
INSTALLATION 
Westinghouse I.L. 41-944.6G 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
RESERVE SIGNAL DETECTOR 
FOR TC AND KR CARRIER 

Descri ption 

Panel mounted for 4 8  or 1 2 5  volt 
D . C .  KR or TC Carrier 
Panel mounted for 250 volt D . C .  
TC Carrier only 
Rack mounted for 48 or 1 25 volt 
D .C .  KR or TC Carrier 
Rack mounted for 250 volt D . C .  
T C  Carrier only 

A P P L I C A T I O N  

Style 

470D1 67G02 

470D1 67G03 

408C484G01 

408C484G03 

The re serve 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 level s .  
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. 

C O N S T R U C T I O N  
The reserve signal detector i s  available in two 

different mechanical designs; one for switchboard 
mounting, and one for rack mounting ( 19 " panel ) .  
The  unit for switchboard mounting is shown in 
Figure 1 which includes outline dimensions and 
schematic wiring. Figure 2 shows the outl ine 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 ope n  pushbutton connected in series.  

OPE R A T I O N  

The resistors and pushbutton of the r e serve sig­
nal detector are connected into the transmitter car­
rier-start c ircuit, effectively functioning as a sepa­
rate transmitter output control. This control is ob­
tained by varying the d-e voltage to the amplifier 
stage following the crystal oscillator in either the 
KR or TC transmitter. With the TC s et, the output will 
not drop appreciably until sufficient resistance has 
b e en inserted to drop the voltage across zener 
diode CR 1 0 1  below its 20-volt breakdown . The ad­
j ustable resistor is effective over a 25-db range of 

transmitter output. If a fault occurs w hile a re­
serve s ignal 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 reserve signal detector into the carrier­
start circuit are show n on the overall schematic 
which applie s to a particular order.  

A D J U S T M ENT 
Becau s e  o f  differences i n  transmitter output, 

supply voltage, and service conditions,  it is  not 
practical to have a calibrated dial for this unit. How­
ever,  calibration may be made at installation by re­
cording output ( either db or volts ) at various knob 
settings of RL Then,  by depressing pushbutton 81 
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 l!Ominal "one-half maximum" value 
for the TC set is  100 rna, and for the KR set, 10  rna. 
Since these values are half way up a steep curve, it 
may be rather difficult to adjust  to exactly 10  or 100 
rna. If the receiver output current is  within ± 20 per  
cent of the nominal 10  or  100 rna figure ,  any attenu­
ation figures will b e  correct within one db, 

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

All [HJs\ihle contingencies which may arise during 
installation, operation, or maintenance, and all 
details and variations of this equipment do not 
purport to he covered by these instructions. If 
further in/(mnation is desired by purchaser re­
garding his particular installation, operation or 
111aintenance of his equipment, the local West­
inglwuse Electric Corporation representative 
should he contacted. 

SUPERSEDES I .L. 41-944.6F, dated May 1972 

0 Denotes change from superseded Issue. 
Also supersedes Addendum, dated August 1976 
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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 s ignal . Depending on po wer company stand­
ards ,  this will usually be somewhere between 6 and 
1 5  db . Now on a clear dry day, close S 1  and i n­
cre ase  R 1  s etting until the remote receiver output 
current drops 20 p er cent. L e ave the control at this 
point. At another time when a res erve signal test is 
to be made ,  it is nece ssary o nly to clo se the S 1  
pushbutton and have the remote operator note the re­
ceiver output current. If it does no t 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 los s ,  
reduced transmitter output,  reduced re ceiver sensi­
tivity , or a combination of these factors. 

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

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 
give the complete nameplate data as well as the part 
identification as given in the Parts List .  
PARTS LIST 

Symbol 
R1 
R 1  
R2 

S1 

D esc ription Style 
200-K Pot.  1 85A086H27 
200-K Pot .  1 85A067H 1 4  
2000-ohm resistor 1267296 
8000-ohm resistor 1 2 052 1 9  
Pushbutton Switch 879A860H0 1 

CONN ECT T O  TRANSMITT ER 

R 2  

Rl 
200k 

SCHEMATIC 

CARRIER START TERMINAL 

IIIIAX. C CW POSITION 

J • 8000 OHIIS FOR 250 VOLT 
TC CARRIER ONLY 

� • 2000 OHMS FOR 48 OR 12� VOLT TC OR 
ICR CARMIE .. 

.219 DIA (4HOLESI 

.----

0 5 

9 
0 

-t rW 1� k I I -f" 
� 

0 
L 

2 

@ �0 10 
@�IIAXT• @ 

OUTPUT 

4 _!_ 
2 

0 

� ! I 
., I I 

,ij:L �if I i- 31N. �IJI(,_���'!_OUT 

f------ - -- 3 l 

0 Fig. 1. Reserve Signal Detector for Pane/ Mounting. 

SUB. 10 
329C703 
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RESERVE SIGNAL DETECTOR __________________________________________ L_L._4_1-_94_4._6G� 

¢ r--
r 1 �I ..L J 

� R2 - 0 � cr 0 
� 
-

�3 

s1 op 

'�------------------�_..2 
L _ _j ¢=-8000."- FOR 250 VOLT TC CARRiER ONLY 

� =2000-'l F�48 OR 125VOLT TC OR KR CARRIER 
TERM 
BLOCK SUB. 4 

629A103 

0 Fig. 2. Reserve Signal Detector for 19-inch Rack Mounting. 
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5 MTG. CENTERS 
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0 Fig. 3. Reserve Signal Detector for 19-inch Rack Mounting. 
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RESERVE SIGMAL DETECTOR __________________________________________________ _ 

FUSED POSITIVE 

RC 

TRA NSMITTER CONTROL 

C ARRIER 
T E ST 

200-MA. 

RECEIVER OUTPUT 

PHASE 8 
GROUND 
CARRIER 
START 

C SG 

FUSED NEG. 

!:::, I N  KA 4 R E LAY 

85RS- RESERVE SIGNAL DETECTOR (WHEN USED) 

Fig. 4. Elementary K-Dar!TC Carrier Control Circuit. 
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Fig. 5. Elementary K-Oar!KR Carrier Control Circuit. 
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INSTALLATION • 

Westinghouse I. L. 41-944.SB 

OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TCU CONTROL UNIT FOR 

SKB OR HKB PHASE COMPARISON 
CARRIER RELAYING 

CAUT ION: 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. This is particularly import­

ant for those persons not familiar with transistorized 

equipment. 

A P P L I C A T I O N 

The type TCU control unit is used in conjunction 

with the type TC transistorized carrier set for SKB 

o r  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. 

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

The type TCU control unit consists of a standard 

19-inch wide panel approximately 5-14 inches ( 3 rack 

units) high. The panel is notched for mounting on a 

standard relay rack.All small components associated 

with the static circuitry are mounted on two printed 

circuit boards on the rear of the panel. Three ad­

justable controls and several larger components 

are mounted on a separate subassembly as shown 

on outline drawing Fig. 1 and component location 

drawing Fig. 2. 

O P E R A T I O N  

General 

In phasl'-comparison 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 

over 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: 

S U PERSEDES I. L. 41-944.5 A 
Complete Revi s ion 

1 .  Controls the transmission of carrier in half­

cycle pulses at the line frequency (usually 60 
Hz). 

2. Compares the phase position of the pulses re­

ceived from the remote terminal with similar 

local pulses developed directly from the se­

quence network output. 

3. Initiates tripping if the comparison indicates 

an internal fault. 

In addition, the control unit has two secondary 

functions: 

1. Transient blocking and unblocking. If tripping 

is not set up within 25-32 milliseconds after 

FD2 opPrat es, the flip-flop circuit is desensitized 

so that discharge of stored energy (in reactive 

circuit dements) at the clearing of an external 

fault 11·ill not cause incorrect tripping. H owever, 

if an internal fault develops before the external 

fault is cleared, the change in phase position 

of the local and remote carric•r pulses will 

cancc'l the transient blocking after about two 

cycles to allow a slightly delayed tripping. 

2. Carrier squelch. \\'hen tripping takes place for 
an internal fault, the operation of either the res 
unit in the HKB relay or thP AR relay unit in thP 

SKB relay energizes a circuit which stop:; 

transmission of carrier. This is to prevent unde­

sirable carrier blocking of another terminal 

which might require sequential tripping because 

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 Logi c Diagram and 

Basic Comparison Circu i t  

A logic diagram o f  one terminal o f  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 
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TY P E  TC U CON TROL UNIT FOR SKB O R  HKB 
PHASE COMPARISON CA R RI E R  R E L AYIN G --------------------------------

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 pul s e ,  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. P hase delay - Adjustable up to G ms.  to balance 
the delay in the blocking c hannel equipment. 
For type TC car rier , the channe l  delay is 2 ms. 

I N S TALLA T I O N 

The type TCU control unit i s  generally supplied in a 
cabinet or on a relay rack as part of a c omplete 
carr ier  assembly. The location must be fre e  from 
dus t ,  e xc e ssive humidity,  vibration ,  c or rosive fum e s ,  
o r  heat.  The maximum ambient temperature around 
the chassis  must not ex ceed 55°C. (Minimum t e mp .  
i s  -20°C).  

SET T I NGS 

There are three adjustable c ont rols (R 1 0 1· 1 0 2  and 
103) on the rear of the uni t .  The s ettings of R 1 0 1  
and R 102 are described in the ass e mbly inst ruct ions . 
The setting of R 1 03 is a fac tory adjustm ent. A 
procedure for c he cking the R 1 03 setting is described 
in the following section under Calibration. 

MA I NTENANCE 

Routi ne Mai ntenance 

P eriodic checks of the relaying system as desc ribed 
in the assembly instructions are desirable to indi­
cate impending failure so that the equipment can be 
taken out of servic e for correct ion. At regular main­
tenanc e intervals , any accumulated dust  should be 
removed. 

Voltage values should be recorded after  adjustment 
in order to establish  reference values whi c h  will be 
useful when checking the apparatus. The readings 
will remain fairly c onstant over  an indefinite p eriod 
unless a failure occurs .  

Typical  voltage values are given in the followin g  
tabl e .  R eadings may vary somewhat , depending o n  
t h e  actual zener breakdown voltage and variations 
between trans istors . 

4 

TA B LE 

Test Po int DC Voltages 

NOT E: All voltages are positive with respect  to 
batte ry ne gative ( TPl or TP54). The actual 
value s  will depend som e what on the regulat­
ed 22 volts which has a ±4% tolerance .  

TEST SIMULATED 
POINT STANDBY FAULT* 

1 - -
(neg. ) 

2 22  22  
(pos . )  

3 22  1 1  
( square wave puls e)  

4 20 .3  20 . 0 
5 0 1 2  

( square wavr pulse)  
6 0 . 5  9.8 

( square wa\·e puls e )  
5 1  2 1 .5  2 1 . 0  
5 2  20 8 . 5 
53 22 2 1  
54 - -

(ne g . ) 

*Test c u rrent applied to one relay terminal only , 
and high enough to pick up FD 1 and FD2.  

Overal l System Check 

The overall performance of the TCU c ontrol unit in 
conjunction with the protective relay and carrie r  
equipment can best b e  made by following t h e  p ro­
c edures described in the system instructions whi c h  
ac company each equipment as sembly. Test switches  
are p rovided to  simulate internal o r  external fault s ,  
and a trip-circ uit indicating light together  with a 
rece ive r output milliamm eter s erve t o  indicate 
proper  operation of the installation. 

Cal ibration 

As stated under SETTINGS , the adjustment of phase 
delay c ontrol R 1 01 and the 4-ms.  delay c ontrol 
R 1 0 2  are covered in the system instructions for 
the c o mplete TC-TCU carrier  ( o r  e quivale nt) 
assembly . In the following paragraphs, proc edures www . 
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' I 

T Y P E  TCU CON T ROL U NIT FOR SKB OR HKB 
PHASE COMPA RISON CA RRIE R R E LAYING 

are given for checking the transient blocking and 
unblocking times and the  carrier s quelch tim e .  

A .  Transient Blocking Tim e  

1 .  Conne c t  a s . p . s . t .  toggle s witch between 
terminal 4 of the TCU right-hand printe d 
c ircuit board and terminal 1 7  of the  left 
hand board. Also c onnect the START t e r­
minal of an e lectronic timer or the EXT .  
TRIGGER terminal of a n  oscilloscope with 
a calibrated horizontal sweep and provision 
for a single sweep to  the above terminal 17 
as shown in Fig.  SA. 

2 .  Connect the timer STOP c ircuit of  s c o p e  
vertical input to TP53 ( probe lead) and 
TP54 ( shield lead) on the left-hand ( rear 
view) printed circuit board of the TCU C on­
trol  Unit . TP54 is negative de and provides 
the return circ uit for  both START and STOP 
input s .  Set timer for positive START voltage 
and negative S TOP voltage . 

3. Connect  a jumper between TP 2 and TP3 on 
the right hand ( rear view) p rinted circuit 
board. (This disables the output of the local 
squaring amplifier whi c h  might otherwis e 
interfere with this test) .  

4 .  Carrier assembly energized and in standby 
c onditions ( normal) but out of  s ervic e .  

5 .  Close switc h  t o  initiate transient blocking.  
The voltage at TP53 to TP54 will drop from 
approximate ly 20 volts to l ess  than one  volt 
de after 1 8  to 32 ms.  This time is determined 
by the value of R65 in the type TCU Control 
Unit , and is not adjus table .  

6.  A t  t h e  c ompletion o f  testing, be sure t o  
remove t h e  jumper from TP2 and TP3. 

B. Transient Unblocking Time 

1. Con nect a s . p . s . t .  toggle  s witch between 
terminals 4 (pos.  45 V DC) and 7 ( rece iver  
output) of  the  TCU right-hand ( rear view) 
printed circuit board ,  as shown in Fig.  S B .  

2 .  Connect  t h e  timer stop c ircuit or  s cope 
vertical input to TP53 and TP 54 as des­
cribed in Part A. 

3 .  Init ial ly c lose the toggle s witch.  This 
app lies positive 45 volts de to the remote 
squaring amplifier input and represents a 
received signal. Reset the  scope "single 
sweep" control if  neces sary. 

I. L. 41·944.58 

4. Apply sufficient 60-Hz c urrent through SKB 
relay terminals 4 and 5 ( phas e  A to n eutral) 
to  operat e  both FD1 and FD2 fault det ectors.  
A current of two amperes wil l  be s ufficient 
in most cases. 

5.  Open the toggle switch to s tart timing. This 
operation removes the simulated received 
carrier and starts " timing out" the transient 
unblocking function. The voltage at TP43-54' 
will  rise from less than one volt to approxi­
mat e ly 20 volts after a delay of 1 5  to 35 
milliseconds.  This delay will vary from one  
reading to the  next because o f  the variation  
in  the point on  the ac  wave at  which  the  
toggle switch is opened. The  delay c an be 
varied by rf!adj ustment of  R1 03 on the rear 
of the TCU Control Unit. 

6 .  To repeat the transient-unblocking timing 
c h ec k ,  close the toggle switch ,  then moment­
arily int errupt the ac to the relay .  This will 
reset  FD2 which allows the flip-flop in the  
TCU to reset .  

C .  Carrier Squelch Time 

This timing c heck is best made using a s c ope  
with a calibrat ed sweep since carrier builds up  
relatively gradually after the  "squelch "  in­
terval . 

1 .  Connect  a s . p . s . t .  toggle s witch from posi­
tive of  the de supply to the squelch input 
t erminal of the carrier as sembly. 

( Re fer to the system de schematic fo r the 
proper te rminals . If the TC carrier s et and 
TCU Control Unit are mounted in a cabinet. 
the squelc h  input terminal on the assembly 
terminal blocks (Z terminals) is thr OtH' 
that conn ects to TCU terminal 2 of J 1 0 1 .  
For the SKB re lay ,  this squelch circuit is  
initiated by ( 1 ) c losing  of  an  auxil iary res 
c ontact or (2) closing of a c ontact on the 
AR tripping relay unit . For the HKB relay ,  
squelch is initiated by an  auxiliary res 
contac t .  When the protective re lay and 
carrier are both mounted in the same cubic l e ,  
it is  gene rally more c onvenient to make 
c onn ections directly to the relay c as e  
t erminals). 

2. The toggle switch must also apply the 
posi tive de supp ly voltage to the EXT. 
TRIGGER t erminal o f  a scope  as shown 
in Fig .  SC. Be sure that the de sup ply 
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TY P E  TCU CON T ROL U N I T  FOR SKB OR HKB 
PHASE COM PA RISON CA R RIE R R E L Y  A l N G  

6 

voltage is not in excess of the s afe maxim urn 
value for this scope input circuit. 

3.  Connect the scope v ertical input to TCU 
right-hand circuit board terminals 1 (probe) 
and 15 ( s hield). Terminal 15 is n egative 
de which provides the return for the scope 
trigger input also . 

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

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

6. Close the test toggle switch,  then reset the 
scope if necessary. Closin g this s witch 
will stop transmission  of carrier.  Do not 

leave it clos ed longer than n ecessary to 
make the test. 

7. Now open the toggle switch. Capacitor C 6  
i n  the squelch circ uit will start to discharg e. 
After an interval of 1 20 to 1 80 milliseconds , 
transistor Q 1 1 will stop conducting and the 
voltage to the scope vertical input w ill 
rise to 20 volts ,  indicating carrier trans­
mission again. 

RENEWAL PAR T S  

Repair work can be done most satisfactorily at the 
factory. However ,  replacement parts can be furnish­
ed, in most cases ,  to customers who are e quipped 
for doin g  repair work. When .ordering p art s ,  always 
give part designation , rating, and com plete e quip­
ment nameplate data. 
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T Y P E  TCU CON TROL U N I T  FOR SKB OR HKB 
P HAS E COM P A R I SON CA R R I E R  R E LA Y I N G  

C I RCU I T  SYMBOL 

ELECTR ICAL PAR TS L IST 

D ESCR I P TION 

RIGH T HAND BOARD (REAR VI EW) 408C338G03 TO GOB 

CAPACITOR 

Cl to C5 0 . 25 MFD 200VDC 
C6 39 MFD 35 VDC 

DIODES 

CR l -CR6-CR 7-CRS 1 N4 8 1 8  L'1 
CR2 1 N3797B-22V 
CR3-CR4-CR 1 0  1 N457A 
CR5 1 N9 1 
CR9 1 N748A-3.9V 

L'1 Maybe IN538 Diodes on some boards 

R E SISTORS 

Rl-R2 2.2K , \lzW ± 10% 
R3-R 10-Rl 2-R27 lOOK , YzW ± 10% 
R4-Rll lOOK,  YzW ±5% 
R5 22K,  YzW ±10% 
R6 39K , YzW ±5% 
R7-R20 47K,  1/zW ± 1 0% 
R8-R 1 6-R3 1 4 . 7K ,  YzW ± 1 0% 
R9 470 Ohm , 3W ±5% 
R 1 3  33K ,  YzW ± 10% 
R 1 4  68K, YzW ± 1 0% 
R 15 27K , YzW ± 1 0% 
R 1 7-R 1 9-R30 1 0K ,  YzW ± 1 0% 
RIB 3.3K, YzW ±5% 
R 2 1 -R22 4 70 K ,  YzW ± 10% 
R23 330<:1, 2 W  ±5% 
R24 1 . 2K ,  YzW ±5% 
R25 5 . 6K ,  YzW ±10% 
R26 39K, YzW ± 10% 
R28-R29 1 5 K ,  YzW ± 1 0% 
R32 33K, hW ±5% 

TRANSISTORS 

(Q1 -Q2) - ( Q6-Q7) 2N65 2 A  Matched Pair 
Q3-Q5-Q8-Q9 2N3645 
Q 10-Q 1 1  2N699 
Q 1 2-Q13 2N652A 

I .L .  41-944.5B 

W E ST IN G HO U S E  
STY L E  N UMBER 

187A624H02 
1 8 7A508H04 

1 88A34 2H0 1 
1 85A089H09 
1 84A855H07 
1 82A88 1 H04 
1 86A797Hl3 

1 8 7  A64 1 H35 
1 8 7A64 1 H75 
184A763H75 
1 8 7A64 1 H5 9  
1 84A763H65 
1 8 7A64 1 H6 7  
1 87A64 1 H43 
1 84A636H20 
1 87A64 1 H63 
1 87A64 1 H 7 1  
1 87A64 1 H 6 1  
1 8 7A64 1 H5 1  
1 84A763H39 
1 8 7A64 1 H 9 1  
1 85A20 7 H 1 5  
1 84A 763H29 
1 8 7A64 1 H45 
1 8 7A64 1 H65 
1 8 7A64 1 H55 
1 84A 763H63 

67 1 B632G0 1 
849A4 4 1 H0 1  
1 84A633Hl 9 
1 84A638Hl 6 
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TYPE TCU CONTROL UNIT FOR SKB OR HKB 
PHASE COMP ARISON CARRIER REL AYING 
---------------------------

8 

ELECTRIC PA RTS L IST 

CIRCUIT  SYMBOL DESCRIPTION WESTINGHOUSE 
STYLE NUMBER 

L E F T  HAND CIRCUI T BOARD (REAR VI EW) STY L E  408C377G03 TO 408C337G07 

CAPACI TORS 

C 5 1  0 . 25MFD , 200VDC 1 87A624H02 
C52-C55 l . O MFD 200VDC 1 87A624H04 
C53-C5 4 500 MMF, 200VDC� 1 8 7A697H03 
C56 3. 0MFD 200VDC 1 88A293H06 

� Maybe . 05 MFD on  some boards 

D IODES 

CR5 1-CR5 7-CR6 1  1 N957B-6. 8V 1 8 6A797H06 
CR52-CR60 1N9 1  1 82A8 8 1 H04 
CR53-CR54-CR55-CR56-CR5 8-CR63-CR64-CR65 1N538 407C703H03 
CR59 1 N960B-9. 1V 1 86A797H10 
CR6 2 1Nl 789-56V 584C434H08 
CR66 1 N965B- 15V 1 8 6A797H08 

RESISTORS 

R5 1 40 Ohm,  '!zW ± 10% 1 8 7A640 H 1 7  
R5 2-R5 3-R55-R4 9-R64-R66-R85 l O K ,  '!zW ± 10% 1 87 A64 1H5 1 
R54 1 20 K ,  '!zW ±1 Oo/o 1 87A64 1 H77 
R56 22K ,  '!zW ±5% 1 84A763H5 9 
R5 7 , R69-R80 4 . 7K '!zW ± 1 0% 1 8 7  A64 1H43 
R58-R70-R74 2 2 K ,  '!zW ±10% 1 87A64 1H59 
R60-R79 4 . 7K ,  '!zW ±5o/a 1 84 A763H43 
R61-R7 1-R77 5 . 6K ,  '!zW ±5o/a 1 84A763H45 
R62 1.5K, '/zW ±10% 187A641H31 
R63-R82 2 . 2K ,  YzW ±10% 1 87A64 1 H35 
R65-R83 6 . 8 K ,  '!zW ± 10% 1 8 7A64 1 H47 
R67 (G0 3-G04) 470 Ohm, 3W ±5% 184A636H20 
R67 (G05-G06-G07) 750 Ohm, 3W ±5% 1 85A209H 19  
R68 4 7 K , YzW ± 1 Oo/o 1 87A64 1H67 
R72 1 5 K , YzW ± 10% 1 87A64 1 H55 
R73 Thermistor l D lO l  185A2 1 1 H04 
R75-R84 470 Ohm, '!zW ± 10% 1 87A64 1H 1 9  
R76 l OOK, YzW ± 10% 1 87A64 1 H75 
R78 6 . 8K ,  YzW ±5% 1 84A763H47 
R8 1 8 . 2 K ,  YzW ± 1 Oo/o 1 87A64 1H49 
R86 4 70K , YzW ± 1  Oo/o 1 8 7A64 1H01  

TRANSISTORS 

Q5 1-Q5 2-Q53-Q54 2N652A 1 84A638H 1 6  
Q55 2N699 1 84A63 8 H 1 9  
Q56-Q5 7-Q58 2N697 1 84A638Hl 8  
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TYP E TCU CON TROL UNIT  FOR SKB OR HKB 
PHASE COMPARISON CARRI ER RELAYING 

ELECTR ICAL PA RTS LIST 

CIR CU IT SYMBOL D ESCRIP TION 

L E FT HAND CIRCUI T  BOARD (REAR VI EW) 204C315G01 

CAPACI TOR 

C5 1 22MFD 50V 
C52 1 . 0  MFD 35V 
C53-C54 500MMF 500V 
C56-C57 4 . 7  MFD 35V 

DIODES 

CR5 1-CR5 7-CR6 1-CR67-CR52-CR5 3-CR54-CR55 1N95 7B- 6 . 8V 
CR56-CR58-CR60-CR63-CR64-CR65-CR68-CR69 1N457A 
CR59 1 N 960B-9 . 1 V 
CR62 1 N 1 78 9-56V 
CR66 1 N965B- 1 5V 

RESISTORS 

R5 1 47 Ohm ,  1/zW ± 10% 
R52- R53-R55-R59-R64-R66-R 72-R85 lOK,  YzW ±5% 
R54 120K, YzW ±5% 
R5 6-R58-R70-R74 22K,  YzW ±5% 
R57-R60-R69-R79-R80 4 . 7K ,  YzW ±5% 
R6 1-R77 5 . 6K ,  YzW ±5% 
R62 1 .5 K ,  YzW ±5% 
R63 2 . 2K .  YzW ±5% 
R65-R78 6 . 8K , YzW ±5% 
R67 750 Ohm, 3W ±5% 
R68-R82 4 7K ,  YzW ±5% 
R8 1 8 . 2K ,  YzW ±5% 
R83 lK YzW ±5% 
R84-R87 470 Ohm, YzW ±5% 
R86 4 70 K ,  YzW ±5% 

TRANSI STORS 

Q5 1-Q52-Q53-Q54 2N3645 
Q55 2N699 
Q56-Q57-Q58 2N697 

PARTS NOT ON BOARDS 

CAPACI TOR 

C lO l  0 . 225 MFD 339VAC 
CHOKE 

L l O l  8 . 5  Henry , 400 Ohms 
RESISTORS 

R 1 0 1  l OOK Pot. 2W 
R 102 lK Pot. 2W 
R 103 50K Pot. 2W 
R 104 , 48VDC 300 Ohm 25W 
R 104 ,  1 25VDC 1 250 Ohm 25W 
R 10 5 ,  48VDC 1000 Ohm 25W 
R 105 , 1 25VDC 3750 Ohm 25W 

I .L. 41-944.5B 

WESTIN GHOUS E 
STY LE NUMBER 

762A703H0 1 
837A24 1 H 1 5  
1 87A694H03 
1 84A66 1 H02 

1 86A797H06 
1 84 A855H07 
1 86A797H10 
5 84C434H08 
1 86A797H08 

187A640H 1 7  
1 84A 763H5 1 
1 84A763H77 
184A763H59 
184A763H43 
1 84A763H45 
184A 763H3 1 
1 84A763H35 
1 84A763H4 7 
1 85A209H 1 9  
1 84 A763H67 
1 84A763H49 
1 84A763H27 
1 84A763H19  
1 84A763H9 1 

849A44 1H01 
1 84A638H19 
1 84A638H 1 8  

1 723409 

1 8 8A4 60H0 1 

1 85A067H 10 
1 85A067H09 
1 85A067H l l  
1 202847 
1 202589 
1 202588 
1 202955 
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TYP E TCU CONTROL UNIT  FOR SKB OR HKB 
PH ASE COMPAR ISON CARRIER RELAY ING 
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TYP E TCU CON TROL UNIT FOR SKB OR HKB 
PHASE COMPARISON CARRI ER RELAYING 

15 

PART 
OF 
JJOI 
r-FD 2 II 

POS 1 
41112 5 
Y.Ot 

4��.C. 4�--���[}�-----------+�22�.� 5�V�O�LIT S�-------
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�
-.-------------------.----.-----�----

�
-- .---

�
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COMPONENTS 07 �: �- "��'::� Ql " 
NOT MOUNTED/\ ZNS52A Ul a:: _ a:: 2�2A �: 14. 

