 DIODE 1Nas7A 184ABSSHO 7 R4l RESISTOR  12:04 +50U 31 184A76IHS] 228 ZENER ToKE200 200.0v  878A61INOL
Do DIODE 1¥a% 78 184RB35R07 R4z RESISTOR (0.0 .50W 5% 184A76315] S Zenen 1N3038B  56.0V §62AE57HO4
07 D100E 194574 184AB5540 7 Ru7 RESISTOR 8200.0 .50 51 184A763daY | 44 Teuen \SKE200 200.0vV 878A6\9NON
o8 D10DE 144374 184AY5510 7 Rag RESISTOR  18.04 .50W 23  629AS]IN62 339 NER 1n9s78 6.8V 186AT37HOE
09 D10DE INaSTA 184855107 RSO RESISTOR  300.0 .%0W 51 1B4A763Hl4 |
RS1 RESISTOR  300.0 +50W 5t 134A761H14 |
o1t DIODE INGSTA 184AB5SHO 7 RS2 RESISTOR 12.0K .50 5§ 184A763453 t
otz DIODE LED 3508az22n01 R53 RES[STOR 10.0K .50 33 184A763dS1 |
Di3 DIODE 1v4574 184A855A0 1 Jirtd
Die 0tapE INaSTA 18 44855K07 RSS RESISTOR 1BLATEIHS) \
RS RESISTOR 184A 763446 |
o JUMPER 0 OH4 RESISTIR  862A4T6:40L RS7 RESISTOR 184R T63H2 7 |
92 JUMPER 0 oM RESIST3R  362A4 7ddal RSE RESISTOR 184AT6IN) 4 |
N JUMPER 0 OWM RESIST)A  862AL /81401 65
4 JUMPER 0 01 RESISTUR  d62A4 7404 R60 RESISTOR 184763414 |
us JUMPER 0 0K RESISTIA 86284 TuHOL Ras paT 880A687HO6
Je JUMPER O OM4 RESISTIA 8624476401 |
a1 JUAPER 0 Or4 RESISTOR  d62A473n01 @ TRANSISTOR 29699 184A6IBHIY
a2 TRANSISTOR 23699 184A618H19
a1 TRANSISTOR  2V699 184A6IBHLY
AL RESISTOR 3104 .50. 2% 629AS3ld6s Qa TRANSISTOR 2043645 B49RUALHO)
Rr2 RESISTOR 13.04 .50 2% 629A51IH5Y es TRANSISTOR 29699 184A6IBHIS
R1 RESISTOR  820.0 .50% 28 629A5ir110 a6 TRAVSISTOR 24639 184A618H19
A4 RESISTOR 1500.0 +50. 53 I44AT6JH3I a7 TRANSISTOR 2830645 849A44 [HOL
RS RESISTOR  6200-0 .50. St 164A76]46 a9 TRANSISTIA 28699 184A63819
A6 RES[STOR  10.04 .50. 51 144A763H5L a10 TRAVSISTOR 29699 184R618H19
R7 RESISTOR  12.04 .50+ 51 I84AT63A5) ai TRANSISTOR 29699 184A6IBHID
RS RESISTOR  27.04 .50 5 184A76Jn6l atz TRANSISTOR 243645 849A4LIHOL
a9 RES[STOR 1004 .5CY 5¢ (834A763n51 ais TRANSISTOR 214699 184R638i415
RIO RESISTOR 12,04 +50% 5% 184A76IHS]
AL RESISTOR 12,04 505 53  184A 763653
AI2 RESISTOR 470040 .5Ca 53  184A763n4d 2 ZENER JR200  200.0V  629A369MOL
RL3 RESISTOR  27.04 .50 ST 134A763ncl 12 ZENER IR200  200-0V 623AJ€3HOL
Al4 RESISTOR 120K .50¥ 51  184A7635) 3 ZENER 1R200 20040V  629A69H0L
R1d RESISTOR 10-36 50 5T 166AT6IASI z4 ZENER 1N36868  20.0V  185A212406
Ri6 RESISTOR  3].0A .5C4 2%  629AS3IHed zs ZENER INGSTB 648y 1BOATS 06
A7 RESISTOR 13-04 .50 28 629A5JIASY z6 ZENER 1R200  200.0v  629A269:01
R19 RESISTOR  820.0 .50. 21 629A5111130 13 ZENER LR200  200.0V 6294169431
R19 RESISTOR 150G-0 +504 5T 184AT63431 28 ZEMER LR200  200-0v 629AJ61401 | STYLE NO
R20 RESISTOR 6200.0 .5C. 53 1844 76Inae 9 ZEWER iN3J6d6B 20.0v 165A212106 N St -
R21 RESISTOR 10404 <504 5% 136A763dSI z10 ZENER LN9STR 68V IBEATI 2106 | SI) “switcn 8494299103
R22 RESISTOR 12,04 504 5T 184AT63A5) i ZENER 1NJ€863 20-0V  145A212106 | 52 POWER)SW 880A357HOI
R25 RESISTOR 4700.0 .50 SE  184A76]d4d iz ZENER IN9STB  6.8U 186ATY TAOC RSD. ISWiTCH 3510A06HO1
R26 RESISTOR  12.04 1505 ST 184AT6IHS) zia ZEVER 1330358 56.0V  $62A25M04 FiGRuse 183A981H23
R27 RESISTOR  10.04 .50 55 184A763rs1 218 ZENER INJOJDB  56-0V 562425 MO4 F2 FUSE 1834901123
R28 RESISTOR  27.04 .50s S1  84A763d61 zle ZENER INJOMD  56.0V 862A257H04
A29 RESISTOR 27.°4 .50 ST 184ATEIMEL | zi7 ZENER INJOJAB  $56.0v 862A257 04
1 .
oG
|-, 7 r CARRIER TEST
125 v P R k215
CARRIER) 5| 22
START 1 48V -
9 3
15720V »—F3 R4
125v
CARRIER
sTOP 48V F‘ 218
15720V
VOICE KEY
POS IN
FUSED POS
I -
q o2
| 35 4 za
NEG IN SNo——{FT ——o
17 229
FUSED NEG =

e 30 1"
[REERERRS.3 S R38}—,—--—>| Rsp ExT P8

Sub. 8
(1463C68)
Sheets 1 & 2
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© Fig. 22A. Internal Schematic - Keying Module - with DC Power Switch and Fuses -
With Reserve Signal Detector Pushbutton and Control.
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1464C10602
TiE vo. |
COMPONENT STYLE WO CIPONENT DESCRIPTION  STYLE 3O.
e Sa9ans mO - T T tTmmTeees MPONEN A .
c1 CAPACITIR +04'0r OOV 849A4I MOG RESISTOR 27.04 +58% 53 184AT6IH6L ot JrseminTioy et
ca CAPACITUR <04 7UF 2000 B4YALIMOL RESISTOR  1300.0 +50% 53  184A 763H33 0y R s e Teeaies
3 CAPACITOR “04 Ul 200V B&PH4ITHO4 RESISTOR 1500.0 -50u 52  184A 76IHDE o e ines oo 2y 18sa7s moo
oot o> RESISTOR  £200.0 « 50k 51 184A763H4E 220 ZEVER ISKE200 200-0V 8 78AEI9KOL
cs CAPACITOR S04TUF 200V 49443 THOA Rl RESISTOR 10.04 =504 SI 184 763Kt 22i ZENER 154E200 200.0V 8 78A619HO1
R3s ¥SISTIR  12.04 +30W 5T 184A763453
a L R36 RESISTUR  27.0K +50w 5% 1844 7636l e
ol DlODE 134578 4ABSSHO 7 R37 RESISTOR  12.04 +50% 51  164A763HS] 24 T
p2 DIODE iNas 7R 184RB5SHO T R3S RESISTOR  10.0K +50W 51 184AT63HSI : e 1545200 200-0v  s78AsianoL
03 DIODE 1845 TR 18:4AB55KOT R39 RESISTIR  27.0K +50% 51 184A 763161
Ly DI10DE 1vas7a 18UAB3SHO 7 RaC RESISTIF  4700.0 +50% 51  18/4A7/631443 2o e 1342200 200-QV 876A619HOI
oS DIODE 194574 164A855107 Ral RESISTOR 12.04 .50% 53 184A763HS3
e piooe 1345 78 184a8350107 RUONHID anatia el @6 tpiEn 16200 200100 g 7aneiadol
o7 DIODE 1NGS7A 1864AB55H0 7 23 ENER IN30338  56.0V  362a25M04
o8 DIODE iNaSTA 1844855107 Ra9 RESISTOR  18.0K -50W 2%  629A53iH6x o e e B0 e Yoo
o9 DIODE 1N457R 184A855H0 7 750 RESISTOR  300.0 50w 53 184A763H14 z N o .
R Rs1 RESISTOR  300.0 .50V 5% 184A763HI4
on DIODE iNasS7a 184855407 RS2 RESISTOR 12,0 +50W 5T  184A763HSI
iz DIODE LED 3508a22H0L RS3 RESISTOR 1004 +50¥ 5T  184A76In5I
o1 DIODE 1N4s7A 184A855H07 64 5708
o4 DbiopE INa5TA 1844853H07 RSS RESISTOR 10.04 +50W ST LB4ATEIHSL
RS6 RESISTOR 62000 +50W 5% 184763446
a1 JUMPER 0 0dx RESISTOR 8624478101 RS 7 RESISTOR 1.0k <504 51 184A763H27
v2 JUMPER 0 OHn RESISTOR 86244 73HOI R58 RESISTOR  300.q -50W 5% 1B4A763HI4
Ja JUMPER 0 O RESISTOR 6244 78HOI
Ja JUMPER O 0dM RESISTOR 862A47HO) R60 RESISTOR  300.0 -50v 51 184AT6IMI4
Js JUMPER © OMM RESISTOR 562A478HOI
Je JUMPER 0 OHM RESISTOR 862A478HO0)
N JUAPER 0 OH4 RESISTOR 862A478HOL a1 TRANSISTOR  2N&99 164A6IBHID
22 TRAVSISTOR  2N699 164R638HI9
3 TRANSISTOR  2V699 184A638H1S
R RESISTOR 330K +504 21 629AS3IHES a4 TRANSISTOR 283645 849A44IHOI
R2 AESISTOR  13.0K »50W 2%  629A53IHS9 a5 TRANSISTOR 28899 184A6IBHIS
R1 RESISTOR  820.0 50w 2f 629A51IH30 26 IRANSISTOR 38699 184n6383419
R4 RESISTOR 1500.0 50w 52 184A763H31 G TRANSISTOR  2N3645 84944411101
RS RESISTOR 6200.0 500 5% 184476446 @ TRANSISTOR 28699 184A618H1
R RESISTOR  10.0i -504 53  I184A763HS51 al0 TRANSISTOR  2N699 184A6IBHIS
R7 RESISTOR 12,04 +50ui 5% 184AT63HS] ait TRAVSISTOR  2N699 184A638HI9
A8 RESISTOR  27.04 +50W 51 1B4A76IHE] 212 TRAVSISTOR 293645 849a441HO1
RY RESISTOR  10.0K 504 5% 1B4A763HSI Qs TRANSI STOR 29699 1844 638H19
R10 RESISTOR 12.04 50w 51 184AT63HSI
i1 RESISTOR  12:04 +50W 51 184A 763153
RI2 RESISTOR  4700-0 +50u 53 184A76JH43 21 ZENER 1R200  200-0V  629A369HOI
e AESISTOR  27.04 +50W 51  184A763M6) 22 ZENER 1R200  200.0V  629A369HOI
i RESISTOR 12,08 .50V 53  184A 76JHS) 73 ZENER IR200  200.0V 629A369HO01
RIS RESISTOR 10,04 +50% 52  18LAT63NH51 24 ZENER 1936868 20.0V  185A212H06
R16 RESISTOR  33.0¢ -50W 2% 629A531Hed zs ZENER IN9STE 6.8V 186a 7 ™06
R17 RESISTOR  13.0K -50w 2% 6294311459 26 2ENER 1R200  200.0V  629A369HO01
R18 RESISTOR  820.0 .50W 21 €29A531A30 7 ZENER {R200  200.0V  629A369HO1
RIS RESISTOR 1500:0 .50w 5% 184A763d3) 8 ZENER 1R200  200.0V  629A169HOL . L ~
R20 RESISTOR  6200.0 +5Cv SI 1844763146 5 ZEVER IN36865  20.0V 165A212HO6 vy T
R21 RESISTOR  10.0K -50w 51  184A76JHS} Zlo ZENER 1N957B 6.8V 186479 ™06 COMPONENT STYLE MO .
R22 RESISTOR | 1844 761153 2 ZENER 1936868 20.0V 185421 2H06
R25 RESISTOR 4708.0 +50U 51 184A763H43 212 ZENER 189578 6.8V 186A 79 ]O6 S SWIRCH 8494299403
R26 RESISTOR 2 1844 763H53 zi4 ZENER INI03BB  56.0V  BezA25THOG 52 POWER Sw 880435701
R27 RESISTOR 184A763H51 s ZEvER IN30388 36.0 862a25 Moa ) FusE 1834981 H23
R28 RESISTOR 184A763H61 216 ZENER 1N3038B  S6.0V 86242504 9 ruse 1834981 H23
R29 RESISTOR 1624763461 17 ZEVER IN3038B  56.0V 8 62A257HO04 L

——e—TFR0:—#
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146410603
COMPONENT - PESCRIPTIUN  STYLE N3.
c CAPACITOR L047UF 200y  B849A4I Indu
c2 CAPACITOR J0u7UF 200V 849ALINi0L
3 CAPACITOR £067IUt 200V B4IA4ITHO4
cs caPacITIR ©047UF 200V BA4IALITAdL
ot D10DE 196574 1844855407
02 DI0DE 1N457A 184AB55A10 7
03 DIOOE 1N4STA 184A855H0 7
D4 DIODE 184S 7a 184AB55107
D3 DI0DE 1194574 184AB55,107
D6 DI0DE 184574 184ABS51107
D7 2100€ IN4sTA 184AB5540 7
e DBIODE 194574 164AB5540 /
09 DIODE | 1N457a 184A855407
o1l 0100€ 184574 184A85SH0 7
oIz DIODE LED 3508A22K01
D13 010DE 184374 184A8551107
o4 0100€ Ne5TA 18448355H07
Jt JUSPER 0 M4 RESISTUR  B62A476491
J2 JUMPER 0 JHM RESISTOR d62A473n0}
J3 JUMPER 0 04M RESISTOR 862a474n01
Ju JUMPER 0 OXA RESISTOR ©962A4 18401
5 JUMPER 0 OHA RESISTOR 46244 73rCI
a6 JUMPER 0 OMY RESISTOR 86234 T9n0 1
a7 JUAPER 0 04 RESISTOR 86244 73r0l
R RESISTOR 33,04 .50y 28 629AS]id6o
A2 AESISTIR  13.04 +504 21 623a531dS)
A3 RESISTOR  820.0 .50¥ 21  629A531K30
R4 RESISTOR 1500.0 .50% ST 144A763M3L
RS RESISTOR  6200.0 -S5OV 53  184A 7631146
Re RESISTOR  10.04 .50% 5T  144A763HSI
RT RESISTIA  12.06 505 53 144A763n5)
R8 RESISTOR  27-04 .50 53 1B4AT63n6l
R9 RESISTOR  10.04 .50V 5% 134A763is] |
RIO RESISTOA  12.04 .50% ST 184AT6INSI |
RiL RESISTOR  12.0K .50y 52 1B4AT763453 |
R12 RESISTIR 4700-0 50 5% 184AT63R4)
A3 RESISTIR  27.04 +504 5% 134A763nCl |
A4 RESISTOR  12.04 504 51  184A 76453
ALs AZSISTOA  10.0« 504 51 134A763M5I |
Ri& RESISTOR  33.04 +50'w 21  623a53idcd |
RIT RESISTOR  13.0 .50 28  629A531d5s |
18 ATSISTIR  820-0 +50%w 21 629ASIIALT
RIS RESISTOR 150G.0 -50i 5T 184A7€1431
20 RESISTOR  6200.0 +5Ca 5& 134A763ncs
R2! AESISTOR  10.0i€ -S5OV 5L 154AT63AS)
R22 RESISTIA  12.04 50U 51 134A763AS3
25 RESISTOR 4700.0 504 5% 184a76di4e)
26 RESISTIR 12,04 504 51 136AT63d%5
R27 RESISTIR  10.9€ .52 58  1duAl6d<<i
R28 RESISTIA 27004 .67 ST 13EATEN L T
Ray AESISTIR  27.04 -55. 53 184A7634 01

COMPONENT DESCRIPTION  STYLE NO.
"30 RESISTOR  27.04 -50u 51 184A763:i61
a3 RESISTOR 1800.0 50 ST 184A76JK33
R32 RESISTOR 1500.0 +50v 51 184A 763H]I
”33 RESISTOR 6200.0 -50u 51 1B4AT6d44s
R4 RESISTOR  10+0K 50w 5% 184A763A51
R3S RESISTOR  12.0 +50W 51 184AT634S3
R36 RESISTOR  27.0K 50w 51 18LAT63ACI
R37 RESISTOR 120K -50% ST 184A763H5)
/38 RESISTOR  10.0K +504 5%  18GAT63KSI
R39 RESISTOR  27.0K -S0% 5%  184A763it6l
R40 RESISTOR 4700.0 +50W 51 184A 7633 |
Ral RESISTOR  12.04 »504 5T 1B4A763iis) |
Ra2 RESISTOR  10+0K 504 5% 1BGAT6i(5]
R4 7 RESISTOR 82000 -50W 51 184AT763it4s |
Ru3 RESISTOR  (8.0K .50V 21  629a53ir¢2
/50 RESISTOR  300.0 -50% 5% 184A763d14
RS1 RESISTOR  100.0 +504 5% 184A76314
asz RESISTOR  12.0K +50W 51  184A 763151
RS3 RESISTOR  10.0K +504 5% 184AT631151
nsS RESISTOR  10.04 -50% ST 1B4A763H5)
Rss RESISTOR 6200.0 +50v 51 184A763rcs |
RS 7 RESISTOR 1.0K 450V 51 184a 763127 |
Rs3 RESISTOR  300.G +504 51 184AT6II4 |
e et
R60 RESISTOR  300.0 .50% 51 184A 763114 |
Rag pOT 250% 30w 10% BBOAGBTHOE
au TRANSISTOR 2699 164638419
a2 TRANSISTOR 24639 184A63BHIS
a3 TRAVSISTOR 2699 184A618KI9
™ TRANSISTOR  2v164s 849RLLINOL
as TRANSISTOR  2¥699 184A638r19
s TRANSISTOR 29699 184a63819
&7 TRANSISTOR 283645 849A441HOL
as TRAVSISTOR 29699 184A638419
aio TRAVSISTOR 24699 184A638H19
an TRANSISTOR  2V699 1844638119
aiz TRANSISTOR 233645 849A44LHOL
Qs TRANSISTOR  2¥699 1844638419
21 ZENER 1R200  200.0V  629A369H0L
22 ZENER 1R200  200.0v  629AJeSHOL
3 ZENER 1R200  200.0V  629A369:401
z ZENER INJ6868  20.0V  185A2121106
s ZENER IN9STB 6.5V LB6AMTHOE
26 ZENER IR200  200.0V  629A369i101
z7 zEiER \R200  200.0v 6294369101
28 ZENER IR200  200.0V  629A369:(01
5 ZEVER 11436468 20.0U 1654212106
z10 ZENER IN9STB 6.8V 186479 706
a zEvER INIE86B 2040V 185A212106
zi2 ZENER INIS 78 6.8V 186A TS HO6
| ere ZENER 1¥30348 56,0V B62a25THO4 |
s ZENER 1N30JEE  56.0V 8624257354
e zevER 1N30Jau  56:0V 862A25 ‘dce
217 zENER INI0IRB  56.0V 862425 TnC

inss7B

COMPONENT DESCRIPTIBY  STYLE No.
214 28 IN9STB €4V 1BEATI T
219 LIRSy ZOWYL 1453217
20 37386100 L
z2) zEULR S78ALL 0
43— JEua-

Ton o
e

it
6.8V 186A79THOE

S SWITCH
RSO SWITCH

JUMPER
JUMPER
JUMPER,
JUMPER

DESCRIRTION

Q\OKM RES
0'0HM RES
0 GHM RES
O OHM RES

049A299H03
3510 A06HO!

8624478K01
8624478401
8624478H0!
8624478HOI

REG 45V POS
|-, H CARRIER TEST 09 ‘—’l
125 v PRI | .
—
CARRIES ls 12 & R' = _ i
START ‘uv S gmatlil * - a4
5
ot} 23 02 L__o_"ﬁéc“——ﬂ——> CARRI
— ER KEY
> I
lis/20v {3 TR }— WI—» 224|110 PN T OF xMiTTER
l 1e " 02 BD KEYS TO 10 WATTS)
I 4
| 22 1 T
12044 l b I
3
27 16 )
12sv |<’— LT3
CARRIER] g 17
sTOP asv <—W—{RiT LI
{20 20 210 ¢ 716
15720y R o{Re}—4— 05 |
| ! - —_— 131 amP kEY
[+3 29 *c2 o o3 —{ RSO +—#—> 70 PIN | OF XMITTER
| S - g z26 BO(T URNS PRE AMPON)
! I £ I
.
‘ De Z31 ou
, L RZE )+ I l
I * Qio 5
) o7 = 217
VOICE KEY & R3( "3z ——»—{RZ9} -4 = |
| ! o »
5 (307 RST }-%—> VOICE VOLTAGE
n b3 skhes ;‘ 228 (TO PIN 35 OF
f XMITTER BD. VIA
YOICE ADAPTER 80.
) PINS 3 AND 5,
| {R3}— an XEYS TO3.25 WATTS.)
| ‘ v
x
Kl
POS N |;
)
FUSED PCS
i RSO Di4 21
— H o ¢B ¢ RSD EXT P§
- o re TRANSMIT AT | WATT
I < L 1 I LEVEL
—C Lkl R4H RSO KEY
| 218 s I
G[ o2
-
3 - LC’ - % 21 |
NEG IN < 29k :ﬁ 7 18
1 729
F 11 -
USED NEG i ¢ ¢‘L1 230 "
—{"5e RSD EXTPB
le [14eTesgas” ]

Sub. 8
(1463C68)
Sheets 5 & 6
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o Fig. 22C. Internal Schematic - Keying Module - without DC Power switch or Fuses - with
Reserve Signal Detector Pushbutton and Control.