ON BOARD -& ....-- �p TP2 e; 

Sli-2 19 
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1 2 0 1 .25K 

••• •• 

+ 22 VOLTS ITP 3 TP� II 
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FILTER 
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3.715K 

PHASE DELAY 
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Fig. 6. Internal Schematic, Ty 
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l 1 1 • 
I I 

I 
I j 

I . L. 41-944.58 

PART 
OF 
JIOI 
,....--

r-----------------------------------------------------------��� 6 :;�%R 
ll11fo1!l �r-------------------------f-������� 

50K CIOI � IK 
0.225 

I MFO. ------�---------------------
I 17 

15 

13 
IS � 

I 

w 
I 14 

CR63 
IN 457A 

CR64 

IN457A 

12 

� 
AN D  

CR65 
... 

IN538 

� 
R77 

� 
TRANSIENT 
UN BLOCK 

'----....----' 
0/100 TRANSIENT 

TIMER BLOCK 

-H
s
K 

.rnA � 

TP53 

II 18 4 

+22 VOLTS 

4 MS FLIP-FLOP 
DELAY 

� CR58 
R64 

- -· 

T RIP 
AMPLIFIER 

LEFT HAND CI RCUIT BOARD 

( REAR VIEW) 
� •NORMALLY CONDUCTING TRANSISTOR 

----- _l2o4C315GOI 

------·----

J 101 

7 8 9 10 II 12 
====== 

19 20 21 22 23 24 
c::Jc::::::Jt=J�c::::J'� 

(AS VIEWED FRO M REAR OF PANEL) 

SCHEMATIC SUPERSEDES SCHEMATIC D WG. 4827D 80 

BOARD 204C315GOI SUPERSEDES BOARD 408C337G05 

408C337G05 D OES NOT HAVE 0/lOO TIMER 

6296D82 

>e TCU Control Unit for SKB MC-22 Relaying. 
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A = DIODES MAY BE TYPE IN4818. 
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STYLE I REMARKS I TYPE RELAYING 

408C337G03 I - !STANDARD HKB 
408C337G04 I JUMPER A OPEN I COMBINED HKB SCHEME 
408C3J/GUo STANDARD SKB 

JUMPER B 
INSTEAD OF CR65I DISTANCE SKB SCHEME 408C337G06 
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Fig. 7. Internal Schematic of Left Hand Board (rear view) . 
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TYPE TCU CONTROL U N IT FOR SKB OR HKB 
PHASE COMPARISON C ARRIER RELAY ING 

---·---�--- -----�---

+ 

------

CD It) 
0 

en __ 

188A479 
Fig. 8. Component Location on Left-Hand (rear view) Printed Circuit Board in Type TCU Control Unit. 

+ 

JUMPER�E MOVED WHEN 
K- DAR FAULT DETECTORS 
ARE USED 

-9- =WHEN USED 

I 

188A48o ·------------------------------------------------------------------------------� 

Fig. 9. Component Location on Right-Hand (rear view) Printed Circuit Board in type TCU Control Unit. 
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TYPE TCU CON TROL UNIT  FOR SKB OR HKB 
PHASE COMPAR I SON CARRIER RELAYING 

+� 
0 

-[llib + 
-aiD-� 

R 80 -�=:=J- '0 � -IRGOI- GL ;:;�0 � � CR69 if£RGq;: 
-fKill- � C53t ill 
-{ R 78 )- -flf871- R83 ::0 

--[1[[[}- � --[[ill- c 57 � 
--l£B]ID- --Q[[§}- R 61 R 79 I 

® --l£ill-- - �0 (fo)-� 
Q-4 CR57 -mfi-M-

J � �I � R59 �-J R58l- --{[[[l-
c.-J .. �--([EJ- �£) I+ C51 -](051 -ij' �() � - 'R53' Uto -i � 

� � N �� 

r---.-... � --[KID-� � 
N � -1+ cs4J- � 
� -IR74l- -IICR59H-c:...;:,.R_so-ll-l� 1� �=- -1R721- ��� 

f I -{[ill- � \� \ ��- -----� 

Fig. 70. Component Location on Style 204C315GO 1 Left Hand Board. 

I.L. 41-944.5B 

204C315 
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TYPE TCU CON TROL U NIT FOR SKB OR HKB 
PHASE COMPARISON CARRIER RELAYING 

toggle sw. 

� To term. 17 of TCU left-hand p.c. board 
r-----o 0'----v and timer START or scope EXT. TRIGGER. 

I To Wm. 4 ofTCU •ight-hand p.<. boanl 
'---------1[> (pos. 45 V.D.C.) 

To timer STOP or 
on TCU ("rP53 --0 - -- - - --

scope VERTICAL INPUT. ��-����. � 
. - - r- - - -

on TCU 
left-hand 
p.c. board 

�P54 ---o� 
NEG. D.C. 

TEST CONNECTIONS TO CHECK TRANSIENT BLOCKING TIME 

toggle sw. 

� To term. 7 of TCU right-hand p.c. board 

I _ oo---)> and timer START or scope EXT. TRIGGER. 

I To term. 4 of TCU right-hand p.c. board 
(pos 45 V.D.C.) 

To timer STOP or f - {)<1  -- - - - -� 

scope VERTICAL INPUT. 

;_ �--=_] -- - -NEG. D.C. 
TEST CONNECTIONS TO CHECK TRANSIENT UNBLOCKING TIME 

toggle sw. 

pos D.C. 
supp ly 

o----/'� - - --
SQUELCH INPUT. - -<�----­

...Ik\L 2 (on J101) 

terms. of 
TCU right­
hand p.c. 
board. 

� To scope EXT. TRIGGER. 

To scope VERTICAL INPUT. 

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

TIME 

878A284 

FIG, 11 TEST CONNECTIONS FOR CHECKING TRANSIENT BLOCKING AND UNBLOCKING 
TIMES AND CARRIER SQUELCH TIME, 
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Westinghouse I.L. 41-944.35A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
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. 

0 APPLICATION 

The type TC- 10  carrier equipment is designed 
for blocking type pilot relay systems. The first of 
these is the directional-comparison schemes using 
the KA-4 relay, or other electromechanical carrier 
relay. The TC- 10  is also applied to solid-state 
directional-comparison systems such as the 
SKAU-3 or Uniflex blocking systems. The second 
type of system which uses the TC- 1 0 is the phase­
comparison blocking systems which use the SKB­
TCU or SKBU-1 carrier relays. 

The type TC- 1 0 carrier can also be used for 
functions other than relaying. These include a 
"push-to-talk" maintenance telephone channel, 
data acquisition, or supervisory control. 

The control of the transmitter can be handled 
in many different configurations. The elementary 
diagrams for keying the transmitter are shown in 
Figures 42 thru 48. 

CONSTRUCTION 

The transmitter-receiver unit consists of a 
standard 19-inch wide chassis 5'14 inches (3 rack 
units) high . The chassis 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 

0 of the chassis, See Fig. 3. The circuitry is divided 
0 into 8 plug-in modules as shown in Fig. 3 .  The 

components mounted on each printed circuit 
board or other sub-assembly are shown enclosed 
by dotted lines on the internal schematic, Fig. 1 8 . 
The locations of components on the eight printed 
circuit boards are shown on separate illustrations, 
Figures 4 through 1 7 . 

External connections to the assembly are made 
through a 36-circuit receptacle 13. The r-f output 
connection to the assembly is made through a 
coaxial cable jack J2.  When voice communication 

0 is used, the handset plugs into a jack on the front 
panel of the voice adapter module. 

The input attenuator control R5 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. 

0 A standard set of harnesses are available for 
use with the TC- 1 0. These are shown in Figure 49 
and are styles 1 335D24G0 1 through G20. Note the 
inclusion of resistors on the Z block for 

A II possible contingencies which may arise during installation, operation, or maintenance, and all 
details an"d 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 
0 DENOTES CHANGED SINCE PREVIOUS ISSUE. EFFECTIVE AUGUST 1980 www . 
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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 ± 1 50 hz. In order to obtain this desired 

0 frequency shift, it is necessary to use two crystals 
in the 2 M Hz range. The crystals are Y 1 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 Y l is 2.00 MHz plus 
the channel center frequency, or 2.03 MHz for 
30 kHz center frequency. Capacitor C55 and 
crystal Y2 in series are connected between the 
positive side of the supply voltage and the base of 
transistor Q5l, which operates in the emitter 
follower mode. The emitter is coupled to the base 
through C57. With Y2 removed, the base of Q51 
would be held at approximately the midpoint of 
the supply voltage by R5 1 and R52. The crystal 
serves as a series resonant circuit with very high 
inductance and low capacitance. The circuit can 
be made to oscillate at other than the natural fre­
quency of the crystal by varying the series capaci­
tor, C55.  Increasing C55 will lower the frequency 
of oscillations and reducing C55 will raise the fre­
quency. This oscillator can be made to oscillate 
in the range of ± I  00 Hz from its marked fre­
quency. 

Crystal Y 1 is com1ected in a circuit that is· 
similar except for the addition of C53 and diodes 
05 1 and 052. By adjustment of C52 this circuit 

0 can be made to oscillate at ± 1 00 Hz from its 
marked ft'equency. The crystals taken individually 
have a greater variation of frequency with temp­
erature than would be acceptable. However, by 
proper matching of the two crystals, the variation 
in their difference frequency can be kept within 
limits that permit holding the frequency stability 

2 

of the overall transmitter to ± 1 0Hz over a temp­
erature range of -20 to + 55°C.  

The frequencies produced by the two os­
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 transformer T51, but 
the difference frequency is accepted and amplified 
by Q53 and Q54. 

When the keying control 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 Q55 receives no base current and is non­
conducting. Emitter resistor R 70 Therefore is 
effectively open-circuited. The level of output 
power is adjusted to 1 watt by means of R64. 
When Q55 is made conductive by closing the key­
ing control circuit, R 70 is placed in parallel with 
R68 and the amount of emitter resistance un­
bypassed by C66 can be adjusted as required to ob­
tain a 1 0-watt output level. 

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

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

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

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 02 and 04 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 tluough 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 
(de) of current flows through R6 developing ap­
proximately 1 volt (de) for 48V units and 0.25 
amps (de) of current developing 0.5V de for 125V 
and 250V units . This voltage (or current) can be 
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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. 2 1 )  couples 
the power transistors to the output filter FL102. 
The output filter includes two trap circuits (L l 02, 
C l ,  C2, L 1 03,  C3 and C4) which are factory tuned 
to the second and third harmonics of the 

0 transmitter frequency. Capacitors CS, C6 ap-
0 proximately cancel the inductive reactance of the 

two trap circuits at the operating frequency. 
Protective gap G 1 is a small lightning arrester to 
limit the magnitude of switching surges or other 
line disturbances reaching the carrier set through 
the line tuner and coaxial cable. Auto-transformer 
T4 matches the filter impedance to coaxial cable of 
50, 60 or 70 ohms. 

The series resonant circuit composed of L105 
and C7 is tuned to the transmitter frequency, and 
aids in providing resistive termination for the out­
put stage. Jack 1 1 02 is mounted on the panel of 
FL 102 and is used for measuring the r .f. output 
current of the transmitter into the coaxial cable. It 
should be noted that the filter contains no shunt 
reactive elements, thus providing a reverse im­
pedance that is free of possible "across-the-line" 
resonances . 

When keyed for voice by the voice adapter, 
transistor Q55 (Fig. 1 9) is keyed into class-A 
operation so that its conduction can be modulated 
by the voice input from the voice adapter. Poten­
tiometer R82 in the transmitter module and R4 1 in 
the voice-adapter module are adjusted so that the 
nominal output of carrier is 3 .25 watts ( 1 4  volts 
across 60 ohms). The voice input modulates the 
carrier through this transistor by varying the 
amount of conduction of Q55 so that the output 
power of carrier varies with the voice amplitude 
following the .voice frequency components. Since 
with Q55 completely nonconducting, R64 has been 
set to produce a 1 -watt output, maximum modula­
tion on the side to shut off Q55 will not result in an 

I.L. 41 -944.35A 

output level of less than 1 watt carrier at any time. 
Also since the output level has been set at 10 watts 
with Q55 completely conducting by the adjusting 
of R 70, the maximum modulation on the side of 
"turn-on" of Q55 will not result in a carrier output 
level of greater than 10 watts at any time. 

The biffer keying board 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 receiver is a superheterodyne type to 
facilitate obtaining constant bandwidth regardless 
of the channel frequency. The major stages include 
an input filter, attenuator (gain control), crystal 
oscillator, mixer, I .F .  filters and I .F .  amplifiers, 
diode detector, de amplifier, and de 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 Q2 1 1 .  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. 

0 The 20 kHz I. F. signal is rectified by diodes 02 
and 03. The resulting de output is amplified by 
transistors Q2 and Q3,  giving a receiver output 
current of nominally 200 rnA. for a 30-ohm exter­
nal relay coil circuit. Where a second output 
current of 20 rnA. is desired, an external 2000-ohm 
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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 Receher 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 Q 10 connected in series with 
C4 across the emitter resistor R8 of the second r-f 
amplifier stage Q2. The drain-to-source resistance 
of Q 10 varies directly with the de voltage applied 
between its gate and source (TP-A to TP-B). 
Therefore, controlling the de 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 de voltage applied 
to TP-A is maintained proportional to the signal 
level at the output of the detector stage. Q4 serves 
as a de amplifier for feedback to the F .E.T. Fig. 41 
illustrates the A.V .C. response of the receiver cir­
cuitry. Plotted simultaneously is the feedback de 
voltage (TP-A to TP-B). 

The demodulated audio signal is present across 
volume control R l4.  It is then fed through C l l to 
the audio amplifier stage Q5. The collector load of 
Q5 is one half of the primary winding of 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 using transistor Q6, Q8 and Q9. 
The circuit features automatic level control 
whereby the output, applied to modulate the TC-
1 0 Transmitter, is held at a constant level while the 
microphone input level can vary up to 25dB in 
amplitude. This is accomplished by controlling the 
gain of the first amplifier stage Q6, by placing a 
field effect transistor Q l 1  in series with C18 across 
the Q6 emitter resistor R24. The effective drain-

4 

to-source resistance of Q 11 varies in proportion to 
the de voltage applied to its gate (TP-8) .  
Therefore, controlling this de voltage will affect 
the drain source resistance, thereby controlling the 
effective emitter bypass impedance, and the gain 
of Q6. The de 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 which when turned on by 
the negative going peaks will cause current to flow 
through 03 and charge C19 applying a de voltage 
to the gate of the F .E.T. (Q11) 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 SU PPLY 

The power supply (in Fig. 18) is a series-type 
transistorized de voltage regulator which has a 
very low stand-by current drain when there is no 
output current demand. The zener diode Z1 holds 
a constant base-to-negative voltage on the series­
connected power darlington transistor Q 1. Depen­
ding on the load current, the de voltage drop 
through transistor Q 1 and resistor R2 (in Fig. 18 B) 
varies to maintain a constant nominal 100-volt 
output. The Zener diode Z2 is used in a second 

0 series regulator to supply a nominal to 45V for use 
with the keying circuit, receiver, and the voic� 
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 C l  provides a low carrier-frequency im­
pedance across the de 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 de supply, the circuit of Fig. 35 
is  used. This consists of an external voltage­
dropping resistor assembly in conjunction with a 
125V TC-1 0 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-1 0 set has a constant current drain of 
0.9 amperes de, and uses P/2 amp fuses in the 
resistor panel. 

When the TC-1 0 set is used with solid-state 
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protective relays (such as the SKBU- 1 1 ), power 
0 switch S2, and fuses F 1 and F2 are omitted from 
0 the assembly. See Figures 22C & 220.  Instead, the 

de 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 de 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. 1 8 .  

RELAYING CONTROL CIRCU ITS 

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 Rc and the Diode D t  
to the transmitter control terminal TC 10/9 thus 
starting carrier transmission at full output. The 
reception of carrier from either the local or remote 
transmitter normally causes a saturated current 
200 rnA. 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 
contact connects the transmitter 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
visory control, 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 con­
dition). An auxiliary relay in the receiver output, 
usually in place 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 

carrier-stop relays is provided by using the 
resistor supplied as part of standard harness and 
connecting as shown in Figure 44. 

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

CARRI E R  CONTROL 

FOR OTHER FUNCTIONS 

If  a type TC- 1 0 set is  keyed on-off for tete­
metering or supervisory control only (no protective 
relaying), one of the circuits shown in Fig . 42 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 rnA, or 20 rnA operation as shown in Fig . 3 1 .  
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 

0 may be used together. For example, the 200-mA 
output can be used with a standard carrier aux­
iliary 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. 3 1  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 

Frequency Range 

Transmitter Output 

Harmonics 

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 
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0 Receiver Sensitivity 

Receiver Selectivity 

Transmitter-Receiver 
0 Channel Rating 

Input Voltage 

Supply Voltage 
Variation 

Battery Drain: 
48V dc 

1 25V de 

250V de 

Temperature Range 

FREQU ENCY 

SPAC I N G  

1 25 mV input for the 
1 80 rnA minimum output 
current 

1 500 Hz bandwidth (3dB 
down); 80 dB at t3kHz. 

40dB 

48, 1 25 ,  or 250V de 

42-56V, 105- 1 40V, 2 1 0-
280V 

0.5 amp standby, 1 .35 
amp transmitting 

0.25 amp standby, 0.6 
amp transmitting 

0.9 amp standby or trans­
mitting (with external re­
sistor Panel) 

-20 to +55°C around 
chassis 

The minimum recommended frequency spac­
ing between two type TC- 1 0 carrier sets operated 
in parallel without hybrid units is shown on the 
curve of Fig. 32 .  For example, at 100 kHz, the 
minimum spacing is 8 kHz. Closer spacing would 
result in the generation of inter-modulation 
products caused by the non-linear load presented 
by each transmitter to the other one. 

The minimum frequency spacing between a 
TC- 1 0 carrier channel and an adjacent transmitter 
signal keyed on-off at .a rate of 60 pulses per se­
cond can be determined from the nomograph of 
Fig. 33.  Using the example shown by the dashed 
line, consider a type TC- 1 0 set used on a channel 
with a normal attenuation of 1 5  decibels. The TC-
1 0 receiver would be set to give a margin of 1 5dB 
below the normal 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 
transmitter at the same location. To determine the 

6 

minimum frequency spacing of the TC- 1 0 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 I 00 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 + l 00 Hz. and 
fc - l 00 Hz. All receivers operate at the channel 
center frequency (fc). 

I N STALLATION 

The type TC- 1 0 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.  

ADJ USTM ENTS 

TRANSM ITTER 

The TC- 1 0  transmitter is shipped with the 
power output controls R64, R82, R4 1 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 
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jumpering terminals 2 1  & I I  on keying module. 
Turn on the power switch on the panel and note the 
de 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 c�eck the ad­
justment of the series output tuning coil L 1 05 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 I 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 R 70 until the voltage across the load 
resistor is as shown in the following table for a 1 0  
watt output. Recheck the adjustment o f  L 1  0 5  for 
maximum output voltage and readjust R70 for a 
10-watt output if necessary. Tighten the locking 
nut on L 1 05 .  Open the power switch and remove 
the jumper used to key the transmitter to the 1 0  
watt level. Key for voice by connecting terminal 1 
to 3 1  on voice adapter module. Turn the power 
liack on. Adjust "C"(R4 1 )  on the voice adapter 
module andjor R82 on transmitter module for a 
3 .2 watt output across the load resistor ( 14V 
across 60 ohms). Open the power switch, remove 
connections to terminals of 13, remove the load 
resistor, and reconnect the coaxial cable circuit to 
the transmitter. Note on frequencies above 200 

0 kHz, L 1  05 adjustment is a screw-driver adjust­
ment. There is no knurled shaft-locking nut. 

VOLTAGE (RMS) 

RESERVE VOICE RELAYING 
SIGNAL OUTPUT 

0 T4 I WATT 3.2 WATTS tO WATTS 
TAP OUTPUT OUTPUT OUTPUT 

50 7 . 1  1 2 .7  22 .4 
60 7 .8  14 24.5 
70 8 .4 1 5  26.5 

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

Normally the output filter FL I02 ( L l 05 & C7) 
will require no readjustment except as noted 
above. It is factory tuned for maximum second 
and third harmonic rejection, and for series 
resonance (maximum output at the fundamental 
frequency) with a 60-ohm load . A small amount of 
reactance in the transmitter output load circuit 
may be tuned out by readjustment of the movable 
core of L l 05 .  Th is may be necessary with some 
types of line coupling equipment. The adjustable 
cores of L l  02 and L l  03 have been set for max-

0 imum harmonic rejection and no change should be 
made in these settings unless suitable instruments 
are available for measuring the second and third 
harmonic present in the transmitter output. 

The operating frequencies of crystals Y I and 
Y2 have been carefully adjusted at the factory and 
good stability can be expected. If it is desired to 
check the frequencies of the individual crystals, 
this can be done by 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 TP5 1 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.  

REC EIVER 

The receiver has two controls: one is I . F .  input 
control R2 which is factory set for 1 80 rnA DC 
output at J2 (200 rnA) on detector board with an 
input of 1 25mV, at rated frequency, into 11 ( Re­
ceiver Input) with Rs (Input Attenuator) on input 
board set for minimum attenuation . The input 
attenuator Rs 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 1 5-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: 
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1 .  First, measure the normal received signal from 
the remote terminal (after the line tuners have 
been adj u sted) by starting the rem ote 
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 . I f  a simple VTVM 
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 
1 5dB below the previous measured incoming 
signal .  With a 0-250 rnA. (mimimum) de 
milliammeter plugged into the 200 rnA output 
jack on the detector module, adjust the input 
attenuator R5 until an output current of about 
100 rnA is obtained. As this point is on the steep 
portion of the receiver output-input curve, it 
may be difficult to set R5 for exactly 100 rnA. 
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 caole 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 detemine the 
normal received signal from the remote ter­
minal as explained previously under ( l  ) .  Then 
turn off the remote transmitter. Now turn on 
the load transmitter and reduce its output to a 
value 1 5  dB below the normal received signal 
level. Then adjust the receiver gain control to 
gain 100 rnA. output as before. When this ad­
justment has been made, reset the local 
transmitter to its normal 1 0-watt output level .  

8 

In applications where the line attenuation 
is low and a strong signal is received, the ad­
justment of the input attenuator becomes 
critical. For such applications, the setting of i-f 
gain control R2 may be reduced to lower the 
overall receiver gain . The front-panel control 

R5 will then have a smoother and more 
gradual control as the knob is rotated, making 
it easier to obtain the 1 5dB margin setting. For 
such  a s t r o n g-s ign a l  cond i t i o n ,  it i s  
recommended that with R5 at maximum , the i­
f gain control R2 be adjusted to give 100 rnA 
receiver output current from an input r-f 
voltage 25 dB below the normal received signal 
level. Then the front panel input attenuator R5 
is set for the normal 1 5-dB margin as previous­
ly described. 

0 Carrier Level Indicator Adjustment 

Self-Contained Instruments 

Connect a signal generator to TJ2 and TJ l 
on receiver input module and adjust for rated 
channel frequency and the voltages listed with 
the procedure below. Adjust the detector 
module as follows: 

a) Adjust the signal generator input to the 
receiver to 700 mv. Adjust R27 CLI level 
for 1 00 mv. at TP9 to TP l l  on the detector 
module. (This is the 0 dB point on the CLI 
meter). 

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 TP l l .  (This is 
the + l OdB point on the CLI meter). 

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

0 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 ful l  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- 1 0 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 ( R 1 )  labeled "Sens ." located 
on the front of the module. 

1 .  Set the remote TC- 1 0 Transmitter for a power 
0 output level of 1 0-watts . 

2. Connect a DC voltmeter (0- 1 0  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." (R 1 )  Voice adapter 
module at max. counterclockwise slowly turn 
R l clockwise, while observing the voltmeter, to 
a point (Fig. 4 1 ,  point A) where the voltage 
begins to increase rapidly. This is the proper 
setting of the receiver sensitivity . When the TC-
1 0 transmitter operates at the voice power level 
of 3 .25 watts, the voice receiver sensitivity will 
be set at point B,  Fig. 4 1 .  

Speech Amplifier Output 

The speech-amp output level is adjusted using 
modulating adjustment labeled "Mod." (R37) 
mounted on the front of the circuit board. The 
procedure is as follows: 

I .  Con nect an oscilloscope and an ac VTVM 
across the TC- 1 0 Transmitter output terminals. 

2 .  Plug in the telephone h andset . The voltmeter 
should indicate a transmitter output level of 
3 .25 watts ( 1 4  volts across 60 ohms). 

3. Connect an audio signal generator set at 1000 
Hz .  at a level of I volt (rms) between TPS and 
circuit board terminal 1 7  (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. 

I .L. 41 -944.35A 

Receiver Volume Control 

The "Receiver Level" volume control R 1 4  is 
located on the front of the voice adapter module. It 
has a knob on it and is adjusted for a com fortable 
listening level . This naturally differs according to 
each person's preference or needs. 

ACCESSORIES 

1 )  Telephone Handset 

a) Westinghouse style - 204C892H01  - nOise 
canceling microphone. 

b) Westinghouse style - 204C892GO I - non­
/noise canceling microphone. 

2) Remote Hookswitch - Handset Assembly (for 
surface mounting) 

a) Westinghouse style - 205C246G0 1 - with 
noise canceling handset. 

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

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

a) Westinghouse style - 205C266G0 1 - 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 )  M o d u l e  E x t e n d e r  a n d  T e s t  B o a r d -

1 447C86GO l .  

5) Exterior Carrier Level Indicator Instrument -
606B592A26. 

MAI NTENANCE 

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. 
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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 VTV M .  Readings may vary as much as 
± 20%. 

REPLACEM ENT 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#3508A2 1 H04 matched pair transistors. 

CHANGE OF OPERATIN G FREQUENCY 

The parts required for changing the operating 
0 frequency of a type TC- 1 0 carrier set are as 

follows: 

TRANSMITTER 

0 I .  Oscillator Crystals (Y l & Y2), specify frequen­
cy 

0 2. Capacitors C l ,  C2, C3 and C4 (on Output 
Filter board) 

3. For ease of replacement, this is a complete 
plug-in module. However, the unit can be 
changed as noted below. 

Inductors L l02 and L l 03 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 range to 1 3  kHz at the upper end. A par­
ticular assembly can be adjusted over a somewhat 
wider range than the width of its assigned group 

10 

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

30.0-3 1 .5 
32 .0-33 .5  
34.0-36.0 
36.5-38 .5  
39 .0-4 1 .0 
4 1 . 5-44.0 
44.5-47 .0 
47. 5-50.0 
50.5-53 .5  
54.0-57.0 
57 .5-60.5 

6 1 .0-64.0 1 1 3 .0- 1 1 9 .5  207 . 1 -2 14.0 
64.5-68.0 1 20.0- 1 27 .0 2 14. 1 -222.0 
68 .5-72 .0 1 27 .5 - 1 35 .0 222 . 1 -230.0 
72 .5-76.0 0 1 35 .5- 143 .5  230. 1 -240.0 
76.5-80.0 145 .5- 1 5 1 .0 240. 1 -250.0 
80.5-84.5  1 5 1 .5- 1 59 .5  250. 1 -262 .0 
85 .0-89.0 1 60.0- 1 69 .5  262 . 1 -274.0 
89.5-94 .5  1 70.0- 1 80.0 274. 1 -287.0 
95 .0- 100.0 1 80.5- 1 9 1 .5 287 . 1 -300.0 
1 00.5- 106.0 192.0-200.0 
1 06.5- 1 1 2 .5 200. 1 -207 .0 

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

The procedure for readjustment of the 2nd and 
0 3rd harmonic traps of filter FL102 (L l 05 & C7) is 

as follows. A signal generator and a counter 
0 should be connected to terminals 4 and 5 of 
0 transformer T3 and a 500-ohm resistor and � 
0 VTVM to the terminals of protective gap G 1 .  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 frequency and at 5 to 10  
volts output. Turn the core screw of the large in­
ductor, L l02 , to the position that gives a definite 
minimum reading on the VTV M .  Similarly, with 
the signal generator set at exactly three times the 
channel center frequency and 5 to 10 volts output, 
set the core screw of the small inductor, L l 03 ,  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 L l 05 can be readjusted for maximum 
output at the change channel frequency by the 
procedure described in the ADJUSTMENT sec­
tion . 

I f  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 
TP l 09 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 L l 02 until a 
minimum voltmeter reading is obtained. Similarly, 
tune the voltmeter to the third harmonic and ad­
just L l 03 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 pre­
sent at the tuned voltmeter input terminals. This 
condition will overload the input circuit of some 
commercial instruments. However, the procedure 
is satisfactory for adjusting the traps for maximum 
harmonic rejection . 

I.L. 41 -944.35A 

I f  accurate measurement of the harmonic 
levels is desired, the frequency-selective voltmeter 
is connected, through a rejection filter, to the ter­
minals of the 60-ohm load resistor. The filter must 
provide h igh 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 

l .  Receiver Oscillator Crystal (Y l l  ), specify fre­
quency. 

2. Receiver input filter (FL20 1 ), specify frequen­
cy . Order complete input module for ease of 
replacement. 

3. If the operating frequency is reduced, the 
receiver gain will probably be higher. In this 
case, a reduction in the setting of the i-f in put 

0 control R2 will give the 1 25-m V sensitivity . I f  
the new operating frequency is higher, the 

0 receiver gain may be lower. If more than 1 25-
m V is required to obtain 1 80 rnA 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. 
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0 TABLE I �' 

RECEIVER DC MEASUREMENTS 

TEST STANDBY WITH INPUT SIGNAL REFEREN CE 
POINT (NO SIGNAL) (MIN. OF 125mV) TEST POINT 

Osc. Mixer Module 
TP2 1 1 1 8V 1 8V TP2 1 5  Ref. 
TP2 1 2  0 0 TP2 1 5  Ref. 
TP2 1 3  1 5 .5V 1 5 .5V TP2 1 5  Ref. 
TP2 1 4  6 .5  6 .5  TP2 1 5  Ref. 
TP2 1 6  6.0 6 .0 TP2 1 5  Ref. 
TP2 1 7  6 .2 6 .2 TP2 1 5  Ref. 
TP 14 1 . 5 1 .3 TP2 1 5  Ref. 
TP 1 5  1 .6 1 .4 TP2 1 5  Ref. 
TP 1 6  1 6  1 6  TP2 1 5  Ref. 

Detector Module 
TP2 1 7  1 7  T P 1  Ref. 
TP5 10 . 3  10 .3  TP1  Ref. 
TP6 20.2  20.2 TP 1 Ref. 
TP7 10 .4 10 .7  TP 1 Ref. 
TP8 1 6 .5  1 6 . 5  TP1  Ref. 
TP9 10 .5  14 .0 TP 1 Ref. 
TP l O  10 .5  10 . 3  TP1  Ref. 
TERM 1 1  10 .4 1 0 .4 TP1 Ref. 
TERM 1 4 1 . 5 40.6 TP 1 Ref. 
TERM 3 10.4 1 0 .4 TP 1 Ref. 
TERM S 0 6.7 TP1  Ref. 
TERM 7 0 6 .7  TP 1 Ref. 
TERM 23 0 39 .5  TP 1 Ref. 
TERM 33  20 20 TP 1 Ref. 
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I.L. 41 -944.35A 
---------------- ---- - ----- ----- --- - -.-

0 TABLE II  

TEST 
POINT 

Osc. - Mixer Module 
TP2 1 1 
TP2 1 2  
TP2 1 3  
TP2 14 
TP2 1 6  
TP2 1 7  
TP14  
TP 1 5  
TP 1 6  
Term . 25 
Term . 5 

Detector Module 
Term . 25 
TP 2 
TP 5 

RECEIVER AC MEASUREMENTS 

STANDBY WITH INPUT SIGNAL 
(NO SIGNAL) ( 125mV SIGNAL) 

. 35  .35 

.35  . 35  
0 0 
0 0 
0 0 

.36 .36 

.054 7 .2 

.03 1 1 2 .2 

.0 1 2  . 1 70 

.006 2.0 
.0 1 1  . 1 70 

.0055 2 .0 
0 .435 
0 .300 

REFERENCE 
TEST POINT 

TP2 1 5  Ref. 
TP2 1 5  Ref . 
TP2 1 5  Ref. 
TP2 1 5  Ref. 
TP2 1 5  Ref. 
TP2 1 5  Ref. 
TP2 1 5  Ref. 
TP2 1 5  Ref. 
TP2 1 5  Ref. 
Term. 27 Ref. 
Term . 7 Ref. 

Term . 27 Ref. 
TP6 
TP 1 1  
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0 TABLE Ill �;-

TRANSMITTER DC MEASUREMENTS 

CARRIER ON REFERENCE 

TEST POINT CAR RIER OFF NORMAL VOICE ON TEST POINT 

Transmitter Module 
TP52 1 9  1 9  1 9  TP5 1 
TP53 5 . 5  5 . 5  5 .5  TP5 1 
TP54 0 3 .5  3 .3  TP5 1 
TP55 0 2 .0 1 9  TP5 1 
TP56 0 1 9 .5 1 8 .5 TP5 1 
TP57 0.5 0.5 0.5 TP5 1 
TP58 98 (For 1 25V 97.5 97.5 TP5 1 

Units) 
44V (For 48V 43.8 43 .8  TP5 1 

Term. 1 0 98 ;44 98 ;44 TP5 1 
Term. 3 98 (for 1 25), 97;43 97 ;43 TP5 1 

44 (for 48) 
Term . 9 97 (for 1 25), 97;43 97 ;43 TP5 1 

43 (for 48) 
Term . 1 1  97 (for 1 25,) 97;43 97;43 TP5 1 

43 (for 48) 
Term. 27 97 (for 1 25), 97;43 97 ;43 TP5 1 

43 (for 48) 
Term . 33 0 0 0 TP5 1 
Term. 35 0 5 1 6 .5 TP5 1 
TP59 0 .5  0.5 .05 TP5 1 

Power Amp Module 
Term 1 100V;45 99;44 99 ;45 Term 25 
Term 2 1  47 42 45 Term 25 
Term 23 0.5 0 0 Term 25 
Term 1 7  46 43.5 43.5 Term 25 
Term 29 0 0 0 Term 25 
Term 33 46 43.5 43.5 Term 25 
L l 0 1  99;44 98 ;44 98 ;44 Term 25 
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TEST POINT 

Transmitter Module 
TP53 
TP54 
TP55 
TP57 
TP59 
Term 1 1  
Term 27 

Power Amp Module 
TERM 1 3  
TERM 1 9  
TERM 1 7  

Output Filter 
Input 
TP 109 
Output 

TEST POINT 

TP I 
TP2 
TP3 
TP4 
TP5 
TP6 
TP7 
TP8 
TERM I 
TERM 3 
TERM S 
TERM 1 3  
TERM 1 9  
TERM 2 1  
TERM 23 
TERM 29 
TERM 3 1  
TERM 33 
TERM 35 

I.L. 41 -944.35A 

0 TABLE IV 

TRANSMITTER AC MEASUREMENTS 

CAR RIER OFF CARRIER ON REFERENCE 
125V 125V NORMAL VOICE ON TEST POINT 

UNITS UNITS 125V 48V 125V 48V 

1 . 1 2  1 . 1 2 1 . 1 2  TP5 1 
. 1 3  . 1 28 . 1 28 TP5 1 
.009 .680 .580 TP5 1 
.01 .560 .460 TP5 1 
.01 .560 .460 TP5 1 
.01 3.2 2 .0 TP5 1 
.01  3 .2  2 .0 TP5 1 

0 1 .02 0.98 TERM 23 
0 1 .03 0.98 TERM 2 1. 
0 44 3 3  TERM 33  

0 45 33  Ground 
0 32 30 Ground 
0 25 1 5  Ground 

0 TABLE V 

Typical DC Voltage Measurements of Voice Adapter Module 

Receiving 

6.5 
0 

19 .2  
8 . 3  
0 
1 7  
0 
0 

42 
0 
0 

42 
0 
0 

43 
0 
0 

20.5  
0 

VOLTAGE 

Transmitting 

6.5 
0 

19 .2  
8 .3  
0 
1 7  
0 
0 

40.5  
40.5 

1 7  
40.5  

0 
0 

40.5  
0 

34.5 
24.5  

0 

All Voltages taken with 
respect to Neg. TPB 
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16 

TEST POINT 
(TP-B return) 

TPl  
TP2 
Q2-C 
Q3-C 
Q4-B 

TP6 
TP7 
TP8 
TP3 
TP4 
TERM 27 

0 TABLE VI 

Typical AC Voltage Measurements of Voice Adapter Module 

VOLTAGE 
Receiving (2) 

.220V 
.225V 
6. l mv 
. 670V 
33mv 

Transmitter ( 1 )  

6mv 
2 l mv 

2 .7V (DC) 
0.820V 

8 .6V 
1 . 1 6V 

l )  Transmitting AC Volt­
ages are with respect 
to neg. (TP-B) A- 1 kHz 
signal at l volt (RMS) 
is applied between TP5 
and TP-B on the Voice 
Adapter M odule. The 
telephone handset is in­
serted into the jack . 
R27 is set at max . CW 

2) Receiving 
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 1KHz. Input sensi­
tivity control R I is 
set at max sensitivity 
(Max CW) . R l4 in 
the receiver section 
is set at max. CW. 
The telephone handset 
is inserted into the 
Voice Adapter Jack . 
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0 Fig. 2. Rear Chassis Parts Location. 
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Fig. 3. Module Location. 
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SUB NOTCH I.S. 1 4 6 1 C 4 2  SU B. 

0 Fig. 4. Component Location - Transmitter Output Filter Below 200kHz. 

SUB NOTCH 

Fig. 5. Component Location - Transmitter Output Filter Above 200kHz. 

Sub. 2 
(14 79833) 

Sub. 1 
(1479848) 

·-· 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



C 4  

C 3  

C 2  

C l  

POWER AMPLI F I ER 1 4 63C89GOI SUB. NOTCH l.S. I 4 6 4 C I 4  SU B .  

0 Fig. 6. Component Location - Transmitter Power Amplifier Module. 

TR A N S M I T T E R  1 4 6 0 C 8 9 G  SU B. NOTCH I .S.  1 4 6 0 C 9 8 S U B .  

0 Fig. 7. Component Location - Transmitter Module. 

I .L. 41 -944.35A 

Sub. 4 
(1479804) 

-= 

Sub. 3 
(1481 842) 
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2 2  

TC-10 KEYING BD 1464CIOG SUB NOTCH I.S 1463C68 SUB. 

0 Fig. 8. Component Location - Keying Module with Sw. & Fuses . 

TC-10 KEYING BD 1464CIOG SUB NOTCH IS 1463C68 SUB. 

0 Fig. 9. Component Location - Keying Module without Sw. & Fuses. 

Sub. 5 
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Sub. 5 
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·--- ·------ -- -- - -- - --- ·---- --- - ------·- - - -- - - - -------- ------------. 

VOICE ADAPTER 1463C26G SUB NOTCH I.S. 1463C28 SUB. 

Fig. 10. Component Location - Voice Adapter Module. 

DETECTOR 1463C66G06 SUB. NOTCH I.S. 133404 1 SUB 

0 Fig. 1 1. Component Location - Detector Module with 200120 mA output. 

Sub. 3 
( 147883 7) 

-= 

Sub. 5 
(14 79838) 
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:i 0 
0 w a: :;-- · s a:: 
b z 

2 4  

DETECTOR 1463C66G03 SUB. NOTCH I. S. 13340 4 1  S U B  

0 Fig. 12. Component Location - Detector Module with 200120 mA output and two 
voltage outputs. 

DETECTOR 1463C66G04 SUB. N OTCH 

,...L 
c 
l:t: 
I 

_l_ I _l_ 

"' 1\J m u u u 

I I 

IS. 1334 04 1 · SUB. 

0 Fig. 13. Component Location - Detector Module with CLI and 200120 mA. output. 

-= 

Sub. 5' 
( 1 4 79839) 
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Sub. 5 
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J.L. 41-944.35A 

DETE.CTOR 1463C66G SUB NOTCH I.S. 133404.:_1 --.::::S.::.:UB:._ _______ .J 

0 Fig. 14. Component Location - Detector Module with CLI, 200120 mA output, and 
two voltage outputs. 

0 Fig. 15. Component Location - /. F. Amplifier - Oscillator. 

Sub. 5 
(1478856) 

Sub. 1 
(1478882) 
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2 6  

INPUT MOD 1463C55GO SUB NOTCH I.S. 1478B46 .SUB. 

0 Fig. 16. Component Location - Receiver Input Module - 30 - 200kHz. 

INPUT MOD 1463C55GO SUB NOTCH I.S. 1478846 .SUB. 

0 Fig. 1 7. Component Location - Receiver Input Module 200. 1 - 300 kHz. 
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29 

� 125V CARRIER 4 8 y  START 
15/20V { 125V 

CARRIER 4 8 y  STOP 
15/20V 

RSD EXT. P.B 
RSD EXT. P.B 

POS 

NEG 
( r:J FUSEDJPOS 
(r:J FUSED) NEG 

CHASSIS GROUND 

CARRIER ON{(+ 
INDICATION (-

) ) 
HANDSET RCVR (A ) 

MIC .PB (B ) 
COMMON (C ) 
45V POS ( 0  ) 

· ALARM CUT OFF (E ) 
ALARM CUT OFF (F ) 

J 3  ....--
9 10� 

+tl-------------t>------.J9t_;� 0CARR. TEST CARRIER KEY I I I 
12 
13 

�--------------------�-----------�2�7� �< 
14 � > 

19� I 1- I I ASSY 1460C89G04 ( 12 >---------'2§}:!5� I RSD � SCHEM 1460C9B 
.r----------------�--------�2 1 rl 0 ® 15 

16  
4 

�--------------------�----------�����rl 
31 

� -g;, � I I I @ <LJ POWER 
_ � 

3 �  
+f----------t---<------_j2�9:f;: ASS"!: 1464CIOGOI TO G04 /1 �< +f------------>------�3�52.(]...� KEYING MODULE j /.0::__ 1  

6 
7 �---------t--+--<-------�17� SCHEM. 1463C6B l__ ( c__ - -�T-Mf_ J _  1f- __ li,T -3 33 23 15 3 

NE• 
I .  � r---+---+----------! 100 

1 7  18 
2 1 
22 
23 
24 
25 
26 

Tsc;FD 

Rl 
IOOll. Q l  

VOICE MODULATION 

HANDSET MIC/PB 

��-----_.2 f' CI �" �11
3 

NEG. 

.5MFD 
3038 B r: � Zl 200V _J 

�--�---r----� 
3035B':i

;_, 
Z2 C4 

I �FD 
200V 

\ 

REGULATED 45V POS. 2B +j------------------------------l--...l.-...!4!:!5�VJP;:!:O�S!._. -----­

(FOR LOOPBACK KEY­
ING ONLY) 

23k - ___!?k---\ 
170ll.40W I 03 COLLECTOR OUTPUT 30+j--------------------d------

200 MA OUTPUT 

2 0 MA OUTPUT 

20V OUTPUT ( A  ) 
2 0V OUTPUT (B ) 

�EXTERNAL CLI{+l 
INSTRUMENT H 

3 1 
32 

36 

35 

34 

R 4 5o;: DETECTOR MODUL 
I ASSY. I463C66GOI TC 

+t---------------------..--------------�7!:::._ SCHEM. I334D41 

�------------------------------------�------------------------�3�1�1 CLI METERr:J 4f------------------------------------<r------------------------���� �10 0FULL S 
, 29 � 0 ADJ !I 

I - I O  0ZERO I 
�---------------------------------o----------------------�3�5� -20 rl 
�------------------��--------------_j1�1�� �� 200MA 20MA 

.�-----------------------4--------------��� [Q] � " I  
3�r:J � 33� 

'---- L_ - ---- - ---- · 

r:J • OPTIONS � 

0 Fig. 1 88. Type TC- 10 Overall 81 
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1 _n � -- - ---l I. -OUTPUT ;IL.;:;;I , . . >" 1
2"-7-

'-'-�
-0--.., r ,11 

� ASSY 14C����4� -.. >--127-t:J>----, 
I 

POWER AMPLIFIER I I 1461C40G84 I I ASSY 1463C89GOI 5 SCHEM 1461C42 35 
:2 

5 : 21 SCHEM 1464C I 4 11 rr 1 ® �--"'1 '----( E!--1 © � i :>'-'----":3"---' Jj I ! 0 � 
__ j s-�o6B41oG�4 L -M--

C
-
AR

\l
N

l�� J uo3�---�� 
G. 
Y POS. 

\� � ��(�---.2" \b .. 0"" 
�(E) 0 MOD 

31 3 25 27 

f7\ REG 
VLEYEL 

BREAK JUMPER 
FOR HYBRID 
OPERATION 

\ 35.k:(F) f(SlHANDSET I I � JACK. RED 
TPA@ @TPB �19�l----.=-.:_- ----.6-----IL VOICE ADAPTER � 1 21 BLAC K 
ASSY. 1463C26GOI ® J SCHEM. 1463C28 - -- - --- -

[l '<O � -17l_
31 � ,

:
E
� 

E I II IF AMPL. OSC. MOD. � 
G06 l IF OUTPUT ASSY. I463C46GOJ-G02 I I INPUT MODULE 

CAL

��,.;:2.;:_5 __ <<ll---.::2::.:5��t:: SCHEM 1463C47 
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KEY 

)::>.- LED STATUS DISPLAY 

0 -TEST POINT 
� - FRONT P� ADJ. 

@ -MODULE LOCJmON 

d'-FRONT PANEL SWITCH 

-c:>-SIGNAL FI.DW DIRECTION 

* - OPTION 

� -SWC PROTECTION 
PACKAGE MUST BE ADDED­
WHEN THESE TERMINALS . 
ARE USED OUTSIDE OF 
CAB .. ET. 

TRANSMITTER OUTPUT 
(NORMAL CONNECTION fOR TC-101 

RECEIVER INPUT 

125V DC 

Cl• .5 MFD 200V (187A624H031 
C2• .5 MFD 750V 1 1877962) 
C3• .5MFD 750V ( 18779621 
C4o I MFD 200V ( 187A624HQ41 
R l •  IOO.D 40W (0401299H671 
R2• 18ll 40W (0401299H571 
R3- 6 K lOW (878A530H06l 
R4- 1700 40W !13360741 
Ql• PMD16KIOO (3520A42HOO 
Q2o PMOI6KIOO t3520A42HOII 

Zt- iN50588 56V (862A257H04l 
ZZ. .. 5035B 43V ( 188A30ZH081 
L I • CHOKE ( 3500A27HOII 
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e-FOR G R O U P S  3 8. 4  ( O N - O F F  M O D E l  :llf-FOO G 0 4  ( 1 2 5  V 0 C 1 
6-FOR G03 ( 4 6 V 0 C ) 

- -- - --' :o!1 

@ - O M I T  FOR VO I C E  ABOVE 6 0 K � I Z  

1 
1 
1 
1 
1 

0 Fig. 1 9. Internal Schematic - Transmitter Module. 
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CfiPIICI IIJfl . J QO JI "  2 J O V  l � 7 11 6 2 ·»i0 I 

CAPA Ci hl R 200Q . QOO J"' >  �oov I S  l A S S 4 � 0 1  

CfiPIIC I T.J .<  <'000. QOGI'� �0011 l d 7•\�d 4 1 0 1  

(1\PI\ C J T J .I  • 2'>0 J �  2 0 0 11  L II H \ 6 2 � � 0 2  

(1\Pfi C J T.:I< I O Q . Qr:lJr'F �0011 l 6 2 A 7 S l -i O I  

Cflf'IIC ! T J R  ! 0 0 - 0 0 0 .'i' SOJ V  
(1\Pfi C I T O rl  • 2�0JF 2 0 0 11 I ri 7Af,2�d02 

(M'fiC I ! J rl  4 l Q Q , Q •JUI'> �JOII 162fllSlHO. 

CAI'{I( ! T _' -1  I O J Q , Q,JUI'i soov 71> 2 A7!> 7dl}2 

CAf',\C J T J R  . 2'>ou; 2 0 0 11  l d l "- 6 2 ·'"02 

• 2'>UU� 200V I �  7A624>i02 

(AI'A C ! h' <l  . 2 SOUf 20011 1 � 711'>24•102 

CAf'AC J T J rl  I d 7A�241102 

. soou• 20011 l d lA 6 2 " >! 1 1  

. 2 SO•JI' 200V I� 7AI>24.J02 

J Q Q , QOOI'," ')QJII 1 � lA S� 4riQ'i 

CAPo\( I T J �  J , Q O CI P F  SO O il  d 6 11'" � 46,0J 
CAi'A CI TJ>l ) . Q Q O P F  SO O il  B 6 L A.! 4 6 " 0 l  

t . ooour 20011 .scour 2 0 0 1/  

, Q ! O .J >  6 0 0 11  7 6 4 A 2 l � rl 1  0 

(Ai'A C I T J R  . - 7 Q j ;- 2JO V  I B o A U?.JO I 
TRI��[R 5 5 -IB Pf 1"7<> ,11. 834!i()l 

BI 'JAii.i'lHO l  

�����i IH4822 184A342HII 

I H 4822 1 8 4A342HII 

D I OUE I N - 'i 7 A  I '! 4AdSSn07 

1.'1 6 2 !  I li41AdS'i� I 2 
l l<ol48l2 188A34t'HII  

CRYSTAL - ��A:Sc<'�ED PAIR ( O · SPEC) 
CRYSTAL \

PeSSf�CjHII DIODE 
DIODE IN4822 188A3o42 HII 
CHOKE 20�6 o 5·'�ow 5•t. ���2'i���� �5i i $ T O R  

L o OK . , .. .  , 629A4)0HOZ 
& 2 1 A 4)0•t02 

2 5 · 0>< 62'<A•30KC.!t 

"' ,. 1.,, 763A I26H95 
�H1srJ� ,. ,.,. 7Ei}A 1 26H95 

• �0� " I �  4A 7 6 ) -f ':> l  

RE � I �  T � �  • '> 0 �  " 1 -I 4A ?6 J >f'> l 

R [ $ 1 S ! J il:  • '>J� " l d 4 A 7 6 J H 'i 1  . so·. " H • A 7 6 3 >f '> 1  

· '><· • " 
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· '>:l ·  .. � 
. SOl " 

R [ � l  � T � �  
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S E N � !  � D -f  1 · 2 1<  · 1 2 - 10% 1 81A685H0) 
R l � l  S I �  -f 

: 
., ·'>:.01.' " I d �A l 6 IH]] 

Ro: S I S J Jol " • � ) ,j  " 1 6  .. �76)1+49 

R£ S I S J J .J  2 0 0  K 5'> • 2 '  62SA5)1H87 
R�:; I � I J � J 3 0 - 0  · '> ) • " I �  � ;'\ i  6)11 1 > 
R� Sl S I � �  8 ') ) . 0  J - OJ.• ., ,  1 l MI ' ! S � oi ) 6  

R � ::;  1 S I ;  � 6 . 5..0: • SJ� I � � 4'1A.l?Ooi ' 1 
I E S I  5 1 � �  '> � ":'  ) .  " . S ) I S% 1 d �-'1 7 6 ) i � '> 
k£ Sl S I : �  2 0 J J . O  . sQ .  <; :0  J a • "" 1 "1oi"-" 
R E S I S T O R  1 2 0. 0 . 0  50W 5"'- 18 4A 76)H 29  

I O J J . O  . sow " 64iAi l�>l4<J 

RES I S T J R " . o;oo 1 t  643Ai20>ll7 

RE SI S T JR 2 7 . 0  • so·� s t  1 6 7 A2 � Ofll I 

Ri:S I S T O R 1 0 · 0  . o ) - .. 1 0 :0  I �  SA2 1 1HOJ 

R t. S J s r J R  �so .n • SCI� " B•iA� IIIHJ& 

TRANSFORMER 60 G8537GOI 
TRANSrQRMER 606B:i37GO) 
T�A�SI S T O R  1 8 -4 A 6 J 3 H i d  

T � A � S I  5 T O !<  J IS -4A 6J':IH 1 8 

TR�>�S I S TOR [ 8 41 A 6 H >i 1 8  

TIIA�SI S T C II  1 8 •1>6 J8 H I 9 
TRI>� Sl S T O H  2 • 6 '1 7  ta•A6J'f•Hs 
TRANSISTOR 2N3583 849A5[ 6H05 
TRAN SISTOR 2N3S83 849A516H05 

ZE"ER I � J b g 6 8  1 8 S A 2 1 2>l06 

TRANSFORMER 6068537(;04 

THANSFORM(R 606853 7G05 
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� TABLE A 
"' 

CeMP0NENT OESCRIPT10N .. - C l  - C2 - C3 - C4 

I 

cs 
C6 Cl 
C3 

0 1  

02 
03 04 

R l  

R2 

R3 

•• 
RS 

•• 

RS 

R I O  

R l l  

02 
Q4 

Z2 
24 

I LIOI 

CAPAC I T0R • . nour -'100V 
CAPAC I U R  o -'1 7 0 U F"  4100V 
CAPAC I T0R • -470UF" .!IOOV 
CAPAC ITeR ·•HOUf" 40011 
CAPAC I T0R o 2 SOUI' 200V 
CAPAC I T0R o2SOUI' 200V 
CAPAC ITOR .ZZOUF -.oov 
CAPAC1TOR . Z20UF 400V 

D 1 0 D E  t N .o1 8 2 2  
DUDE IN41822 
DUDE I N.II822 
D l 0 0E IN-4822 

RtS I SH l R  2 · 1  l · OOW O t.  
RESISteR 9 Q o 9 K  .zsw  1 1  

RES I ST0R 4 9,9 K . s o w  " 
RESI ST0R 2 - 7  t . oow 0 1  
RES I ST0R 1 0 · 0 t . oow s:r. 
RESIST0R 2·0 J · O O W  Sl 

RESIST0R o 3  I • O O W I O %  

RES t SHI R 1 0 · 0 I . QQW 51 
RES I ST0R .3 l o O O W I O l  

TRANSISTOR 2 N 6341 
TRANSISTOR 2N6341 

ZENER IN2999B 
ZENER 1N2999B 

CHOKE 

ENG. REF. 