I.L.41-944.35A

1464C10604
coupONENT DESCRIPTION  STYLE NO.
CONMPONENT DESCRIPTION STYLE NO. - ——- .- -—- - COMPONENT DESCRIPTION STYLE N2
et meevmmecave  accseaaca- R30 RESISTOR 27.0K +50 5% 184A763d61 - -- -- - mmmemee-
ct CAPACITOR +04a MF 200V 849A4IMO4 R31 RESISTOR 1400.0 +5S0W 5% 1B84A763H3J] z19 ZENER INJ666B  20.0V  1835A212H0¢
ce CAPACITOR +04 TUF 200V B49A4IMO4 R32 RESISTOR 1500-0 50V 5% 184A76JHII z20 ZENER 15KE200 200-0V  373A6I9MOL
€3 CAPACITOR <OaMIF 200V B849A43ITHO4 RI3 RESISTOR 6200.0 +50w 51 184A763i46 z21 ZENER 1SKE200 200.0V ®78A6IIHOL
T R34 RESISTOR 10.0K +50% 5% 184A 763151
cs CAPACITOR +047UF 200V B49A4IPIO4 R35 RESISTOR 12.04 -50w 5% 1B4AT6IHS)
R36 RESISTOR 27.0K -50W 5 184AT63H6L 224 ZENER 154E200 200.0V 4 73A619H;
R37 RESISTOR 12.0K +50% 51 1BUA763HSI —_ el
ot DIODE INGSTA 184AB55H07 R38 RESISTOR 10.0K .50% 5% 1B4AT6IHSI 226 ZENER ISKE200 200.0V 4734619431
D2 DioDE IN4STA 184ABSSHOT? RJI9 RESISTOR 27.0K .50W 5T 184AT6IHEL
03 DIODE ISTERCY 1B84ABS5HO 7 RA0 RESISTOR 4700.0 50w 53 1B4A763+4) z28 ZEVER ISKE200 200.0v 4733613941
pa DIODE 19457A 184AB55H0 7 Ral RESISTOR 12.0K +50w 5% 1B4A76345] 229 ZENER IN30338  56.0V k24237474
DS DIODE INGSTA 184A855H07 A42 RESISTOR 10.0K +50W ST 1B4AT63A5I 230 ZENER 15AE200 200.0V 8 MA£19471
D6 DIODE 1N4STA 184AB5SHO 7 3 ZENER INSST8 6.8V 1BEATITHOS
o7 DIODE INGSTA 184A8B55H0 7 Ra9 RESISTOR 18.0K 350w 2% 629A531d62
D& DIODE INGSTA 1B4ABSSHOT RSO RESISTOR 300.0 .50W 5% 184AT63Al4
o9 DIODE INGSTA 184AB55H0OT RS1 RESISTOR 300.0 -50W 5T 184AT6l14
8 RS2 RESISTOR 12.0K +50W 52 |B4AT76IH5]
ol DIODE INGSTA 184AB55H0 7 RS3 RESISTOR 10.0K +50% 5% 184A763dS]
D12 DIODE LED 3508A22H01 [asa—
D13 DIODE INGSTA 184ABS5HO 7 RSS RESISTOR 10.04 +50w ST 184A762dS!
ol4 DIODE IN4STA 184A855H07 RS6 RESISTOR 6200.0 50V 51 184A 763446
RS7 RESISTOR 1.0% -50W 5% 1B4AT763i127
Ji JUMPER 0 OHM RESISTOR 862A475140) R58 RESISTOR 300.Q 50w 5% 1B4ATEIHI4
va2 JUMPER 0 OHM RESISTOR 862A4T8HOL [R5 — RES e t
x) SIUMPER 0 OHM RESISTOR 8 62A4 78HOI H60 RESISTOR 300.0 +50¥ 5% 1B4AT63d14
Ja JUMPER 0 OHM RESISTOR 862A4 78HO1
Js JUMPER O OHM RESISTOR 862A478HOL
Je JUMPER O OHM RESISTOR B62A478r01 |- Q1 TRANSISTOR 2N699 184A638H19
7 JUMPER 0 OM RESISTOR 862A478HOI Q2 TRANSISTOR 29699 1B4A6IBHIY
Q3 TRANSISTOR 28699 1B4A634HIY
Q4 TRANSISTOR 283645 849A441KO01
R RESISTOR 33.0K «50W 22 629A53IHES Qs TRANSISTOR 28699 184A638H19
R2 RESISTOR 13.0K .50V 2%  629A531HS9 13 TRANSISTOR 2N699 184A638A419
Rl RESISTOR 820.0 -50W 2T 629A531H30 Q7 TRANSISTOR 2N3645 B849AL4IAO0]
Ra RESISTOR 1500.0 +50w 5% 184A763HII Q9 TRANSISTOR 2N699 184A638:119
RS RESISTOR 6200.0 +50W 5% 184A 763Hu6 cio0 TRANSI STOR 2N699 184A638AL9
R6 RESISTOR 10404 «50W 5% 1BAATE6IHS) Qary TRANSISTOR 2N699 184A6IBHI9
R7 RESISTOR 12.0K «50w ST 1B4AT63HS) Q12 TRANSISTOR 282645 B849A441401
RE RESISTOR 27.0K «50w 53 184AT76IK6L Qs TRANSISTOR 2N699 184A638H19
R9 RESISTOR 10.0K +50w 5% 1B4AT6IHS)
R10 RESISTOR 12.0K «+50W 5% 1B4AT6IHSD
R1l RESISTOR 12.0K «50W ST 184A 763r15) z ZENER IR200 200.0V  629A369H01
R12 RES[STOR 4700.0 .50W 5% 184A76IH4] e ZENER IR200 200.0V. 629AJ69HO!L
R13 RESISTOR 27.04 +50W 51 IB4AT6IH6L L= ZENER 1R200 200.0V  629A369401
R1& RESISTOR 12.0K «50W ST 1B4ATEIHSI Z4 ZENER I1NJ686B  20.0V  185A212406
R1S RESISTOR 10.04 +50W ST 1B4LATEIHSI zs ZENER IN957B 6.8V 1B86A T T06
Rl6 RESISTOR 33.0K .50W 2%  629AS5JIHES z6 ZENER 1R200 200.0V  629A369A0L
R17 RESISTOR 13.0K «50W 22 629AS5JIHS9 z7 ZENER 1R200 200.0V  629AJ69:{01L
RiI8 RESISTOR 620.0 +50¥ 2% 629AS5JIHIO0 28 ZENER 1R200 200.0V  629A369401
R19 RESISTOR 1500.0 .50W ST 184A763H31 9 ZENER INJed6B 20.0V 1B5A212406
R20 RESISTOR 6200.0 +50Ww 5% 184A763H&46 z10 ZENER IN9S7B 6.8V 1B6AT9 THO6 bl
R21 RESISTOR 10.0K 50V 5% 184AT6IRSL 1 ZENER INJ686B 20.0V 185A212406
R22 RESISTOR 12.0K +S0U X 184AT63HSI z12 ZENER IN957B 6.8V 186A 79706 ST SwITCH 8454299403
R25 RESISTOR 4700.0 +50W St 184A763H4D Zi4 ZENER IN3O3SB S56.0U BE2A257HO4 JUMPER 0 OHM RES BE2A478HOI
R26 RESISTOR 12-0K +S0w 5% 1B4A76IHS] (1%} ZENER 1NJ038B 56.0V 862A25M04 JUNPER O OMM RES B62A478HOI
R27 RESISTOR 1004 +50W 53 184AT6INS] 216 ZENER INJ0J8B 56.0vV 8624257404 JUMPER 0 OHMM RES B62A47OHO|
n2s RESISTOR 27.04 +50% 5T 184A7631:61 217 ZENER INJOJBE 56.0V 8 62A25TH04 SUMPER O OMM RES 0624478HOI
R29 RESISTOR 27.0k .50W ST 1B4A763H6L z18 ZENER IN9578B 6-8V  186A T3 HOS
si [, ~ . . 3
e Y REG 45v POS
I, CARRIER TEST 09 5 l
b o
125 v H Y
0
DI z
CARRIER] e e
START *) 48V , s
- M ~——_RE0 —#}—> CARRIER KEY
st/zov " 224 ltToPIN 7 OF xmiTTER
x 2 J’ BD KEYS TQ 10 WATTS)
. — -
—¢ -~ Ri3; 9—{ 03
(]
Y03 e
= l
125v I
CARRIER) '
sTOP a8y 216
15720V l
L })—*—1 131 amp keY
R50 }*——ﬂ—, T0 PIN | OF XMITTER
= &on 226 BD (TURNS PREAMPON)
=
2 |
!
R |
Qo 217
VOICE KEY &———R31 R3Z |- e Nos b— M RZG l
23
® R0 > VOICE VOLTAGE
20 T Loy o = 228 I(ro PiIN 35 OF
o 2 L XMITTER BD, VIA
! VOICE ADAPTER 80D.
— , PINS 3 AND S.
‘ 1839 — an KEYS TO 3.25WATTS,
! o
! H l
o
|3
POSIN
| 28 )
FUSED POS & 4 014 2
| i ~ ~ H— RSO EXT P8
2 2 t4 TRANSMIT AT | WATT
I 13 LEVEL
218
I ) k2
D or2 i 4
< I
35 c3
NEG N = Ly § E I
I 229
FUSED NEG = — i 30 [
L (7% RSO EXT PB

L

[iasaci0c04 —l

Sub. 8
(1463C68)
Sheets 7 & 8

o Fig. 22D. Internal Schematic - Keying Module - without DC Power Switch or Fuses - without
Reserve Signal Detector Components.
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COAX CABLE
SHIELDED CABLE

470N RESISTOR REMOVE
WHEN THE VOICE ADAPTER
IS USED.

COMPONENT DESCRIPTION _STYLE NO.

R4 RESISTOR 10K <50W 5% 184A763H5I
R6 RESISTOR 10 K...50W.5% 184AT63HSI
RS POTENTIOMETER 10K 2 W 1B5A086HI0
FL20! FILTER O

TJI TIP JACK BLACK 187A332H02
TJ2 TIP JACK RED 187A332HOI
Tl 10K |OK TRANSF. 714B677GOl
R7 RESISTOR 470N .50W 5% 1IB4AT63HI9

II463C5560|,GQ§1|

COAX CABLE

O = ORDER,BY ‘FREQUENCY.

Sub. 3
(1478B46)

%) Fig. 23. Internal Schematic - Receiveriaput Module.

COMPANENT VESCRIPTION  STTLE NO.
c1a CAPACITOR +250UF 200V 187A624n02
ciy CAPACITRR +250UF 200V 1874624402
c20 CAPACITOR 100.000MF SOOV 762A75TH01
c21 CAPACITOR «250UF 200V 187A624M02
c22 CAPACITOR  1.000UF 200V 187A624H04
c23 CAPACITOR «250UF 200V 187A624H02
A C211  CAPACITOR SEE NOTE A
€213 CAPACITER ©100UF 50V 184A46INOA
€215 CAPACIT@R <100UF 50V 184A663M04
C216  CAPACITOR  1.000UF 200V 187A624H04
€217  CAPACITOR  1.000UF 200V 187462404
C218  CAPACITOR «250UF 200V 187862402
0 c2i4 CAPACITOR SEE NOTE O
1C201  INT OXT nA110 201826103
5 JUMPER 0 oMM RESISTOR 8624a78rO)
K26 RESISTER 3300.0 504 51 184A763nd
R27 RESISTOR  22.0K «SOM ST I84A76IA59
K28 RESISTOR  680.0 .50 51 184A763H2)
R2y RESISTOR  68.0 .50W 5T  1B7A290K21
R30 RESISTOR  10.0K .50w 51 184A763N5)
nPUT R31 RESISTOR  330.0 .50%.5%1 164A763M15
————,ee—,ee—_e—,— (— . . »: - RIZ RESISTOR 1300.0 .50W 51 184A763r39
! # R RESISTOR 1000.0 .S50% ST 1B4A76IH27
P28 R3a RESISTOR  22.0k -50w 51 13aA763W5Y
R3S RESISTOR  680.0 .50 SI  134A763H23
‘ R36 RESISTBR  48.0 (50w 51 187A290M21
#37 RESISTOR  10.0 .50w ST 184A763451
[ R RN e e B leaiend
& [R220) R212  RESISTOR 1000.0 .50k 5% 184A763H27
R213  RESISTON  10.0% .50W 51 184A763HSI
P8 R214  RESISTOR 2700.0 .50W 5 184AT&INI7
021 lezis R21S  RESISTOR  10.0X .50w 51 (34A76IW51
) oL X216 RESISTON 8200.0 .50W ST 154A763HAs
B, R217  RESISTAR 2000.0 50w ST  184AT6INIA
I uEL. 1 R218  RESISTOR  150.0 .50k 51 154A763HO7
A T2 T2 R2139  RESISTOR  330.0 .50 51 184A763IHIS
K220  KESISTBR  47.04 .S0W 5%  134A763H67
‘ 2 4 R221 RESISTOR  220-0K .50W ST |84AT6I%83
ez R222  RESISTOR 1600.0 50w 5I 134A763M33
= R223  RESISTOR 1000.0 W 5% BAAGA3IW2T
I S OR33 RESISTOR . 300.0 .50W 5% [84A763HI4
3 3 ola TRANSISTOR  2na249 8a9a441403
I ' o TRANSISTOR  2Na24y 849A441H03
0211 TRANSISTOR ~ 2Nazay 8494441403
»FL2 FILTER 7624613601
l cams 4 car | $FL202  FILTER 1874330603
I 81 éE‘Eﬁ 3% 48, 14624883
[ RYSTAL SEE NOTE
T2l TRANSE 7148677601
| 1212 TRANSE 205C043603
l O Rzl 3 A C2Il RANGES FROM IOOPF TO 1000PF
s ——2
“20v) O C214 MAY VARY UP TO IOOPf |874635H01 THROUGH H23
O YIl FREQ. EOUALS RCVR {CHANNEL) FREQUENCY
e sNeNer o ]Me3cascois oz | PLUS 20KHZ
nF # FOR GOI FOR NARROW BAND TC-I0
ouTPUT ® FOR GO2 FOR WIDE BAND TC-10
Sub. 4
(1463C47) o

o Fig. 24. Internal Schematic - I.F. Amplifier Oscillator Module.
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S

CARRIER LEVEL INBICATION CIRCUITRY

]

| 1”7
0C NEG iL
I 3
SENSITIVITY
. ADJ-
|,
POS.20V

SOLID STATE RELAYING OUTRUTS

O rig 258  internal Schemati; - Detector Mo
20 Volt Qutputs,



Y

|
|
|
|
l
|
|
|
|
|

|

CuMPONENT

l 3 CAPACI TOR
ca CAPACITSR
c3 CAPACIT2R
| ca CAPACITOR
cs CAPACI T4R
ce CAPACIT
| c1 CAPACI T2
(42} CAP
— - 03 COL.OUTPUT
|
1
| )
T 7o~
A ! | 40 wATTS
l Lﬁ D1 0100E
o 5 i 02 DIOCE
— 20ma QUTPUT 3 DI2DE
5,| | pa 0120¢E
> 06 130T
| 07 o100¢
- ! J_l AL |
o—— "
I>I 200ma OUTPUT
> POS 45V
20
20V OUTPUT A
35!
——————> 20V OUTPUT B
' @ R} RESISTOR
| R3 RESISTOR -
‘ ’ Rs RESISTER
T R6 RESISTCR
o | 1483cEEG0O3 R7 RESISTOR
RS RISISIZR
R RESISTOR
CaVPRNENT
CONP LOC. 1479B39 PO
R10 RESISTR
RSS RESISTOR
Ri2 RESISTOR
R13 RESISTAR
R14 RESISTOR
siaze s RIS Resistor
283645 5494441101 e eletan
2N3417 £48ABSIMO2 e Reslsion
2N4356 §49A441H02 B RES1SToR
2N4903 187TAB7IHIZ R20 RESISTIR
ZENER 1N30278  20.0V  182A302H0T P :Eg:i};;
ze ZENER 1N36868 20.0V 1854212H06 Ros RESISTOR
73 ZENER 1n30388 . 56.0V 8624237104 SESISTOR.
ZENER INATATA 20.0V B849A4BTHOL
ZENER IN4T4TA  20.0V B4IALBTHO
(3 ENER 174460 6.2V 837A693H00 3] CHOKE
27 ZENER 1N4680.  6.BV  GITAEIINOS

200V
sov
UF 200V
INa143
IN4STA
1N457A
IN4EIB
1N64SA
IN645A
27.04 .s0v 5%
4700.0  .50wW 2%
470.0 1.004 5%
2000.0 .50 51
560.0 1.00% 5%
10.04 50% 1%
1500.0  .S0w S%

DESCRIPTION
4.7K2.00:4102
. &N .30w3%
4.7K2.00W10%
27.9K -S04 5%
10.0K .SO% 1%
6800-0 - +SOW 5%
10 .OK +SOW 1%
700.0 3:00: S%
700.0 3.00W 5%
120.0 .50% 5%
120.0 .S0u 5%
82.0K .50W 5%
150.0 3.00%
15 3.00Y

(STYLE NO.
1%7A624R02
187624102
16 7A624H01
167A624H02
18 TA624HO02
188A66IHOS
184A663K01
VYETAG24HOS -

BI6A92BHO6
184ABSSHOT
184A85SHOT
188A342H06

B3TA692HND
837A692HO3

184AT63HEY
629A531H48
187A643HI9

184A763H34
187A643H21
B4BAS20HA4S
184AT763HIT

STYLE N9.

18TA642HA]
107429000

187A642H43
184AT63H6I

B4BAB20H4S
184AT63HAT
B4BAB20HAS
763A12TH28
763A127H28

184AT63HOS
}82AT63HOS
184A763H73
762A679H01

*__J62A619H01

10TASSONO)

Sub. 10
(1334D41)
Sheet 2

nd Two

A and 20mA outputs, @

fule -
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I.L. 41-944.35A

CARRIER (LEVEL" INDICATION CIRCUITRY

e
/ — —— e T—— —— —— — — — —— — — — — — —
TPIO
I SPAN, ADJ
' R36 hrpo
25 13 7 10 1
CIASERS o X8
2 +
e Bl
l cio
DC NEG ;<
POS20V }

BASIC DETECTOR AND ELECTROMECHANICAL RELAYING OUTPUTS

© Fig. 25D. Internal Schematic - Detector Moy
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\
FULL SCALE ADJ EXTERNAL INSTRUMENT |
FULL SCALE I
R50 l
7j2Ng | 1
6]1C48 RSI r— -
} OPTIONAL
4 _ EXTERNAL
| M3 e
cl6 = ~ci7 ! INSTRUMENT
I _ | " 0-100ue
LyJd
| i
3 SCOMMON|
TPH '
23|
. l>— -1 @3 COL OUTPUT
1
|
” l ,_]. 170
I LIJAOWATTS
3 |
| |aomu OUTPUT
____i,l>_ J
J2 |
)|

= . 200ma OUTPUT
1 POS 45V

CoMP LOC /479837

¥=G04(WITH METER)
GOS(WITHOUT METER)

COHPONENT DESCRIPTIu

c1 CAPACITOR +250UF 200V

c2 CAPACITGR +250UF 200V

c3 CAPACITYR +100UF - 200V

Ca CAPACITOR +250UF 200V

cs CAPACITLX +252UF 200V

c7 CAPACITSR «D10UF {50V

cs CAPACIT2R «010UF SOV

co CAPACITOR 33.000PF 200V

cio CAPACETZR «010UF Sov

cil CAPACITSR «470UFy, SOV

ci2 CAPACITAR -010UF 150V

c13 CAPACITLR 33.000PF 200V

Cla CAPACITOR «-010UEF, Sov

Cclé CAPACITZR +270UF 200V

ci? CAPACIT2R <010UF 50V

cig CAPACITOR <010UF SOV

c19 CAPACITOR «010UF SOV

c20 CAPACKTOR «010UF SOV

ca21 CAPACIT 2R ®010UF SOV

ca2 CAPACIT OR +010UF SOV

c23 CAPACITOR »010UF SOV

C24 CAPACITOR 2.000UF 200V

o1 DIODE 1v¥alag

o2 010DE 18457A

D3 DI2DE INASTA

Da DIQDE 1Nag18

03 DT20E 1N4148

09 DI3DE 1N4143

ey INT CKT SES3IT

1c2 INT CKT SES3IT

1c3 INT CKT 7470M

IC4 INT CKT 74704

1Cs INT CKT SNS56502

R2 P2T 10.0 754

R27 POT 500K <50V

R36 PTT 250.04 " +75%

Ra2 POT 245K <254
®R27 PaT §.04 +75W

RSO POT §.0K 75V

R1 RESISTOR 27.04 .50V S%

R3 RESISTOR® '4700.0 .SO0u 2%

RS RESISTER 470.0 1.00% S%

R6 RESISTCR 2000.0 .SOW S2

R? RESISTOR 300.0. Sw S%

R® RISISICR 10.04 S50 12

n9 RESISTOR 1500.0 .59% S%

R10 RESIST2R 4.7K2.00%102

R RESISTOR sow 5%

R12 RESISTOR 7

R24 RESISTOR 4750.0

R2s RESISTIR 4750.0

R26 RESISTYR 15.0%

R23 RESISTIR 4990.0

RrR29 RESISTUR 4990.0

R30 ‘RESISTOR 4990.0

R31 RESISTUR 4990.0

R32 RESISTCR 100.0 3.00%

R33 RE SISTOR 10.0%

R3a RESIST<R 2.04

R3S RESISTIR  4990.0

R37 RESISTIR 1000.0

R3E RESISTOR 15.C%

RJ9 RISISTYR 2.0%

RAQ RESI STUR 2.0%

Ray RESISTZR 17.8¢

Ra3 RESISTJR  1000.0

Raa RESIST2R 100.0

RaS RESIST2R 560.0

Ras RESIST2R 1000.0

Ra48 RESIST2R 560.0

Ra9 RESISTOR 1000.0

RS1 RESISTOR 100.0

RS2 RESISTUR  100.0

Lt CHOKE

# METER

™ TRANSFORMER 10K /7 10K

3] TRANSISTCR 2N4A243

€2 TRANSISTIR 2N3645

Q3 TRANSISTOR 2N4903

21 ZENER IN30278 20.0V

3 ZENER 1x30388 . 56.0v

Z6 ZENER 1N4460 6.2V

z7 ZENER 1N4460 6.2V

STYLE)NO-

LitidA 62 /102
1E9RG2 4102
1H-gA620i01
14IA62aH02
1g4n62aH02
18414663101
184A663HO1

ALT9A9E9HOT

184AC63HO1
762A6E0H04
184A6631101
E79A929H0O7
184A663401
188A669:i05
18.4A663HO1
124A663HO1
134A663K01
184A663HO1
184A663HO1
184A663H01
184A663HO L
18 TAG24H0S
B36A928HO6
18 4A855H07
184AB55H07
188A342H06

B836A928H06
B36A928HO6

3512A10KO01
3512A10F01
1443C52H01
1443C52H01
3512409HO01

B8B0AB26HOS
629A645H06
880AB26H10
629A645H07
B880AB26H0Y
880AB26H09

184A763H61
629A531HAE

187A643H19
184A763H34
TB3A129H 26
B4SA32CHAS
184A763H31
187A622HA3
187A290H21
187A642HA3
BABAS20MH] 4
B84ZAS20H1 4
BAEAZ2NH(2
SABAS20M15
84RAS20K16
BABAS20HI 6
BARAS2OHI 4
T63A121K 20
BASAIOHLS
BLEALIGHTT
T4OAZIDHI6
BLINGIIHED
87150822162
B4SAGIIHTT
€4EIR19HTT
B4SNT20KH9
8ABAT 19148
629AS31H08
6291531 H26
843A319HAB
6291531 H26
B4B8NAB19HAB
137/643K03
763A127H20
18TAS99HOI
3508A77HO2
714887760l

849A441HI3

£49£.441K01
18TA6T3HI3

132A202H07

B862A237HO4
837A693H08
83TA693108

Sub. 10

(1334D41)
Sheet 4

ule - withGLRs with 200mA and 20mA outputs.
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A= DWGS 19788395 € /978825 (BEF IWPUR. FILTER) BELOW 200 KHE
DWG ME5C 35708 vk 00 KHE

B TRANSIIT CEYSTAL FER. D/ 408C 743

O3 RECENE COrsiAl PER. DIVG. Ze2AB800 (GRYS7aL FREQ EQuAL p
D= STENCIL CAT. No. FRED, EOLTAG E,PER STOCK CEDER EF16. | THIS DWG.

(56€ D-SPEC FoLDECODINE OF GAT. NO)

£ < FER.

WirH COAXIAL §LMIEE

STOCK OFDER SIAMDFRD. G £ BorTom EMIBANCE

SWIITTH.

F= AFTER ASSYQTEST PER M-10690
G = PROVISON FOR EXTERNAL C.L.I INCLUDED
H =PROVISON £OR EXTERNAL RSD ALWAYS INCLUDED

OuUTl

SCHE
TEST

INE

MATIC-
“SPEC

[464C70
.COMP. LOCATION {CKT. 8D)___1464C69
I.L.41-344.35 (WIDE BAND)

1335020
JR— _855186
1L A4I-944.36 (NARROW BAND)

FIN.Cuut
_— RTRY. CODE B
/335047 |0 Rgze 78 \[Gevgssr |(Coremr | [oeim HEEEN
OWG. NO. OWG SUB PART NAME APPAR. TYPE FiG. 80, RN
BitL Urp,:‘:;r“n:’iimmoul TC/O0 CARRIER - I Stkum INCHES TPy A [ \0’7103 RIEY
N MATERIAL SIZE RS
fe] m -] e
[ lcvhssss” R 7350400/ 260 225V 1] | |
2 lctassis 123504502 i 300 987 =111 |
2 Mmoo E OUTPYT FILTER /46 /040 loc. M
4 \MoputE AMPLIFIER 46353 Loo L
5 |\ MoDE | TRANSMITTER |/ 450689 Loc NV D’ 5PEC
| | & | mopue. KEYING LEHCSO Lot &
7 Imopues Vﬂ/{fﬂﬁ/ﬂ@%&gf{ié lec P
| 1 8 \mpppenes DEZECTOR,  \/253c6d loc. £
L 1 9 | pr000 e . ARPLIFIER 1953246 loc. C__
| {70 pmoput £ INPUT [(H43055 Loc. A
VIRV ¥ M PUT A
12 | CRYSTAL TRAMSITI T 4 B
/3 | ceysral | Yeceve (4 ’7
14 | Marrer e e 236226/ 40/ D Naetow Bavo|. \
=7 = 2774585 57 ——— Pl
AR 1A 25O ¥ Por/ER | /5606350 .
/7 | MARNESS. STANDAED (335D 717 £ 98, /25 Y _|.D'5PEC
15 | SALESS STADARD /3260311412 £ 250y
| 1792 Wavernre (s 23¢p258 o 2 Wiz e Bari>
20 | 7A€ Low | 3,300 L oodx. 504) 84X |17 2|2
2/ | sceew 19-320.375Fic b e 18775 /0 |1ng 46003 yan
22 | Waswen 190 Wooe Sre 8724445 |#0s] L6403 fapl] |
2B AT ./30-32Kex Sr. 8779230 W23 4569903 YARA
NOTES :

5 RECEIVER ClonmnEe) FRER.

FPLYUS 2oKC

TYPICAL CATALOG NO. S041VRI385

4=48VDC
1=125VDC WESTINGHOUSE
2=2vac CATNO. SO4IVRI38S i
POS.8 48 voLTS bC
—138.5 kHz

-POS.H
C

® O

POS.A

L\\M-l‘:

FIG.1

©

/

O

O
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TC-I0 CODING SHEET

.CATALOG NUMBER

.__/\____\

TC10/504 1VRI385-5TD

E| I 3NF
z22 L
T+1T
A
N

standard 6' Universal Harness
bottom entrance with coax and
knife switch

{KDAR}®& B}___ Bottom entrance

T Top entrance

Length of harness IN FEET
Application for Special Harness

Delineator Scparating Catalog
of TC-10 from llarness

Frequency
Four digit nu~her giving frequency in 0.5 Kuz.
steps fron 30 KHZ to 300 KItZ

Peceiver Monitoring Options (NOTE “*H”)
al detector only

CLI, analog output,INSTRUMENT ON MODULE (NOTE "
CLI, analog output {EXTERNAL CLI)NO INSTRUMENT ON MODULE
None of thre above

z>0c M
-
@«
°

L——\.‘oice 2dapter Option

Yoice Adapter Cptlon
V with adapter
N Without adapter

Filter Fange
1 Wide Bard (1500 MNz) [.L.41-944.35(IT I9THIS DWG)
3 rarrow Bond (500 Hz) 1.L.4i-944,36(IT.14 THIS DWG)

Battery voltage

4 48 volts

1 125 volts

2 250 volts (includes external converter panel,
6 racks units high)

L—-—— Power level

0 1 vatt Cutput

1 10 watt cutput

2 100 viatt output (includes external amplifier,
6 rack units high)

————————————F-Flectrencchanical Relay Outputs

200 MA anc 20 A
180 MA into 392 CHM Coil (S) (Relaying)
20 MA into 2000 OHM Coil (S) (Supervisory)

p————————— S-So0lid State

200 MA output

20 MA output

2-20 Volt cutput

1-45 volt Cutfw
~— Z-SPECIAL APPLICATION

L - sStyle {Delineator

Solid State Transmitter/Peceiver Assembly for Phase
Directional Comparison Relaying and/or Supervisory
Control

8 [

carrier level indication, instrument, analog cutput(NOTE'G")
CLI, analog output(EXTERNAL CL.I)NO {NSTRUMENT ON MODULE
6"

TC-10 DECODING SHEET

(Figure 3)
_h_is,j CODE
1335041601 125vDC — RS
G02 48vDC — 4
GOl 250vDC  Plus Converter Pancl® T2
Input Module
1463C55G01 o <4300 xhz
602 - 2200,5 kHz
If 2MP OSC todulc
1463C46G0Y Narrow Band 3
GC2 ¥ide Band i
Petector
1463C66G01 Solid State, CLI Circuit, Instrument, S,CORF
G02 Solid State, CLI Circuit -——_S,Ao0RL
Go3 Solid State S.RoRN
G04 Flectro Mech., CLI Circuit, Instrument_—_____ E,C RF
GO05 Electro Mech., CLI Circuie ' » ==~ E,AoRL
Go6 Electro Mech., E,RORN
Voice Napter
1463C26G01 v
No Voice Modulation - N
Mtput Filter
1461C40G43
+ } Determined by fréquency ——
G84
PWR AMP
1463C8960! 30 -704KHZ
1463C89602 70 -150 KnZ
1463C89G03 150-300KHZ,
1460C89G03 48v.
1460C896G04 125V
Xeying_Module (NOTE “Hi):
1464c10G01 W/Switeh, Pdses, RSD E,AORFORL
G02 W/Switch, Fuses E,C oRAORN
Go3 ¥ /RSD — S.RORFORL
Go4 NONE “QF) ABOVE S,CORAOGRN

Transmit Crystal
Receive Crystal
Nameplate

Input Filter

From 408C743 (878r717-722) per. frequency
From 1762A800 (878A710-715) per freqg. + 20KHZ
Per catalog/style No.

Per 1465C3| (30-50 KHZ)

1336055 (IOO 5 149.5 KHZ) PER FREQ. -———
1336056  (150-199 KKZ)

1465C34  (199.5~200KHZ)

1336057 (201~ 250 KHZ)

1336058 {251-300 KHZ) -

% - CONVERTER PANEL 250 vDC TO 125vDC @ S”MSGCESAOI

3

a 5 7 19-14 (SEEFIG.I)

|FjAMPLIFIER

DETECTOR KEYING

OUTPUT FILTER

AMPLIFIER [TRANSMITTER VOICE
ADAPTER
WESTY :
1 22
! 23
! z/
i
20
L M N P Covee Back OF NP

WiTH /720 § Roweres
7o Comtssas As Swown

Sub 9
(1335047)

Assembily.in\Lerms of Catalog Number.
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I.L.41-944.35A

F FUSED POSITIVE 3 1€ op IC10
8sRS » 7 s
3
a
RC
g2 B3RS TRANSMITTER CONTROL » IC op IG:10
L T6 90RO
DI 125VI0R(48VY
CARRIE . 200-Ma
TR N A RECEIVER OUTPUT
==csp =
¢ TC-10
2 31
PHASE 8 3/
GROUND cARRIER
CARRIER
START PH. B GND,
TC :
FUSED NEG > °R7c7m
A IN KA4 RELAY
B5RS-RESERVE SIGNAL DETECTOR (WHEN USED)
Sub. 3

o8
25

LF FLTER TEST CIRCYIT ’

SEC¥I _ 20
Lok ] 73 / 2

OXD, | :
5
2 4 | y
= 2 H /
” 300 1o

|\

" 8 19 20 2 22 23 KHEZ

TYPICAL SELECTIVITY
EACH SECTION
INSERTION LOSS 26 DB MAX.

35
o8 '

INPUT FILTER TEST CIRCULT 30 7 ﬁ

%

300N

5
SO Y
10
-\— KEEP THESE 2 %
FOR BOTH FILTERS, LEADS SHORT A
DB* ‘20,106 ‘gz

0= 2T oI Fo 41 -2 Kkne
TCQEECETVER FILTER LIMITS TYPICAL SELECTIVITY 30-200KNZ
INBUTWFILTER FOR 200.5 -300 KHZ  INSERTION LOSS 12-1808,
INSERTION LOSS 12-16 DB, RISING WITH FREQUENCY  RISING WITH FREQUENCY.
DOWNIZAMAT T 0.8-1.1 KHZ, RISING WITH FREQUENCY
AT 2KHZ, DOWN 22-3508,0ROPPING WITH RISING FREQUENCY

Sub. 5
(629A425)

Fig. 28. Elementary K-Dar Carrier Control Circuits.

Fig. 29. Type TC-10 Receiver Filter Characteristics.

DB
90

OVERALL TC RECEIVER RESPONSE

145 KHZ
70

60

40

30

20

142 143 144 145 146 147 148 KHE

Sub. 2
(Curve 538014)

TC-10
32 1700-2300 A
o oA
20 MA. d1 3 To .
: > 7.3 ~— - == FUSED
*—> @ ° NEG.
[} (OR EQUIV. COILS )
_— 23 h 2 TC-10
El
R4 T
92 7 iNnde8 O ¢
> |

E—
i 200 MA.
| (or 257350 coiLs FOR

- 200- MA. AND 20MA.OUTPUT)

D-IN4gI8 s*i88A342H06

_33a, 3w _
o} RESISTOR} s* 184A636HI9

Sub. 5
(862A934)

Fig. 30. Type TC-10 Overall Selectivity Curve.

Fig. 31. Type TC-10 Receiver Output For 20 ma Operation.
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MINIMUM FREQUENCY SPACING FOR TWO I0-WATT
TRANSMITTERS OPERATED N PARALLEL
WITHOUT R-F. HYBRID

Sub. 3
(862A935)

-50

(125mV) -46

-40,

304~

-

RECEIVER SENSITIVITY (DB)

-|o+

(24.5v) o

’-410
CHANNEL SPACING
KHZ
10
|e _ -lotza5v
g =
e
—
4
- -
-3 a
2 «
-10 ¢
-
1.5 £
1)
z
z
@
=
! ©
z
}-20 z
I
|os u
W
-
z
o F-30
{— 40 (245 MV)

ZERO DB =24.5 VOLTS

Sub. 2
(862A933)

Fig. 32. Minimum Frequency Spacing for Two 10 watt Trans-
mitters Operated in Parallel.

Figl 33.WMinimum Channel Spacing for Keyed Carrier 60 pps.

WIDE X”SG%;S DEEP-4 SLOTS.
mm

7 I51

1.93
rag—zgo‘—aom ENDS

i
7693mm

O O
22I 221.037mm
fo) o!
l '
, 1,484
37.693mm
Y
18.375
466.725mm
le 19.000
o 382.600mm

N

9.094 |
230.987mm d

438
; ILI25smm
n*

[ I

11.125mm

.813
[+~ 30.650mm

Sub. 1
(1456C70)

Fig. 34. Outline of External Resistor Unit for 250 Volt Operation.
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L. 41-944.35A

COMPONENT DESCRIPTION | STYLE NO
RESISTOR
¢——[RE }—9 ! chassis 1 RI,R2 R3R4 g . 37180
- RS,R6,RTRS I6OW 5% | 13371
p | GROUND [} l‘} o
[_JL Fl S : 1 R9 00K W 5% 187A643HTS
e - —+4— (FE— 21pos
Pos. 4 | { RE ] — 2| 4 | ZENERMDIODE %
1 oV, SOwW
[ | . 21,2223.2425
| | | Az | | 26,20 IN28188 184AB54HI9
l I l E’? Az ! { PANEL LIGHT,
iNPUT | | b PLI 261308-1197 183A825G 1
20v 1| | &z3 || 4o
i | outRily FYSE
TO | L I FI-F2 1 12 AMP 11D9195H26
280V | ! A4 A ]
| | | PLI . | | SWITCH
Lo | y Wil | : SWi ST 22K (DPST) 880A3STHOI
ro | A6 | I TERMINAL BLK
[ Az7 am | Jl 5 TERM 8374253H04
t | F2 | |
NEG. | 5 ——— . —1Jp 3NEG.
L—J SWI L_J
WIRING DWG REF _______ 1456C68
Sub. 1
(775B8835)

Fig. 35. Schematic of External Resistor Unit for 250 VDC Operation.

375 375 .
777 I
Fany |
T b i

|| ———;—» 266 D14, (GHOLES)
1 |
£/56 | '
3 !
| I
I I
| !

- - f—f— 1
| !
5500 —»] 5375 ] I
- =~ ' '
T— | 3735 | 2344
| | | [
I |
T I
9750 | ! ]
g L ]
656 D/A.
ORILLING PLANY
FRONT VIEW SIDE VIEW
Sub. 3
(718B444)

Fig. 36. Remote Hookswitch Assembly for Surface Mounting.
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.219 DIA. (4HOLES)

o — — ﬂ)
[
2
S I
[
2
(3]
L2 B3 :
n =
z
n
mio
R LV AR
T \|/ . N PJ
3 IN_MIN.CUTOUT
- 3 .
33

DRILLING PLAN

b £.500 ———=] h— . /25—t
o} o} ‘ i
e} (o] 8.000
i LJ
FROVTUEW SIOE VIEW
Sub. 2
(718B544)

Fig. 37. Remote Hookswitch_Assembly for"Panel Mounting.

HOOKSWITCH
AsSY.

TELEPHONE
ND SET
HANDSET Pususuﬂgl Ao SE
{PUSK TO TALX) L

TO ALARM CIRCUT

TO ALARM CRCUY

Sub. 1
(3528A02)

TC-10 TO
33 ALARM CIRCUIT

PRSI

Sub. 1
(3528A04)

°F/'g

96

_ 38 Remote Hookswitch Assembly Internal Schematic and

Interconnection Diagram.

c>Fig. 39. Remote Telephone Jack Assembly and Interconnection

Diagram.



I.L. 41-944,35A

THE EFFECT OF SWINGING HAND
SET TRANSMITTER AWAY FROM LIPS

Relative
Level
— 0db

A Correct Position
**B Fair, 1/4 as goodas A, -12 db

", ~C Poor, 1/20 as good as A, -26 db
“D Very bad, 1/80 as good as A. -38 db

The diagram shows the greatly reduced efficiency of
the telephone when the lips are not in the correct posi-
tion for talking.

It not only is very annoying to repeat what you are

saying, but also serious trouble may result from mis-
understandings.

Sub. 1

(880A323)

@
o
: LWATT LEVEL
5 NOMINAL RECEIVER
a OPERATING POINT
3 3.25hWATT SETTING
o | [}
= L
2 10 1 ] \\
w )
>
s S R
w
3 0 il

| i

|
o T T
g (I
2 20 o
g |
S T 1
i I |I
= U} T RECEIVER
o rd SENSITIVITY
= SETTING
< S P et 1 T 10 WATT SETTING
a 1 B) )
x ° -

10 20 30 40 50

RELATIVE RF INPUT LEVEL (DB)

Sub. 2
(880A616)

Fig. 40. Proper Usage of the Noise Cancelling Handset.

o Fig. 41. Voice Receiver Automatic Volume Control Response.

FUSED POSITIVE
NORMALLY OPEN
) CONTACT
TC-10, 9,10 OR || DEPENDING URON
T—[_::Hq POSITIVE VOLTAGE OF 125V, 48V ‘OR"20V
RESPECTIVELY. USE TERMINAL(S FOR 250V

/ule R=75K FOR 250V ONLY

FUSED NEGATIVE

FUSED POSITIVE

100K FOR 250V

A
50 K FOR 125V e
ISK FOR 48V 5
—p——<¢
@ % NORMALLY CLOSED

FUSED NEGATIVE

4

A: NOT IN TC-I0 SET
@ : CONTINUOUS TELEMETERING MUST BE INTERRUPTED
(CARRIER OFF) TO USE VOICE COMMUNICATION

Sub. 2
(3526A86)

HZ/HZM - TC/TC-10 CARRER CONTROL

[ (o) —
5 v, o.c @ NEG. OC
o
e
csa { }
T\
[ane l—
_.II 05, j @,
yryYw r T‘
i
|
CURRENT
r BLOCKING
dref 0 UNIT {CBO)
It —
1€ I
'START — TO TC TERM 16 OR
WTC-10 CARR. START
TERM 9 {i25v)
© P( RM & )on(;-EcRno caRR
STDP\JK TOP (48V. & M 13
3,250 RS /RSN
cse s RELAY
Iy 4 Y
4l Z{]
cso
2000 2. .
Fo—A—— WA
32 . N O e
> & (1 1970 Nt
INGBID
3B a ! g

O - FOR TC-1I0 WITH 280 V. BATT! USE 48 V. CARRIER STOP CIRCUIT SINCE
VOLTAGE WILL BE ABOUT 70 V. AT THIS POINT WHEN CSP OR CSG
OPERATES -

Sub. 1
(3528A03)

0Fig. 42. External Circuitry for On-Off Keying of Type TC-10
Transmitter for Telemetering or Supervisory Control
(Without Protective Relaying) from either Normally
Closed or Normally-Open Contact).

o

Fig. 43. Interconnection Diagram for HZ/HZM and TC-10.
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+45v 28 FUSED POSITIVE TC-10
A
RC
D 21 * TRANSMITTER CONTROL TC-10
—— + >
90R 10
z3 (125V) OR (/ 8V)
CARRIER 200-MA (Z9 OR, 2107
TEST RECEIVER OUTPUT
=cC
PHASE &
GROUND CARRIER
CARRIER STOP
START PH.8GND
FUSED NEG. a 1C-10
< B ;
(27)
A:IN TC-10 HARNESS 1335D24 GOI THRU G20.
O:JUMPER ADDED BY USER TO TC-10 HARNESS Z BLOCK.
% ON TC-10 KEYING BOARD.
NOTE: Z BLOCK TERMINALS ON TC-10 HARNESS) ARE CONNECTED
TO CORRESPONDING J3 TERMINAL NUMBERS ONJTC-10 CHASSIS.
Sub. 1
(3529A88)
O Fig. 44. Elementary Carrier Control Circuit ‘using Normally Closed Carrier Start
Contacts and Normally Open Carrier Stop Contacts.
A [m]
z28  J3-28
>—
5.6K
A 2 WATTS 48v A a
A A (m] Qo d S8y za y3-4
227 ZIl J43-11 z3 R3 POS. >
> {13 gomen
CARRIER | RELAY
ey T 2 = 2 S
NEG 3 33 Ho0R 29 Bt
‘g: A a Jay o
125v 4 J3-4 20 J3-10
Posﬁ>——>>— l
5 4D @ o chapen on SR
210 J3:10 22 R2 RELAY A o RELAY A o
CARRIER _L ~ s 213 0R 212 J3-13 OR NEG. 23 3-3
STOP A y3-i2
RELAY | > >
NEG 23 J3-3
A=PART OF STANDARD HARNESS FOR TC-10.
@:ON TC-10 KEYING MODULE. O+TERMINAL CONNECTOR ON REAR OF TC-10 CHASSIS.
A:PART OF STANDARD HARNESS FOR TC-10.
O=TERMINAL CONNECTOR ON REAR OF TC-i0 CHASSIS.
()=JUMPER ‘ADDED)BY USER. NOT PART OF HARNESS.
Sub. 1 Sub. 1
(3529A84) (3529A85)

o Fig. 46. Connections using Normally Open Contacts for Both

(%] Fig. 455 Connections using Normally Closed Contacts for Carrier
Carrier Start and Carrier Stop.

Start and Normally Open Contacts for Carrier Stop.
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£15.CODE
RIRV.COOE }‘7 i
335024 1224 I | (T | T o — Y IV
WG M. oW SuB PART ANE appzr e RERS 1iz2i2
PART DESCRIPTION J SCALE__ . . __ __ N L 11 | ;
BILL OF MATE® 2L DIMENS:INS "% (NCHES GRAUP oljejarlc)e
S8 Yoo L] e e 5
3 E’ :::TE OEF %-% ccoe c;a; PN Sk ENG. REF REO
Of [KNIFE SW, | — T lissAzespor] | T T g T T O T T LT
02 [TERM. BLK | — | B05432| | | | |esee9s5  |3(3]3(3(313[3]3(3(3|3(3313(3|2,31313,3] | | |
03 MKR. STR | — |1 1012 292BAB3[HOI | B e e e e e e [ Al
04 ] | [—[Beea [ Jneel B - VO o o e
05 ¥ 1 |— 251036 ¥ Hosqukiﬂ II|||II»IJNLL_I>IJLL7I_II_7LI_I
06 [SCREW | — [190-32x.25FILHD |8T7A510 HO2| __IstL 4eaq03 l66lolc(6l6]6]c(6|c|cl6le]6|o|atele [afed | | |
07 _|SCREW — |190-32x.25 BIND HD |877A280 HO2 ol |BRSM 3029302930_2930293029n2930293029E52930 29
08 |WASH-LOCK | — [190 STU 1838917 [Ho5| 666eggee66666966666%_444
09 [TERM- HOW,| — 5410196 |60V | i 3[3]3133]3{3[3[3]|3{3]3]3]3[3/3[311313|3 ||
10 |TERMINAL | — 164A51 [Ho3 34129034 2931 [29131 [2931 {29031 129431 29[ 29| 3] 29]=1 |23 | |
i = (10 B _ Ishrisfi]slv[sv[5 1[5 M6 [5hdE] 15[
2| 1 — v_,,,%__'“'l‘_m jnDanoinnononnoNannnt
\3_JCONN. ASSY | — [ 3¢ PN 3516A81[GOI | 1 INOONDONENNIDEDEnDNnENE
i4 [CONNECTOR | — [24-20 GA. 3508A33 [HO3 l29129[29]29lz9 )23l |8 zal 9| fes|aaled| 9o a 2o | | |
5 UNIRING | — 187A775/H02 ] B INDEDEDNRErSnENEDAL
16 [PLUG | — [UHF [ZCTIETI N - N R N annnnnnoooannonit ||
M[17 [CABLE _ |LGH|2088 __ (*20) |6211IFC |30X] % | ERDDDIDDDDONONEER | |
18 | | [2784  (*20) [e211IFC [30% ! g R HODOORRDNEES
19 % ™8 Je2tA35F [ | IonnonanEaynnnnonmn
20 108 (coa) |62522AB|30A &’ EDECNDED AN
21 120 [ | | INOEEEERENE
22 144 v 1 L] B L
23 [PLUG —[BNc SBAC T2 NOR » JTHELONGENEDIEEROROEDED
24 |RES\SW™R 5.6K2waTs |\ 87AcAZHks ) el Zi2[2|z 2|2 z{2(242{Z2|2]Z|2|Z|Z

TC-10 XMTR/RCVR.
A-TC-10 X/R  WITH COAX CABLE ¢ KNIFE SW.

B-TC-I0 X/R  WITHOUT COAX CABLE § KNIFE SW.
%-CUT TO SUIT AT ASSY.
A-RUBBER STAMP S® ON TERM BLOCK WITH SILVER INK

s% 35/06AB004 PER DWG 541DI196 FIG.14 (S® PERI'SQ)
@-SECURE TO HARNESS FOR SHIPMENT WHEN COAX. IS NOT USED.
TC-I0 XMTR/RCVR PLUG P3

(TERM AS VIEWED WITH
'PLUG INSERTED INTO J3

REF @ ALLOW APPROX RECEPTACLE)
@ 12™ FOR LOOP

TC-10 XMTR/RCVR

J3
I 3RJ sz

FRONT VIEW REAR VIEW

S APPLY HARNESS
STYLE NO.