ST't'LE N 0 o  

165A293HOI 
188A293HO! 

188A293H0t 

t88A293H0t 

1 8 7A624H02 

1 8 7 A 624H02 
188AZ93HOZ 
188A293H02 

188AJ42H 1 1  

188A3412H l l  

188A342H 1 1  
t88AJ42H 1 1  

629A 3 7 t H 2 -4  
8 6 3 A t 7 5 H 9 J  

848A82 1 HI3 
629A37tH2-4 

629A371HOI 
762A619H I J  

1 8 4A636H l 8  

629A371HOI 
I B .<I A 6 3 6 H I B  

3508A21H04 
3508A21 H04 

629A7'98H04 

629A7'38H04 

3500A27HOI 

REARRANGE JUMPERS Jl  TO J6 FOR FREO OF OPERATION 
GOI 30 70KHZ J l  J3 J4 J6 
G02 70 150KHZ Jl J3 J4 J6 
G03 !50-300KHZ J r�J3,J4,J6 

0 Fig. 20. Internal Schematic - Power Amplifier Module. 
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I.L. 41 -944.35A 

1 4 6 r C 4 0  GOI.G43(30- 31 5 KC.I 1 4 6 1 C 4 0  G02 G44 132-33 5KC I 1 4 6 1 C 4 0 G03 G45(34-36 KC) 1 4 6 1 C 4 0 G04 G46 1 3 6 S - 3a S K C )  

� 
Cl CAPACITOR 
C2 C!IFAC:TQR 
0 CAPACITOR 
C4 CAPACITOR 
CS CAP.IICITOR 
C6 CAPACITOR 
C7 CAPAC ITOR 

ll02 POT CORE 
Ll03 POT CORE 
ll05 COIL 
T3 TAA ... SFORMEFI 
T4 TRA ... SFOAM ER 

R6 RESISTOR 
RESISTOR 

Q[S(R'� 
2500 �MF' 50QV 
2700 �MF "\OOV 
1500 �MF 500 V 
3300 '>IMF�OV 
4000 MMF 1200 V 
4000 MMF 1200 � 
rooo PF �ooo v 

� 
861A846H20 
861A846H21 
762A757H03 
187A584 H2G 
187A703HI5 
187A705>-115 
20�CB'2 H 2  

COMPON[IfT 
Cl CAPACITOR 
C2 CAFJI.C:TOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C6 CAF'ACITOR 
(7 CAPACITOR 

670813 1r,o4 U02 POT CORE 
670813JG06 Ll03 POT CORE 
292 BOU6GOI Ll05 COIL 

292852?C.04 T3 TRANSFORMER 
292852•5(·03 T4 TRANSFORMER 

311 t �-,. 8Wl2. REO) 188A317H01 R6 RESISTOR 
l!lK IQ-,. 2W 187A642H55 A7 RESISTOR 

_Q__!;2fB_rPTION 
2500 \IIMF SQOV 
2000 MMF 500 V 
1000 MMF 500 V 
3300 MMF �(}J 'J 
2500 MMF 1200 V 
5000 MMF 1200 V 
6000 P F 3000 V 

�..\,£_ 
861A846H20 
187A584HQI 
762A757HQ2 
187A 584H26 
187A 705tl13 
\8?.l. 7 0'..> HI6 
;'0�(8"/2 1128 

� 
C l  CAPACITOR 
C2 CAFI'I.CITOR 
C3 CAPAC ITOR 

CAPACITOR 
C� CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

670 8 1 3..1(04 1 L'02 POT CORE 
670813JG06 L•03 POT CORE 
292 60U€l>OI ll05 COIL 
292852·)G04 TAA ... SFORMEFI 
29285<'6C.03 TRA ... SFORMER 

311 t 5-,. 8W 12 IIEQ) 188A31 7HOI R6 RESISTOR 
15K 10-,. 2W 187A 642H55 R7 RE SISTOR 

QI� 
2000 �MF 500\1 
2000 ��F 500 \1 
390 \lMF 500 \I 
3300 MMF 500\1 
2500 '-IMF 1200 '. 
4000 �MF 1200 \r 
5500 PF 3000 \ 

.i!!!:.L 
187A584HOI 
187A584H01 
762A757HI5 
187A584H26 
I CI 7 A 705H13 
i87A705"115 
203C8721i27 

� 
C l  CAPACITOR 
C2 CA""-C 'TOR 

CAPACITOR 
C:O CAPACITOR 
Ci> CAPACITOR 
C ;o  CAPACITOR 

670 E 1 33G04 L 0 2  POT CORE 
6708133G06 L 03 POT CORE 
2928086:.01 LI05 COIL 
292B52GG04 T 3  TRANSFORMER 
292B526G03 T4 TRA ... SFORM ER 

3K ! !>"1. 8W (2 REQ) 188A317H01 R6 RESIS·roR 
151( IO"'e 2W 187A642H55 R7 RESISTOR 

Q��� 
1500 MMF 500\1 
<000 MMF 500 '11 

3XJO MMF 500 'I 
3000 MMF 1 2C>Q V 
2� MMF r2C•OV 
5000 PF X>QOV 

�_.!,£ 
762A757H03 
187A584HOI 

187A584H26 
187:0705HI4 
187A70�HI3 
20�C872 H26 

6708 133G04 
670 81 33G06 
292 BOB6GOI 

2928526004 
2928526003 

31< ! �"1. 8W 12 REO! 188A317HOI 
1511 10"'• 2W 187A642H!!<!!< 

Gl L1GHT ... I ... G ARRESTER 877AI I6 H 01 Gl LIGHT ... ING ARRESTER 8 77A I I6 HOI Gl LIGHTNING ARRESTER 877A1 16H01 G l  LIGHTNING ARREST'ER 877AII6HOI 

F I G  I 
30

-
-rG200 K C  * - GO I THRU G32 

G43 THRU G74 

6- G33 THRU G42 
G75 THRU G84 

- - - - - - - - - - - - - - -, 
I 

t I I TPI� I 
I 

uo5 
Jro2 1 

SAME AS ��I 
FIG I I 

i 
I 
I 
I 

I 

_ _ __ _ _ _ _ _ _ _ l1� 1 �4Q_G_6_ j 
.f:llij' !OTHERWISE SAME AS FIG I )  

200 I T O  3 0 0  K C  �SSL,....,.tJ-<- Y - /+'C,/C ...-0 
Co./"'?P ..:L>C /.;.,t77-8ZII 
PC 8 

Sub. 7 
(1461C42) 

0 Fig. 2 1 .  Internal Schematic - Transmitter Output Filter Module. 

PARTS L I ST 1 46 1 C42 , SHEETS l THRU 5 
1 4 6 1 C '4QG05 G47 139-41 K C )  ! 4 6 i C  40 G06 ,G48 (41 5-44KC) 1 4 6 1 C  40 G07,G49(44 5-47KCJ 

COMPONENT 

Cl CAPACITOR 

C3 CAPACITOR 

C4 CAPACITOR 
C5 CAPAC ITOR 
C6 CAPACITOR 

C7 CAPACITOR 

ll02 POT CORE 

L 103 POT CORE 
Ll05 COIL 

T3 TRA ... SFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTIO ... 

3000 Ml.lF 500 V 

820 MMF 5Q() V  
2000 MMF 500 V 
2500 MMF 1200 'V 
2500 MMF 1200 \1 

4200 PF .x>OOV 

STYLE � 
187A584H06 Cl CAPACITOR 

C2 CJ1A'ICITOR 
762A757H22 C3 C APACITOR 
187A564 HO I 
' 8 7 A 70 5 H I 3  C5 CAf-'ACITOR 
1 8 'lA705t-il3 C6 CAPACITOR 
�O�C 872 H25 C7 CAPAC ITOR 

670 6 1 3 3 (·04 

67·J BI 3.3G06 
292 BOB6GOI 

292B526GC4 
2928526G03 

Ll02 POT CORE 

U03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
TRANSFORMER 

3 1(. t �,.. BW (2 R £ 0 )  ISBA31 7H01 R6 RESISTOR 
151< 10.,. 2W 187fl64;�1155 R7 RESISTOR 

_Qf?_f!!l� 
2500 '-'IMF SOOV 

ISO �MF SOO V 

1 5 0  MMF SOOV 

200 MMF 1200 � 
4000 MMF 1200 � 
3500 PF 3000\' 

STYLE 

861A846H20 
861A 64 6H25 
86 1A 946 H 25 

IJ;"A70s rro.:r 
1 8 .'A70� H 15 

20�C872H23 

67'J813:1G04 

o570813JG06 
292 8086(,01 

2928526GC4 
292B526G03 

� 
Cl Ct.PACITOR 
C2 CAPACITOR 
C3 CllPACITOR 

C4 CAPACITOR 
C 5  CAPACITOR 
C6 CAF'ACITOR 
C 7  CAPACITOR 

ll02 POT CORE 
U03 POT CORE 
L IOS COIL 

T3 TRA ... SFORMER 
TRANSFORMER 

3-< t s-,. BW \2 REO) 188A317H01 R6 RESISTOR 
1511 10•1. 2W 187•\64<!<"�55 R7 RESISTOR 

_QfSCR PTION 

300 �MF 500Y 
2000 MMF 500 V 
180 �MF 50 0 V  

2 00 0  MMF 500 V 
1500 '>lMF 1200 \ 
2000 \lMF 1200 \r 
3200 PF 300( V 

_g;J:!_ 
187A584H09 
187A 584H01 
762A757HIO 
187A 584H01 

187 � 705 ' I l l 
18�/1.705 H 1 2  
20�C8721i22 

67·') 8 1 3](04 
670813 IG0 6 
292 EOCJK,QI 

292852G':<:4 
292B52GC.03 

COMPO ... £ NT 
Cl CAPACITOR 
C2 OF!II.C TOR 
C3 CAPACITOR 

C4 CAPACITOR 
CS CAPACITOR 
C6 CAPAC ITOR 

CAPAC ITOR 

L 102 POT CORE 

U03 POT CORE 
LIOS COIL 

T3 TRA ... SFORMER 
T4 TRAN�FORMER 

31< t :,,.. SW 12 REO) 188A317-IOI R6 RESISTOR 
15K 10.,• 2W 187A64i'H!:i5 R7 RESISTOR 

1 4 6 1 C  40 GOB, G50 (475-SOKC ) 

DESCRIPTION 

30 YMF 500V 
2000 MMF 500 V 
390 MMr 500 V 
1 500 MMF SOOV 
3000 MMF 1200 \ 
200 MMF 12(•0 \ 
2800 PF 30001' 

E!hL 
763A209HI2 
187A584HOI 
762A 757HI5 
762A757H03 
18-:'A705H14 
187,� 705 HQ4 
�O�C87'2H20 

670BI33G04 
<>70Bi33G06 
292 8006001 

2928526004 
292B526G03 

3K !. 5.,. BW (2 fUQ) 188A317MQI 
15K 10.,. 2W 187A642H" 

Gl LIGHT ... ING ARRESTER 817AII6H01 Gl LIGHT ... tNG ARRESTER 877A I I6 H01 Gl LIGHTNING ARRESTER 877A1 16 HOI Gl LIGHT ... ING ARRESTER 877Aii6H01 

COMPONENT 
Cl CAPACITOR 
C2 CAR!.CrTOR C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 

C7 CAPAC ITOR 

Ll02 POT CORE 
U03 POT CORE 
ll05 COIL 

T3 TRA ... SFORMER 
To4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

300 MMF 500'1 
1500 MMI' 500 V 
1 80 MMF SOO V 
1500 MMF 500 V 
2000 MMF 1200 V 

2200 PF 3000 V 

IS7A584 H 0 9  
762A757H03 
1G2A 757H I 0 
762A 757H03 
187A705HI5 

20!C872HI7 

670 BI3j004 
670 813jC06 
292 80A6GOI 

� 
C l  CAPACITOR 
C2 CAAO.CITOR 

C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

L102 POT CORE 
l l03 POT CORE 
LIDS COIL 

1 46 1 C 40...E.l2...GS2 (54 - S? KC )  

82 \lMI' 500V 
1500 \4Mf 500 V 

1!100 -.!Mf � V  
3000 >.I M F  1200 V 
500 MMF 1200 \1 

3500 PF 300C• V 

763A209H23 
762A 757H03 

762A757H03 
1 9 7 :. T0'5�114 
1 87A70� "'09 
203C80.2H23 

6708133G04 
670813 lG06 �928086(;01 

COMPONENT 

C l  f.O.F'ACITOR 
C2 CAR!.C TOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

L102 POT CORE 
L103 POT CORE 
LIO!I COIL 

T3 TRANSFORMER 

146 1 C 40�53 (575 605KC) 

1000 \4MF 500 V 
390 �,jMF 500 V 
1000 MMF X>Q V 
300 MMF 500 V 3000 MMI'" 1?00 '. 

3 100 PF 3000\' 

762A757H02 
762A757 H I 5  
762A757H02 

187A 584H 09 
187A7C5HI4 

20� C 872 H2 1 

67Q 8133('04 

67') 8 1 3 3 ( 0 6  
292 8086GOI 

�Pi!. 
I CtlPACITOR 

C2 CAAO.CITQR 
C3 Cf-PACITOR 

C4 CIIPACITOR 
CS CAPACITOR 
C6 CAPACITOR 

CAPAC ITOR 

Ll02 POT CORE 
U03 POT CORE 
LIO!I COIL 

292B!I2SC04 
2928526(.03 

T3 TRA ... SFORMER 
T4 TRANSFORMER 

<:928526(.04 
2928!:126(;03 TRA ... SFORMER 

2928!126(.04 
29285215�·03 

T3 TRA ... SFQRMER 
T4 TRAN�FORMER 

3K 1 �"Y. BW (2. Rt:QI 18BA31 7HOI R6 RESISTOR 
I!IK 10,.. 2W 187A642H55 R7 RESISTOR 

31< t �% 8W (2. ltt:OI ISBA31 7 HQI R6 RESISTOR 
1!11< IO"'• 2W 187A64;�H !!<5 A ?  RESISTOR 

3 1<  t �% 8W (2. ltt:OI laAA31 7HOI At> RESISTOR 
15K 10%. 2W 1871\6"7H!I!I R7 RESISTOR 

1000 MMF 50<JV 
250 MMF 500V 
1000 MMF 500 \1 
180 MMF Y.lO 'J 
300 MMF 1,00 \ 
2500 MMF 1200 \ 
2800 PF 30()0 V 

762.A757H02 861AB46HII 
762A757H02 
762A757HIO 
,B7A7C3H06 
187A705H15 
20� C 872H20 

670Br33G04 
67081 33G06 �92 8086GOI 
2928!126004 
292B!I26G03 

311. t �.,., 8W (2. UO) 188<\3171i()t 
ISK ro,.. 2w r87A64?.H!I!I 

Gl LIGHTNING ARRESTER 817AI I6 H01 Gl LIGHTNING ARRESTER 877A I I6 H01 Gl LIGHT ... ING ARRESTER 877A116 H01 Gr LIGHTNING ARRESTER 871AI16H01 

COII1PO,..ENT 

Cl CAPACITOR 
C2 ':.AAD.CITOR C3 :APAC ITOR 

C4 :APACI TOR 
C!> :APA(ITOA 

C7 -:APACITOR 

ll02 POT CORE 

ll03 POT CORE 
LIO!I COIL 

T3 -RA ... SFORMffi 
T4 �ANSFORMER 

R6 f:ESISTOR 
�E SISTOR 

OESCRIPTI(!!!_ 
1000 t.II'I!F 50C V 
100 t.II"-'F 500V 
I 000 MMF 500 V 
36 Mt.IIF !:i()G V  
2500 Ml,jf I�()() V 

2:.00 PF �OJV 

.i_TY....b!_ 
762A 757H02 
762A7!17HQI 
762A757H02 
763A209Hi4 
IR7A70!1HI3 

2C 3C 872 H19 

6708 1 3 3G04 
670 8 1 3 3G06 
292 8066GOI 

2928526004 
2328526G03 

� 
C l  CAPACITOR 
C2 CAAD.CITOA 
C3 CAPAC ITOR 
C4 CAPACITOR 
C� CAPACITOR 
CEi CAPACiTOR 

C7 CAPACITOR 

L '02 POT COR£ 

L · J3 POT CORE 
LIO!:i COIL 

T3 TRA ... SFORMER 
TRANSFORMER 

3 K ! 5"'• f\W (2 REQ) 1€ E A3 1 7H01 R6 RESISTOR 
15K IO"'· 2W 187A642H55 R7 RE SI STOR 

1 46 1 C 40 GI!I ,G 5 7  ( 12 5 - 76 KC ) 1 4 6 1 C 40 G I 6  .G58 (76 5-BOKC) 

OES� P� ION 

360 MMF �OV 
620 -.!MF" 500V 
820 MMF 500 V 
roo l,jMF 50Q v  
200 -.!L1F 1200 '. 
2000 ... MF 200 V 

2200 PF XIOC \ 

�:hi._ 
762A757H14 
187A!I84HII 
762A757H22 

762An7HOI 
I I F A 70'i-104 
1 8  •A 70 �< H L2 
l'O�C 872 liJ7 

670813Y04 

670 81 YIG06 
292 80£15(,01 

292es2r,:o� 
292852•;(.03 

COt.IIP(JNEtiT 

Cl C-APACITOR 
C2 CAAO.C TOR 
C3 CAPACITOR 

C!i CAPACITOR 

C? CAPACITOR 

LI02 ?OT CORE 
UJ3 POT CORE 
LIOS COIL 

Tj TRAN�FORMER 
T4 TRA ... SFORMER 

3 11 ! �>.,.o UW ( 2  REO) 188A317H:)I R6 RESISTOR 
1511 10-,. 2W 167A64:CH55 R7 RE SISTOR 

���� 
250 >.IMF 500V 
620 'o!MF SOOV 
820 MMF � V  

1:.00 MMF I 200 V 

2000 PF 3000\1 

�g_ 
861A846HI I 
187A 584Hi l 

7'62A 757K2 

187 � 7C')HII 
2 0 � C  8 ;" 2  H15 

6708133(04 

6708i3Y06 
292 BOEI6GOI 

292852sr...o4 
292 B526GOJ 

�:I! 
Cl CAPAC ITOR 
C2 CA""-CITOR 
C3 CAPAC ITOR 
C4 CAPAC I TOR 
C5 CAPACITOR 
CG CAPACITOR 
C7 CAPACITOR 

L:'J2 POT CORE 
Ll0:3 POT CORE 
ll05 COIL 

T3 TRA ... $F0Rt,jEfl 
TRANSFORMER 

3 11. ! �"'• 8W (2. REQ) 188,\3171101 R6 Rl SISTO A 
15K 10%. 2W 1871\64tcH5!1 RESISTOR 

���� 
180 �,jMF 500V 
620 MMF SOQV 
130 MMF 500 '/ 
620 MMF 500V 
300 MMF 1200 V 
1!100 MMF 1200 V 
1800 Pf 300(1 V 

� 
762A757HIO 
187A584HII 
762A757H07 
187A584H II 
1 8 H 705t()(; 
18 7A 70!!< H U 
203C 872 HI3 

670Bt33G04 
670613 3006 
292 8086GOI 

2928�26004 
29285.<:6003 

3 11 ! 5"'• 8W (2. R[QJ i88A317HQI 
I�K 10"- 2W 187A642H55 

ARRESTER 877A 1 16 H0! Gl L'GHT ... I ... G ARRESTER 877AI I6 HOI Gl L'GHT ... r,..G ARRESTER 877AII6H01 Gl L'GHT ... ING ARRESTER 871At16HOI 
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1 4 6 1 C 40GI7 G�9 {80.5-84.5KC) � 
Cl CAPACITOR 

0 :APACITOR 
C4 :APACITOR 
C5 CAPACITOR 

C7 :APACITOR 

LIOZ POT CORE 
L103 POT CORE 
L105 COIL 
T3 -RANSFQRMER 
T 4 TRANSfORMER 

R6 HESISTOR 
R7 fiESISTOR 

DESCRIPTION 
1500 MMF 50011 

270 MMF 500 11 
1500 MMF 500 II 4000 MM� 1200 II 

2400 Pf 3000 II 

mkL 
762A757H03 

762A757HIZ 
762A757H03 
187A705He 

2C3C87ZH18 

67JBI33G05 
67JBI33G07 
Z928086GOI 

Z9ZB526G04 
Z928526G03 

31< !. 5% OW (2 REO) 188A317H01 
15K 10% 2W 187A64ZH55 

1 4 6 1 C 40GI8,G60 {85-89KCl � 
Cl CAPACITOR 
CZ ::APACITOR C3 CAPACITOR 
C4 :APACITOR 
C5 :APACITOR 

C7 ..APACITOR 

LIOZ POT CORE 
U03 POT CORE 
LI05 COIL 

T3 "7RANSFORMER 
T4 TRANSFORMER 

R6 FlESISTOR 
R7 RESISTOR 

� 
1000 MMF 500 11 
360 MMF 50011 
82 MMF 500 11 
1500 MMF 500 II 4000 MMF 1200 V 

2100 PF 300-111 

STYLE 
762A757H02 
l62A757HI4 
763A209H23 
762A757H03 
187A705HI5 

ZC3C872HI6 

67:1 8133G05 
67:08133G07 
Z9ZB086GOI 
29ZB5Z6G04 
Z928526G03 

31< !. 5"• (JW 12 REO) IE6A317HOI 
151< IO'r. ZW 167A642H55 

f-'G::._I _,LoO�o:.HT:.cN"IN::cG_,ARR=E"'S"-'TEO::R ____ _;87c_:7::;AI"I6"'H"'OI-J Gl LIGHTNING ARRESTER 877A116H01 

1 4 6 1 C 40 G 2 1 . G63 (100.5- 106KC) 

COMPONENT 
Cl CAPACITOR 
CZ C�CITOR C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 

C7 CAPACITOR 

LI02 POT CORE 
ll03 POT CORE 
LIOS COIL 

T3 TRANSFORMER 
T 4 TRANSFORMER 

OESCR·PTION 
360 MMF !IOOV 
620 MMF 500 11 
1000 'o!MF 500 11 
130 .,.MF 500 11 
Z500 MMF 12CO II 

1500 PF 300CV 

� 
762A757H14 
187A 584 H I I  
762A757H02 
762A757H07 
187.l.705HI3 

203C672 H I I  

6708133G05 
6708133G07 
2928086GOI 
Z9285ZG004 
Z9Z852GG03 

1 4  6 1  C 40 G22, G64( t 06.5 -IIZ.5KC l � 
Cl CAPACITOR 
CZ ::AR!tCITOR C3 CAPACITOR 

C5 CAPACITOR 

C7 CAPACITOR 

U02 POT CORE 
U03 POT CORE 
LI05 COIL 
T3 7RANSf0RMER 
T4 ":'"RANSFORMER 

� 
250 Mlo4F 500V 
620 M�F 500 11 
1000 MMF 500 II 
2500 ��F IZOO V 

1300 PF 300:)11 

STYLE 
861A846HII 
187A�4Hil 
76.2A7�7H02 

187A705HI3 

2C3C872HIO 

6DBI33G05 
670BI33G07 
292B086GOI 
Z9Z8')26004 
2328�26G03 

1 4 6 1 C  40GI9 .G61 (89.5-94.5KCl � 
Cl ::APACITOR 
CZ CAPACITOR 0 :APACITOR 
C4 :APACITOR 
C5 :APACITOF! 
C6 •�APACITOR 
C7 CAPACITOR 

ll02 POT CORE 
U03 POT CORE 
L105 COIL 
T3 TRANSFORMER 
T 4 ''RANSFORMER 

R6 RESISTOR 
R7 P.ESISTOR 

-� 
1000 lrll"'f 50011 
200 M ... f 500 11 1000 MMf 500 II 
390 M'Jif 500 11 
3000 M.'JIF 1200 II 
500 MMFIZOOII 
1900 PF 300011 

� 
762A757H02 
762A757HI I  
762A757H02 
762A757H15 
18"7 A 705H 14 
187A705H09 
203C 872H 14 

6708133G05 
67•)8133G07 
292BOB6GOI 
2928526G04 
292B526G03 

31< !. 5'"1. 8W (2 REO I 188A317H01 
151< 10"• 2W 187A642H55 

Gl LIGHTNING ARRESTER B77AII6HOI 

1 4 6 1 C 40G23,G65 (1 13-119.5KC) , 

COJoiPONENT 
Cl CAPACITOR 
C2: CAR\CITOA 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
C6 CAPACITOR 
C7 :APACITOR 

LIOZ POT CCJAE 
Ll03 POT CORE 
Ll05 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 
150 MMF 50C'II 
620 M�F 50011 
62 MMF 500 II 820 MMF 50CII 
ZOO MMFIZOO II 2000 MMF 1200 II 
1100 PF 300)11 

STYLE 
B61AS46H25 
187A584HII 
763A209HZ0 
76ZA757H22 
137A705H04 
187A705 H I 2  
203C872H06 

6708133005 
670BI33G07 
292:8086GOI 
29Z8526G04 
2928526G03 

1 4 6 1 C  40G20,G62 (95- IOOKC) 

COM� 
Cl CAPACITOR 
CZ CAPACITOR C3 ::APACITOR 
C4 CAPACITOR 
C5 :APACITOR 

C7 CAPACITOR 

LIOZ POT CORE 
L103 POT CORE 
LJ05 COIL 

T3 -RANSFORMER 
T4 TRANSFORMER 

R6 F!ESISTOR 
R7 RESISTOR 

D£SCRIPTION 
1000 MMF 50011 
82 folllllf 500 11 
1000 MMF 5()() 11  
2 50  M M F 5QO II  
3000 M,_F 1200 II 
1700 PF 300011 

.STYLE 
762A757H02 
763A209H23 
.762A757H02 
861,A846 Hll 
187A705HI4 

,2C3C872H12 

670813300� 
6708133007 
2"B086GOI 

2928526004 
2928526G01 

31< '!: 5'"/o fiW tz REO) IU!A317HOI 
151< 10"• 2W 167A642H55 

Gl LIGHTNING ARRESTER 877A I I6 H01 

1 4 6 1 C 40GZ4,G66 (lZ0-127KCl 

COMfQ!iENT 
Cl CAPACITOR 
CZ CAPACITOR C3 CAPACI� 
C4 CAPAC"ITOFI 
C6 CAPACITOR 

C7 CAPACITOR 

UOZ POT CORE 
U03 POT CORE 
ll05 COIL 
T3 ":'"RANSFORMER 
T4 TRANSFORMER 

DESCRIPTION 
S6 M�F 50C·V 
620 MMF 50011 
390 M.,.F 500 11 
390 MMF 50C II 

2000 MMF 1200 V 

1000 PF 300:::1 \1 

STYLE 
763A209H I9 
187A584HII 
762A7�7Ht5 
76ZA757H15 
167A705HI2 

203C872 H01 

6708133G0!5 
670 8133007 
292BOB6GOI 
Z92B526G04 
29ZB526G03 

R6 RESISTOR 
R7 RESISTOR 

3-< !. 5% 8W {2 REO) 1881\311HOI R6 kESISTOR 3K !. 5"• BW 12 REQ) 16fA317HQI 
151< 10% 2W 187A642H55 

R6 HESISTO R 
R7 RESISTOR 

3 1< !. 5�. BW (2 REQJ 188A317H01 R6 RESISTOR 3 1< !.  5�. flW l2 REQ) 188A317HOI 
151< 10"• ZW LE;7A642H55 15K 10"• 2W 187A642H55 R7 RESISTOR 15K 10"• 2W 187A642H55 R7 RESISTOR 

GL LIGHTNING ARRESTER 877Ait6H01 Gl LIGHTNING ARRESTER 877A116HOI Gl LIGHTNING ARRESTER 877Ali6H0t 

l 4 6 1 C 40G25,G67 1127.5- 135KC) 1 4 6 1 C 40G26,G68( 135.5 - 143KCl 1 4 6 1 C  40 G27,G69 ( 143.5-151KC l 
COMPONENT 

Cl CAPACITOR 
CZ CltPACITOR 
C3 :APAC.ITOR 
C4 :APACITOP 
CS :APACITOR 
C6 •:APACITOP. 
C7 CAPACITOF! 