HARNESS LENGTH '

. R
] e WIRE LEGEND
m CXeXeX9) SYM DESCRIPTION

[NONE | CABLE - 62111FC30X
\@ [AA] |~ G2I11LA35F
» a3 t - 62522AB30
FIG. |
HARNESS FOR CUSTOMER INTL, SCHEMA'

BOTTOM ENTRANCE

=T

GND STUD (REF)

61



I.L.41-944.35A

- ALLOW APPROX.
f 10 XMTRIRCYR e **'jﬁ;@ 7 12" FOR LOOP
— . 3RU B @QT W GND STUD (REE)
FRONT VIEV/ REAR VIEV/
SapPLY HARNESS
STYLE NO.
HARNESS
LENGTH
FIG™2
HARNESS FOR CUSTOMER .
TOP ENTRANCE @
N N
l \GRDASTUD
— e 6T (WHEN KNIFE SW.
C- B\ IS NOT SUPPLIED)
Zli " | — 21 19 - P GRD.STUD
-1 I COAX.TO
t—— 2 20 .
F‘ 3—23 21 —z2l CoAX, 102, b~ 7 ) LINE TUNER
TCI0-3— 3 -
4—za 22 —z22 13
B a 22 —222 1004 +}DC SUPPLY
6% 2z 1C10-6 % D
7 —z71 25 —z25 -6— 6 }— FUSE +}opn A
——————\ 8 26 — 226 TCI0-7—{ 7 +— FUSED — ONAL
9—79 27 1 8]
10 —2I0 23 —Z28 TCl0-9— 9 F—125V
N —21l 29 TCI040 —{10[— 48Y  } CARRIER START
12 —2I2 30 —230, TC10-1 —{ Il |-~ 20/15V | (CARRIER CONTROL FOR
335 134153] B 7213 31 —z3i TCI0-12 —{12 }—125v KDAR SYSTEMS)
X * 14—214 32 —232 CARRIER STOP
(RCVR.INPUT) (XMTR. QUTPUT) 15 —ZI5 33 —233 TCI043 48V
" 2 16 —216 344234 Jelo1a 20/15v |
17 —2174 355235 iole REMOTE RSD PB.
BNC UHF 18 —=I8 36, ~a36 01017 OSCILLOGRAPH OUTPUT
. 10 }CARRIER ON INDICATION
22 JI USE, ONLYOWHEN (iv 500MA)
Zl  SEPARATE XMTR/REVR
OUTPUTS ARE, REQD. TCI0°21
TCI0-22
TCI0-23 REMOTE
R VIEW OF TC-I0 XMTR/RCVR PANEL (RV.) TCio-24 PHONEJACK
ALARM
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Relaying Control Circuits

The carrier control circuit for KDar relaying is
shown in elementary form in Figure 6. The ‘‘Trans-
mitter Control’’ circuit is normally held at fused
negative potential through the normally-closed car-
rier test pushbutton and the phase and ground car-
rier-start relay contacts. Opening of any of these
contacts allows current to flow from fused positive
through resistor Rc and the diode Dj to the trans-
mitter control terminal TC/6, thus starting carrier
transmission at full output. The potential of terminal
TC/6 rises to plus 20 volts, limited by a Zener
diode in the transmitter proper. The reception of
carrier from either the local or remote transmitter
normally causes a saturated current of about 200
ma. to flow in the alarm and holding coils (AL and
RRH) in the type KA-4 (or equivalent) receiver
auxiliary relay.

If the protective relays call for stopping the
transmission of carrier, closing of CSP or CSG con-
tact connects the transmitter control circuit back to
fused negative, thus stopping any carrier transmis-
sion regardless of how it was started.

If a relaying carrier channel is also used for an
auxiliary function such as telemetering or supef-
visory control, the keying contact for this functien
is connected into the carrier-start circuit in Series
with the carrier test pushbutton. Such a contaeg
must be normally closed (in the non-operatinggcondi-
tion). An auxiliary relay in the receiver ‘output,
usually in place of the alarm relay, energizes“the
telemetering or supervisory confrol “equipment
through contacts on the auxiliary relay.

Carrier Control For Other Functions

If atype TC set is keyed gn-offsfor telemetering
or supervisory control only (nojprotective relaying.)
one of the circuits show ift Eigure 16 can be used.
Arrangements are shown for /either a normally-
closed or normally-open<earrier-start contact. In the
former case, a diode is required to allow using the
Voice adapter forppush-te~talk voice communication
between stations. Notesthat continuous telemetering
must be interrupted when it is desired to use the
carrier channel for voice communication.

The_ receiver output can be connected for either
200 ma.“er*20yma. operation as shown in Figure 11.
The 200=ma. output is preferable (if a choice is
available) because of a slightly better time constaht
in the“200 ma. receiver output circuit.In some cases,
bothy the 200-ma. and 20-ma. outputs may be used

together. For example, the 200-ma. output can\be
used with a standard carrier auxiliary relay (for
directional-comparison relaying), while the '20-ma.
output feeds a 2000-ohm receiver relay used with
supervisory control equipment. The connections
shown in Fig. 11 would he used for this casge, with
the receiver relay holding coil (RRHdwin place of the
33-ohm resistor and the 2000-ohm(supervisory relay
in the 20-ma. output in place "of, theeRRH and AL
coils shown. The alarm function, would be provided
by the supervisory control equipment.

CHARACTERISTICS

30-3004 kHz (50-300 kHz for
phase comparison relaying)

Frequency range

10 watts into 50 to 70 ohm
resistive load

Transmitter output

Harmonics 55 db below 10 watts

Receiver 40 mv. input for 180 ma. mini-
sensSitivity mum output current

Receiver 500 Hz bandwidth (3 db down);
selectivity 3kHz wide at 65 db down

TransSmitter-receiver

CGhannel rating 50 db
Input Voltage 48, 125, or 250 V. d-c

Supply voltage

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

Battery Drain:

48 V.D.C. 0.5 amp standby, 1.35 amp
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 hybird units is shown on the curve of
Fig. 12. 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 detérmined from the nomograph of Fig. 13. Using
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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
received signal, or for a sensitivity of —30 db
(relative to a 24.5 volt, 10-watt signal). The inter-
fering 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-dc point on the interfering transmitter scale.
The resulting line crosses the channel spacing
scale at 2 kHz. For this example, a channel spacing
of at least 2 kHz should be used. (In order not to
conflict with the limits of Fig. 12, an r-f hybrid may
be needed between the TC set and the other trans-
mitter, 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 at fc, fc + 100 Hz, and fc 100 Hz. Al
receivers operate at the channel center frequency
(fe).

INSTALLATION

The type TC transmitter-receiverVis 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 fmaximum ambient tem-
perature around the chassi€.mustynot exceed 60°C.

ADJUSTMENTS

Transmitter

There are two adjustable controls on the trans-
mitter printed-@ircuit board: (1) the power output
control R112y andf(2) base bias control R142 for
transistors Q104" and Q105. The control R142 is
factory adjusted for a quiescent (no-signal) current
of 0.2 * 0.05 ma. d.c. at terminal 2 of transformer
T103. This applies a small amount of forward base
bias, to transistors Q104 and Q105 to minimize

eross-over distortion. A thermistor (R141) is includ-
ed for temperature compensation. This control (R142)
need not be changed except as described in the
MAINTENANCE section.

The other adjustment on the transmitter is fhe
power output control R112 on the transmitter printed
circuit board. Disconnect the coaxial cable from the
assembly terminals and replace with a 50°t6 70 ohm
noninductive resistor of at least a 10-watt rating.
Use the value of the expected input @ampedance of
the coaxial cable and linegtuner. If this is not
known, assume 60 ohms. Connéct, the T106 output
lead to the correspondinghtap. ,Connect an a-c vac-
uum tube voltmeter (VIMM) a€ross the load resistor.
Turn the transmitter powerdeutput control R112 to
minimum (full counterclockwise).

Now turn on the,power switch on the panel and
note the d-c goltage across the two pin jacks TP1
and TP2. If this is 1n the range of approximately 42
to 46 volts hthrow the carrier-test switch SW101 on
the gpanel to thé ON position. Slowly advance the
outputcontsél R112 on the transmitter printed
circuityboard 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
Ioesening 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.

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 LL105 to be sure it is at its maximum
point for 10 watts output. Tighten the locking nut.

Note: For 200-300kHz sets, inductor LL105 is a pot
core and the foregoing adjustment check is
generally unnecessary since there is little
chance of its setting being disturbed. How-
ever, 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.

Turn off the carrier test switch SW101, remove
the load resistor, and reconnect the coaxial cable
circuit to the transmitter.

m Voltage for 10 Watts Output
50 22.4
60 24.5
70 27.0
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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. A small amount of
reactance in the transmitter output load circuit may
be tuned out by readjustment of the movable core of
L105. This may be necessary with some types of
line coupling equipment. 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 board has two controls; the i.f.
input control R239 which is factory-set to give a
sensitivity of 40 mv. for 180 ma. output, and the
local oscillator output control R212. The oscillator,
output is preset at the factory of 0.5 volt. This
setting can be checked by connecting an a-c VEVM
between receiver test points TP202 and TP206
(shield lead of VIT'VM). The voltmeter readinggWwith
the equipment energized, but not transmitting,
should be 0.5 volt rms. Note Fig. 5 forgl@cation
of components on the receiver printed board.

The other adjustment on the receiver is“the gain
control R207 which is front-panell’ mounted. It is
recommended that the receiver gain normally be set
for a 15-db operating margin to(allowéfor reasonable
variations in receiver input_sigmald level without
affecting the output blocking 4seurrent. This adjust-
ment can be made in twouways, as follows:

1. First, measurefthe smmormal received signal from
the remote termin@l (after the line tuners have
been adjusted) by“stafting 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. sueh as the Sierra carrier-frequency volt-
meter.), Tfa a simple VTVM is used, have the
remote, transmitter tuned on and off several
times to be sure the VTVM reading is actually
the“remote signal. Note the reading. Now dis-
eonnect the coaxial cable, and feed a signal into

the carrier assemblyatthe coaxial terminals from
a separate signal generator. Set the signalf gen-
erator to the received frequency at a level 15 _db
below the previously measured incoming signal.
With a 0-250 ma. (minimum) d-c milliammeter
plugged into J203, adjust the receiver gaifr con-
trol unit an output current of ab®ut 100 ma, is
obtained. As this point is4en thefsteep portion
of the receiver output-input cutve, 4#may be dif-
ficult to set the gain contrél*for exactly 100 ma.
This is not necessary, howewer, @s the signal is
not normally at this value. ThiS is the operating
setting of the receiver gainy control. Returh the
coaxial cable connectionsgto normal.

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

2. Asgan alternaté procedure if no signal generator
is available) the local transmitter itself may be
used, asWthe 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 received
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. For such a strong-signal condition, it is
recommended that with R207 at maximum, the i-f
gain control R239 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.

MAINTENANCE

Periodic checks of the received carrier signal
will indicate impending failure so that the equipment

£,

AR
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can be taken out of service for correction. At regular
maintenance intervals, any accumulated dust should
be removed, particularly from the heat sinks. It is
also desirable to check the transmitter power output
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 inde-
finite period unless a failure occurs. However, if
transistors are changed, there may be considerable
difference in these readings without the overall
performance being affected.

Typical voltage and current values are given
in Table I through IV. 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 sefs
the forward base bias on transmitter transistops
Q104 and Q105 to the proper point fordclass-B
operation. This is a factory adjustment€and mmeed
not be changed unless transistors Q104, or<,Q105
(or both) are replaced. However, if thesSe tran-
sistors are changed, or if the R142 sétting, is” dis-
turbed in error, the following adjustment procedure
should be followed to reset R142:

First remove d-c power frem the TC carrier set
assembly. Unsolder the,ledd\ from”terminal 2 of
transformer. T103 (just @bove “WL101) and tem-
porarily connect a lgWerange’’ d-c milliammeter
(0-1.0 or so) between(ithe removed lead (+) and
T103 terminal 2 (—),gBurn%he slotted control on the
small pot (R142) (togfull counterclockwise. Now,
apply power to the T€ earrier set, but do_not trans-
mit carrierd’Adyance, the pot until the d-c milliam-
meter reads 042 mA d.c. + 0.05 mA. Turn off the
power, removie, thedmilliammeter, and solder the lead
back on terminal’2 of T103. Again apply d-c power
and proceed with the transmitter adjustment as
described imthe ADJUSTMENTS section.

Replacement of Q107-Q108

The two transistors Q107 and Q108 in the trans-
mitter 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 output
at an acceptably low value. The pairfof transistors
should be ordered as ‘2 of style87A673H16
transisters.”’

Note: Only Power Amplifier module styles
774B881GO01 thru GO5gand 774B541G01 thru
GO05 use type 2N3792 transistors. When order-
ing replacement transistors, be sure to check
module style. 4@therfstyle power amplifier
modules can e modified by changing diodes
D104 thru 12106 to4vpe 1N4818 Diodes. Order
these as four of'§tyle 188A342HO06.

CHANGE OR\OPERATING FREQUENCY

The/ parts, required for changing the operating
freQuencyfof /a type TC carrier set are as follows:

Transmitter

1."9@scillator Crystal (Y101), specify frequency

NOTE: Modify A-B-C jumpers on transmitter
board if required for new frequency. See table
marked ‘‘3"’ under internal schematic (Fig. 7).

2. R136 Jumper

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

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

a. 39-50 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#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#691B610H01 and associated hardware.
This is necessary to raise the transmitter
printed 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 1N2999B
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.
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6. 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 LL101, 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
groups are:

30.0-31.5 72.5— 176.0 160.0—-169.5
32.0-33.5 76.5— 80.0 170.0—-180.0
34.0-36.0 80.5— 84.5 180.5—19145
36.5—38.5 85.0— 89.0 192.0-200.0
39.0—41.0 89.5— 94.5 200.1-207.0
41.5—44.0 95.0—-100.0 207.1-21400
44.5—-417.0 100.5—-106.0 214.1—2220
47.5-50.0 106.5-112.5 222.1=2230.0
50.5-53.5 113.0-119.5 230.1%240.0
54.0-57.0 120.0-1217.0 240,1-250.0
57.5—60.5 127.5—-135.0 260.1-262.0
61.0—-64.0 135.5—-143.0 262.1-274.0
64.5—68.0 145.5—-151.0 274.1-2817.0
68.5—-72.0 151.54159:8 287.1-300.0

If the new frequéncygies“within the same fre-
quency group as theyoriginad” frequency, the filters
can be readjusted. If théyfréquencies 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 FIJI0W)The signal generator and the counter
shouldybe connected across terminals 4 and 5 of

8

transformer T103 and the voltmeter across terminals
1 and 2 of transformer T104. The signal generator
should be set at the channel center frequencytand
at 2 at 3 volts output. The core screw of the small
inductor should be tuned to the position that gives
a true maximum reading on the VTVM. Turningpthe
screw to either side of this positionsshould def-
initely reduce the reading. The change infinductance
with core position is less at eitherdend ofgthe travel
than when near the center and gonsequently the ef-
fect of core screw rotation on the\WTVM reading
will be less when the resohant{inductance occurs
near the end of core travel,

The procedure forfreadjustment of the 2nd and
3rd harmonic traps ofyfilter FL102 is somewhat
simila,. A signal generator and a counter should be
connected togterminals 3 and 4 of transformer T105
and a 500-ohmyresistor and a VTVM to the terminals
of protegtive 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-
quencyagand at 5 to 10 volts output. Turn the core
serewnof ‘the large inductor, L1102, 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 andthe 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 L105 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

o,
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reading of the second harmonic. Then vary the core
position of L102 until a minimum voltmeter reading
is obtained. Similarly, tune the voltmeter to the
third harmonic and adjust L103 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 tfaps 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 terminals
of the 60-ohm load resistor. The filter must provide
high rejection of the fundamental. A twin-T filter is
suitable for this purpose. The imsertion losses of
this filter at the second%and®third harmonics must
be measured and taken into ageount.

TABLE |

Receiver D.C. Measurements

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

TEST STANDBY WITH 40 M.V.
POINT (No Signal) INPUT

TP201 35-38 35-38

TP202 0 0

TP203 11-12 11-12

TP204 <0.5 2- 3
TP205 18-22 18-22

aeron | E* | B c* Ex | B* c*
Q201 36.5 | 37 42.0 | 36.5 | 36 42.0
Q202 36.5 |37.5 43.0 | 36.0w35.54 43.0
Q203 <0.5 0 18.0 ¢, <0.9 0 18.0
Q204 2.1 2.75| 18.0 20 2.9 18.0
Q205 2.2 2.8 18.0 2.5 2.7 18.0
Q206 2.2 2.8 11.0 2.6 2.8 11.5
Q207 <0.5 |<0.5 22.0 2.0 2.2 5.0
Q208 <0.5 |[<0.5 4400~ | 11.7 2.0 2.0

*E — Emitter{yB —iBase, C — Collector
All voltages readrwithid-c vacuum-tube voltmeter.

<0.5 means¥less than 0.5V.”

TABLE 11

Reéeiver RF Measurements

Note: Taken“with 100kHz receiver filter, 0.040
volt/input signal, and gain control R207 at
maximum. Depending on receiver frequency
and transistor characteristics, the follow-

ing values will vary appreciably.

TEST POINT TYPICAL A-C VOLTAGE
FL201-IN to Gnd. 0.020
FL201-OUT to Gnd. 0.027
Q203 - E to TP206 0.047
Q203- C to TP206 1.650
Q204 - B to TP206 0.012
Q204 - C to TP206 0.200
Q205 - B to TP206 0.007
Q205 - C to TP206 0.380
Q206 - B to TP206 0.110
Q206 - C to TP206 2.350
TP202 to TP206 0.500

All voltages read with a-c vacuum-tube voltmeter.
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TABLE |11

Transmitter D-C Measurements

Note: All voltages are positive with respect to Neg.
DC.(TP104). All voltages read with d-c VT VM.

operating frequency ijs higher, the receiver gain
may be lower.

TABLE IV

Transmitter RF Measurements

TEST POINT CARRIER OFF CARRIER ON Note: ‘‘Carrier-on’’ voltages taken with'transmitter
set to 10 watts output (245 veits across 60
TP101 8.5 volts d.c 8.5 volts d.c. ohms). These voltages subjeét, td™ariation,
TP102 <0.5 20 depending on frequency @nditransistor char-
TP103 <0.5 19.5 acteristics.
TP105 <0.5 9 TEST POINT A-C VOLTAGE
TP106 44 24 T101-3 to TP104 1.5 volts, rms.
TP107 44 24 TP103 to TP102 0.2
TP108 45 44 Q103-C to TP 104 1.1 ¢
TP110 0.6 © 0.750Q TP110 tonT102-4 0.2
TP111 0.6 © 0.75 © TP111 toT102-4 0.2
Q104-CGyto TP104 3.3
TP112 0 <0.5
44 QI05*C “to,TP104 3.3
TP113 4 T103%to Gnd. 1.1
J101 5 ma. max. 0.6 amp. T104-1 to Gnd. 1.4
(Front Panel)
Q107-B to TP107 0.5 volts, rms.
Q108-B to TP113 0.5
SISFOR E B c E B c Q107-C to TP107 14-16
Quot | 7.8 | 79 | 20| 78 | 7.8 | 18 Q108-C to TP113 14-16
T105-4 to Gnd. 105
Quoz | 81 | 87 | 10| 81 | 87 | 1.0 T106-2 to G, 100-160 *
Ql103 |<0.5 [<0.5 |<0.5 | 20.0 20.0 9.0 TP109 to Gnd 30-50 *
Q| Q104 |<0.1 0.6 45 <0.5 0.75| 44 J102 to Gnd. 24.5
Ol aios |<ou 0.6 |45 <0.5 075, 44 Note: T101-3 =tap 3 of Transformer T101
Q106 0 <0.5 44.5 0 0:8 1.2 Q104-C = Collector of Transistor Q104
Q107 | 44.3 |44.2 0 24 24 0 TP105 = Test point 105
Q108 |45.0 |44.7 |44.5 | 44.2 | 44.0 | 24.2 All voltages read with a-c VTVM
These values may vary considerably with fre-

quency.

¢ High impedance circuit. VTVM causes signif-

Receiver icant loading.

1. Receiver Oscillator Crystal, (Y201), specify fre-

quency, and modify“A-B-€ jumpers as required.
R ecommended Test Equipment

2. Receiver input filter (FFL.201), specify frequency.
I. Minimum Test Equipment for Installation

3. Resistors R211-R238 Combination

a. Milliammeter 0-250 ma. DC
See values ‘in Fig. 7 below internal schematic.

b. 60-ohm 10-watt non-inductive resistor.
4. If themoperating frequency is reduced, the re- c. A-C Vacuum Tube Voltmeter (VTVM) or equi-
ceiverjgain will probably be higher. In this case, valent. Voltage range 0.01 to 30 volts, fre-
a reduetion in the setting of the i-f input control quency range 60 Hz ro 330 kHz input impe-
R239Wwill give the 40-mv. sensitivity. If the new dance — one megohm, minimum.

10
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4

1.L.41

d. D-C Vacuum Tube Voltmeter (VTVM) or equi-
valent.

Voltage Range: 0.1 to 300 volts

Input Impedance: 1.0 megohm, min.

II. Desirable Test Equipment for Apparatus Main-

tenance.

Oscilloscope

Ohmmeter

Capacitor checker

Frequency counter
Frequency-selective v ltm@

Renewal Parts

m = © 2 O

Repair work can b
the factory. However,
nished, in most cases cu ers who are equipped
for doing repair w n ordering parts, always
give the complete/na e data.

N
S

satisfactorily at
nt parts can be fur-

S
o
&

L 4

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

Output Voltage: up to 10 volts r4m.
Frequency Range: 20 to 330 kHz

O

O

B

1
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ELECTRICAL PARTS LIST

Transmitter Section

STYLE NUMBER @
-

SYMBOL RATING

C101 0.1 mfd, 200 V. DC 187A624HO01

C102 .005 mfd, 300 V. DC

C103 180 pf. 500 V. DC

C104 0.25 mfd, 200 V. DC

C105 0.25 mfd, 200 V. DC

C106 0.25 mfd, 200 V. DC 87A624H02

C107 0.25 mfd, 200 V. DC 187A624H02

C108 0.50 mfd, 200 V. DC 187A624H03

C109 0.25 mfd, 200 V. DC 187TA624H02

C110 0.25 mfd, 200 V. DC 187A624H02
t Cl111 (See Table Below) -

Cl1l12 39 pfd, 500 V. DC 187TA695H12
t C113 (See Table Below) —

Cl14 100 pf. 500 V. D 187TA695H23

C115 187TA695H23

Cl16 187A694H11

CA Vary with Frequency

CB, CC, CD, CE

Vary with Frequency

t FREQ. Style Number

30 - 50 kHz 188A293HO01
50.5- 75 kHz 188A293H02
75.5-100 kHz 188A293H03
100.5-100 kHz .1 mfd, 400 V. DC 188A293H04
150.5-300 kHz 0.047 mfd, 400 V. DC 188A293H05
D101 1N457A 184A855H07
D103 1N4818 188A342H06
D104 1N91 182A881H04
D005 1N4818 188A342H06
D106 1N91 182A881H04
G101 Type RVS Arrester 632A026A01

J10 Closed Circuit Jack 187A606H01

J Banana Plug Jack 2 of 185A431HO01
Coaxial Cable Jack 187TA633HO01

4 24-Term Receptacle 187A699H01

105 12-Term Receptacle 629A205H02
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1.L. 41-944.34B

ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

SYMBOL RATING STYLE NUMBER
L101 Part of FL101
L102 FL102 Trap Coil (2nd Harmonic) vary wiffl Frequency
L103 FL102 Trap Coil (3rd Harmonic)
L104 400 mh. 292B096G01
L105 Circuit tuned o fundamental freq) Vary with Frequency
L106 2MH 3500A27H01
Q101 2N2905A 762A672H10
Q102 2N2905A 762A672H10
Q103 2N525 184A638H13
Q104 2N3712 162A672HOT
Q105 2N3712 762A672HOT
Q106 TI-481 184A638H11
Q107 2N3792 o o 187A673H16
Q108 2N3792 187A673H16
SYMBOL OHMS +*TOL % WATTS STYLE NUMBER
R101 5,600 5 1 187A643H45
R102 2,200 10 0.5 187A641H35
R103 10,000 10 0.5 187A641H51
R104 100,000 5 0.5 184A763HT5
R105 390 5 0.5 184AT63H17
R106 15200 5 0.5 184AT63H29
R107 10,000 10 0.5 187A641H51
R108 100,000 5 0.5 184 AT63HT5
R109 390 5 0.5 184AT63H17
R111 1,200 5 0.5 187A763H29
R112 1 K Pot 20 0.25 629A430H02
R113 4,700 5 0.5 184A763H43
Rilg 10,000 10 0.5 187A641H51
R115 150 5 0.5 184AT63HO7
R116 100 5 0.5 184A763H03
i o0 5 25 1202588
R117 1253"/732 5 25 1202955
2508\'/532 5 25 1267310

13
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ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

SYMBOL OHMS +TOL % WATTS STYLE NUMBER
R118 10,000 2 0.5 629A531H56
R119 62 22 0.5 629A531H03
R120 10,000 b) 2 185A207HS51
R121 10 2 187A683H01
R122 10 0.5 187A290HO01
R123 10 10 0.5 187A290H01
R124 100 10 1 187A644H03
R125 1,000 10 0.5 187A641H27
R126 4,700 10 1 187A644H43
R127 10 10 0.5 187A640H01
R128 2,200 5 1 187A644H35
R129 2.7 10 05 184A636H14
R130 10 10 0.5 187A640H01
R131 4,700 5 1 187A644H43
R132 2.7 10 0.5 184A636H14
R133 0.27 10 1 184A636H18
R134 0.27 10 1 184A636H18
R135 3,000 10 b) 188A317HO1
R136 12,000 10 0.5 184AT63H53
R137 15,000 10 2 187A642H55
R138 1,000 10 0.5 187A641H27
R139 1,000 10 0.5 187A641H27
R140 68 2 0.5 629A531H04
R141 30 Type 3D202 Thermistor 185A211HO06
R142 25K Pot 20 1/8 629A430H15
R143 20K 2 0.5 629A531H63
R144 2.0 10 3.0 T62A679HO03

SYMBOL RATING STYLE NUMBER
T101 10,000/400 ohms 205C043G01
T102 10,000/400 c.t. 714B666G01
T103 1930/60 ohms L633000 1962694
T104 Turns ratio, 1/0.5, Pri-/each sec. 292B526G01
T105 10/500 ohms 292B526G02
T106 500/50 - 60 - 70 ohms 292B526G03
Y101 30-300 kHz crystal per 328C083 Specify Frequency
2101 Zener Diode IN5357B (20V. +5%) 862A288H03
7102 Zener Diode 1N2999B (56V. +5%) 629A798H04
Z103 Zener Diode 1N2999B (56V. £5%) 629AT798H04
2104 Zener Diode 1N2999B (56V. *5%) 629AT98H 04

4
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ELECTRICAL PARTS LIST

Receiver Section

SYMBOL RATING ST ER
Cc201 0.1 mfd., 200 V. DC 187A624H01
C202 300 pf. 500 V. DC 183A695H35
C203 180 pf. 500 V. DC 187TA695H29
C204 0.25 mfd., 200 V. DC \% 187TA624H02
C205 0.25 mfd., 200 V. DC 187A624H02
C206 0.25 mfd., 200 V. DC 187A624H02
C207 0.25 mfd., 200 V. DC 187A624H02
C208 0.25 mfd., 200 V. DC 187A624H02
C209 0.25 mfd., 200 V. DC 187A624H02
C210 0.25 mfd., 200 V. DC 187A624HO02
Cc211 0.1 mfd., 200 V. DC 187A624H01
C212 0.25 mfd., 200 V. 187A624H02
C213 2.0 mfd., 200 V. 187TA624H05
C214 0.25 mfd., 187A624H02
C215 39 pfd., 187A695H12
C216 T62AT57TH11
D201 184A855H07
D202 184A855H07
D203 188A342H06
D204 188A342H06
FL201 Receiver Input Filter 30-300 kHz Specify Frequency
FL202 Receiver i.f. Filter - 20kHz (2 sections) (FL-Z)O T62A613G01
J201 Receiver Coax. Input Jack 187A638H01
J202 Closed Circuit Jack (20MA) 187A606HO01
J203 Closed Circuit Jack (200MA) 187A606H01
33 mh. 187A599H02
2N2905A T62A672H10
2N2905A T62A672H10
2N2905A T62A672H10
2204 2N2905A T62A672H10
Q205 2N2905A T62A672H10
Q206 2N2905A T62A672H10
Q207 2N3645 849A441HO1
Q208 2N4903 187A673H13

15
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ELECTRICAL PARTS LIST

Receiver Section (Cont.)

RSEYST:TOOLRS OHMS iTROC.;l w2 WATTS hinahiit
R201 10,000 10 0.5 1874641H51
R202 2,200 10 0.5 187464 1135
R203 10,000 10 0.5 187A641H51
R204 100,000 5 0.5 184A763H75
R205 390 5 0.5 185AT63H17
R206 1,200 5 0.5 184AT63H29
R207 25 K Pot. 10 2 185A086H07
R208 10,000 10 0.5 187A641H51
R209 100,000 5 045 184AT63H75
R210 390 5 0.5 184AT63H17T
R211 51 5 0.5 187A290H18
R212 1 K Pot. 20 0.25 629A430H02
R213 1,200 5 0.5 184A763H29
R214 5,600 5 1 187A643H45
R215 20,000 5 0.5 184A763H58
R216 3,600 5 0.5 184A763H40
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 1K 5 0.5 184A763H27
R222 3,600 5 0.5 184A763H40
R223 620 5 0.5 184A763H22
R224 33 5 0.5 187A290H13
R225 10,000 10 0.5 187A641H51
R226 20,000 5 0.5 184A763H58
R227 1K 5 0.5 184A763H27
R228 3,600 5 0.5 184A763H40
R229 620 5 0.5 184AT63H22
R230 10 5 0.5 187A290H01
R231 2,000 5 0.5 184AT63H34
R232 1,200 5 2 185A207H29
R238 4,700 10 2 187A642H43
R234 5,100 5 0.5 184A763H44

Q R235 1.5K 5 0.5 184AT63H21
R236 | 4,700 10 1 187A644H43

16
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1.L.41-94 B

ELECTRICAL PARTS LIST

C)O

SYMBOL OHMS RA ITIOT..C‘,% WATTS STYLE&UMBER
R237 170 b} 40 336074
R239 1 K Pot 20 0.25 29A430H02
R240 50 Sensistor 187A685H08
R280 56 5 187A290H19
T201 10,000/100 Ohms 714B666G01
T202 10,000/400 Ohms 205C043G01
T203 25K/300 Ohms 205C043G03
Y201 50-320kHz Crystal per 328C083 Specify Frequency
Z201 IN3027B (20V *5%) 184A449H07
Z202 IN1789 (56V *10%) 584C434H08
Power Supply

SYMBOL FUNCTION E PTION OR RATING STYLE NUMBER
Cl (+) to (=) bypass & mfd. 330 VAC 1723408

C2 A-C grounding .5 mfd. 1500 VDC 1877962

C3 A-C grounding 0.5 mfd. 1500 VDC 1887962
F1,F2 Overload Protecti 1.5a, 48/125 VDC 11D9195H26
F1,F2 Overload Protecti 2.0a, 250 VDC 478067

PLI T;;;lzg’élgtoﬁight 120 Volts 183A955H01
PL1 Filament Lyp 55 Volts 187A133H02
Q1 Seri®s Regulator gﬁf;?ﬁiﬁ;ﬁ 3503A41HO01
R1 Series dropping 26.5 ohms, 3%’ 04D1299H44
R2 1 ries dropping Same as R1 04D1299H44
R3 Current limiting 500 ohms, 3%’ 1268047

For 48 VDC, B _
4sv|_R1=R2=0
R3 = 26.5 ohms 3%’ 04D1299H44
R4 Current limiting 100K, 0.5 watt 184AT63HT75
S Power Switch V. AG-DG 880A357HO1
SW101 Carrier Test Same as SW1 880A357THO1
TP1 Test Point (+) Pin Jack — red 187A332HO01
TP2 Test Point (—) Pin Jack — black 187A332H02
1 Voltage Regulator 1N2828B (45V.) 184 A854H06

z2 Surge Protection élgggf%i;-o(dlea‘sov.) 184A617H12
Z3 Veltage Reg. for 250V. 1IN2813B (156V.) 184A854H11

17
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1.L. 41-934 348
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Westinghouse I.L. 41-944.33C
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONTSD

TYPE TC POWER LINE CARRIER

TRANSMITTER-RECEIVER ASSEMBLY — 30 to 300 kHz
For Directional and Phase Comparison Relaying
10 Watts — 48, 125, 250 V.D.C. with Optional Voice
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TYPE TC POWER LINE CARRIER

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

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

APPLICATION

The type TC carrier equipment is designed for
protective relaying of power transmission lines
employing either of two types of blocking relaying
systems: (1) directional comparison relaying, us-
ing the type KA-4 or equivalent carrier relay, or
(2) phase-comparison relaying, using type SKB-
TCU, SKBU-1, or type SKBU-11 relay equip-
ment.

The type TC set can also be used for other
functions including ‘‘push-to-talk’ maintenancé
telephone communication, keyed carriet
telemetering, and supervisory control.

CONSTRUCTION

The transmitter-receiver unit consistssof a
standard 19-inch wide panel 17%2 inches (10 rack
units) high. The panel is notchedifor meunting on
a standard relay rack. Allmeomponents are
mounted on the rear of the panel. Metering jacks,
fuses, power and test switches, pilot light, and the
receiver gain control are accéssible from the front
of the panel. See Eig.“\. ThesCircuitry is divided
into several sub-assembliestas shown in Fig. 2. The
components moéunted om each printed circuit
board or other sub-assembly are shown enclosed
by dotted lines on the internal schematic, Fig. 7.
The location of components on the three printed
circuit boards are shown on separate illustrations,
Figures 3, 4 and 5.

External connections to the assembly are
made, through a 24-circuit receptacle J104. The r-f
eutput connection to the assembly is made

through a coaxial 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 power-amplifier collector
current.

J202 — Receiver 20-may output current.

J203 — Receivers200-ma. output current.

The receiveryfilterinput resistor R201 is con-
nected directly gtowterm. #1 of FL201 and is
covered with insulating sleeving.

OPERATION

TRANSMITTER

The transmitter is made up of four main stages
and two filters. The stages include a crystal os-
cillator, buffer-amplifier, driver, and power
amplifier. With reference to internal schematic,
Fig. 7, the oscillator crystal serves as a series-
resonant circuit between the collector of Q101,
and the base of Q102. The output of Q102 is fed
back through capacitors C102, C103, and C112 to
the base input of Q101, thus providing oscillation
at the crystal frequency. The frequency is essen-
tially independent of voltage or temperature
changes of the transistors. Thus the frequency
stability is that of the crystal itself.

The oscillator output energizes the buffer-
amplifier transistor Q103 through the poten-
tiometer R112 which controls the transmitter
power output. Keying of the transmitter output is
controlled in the buffer-amplifier stage by chang-
ing the dc potential supplied to Q103 emitter cir-
cuit.

.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 transistor
Q104 and QI05. i
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The output of the driver stage passes through
filter FL101, then to the input transformer T104
of the power amplifier stage. Filter FL101 im-
proves the waveform of the signal applied to the
power amplifier. This stage used two series-
connected type 2N3792 power transistors, Q107
and Q108 operating as a class B push-pull
amplifier with single-ended output. Transistor
Q106 applies forward base bias to Q107 and Q108
when the carrier-start circuit is energized. Diodes
D103 and D105 provide protection for the base-
emitter junction of the power transistors. Zener
diodes Z102 and Z103 protect the collector-
emitter junctions from surges which may come in
from the power line through the coaxial cable.

Terminals #19 and #20 on J104 are connected
across a 2 ohm resistor R144, located on the
power-amp module. When the transmitter is
operating (carrier-on), approximately .5 amperes
(dc) of current flows through R 144 developing ap-
proximately 1 volt (dc). This voltage (or current)
can be used to drive an indicating device such as
an oscillograph or indicating relay for carrier-on
indication. The value of input impedance gftthe
device connected to these terminals will have mo
effect on the transmitter operation, provideddthat
R 144 remains as a shunt resistor. R144 should not
be removed or value increased, in an’ effort» to
provide a higher current level for driving the in-
dicating device, as this could jeopardize*Carrier-
start operation.

The output transformem T105» couples the
power transistors to the tfansmitter output filter
FL102. The output filterdncludes two trap circuits
(L102, Cg, and L103, Cg¢) which are factory tuned
to the second and third hafmonics of the trans-
mitter frequency. CapaCitor Cp approximately
cancels the inductivewré€actance of the two trap
circuits atfthegoperating frequency. Protective
gap G1014s,afsmall’lightning arrester to limit the
magnitude of Switching surges or other line distur-
bances reaching the carrier set through the line
tuner and coaxial cable. Auto-transformer T106
matghes the filter impedance to coaxial cables of
50,,60, or 70 ohms characteristic impedance.

The series-resonant circuit composed of L105
and Cg is tuned to the transmitter frequency, and
aids in providing resistive termination for the out-

put stage. Jack J102 is mounted on the réar panel
of FL102 and is used for measuring the*s.f. output
current of the transmitter into the coaxial cable. It
should be noted that the filter contains*fio shunt
reactive elements, resulting in a reverse impedance
free of possible ‘‘across-the-line’” resonances.

RECEIVER

The receiver is agsuperheterodyne type to
facilitate obtaining constant bandwidth regardless
of the channel frequency. The major stages in-
clude an input filterjpattenuator (gain control),
crystal oscillatorpmixer, i.f. filters and i.f.
amplifiers, ,diodendetector, dc amplifier, and dc
power outputistage.

The(fixedpinput filter rejects undesired signals
whilevaccepting a wide enough band of frequencies
to assuredfast operation. The receiver sensitivity is
adjusted by means of the continuously variable in-
putheontrol R207. The receiver oscillator (Q201
and4Q202) 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 in-
coming signal to the emitter, and the receiver os-
cillator signal to the base of the mixer Q203. Mix-
er oscillator requirements are met through adjust-
ment of potentiometer R212. Injection into two
separate elements, base and emitter, provides a
circuit capable of handling greater signal level
variations 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 both filters and the com-
plete receiver are shown on curves, Fig. 8 and 9.

The 20 kHz i.f. signal is rectified by diodes
D201 and D202. The resulting dc output is
amplified by transistors Q207 and Q208, giving a
receiver output current of nominally 200 ma. for a
30-ohm external relay coil circuit. Where a second
output current of 20 ma. is desired, an external
2000-ohm relay circuit can be connected to the
receiver output as shown in Fig. 11. If only a 20-
ma output is deisred, a 33-ohm resistor and diode
must still be connected into the circuit as shown.
Fig. 10 shows the receiver 200-ma. output
characteristic.
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POWER SUPPLY

The power supply circuit for 48 or 125-v. dc
supply uses a series-type transistorized dc voltage
regulator which has a very low standby current
drain when there is not output current demand.
The zener diode Z1 holds a constant base-to-
negative voltage on the series-connected power
transistor Q1. Depending on the load current, the
dc voltage drop through the transistor Q1 and
resistors R1 and R2 varies to maintain a constant
output voltage of approximately 45-v. dc. The
zener diode Z2 serves to protect the collector-base
junction of QI from surge voltages. Capacitor C1
provides a low carrier-frequency impedance
across the dc output voltage. Capacitors C2 and
C3 bypass r.f. or transient voltages to ground,
thus preventing damage to the transistor circuit.

For a 250-volt dc supply, the circuit of Fig. 14
is used. This consists of an external voltage-
dropping resistor assembly (135 ohms total) in
conjunction with three 15-volt Zener diodes on the
TC set chassis connected in series. The resistor
assembly (see Fig. 15) must be mounted at the top
of a cabinet or an open rack. Bacause of the heat
dissipated, no tansistorized equipment should be
mounted above the resistor panel. The 25040lt
TC set has a constant current drain of 1.5 amperes
dc, and uses 2-amp. fuses.

When the TC set is used with solid-state
protective relays (such as the SKBU-L1),the pilot
light PL1, power switch SW-1, andffuses F1 and
F2 are omitted from the assembly. See Figures 1
and 2. Instead, the dc power :lie'éemplete relay-
ing assembly is controlled from a, single switch
and set of fuses. This is doneytogprevent an in-
correct tripping or blockingsoutput which might
result from interruption ofi@ne/or both sides of the
dc supply to the garrier'set or protective relays.
For solid-state £elaying aplications, there are no
connections to J104 terminals 7 or 5 (normally
fused positive and fused negative). See Fig. 7.

RELAYING CONTROL CIRCUITS

Theycartier control circuit for KDar relaying is
shown inelementary form in Fig. 6. The “Trans-
mitter Control” circuit is normally held at fused
négative potential through the normally-closed
carrier test pushbutton and the phase and ground

carrier-start relay contacts. Opening of any (of
these contacts allows current to flow from fused
positive through resistor R¢ and the DiodeD to
the transmitter control terminal TC/6, thus start-
ing carrier transmission at full output. The poten-
tial of terminal TC/6 rises to plus 20 volts, limited
by a Zener diode in the transmitter proper. The
reception of carrier from ,eithergthe local or
remote transmitter normally ‘causess#a saturated
current of about 200 ma. tosflow imythe alarm and
holding coils (AL and RRH) 4n the type KA-4 (or
equivalent) receiver auxiliaryarélay.

If the protectiveaselays”call for stopping the
transmission of carrier,%losing of CSP or CSG
contact connects, theytransmitter control circuit
back to fused/negative, thus stopping any carrier
transmission, regardless of how it was started.

If*a,relaying carrier channel is also used for an
auxiliary“function such as telemetering or super-
visgry ¢entrol, the keying contact for this function
is connected into the carrier-start circuit in series
with _the carrier test pushbutton. Such a contact
must be normally closed (in the non-operating
condition). An auxiliary relay in the receiver out-
put, usually in place of the alarm relay, energizes
the telemetering or supervisory control equipment
through contacts on the auxiliary relay.

CARRIER CONTROL
FOR OTHER FUNCTIONS

If a type TC set is keyed on-off for telemeter-
ing or supervisory control only (no protective
relaying), one of the circuits shown in Fig. 16 can
be used. Arrangements are shown for either a
normally-closed or normally-open carrier-start
contact. In the former case, a diode is required to
allow using the Voice Adapter for push-to-talk
voice communication between stations. Note that
continuous telemetering must be interrupted when
it is desired to use the carrier channel for voice
communication.

The receiver output can be connected for
either 200-ma. or 20-ma. operation as shown in
Fig. 11. The 200-ma. output is preferable (if a
choice is available) because of a slightly better
time constant in the 200-ma. receiver output cir-
cuit. In some cases, both the 200-ma. and the 20-
ma. outputs may be used together. For example,
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the 200-ma. output can be used with a standard
carrier auxiliary relay (for directional-comparison
relaying), while the 20-ma. output feeds a 2000-
ohm receiver relay used with supervisory control
equipment. The connections shown in Fig. 11
would be used for this case, with the receiver relay
holding coil (RRH) in place of the 33-ohm resistor
and the 2000-ohm supervisory relay in the 20-ma.
output in place of the RRH and AL coils shown.
The alarm function would be provided by the
supervisory control equipment.

CHARACTERISTICS

Frequency range 30-300 kHz (50-300 kHz for
phase comparison relaying)

Transmitter 10 watts into 50 to 70-ohm re-
output sistive load

Harmonics 55 db below 10 watts

Receiver 125 mv. input for 180 ma. mini-
sensitivity mum output current

Receiver 1500 Hz bandwidth (3 db'down);
selectivity 80dbat + 3 kHz.

Transmitter-receiver

Channel rating 40 db
Input Voltage 48, 125, or 250Vidc
Supply voltage
variation 42-56V,405-140V, 210-280V

Battery Drain:

48V dc 0.5__amp_gsstandby, 1.35 amp
transmitting
125V dc 0%25 amp standby, 1.1 amp trans-
mitting
250V dc 1.5 amp standby or transmitting
Temperature
range —20to +60°C around chassis

FREQUENCY SPACING

The minimum recommended frequency
spacing between two Type TC carrier sets

operated in parallel without hybrid unitsis shown
on the curve of Fig. 12. For examplegat 100skHz,
the minimum spacing is 8 kHz. Cleser Spacing
would result in the generation of intermi@dulation
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 4adjacent transmitter
signal keyed on-off at anrate of 60 pulses per se-
cond can be determingd from the nomograph of
Fig. 13. Using the'example shown by the dashed
line, consider a‘type TC set used on a channel with
a normal att€nuation of 15 decibels. The TC
receiver would be¥set to give a margin of 15 db
below théwnormal received signal, or for a sen-
sitivity lof 4~ 30db (relative to a 24.5 volt, 10-watt
signal), Thefinterfering signal is assumed to be a
10-watt “transmitter at the same location. To
determine the minimum frequencys spacing of the
TCW%receiver from this interfering signal, lay a
straight edge between the —30 db point on the
receiver sensitivity scale and the zero dc point on
the interfering transmitter scale. The resulting line
crosses the channel spacing scale between 3 and 4
kHz. For this example, a channel spacing of at
least 4 kHz should be used. (In order not to con-
flict with the limits of Fig. 12, 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 cancella-
tion of the received signal when two transmitters
send blocking signals to the third terminal. The
three transmitters operate 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

temperture around the chassis must not exceed
60°C.
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ADJUSTMENTS

TRANSMITTER

There are two adjustable controls onthe trans-
mitter printed-circuit board: (1) the power output
control R112, and (2) base bias control R142 for
transistors Q104 and Q105. The control R142 is
factory adjusted for a quiescent (no-signal) current
of 0.2 + 0.05 ma. dc at terminal 2 of transformer
T103. This applies a small amount of forward base
bias to transistors Q104 and Q105 to minimize
cross-over distortion. A thermistor (R141) is in-
cluded for temperature compensation. This con-
trol (R142) need not be changed except as describ-
ed in the MAINTENANCE section.

The other 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 taps
Connect an ac vacuum tube voltmeter (VTVM)
across the load resistor. Turn the transmittes
power output control R112 to minimum (full
counterclockwise).

Now turn on the power switch ongthe panel
and note the dc voltage across theévtwoypin jacks
TP1 and TP2. If this is in thegrange of ap-
proximately 42 to 46 volts, thgow‘the carrier-test
switch SW101 on the panel to‘the ON position.
Slowly advance the output ¢ontrol"R112 on the
transmitter printed-circuit beard Juntil about 10
volts is obtained across ghe output load resistor.
At this point, checkthetadjustment of the series
output tuning coilL105%by loosening the knurled
shaft-locking put and bmoving the adjustable
core in and outafsmall amount from its initial
position. Leave it “at the point of maximum’
voltage across the load resistor.

Now continuéto advance the output control
R112 until, the output voltage tabulated in the
following™table is obtained across the load
resistormRecheck the setting of L10S to be sure it
isgatVits maximum point for 10 watts output.
Tighten’ the locking nut.

Note: For 200-300 kHz sets, inductor L105 isfa
pot core and the foregoing adjustment
check is generally unnecessary since there is
little chance of its setting being distunbed.
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 adjustablescore is held
in place by friction.

Turn off the carrier/testiswitch SWI10I,
remove the load resistorgand reconnect the coax-
ial cable circuit to the transmitter.

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

TRANSMITTER FILTER

Normally, the output filter (FL102) will re-
quire no readjustment except as noted under
Adjustments-Transmitter, as it is factory tuned
for maximum second and third harmonic rejec-
tion, and for series resonance (maximum output at
the fundamental frequency) with a 60-ohm load.
A small amount of reactance in the transmitter
output load circuit may be tuned out by readjust-
ment of the movable core of L105. This may be
necessary with some types of line coupling equip-
ment. 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 pre-
sent 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. in-
put 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 of 0.5 volt. This set-
ting can be checked by connecting an ac VTVM
between receiver test points TP202 and TP206
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(shield lead of VTVM). The voltmeter reading
with the equipment energized, but not transmit-
ting, should be 0.5 volt rms. Note Fig. 5 for loca-
tion 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 adjustment 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 voltmeter such as the Sierra carrier-
frequency voltmeter. If a simple VTVM is us-
ed, 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 disconnect the coaxial cable, and feed a
signal into the carrier assembly at the goaxial
terminals from a separate signal generator. Set
the signal generator to the received frequeney
at a level 15db below the previously ymeasured

© incoming signal. With a 0-250 mA. (minimum)
dc milliammeter plugged into J208, adjust the
receiver gain control unit until ap output
current of about 100 ma. is, 6btained. As this
point is on the steep portion ofwthe receiver
output-input curve, it may, be difficult to set the
gain control for exactly 100#ma. This is not
necessary, however, as the Signal is not normal-
ly at this value. Thisyis th€ operating setting of
the receiver gain control. Return the coaxial
cable connections tesfiormal.