LK>2 POT CORE 
L103 POT CORE 
L105 COIL 

T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

�ESCRIPTI(!:I_ 
300 M\IF 50CV 
300 MMF 50011 
82 MMF 500 11 
620 MMF 500 V 
ZOO M\IF IZQ() V 
1500 M'JIF IZO<l V 
900 pr 300:)11 

3K !. 5'"1. t1W {21U0) 
151< IO'r. 2W 

Gl LIGHTNING ARRESTER 

3 4  

.ll:!!:l.. COM� 
187A584H09 Cl CAPACITOR 
187A 584H 09 C2 CAPACITOR 
763AZ09H23 
187A584 H I I  C 4  :APACITOR 
1137 A 705 H04 C5 :APAC.ITOR 
187A70 5 H I L  
2C3C872H06 C7 :APACITOR 

670BI33G05 U02 POT CORE 
670BI33G07 L\03 POT CORE 
29ZB086GOI LI05 COIL 

�� 
270 MMF 50( V 
270 MMF !�CCV 

6ZO MMF 50C V 
1500 MMF 1200 V 

800 Pf 300JV 

.§.!!b.L COlo� 
762A757HIZ Cl CAPACITOR 
762A757.-fl2 C2 CA�CITOR 

C3 ;;APACITOR 
187A584Htl C4 CAPACITOR 
I.HA705HII C5 CAPACITOR 

C6 CAPACITOR 
2C3C872 H05 C7 :AfACITOR 

670 81 �3G05 
67JBi33GQ7 
29Z8086::;0I 

LIOZ POT COM 
U03 POT CORE 
L105 COIL 

�.I.!S.� 
300 MMF !�CCII 
180 Mlo!F SOCII 
300 MMF 500 11 
Z50 MMF 50011 
400 MMF I ZOO \' 
1500 MMF 1200 II 
1100 PF 300:1 V 

� 
187A584H09 
762.A757H10 
187A584H09 
861A846HII  
187A 705H08 
1 8 7A705 r-t l l  
ZC3C872H08 

670BI33G05 
670BI33G07 
2928086501 

Z9285Z6004 
Z9285Z6G03 

T3 ·rRANSFORMER 2928526004 
T4 ""RANSFORMER Z928526G03 

1 T3 RAN::; FORMER Z9�8526G04 I T4 'RANSFORMER 2928526GQ3 

168A317H01 
187A642.H55 

877AII6H01 

R6 f!ESISTOR 31< !. 5'r. UW 12 REOI 18t'-A317H01 
R7 HESISTOR 15K IO'r. 2W 187A64ZH�5 

R6 RESISTOR 3K ! 5�� fiW (2 REO) 18BA317HQI 
R7 RESISTOR 151< 10,.. 2W 187A642H55 

,_G_I _L_�_HT_N_IN_G_AA_RE_cS_TE_R _____ B1_7_AI_I6_HO'-I-' Gl LIGHTNING ARRESTER 817A116HOI 

Gl LIGHTNING ARRESTER 877A116 HOI 

1 4 6 1 C 40GZ8, G 70 { 1 5 1 . 5  - 159.5KC) 

..f.Q!! PONENT 
Cl  :APACITOR 
CZ CAPACITOR 
C3 CAPACITOR 
C4 .:APACITOR 
C5 ::APACITOR 
C6 CAPACITOR 
(7 •:APACITOR 

LIOZ POT CORE 
U03 POT CORE 
Ll05 COIL 
T3 7RANSf0RMER 

"fRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTION 
lBO MMF 50011 
250 M'-4f 50011 
250 MMF 500 11 
250 MMF50011 ZOO M'-Af IZOO V 
1500 M�F 1200 II 
1000 PI" "300)11 

3K !. 5�. 8W 12 REO] 
15K 10�. 2W 

Gl LIGHTNING ARRESTER 

�lYLE 
76ZA7'57HIO 
861A846H11 
B61A846HII 
861A846HII 
187AI"05HQ4 
187A705 HI\ 
Z03C872 H07 

67::l8\33G05 
67•) 8133G07 
Z9ZB086GOI 

292B526G04 
2328:)26G03 

IEGA317H01 
187A642H55 

877AI16 HQI 
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__!_i_§_I�Q_�2!._G7 1  ( 160-169 5KCl 

COMPQNEI\'T 
C l  CAPACITOR 
C2 CAR\.CITQR 
C3 CAPACITOR 
(4 CAPACITOR 
CS CAPACITOR 

C7 CAPACITOR 

LI02 POT CORE 
U03 POT CORE 
LIDS COIL 
1 3  7RANSFORMER 
T4 TRANSFO R M E R  

R6 RESISTOR 
R7 RESISTOR 

ISO MMF 500V 
200 MMF 500 V 
200 MMF 500V 
250 MMF 500V 
1500 M M F  1200 V 

900 PF 300JV 

3 K ± 5% 8W 1 2 RfQ) 
15K 10"/., 2W 

762A757HIO 
762A757 H I I  
762A757HII 
861A846HII 
t87A705HII  

670BI:BGOS 
670 8 1 33G07 
292 6086�01 
2928526G04 
292B526G03 

185A3i7HQI 
IS7A642H55 

Gl LiGHTNING ARRESTER 

203C872l 
877At16HQI 

COMPQ,ENT 

C l  CAPACITOR 
CZ CAA:I.CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C5 CAPACITOR 
(6 CAPAC ITOR 
C7 CAPACITOR 

LIOZ POT 
ll03 
LI05 

1 4 6 1 C  40 G33,G75 1 200 1-207 KC J 

DESCRIPTION 
56 MMF 500V 

2 7 Q MMF 500V 
ZOOMMF 500 V 

3 0 MMF 500V 
200MMF 1200 V 
5QOMMF 1200 V 

1 2 0 0 P F  3000V 

STYLE 
763A209HI9 
762A757HI2 
762A757HII 
763A 209H 12 
1 8 7 A 705H04 
187A705H09 
203C872H09 

670 8 1 33G09 
670 8 1 3 3G08 
670 8 1 33G09 

T3 TRANSFOR'.'ER 
T4 TRANSFOF;�,' E R  

2928526004 
2928526G03 

R6 RESISTOR 
R7 RESISTOR 

C2 CAA:l.CITOR 
C3 CAPACITOR 
C4 f',APliCITOR 

3 K  ± 5°/" 8W 12 REO) 188A317H01 
ISK 10% 2W 187A642H�5 

ARPESTE R 877AIISHO: 

� O G3�,_G79 (230 1 � 240KCl! 

250 MMF SOOV 
I SO MMF SOOV 
20 MMF SOOV 

861A846HII 
861A846H25 
763A209H07 

t 4 6 ! C 40_g_��2 ( 170 180KC ) 

COM� 

Cl CAPACITOR 
C2 CAA:l.CITOR 
C3 CAPACITOR 

CS CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

ll02 POl CORE 
Ll03 POT CORE 
LIDS COIL 
T3 TRANSFORMER 
T4 TRANSFO R M E R  

R6 RESISTOR 
R7 RESISTOR 

DESCRIPTI� � 
82 MMF 500V 
250 MMF 50CV 
390 MMF 500 V 

400 MMF 1200 V 
1000 M M F  1200 V 
750 PF 3000V 

763A209H23 
B61A846HII 
762A757 H I 5  

13 7A70 5 H08 
�3C·�A�r

8
o

7
s
2

�� 

670BI33G05 
6706133G07 
292 8086GQI 
292B526GC4 
2928526G03 

3K !. 5"/o 8W 12 REO) 188A317H01 
I�K 10% 2W 187A642H55 

c_::GI__,L"<H�T�NO:IN::_G __:AC"R,..REc'S'OTEC::R ____ _,B:_'77A� I 
1 4 6 1 C 40 G 3 4 , G 7 6 (207 1 - 214 KC) • 

r---"----"===-----� 
COMPONENT 

L2 (..Afr<CITOR 
C3 CAPACITOR 
C4 
cs 
C6 
C7 

Ll02 POT CORE 
L103 POT CORE 
Ll05 POT CORE 
T3 TRANSFORMER 
T4 TRANSFOR M E R 

300MMF SOOV 
2 00 MMF 500 V 

20 MMFSOOV 
200 MMF 1200 V 
5 0 0  MMF 1200 V 

1 2 0 0  PF 3000V 

1 8 7 A 584H09 
762A757 H I I  
763A209H07 
187A70�H04 
187A705 H09 
203CS72H09 

670 B I 33G09 
670 8 1 33GC8 
670 8 133G09 

292 8526G04 
292B526G03 

R6 RESISTOR 
R7 RE S ISTOR 

3K ! 5% 8\'i ( 2 R E O )  188A317H01 
ISK 10% 2W 187A6'l2H55 

G l  LIGHTNING ARRESTER 877AII5H01 

,-----�1=4 6=1
=c
C 4_Q_£� 8 0  (240. 1 

5

-
TY
25

L

O

E

KC�I ·  

��-!_� DESCRIPTION 
C l  CAPACITOR 30 MMF 500V 76 3A209HI2 
C2 CAR\CITOR 2 0 0  MMF SOO V 762A757HII 
C3 CAPACITOR 130 MMF 500 V 762A 757H07 
C4 CAPACITOR 30 MMF SOOV 763A209 HI2 

I.L. 41 -944.35A 

,----- -"_l_o=4=61_C'C_""4 0=G=3"=! ,G73 ( 180 5 -191
_
5� I 4 6 1 C 40 G32. G74 ( 192 ·200 KC ) 

,-------"-=- -------
COMPONENT 

C l  CAPACITOR 

C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C 6  :APAC ITOfl 
(7 :APACITOR 

LIOZ POT CORE 
U03 POT CORE 
LIOS COIL 
T3 TRANSFORMER 

TRANSFOR ME R  

R6 RESISTOR 
R7 flESISTOR 

DESCRIPTIO!:!_ � 
300 MMF SOOV 

150 MMF 500 V 
200 MMF 500 V 
200 MIAF 1200 V 
1000 M\1F 1200 V 
650 PF 3000V 

187A584H09 

861A846H 25 
762A757 H I I  
1 8 l A 705H04 
i87A705 H I0 
203C872H02 

67:JBI33G05 
6708133G07 
292 B086GOI 
2926526004 
2928526G03 

3 K !. 5"1� lJW 12 REO) 186A317HQI 
ISK 10% 2W t87A642H55 

COt.IPONENT DESCRIPTION � 
C l  CAPACITOR 
C2 CAFnCITOR 
C3 CAPACITOR 
C4 CAPACITOR 

C6 SAPACITOR 
C7 :APACITOR 

UOZ POT CORE 
Li03 POT CORE 
LIDS COIL 
T 3  fRANSFORMER 
T4 TRANSFOR MER 

R6 RESISTOR 
R7 RESISTOR 

20 MMF 500V 
250 MMF 500V 
130 MMF 5{)0 V 
180 MMF 500V 

1000 MMf 1200 V 600 Pr'" 300:)V 

763A209 H 0 7  
861A845HII 
762A757H07 
762A757H I0 

187A705HIO 
203C872 HQ2 

670BI33G05 
670 8 1 3 3G07 
292B086GOI 
292852f.G04 
2928526G03 

3 K ! 5"1o !IW 12 REO) !88A317H01 
!5K 10% 2W 187A642H55 

Gl  LIGHTNING ARRESTER 877AI16H01 �NG ARRESTER 
1 4 6 1 C  40 G3S,G7 7  (214 1 - 222 KC) ' 1 4 6 1 C 40 G36,G78 1 2 2 2 1 � 2 3 0  K C )  ' 

COMPONENT 

Cl  CAPACITOR 
C2 CAR\CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACI TOR 
C 6  CAPACITOR 
C7 CAPACITOR 

L102 POT 
LI03 POT 
ll05 POT 
T3 TRAtiSFORIIER 
T4 TRANSFORr.IER 

R6 RESISTOR 
R? RESISTOR 

DESCRIPTION 
1 30 MMF SOOV 
150 MMF 500V 
150 MMF SOO V 
56 MMr 5C0V 

4 00 MMF 1 200 V 
200 MMF1200 V 

I I  00 PF 3000V 

ST
Y

LE 
861A846H 25 
861A846H25 
8 6 1 A 846H25 
763A209 H I 9  
187A705 H08 
187A705 H04 
203C872H08 

COMPONENT 
C l  CAPACITOR 
C2 CAFACITOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 
C6 CAPACITOR 
C7 CAPACITOR 

670 8 1 3 3 G09 L102 POT 
670 8 1 3 3G08 L103 POT 
670 8 133G09 -LIDS POT 

2928526004 T 3  TRANSFOR).'ER 
2928526G03 T4 TRANSFOR M E R  

3K ! Sc/o 81'1 12 flEO) 188A317HQI 
ISK IO"'o 2W 187A6<12Tt55 

k6 R(SISTOR 
�7 RESISTOR 

DESCRIPTION 
62 MMF SOOV 

200 MMF 500V 
6 2  MMF SQOV 

1 3 0 MMF500V 
4 00 r.1MF 1200 V 
2 0 0  MMF 1200 V 
I 1 0 0  PF 3000V 

ST"YLE 
763A209H20 
762A75 7 H I I  
763A209H20 
762A757H07 
187A 70SH08 
187A705H04 
203C872H08 

670 B I 33G09 
67081 33GC8 
670 6 133G09 

292 8526004 
2928526G03 

3K � 5"/o 8W 12 REO) 188A317H01 
15K 10"1. 2Vl 187A642H55 

�! LIGHTNIWJ AF1RESTER 877AII6H01 Gl LIGHTNING ARRESTER 877AII6H01 

COMPONENT 
Cl CAPACITOR 
C2 CAR\CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 

1 4 6 1 C 40 G 3 '3 , G 8 1  ( 250.J �262KC) • 

DESCRIPTION 
56 r.1r.1F SOOV 

1 5 0 MMF SQOV 
62 M M F SO O V  
8 2  M M F S O O V  

4 0 0  MMF 1 2 0 0  V 

;:�:09Hi9l 1 
861 A846H25 
763A209H20 
763A209H23 ' 
187A70�H08 

COMPONENT 
Cl CAPACITOR 
C2 CAR\CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
C� CAPACITOR 

1 4 6 ! C 40 G40 G82 ( 2 6 2 1 - 274KC ) '  

DESCRIPTION 
36 r.1MF SOOV 

1 50 MMF 500V 
1 0 0  MMF 500 V 

3 0  MMF 500V 
4 0 0  MMF 1200 V 

ST"YLE 
763A209HI4 
861A846H25 
762A757H01 
763A209H I 2  
187A705H08 

C6 CAPACITOR 500 MMF 1200 V 187A705H09 C6 CAPACITOR 500 MMF 1200 V 
9 00 PF 3000V 

187A705HS9 
203C872H06 203C872H03 C7 CAPACITOR 1 0 0 0  PF 3000V 203C872H07 Cl CAPACITOR C7 CAPACITOR 800 PF 3000V 203C872H05 C7 CAPACITOR 7 0 0  PF 3000V 

U02 POT CORE 
Lt03 POT CORE 
LIOS POT CORE 
T3 TRANSFORMER 
T4 

T
RANSFOR M E R  

R6 RESISTOR 
R7 RESISTOR 

670 BI33G09 
670BI33G08 
670BI33GOO 

2928526004 
292B526G03 

3K ± 5"1" BW 12 REO) 188A317HOI 
ISK 10% 2W 187A642H55 

Gl  LIGHTNING ARRESTER 877AII6HOI 

LIOZ POT CORE 
ll03 POT CORE 
LIDS POT CORE 
T3 TRANSFORMER 
T4 TRANSFORMER 

R6 RESISTOR 
R7 RESISTOR 

670 8 1 33G09 
670 8133G08 
670BI33G09 

2928526004 
292B526G03 

3K ! 5% 8W (2 REO) 188A317H01 
ISK 10% 2W 187A642H55 

L102 POT COfiE 
Ll03 POT CORE 
ll05 POT CORE 
T3 TRANSFORMER 
T4 TRANSFORM E R  

R6 RESISTOR 
R7 RESISTOR 

670 8 1 3 3 G09 
670 8 1 33GOB 
670BI33G09 

2928526004 
2928526G03 

3K ! 5% 8W \2 REO I i88A317HOI 
ISK 10�1 .. 2W 187A642H55 

Gl LIGHTNING ARRESTER 877AI16H01 Gl  LIGHTNING ARRESTER 877AII6H01 

r-------"�=6=1C='4Q G41 ,G83 (274 1 - 287KC ) '  I 4 6 1 C  40 G42,GB4 ( 287 1 -300KCI' 

COMPONEiiT 

Cl CAPACITOR 
C2 CAF\\CITOR 
C3 CAPACITOR 
C4 CAPACITOR 
CS CAPACITOR 

DESCRIPTION 
20 MMF 500V 

150 r.1MF SOOV 
100 MMF SOO V 
20 MMF SOOV 

4 0 0  MMF li"'O V 

ST"YL£ COMPONENT 

763A209H07 
861A846H25 C2 CAF\\CITOR 
762A757HOI C3 CAPACITOR 
763A209 HQ7 C4 CAPACITOR 
187A705H08 C5 CAPAC ITOR 

150 MMF S.QOV 
82 MMFSQOV 
30 M M F 5 0 Q V  

4 QO MMr 1?011 V 

861A846H25 
763A209H23 763A209H I2  
187A705H08 

CAPACITOR 6 5 0  f'F 3000V 203C872H02 CAPACITOR 600 PF 3000V 203C872H01 

LI02 POT CORE 
LI03 POT CORE 
LIOS POT CORE 
T3 TRANSFORMER 

TRANSFOR ME R  

R6 RESISTOR 
R? RESISTOR 

6708133G09 L102 POT 
670BI33GOB Ll03 POT 6708133G09 L105 POT 
2928526004 T3 TRANSFORMER 
2928526G03 

3K ! 5% BW 12 REO) 188A317H01 
15K 10% 2W 187A642H55 

RESISTOR 
RESISTOR 

6708133G09 
67081 33G08 
670B I33G09 
2928526004 
2'32B526G03 

3K ! 5% 8W 12 AEOI 188A317H01 
15K 10% 2W 187A642H55 

877AII6H01 Gl LIGHTNING ARRESTER 877AI16HOI 

ll02 POT CORE 
U03 POT CORE 
Ll05 POT CORE 
T3 TRANSFORMER 
T4 TRANSFORM E R  

R6 RESISTOR 
R 7  RESISTOR 

670 B I 3 3 G09 
670 B I 3 3 G08 
670BI33G09 

2928526GC4 
292B526G03 

3K !  s-;. BW \2 REQ) 168A317H01 
ISK 10•1. 2W 187A642H55 

Gl  LIGHTNING ARRESTER 877AII6H01 
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'" 
" '  

" '  
. . .  

' "  
'" 
"0 

" ' 
'" 
" '  

" '  
"' 
'" 

1 • 6 4 C I O GOI 

STYLE " · 
CAPAC i tc:I R  ,Q47UF 200V d4>1A431HO'< "0 R E S I STOR I B4A76JH 6 1  �-�- �- �v 1 amm

-
6 

-
CAPACITOR .Q .. 7Uf <!OOV tl'<·JA .. 3 7n0'< '" RE SI ST OR l tl D O · O  · "> 0 10 51 I B  .. A 76JHJ3 iiiJ 
CAPACITOR · 0 '< 1U f  200V l;j'<>lA437rW4 '" RESISTOR 1 500 · 0 - 50 10 51 1 6 4 A 76]H 3 l  ' "  l NJ 6i;jfS z o . o v  1 1 S '1 2 1  2.�.06 
' P &ITBA ' 888df eae 18V 68•1 B  "' RE.SISTOR 6200 - 0 . so w ss 184A 76)1i46 '" lE\I�q I'SK!:200 :? o o . a v  
CAPAC I T O R  o 0 4 7Uf 200V 84'jA4J 1h::04 "' RESISTOR IO·OK · ">O ioi SI 1 8<1A 76Jrl:> l lE'lER I �KE200 2 ::l 0 o 0 V  

"' R E S I S T O R  1 2 · 01{ • s o ·� ss 184A76)1i5J 
"' RESI STOR 2 7·0K  · 50 1o1 5 1 11:14A76JK61 

DI ODE 184A8$Sri07 '" R ESI STOR 1 2·0K . o; o w ss t 84A 763H$3 Z:Dii:R ISkE"lOO 2 Qo0 .()11 87SA619HOI 
DIODL 1 �457A 184A8$SK07 "' RESI STO R  1 0 - 0 K  . s o w ss 1 84A 763HS I 
01001<: t.\1 4 S 7A l84AdSSH07 '" RESISTOR 2 7 . Q K  . so w ss 1 8 4A 76 3 K 6 1  ISU200 2.QQ.QV i1iA61 � 1 
DiODE l\14S7A 1 8 11A85$H07 RESISTOR <1700·0 . o;o w sx 184A76JH<i3 \ 
DIODE 1 )145 7A 1 84A85SH0 7 R ES I STOR 1 2 · 0 1{  · 5 0 10 51 i84A763H53 m ZENER 1 5oii"E2G0 200.0\I 878A61 91t01 
DI ODE 184A85Sri07 RESISTOR 1 0 · 01< . S 0 0/ 51 l8 .. A76Jrl$1 "' """ IN30388 56-0V i6VIU7H04 
DIOOt. l.\1457A l d 4A85Srt0 I RESISTOR 8200· 0 . o; o w o;s H::�H�H I g� ZUJI!JI, I SKE�oo eoo.ov 878A6191t01 
DIODE ����� 7A 1 1'1 4AI;jS�rt0 I ... RES I S TOR 1 6 · 0)( . o; o w :a ZENER IN9!1 7 8 , . e v  186A797H06 
OIOOE I N 4 5 7A 184AII$5rt07 '" RESI STOR 300·0 . 50 01 51. 

O I O O E  ! N 4 5 7A 184A6�Srl0 I 
'" R E S I S T O R  300· 0 . o; o w ss ;:::;:�;i� i '" RESI STOR 1 2 · 01< . s o w 5t. 