NOTE“Dofnot gnergize the local transmitter
when making the foregoing adjustment as the
signal generator may be damaged.

2. Asanalternate procedure if no signal generator

is‘available, the local transmitter itself may be
useédyas 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 nermal
received signal level. Then adjust the receiver
gain control to give 100 ma. output asbefore.
When this adjustment has been made, reset the
local transmitter to its normal 104watt output
level.

In applications whereythe line attenuation is
low and a strong signalisyreceived, the adjustment
of the receiver gain control R207 becomes critical.
For such applications, thessetting of i-f gain con-
trol R239 may be reduced to lower the overall
receiver gain. JEhe frent-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 marginysetting. For such a strong-signal
conditien, it _is§ recommended that with R207 at
maximumythe i-f gain control R239 be adjusted to
giveslQOyma. 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.

MAINTENANCE

Periodic checks of the received carrier signal
will indicate impending failure so that the equip-
ment can be taken out of service for correction. At
regular maintenance intervals, any accumulated
dust should be removed, particularly from the
heat sinks. It is also desirable to check the
transmitter power output and receiver sensitivity
at such times, making any necessary read-
justments to return the equipment to its initial set-
tings.

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 in-
definite period unless a failure occurs. However, if
transistors are changed, there may be considerable
difference in these readings without the overall
performance being affected.

Typical voltage and current values are given
in Tables I through IV. Voltages should be mea-
sured with a VTVM. Readings may vary as much
as + 20%.
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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 and Q105
(or both) are replaced. However, if these tran-
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 dc power from the TC carrier set
assembly. Unsolder the lead from terminal 2 of
transformer T103 (just above FL101) and tempo-
rarily connect a low-range dc milliammeter (0-1.0
or so) between the removed lead (+) and T103 ter-
minal 2 (—). Turn the slotted control on the small
pot (R142) to full counterclockwise. Now, apply
power to the TC carrier set, but do not transmit
carrier. Advance the pot until the dc milliammeter
reads 0.2 mA dc + 0.05 mA. Turn off the power,
remove the milliammeter, and solder the lead back
on terminal 2 of T103. Again apply dc power and
proceed with the transmitter adjustment as des-

cribed 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, bothyshould be
replaced with a new matched pair. This is
necessary to keep the second harmonic of the
transmitter output at an acceptably lowvalue. The
pair of transistors should be orderedas *‘2 of style
187A673H16 transistors”.

Note: Only Powery Amplifier” module styles
774B881GOT theu GOS and 774B541GO1
thru GOS use type 2IN3792 transistors. When
ordering replacement transistors, be sure
to check module style. Other style power
amplifier modules can be modified by

O  changing diodes D104 thru D106 te type
IN4818 Diodes. Order these as four of
style 188A342HO06.

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 jumpersson transmitter
board if required for new frequency. See table
marked “}” under interndl sehematic (Fig. 7).

2. R136 Jumper

For operation in 30:50 kHz range, clip off
R136 as indicated"in, Fig. 3.

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

a. 30-50kHz, =70.47 mfd. — S#188A293HO0I
b. 50.5-75kHz% 0.22 mfd. — S#188A293H02
©.c. 75%-100kHz — 0.15 mfd. — S#188A293H03
d. 7100.5-150kHz — 0.10 mfd. — S#188A293H04
© e 150:5#300kHz — 0.047 mfd. — S#188A293H05

4aTransmitter Module Mounting Plate

When changing from a frequency of 200 kHz or
below to a frequency above 200 kHz, the fol-
lowing is also necessary:

Transmitter module mounting plate
S#691B610HO1 and associated hardware.

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

S. Zener Diode Z104

For the 200.5-300kHz. range, a type 1N2999B
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 FL102

Filter FL101 is a small series-resonant tuned
circuit between the driver and power amplifier
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stages of the transmitter. It has just two ter-
minals. Filter FL102 is a larger assembly, de-
scribed under OPERATION. It has three ex-
ternal connections: input, output, and ground.
This filter is mounted by four corner posts. To
replace, unsolder the three leads, remove the
nuts from the mounting posts, and ift 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 induc-
tors are required 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 assembly can be adjusted over a
somewhat wider range than the width of its assign-
ed group since some overlap is necessary to allow
for component tolerances. The nominal adjust-
ment ranges of the groups are:

30.0-31.5| 61.0- 64.0113.0-119.5{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- 76.01135.5-143.0|230.1%240.0
39.0-41.0| 76.5- 80.0|145.5-151.0|24074:250:0
41.5-44.0| 80.5- 84.5]151.5-159.5 [25041-262.0
44.5-47.0| 85.0- 89.0(160.0-169.51262.1-274.0
47.5-50.0 | 89.5- 94.5{170.0-180.0 | 274.1-287.0
50.5-53.5| 95.0-100.0| 180<5-19%.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 frequengy lies within the same fre-
quency group as the original frequency, the filters
can be readjusted. Jf_ the frequencies are in
different groups, itiis possible that changes only in
the fixed capacitors may be required. In general,
however, it isfdesirable to order complete filter
assembliestadjusted at the factory for the specified
frequency.

A signal generator, a frequency counter, and a
vaéuum-tube voltmeter are required for readjust-
mentyof 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 to 3 volts output. The
core screw of the small inductor should be*tirned
to the position that gives a true maximum/reading
on the VTVM. Turning the screw to either side of
this position should definitely reduce the reading.
The change in inductance with core{osition is less
at either end of the travel"than when near the
center and consequently ‘thé effect of core screw
rotation on the VTVM “reading will be less when
the resonant inductance,occurs near the end of
core travel.

The procedure for readjustment of the 2nd and
3rd harmonic%tsaps of filter FL102 is somewhat
similar. A%signal“generator and a counter should
be connécted to terminals 3 and 4 of transformer
T105 andfa 500-ohm resistor and a VTVM to the
terminalstof protective gap G101. The ground or
shield, lead of all instruments should be connected
te thegrounded terminal of the transformer. Set
the'signal generator at exactly twice the channel
center frequency and at S 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 fre-
quency 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 operated with a 50 to 70-ohm load (depending
on which tap of T106 is used) connected to its out-
put, and inductor L10S5 can be readjusted for max-
imum output at the changed channel frequency by
the procedure described in the ADJUSTMENT
section.

If the frequency-sensitive voltmeter is
available the second and third harmonic traps
may be adjusted (or checked) without using an os-
cillator as a source of double and triple the
channel frequency. Connect the frequency-
sensitive voltmeter from TP109 to ground and



TYPE TC POWER LINE CARRIER

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 L102 until a minimum voltmeter
reading is obtained. Similarly, tune the voltmeter
to the third harmonic and adjust L103 for
minimum voltmeter 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 terminals. This condi-

tion will overload the input circuit of some cori-
mercial instruments. However, the procedureris
satisfactory for adjusting the traps for maximum
harmonic rejection.

If accurate measurement of the harmonicglevels
is desired, the frequency-selectivewvoltmeter is
connected, through a rejectign filtef, to the ter-
minals of the 60-ohm load resistor. Theé filter must
provide high rejection of the findamental. A twin-
T filter is suitable for this purpose. The insertion
losses of this filter at theysecond and third har-
monics must be measufed and'taken into account.

TABLE |
Receiver DC Measurements

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

TABLE Il
Recelver RF Measurements

Note: Taken with 100 kHz receiver filter, 0.125-
volt input signal, and gain control R207 at
maximum. Depending on receiver frequen-
cy and transistor characteristics, the follow-
ing values will vary appreciably.

TEST STANDBY WITH 125 M.V.
POINT | (No Signal) INPUT
TP201 35-38 35-38
TP202 0 0
TP203 11-12 11-12
TP204 < 0.5 2-3
TP205 18-22 18-22
TRAN- * * * * * *
SISTOR E B C E B C

Q201 |36.5 (37 42.0 |436.5,.[86 |42.0
Q202 [36.5(37.5 |43,0,136.0"( 35.5 |43.0
Q203 [<0.5| O 18.0°(<0.5| O 18.0
Q204 | 2.1 | 275 180 | 2.7 2.9 |18.0
Q205 | 2.2(™28 | 80| 2.5 2.7 |18.0
Q206 | 2.2 28 111.0| 2.6 2.8 [11.5
Q207 [0.5|<0.5 [22.0] 20| 22| 5.0
Q208 1<0.5 [<0.5 [ 44.0 [11.7| 20 | 2.0

resteomt | TR
FL201-IN to Gnd. 0.067
FL201-OUT to Gnd. 0.04
Q203 - E to TP206 0.097
Q203 - C to TP206 0.06
Q204 - B to TP206 0.01
Q204 - C to TP206 0.09
Q205 - B to TP206 0.013
Q205 - Cto TP206 1.15
Q206 - B to TP206 0.15
Q206 - C to TP206 2.5
TP202 to TP206 0.5

*E —Emitter, B — Base, C — Collector
All voltages read with dc vacuum-tube voltmeter.
<0.5 means “less than 0.5V.”

10

All voltages read with ac vacuum-tube voltmeter.
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__LL. 41-944433C

TABLE I

Transmitter DC Measurements

Note: All voltages are positive with respect to
Neg. DC. (TP104). All voltages read with

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

3. Resistors F211-R238 Combination

See values in Fig. 7 below internal s¢hematic.

. If the operating frequency is reduced, the re-

ceiver gain will probablysbe higher. In this case,
a reduction in the setting©f the i-f input control
R239 will give the [25-mv. sensitivity. If the
new operating frequency s higher, the receiver
gain may be lower.Af more than 125-mv. is re-
quired to obtainyl80"ma. output, the gain can
be increasedWby reducing the value of one or
both of the%gesistors R218 and R224. In most
cases, these resistors should fall in the range
of 22s%9,33%ohms.

TABLE IV
Transmitter RF Measurements

Note: “Carrier-on” voltages taken with trans-

mitter set to 10 watts output (24.5 volts
across 60 ohms). These voltages subject to
variation, depending on frequency and tran-
sistor characteristics.

TESTPOINT AC VOLTAGE

dc VIVM.

TesTpoINT | CATRIER | CARSIER
TP101 8.5voltsdc 8.5 voltsdc
TP102 <0.5 20
TP103 <0.5 19.5
TP105 <0.5 9
TP106 44 24
TP107 44 24
TP108 45 44
TP110 0.6 0.75
TPI11 0.6 0.75
TP112 0 <0.5
TP113 45 44
J101 5 ma. max. 0.6 amp.

(Front Panel)

g E | B | c{ENB | C
Qlol | 7.8 79| 20| %8| 7.8 1.8
Q102 | 8.1 | 87| 1.0 8.1 87 | 1.0
Q103 0.5 [ <Qs5%<<0vS | 20.0 (20.0 9.0
Q104 | 0.1N, 06 [ 45 |<0.5]| 0.75(44
Q105 [f0.14 0% | 45 |<0.5| 0.75]|44
Ql06 |0, |£0.5(445]| O 08 | 1.2
QI07 443|442 0 |24 |24 0
Q108 |45.0 | 44.7 | 44.5 | 44.2 {440 | 242

RECEIVER

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

T101-3to TP104
TP103 to TP102
Q103-Cto TP104

TP110 to T102-4
TPI111toT102-4
Q104-C to TP104

QI105-Cto TP104
T103-4to Gnd.
T104-1 to Gnd.

Q107-Bto TP107
Q108-Bto TP113
Q107-C to TP107

Q108-CtoTP113
T105-4 to Gnd.
T106-2 to Gnd.

TP109 to Gnd.
J102 to Gnd.

1.5 volts, rms.
0.2
1.1¢

0.2
0.2
33

33
1.1
1.4

0.5 volts, rms.
0.5
14-16

14-16

105
100-160*

30-50*
245

1
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Note: T101-3 = tap 3 of Transformer T101
Q104-C = Collector of Transistor Q104
TP10S = Test Point 105

All voltages read with ac VTVM

*These values may vary considerably with
frequency.

¢ High impedance circuit. VTVM causes
significant loading.
RECOMMENDED TEST EQUIPMENT
I. Minimum Test Equipment for Installation
a. Milliammeter 0-250 ma DC
b. 60-ohm 10-watt non-inductive resistor.

o ¢ AC Vacuum Tube Voltmeter (VTVM) or
equivalent. Voltage range 0.01 to 30 volts,
frequency range 60 Hz to 330 kHz, input
impedance — one megohm, minimum.

© d. DC Vacuum Tube Voltmeter (VTVM) or

equivalent.
Voltage Range: 0.1 to 300 volts
Input Impedance: 1.0 megohm, min.

12

II. Desirable Test Equipment for Apparatus i,
Maintenance.

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

Output Voltage: up to l@yvolts r.m.s.
Frequency Range: 20st01330 kHz

. Oscilloscope

a o

. Ohmmeter

Capacitor checker

- o

Frequency counter

g. Frequency-seleetive voltmeter

RENEWAL PARTS

Repairwork'can be done most satisfactorily at
the factory. However, replacement parts can be
furnished, 1n most cases, to customers who are
equipped, for doing repair work. When ordering

parts, always give the complete nameplate data. o
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ELECTRICAL PARTS LIST
Transmitter Sectlon
SYMBOL RATING STYLE NUMBER
C101 0.1 mfd,200V.DC 187A624HO1
C102 .005 mfd, 300 V.DC 187A694H29
C103 180 pf. 500V.DC 187A695H29
Cl104 0.25 mfd, 200 V. DC 187A624H02
C105 0.25 mfd, 200 V. DC 187A624H02
C106 0.25 mfd, 200 V.DC 187A624H02
Cl107 0.25 mfd, 200 V. DC 187A624H02
C108 0.50 mfd, 200 V.DC 187A624H03
Cl109 0.25mfd, 200 V.DC 187A624H02
Cl110 0.25 mfd, 200 V. DC 187A624H02
t Cll1l (See Table Below) -
Cl112 39 pfd, 500 V. .D€ 187A695H12
t Cl113 (See Table Below) -
Cll4 100 pf. 500 VaaDC 187A695H23
Cl115 100 pf 1500 VwDC 187A695H23
Cl16 0.001 mfd;*500 V. DC. 187A694H11
CA Part of FL101 Vary with Frequency
CB, CC,CD, CE Part of FL102 Vary with Frequency
t+  FREQ. Cull1,Cl113 Style Number
30 - S0kHz 0.47 mfd,400 V. DC 188A293HO01
50.5- 75kHz 0.22 mfd,400V.DC 188A293H02
75.5-100 kHz 0.15 mfd, 400 V.DC 188A293H03
100.5-150 kHz 0.1 mfd,400V.DC 188A293H04
150.5-300 kHz 0.047 mfd, 400 V.DC 188A293H05
D101 IN457A 184A855H07
D103 1N4818 188A342H06
D104 1N4818 188A342H06
D105 1N4818 188A342H06
D106 1N4818 188A342H06
G101 Type RVS Arrester 877A124H01
J1o1 Closed Circuit Jack 187A606HO01
J102 Banana Plug Jack 2 of 185A431HO01
J103 Coaxial Cable Jack 187A633H01
J104 24-Term Receptacle 187A669HO01
J105 12-Term Receptable 629A205H02

13
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ELECTRICAL PARTS LIST
Transmitter Section (Cont.)

SYMBOL RATING STYLE NUMBER
L101 Part of FL101
L102 FL102 Trap Coil (2nd Harmonic) Vary with Frequency
L103 FL102 Trap Coil (3rd Harmonic) Vary with"Frequency
L104 400 mh. 292B096GO1
FLI2 Coll(patof eriesresonan 0 i Freauency
L106 2.0 mh. Q" 3500A27HOI
Q101 2N2905A 762A672H10
Q102 2N2905A 762A672H10
Q103 2NS25 184A638H13
Q104 2N3712 762A672HO07
Q105 2N3712 762A672HO07
Q106 TI-481 184A638H1 1
Q107 .
2N3792 — Matched Pair 187A673H16
Q108
SYMBOL OHMS + TOL. % WATTS STYLE NUMBER
R101 5,600 5 1 187A643H45
R102 2,200 10 0.5 187A641H35
R103 10,000 10 0.5 187A641HS1
R104 100,000 0.5 187A763H75
R105 390 0.5 184A763H17
R106 1,200 0.5 184A763H29
R107 10,000 10 0.5 187A641H51
R108 100,000 0.5 184A763H75
R109 390 0.5 184A763H17
R111 1,200 0.5 187A763H29
R112 1K Pot 20 0.25 629A430H02
R113 4,700 5 0.5 184A763H43
R114 10,000 10 0.5 187A641HS1
R115 150 0.5 184A763H07
R116 100 0.5 184A763H03
18 e 5 25 1202588
R117 1257 BC 5 25 1202955
250 o 5 25 1267310

14
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I.L. 41-944.33C

ELECTRICAL PARTS LIST
Transmitter Sectlion (Cont.)

SYMBOL OHMS + TOL. % WATTS STYLE NUMBER
R118 10,000 2 0.5 629A531HS56
R119 62 2 0.5 629A$31HO03
R120 10,000 5 2 185A207HS1
R121 10 5 2 187A683HO01
R122 10 5 0.5 187A290HO01
R123 10 10 0.5 187A290HO01
R124 100 10 1 187A644H03
R125 1,000 10 0.5 187A641H27
R126 4,700 10 1 187A644H43
R127 10 10 05 187A640HO01
R128 2,200 5 1 187A644H35
R129 2.7 10 0.5 184A636H14
R130 10 10 0.5 187A640HO01
R131 4,700 5 1 187A644H43
R132 2.7 10 0.5 184A636H14
R133 0.27 10 1 184A636H18
R134 0.27 10 1 184A636H18
R135 3,000 10 5 188A317HO1
R136 12,000 10 0.5 184A763H53
R137 15,000 10 2 187A642H55
R138 1,000 10 0.5 187A641H27
R139 1,000 10 0.5 187A641H27
R140 68 2 0.5 629A531H04
R141 30 Type 3D202 Thermistor 185A211H06
R142 25K Pot 20 1/8 629A430H15
R143 20K 2 0.5 629A531H63
R144 282 - 3W 762A679H13

SYMBOL RATING STYLE NUMBER
T101 10,000/400 ohms 205C043G01
T102 10,000/400 c.t. 205C043G04
T103 1930/60 ohms Lspec 633000 1962694
T104 Turns ratio, 1/0.5, Pri-/each sec. 292B526GO01
T105 10/500 ohms 292B526G02
T106 500/50 - 60 - 70 ohms 292B526G03
Y101 30-300 kHz crystal per 328C083 Specify Frequenty
Z101 Zener Diode INS5357B (20 V. + 5%) 862A288HO03
Z102 Zener Diode IN2999B (56 V. + 5%) 629A798H04
Z103 Zener Diode 1N2999B (56 V. + 5%) 629A798H04
Z104 Zener Diode IN2999B (56 V. + 5%) 629A798H04

15
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ELECTRICAL PARTS LIST
Recelver Section

SYMBOL RATING STYLE NUMBER
C201 0.1 mfd., 200 V. DC 187A624H01
C202 300 pf. 500 V. DC 187A695H35
C203 180 pf. 500V.DC 1 87A695H29
C204 0.25mfd., 200 V. DC 187A624H02
C205 0.25mfd.,200V.DC 187A624H02
C206 0.25 mfd., 200 V. DC 187A624H02
C207 0.25 mfd., 200 V.DC 187A624H02
C208 0.25mfd.,200 V.DC 187A624H02
C209 0.25 mfd., 200 V. DC 187A624H02
C210 0.25mfd.,200 V.DC 187A624H02
C211 0.1 mfd.,200V.DC 187A624H01
C212 0.25mfd.,200 V.DC 187A624H02
C213 2.0 mfd.,200 V.DC 187A624H05
C214 0.25 mfd., 200 V.DC 187A624H02
C215 39 pfd.,S00V.DE 187A695H12
D201 I1N457A 184A855H07
D202 IN457A 184A855H07
D203 IN4818 @ 188A342H06
D204 1N4818 188A342H06
FL201 Receiver Input Filter 30-300 kHz Specify Frequency
FL202 Recéiveni.f. Filter - 20 kHz (2 sections) 187A590G02
J201 Réceiver Coax. Input Jack 187A638HOI
J202 Closed Circuit Jack(20 MA) 187A606H01
J203 Clgsed Circuit Jack (200MA) 187A606HO1
L201 33 mh. 187A599H02
Q201 2N2905A 762A672HI10
Q202 2N2905A 762A672H10
Q203 2N2905A 762A672H10
Q204 2N2905A 762A672H10
Q205 2N2905A 762A672H10
Q206 2N2905A 762A672H10
Q207 2N3645 849A441HO1
Q208 2N4903 187A673H13

16
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ELECTRICAL PARTSLIST
Recelver Sectlon (Cont.)

SYMBOL RATING
STYLE NUMBER
RESISTORS OHMS + TOL. % WATTS
R201 10,000 10 0.5 187A641H51
R202 2,200 10 0.5 187A641H35
R203 10,000 10 0.5 187A641H51
R204 100,000 5 0.5 184A763H75
R205 390 5 0.5 184A763H17
R206 1,200 5 0.5 184A763H29
R207 25 K Pot. 10 2 185A086H07
R208 10,000 10 0.5 187A641H51
R209 100,000 5 0.5 184A763H75
R210 390 5 0.5 184A763H17
+ R211 - - - See t Note Below
R212 1 K Pot. 20 0.25 629H430H02
R213 1,200 5 0.5 184A763H29
R214 5,600 5 1 187A643H45
R215 20,000 5 0.5 184A763HS8
R216 3,600 5 0.5 184A763H40
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 184A763HS8
R221 300 5 0.5 184A763H14
R222 31600 5 0.5 184A763H40
R223 620 5 0.5 184A763H22
R224 33 5 0.5 187A290H13
R225§ 10,000 10 0.5 187A641HS1
R226 20,000 5 0.5 184A763HS58
R227 300 5 0.5 184A763H14
R228 3,600 5 0.5 184A763H40
R229 620 5 0.5 184A763H22
R230 10 5 0.5 187A290HO01
R231 2,000 5 0.5 184A763H34
R232 1,200 5 2 185A207H29
R233 4,700 10 2 187A642H43

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

17
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ELECTRICAL PARTSLIST
Recelver Section (Cont.)
RATING
SYMBOL OHMS STYLE NUMBER
+ TOL. % WATTS
R234 5,100 5 0.5 184A763H44
R235 1,500 5 0.5 184A763H21
R236 4,700 10 1 187A644H43
R237 170 5 40 1336074
t R238 - - - Seef Note Below
R239 1 K Pot. 20 0.25 629A430H02
R240 50 Sensistor 0.25 187A685H08
R280 56 ) 5 0.5 187A290H19
T201 10,000/10,000 Ohms T14B677GO01
T202 10,000/400 Ohms 205C043G01
T203 25,000/300 Ohms 205C043G03
Y201 50-320 kHz Crystal per 328C083 Specify Frequency
Z201 IN3027B (20 V. + 5%) 184A449H07
7202 IN1789 (56V. + 10%) 584C434H08
Power Supply Sectlon
SYMBOL FUNCTION DESCRIPTION OR RATING | STYLE NUMBER
Cl (+) to (—) bypass 0.45mfd. 330V.AC 1723408
C2 AC grounding 05, mfd. 1500 V. DC 1877962
C3 AC grounding 0.5 mfd. 1500 V. DC 1877962
F1,F2 Overload Protection 1¥5a,48/125 V. DC 11D9195H26 ©
F1,F2 Overload Protection 2.0a.250V.DC 478067
PLI Il“zes"/“zg’(;‘g}oh‘sgh‘ 120 Volts 183A955H01
PLI Tllament type 55 Volts 187A133H02
QI Series Regfilator g e aNe2S 3503A41HO1
Rl j Seties dropping 26.5 ohms, 31" 04D1299H44
R2 125V qiSeriesdropping Same as R1 04D1299H44
R3 &Curtent limiting 500 ohms,. 312 1268047
For4s V. DC, _ _
43V {Rl =R2=0
R3 = 26.5 ohms 3K 04D1299H44
R4 Current Limiting 100K, 0.5 watt 184A763H75
SW1 P8wer Switch 22 N ASDe 880A357HO!
SWI101 Carrier Test Same as SWI 880A357HO!
TP1 Test Point (+) Pin Jack — red 187A332H01
TP2 Test Point (—) Pin Jack — black 187A332H02
Z1 Voltage Regulator 1N2828B (45 V.) 184A854H06
Z2 Surge Protection 1N3009'.A‘ (130V.) 184A617HI12
Zener Diodes
Z3 Voltage reg. for 250 V. IN2813B(15V.) 184A854HI11

t R238 - omit above 50 kHz — 23K, 30-50 kHz, S#187A641 H59

A,



TYPE TC POWER LINE CARRIER

L. 41-944.33C

3

*i';

i

Sl
] J‘[

—

L
03

19
POWER LINE CARRER | o5 _‘ -
| VO
TYPE TC | " '
. .
| e ‘L
nzCENEn caN
» Q@
a:a\
Westinghose @

<& wioe x 3 oeep —e1GHT sLoTS

OMITTED FOR)
SOLIDGSTAIE RELAYING
APPLICATIONS

TC VOICE ADAPTER (WHEN USED)

s

L ror 20070300KHzZ

L
i6
ror 30 10 200 KHZ ONLY

@)
f

SuB. 3
202C231

Fig. 1. Type TC\Carcier’Assembly — Outline

FL201 {200.5-300 KHZ)
MTD.UNDERNEATH

TRANSMITTER 80

200-300 KHZ ONLY

-

U

@ZZIO

2103

70 J

i POWER AMPLIFIER
5105 PRINTED CIRCUIT
ql08 TED o @07
" ) ®
| )
S~ Lo, TI03 .
1
|
|TRANSMITTER PRINTED: =
| CRCUIT BOARD | Ti04 Tios
= ] — FLIO
!
o __ J
FL20CI
{FOR 30-200VrHZ) FL202
FLI02
RECEIVER PR -
INTED CRCUIT BOARD
P2
O
sw
—
ct c2
<] s |[Tm1] =
/

REAR VIEW /
OMITTED FOR

SOLID-STATE RELAYING

APPLICATIONS

SuB. 3
202C232

Fig. 2. Type TC Carrier Assembly — Parts Location

19



TYPE TC POWER LINE CARRIER

(Ria3]
[RII8]
clor
O R4l
(RUIS]
i
"8
Ri22

TPIO2
[RIIT]
Ri42
TPIIO
--Ri23} R
N
\
I
;-
/ w
o=
o
/
( Q
v
\
“RES
clis
‘ cios

[RI5) [Ri4]
cl05
wd  2o]

i
[(R13€] q
4, 080
2 RiOS)
oQ RIS
o0 [oiz]
»0, [Ri04
RIO2
Ciol

©

N 7
\\
\ !
\ /‘/ clo4 gzl—
S = o2
o 09 Un:
BOBECE
i | 1

cloe
[Ri6]
TPI03
(&) °
<
RIZ

'ﬂg

CLIP JUMPER FOR 30-50 KHZ

CLIP JUMPER FOR HZ /HZM RELAYING SUB. 6

714B958

Fig. 3. Transmitter Printed Cireuit —Parts Location

CH3

i [¢2]
cill °
@
TP C)
© ©

Cio9
TPIO8 RI26 QIOGQ
TPIO
[b153)
]

TPIU3

Dl106

R144

R133

o

RI30 [Ri31 | [Riz2s ]

19

SUB. 2
3507A34

Fig. 4. Power Amplifier Printed Circuit — Parts Location

20




TYPE TC POWER LINE CARRIER

l.L. 41-94433C

TFOR 30 TO 50 KHZ ONLY

J20I I 2 3 4 5 6
+ ' O 00O O O O
S R e {Rern e

C205
Cc206

{R228-
c209 |
ca10f |
b{R242]

)
~)

-
v
N
o
N
O
s ) (o)
@ SRait-
B
RT3 |-
-R2021-
-R20%-
-R206-
—R203-
Y20l
|
[¢]
n
(2]

-
L
N
(o]
»n
Heai5 1
Hc202}-
-1
Nal
o
(8)
c204
R232
Cc21a
[D204]
(0203
—{b202[}-
o 201]

7 TP205 _720]

QOpos.

—R231-

CoLL
O O @) ' '

+ ¢ Oa A Ones OTP204 Oszos +
SUB. 8
187A766

Fig. 5. Receiver Printed“Circuit — Parts Location
85RS
2
I‘ FUSED POSITIVE p IC
85R 7
3
A
RC
A 85RS
- TRANSMITTER CONTROL o TC
’ I: "~ 6
DI
CARRIER 200 -MA.
Te s A A RECEIVER OUTPUT
CSP
PHASE &
GROUND CARRIER
CARRIER
sz PH. & GND.
FUSED NEG. . TC
2 4 4 > T
A IN KA4 RELAY
85RS-RESERVE SIGNAL DETECTOR (WHEN USED) SuUB. 2
862A937
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Fig. 7(a) TC Carrier Assembly for HKB & SKB Relaying — Internal Schematic. Use with Figure 7(b) Dwg. 6692D89-Sub 5.
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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 a cabinet, it
must be bolted down to the floor or otherwise secur-
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 a
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 panel. Metering jacks, a test switch,
and the receiver gain control are accessible from
the front of the panel. See Fig. 1. The circuitry is
divided into several sub-assemblies as shown in
Figure 2. The components mounted on each printed
circuit board or other sub-assembly are shown“en-
closed by dotted lines on the internal schematic,
Fig. 8. The location of components on the’ five
printed circuit boards are shown on separate ‘illus-
trations, Figures 3 through 7.

External connections to the assemblyyare made
through a 24-circuit receptacle J1044The r-f output
connection to the assembly is madeythrough a coax-
ial cable jack J103. When voigé“communication is

used, the voice adapter plugs \into receptacle J105
on the front panel.

The receiver gaingcontrol R207 is accessible
fromthe front of thefpaneliyln addition, three current
jacks are provided for measuring the following
quantities.

J101 — Transmitter
current.

power-amplifier collector

J202 4Receiver CLI 0-3 ma. output current.

J203"-"Receiver 200-ma. output current.

The receiver filter input resistor R201 is con-
nected“directly to term. #1 of FLL201 and is covered
witheinsulating sleeving.

OPERATION

Transmitter

The transmitter is made up of four main stages
and two filters. The stages include a crystal oscil-
lator, buffer-amplifier, driver, and power amplifier.
With reference to internal schematic, 4fig. 8, the
oscillator crystal serves as a Series-resonant cir-
cuit between the collector of QlO1 and the base of
Q102. The output of Q102 is feéd baek, through capa-
citors C102, C103, and Cl142 to the base input of
Q101, thus providing oscillation at the crystal fre-
quency. The frequency isWhessentially independent
of voltage or temperatyre“ehanges of the transistors.

Thus the frequency ‘stability is that of the crystal
itself.

The oscillator foutput energizes the buffer-am-
plifier transistor, Q103 through the potentiometer

R112 which controls the transmitter power output.
Keying ofgthe®™ransmitter output is controlled in the
buffer-amplifier stage by changing the d-c potential
supplded topQI103 emitter circuit. This is accomplish-
ed inuthe 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 terminal 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 potential across Z101 supplies
voltage to transistor Q103, causing transmission
of carrier. Note that operation of carrier test switch
SW101 applies positive 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 8
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 Z159
prevents the small forward voltage across D151 and
Q153 from causing a small amount of carrier trans-
mission under standby conditions.
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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
type 2N 3792 power transistors, Q107 and Q108,
operating as a 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 base-emitter junction of
the power transistors. Zener diodes Z102 and Z103
protect the collector-emitter junctions from surges
which might come in from the power 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,
Cg, and L103, Cc) which are factory tuned to the
second and third harmonics of the transmitter fre-
quency. Capacitor Cp approximately cancelsgthe, in-
ductive reactance of the two trap circuids at/the
operating frequency. Protective gap G101 is%adsmall
lightning arrester to limit the magnitude ofdswitéhing
surges or other line disturbances reaching the, car-
rier set through the line tuner and ¢oaxialwcable.
Auto-transformer T106 matches thegfilter,impedance
to coaxial cables of 50, 60, or 70 ohms characteristic
impedance.

The series-resonant cirfcuit“eomposed of L105
and Cg is tuned to the_tranSmitter frequency, and
aids in providing resistive terfmination for the output
stage as well as attenuation for higher order har-
monics. Jack J102(is¢ mounted on the rear panel
of FLL102 and 4s, used for measuring the r.f. output
current of the trapsmitter into the coaxial cable.
It should e nofed that the filter contains no shunt
reactive eleménts, sresulting in a reverse impedance
free of possibley4across-the-line’’ resonances.

Receiver

The receiver is a superheterodyne type to facil-
itabe obtaining constant bandwidth regardless of
the®ehannel 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 a wide enough band offrequencies
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 thé samie as the transmitter
oscillator. The oscillater frequency is 20 kHz above
the incoming signal fregqueney. The receiver channel
frequency is determined by, the input filter and the
oscillator crystal.

Mixing is afecomplished by feeding the incoming
signal to thememittér, and the receiver oscillator
signal to the base of the mixer Q203. Mixer oscil-
lator reguirements are met through adjustment of
potentiometen, R212. Injection into two separate
elements, base and emitter, provides a circuit cap-
able) ‘of, handling greater signal level variations
than “ene” in which injection is made into only a
single“element such as the base. This receiver
usesran intermediate frequency of 20 kHz. Typical
chiaracteristics of both filters and the complete
receiver are shown on curves, Fig. 9 and 10.

The 20-kHz i.f. signal is rectified by diodes
D201 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 (CLI)
is provided on the receiver auxiliary 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

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 heaf
dissipated, no transistorized equipment should ke
mounted above the resistor panel. The 250-volt TC
set has a constant current drain of 1.5 amperes d<cy

Relaying Control Circuits

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

For flexibility infapplication, provision is also
made for keying the transmitter from either 48 or
125 volts d.c. Also, thed200-ma receiver output
circuit is brought out tova 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

Harménics

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, 1055140¥5¢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.§amp standby or transmitting

Temperature range

Frequency Spacing

The minimum “se€Commended frequency spacing
between two TypeyTC carrier sets operated in para-
llel witheutwhybrid units is shown on the curve of
Fig. “48. 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 #he 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, 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 thereceived
signal when two transmitters send blocking signals
to the third terminal. The three transmitters operate

~—20 to +60°C. around chassis.
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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. Seé Mainten=
ance section for R142 adjustment.

Now apply d-c power and note theWd-c Weltage
across the two pin jacks TP1 and TR2. Ifythis is
in the range of approximately 42 to (46 /volts, throw
the carrier-test switch SW101 ongthe(panel to the
ON position. Slowly advance [the @utput control
R112 on the transmitter printed-circuit board until
about 10 volts is obtained facross the output load
resistor. At this point, leheckythe adjustment of the
series output tuning coill.10% by loosening the
knurled shaft-locking sut’ and“moving the adjustable
core in and out a Small Jamount from its initial
position. Leave itfaththe point of maximum voltage
across the load resistor) For 200-300 kHz operation,
L105 is ap‘‘pot,.core”™ and has a adjustable core
screw. USe agscrew-driver in this case. No locking
device 9syneeded.

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 LL105 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
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unnecessary since there is little chance of its
setting being disturbed. However, if desiredythe pot
core setting can be checked using a screwdriver to
vary the setting of the adjustable corempPBhere 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

Normallygethe®oeutput 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
résonance /(maximum output at the fundamental
frequency) with a 60-ohm load. The adjustable
cores, of ' LL102 and L103 have been set for maximum
harmoenic 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
between 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 VTVM is used, have the
remote transmitter turned on and off several
times to be sure the VI'VM 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. 1s 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 regeiver
gain control to give 100 ma. output “as befores

When this adjustment has been made #reset the

local transmitter to its normal pl0-watt output

level.

In applications where the liné attenuation is
low and a strong signal is received) the/adjustment
of the receiver gain control R207 becomes critical.
For such applications, thegsetting of/i-f gain control
R239 may be reduced t@ lower thé overall receiver
gain. The front-panel &ontrol R207 will then have a
smoother and more gradual cemtrol as the knob is
rotated, making it easier‘to ©btain 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 “contrel R207 is set for the normal 15-db
mazrginmasS\previously described.

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 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 & 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 conveniences If the re-
ceived signal varies for any reason, fhe CLI out-
put current will change accordingly, as indicated
by the curve in Fig. 12.

When carrier is transmiittedyfrom the local station,
the pointer of the localy CLI output milliammeter
will be driven off gcale., This will not in any way
damage the instrument{ as/the CLI saturation current
is less than 4 ma.“d.c.

MAINTENANCE

Periodiey. cheeks 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
Sinkst\Itf'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 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-c 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 counterclockwisempNow|
apply power to the TC carrier set, but dognot trans-
mit carrier. Advance the pot until the d-cqmilliam-
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*e power
and proceed with the transmittergpadjustment as
described in the ADJUSTMENTS sectiom

Replacement of Q107 - Q108

The two transistorshQl0% 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 ne@ matched pair. Thisis necessary
to keep the second\Barmonic of the transmitter out-
put at an aeceptably“low value. The pair of tran-
sistors should Be ordered as ‘2 of style 187A673H16
transistor§yType 2N3792’’.

NOTE: Only power amplifier module styles
T74B541G01 through GO05 are used with Type
2N3792 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 188A342H06’’.

I1.L. 41-944.32B

CHANGE OF OPERATING FREQUENCY!

The parts required for changing' the @perating
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 “fer méw frequency. See table
marked ‘‘1’’ under intetnal schematic (Fig.8).

2. R136 Jumper

For operation,in"30-50kHz range, clip off R136
as indicated in Rig."3.

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

a. 30-50fkHz — 0.47 mfd. — S#188A293HO01
b. 50.5<15 kHZ — 0.22 mfd. — S#188A293H02
c. 45.531000kHz — 0.15 mfd. — S#88A293H03
d. ©100.5:150 kHz — 0.10 mfd. — S#188A293H04
e p1505-300 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#691B610HO01
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

FFL 201 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

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 L1101, L.102, 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
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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
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 | 274.1-287.0
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 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"f
transformer T103 and the voltmeter across terminals
1 and 2 of transformer T104. The signal geneérator
should be set at the channel center frequency and
at 2 at 3 volts output. The core screw of fhe small
inductor should be turned to the position, that gives
a true maximum reading on the VI'VM@Tutning the
screw to either side of this positionjshould 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 censequently the ef-
fect of core screw rotation opthe VTVM reading will
be less when the resomanti\imductance occurs near
the end of core travels

The procedure #or readjustment of the 2nd and
3rd harmonic trdps, of filter FL102 is somewhat
similar. A signal generater 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 ‘tefminal of the transformer. Set the signal
generatomgat) exactly twice the channel center fre-
quencygand at 5 to 10 volts output. Turn the core
screw of sthe large inductor, L102, to the position
thategives a definite minimum reading on the VT VM.

Similarly, with the signal generator set at exactly
three times the channel center frequency andf(5 to
10 volts output, set the core screw of the ‘sSmall
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 enotigh to require a
different filter, it will come 4factory adjusted as
described in the foregoing paragraphs

After all the tabulated changesyhave 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) comnected to its output, and
inductor L105 can begreadjusted for maximum output
at the changed chafinel 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 “$réquency-sensitive voltmeter from TP109 to
grouwnnd ‘amd ,adjust the transmitter for rated output
intdotthe selected load resistor. Set the voltmeter at
twiee 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 L102 until a minimum voltmeter reading
is obtained. Similarly, tune the voltmeter to the
third harmonic and adjust L103 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.

It 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-R238 Combination
See values in Fig. 8 below internal schematic.
4. Resistors R218 and R224 may have to be reduced.
See following paragraph.

ey
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The emitter resistors R218 and R224 of the Q
i-f stages are normally 33 ohms to give the TEST POINT TYPICAL AC
required .receiver gain. If the. operati.ng fr'e- FL201-IN to Gnd. 7
quency is refiuced, the- receiver gain V‘{lll FL201-OUT to Gnd. 0
probably be higher. In this case, a reduction 203 - E to TP206 10
in the setting of the i-f input control R239 will Q ) 0 &)9
give the 125-mv. sensitivity. If the new operating Q204 - Cto TP206
frequency is higher, the receiver gain will be Q205 - B to 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 TP20 2.5
sistors R218 and R224. In most cases, these
. . TP202 to TP2 0.5
resistors should fall in the range of 22 to 33
ohms.
TABLE | All voltages with a-c vacuum-tube voltmeter.
Receiver D.C. Measurements TABLE Il
Note: All voltages are negative with respect to Pos. smitter D-C Measurements
45V. (TP206) 11'¥oltages are positive with respect to Neg.
D.C. (TP104). All voltages read with d.c.
STAND WITH 125
TEST POINT (No Sign%IY) M.V. INPUT TVM.
35-38 35-38
;‘PP;(()); 0 0 & TEST POINT CARRIER OFF CARRIER ON
TP 203 11-12 11-12
TP 204 <05 TP101 8.5 volts d.c. 8.5 volts d.c.
TP 205 18-22 TP 102 <0.5 20
TP 103 <0.5 19.5
TRANSISTOR V coLL. TP 105 <0.5 9
TP 106 44 24
Q201 ::33 5 TP107 44 24
Q202 ) TP108 45 44
Q203 18.0 1.0
Q204 1s. TP110 <1.0 <l1.
Q205 18 TP111 <1.0 <1.0
Q206 TP112 0 <0.5
Q207 TP113 45 44
Q208 J101 5 ma. max. 0.6 amp.
cuum-tube voltmeter. (Front Panel)

All voltages read -
<0.5 — meanx an 0.5’

BLE Il TRANSISTOR V coLL. YV coLL.

eiver RF Measurements Q101 2.0 1.8

: ) ) Q102 1.0 1.0

Note: Taken v.v1th 100 kHz r.ecelver filter, 0.125-vo.1t Q103 <0.5 9.0
1npu551gnal, 'and gain coptrol R207 at maxi- Q104 45 44

mum. Depending on receiver frequency and

transistor characteristics, the following Q105 45 44

alues will vary appreciably. Q106 44.5 1.2
Q107 0 0

Q108 44.5 24.2
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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-

TABLE VI

Receiver CLI and Output Board

(with normal received signal)

acteristics.

TEST POINT

A-C VOLTAGE

T101-3 to TP104
TP103 to TP102

Q107-B to TP 107

1.5 volts, rms.
0.2

TP105 to TP104 1.1 ¢
TP110 to T102-4 0.2
TP111to 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

0.5 volts, rms.

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

Recommended Test, Equipment

I. MinimumyTest Equipment for Installation

a. gMilliammeter 0-250 ma. DC

B, 460-0hm 10-watt non-inductive resistor.

C.

A-@fVacuum 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).

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
TP 105 = Test point 105
All voltages read with a-c VTVM
* These values may vary considerably with

frequency.

¢ - High-impedance circuit. ¥TVM ‘causes
significant loading.

TABLE Y
Transmitter, Keying Board

D«C Voltages

CARRIER ON CA?I)RI(?R STor
.C.on
| o N e
J1048 or 9)
TP151 16 v.d.c. <1.0 v.d.c. | <1.0v.d.c.
Term. 17 <1.0 24.6 4.9
TP152 16 16 <1.0
TRI163 <1.0 <1.0 16
Term.)1 0* 20 <1.0

*May show <1.0 volt with VTVM

10

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 O

Ohmmeter

o

Capacitor checker
f. 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 0.1 mfd, 200 V.DC 1:7A624H01
C102 .005 mfd, 300 V.DC 187A694H29
C103 180 pf. 500 V.DC 187TA695H29
C104 0.25 mfd, 200 V.DC 187A624H02
C105 0.25 mfd, 200 V.DC 187TA624H02
C106 0.25 mfd, 200 V.DC 187TA624H02
Cc107 0.25 mfd, 200 V.DC 187A624H02
C108 0.50 mfd, 200 V.DC 187A624H03
C109 0.25 mfd, 200 187A624H02
C1l10 0.25 mfd, 187A624H02
f C111 -
Cl12 187TA695H12
t C113 —
Cl14 18TA695H23
C115 0 pf., 500 V.DC 187TA695H23
C116 1 mfd, 500 V.DC 187A694H11
CA art of FLL101 Vary with Frequency
CB, CC, CD, CE Part of FLL102 Vary with Frequency
D101 IN457A 184A855H07
D103 1N4818 188A342H06
©l Dios 1N4818 188 A342H06
D105 1N4818 188A342H06
¢ D106 1N48 18 188 A342H06
G101 Type RVS Arrester 637TA026A01
Closed Circuit Jack 187TA606H01

T FREQ. (C111, C113) RATING STYLE NUMBER
30 -5o’kHz 0.47 mfd, 400 V.DC 188A293H01
5-75 kHz 0.22 mfd, 400 V.DC 188A293H02
5.5-100 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 O ‘
Transmitter Section (Cont.) -
SYMBOL 7 R - 7<R>ATING STYLE NUMBEg ’
J102 Banana Plug Jack 2 of 185A431H01
J103 o Coaxial 7Cable J éck ) 7 178'7A6:3;H0077
~ Jw¢ | 24TemmReceptace |  a87aegomo1
B J105W_ o lé;Term geceptacle N . 294205H02
h L101 I Part of FL101 7 B N o with Frequency|
_Li1o2 ) 7 FL102 Trap CoilTZind Harrﬁoni(;; o 3 V\;ith?e—c;uenc;
L 103 FL102 Trap Coil (3rd Harmonic) >271ry Qviih Fredﬁéné;
 Lioea ’ 400 mn. ' '  292B096GO1 |
%) L 106 { 2.0 mh. 3500A27HO 1
Q101 | 7 2N2905A 762A6772717—{10> |
7 7(5102 7 2N2905A V 7 777%62A76'"72H10 ”
Q103 7 7 N 21\;57275 a 184Ag38Hi3
Q104 o 2N3712 7'672A6727H07
Q105  oNsTI2 . 162A672HOT
Qs | Tras 184A638HIT
Q7 | an3192 187 A6T3H 16
© . qos | 2name2 IBTAGTSHIG |
T WATTS STYLE NUMBER
1 187TA643H45
0.5 . 187A641H35
’ 0.5 187A641H51
0.5 187A763H’%5
| 05 | 184ATE3HIT |
0.5 154 A76Z737HV 29 '
0.5 184A641H51 4
05 | 184AT63HTS |
B R
_ , o oo T
0.5 187TAT63H 29
i 025 | 629A430H02 #
05| 134a763H43 1
05 | isrAeaimst | -
S o5 184A'7'53Hm'j
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1.L. 41-944.32B

ELECTRICAL PARTS LIST

Transmitter Section (Cont.)