O l O O E  " '  J508A�2rt0 I RES I STOR I O · O K  · 5 0 \o' SS 
DIOOE l.'0457A 184Ad55rt0 "1 i:::�:���� ! O ! Q D E  I � C 5 7 A  1 8 4A8551i07 "' RESI STOR I O • Orl • �0 ... $1 JW'IPE� 'I E S ! S T l R  0 62A47!!rl01 

,, RESISTOR 6200·0 . o; 0 \1  " 
0 O« '" RESISTOR l • O-< · 50 '.1 51 \ 8 4 11. 76JK2 7 :  

...IU'1PER 0 '"' RC:SI S I :I R  d 6�A<I 70rl0 I RESISTOR JOJ•il o $0 11 51 III«A76JK I I.I 
0 "' RES! S�Jf\ d6.<A<i /Orl01 

..JUMPER 0 00< Rt.SI ST•Jfl 0�2A<� 7ono 1 3 0 0 · 0  • �0 �· 51 \84A76J..-! l l.l \ 
JU .... PER 0 "' R E S I S T J R  062A'< 7�1-10 I 2 S O K  sow 10"1. 880A687H06 
..JU�PER 0 OH.'I fi E S I S T:i fl  862A4 7Srl01 
JU.'IPER 0 Ort.'l R E S I S r :J i'l  0 62A47i!rt01 " TRA)I S I STOR l64A6J8H19 

" TAA.� S I  STOR 2�6>19 !8<1A638HI9 
" TRANS ISTOi'l 2'-1699 18l!A630H I 9  

R E S I S T O R  . so . 2 t  TRAC.S I STOR 2,'ol3�45 S<i9A4 4 1 H O I  

il. E S I S T J R  . o;a . 2s 62�A5 J  IHS} TRA.� S I S10R 201699 184A6JSH 1 9  

• 50 • 2 � 629A5Jiti30 TRA\IS ISTOR 2016�9 1 8 4 A 6 J S ri l ll  
R l � l  S T O R  · 5ll - $l ld4A 7�)1-131 TRA\151 STOi'l 2NJ645 6 49Al.ll.I I HO I 
R ES I STOR . so . s t  l d <I A 76Jr!l.l6 " TRAOI S ! STJR l84A6J!!>il9 

• so . �1 l d l.I A 7 6 J I-1 5 1  000 TRA\ISISTOR llll.IA63Bril9 
.so. 51 Ul4A763r1S3 '" 18<1A6J8HI9 
· 5 0 .1 51 18'<A76JM61 "' 2\13645 6 4 9 A 4 l.I I H O I  
. S G' J 5 1  1 � 4 A  76Jn51 2\16\1\l ld<IA636rl l ll  

R E S I S T O R  1 6 4 A 7 6 J H 5 J  
R E S ! S T U R  
R E S ! S r O R  1 8 4 A 76)h4J " IR200 200o0V 629A369HOI 

. $0 .1 51 l d l.I A 7 6 J h ( l  " IR200 2 0 0 • 0 V  62-;lAJtllKOI 
RESISTOR • o; c; ·� Sl " 2DO•OV 
R E S I STOR • �0 •• 5l 104A76Jrt5l Z:ENER 1.\13 68 61:1 20 -0V  
RESI STOR • sc � 21 629A531!ifd Z:ENER 6 • tj V  

. so .r 21 62-;lAS3!rt5-;l Z:E.\IER 200•0V 
'l E S I STOR • 50 � 21 629AS31tiJO " .t£\IEFI 2oo.ov 62·M361ltiJI �T.!� R E S I STOR l fi 4 A 7 6 H J l  " .tE\IER 629A36'J i 0 1  _c_o��N!�T-

ld4-'1 76Jh�t " Z:E'IER 20-0V  ll:ISA 21 2 1 0 �  
RES I STO R l d « A 76Jrt51 "0 .t£\IER 6 • t! V  " SWITCH 84')A299H0J 

R E S I S T O R  1 � 4 A  7 6 ) .-1 � 3  ' "  ) .�JN563 l!lSA2 I 2 ! 0 �  I S2 POWER SW 880A357H01 

RES I STO R . so .  51 l t! 4 11 "16Jri<o3 ' "  lE\IER I N'<$ 78 6 o 8 V  I �  6 A  "N 7r!O � •so SWITCH 
RESISTOR . so . st 18411 76JH�J '" .tE\IER $ 6 • 0 V  l:l62A251HO<I I " FUSE 
R E S I S T O R  · 5 0 ·  " 184A16Jr-1Sl ' "  Z:£.\IER � 62A2$ 71-10'< " FuSE 18:5 A961 HB 
R E S I S T 0 R  . o; o .  " Z:E.�ER $6• 0 V l:l62A2$7HOI.I 

. $ 0 .1 " 5 6· 0 V  !l �2A25 7 0 "  

� - - --,-, --- - - -- -;--:_-::._-_-_-_::::�;--_-_-::.__-:_-_-�-::._-=--:::._-_-_-_:-;-;::-___ -_-_:----1r-----�:::;_�----------'->j REG 45V POS 1 7  z1 og 

CARRIER 

{'" v 

Q 4  

I 
" '  START 48V 

1 5 / ZO V  

VOICE KEY 

POS IN 

FUSED POS 

NEG IN 

F U S E D  NEG 

36 

I 

L�� 
1 ,  "U..!CC-ff-� 

002 

Z09 

L-+-_.,..---{]R60@--t't-� CARRIER K E Y  
{ T O  PIN 7 O F  XMITTER 

BO I<EYS TO 10 WATTS) 
Z24 

004 

VOICE VOLTAGE 

I t��ii:E
3
R5 e0o� V I A  

I V O I C E  A D A P T E R  80� 
P I N S  3 AND 5 .  
K E Y S  T O  3.25 WATT 

I 
,1 t----14----------7- RSO EXT PB 

�--
Zl4 

Z29 

TRANSMIT AT I WATT 
L E V E L  

R S D  K E Y  

n o  1 1 \ -�-- � RSD E X T  PB 

J.!.!.6 4C I O G� � 
Sub. 8 
(1463C68) 
Sheets 1 & 2 

0 Fig. 22A. Internal Schematic - Keying Module - with DC Power Switch and Fuses -
With Reserve Signal Detector Pushbutton and Control. 
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1 4 6 4 C I O G02 

C l CAPAC i 1  Jfl • Q.t, 'IU� .eOOV 
C2 CAPACITOR · 0 "< 71JI- 20U\' 
CJ CAPAC i T O R  ·0'< 1U!o 200V 

- � �-� 

'" ' "  

CAPA C I TCJ R  . Q , . 7 U i"  200V 

DIODE 

DIODE 

DIODE 

DIODE 
DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

D I ODE 

DIODE 

R E S I S T O R  

rtESISTOR 

RESISTOR 

RESISTOR 

R E S I S T O R  

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

R E S I S T O R  

R E S I S T O R  

R E S I S T O R  

R E S I S T O R  
RlSISTOR 

RESISTOR 
RESISTOR 
<t E S I STOR 

R E S I S T O R  
RESI STOR 
R E S I S T O R  

RESISTOR 

RESISTOR 

Ri:..S!STOR 

R E S I S T O R  

RESISTOR 
RESISTOR 

[ , � I  20 V 

I'I,.S7A 
l ll,.S7A 
1)1 ... 5 711. 

!.'l.t�57A 
1 N 4 5 7A 
I N 4 5 7A 

I N 4 5 7A 
"' 
1 '14S7A 
IN457A 

0 Orl� R E S I S T O R  

O :ll-l"1 RI:..S I ST0R 

O Oii.''I R E S I S T O R  

0 Orl11 RI:..S I SHlR 

D OH'., R E S I STOR 

0 Oil.� RESISTOR 

Q Oii.'I R E S I S T O R  

JJ,QK o 50 io 2t 
! l o Ot( • S0 10 2t 

s z o . o  . s o w 2 l  

1 50 0 · 0  · S O loi S t  
6 2 0 0 . 0  • s o '"  5 �  

I O . Ort: • 50 lo 5 �  

1 2 ·  Qt{ • solo 5� 

1 2 ·  Orl • 50 loi 5� 
" 7 0 0 · 0  • so .. 5� 

2 7o 0 rl  o S O J St 

1 2 •  Or\ · SO W  5� 

8 2 0 · 0  • 5 0 �  2� 

1 5 0 0 •  0 • 50 II 5� 

6 2 0 0 . 0  • sc � 51 

t 2 . ot( . s o w st 

,. -/Oo.o · 50 11 5 1  

l 2 o 0K . 5Q II 51 

I O · Orl • 50 II 5� 

" 

:A'lRI[� 1 2 5 V  

STOP � 4 8 V  

>\--. o:L-
1 '  Z "  
"c- --"!:---� 

l:l"<9A43 11-i0ll 
d49Al.IJ1HOI.I 

18<�Al:ISSI107 
1 8,.A8�Sli0 7 
1 6 ,.ASSSli 0 7  
18'1A8SSI107 

i84A8551i07 
J508A22HOI 
1 8l!A855H07 
184A855H07 

862A4781101 
8 62A4 7d1101 
11 62A" /SHOI 
862A'178li0l 
� 62A4 781101 
862A478ri01 
!162A478HOI 

629ASJI116d 
629ASJIHS9 
629ASJIHJO 
l 8 '< A 76JHJJ 
Jd'<A 763ri46 
ll:I'<A76JH51 
J 8 4A76JHSJ 
! 6  ... A763H61 

I B 4A76JHSJ 
18'<A 763rlSJ 
18'<A 763H43 
1 8 4 A 7631161 
IB4A 16311S3 
18"A 76JHS! 

629A5JirlJO 
1 8 '1 A 763rlJl 
1 8 ,.A 7t>Jti46 
!d4A763HSl 

1 8 4 A 76JH43 
1841\ 76Jli5J 
J 8 4A163liSI 

RSO 
"' 

Ri 
,, 

" " 

" " " 

RESISTOR 
RESISTOR 

R E S I S T O R  

RESISTOR 

RESISTOR 

RiEIUQR 
RESISTOR 

RESISTOR 

RESISTOR 

JRA'I S I S T O R  
TRA.ol SI STOR 

TiiA'IS I S T O R  

TRA�Sl S t O R  

TRAClSJSTOR 

TRA'ISISTOR 
TRA'IS !STOR 
TRA'ISI STOR 

. s o '. 5� 
· 50 1. 54 
• 5 0 �  5% 
• 50� Sl 
· 5 0 0. 5 %  

. so .. st 

· S O w  51 
· 5 0 '. 5 %  

· SO W S %  

· 50 '. 5l 

. o;o .. st 

• �0 � Sl 
· 5 0 '. 51 

1 8 . 0 11  . S 0 10 2l 
JOO. 0 • 50 1i 5� 
JOO.o · 50 '.' 5t 

1 2 · 011 · 5 0 '.' 5l 

IO·OH: • 50 01 5 l  

' "  "' §Qio §l 
J Q , Q fl  . S O ioi 5 l  

6 2 0 0 · 0  o S O \o/ 5 %  

l · OI'l • S O il S% 
300 · 0.  · 50 1/ S t  

2 0 Q o 0 V  
2 0 0 · 0 V  

!R200 20 0 ·0V 
J)/J686B 20 ·0V 

l el 9 5 7B 
I ,�J6t168 
l N II S 'IB 
,NJo}6B 
I 'IJOJBB 

6 · l:I V  
2 0 0 · 0 V  
2 0 0 • 0 V  

eoo.o v  

20·0V  

6ol:IV 

a o . o v  

6 • 8 V  
56.0V 
56•0V 
S t> • O V  

5 6 • 0 V  

'- 1 S t 2C II  
l zs z s  

i T _ L-__�.____.�-+--f-t---1---J 

PC:S I N  

F � S E C  P C S  

" 

' ' "  

lll4A H>JHJJ 
J 8 4 A 763HJI 
ld4A 76JH'<6 
l ii"A 76JH�l 
l d4A76l>i5J 
11:14A 76JJ;6L 

l 8 1Hl,'/6lli'<J 
1 1! 4A76JHSJ 

1 8 '1 A 76Jli l 4  
1 8 4A 76Jli53 
IS,.A 763rt51 
19 1631151 

1 11 4 A 6 3 8 H i 'i  
1 6 ,. A 6 3 8 H I 'i  

849A441li01 
18i<At>JBHI9 
184A6361119 
849A4'<1li01 
!84A63811i'i 
!8i<A638li l 9  
16,.A638H.l9 

629AJ69HOI 
629AJ69HOI 
629AJ69HOI 
1 8 S A 2 1 2H06 

1 8 S A 2 1 2li06 
1 8 6A 79 71i06 l 
1 l:I 5 A 2 1 21i06 
l �6A 1\f 71i06 
:�

6
�
2���7��� 

862A257HO" 
6 62A2S7H0'< 

" "  ' "  
l20 ZE'JE!I 

165A212H06 
8 1!1Af19HOI 
l:l 7l!A61 9HOI Z 2 J  ZE'IER 

15,<;£200 200.ov 

�������.���� 
Z26 ZE�ER ! S tl£200 200• OV 8 78A619HOI 

---6.:H.- � ��� 9 862 12Sill8\ 
Z2d Z E �ER 1 SK£200 20Q, OV � 7�A619:iOI 
Z29 1 ._ 30B B  56.QV 062A251H04 

l ) Q  Z E 'l£'1 1 5.<:£200 200· 0 �  6 71JA�19HOI 
1 3 1  ZENER I N9578 6 , 8V 1 8 6 A 797�oj06 

n;�NE� ---- �T_Yi:.E_�O-
SI SWITCH 849A299H03 
52 POW(R SW 88QA3�7HQI 
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0 Fig. 22D. Internal Schematic - Keying Module - without DC Power Switch or Fuses - without 
Reserve Signal Detector Components. 
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RESIST0R 
RESISTOR 
R£SIST0H 
f<ESISHlR 
RESISTOR 
R(SI ST0fl 
I<ESI STi!R 
RESISTOR 
RESISHIR 
RESISTOI! 
liESISTOR 
TRA�SIST0R 
TRAo'IISISTOR 
TRAI<ISISTOR 
F I LTEI'i 
FILTER 

22·01( oSOII Sl 
uo.o .sao. !>'I 

68·0 .$001 5'1 
10· 01( • sow �� 

330o0 .SOlo 5 1  
n o o . o  .svw '!i t  

1 0 0 0 . 0  . S Q II '>t 

22o0K. .<;QW 51 
6110·0 • .-,o� H 

�o s . o  .sow st 

I O . O K  . <; Q W SI 

1 0 0 0 · 0  .!>00. 51 
1 0 · 0>< . S Q W '>t 

2700-0 .sow ..,, 

I O o O K  - 5 0 11 51 
6200.0 . s o w st 

2000.0 • so� st 

1 5 0 · 0  .so• 5 1  
330·0 .<;Qio 51 

220-0K oSOioi SI 
1 6 0 0 - 0  o S O OI SI 
1000.0 , .  S% 

]QO.Q '!iOW !5% 
2�<12"'' 
2N.,247 
2'114249 

1 11<1Al63>139 
II:!<�Alb3>15t 
1 8 <1117631'123 
1 81A290H21 
111<1A763H!>J 
lti<IA1631'115 
1 6 4A163>13t 
J 84A163l-12l 
ld<�Al63f.IS7 
ld"A763fl23 
I B1A2tOH21 
1 8"A163.-SJ 
16<1Al6ll-1!>1 
1 6 4Al63fl27 

1 B"'A11o3H31 
ld"Al63f.I5J 
l d  .. A163fl"'f 
l ti4A1631t3" 
1>:!<1Al63H01 
I B "'A763H\5 
U"Al631'16l 
18<11\163>183 
l !l 4Al63H')J 
184A 6<13H27 
IB<IA76 ] H I 4  

IJ"'fA441>403 
8 4� A441 H03 
8"'fA441H03 
762A613G01 
IB7A'!i90G03 !>8! l����AL 

l�!Oi�a If�· lli:l8!�8l 
Y l l  SEE NOTE T21 1  TRANS!" 714B6 77GOI 

12:12 TRANSf. 205C043G03 

A C211 RANGES FROM IOOPF TO IOOOPI 

Q C214 MAY VARY UP TO IOOPf' I B TA6'35H01 THROUGH HU 

D Y l l  FREQ. EOUALS RCVR I CHA.NNEL) FREQUENCY 

PlUS ZOkHZ 

.. FOR GOI FOft NARROW BAND T C  -10 

• FOR G02 FOR WIDE BAND TC· 10 
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DC NEG 

POS.20Y 

4 3  

, -
.I 

I 
1 17 ' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
In 

I 
I 
I 
I 

-- -- -- - - - - -

L _ _ _ _ _ _ _ _  _ 

- -- -

�------------------- --- -------y--------
SASIC O£TECTQR AND ElfCTNO�.�[CH..". ';lC.".l REt t.Y I I lG  OUTPUTS 

CAR R I E R  L E V f l  I N D I C A T I O N  C IRCU ITRY  
_ _____A ----- --- - ---

-_,J \.______ - - - ----- ·- - -----y-
SOLIO  $TXT£ R : l  A Y I �; .:;  Oli T I'UTS  

0 Fig. 2sa. Internal Schematic - Detector MO! 20 Volt Outputs. 
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---- -- ------, 

- - - �  
I 
I 
I 
I 
I 
I 
I )�� 03 COL.OUTPUT 

I r:, 11o __f"\... I I .qQ WATTS I LJ " l � 1 20ma OUTPUT 

.-----'--;;:>>-_J 

[CE?l, I J 
" 200ma OUTPUT 
I I  
� POS 45V 

29 1 20V OUTPUT A 

351 20V OUTPUT B 

c o .·.�r LOC .  1 479839 

C l  THA:'-IS J S TOR 2N 42 49 
C 2  TRA.'� S I STJR 2N 3 64 5 
o •  TRA:-lSI ST0R 2N3 .11 l l  
OS TRANS1ST0R 2N .113 5 6  
Q) TRAMSISTOR !N4903 

Z l ZENER I NJ027B 20 . Q V  
Zl ze:,'IER t N 36368 2 0 . Q IJ  
Z 3  ZENER t N J0311 . , • .  ov 
z• Z.ENER 1 N 4 7 4 7 A  20 . Q V  
z s  ZENER J N .II 74 7 A 2 0 . 0 V 
, . ZENER F.J4410 6 · 2 V  

l1 ZENER 1 1'-'4 .. 0 �  ••• v 

1 and Two 
·th 200m A  and 20mA outpu s ,  

tule - W I  

44 

3 l.9 A4 4 1 H0 3 
6 -4 9 A � 4 1 1-i 0 1  
8 48 A8 5 1 H0 2 
8 l.9A 441H02 
1 17li73HI3 

1 8eAJ02H07 
1 8 SH 2 1 2 H 0 6  
162AZ57H04 
8J.9AL087H01 
a J.9 A J.B7HOt 

IJUUJHOI IJTAUJHOI 

Cl CAPAC I Hl R  

C 2  CAPA C l l ;) �  
CJ CAPAC I T3P. 
C 4  CAPAC 1 T0i< 
C S  CAPAC! T :.: .� 
C6 CAPAC I T \.. R 

C1 CAPAC I TZR 
C24 C�ACITOft 

0 1 
02 
03 
o• 

06 
01 

R t 
R3 

R5 
R6 
R1 
RS 
R9 

R I O  
�., 
R l 2  
R l 3  
R l •  
R I S  
R l 6  
R t 1  
R I B  
R l 9  
R20 
R 2 1  
R22 
R23 

ll 

O l 00E 
O l 'JDE 
D l ::l DE 
0 1 0 DE 

D I J D �  
O l OC£ 

RES! ST'J� 
RESl STIJR 

RES I STCR 
RESI STCR 
R E S I STOR 
R r S I  S l .Z .'"l 
R E S I ST'J� 

R E S I ST 0 R  
IIEStS"YCMI 
R E S I ST OR 
R E S I  ST�R 
R E S I ST0R 
RES! ST0R 
RES J SHlR 
R E S I ST 0 R  
R E S I  S T 3 R  
RE S l SB R 
RESI STOR 
RES I ST J R  
RES l SH .I R  
� E? l_S_T�� 

CHOKE 

DE!:>Ct<J I' T l i1N 

. 2 SOUf 200V 

.2SOUf 200V 
o i OOUf 200V 
.2SOUf 200V 
.250Uf 200V 
.270UF" 200V 
, Q JOUF SOV 

2.000UF 200¥ 

1 � 4 1 43 
I N 4 S ?A 
I N 457A 
I N 48 1 8 

1. '<6.:5A 
I N 6 4 5A 

2 7 . 0 ;.(  • SO�! " 
4700 . o  • SO W  2% 

470·0 1 • 00�1 "· 

2000 . o  · 50 \> 5% 
560 .o I . Q Q �.' 5X 

1 0 · 0 � · 50 '1! I X  
I SQ O , Q  • sa�� 51 

,!> l Y L E  N ,J .  

�;��;;��2 
1 5 1f\624H02 l fi'IA621lH0 I 
I 8 7A624H02 I B 7A624H02 
1 8 8A669H05 
1 6 4A66JH01 
t•TAIJ4HOI ' 

836A92BH06 
1 8 �ABSSH07 
1 8 o4A65SH07 
1 8 8A342H06 

837A692H03 
837A692HOJ 

l fl 4A763H61 
629A53tH48 

t 8 'l A 6A3HI9 
J 8 AA'l6JH3A 
1 8 'lA6 .11 3H21 
84BAS20H4� 
1 8 �A763H3f 

DESCRlPTJ �'I STYLE :-10 • 

.�:� . 'lK2·00:H01 1 5 7A6412H43 
·. a.t\. ,'IQW ,.. I 17Anoitlt 

.ll . 'l K 2 • 0 0 W t 0 :1  1 8 'lA6.112H .II3 
2 7 . 0K · 50 �1 51 1 8 .11A763H61 
I O . OK . 5Q j1! 11 B48A!20H45 

68 0 0 ·0 • SOW 5% 1 8 .11A763H .II7 
10 ,QK • SOW It B�A820H""5 

70 0 · 0 3 · 00\>' 5� 'l63A1 2lH28 
1 0 0 . 0  J . Q Q W  5% 7 6 3 A I 27H28 
1 2 0 · 0  . so �� 5% 1 8 4A763HOS 
1 2 0 · 0  · SOU 5% 1 8 .t:A763HOS 

8 2 - 0K . SO lo>.'  S %  1 8 -4A16JH73 
1 50 · 0  J , Q Q \1 51 762A679HOI 

_1 �<?�0 - � ·-QS>� -��-_J 62A679_H0 1  

117ASMM01 
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I.L. 41 -944.35A 

DC NEG 

I'OS20V 

47 

CARRIER LEVEL INDICATION CIRCUITRY lr-- - -- -- - -
TP

-6 - - - -- -- -- -- _R_3_2 f---�----.-�----���-----
-
....... ������---����"t"---- -- -- -- -- --

-

I 
125 

I I 
I 
I 
I 
I 
I 
I 
133 
I I 
I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

IIASIC DETECTOR AND ELECTROMECHANICAL RELAYING OUTPUTS 

0 Fig. 250. Internal Schematic - Detector Mod 
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9- - - - - - -, 
I 
I 
I 

I I  
r'+-.-\-{R!51 �--i>i>-- - - -,  I l OPT IONAL 

I r-'- , EXTERNAL 

I + I IN;��UMENT 

I L::;:J ()- IOOuo 
Cl7 

3k�_QJ �-+��-----L----+4---1 
23 1 :�l 03 COL OUTPUT 

I I 1 170 � 

I y 40 wATT S 

31 1 5:L J zomo OUTPUT 

[GS'----=-�� :..__��--� J2 __ ! �J, .. """' 
L---------------------------------�1� POS 45V I 

I 
I 
I 
I 
I 

- -- __ __ __ __ __ __  E3c6sG"oll€-] 

COMP LOC /4 7!183 7 

'th CLI . with 200mA and 20mA o u tp uts. 
ule . WI 

48 

• = G04(WITH METER) 
G05( WITHOUT METER) 

C l  

C2 

CJ 

C'< 
C> 

C7 
CB 
C9 

C I O  

C l l  
C l 2 

C I J  
C 1 4  
C l 6  
C l 7  
C I B  
C l 9  
C20 
C21 
C22 
C23 
C24 
0 1  
02 
03 04 
03 
09 

l C I  
l C 2  
! C 3  
I C <  
1 C5 

R2 

R27 
R36 

R42 * R "" 1  
R 50 

Rl 

R3 

R 5  
R 6  

R 7  

R& 

R9 
R I D  

· �  
R l 2  
R 2 4  
R:» 
R 2 6  
R23 
R29 

P.30 
R J I  

R 3 2  
R 3 3  flJA 
R 3 5  
R 3 7  RJC .,. RAO 
R4 1 Rll3 R44 
R45 
••• 

R48 

R49 

RS! 
R52 L l  
T I 

C l  02 
Q3 

Z I 
Z 3  
Z &  
Z 7  

DESCR J P T 1 :1n STYLE NO. 

CA�ACI HJ� 
CAPAC I T<.;i\ 
CAPAC I H J R  
CAPAClT0i{ 
CAPAC I T :::.'< 

CAPAC I TZR. 
CA?i\C l 1 0 R  
CA.o:>f, C l  T O R  
CAPt..C l  Tzn 
CAPAC l TGR 
CAPAC I T J P. 
CAPAC I T � R  
CAPP.C l T O .=i. 
CAi-'AC l TZR CAPAC! nR 
CAPAC I TOR 
CA?AC l T io) R.  
CAPAC I TO.� 
ChPAC I T <J f(  
CAPI'.C I T :JR 
CAPAC l T O it  
CAPAC I T O R  
D U D E  
D I ODE 
DUDE 
0 1 0DE 

0 1 �0£ 
OI 3DE 
I N T  C.<l 
I NT CXT 
I NT CKT 
I Nl CXT I NT CKT 

P Z T  

POT 
P C T  
POT 
PJT 
POT 

f<E S I S T :J I\  
R E S I STOR · 

R E S J  �H:R 
R E S I S T C R  
R E S I SHI R  
f.ZS 1 !:.1 C;1 
N E S I  ST�R. 
RESI 5T2R 
RES\ STOR 
R E S I  ST'JR 
RESt STOR 
R � S I S T J R  
R E S I  ST<:JR 
R E S I S T J R  
R E: S l  S T '..J R 

' R E S !  S H I R  
R E S l  SlUR 
R � S I  S T G R  
R :: . S I  ST!J.� 
.R E S !  ST c1 R 
R <: S t  ST'.;R 
RES I STJR 

.RE!:.I ST JR 
R:::S l  STJR 
R�SI st-JR 
R E S !  S T :: �  
R<:SI ST ,:� 
R E S I S T O R  
R E S !  S T J R  
R E S  I ST'JR 
RESl S T il R  
R E S I ST () R  
R ES I S T 3R 
R � S l S TI.l R  CH OKE 

. 2 50 U F  200V 
o 2 '5 0 U F  200V 
· 1 0 0 UF · 200V 
· 2 50UF 200V 
. 2 5 J UF" 200V 

. n t O UF SOV 
, Q I O UF ' sov 

J J , QOO?F' 200V 
, Q I OUF' SOV 
o 4 70UI' SOV 
, Q I O UF SOV 

33 , Q O O P F' 200V 
, Q I O U F  SOV 
o 2 7 0 U F  200V 
. Q I OUF' SOV 
. Q t O U F'  SOV 
. Q I O U F  5QV 
. Q t OL!F Sov 
. Q t OUi' SOV 
, Q  I OUF SOV 
o O I OUF' SOV 

2.000 U F 2.00V 
1 :-. 1 4 1 4 8  
I N 4 S 7 A  
I N 4 S 7 A  
I N 48 1 8  

J N 4 1 4B 
I N 4 1 48 

S E S 3 1  T 
S E S J I T 
7 4 701'\ 
7 4 7 0 11 
SNS 6 S 02 

IQ . Qt{ o 7 S�J 
S O o O K  . S0\·1 

2SO . o x  . 7 S �: 
2 o SK . 2 S�·: 
'5 .ox o 1 S W  
'§ . OK . 7 51·: 

2 7 . QX • SO�J sx 
470 0 · 0  • SO�J 2% 

4 70 · 9  J . OQ',.f 51. 
2ooo . o  . so 1-1  s:t 
300. 0. s w  5% to .ox ·. so�1 u 
1 50 0 · 0  . SO'rl Sl 

4 o 7 K 2 . Q O :..! I O !  
y..n. .sow 5' 
4 . 7Y.2.QO�:to% 

117sa . o  
-

.so-:: u 
4 7 S Q . Q  o SO':! I �  

t s .oK . so�·l 1 ;;  
ll9 9 0 · 0  . s o �! ! Yo  499 0 · 0  1 "  
4990 . Q  • 50\·! 1 7. 
49 9 o . o  . s o � :  t %  

I OO . Q  3 · 00 ':! St. 
! C o OK o SO '.I 1 %  

2 -or<. • so•.; 1 1  

499 o . o  . s:J �.' t :: 

I O Q Q . O  . �0:·: 1 :� 
1 5 -CK - SO'.! 1 1.  

2 . ox . so · .. : 1 1. 
2 · 0'< . so·.� t �: 

t l .  !K 
1000 . o  

1 0 0 · 0  
56 0  . a  

1 00 0 · 0  
560 · 0  

1 00 0  . Q  
\ 0 0 · 0  100 . a  

• 50�: I :: 
• 51'.: 1 ;� 
. SO"'-' 2% . SOI·J 2 X  . SOl·: 1 � 
• SO\·." 2 %  
. so�: t :t  

1 . o o �; s:;; J .oo �·: �4 
* M E T E R  

T R A N S F O R M E R  IOK / I O K  

TI-tANS I ST:=R 
TRfl :'-l S I ST..lR 
TRANSISTOR 

Z E NE.� 
Z E :>.: E R  
ZE�ER 
ZENER 

2:-J4249 
2 N 3 6 4 5  
2N4903 

1 N 3027B 2 0 - 0 V  

t t\ 30388 . �&.ov 
l o\!4M60 6 ·2 'J 
1 N4460 6 . 2  V 

l i\ '/A6211H02: 
I e U\G24H02 
I W/fiG2111iOI 
1 8 7A62LIH02 

I E 'JII624H02 
.I B11A663HOt 

t B I!A663HOt 
P. 7 9 1\989H07 

1 8 4AG63HOI 

762A6eOHOLI 
1 8 4A6631-!0l 
B79A9e9H07 
t 8 4A66J�iot 
1 88A669ii0 � 
1 8 .t:A663H01 
\ 8 AA663HO\ 
1 8 ..toA663hOJ 
H S 4 A 6 6 3 H 0 1  
1 8 ..toA663HOI 
1 8 .t:A663HOI 
1 8 4A663HO I 
18 7AI24H05 

836A928H06 
1 8 4A855H07 
1 8 4A855H07 
188A342H06 

836A928H06 
836A928H06 

J S 1 2 A I O H 0 1  
3 S t 2A I OEO I 
1 443CS2HO I 

1 443CS2H01 
3 5 1 2 M 9 H 0 1  

880A826H05 
629A645H06 
880A626H1 0 
629A645H07 
880A826H09 
880A826HO'f 

1 8 4A 7 6 3 H 6 1  
6 2 9 A 5 3 1 H 4 B  

1 87A643Ht9 
184A763H34 
783Af 29H'2' 
848AS2CH45 
1 8 4 A. 7 6 3 H 3 1  
1 8 7A6.t:2H43 
187A290H21 
1 8 7A6112HII3 

8118A320H ! I:. 
8 42.AS20H 1 1:. 
64EAZ20HG?. 
SI:.BA820!-l I (,  
84flA'320 H \ 6  

e.t�er.e2,Ht !> 
8LI?.AS20H I r, 
763A I 2 1 H  ZO 84Sfi.S�OJ.U.5 
8-�'.�l',t; I 9 H 1 1  
f.ll"fi.J:;'l0 H 1 6  f) L,3(1$ \ 9 H L;.'l 

8LI'>I\82')!-16::' 

8 .il S f.i:i l 9 H 7 1  

8 4 S  � s  I ') H 7 ?  6.0:11\Z.?.OI-\69 Ell3,'\G \ 'J i-! 48 
6 2 9 A 5 3 1 H 0 8  
629fl�31 H21 
8 4 8 A � 1 9 H 4 8  
629 A�31 HZtl 
8.t.BA8 1 9 H48 

1 8 7fi643H03 
7 63A1 2 7 H 2. 0  
1 8 'TA599HOI 

3508A77H02 
7 1 4 8S77GOI 

3 .t; 9 ;'\ J:. 4 \ H :J 3  
5 .t. 9 P.. � 4 1 HO I  
187A673HI3 

t '3 eA:!O?.H07 

862A257H04 
837A6t3H08 
837A693H08 
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5 1  

r� --- --- ---�----------- ----- �',:-�=��-
LI3 3TDfl] [ t\Rii61 -?8 l ksu AssY ! lc..--�/e.e l fiirf t-oo< -- ,�t--

owc. NO. OWG SUB PART NAME APPAR TYPE FIG NO 
ff?� _ _  

'lll or",,",,',,'!,',',RIP'TION I TC-/0 CARRIC/?..�_ � SCAL � - t� � . :.._......::.,__j Ol"ro,SIG'IS I'I HIC11ES .FI-l 5_A ____ 0 !  0?1 03 �I �) 
PART 
NAME I MATERIAL SIZE �.·,;l Sl/i: 

DEF. f---"o"'ES"'cR:::IP:.:liO:::N:_-+----,{�rYit�i-+¥cf��I 

2/ Sc.eEYV' I'N-Jl X.J75"Hc#..� 877A5"10 1.14 
Z2 WA.r#� .114 JAI/o£ Sn 077/1�-1? 1/�S 
2:3 Al;r ./,4-Jl,JI�x SR. 77.4230 <?3 

RI'IV 
CCJ[ ;��� FINISH 

E 
£ 
� 

../:A�o3 
/Moo 

6Ho3 

E�G REF r REQ 

1} 12� v - f) 1�PEC 
zso v 

J11/..1� 2AN.P 
2 2 1-r--I I 
I I 
I I 

A" DWC:5 /47!3835 (' 147813.% CfEr 1//.Pt/T rtLTO!.) !JcLOW zooJ:h'i! 
DWG /4G5 C 35Fo.e oi/0! zoo K!li! 

I 

8• ?;€A/I.fM!T r.tY5TAt I'ER. lJWG. 408C 743 
C •  RECEIVE O!Y.fl?!L I'ER. !)WG. 7,:2A !300 (cRs/ST'>7L FREQ- EQv/JLS REC£/t/E.e (ch'>7#NEL) FR£9 PL vs 20-'<C 

D = .fTD.ICIL CAT. N/J. FREO, e YiJLTAc;E ?cf?.. 5TIJC� c,eue£ (FIG. I 71/!f l!IVC. 

(5EE D-5/'CC Fot: NCo/!11/C Or CAT. No.) 
£ : I'ER. 5ToCK oRDER. 5TAJJOAIZD � n: BOTTOM EJJ?l'AA/CE 

WIT/-1 collt!AL { K/JIFE 5WITCII. 
F =  AFTER A S SY. lES T  PER. M - !0 10 90 

G = PROV!SON FOR EXTERNAL C.L.I INCLUDED 
H =-PROV!50N FOR EXTERNAL R 5 D ALWAYS INCLUDED 

O UTLI N E  _______ f464C70 

.COM P. LOCATION (CKT. BD)_I464C69 

I.L. 4 1 -944.35 1WIDE BAND) 

SCHEMATIC·'-------1335D20 

TEST SPEC 855 186 
I.L. 41�944.36 (NARROW BAND) 

4=48VDC 
I =125VDC 
2=2.50VDC 

lPOS B 

TYPICAL CATALOG NO S 0 4 1VRI385l 
T 

II WESTINGHOUSE IICAtNO S041VRI385 POS A 

II -� 48 VOLTS DC 
POS. 13B.5 KHZ 

c 

0 

F I G . I 

r----14· 1"-' 

0 
I I 

0 

A 

1 -2 

- -:c-.:::� 
I I I " 
I I '  
I 'i 
j iNPUT i l 1MODU L E i f  
L .- ---,--1 1  l..._.: I 

B 

° Fig. 2 7. Type TC- 1 o Carrier General 
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T 
TC·lO CODit�G Sf-'.E.ET 

E I I 3 N F  ( KOAR ) 6  B i--"- Bot tom entrance 
z 2 2 � {1 . T • fu, . ....... 

� L___ Length ot harness IN FEET T Mplication fo< Special Ha<ne" 

Del inca tor Separating Catalog of TC-10 from llarness 

rr-eguencv 
Four d�git nu-:-,f'r giving fr-equency in 0 , 5  K1!7. 
stc;)S fro< )Q K!IZ to 300  KIIZ  

Pcceiver �·o:1 itorin9 npt ions (NOTE �H'') 
R Reserve �is:1al detector only • " 
F PSD,  c,n r i e r  l8VC1 indication, instrume n t ,  analog 0Jtt.'ut(NOTE G )  L PSD, CLI , �nalog output ( EXTERNAL CL.I)NO INSTRUMENT ON MODULE 
C CLI ,  analog output, INSTRUMENT ON MODULE (NOTE " G " ) 
A CLI , analog output {EXTERNAL CLI)NO INSTRUMENT ON MODULE 
N Kane of t�.e above 

L--_voicc Jlda-:-ter 0pt ion 
V With ad<J;'ter 
N Wi thout ad2?tcr 

Filter Fa:.ac 1 Hide B a .-.d { 1500 lrz) LL.41-944.35( IT. 19THIS DWGJ 3 r:<�rrow S<Jr.d ( 500  Hz)  I.L.41-944.36(1T. 14 THIS OWG) 

Battery '.'ol taqt> 4 48 vo ! t s  1 1 2 5  volts 
2 250 volts ( i :"lc l uclcs external converter panel, 6 r.:tcks u n i t s  high) 

0 1 1>/att C'"Jt""lut 1 1 0  �;att 0utnut 2 100 �;att out�ut (includes external amplifier, 
6 rack units high) 

E - flcctro-oc!otanica1 Relay OUtpu t s  
2 0 0  t\11 a n d  20 �::!1. 180 1\i\ into 30 C'H/� Coil (S) (Pclaying} 

2 0  l l A  into 2000 O H M  Coil ( S )  (Supervisory) 

s - solid state 
200 t � A  output 
2 0  NA output 
2-:'0 Volt f'utput 1-45 volt rut,.,ut 

� Z- SPECIAL APPLICATION L------ Style fDelineator 

'------- Solid State 7ransmi tter/Pcceiver /lssembly for Phase 
Di rectional c-ompa r i son Relaying and/or Supervisory 
control 

13 9 i I 

Cha!'lsi.": 
--rJ)s04 1GOl 

G02 
GOl 

TC-10 ofCODING SHE£T 

(Figure 3) 

\!OOE 
l2 5VDC =======�====== _ < 

48VDC 4 
250VDC Plus Converter Panel*'----,----- 2 

Inpllt /A.odulc - 1 4 6 3c55Gol _____ _ S 200 KHZ ------------- 2: 20 0 . 5  KHZ G 0 2 -----

If Hl.P OSC 1--<odulc 
l46 3C46G01 

GC2 

�t<"ctor 
�6G0l 

G02 
G03 
G04 
G05 
G06 

l')utp!!!._ Fi 1 t e r  
l461C40G4

'
3 ) 

G84 
PWR AMP 
�89GO! 

1 4 6 3CB9G02 
1 4 6 3C89G03 

Trans1�i t t e r  

NJ.rrow B an"d'-=============== "lide Band_ 

Solid State , CLI Circuit, Instrument S , C OR F 
Solid S t a t e ,  CLI Circuit S , AJ)R L  
Sol i d  State S , R Oit N 
Electro Mech . , CLI Circui t ,  Instrument ____ E , C  OR F  

ii:���� �;��: :  _::c.::LI�C�ir:_:c'_"u.'".lt:..:========= : : ::�  
---------------------- v 

No Voice f·1odulation ----�--------- · N 

Determined hy frequency 

30 -70 KHZ 
70 -150 KHZ 
I S 0 - 30 0 K HZ 

1460C89G03 4 B V  
1460C89G04 1 2 5 V  

.!£.ylnq �;odule {NOTE �H') 
l464ClOGOl W

/S
wi

t
�;

h
�, �F

�
u
;,"�'�·�F

S
�

D
�����������

E
,
R O

RF OR L 
G02 W/Switch, Fuses E,C OIII A OR N  
GOJ W/RSD S,ROR,FORL 
G04 NONE OF ABOVE S,C ORAORN 

1'ran!'lmit crystal 
�eceivc crystnl 
�pl.1te ..,!rlp� 

From 408C743 (87 BP-.7 17-722) per. frequency 
From 762ABOO (B78A7l0-715) per freg. + 20KHZ 
Per cata log/Style �:o . 
Per 1465C31 (30-50 KHZ) } 

1465C32 (50 5-SOI<HZ I 
!465C33 (80.5-100 KHZ) 
1336055 (100.5� 149.5 KHZ) PER FREQ. 
1336056 (150- 199 KHZ ) 
1465C34 (199.5- 200KHZ) 
1336057 (201- 250 KHZ) 
1336058 {25!-300 t< H Z )  -

� - CONVERTER PANEL 250 'VOC TO 1 2 5 VOC @) s*t456C69.t.OI 

3 

I I 1\ 
U== ;_ 

4 1'3-14 (SEE FIG. I )  5 7 

� 

11 -" "-' �w ""-J -= 'l 
POS. C 1 POS. E 

" - ��-� , � �� i-----1 POS. H 4 
���If tr 

POS1 L �:�_:r II= :=o � I  

I F  AMPL I FIER DETECTOR KEYING OUTPUT FILTER 

I : I 
I I 
I I 
\ ,' --

n � ,IITi. _DUO..---" -,)f. ' "' -· . � � �  -

c D E F G H J K L 

Assembly in Terms of Catalog Num ber. 

52 

AMPLIFIER 

� · �  
� 

M 

I I 
I I 
I I 
I I 

[m�5M� 

J 
� 

N 

VOICE 
ADAPTEfi 

....r== lJ::;====' 

I I 
0 1 1 @ 

WESTI 

' 

@ 
' 

v 22 
23 Zl 

t= t p CtJVER BACK OF N.?. 
W;rH /:r..?P ( ,.<l,o,v�E 
TO C""""s.u.s .4.s S,wwAI 

Sub 9 
( 1 33504 7) -
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RC 

------.---i*---.�----����-C�O�N�TR�O�L---------+ � OR �O 
C A R R I E R 

TEST 

PHASE B 
GROUND 
CARRIER 
START 

200 - MA 
(12:5V)0R(� 

, RECEIVER OUTPUT 

______ ._ __________ �----���F�U�S E�D�N E�G�--------• ¥ O R T�t0 

6 IN K A 4  R E L AY 

85RS-RESERV'E SIGNAL DETECTOR (WHEN USED) 

Sub. 3 
(862A 83 7) 

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

DB 
9D 

BD \ I \ OVERALL TC RECEIVER RE SPONSE j_ 1 4 5  KHl 
70 

60 \ J 
50 \ 

40 \ I 
30 \ I 
20 \ I \ v 
ID "" / 

142 143 144 14, 146 147 141 1C1tf . 

Sub. 2 
(Curve 5380 1 4) 

Fig. 30. Type TC- 1 0 Overall Selectivity Curve. 

vz : 

30 
08 

2 5 

[1 20 

15 

0 

11 

35 
DB 

30 

20 

20 

' 

� 

I.L. 41 -944.35A 

I 
I 

1/ 
� � � 
\ � � I -Y.. 

....... ./ 
18 19 20 21 22 23 KH!" 

TYPICAL SELECTIVITY 
EACH SECTION 

INSERT ION LOSS 26 DB MAX. 

� 

���---r----_. ____ _.�J : 
L - - - - -\_-K:E��H�:E 

15 

/'� � 10 

FOR BOTH FILTE RS ,  LEADS SHORT 

D B "'  · z o  LOG � 
V2 

TC R E C E I V E R  FILTER L I MITS 
I N P U T  F I LT E R  F O R  200 5 - 300 K H Z  

\ �  � v 
-

...... I/ 
-F"o + 1 2 KHf' 

T YPrcAL SELECTIVITY J0-200tUIZ 

INSERTION LOSS 12-18 DB, 
I N S E R T I O N  LO S S  1 2 - I G  DB, R I S ING WITH FREQUENCY. R I S ING WITH FREQUENCY. 
DOWN 34'-AT ! 0.8- 1 . 1 KHZ, RISING WITH FREQUENCY 

lT 2 KHZ, DOWN 22• !5DB,DROPPING WITH RiliNG FRIQU!Ii!ICY 
Sub. 5 
(629A425) 

Fig. 29. Type TC- 1 0 Receiver Filter Characteristics. 

2� J l  

•• 
J2 

-' 200 MA. 
I 
I ·  

!J.- IN4818-- s-IBBA342HO& 

-" 33 .rt, 3 W} � 
'+' - RESISTOR - �-· 184A636HI9 

rc�1o 
32 

!!' 
3 

TC-10 
ll 
TC 
2 

1 7 0 0 - 2 300 1\. 

� 
T O  

- - - FuSED 
NEG. 

( OR E O U IV. COILS ) 

IN4818 tJ. 

( O R 2 5 /,5 Jl  COILS FOR 
200- MA. AND ZOMA. OUTPU T ) 

Sub. 5 
(862A934) 

Fig. 3 1 .  Type TC- 1 0  Receiver Output For 20 ma Operation. 
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MI N I MU M  F REQU E N C Y  SPACI N G  F O R  

TRA N S M I T,TER S O PERATED I N  

WITHOUT R-F HYBRID 

K H Z  
1 2. - - - - - - - - - -
10 

8 
5 
ll 

- - - - - - - - - --
- - - - - -- - -�� 

I I 
30 50 100 

K H Z 

T W O  10- WATT 

PAR ALLEL 

200 

" 
I 

I 

I 

300 

Sub. 3 
(862A 935) 

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

-/��� WIDE X �  DEEP-4 SLOTS 

0 0 

D 
18. 375 

466.725mm 

19. 000 
482.600mm 

- 5 0  

( 12 5 MV) - 4 6  
CHAN N E L  SPACING 

K H Z 
10 

- 40 8 

- -
._ 

;;; - 30 0 

>- 1 . 5  
,__ > ;:: in 
� 
� 

- 20 

? 
w 0 5  

� 
cr 

- 1 0 0 

( 2 4 5 V )  0 
Z E R O  0 8 = 24 . 5  VOLTS 

+10 

0 ( 24 5V) 

m 
0 

cr 
- 10 w 

,__ 
,__ 

� E "' 
z 

- 20 � 
� 
,__ 
z 

- 30 

- 40 ( 2 4 5  M V )  

Sub. 2 
(862A933) 

Fig. 33. Minimum Channel Spacing for Keyed Carrier 60 pps. 

' 

�d9;:· �22';0;
3

':;5 �BOTH ENOS 
m m  

I ' 
\ . .,../ 

8.718 
221.037mm 

9. 094 
230. 987mm 

438 
� """iTT25m m  

L .813 
20.65Qmm 

t� 
1 1 . 125mm 

Sub. 1 
(1456C70) 

Fig. 34. Outline of External Resistor Unit for 250 Volt Operation. 
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J l  

r
,.., 

INPUT 

2 1 0 V  
T O  

280V 

1 
NEG. 5 '4! 

F 2  

L _ _j SW I 

FRONI V I E W  

CHASSIS �!.l GR� I I 
= I 

I I 
2 1  POS. 

Z l  
Z2 
Z3 
Z4 
Z5 
Z6 
Z7 

! 1  
1 140V 

T 
3 1  NEG. 

L _ _J 

T 

COMPONENT 

R E S I STOR 

R I , R 2  ,R3,R4 

R5,R6,R7,R8 

R9 

ZENER DIODE 

ZI,Z2,Z3,Z4,Z5 
Z6,Z7 

PANEL LIGHT 

P L I  

FUSE 
FI-F2 

�:-NAL BLK 
I 

I.L. 41 -944.35A 

DESCRIPTION STYLE NO 

2 50  fl. 160 w 5% 1 3371 80 

lOO K l W  5% 187A643H75 

20 V ,  S O W  

IN28188 184A854HI9 

261308, 1 1 97 183A825G I I  

I 1/2 AMP f---- --.. I I D9195H26 

ST 22K IDPSTI 880A357HOI 
- - -

5 TERM 837A253H04 

WIRING OWG REF _ _ _ _ _ _ _  I 4 56C68 

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

OR ILL 1/(6 PLA/1 

S I DE V I E W  

Fig. 36. Remote Hooks witch Assembly for Surface Mounting. 

Sub. 1 
( 7758835) 

Sub. 3 
(7188444) 
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t- I ::;) 0 t-::;) u 
I• x c( 

"' ::E 
� 

"' I 1 
... , ... 

f 
-

. 2 1 9  01 A .  ( 4 HOLE S ) 

- -lt 
I 

I 

tt= ... M1N . CUTOUT 

3 �  4 

./JI<ILL/NG PLA# 

8.000 

FRONT VIEW 

Sub. 2 
(7188544) 

Fig. 3 7. Remote Hookswitch Assembly for Panel Mounting. 

K.:.!Q. 
.13 NOT USED 

, - ,  
124 o-+----L!!.{ 121 

o-.,----1-"-( 
I 
1 23 

o-+----1-'<-{ 

122 
o-;-------f-!2.{ ;;';; 

ll�l 
TO ,A.L,t,RM CIRCUIT TO ALA�M C.IRCUI 

TE'L..EPHONE HAND SET 

Sub. 1 
(3528A02) 

0 Fig. 38. Remote Hooks witch Assembly Internal Schematic and 
Interconnection Diagram. 

5 6  

TC. - 10 TO J3 ALARM CIRCUIT � - - - l A I 2� o-Jr-----'t 
'l.___ _ __,_-o-..,. ...... l 2s I 

� ' ·· E s 
I � I � o--�1 ----------------�� I I 

0 I � ! : :�:------------�� c. 

B � A 

L _ _  _j -
� 

Sub. 1 
(3528A04) 

0 Fig. 39. Remote Telephone Jack Assembly and Interconnection 
Diagram. 
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T H I  E F F E C T  O F  S W I N C I N G  H A N D  

S E T  T I A N S M I T T ! Il  A W A Y  F R O M  L I P S 

Relative 
Leve l  

Correct Position 
Fai r ,  1 /4 a• good a• A. 

'·C Poor , 1 /ZO a a  good u A. 

0 db 
- l Z db 

-Z6 db 
Very bad , 1 /80 u good &I A .  - 38 db 

The diagram 1how1 the greatly reduced effi c iency of 
the telephone when the lip• are not in the correct poli­
tion for talking. 

It not only il ve ry annoying to repeat what you are 
1aying , but al•o u r iou1 trouble may re1ult from mi•· 
unde n tanding•.  

Sub. 1 
(880A323) 

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

� F U S E D  POS ITIVE 

0� j_ NO ORMALLY OPEN 

T C O NTACT 
T C - 1 0 ,  9 , 1 0  OR I I  DEPE N D I N G  U P O N  :-=-� <� P O S I T I VE V O LTA G E  OF 125V, 4 8 V  OR 2 0 V  

_/ R ES P E C T I V E LY. U S E  TERM I N AL 9 FOR 250V. 

Lu s E  R • 75 K  F O R  zsov ONLY 

F U S E D  NEGAT I V E  

FUSED POS I T I V E  

l OO K  F O R  250Vo 
50 K FOR 125V A 
1 5 K  F O R  48V 

T C-10 
I I  

o>---1.,.1>1---<:'111 
0 NORMALLY C LO S E D  

F U S E D  N E G AT I V E  

A '  NOT I N  TC-10 S E T  

(/:J' CONTI NUOUS T ELEMETE R I N G  M UST B E  I N T ERRUPTED 

( C A R R I E R  O F F )  TO USE VOI C E  C O M M UN I C AT I O N 

Sub. 2 
(3526A86) 

OFig. 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). 

<D 
0 

... 
� => 0 
0 0 
=> 10 < 
w > 5 � 
n: p 

L 
/ 

I 
I 

� � 
§? 20 

I 
I 

0 
0 15 
Ol 

i: 10 
0 ,_ 
< 5 

I a. 
,_ 0 -�� 

10 20 30 

LEVEL 

l I 

: : 
l l 
l l 
: l 
l H 
l t 

I.L. 41 -944.35A 

NOMINAL RECEIVER 
OPERATING POINT 25 WAiT SETTING 

'� 
\ 

l_l/ R 
SEN 

ECEIVER 
SITIVITY 
ETTING s lO W  iA."TT SEITING 

(B) (A) 
40 50 

RELATIVE RF INPUT LEVEL !OBI 

Sub. 2 
(880A 6 1 6) 

0 Fig. 4 1 . Voice Receiver Automatic Volume Control Response. 

HZ/ HZM - TC/TC-10 

STOP 

(8000 .Jl. • 2.50 v. )  

CARRIER CONTROL 

TO 'TERM 0 OR TC-10 CARR &TOP (48V. 6) {TERM 13) 

6. - FOR TC·\0 WITH 250 V. BATTERY, USE 48 V. CARRIER STOP C\RC.UIT SiNCE VOLTAGE WILL BE ABOUT 70 V. AT THIS POINT WHEN CSP OR CSG 
OPERATES -

Sub. 1 
(3528A03) 

0 Fig. 43. Interconnection Diagram for HZIHZM and TC- 1 0. 
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CARRIER 
START 
RELAY 

+_4_!5_V __ _,i!
2 .. 8 ________ F_U_SE_D_P_O_S_IT_I_V_E ___________ ---l� TC-10 -6-

RC 

----f:;;.-....... �----......---T-R_A_N_SM
..-

IT_T_E_R_C_ON_T_ROL 
_________ .... TC·IO 

9 0R 10 
( 12 !5V) OR (48V) 

CARRI E R  
TEST 

CARRIER 
STOP 
PH . 8 GND 

200 - M A 
RECEIVER OUTPUT 

FUSED NEG. 

l:!.• I N  TC-10 HARNESS 1 33 !5 D 24 GOI THRU G20. 
D• JUMPER ADD E D  BY USER TO TC - 1 0  HARN ESS i! BLOCK. 
� ON TC - 1 0  KEY I NG BOARD. 