SYMBOL OHMS + TOL. % WATTS STYLE NUMBER
R116 100 5 0.5 184AT63H03
R117 1,000 5 25 1202588
R118 10,000 2 0.5 629A531H56
R119 62 2 0.5 629A531H03
R120 10,000 5 2 185A207H51
R121 10 5 2 187A683H01
R122 10 5 0.5 187A290H01
R123 10 10 0.5 187A290H01
R124 N 100 10 1 187A644H03
R125 | 1,000 10 M %5 187A64 1H27
R126 4,700 0 1 187A644H43
R127 10 10 0.5 187A640HO1
R128 2,200 ) 5 T 187A644H35
R129 2.7 10 0.5 184A636H14
R130 10 10 0.5 187A640H01
R131 4,700 5 1 187A644H43
R132 2.7 10 0.5 184A636H14
R133 0.27 10 1 184A636H18
R134 0.271 N 10 1 184A636H18
R135 3,000 10 5 188A317THO1
R136 12,000 2 - 0.5 629A531H58
R137 15,000 10 2 187A642H55
R138 ] 1,000 ¢ 0 0.5 187A641H2T
R139 1,000 10 0.5 187A64 1H2T
R140 68 2 05 629A531H04
R141 30 Type 3D202 Thermistor 185A211H06
R142 | 95K pot. 20 ' 0.125 629A430H 13
R143 20,000 2 0.5 629A531H63

SYMBOL RATING STYLE NUMBER
SWI101 Carrier Test Switch 880A357HO1
T101 - 10,000/400 ohms B 205C043G01
fw2d 4|  10,000/400 c.t. 714B666G01
T103 1930/60 ohms L633000 1962694
Ti0a | _  Tums ratio, 1/0.5 Pri./each sec.  202B526G01
T105 10/500 ohms ) 292B526G02
T106 500/50 - 60 - 70 ohms 202B526G03
Y101 0 B —‘7_30-3(7)7()7717(1-12 cr;stal pe;\BEC%?; Specify Frequency
Z101 N ~ IN5357TB (20 V +5%) 862A288H03
7102 IN2999B (56 V +5%) 629A798H04
7103 IN2999B (56 V 5%) 629A798H04

13
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ELECTRICAL PARTS LIST O p

Transmitter Keying Board

SYMBOL RATING
C151-C152 0.47 mfd., 200 V.
C154 47 mfd., 50 V.
D151 IN457A
D152 1N4818
Q151 to Q155 ON3417 848A851H02
R151-R159 47K, % W. 629A531HT2
R152-R153-R160-R161 47K, V2 W. 629A531H48
 RI54-RI162 ‘ 82K, Y% W. 629A531HT8
R155-R158-R163-R166-R169 10K, %2 W. 629A531H56
R156-R164-R167 6.8K, ¥ W. 629A53 1H52
R157-R165-R168 27K, % W. 629A531H66
R170 700, 5 W. 763A129H04
Z151-2152-2155-Z156 1N36884 (24%) 862A288HO1
Z153-2157 185A212H06
Z154-Z158 185A797THO6
Z159 185A797H13
2160 862A288H02
fd., 200 V. DC 187A624H01
0pf. 500V.DC |  187A695H35
180 pf. 500 V. DC 187A695H29
0.25 mfd. 200 V. DC 187A624HO2
0.25 mfd, 200 V. DC 187A624H02
0.25 mfd, 200 V. DC 187A624H02
0.25 mfd., 200 V. DC 187A624H02
©0.25 mfd., 200 V. DC © 187A624H02
0.25 mfd., 200 V. DC 187A624H02
~0.25 mfd., 200 V. DC 187A624H02
0.1mfd., 200V.DC  187A624HO1
© 0.25mfd., 200 V. DC |  187A624H02
2.0 mfd., 200 V. DC 187A624H05
 0.25mid., 200 V. DC 187A624H02
. 39pfd., 500V.DC 187A695H12
o INes7TA | 184A85SHOT
IN457A 184 A855HOT
IN4818 B 188A342H06
- 1N4818 | 188A342H06




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

ELECTRICAL PARTS LIST O
Receiver Section (cont.)
SYMBOL RATING STYL UMBER
FL201 Receiver Input Filter 30-300 kHz Spe.ify Frequency
FL202 Receiver i.f. Filter - 20kHz (2 se&tions) 7 187A590G02
J201 * B Receive; Coax, Inn_put Jack \ 187A638H01
J202 7Closed Circuit Jack (CLI) - WY 187TA606HO01
J203 - élosed Circuit Jack (200MA) \d 7 Ié'YAGOGHOl
- A17J2?)71 o - 33 r;l_h 7777777777777777 T e 187A599H02
Q201 2N2905A T62A672H10
Q202 ' 2N2905A ‘ ) 762A672H10
- Q203 2N2905A 7 o T62A672H10
Q204 N 2N29(7)5'1;.77 762A672H10
Q205 2N2905A ' 762131572H10
Qs 2N2905A  162A672H10
Q207 7EN3645 ) 849A441H01
- Q2087”7 S ”7*7517\1_47970?; . 187A673H13

STYLE NUMBER

WATTS
i 0.5 187A641H51
0.5 187A641H35
) 0.5 187A641H51
L 0.5 184AT63HT5
- 0.5 184AT63H17
0.5 184A763H29
185A086H07
R208 10,000 10 05 187A641H51
_loo00 5 | o5 184AT63H17
390 5 0.5 184AT63H17

- - - See t Note Below

1 K pot. 20 0.25 629A430H02

0.5 184AT63H29

1 187A643H45

- 5

b)
_Ras 20,000 5 1 0.5 184AT63H58
R216 3,600 b) 0.5 184AT63H40

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

> ,s



TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

ELECTRICAL PARTS LIST

Receiver Section (Cont.)

RATING
SYMBOL STYLE NUMBER
OHMS + TOL. % WATTS
R217 620 5 0.5 184AT63H22
R218 33 s 0.5 18742908 3
R219 10,000 10 0.5 187A641H51
R220 120,000 s B 0.5 184 AGE3H58
R221 30 | s 0.5 183A7T63H14
R222 3,600 | 5 0.5 184A763H40
R223 620 5 0.5 184 AT63H22
R224 33 | 5 0.5 187A290H13
R225 10,000 10 0.5 187A641H51
R226 20,000 5 0.5 184A763H58
R227 300 5 05 184A763H14
R228 3,600 5 05 184A763H40
R229 620 5 0.5 184A763H22
R230 10 5 0.5 187A290H01
R231 2,000 5 - 0.5 184AT63H34
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 184AT63H21
. R236 | 4,700 1 o 1 187A644H43
R237 170 5 40 1336074
R238 — — — See T Note Below
R239 1 K pot. 20 0.25 629A430H02
R240 50 Senéistor | 0.25 187A685H08
R241 100 Type 3D102 Thermistor 185A211H12
R242 100 Type TM-Y4 Sensistor 187A685H06
R280 56 5 | 0.5 187A290H 19
T201 10,000/103000 ©hms 714B677G01
T202 10,000/409 ~ Ohms 205C043G01
T203 25,000/300 Ohms 205C043G03
Y201 50-320kHz Crystal per 328C083 Specify Frequency
Z201 IN3027B (20V. +5%) 184A449HO07
7202 INI1789 (56V. +10%) 584C434H08
Receiver CLI and Output Board
SYMBOL RATING STYLE NUMBER
C251 to C253 0.27 mfd, 200 V.d.c. 188A669H05
C255 to C260
C254 0.82 mfd, 200 V.d.c. 188A669H15
D251-D252 IN457A 184A855H07
D253 1N645A 837A692H03
7951 IN3686B (20V.) 185A212H06
%059 IN3688A (24V.) 862A288H01

T R238,-‘omit - above 50kHz

16

- 22K, 30-50kHz,

S#187A641H59.
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

.L. 41-944.32B

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

SYMBOL RATING ST.YLE NUMBER
R251 B - 2.7K, TM-4 Sensistor 187A685H05
R252 5K, 4W. pot. 629A430H07 ~
“R253 - 220, 1AW, i 184A763H11
~ R254 - 22K, AW - . O 184AT63H35 |
R255-R260 15K, YW, p N 12374&7@3115? -
77R27567 B V VZV;K, "Vng 184AT763H36
Rt | 330, TM-% Sensistor | 187A685H07 |
R258-R259 L ATK, VW . ) @ _ 184AT63H43
R261 560, YW. 3 - l §47@763H271r7
R262-R265 12K, %W - 184A763H29
R263-R264 , 190, v g W4 )Y | 1saaesmos
R266 27K”,7 ow. o i 639A531H66
R267-R269 - 10K, f/zWu 629A531H56
R268 6.8K, oW 629A53171-175_2 )
R27%70 82K, 44LW. 629A531H78 |
R271 150, 7 8W. 762A67_9}-_1071 O
Q251-Q252  AN2N4eBo6) | 849A441HO02
Q253 J2N3417 - 848A851H02 |
Q254 2N3645 849A441HO01
- Power Supply Section
SYMBOL FUNCT/JON DESCRIPTION OR RATING STYLE NUMBER
Cl1 (+) tofi),fb,yﬁlﬁ - 777777&45 m,ffi;, 330 VAC 1723408
c2 A-Cérounding 7 0.5 mfd, 1500 VDC 1877962
C3 A-C grounding 770577n1f—(17175607 VDC - 1877962
c4 Rmitery, | 1.8 mfd, 800 vDC  14C9400H12
L1 Filteny 7 5.5 mh. 719B135G01
Ql R WSVerViésﬂgeﬁgiquiator - 2N6259 3503A41HO01
R1 [ Series dropping 26.5 ohms, 40W. 04D1299Hd4
 R2 N 125V jﬁ?ﬁ? droppiinigm 7 Same és R1 B 04D1299H44
R3 B L Currentlimltlng . 500 ohmé, 4OW - 1268047
R1 For 48 VDC, _ _
R2 48y 4 R1=R2 0
- [ s = 0.5 onms " oupizeses
TP1 Test point (+) Pin Jack - red 187;\373‘_251(71_;_7i
TP2 Test point (—) Pin Jack — black 187A332H02
z1 Voltage Reglilator 1IN2828B (45V.) 184A854H06
Z2 Surge Protection IN3009A (130V.) Zener Diodes 184A617TH12
Z3 Voltage Reg. — for 250 V.D.C. IN2813B (15V.) o 184A854H11

17
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY I.L. 41-944:328B
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY

I.L. 412944.32A
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY
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I.L. 41-944.32B
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY 1.L. 41-9442328
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY
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Fig. 13. Minimum Frequency Spacing for Two 10-Watt Transmitters Qpetatediin Parallel.
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TYPE TC POWER LINE CARRIER TRANSMITTER-RECEIVER ASSEMBLY I.L. 41-944.32B
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INSTALLATION

Westinghouse I.L. 41-944.6
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

RESERVE SIGNAL DETECTOR
FOR TC AND KR CARRIER

APPLICATION

The reserve signal detector is a device used to
detect changes in received signal level on a power-
line carrier channel. The relaying receiver output
current is saturated at normal received signal levels.
Thus, even a substantial reduction in the received
signal may not give a corresponding drop in receiver
output current. The reserve signal detector makes
it possible to detect such changes in signal level
before the signal drops to a low enough value to
cause an incorrect relay operation.

CONSTRUCTION

The reserve signal detector is available in two
different mechanical designs; one for switchboard
mounting, and one for rack mounting (19’2 pangl).
The unit for switchboard mounting is, shown in
Figure 1 which includes outline dimensiens“and
schematic wiring. Figure 2 shows the outline ‘of,the
rack-mounting unit, and Figure 3 is(thé internal
schematic for this design. Electrically both units
consist of a fixed resistor, a yariable résistor, and
a normally open pushbutton connectedf in series.

OPERATION

The resistors and pughbutton®of the reserve sig-
nal detector are connected into the transmitter car-
rier-start circuit, effeetimely¥functioning as a sepa-
rate transmitter ,output €ontrol. This control is ob-
tained by varyinghthewdsc voltage to the amplifier
stage following the ‘empystal oscillator in either the
KR or TC4ransmitters With TC set, the output will
not drop appreeiably until sufficient resistance has
been inserted to” drop the voltage across zener
diode CR101 below its 20-volt breakdown. The ad-
justable resistor is effective over a 40-db range of
transmitter output. If a fault occurs while a re-
serveysignal test is being made (with reduced trans-
mitter output), operation of any carrier-start protec-
tive relay will instantly restore full output as iong
as) required for the relaying function. The connec-
tions of the reserve signal detector into the carrier-

NEW INFORMATION

start circuit are shown onm, the overall schematic
which applies to a particular order.

ARDJUSTMENT

Becauséy of differences in transmitter output,
supply veltage,jpand service conditions, it is not
practical te ' hawe a calibrated dial for this unit. How-
ever,jealibration may be made at installation by re-
cording “output (either db or volts) at various knob
settings, of R1. Then, by depressing pushbutton S1
and, adjusting the R1 dial so as to obtain one-half
the normal saturated receiver output current (on a
clear dry day), any increase in line attenuation at a
later time may be noted as the difference between
the original setting, and that required to obtain the
one-half maximum receiver output current at the time
of checking. The normal procedure for this test is
to start with the knob full counterclockwise, and
rotate slowly until the remote receiver output drops
to half its maximum value.

NOTE: The nominal ‘‘one-half maximum’’ value
for the TC set is 100 ma, and for the KR set, 10 ma.
Since these values are half way up a steep curve, it
may be rather difficult to adjust to exactly 10 or 100
ma. If the receiver output current is within + 20 per
cent of the nominal 10 or 100 ma figure, any attenu-
ation figures will be correct within one db.

If communication between stations on a line sec-
tion makes the foregoing periodic adjustment pro-
cedure inconvenient, there is a second method of us-
ing the reserve signal detector. First, set the re-
ceiver sensitivity to the desired margin for deterior-
ation of signal. Depending on power company stand-
ards, this will usually be somewhere between 6 and
15 db. Now on a clear dry day, close S1 and in-
crease R1 selting until the remote receiver output
current drops 20 per cent. Leave the control at this
point. At another time when a reserve signal test is
to be made, it is necessary only to close the Sl
pushbotton and have the :¢mote operator note the re-
ceiver output current. If it does not drop more than
20 per cent or so, the desirable receiver margin still
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RESERVE SIGNAL DETECTOR

exists. If the receiver output drops to a low value
or to zero, it indicates that the original margin no
longer exists. This could mean increased line loss,
reduced transmitter output, reduced receiver sensi-
tivity, or a combination of these factors.

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 equiped
for doing repair work. When ordering parts, always

PARTS LIST give the complete nameplate data as well as the part
Symbol Description Style identification as given in the Parts Listf
R1 100-K Pot. 1475074
R2 2000-ohm resistor 1267296
S1 Pushbutton Switch 327C854H01
CQNNECT TO TRANS-
MITTER CARRIER
START TERM‘INAL
(z0008) R2
__aMAX. ECW POSITION
(DIHEGLIIR) | PERMISSIBLE CONTRoL
VARVATION *
O db(I WATT @ GO OHMS,
To -40db (0.1 MILLIWATT)
T ] 3
| I‘#ﬁ
& & P
/ €
~lu ? | : ! s
N ! A [ 2 APPLY B+
=
% L Jl B WIRING DIAGRAM SCHEMATIC
i:-_l:[i—ﬁ =L, - - 4 - Y——T j REAR VIEW OF PANEL
\l\\g
L ﬁ \ ; el (Rer)

NI\

33
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Fig. 1. Reserve Signal Detector for Panel Mounting.
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INSTALLATION

Westinghouse 1.L. 41-944.4B
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TC VOICE ADAPTER
Style 408CO20GO2
Style 408CO20GO]1

APPLICATION

The type TC Voice Adapter is used to provide a voice
channel between type TC carrier sets at different
locations. Simple ‘‘push-to-talk’’ operation is provid-
ed using a handset which can be plugged into jacks
in the Voice Adapter or mounted on an associated
switchboard panel.

CHARACTERISTICS

The TC VoiczAdapter has sufficient gain to provide
30t050 per cent modulation of the carrier transmitter,
with a normal speaking voice level. The received
audio signal level is adjustable, through a volumg
control mounted on the Voice Adapter, up to approxi=
mately zero dbm level. When transmitting, thé Voice
Adapter circuit energizes the transmitter tepandun-
modulated level of 7.5 to 14 db less than for, a relay-
ing operation to allow satisfactory modulation:

CONSTRUCTION

The unitis mounted in a metal b@x, chassis' consisting
of a cover and a frame. A 12sterminal plug on the
back of the unit allows it ,to ‘e plugged into a TC
transmitter-receiver. With the,exception of the tele-
phone jacks, all electrical ,gemponénts are mounted on
printed circuit board. Connections between this board
and the 12-terminal plug aresmade through flexible
leads. For maintenancegputposes, the printed circuit
board may be unfastened and swung out away from the
chassis afterdremoving,the cover of the box.

OPERATION

The circuit consists of three grounded emitter tran-
sistor stagesgwhich include an RF amplifier, a power
dete&tor and an audio amplifier (see Internal Sche-
matic). AWhen receiving, the RF input signal passes
fromythe“coaxial cable connection on the Transmitter-
Receéiver, through a portion of the input filter into
the receiver section of the Voice Adapter. The signal

Supersedes |.L. 41-944 4A

is then fed through the level¥control R-1 to the RF
amplifier @ 1. ThisWstagegis transformer coupled to
the power detecter cireuit Q-2 which in turn drives
the base of audio outpit stage Q-3. This base drive
is applied thfoughfeapacitor C-6 and relay contacts

K-1A. The signal is amplified by transistor Q3 and
then trangformer-coupled through T-2 to the telephone

receiver line. This connection is made through relay
contacts, K-1B and K-1C. There is no AVC action in
these Teceiver circuits, so it is necessary to adjust
the input)control R-1 for the best listening level.

Theaudio output stage Q-3 serves two functions. It
is the output stage for the receiver section previous-
Iy explained and it also serves as the modulator when
transmitting. This is accomplished by relay K-1.
Pressing the pushbutton on the test telephone ener-
gizes this relay and also closes the circuit which
provides microphone cutrent. The microphone output
is applied to the base of amplifier Q-3 through capa-
citor C-7 and relay contacts K-1A. When relay K-1 i3
energized, contact K-1A is switched to select the
speech input signal at capacitor C-7 and open the re-
ceiver circuits from capacitor C-6. Transistor Q3 a-
gain serves as an amplifier and its output eventually
reaches resistor R-119 and capacitor C-107 in the
transmitter-receiver through relay contacts K-1B and
K-1C. These same contacts disconnect the telephone
receiver. Signal applied to the R-50 and C-14 com-
bination will modulate the transmitter.

The carrier transmitter must be unblocked before it is
possible to transmit the modulated carrier signal.
This is accomplished by applying carrier-start volt-
age to the transmitter through contacts K-1D in the
Voice Adapter. Energizing relay K-1 in the adapter
closes contacts K-1D which supply carrier-start volt-
age to the transmitter-control circuit. This unblocks
the emitter circuit of Q-103 in the transmitter which
then permits transmission of carrier. The d-c voltage
applied to this bleeder circuit by the adapter is about
Y% the voltage supplied when a relaying function oc-
curs. Therefore, the unmodulated transmitter output

EFFECTIVE JANUARY 1964
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when unblocked by the Voice Adapter is from 7.5 db
to 14 db less than the output when unblocked for a
relaying operation. This differential is necessary to
provide proper blocking of speech when a relaying
function occurs.

As previously mentioned, voice communication is a
secondary function and does not interfere with the
primary function of relaying. To accomplish this, it
is necessary to block the audio output stage Q-3 on
the adapter whenever a relaying function occurs. The
D-C voltage which unblocks the carrier transmitter is
also implied to the base of transistor Q-3 through a
voltage-dividing network consisting of resistors R-20
and R-11, plus the diode CR-1.

When a relaving function occurs, the voltage develop-
ed across resistor R-11 is sufficiently high to drive
the base of stage Q-3 positive with respect to the
emitter and therefore, blocks the circuit. This action
prevents the speech modulation of the carrier signal.
Effectively, a voice conversation carried on over a
relaying channel will be interrupted instantly when a
relaying operation occurs.

On the other hand, as previously explained, the start
voltage supplied by the adapter is less than half the
start voltage supplied by the transmitter-receiver
when a relaying operation occurs. Because of ghis

difference in carrier-start voltages, the Voice Adapts
er when modulating, does not block stage Q-3. Fhe

voltage developed across resistor R-11 is not/{great
enough to block transistor Q-3.

Telephone Usage

Telephone jacks are provided as,an fntegral“part of
the adapter to accommodate a Westinghouse S#330
C678H04 noise cancelling handset:®Thisiteélephone is
an auxiliary and is not an integral part of the unit.
It employs a push-to-talk buttem,whieh must be push-
ed when transmitting and reléased when receiving.

The side of the telephone plug marked ‘‘TOP’’ must
be inserted into the corresponding socket marked
““TOP’’ on the chassis of the adapter. Since this
telephone has a noise cancelling handset, it istne*
cessary to speak directly into the microphone. Talk-
ing over, or under the mouthpiece will result,in se-
vere attenuation of the speech signal. Optimum re-
sults can be achieved only by speakinggdirectly into
the telephone.

Pushing the button on the telegphone, unblocks the lo-
cal transmitter which will result{in an alarm signal at
the remote terminal. This alarm ‘Will continue to ring
until the operator at the Teceiving terminal inserts his
telephone or the transmitting®felephone pushbutton is
released. The two stations“are then ready to carry on
a conversation. Beeause,of the reduced RF output of
the transmitter when unblocked bythe adapter, it may,
in some cases be necessary to use the carrier test
button for ringing.

Whemyusedywith supervisory equipment audio, block
is performed “through a supervisory preference con-
tacts. The“jumper normally connecting terminals 4
and, 17%n the transmitter-receiver is omitted and in
itsiplace is connected this contact. When a super-
visory function is initiated, this contact opens,
removing the B+ supplied to the adapter. Voice
communication is interrupted when this occurs.

Adjustments
There are no adjustments to make on this unit other
than the adjustment of the input control R-1, to a
comfortable listening level. No control is provided
for modulation. Adjustment of the relayingtransmitter-
receiver is not required.

MAINTENANCE

Voltage and resistance values should be recorded in
order to establish reference values which will be use-
ful when checking the apparatus.
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L.L. 41-

ELECTRICAL PARTS LIST

Gircuit Circuit
Symbol Description Symbol  Description
4
CAPACITORS @2 aN274
N52
c-1 0.25.t+ 20%, 200VDC, Paper @3 aN525 %
C-2 0.1uf + 20%, 200VLC
RESIST
C-3 Same as C-1
- 5K, + W, Pot
C-4 10 uf, ~10% + 100% 50VDC R-1 2.9K 1W, Po
C-5 Same as C-2 R-2 1Eag w
- 1/
c-6 Same as C-4 R-3 K 5%, 72 W
- 1 1
C-1 .01puf,  10% 300VDC R-4 hms, *10%, %2 W
C-8 Same as C-4 R- K, £10%, %2 W
C-9 Same as C-7 39K, +5%, Y2 W
C-10 Same as C-4 & Same as R-2
C-11 1004f, ~10% + 100%, 25 VDC Q Same as R-5
C- 12 50..f, -10%, + 100%, 50vdc 9 270 Ohms, 5%, %2 W
C-13 Same as C-4 R-10 Same as R-2
DIODES R-11 22K, +10%, Y2 W
CR-1 IN63 \ R-12 820 Ohms, +5%, Y% W
R-14 220 Ohms, *10%, Y% W
JACKS
1 4 R-15 1K, +10%, 2 W
J-1 Telephone Jack
R-16 470 Ohms, +5%, 1W
J-2 Telephone Ja
R-17 750 Ohms, +5%, 1W
RELAY R-18 3.9K, £5%, 1W for style 408C020GO01
18 1 ; R-18 12K, +5%, 1W for style 408C020GO01
- V, 1000=- s
K-1 il, 4 Transfer contacts R-19 470 Ohms, +10%, % W
x‘ R-20 2.4K, 5%, % W
L-1 50-1h t Reactor TRANSFORMERS
T-1 Impedance Ratio 25K/300 Ohms
PLUG
T-2 25K /600 Ohms
P-105 12 Circuit Voice Adapter Plug
¢ TEST POINTS
TRANSISTORS TP-1 Q3 Base

2N274

TP-2

Pos D.C. to transistors
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