N OTE: i! BLOCK TE R M INALS ON T C - 1 0  HARNESS ARE CON N ECTED . 

( i!9 OR i! IO )  

TC- 1 0  
3 1  

( i!! 3 1 ) 

TC-10 
7 

( i! 7) 

TO CORRESPON D I N G  J3 T E R M I N A L  NUM B E R S  ON TC - 1 0  CH A S S IS. 

0 Fig. 44. Elementary Carrier Control Circuit using Normally Closed Carrier Start 
Contacts and Normally Open Carrier Stop Contacts. 

l:!. 0 
i!28 J3-28 

Sub. 1 
(3529ABB) 

.-----��>-------

l:!. l:!. 0 () 
l!27 Zl l J3· 1 1  Z 3  

1---��� 
0 

'------� >-------")>>-­
NEG. 

l:!. 0 
i!IO J3·10 

J3-"3 

() 
R3 

6�v t::. 0 
12!5V l4 J3-4 

CARRI;osl )-)---�')>--
START L RELAY 

t::. 0 S>>----...::1»--
�10 OR l9 J3-IO OR 

4: t::. 0 
125V Z4 J3-4 

POS. �>------7>--
CARRIERl 
RELAY t::. O 

J3-9 

CARRIER 

b. 0 
liO J3-IO r�>--

STOP T A 
.----�>�>---------._� 

CARRIER l_ 
STOP 

T 
OR 

'-----'ll>�>--
ll3 OR ll2 J 3 - 1 3  OR 

J 3 · 1 2  

RELAY

-

� O 

NEG. z 3?---------t?;--
STOP T l:!. 0 RELAY '----�>�>-----

NEB l!3 J3-3 

()=ON TC- 1 0  KEYING M O D U LE . 

.6.• PART OF STANDARD HARNESS FOR TC - 1 0 .  

O •TERMINAL CONNECTOR ON R E A R  O F  T C - 10 C H A S S I S . 

l:!.=PART OF STANDARD HARNESS FOR TC - 1 0 .  

0 = TE R M I NAL CONNECTOR ON REAR OF T C - 10 CHAS S IS . 

(> •JUM PE R  A D D E D  BY USER. NOT PART OF H AR N ES S . 

Sub. 1 
(3529A84) 

0 Fig. 45. Connections using Normally Closed Contacts tor Carrier 
Start and Normally Open Contacts for Carrier Stop. 

58 

Sub. 1 
(3529A85) 

0 Fig. 46. Connections using Normally Open Contacts for Both 
Carrier Start and Carrier Stop. 
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� � 
0 1  
02 
03 
04 
05 
OG 

H�+K�Nc;:;IFCi
,
;'-i

·
�w. � DESCO::__��;�e'���;� -

'" REf 
I ·�; �,_ I -'1 . 'I 'liT' 'I -� -, I l_I_T- r 

1ERM. BLK 805432 -
-

� - 2566'165- 33 3 3 '3!-_3'3'.3 3 3'3313 13 1-_3 co ill i 3 -13+-+-I-+��Mc.KR�'.�sTR'=. I TO 12 �2B483 HOJ -� - - -
I I I I I I I I I I I I I I I I J:I J--;'1-F,-1 f-f-+--1 

J ! 1310 24 · j_ H02 . ---� - 'fCj I I I I I I I I .I I I I I I I I I I 
T T 25103� f H03 

·-
I I I I I I I I I I I I I I I I I I I I 

SGREW_'-- .l'l0·32X.25 FiUlD�7A510 HOZ _ __ 51L. 46AQ03 6 G G ro rr,-rr,-c-G- 6 6 � G 'f, t-6rt 6 G 6 ·6t6+6o+-+-H 
l-+�+'5C�R--E�W ' - .i�=32X.ZSBI"ISJW80H02c-- · - - 'Bi!S M  30 2') 30 ?.� lO Z'J130z.J'3ozHJ 'I'l 30 2') 30 Z'J 30 Z9 30 79 f-01 

08 
09 
10 
I I  
I �  
1 3  
i 4  

WI>.SH- LOGK .190 5TL 163"-917 H� _ _ _ _  6 6 6 6 10 6 6 6 10 6 (, 10 6 10 G G G 6 6 6 
TERM- KDW. j541 Of% (,01 - -- - t--- 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
1ERMIN,._L 184AI5f H03 - 31 2'l 31 ;i<J'3i� 3 1  29 3 1  29 31 29 31 1'l 31 29 31 '1.9 ol 2� 

I - L HIO 5 I 5 I 5 I 5 I 5 I 5 I .5 I 5 I 5 I 5 I 

CONN'. •c.v = 3' PIN 35�1 L•al -�� - -----+--+-�---jf-� --- - ·j-1;+,1+.-1-f-:-1 j-1:+;1+.-1 -f-:-1 HI �1+.1-f-:-1 +CI:+.I+,-I .r,-1 f-lc!-;l+,'l.r,-1 H-+-f 
,....,_, , "'"' � - -r-- - t--'-- ·--

I I I I I I I I I I I I I I I I I I I I I-
15 

CONNECTOR, - 24-20 �A.- 3508�3 H03 9 2') 29 2'l 'I'J 'I'J 2'? 'I'J Z� 2') 2') rJ 2� Z'J 2') 2') 29 29 2� 2 
H..-lccU"-N"'IR""I N"G--'i--t--=�---f.I';;:8700A.'=:77::':5±H02�r--+-+---t··-- · I I I I t- .I I I I I I 

16 
17 

PLUE, UHF 187A��g _ ¢ - ·--- I I I I I I I I I I I I I I I I I I I 

18 
19  

C/>..BLE L(',H 2.088 c-zo) E.Z I I IFG 30X * I I I I I I I I I I l+'lfo-H-.tot--:+:+. -t-ct-rl--J lt-t-7-+--+---l-+--t-cz.�7_8_4_�<�"�20�)-t=�C:.-' II I I FC .30X --
I - ---_-:__---t-:+:+.+.·1--:-t;-t �" (&14) b2111LA 35F _ _ +-+-H-'+++'-+-'-H-'+++-+-'--1-'+-+++-H--+-1--1 

I I I I I I I I 
I I I I I I 1 11 'I t  I I I I I I I I I I 

20 
Z l  
22 
2.3 
2'4 

10 e, (CoM) 62522AB 3011 t- .:::_____ _ 
I Z O  l l l 
144 ' ' ..! 

� I !- I I I I 
I I 

I I 
I I I I I ! I I I I 

/3FT /4FT / 5FT /6FT /en / 
A -TC- 10 X/R 
B -TC-10 X / R  

TC- 10  XMTRj RCVR  
WITH COAX CABLE � KNIFE SW. 
W I T HOUT COAX CABLE � KNIFE SW. 

* - CUT TO SUI T  AT ASSY . 
6 -RUBBER STAMP =!' ON TERM BLOCK WITH SILVER INK 

s* 35106AB004 PER DWG 54 1 0 1 96 FIG. I 4  ( s"  PER S O )  
¢ - SE C U R E  TO HAR N E S S  F O R  S H I P M E N T  W H E N  COAX. IS N O T  USED. 

REf 

TC- 10 X MT R / RC V R  

3 R  
FRONT VIEW 

HARNESS LENGTH 

FI G. "'I 
HARNESS F O R  CUSTOMER 

BOTTOM ENTRANCE 

GND STUD (REF) 

TC- 10 XM T R/RC VR PLUG P 3  
(TERM A S  V I EWED WITH 
PLUG INSERTED I N TO J 3  

REC EPTACLE.) 

REI 

WIRE LEGEND 
SYM DESCR I PT I ON 

NO�i_ CABLE - 621 1 1  FC3QX tcAAl -- I - 621 1 I LA35f 
� ' - 62522AB30 

I N T L .  SCH EMA' 

61 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Jl 

I @ IBNC 

F I G "' 2 

· - '�- I Z" FOR L OO P  . ln -- - . r-- -1 A L LOW A PPROX 
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HARNESS 
L E NGTH 

I.L. 41 -944.35A 

HARNESS FOR C U STOM E R  

TC-10 
I - l l  19 

2 20 

TOP ENTRAN C E  

3 - 2 3  4 - Z4 2 1  - 2 2 1  

5 
22 - l22 

6 - 26 
23 - Z23 

7 - n 24 - Z24 

8 
25 - t:Z5 

9 - l9 
26 - l26 
27 

10 - Z IO 2d - Z28 
II - Z I I 29 
12 - ZI 2  30 - l30 
13 - 21 3  3 1  - Z 3 1  
14 - 214 32 - Z32 
15 - ZI 5  

J 2  16 - ZIG 
3

3 
-

l
33 

U H F 1 7  - 2 1 7  3 4 - 2 3 4 

18 - 2 1 8 35 - 2'35 
36 - 236 

:� J� U S E L  ONLY W H E N  
S E PA RAT E XMTR/R 
O U T P U T S  A R E  R E��R 

� 
'\.G R D . STUD  

6 FT 

lED--\ 
/ ( W H E N  K N I F E  SW 

, --+ - G R D . S T U D  I S  N O T  SUPP L I E D) 
COAX. T O  
L I N E TU N E R  � } oc SUP PLY 

F U S E D + } 
FUSED  - O P T I O N A L  

C A R R I E R  START 
(CA R R I E R  CONT ROL 

K D A R SY S T E M S ) 

48 V C A R R I E R  STOP 

2 0/ I S V j } RE M OT E R S D PB. 

+ }OS C I L L O G R  
_ C A R R I E R O N

A rNHD I�UT PU T 

( I V 5 0 0 M A )  
AT I O N  

F O R  

" C V R  PAN E L  { R.V. )  , R  V I EW OF TC- 10 Xt.nnjR 

'; I C  _ _ _ _ _ _  1 3 3 5 0 2 0  

� POS. 45 VOC 

�� COLLE CTOR OUTPUT 
0 MA R C V R. O U T P U T  

2 0  M A  R C V R. OUT P U T  :;:} C A R R I E R  L E V E L  I N D  ( 
20 V O U T  B 

· OPT IO NA L) 
2 0 V  O U T A 

TERMI NAL BLKS.- R I G HT S I DE 
Sub. 4 

0 Fig . 49. Standard Harness for TC-1  o. 

W E S T I N G H O U S E 

RELAY -INSTRUM E NT DIV ISI O N 

( 1 335024) 

C O R P O R A T I O N 
CORAL SP R\NGS , f L. 
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Westinghouse I . L .  4 1-944.34B 

INSTALLATION • OPERATION • MAINTENANCE 

I NSTR U CT IONS 
TYPE TC POWER LI N E  CARRI E R  

TRANSMITTER - NARROW BAND RECEIVER 
30 to 300 kHz - 1 0 Watts - for 48, 1 25, 250 V.D.C. with Optiona l 

Voice Communication 
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TY P E  TC POW E R  L I N E C A R R I E R  - NAR ROW BAND 

4 

Rel ayi ng Control Ci rcu i ts 

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 fus ed positive 
through resistor Rc and the diode D 1 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 volt s ,  limited by a Zener 
diode in the transmitter proper. The reception of 
carrier from either the local or remote tran s mitter 
normally causes  a saturated current of  about 200 
rna. 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
tac t  connect s the t ransmitter control circuit back to 
fused negative , thus stopping any carrier transmis­
sion regardless o f  how it was started . 

If a relaying carrier channel is also used for an 
auxiliary function such as telemetering or super­
visory control , the k eying 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 condi­
tion ) .  An auxiliary r elay in the receiver output , 
usually in place of the alarm relay ,  energizes the 
telemetering or supervisory control e Quipment 
through contacts on the auxiliary relay. 

Carrier  Control For Other Fun cti on s 

If a type TC s et is keyed on-off for telemetering 
or supervisory control only (no protective relaying. ) 
one of the circuits show in Figure 1 6  can be used.  
Arrangements are shown for either a normally­
closed or  normally-open carrier-start contact .  In the 
former cas e ,  a diode is required to allow u sing the 
Voice adapter for push-to-talk voice communication 
betwe en 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 rna. or 20 rna. operation as shown in Figure 1 1 . 
The 200-ma. output i s  preferable (if  a choice i s  
available) because o f  a slightly better time constaht 
in the 200 rna. receiver output circui t .  In some cas e s ,  
both the 200-ma. and 20-ma. outputs may b e  used 

together.  For e x ample , 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 rel ay used with 
supervisory control equipment . The connections 
shown in Fig. 1 1  would qe used for this cas e ,  with 
the receiver relay holding coil (RRH) in plac e of the 
33-ohm resis tor  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 .  

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

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

Transmitter output 10 watts into 50 to 70 ohm 
resistive load 

Harmonics 55  db below 10 w atts 

R eceiver 40 mv.  input for 180 rna. mini-
sensitivity mum output current 

Receiver 500 Hz b andwidth (3  db down) ; 
selectivity 3 k Hz wide at 65 db down 

Transmitter-receiver 
Channel rating 50 db 

Input Volt age 4 8 ,  125 ,  or 250 v. d-e 

Supply voltage 
variation 4 2-56V , 1 05 - 1 40 V ,  2 1 0-280V 

Battery Drain : 
48 V . D . C .  

1 25 V . D . C .  

0 . 5  amp standby , 1 . 35 amp 
transmitting 

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 chas sis 
Frequency Spac ing 

The minimum recommended frequency spacing 
betwe e n  two Type TC c arrier sets operated in para­
llel without hybird units is shown on the curve of 
Fig. 1 2 .  For example ,  at 100 kHz, the minimum 
spacing is 8 kHz. Closer spacing would result in 
the generation of intermodul at ion products caus ed 
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 
k eyed on-off at a r ate of 60 pulses per second can 
be determined from the nomograph of Fig. 1 3 . Using 
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TY P E  TC POW E R  L I N E  C A R R I E R  - NAR ROW B A N D  

the e x ample shown by the dashed line , consider a 
type TC set used on a channel with a normal atten­
uation of 1 5  decibels.  The TC receiver would be 
set to give a m argin of 1 5  db below the normal 
received signal, or for a sensitivity of -30 db  
(relat ive to  a 24 . 5 volt , 10-watt signal). The inter­
fering signal is as sumed to be a 10-watt tran smitter 
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 s en sitivity scale and 
the zero-de point on the interfering transmitter scale .  
The resulting l ine  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 . 1 2 ,  an r-f hybrid may 
be needed betwe en the TC set  and the other trans­
mitter ,  depending on the actual application . )  

For protective re laying applications to 3-termin al 
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. All 
receivers operate at the channel center frequency 
( fc). 

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

The type TC transmitter-receiver is generally 
supplied in a cabine t 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 chassic must not exceed 60°C.  

A D J U S T M E N T S  

Tran smi tter 

There are two adjustable controls on the trans­
mitter printed-circuit board :  ( 1 )  the power output 
control R 1 1 2 ,  and ( 2) base bias control R 1 4 2  for 
transistors Q 1 04 and Q105.  The control R 1 4 2  i s  
factory adjusted for a quiescent ( no-sign al) current 
of 0. 2 ± 0 . 05 rna. d.c. at terminal 2 of transformer 
T 103 .  This applies a small amount of forward base 
bias to transistors Q104 and Q1 05 to minimize 
cross-over distortion.  A thermistor ( R 14 1 )  is includ­
ed for temperature compensation.  This control (R 14 2) 
need not be changed except as described in the 
MAINTENANCE section. 

I .L. 41 ·944.348 

The other adjustment on the transmitter is the 
power output control R1 12  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 i s  not 
known , assume 60 ohms .  Connect the T106  output 
lead to the corresponding tap .  Connect an a-c vac­
uum tube voltmeter (VTVM) across the load resistor . 
Turn the transmitter power output control R 1 1 2  to 
minimum (full counterclockwise).  

Now turn on the power switch on the panel an d 
not e the d-e voltage ac ross the two pin j ack s T P 1  
and T P 2 .  I f thi s i s  i n  the range of approximately 42  
to  46  volts , throw the carrier-test switch SW 101  on  
the  pan el to the ON position.  Slowly advance the  
output control R 1 1 2 on the transmitter printed 
ci rcuit board until about 10 volts is obtained across 
the output load resistor. At this point ,  check the 
adj ustment of the series output tuning coil L105 by 
loosening the k nurled shaft-locking nut and moving 
t he adj ustable core in and out a small amount from 
its initial position. Leave it at the point of m aximum 
voltage across the load resistor. 

Now continue to ad vance the output control R 1 1 2  
until the output voltage tabulated i n  the following 
table is obtained across the load resistor. Recheck 
the setting of L 105 to be sure it is  at its  maximum 
point for 10 watts output . Tighten the locking n ut .  

Note:  For 200-300kHz set s ,  inductor L105 i s  a pot 
core and the foregoing adjustment check is 
generally unn ecessary since there is little 
chance of its setting being disturbed. How­
ever ,  if de sired , the pot core setting can be 
checked using a screwdriver to vary the 
setting of the adj ustable core . There is no 
locking devic e as the adjustable core i s  
held in place b y  frictio n .  

Turn off the carrier test switch SW 1 0 1 , remove 
the load resistor , and reconnect the coaxial cable 
circuit to the transmitter .  

T 1 06 

50 

60 
70 

Voltag e  for 10  Watts Output 

2 2 . 4  

2 4 . 5  

27 .0  
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TY P E  TC POW E R  L I N E  CAR R I E R - NAR ROW BAN D 

Tran smitter F i l ter 

Normally, the output filter (FL 1 0 2) will require 
no readjustment exce pt as noted under Adjustments­
Transmitter ,  as it i s  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 
L 10 5 .  This may be necessary with some types of 
line coupling equipment. The adjustable cores of 
L102  and L 1 03 have been set  for maximum harmonic 
rejection at the factory, and no change should b e  
made i n  these settings unless suitable instrument s  
are available for measuring the second and third 
harmonic present in the transmitter output. 

Follow the procedure outlined in the line tuner 
inst ructions for its adjustment . 

Recei ver 

The receiver board has two controls ;  the i .f .  
input control R239 which is factory-set to give a 
sensi tivity of 40 mv. for 180 rna. output , and the 
loc al oscillator output control R 2 1 2 .  The oscillator 
output is preset at the fact ory of 0.5 volt. This 
setting can be checked by connecting an a-c VTVM 
betwe en receiver test points TP202 and TP206 
( shield lead of VTVM) . The voltmeter reading with 
the e quipment energized ,  but not transmitting , 
should be 0 . 5  volt rms . Note Fig .  5 for location 
of c omponen'ts on the receiver printed board.  

6 

The othe r 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 reasonab le 
variat ions in receiver input signal level without 
affecting the output blocking current. This adj ust­
ment c an be made in two w ays , 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 volt age across the coaxial 
cable at the receiving terminal . This signal 
should preferably be measured with a tuned volt­
meter such as the Sierra carrier-frequency volt­
meter .  If a simple VTVM is used,  have the 
remote transmitter tuned on and off several 
t imes to be sure the VTVM reading is actually 
the remote signal. N ote the reading .  Now dis­
connect the coaxial cable , and feed a signal into 

the carrier assembly at the coaxial terminals from 
a separate signal generat or .  Set the s ignal gen­
erator to the received frequency at a level 15 db 
below the previously measured incoming signal. 
With a 0-250 rna. ( minimum) d-e milliam meter 
plugged into J 203 , adjust the receive r gain con­
trol unit an output current of about 100  rna, is 
obtained. As this point is  on the steep portion 
of the rece iver output-input curve , it may be dif­
ficult to set the gain control for exactly 100 rna. 
This is not nec e ssary , however ,  as the signal i s  
not normally at this value . This is the operating 
setting of the receiver gain control. Returh 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 m ay b e  
used a s  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 received 
signal level. Then adj ust the receiver g ain 
control to give 1 00 rna. output as before . When 
this adjustment has been mad e ,  reset the local 
transmitter to its normeJ 1 0-watt output level. 

In applications whe re the line attenuation is 
low and a strong signal is  rece"ived , the adj ustment 
of the rec eiver gain control R207 becomes critical. 
For such applications , the set ting 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 c ontrol as the knob i s  
rotated , making i t  easier t o  obt ain the 1 5 -db margin 
set ting .  For s uch a strong-signal condition , it is 
recomme nded that with R207 at maximum, the i-f 
gain control R239 b e  adj usted to give 1 00 rna. 
receiver output current for an input r-f voltage __@ 
db below the normal received signal level .  Then 
the front panel control R207 is set for the normal 
1 5 -db margin as previously d escribed.  

M A I N T E N A N C E  

Periodic checks of the rece ived carrier signal 
will indicate impending failure so that the equipment 
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T Y P E  TC P O W E R  L I N E  CAR R I E R - N A R R OW B A N D  

can be taken out o f  service for correction .  At regular 
mai ntenance intervals , any accumulated dust should 
be removed, particularly from the heat sinks .  It is 
also de sirable to check the transmitter  power output 
and receiver sensitivity at such time s ,  making any 
nec es sary readj ustments to return the equipment to 
its initial settings . 

Voltage values should be recorded after  adj ust­
ment in order to e stablish referenc e values which 
will be useful when checking the apparatus . The 
r eadings will remain fairly constant over an inde­
finite period unless a fai lure occur s .  However ,  if 
transistors are changed , there may be co nsiderable 
difference in thes e  readings without the overall 
performance being affected.  

Typical volt age 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%. 

Adj u stment of Rl 42 on Tran smitter Board 

The small adjustable resistor (pot . )  R l 4 2  set s 
the forward base bias on transmitter tran sistors 
Q104 and Ql05 to the proper point for class-B 
operation. This is a factory adj ustment and need 
not be changed unless transi stors Ql04 or Q 1 05 
( or both) are r eplaced . Howe ver ,  if thes e  tran­
sistors are changed ,  or if the R l 42 setting is dis­
turbed in error, the following adjustment procedure 
should be followed to reset R l 4 2 :  

First remove d-e power from the TC carrier set 
ass embly . Unsolder the lead from t erminal 2 of 
transformer.  T l03 (j ust above F L l O l )  and tem­
porarily connect a low-range d-e milliammete r  
(0- 1 . 0  o r  s o )  betwee n the r emoved lead ( +) and 
T103 t erminal 2 (-).  Turn the slotted control on the 
small pot ( R l 4 2 )  to full counterclockwis e .  Now,  
apply power to the TC carrier set , but do not trans­
mit carrier .  Advance the pot until the d-e milliam­
meter r eads 0 . 2  rnA d . c .  ± 0.05 rnA. Tur n  off the 
power , remove the milliammet er ,  and s older the le ad 
back on terminal 2 of T l 03 .  Again apply d-e powe r  
and proceed with the transmitter adjustment a s  
described in the ADJUSTMENTS s ection . 
Repl acement of Ql07-Ql08 

The two tran sistors Q107 and Q 1 08 in the tran s­
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  replac e d  
with a new matched pair .  This is n ecessary to 

I .L .  41 -944.348 

keep the second harmonic of the tran smitter output 
at an acceptab ly low value .  The pair of  transistors 
should be ordered as "2 of style 1 87A6 7 3 H l 6  

t rans istors . ' '  
0 N ote : Only P o w e r  A m p l i f i e r  module sty le s  

774B88 1 G 0 1  thru G05 and 7 74B54 1 G 0 1  thru 
G05 use type 2 N 3 7 92 transistors . When order­
ing replac ement trans istor s ,  be sure to check 
module style . Other style power amplifier 
modules can be modified by changing diodes 
Dl04 thru Dl06 to type 1 N4818 Diodes. Order 
these as four of style 1 88A342H06. 

CHANGE OF OPERATI N G  FREQU ENCY 

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

Tran sm itter 

1 .  Oscillator Crystal ( Y l O l ) , specify fre quency 
NOTE:  Modify A-B-C j umpers on  transmitte r  
board i f  required for n e w  fre quency . See table 
marked " :t:" under  i nt ern al schematic ( Fig . 7 ) .  

2 .  R l3 6  Jumper 
For operation in 30-5 0kHz range,  clip off R 1 3 6  
a s  indicated i n  Fig . 3 .  

3 .  Capacitors C l 1 1  & C 1 13 (on Power Amp .  board ) 
a. 3 9 -50 kHz - 0 .47  mfd .  S# 188A293H0 1 
b .  50 . 5-75 kHz - 0. 2 2  mfd. S#1 88A293H02 
c .  7 5 . 5- 100 kHz - 0 . 15 mfd . S# l 88A293H03 
d . 1 00 . 5- 1 50 kHz - 0. 10 mfd . S#1 88A293H04 
e. 150 . 5-300 kHz - 0 . 047  mfd . - S# l 88A293H05 

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 : 

Transmit ter module mounting plate 
S#69 1 B6 1 0 H0 1  and as sociated hardwar e .  

This is necessary t o  raise the transmitter  
print ed circuit b oard ( m odul e) away from the 
main panel as the 200. 5-300kHz receiver input 
filter FL20 1 mounts underneath it . Se e Fig . 2 .  

5 .  Zene r  Diode Z 1 04 
For the 200. 5-300kHz range , a type 1 N 2999B 
zener  diode Z 1 04 i s  mounted on the Q 1 08 heat 
sink adjacent to the protective dio d e  Z 103 . 
Remove the lead from the Q 1 08 heat sink ( se e  
Fig . 2 for location) and connect i t  to  the in­
sulated terminal of zener diode Z 10 4 .  
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T Y P E  TC POW E R  L I N E  CA R R I E R - N A R R O W  BAN D 

6 .  F L 1 0 1  and FL 102 
Filter FL 1 0 1  is  a small series-resonant tuned 
circuit between the driver and power amplifier 
stages of the transmitter .  It has just two ter­
minals . Filter  F L 1 02 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 , uns older the thre e lead s ,  remove the nuts 
from the mount ing post s ,  and lift the filter 
assembly from the post s .  T he new filter can now 
be installed.  
Inductors L 1 0 1 ,  L 1 0 2 ,  and L 1 03 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 k Hz to 300  
kHz . The  widths of the fre quency groups vary from 
1 .  5 kHz at the low end of the channel frequ ency 
range to 13 kHz at the upper end . A particular as­
sembly can be adj usted over a somewhat wider range 
t han the width of its  assigned group since some 
overl ap is necessary to allow for component toler­
ances .  The nominal kHz adjustment ranges of the 
groups are :  

3 0 . 0-3 1 . 5 7 2 . 5- 76 .0  160 . 0- 1 6 9 . 5  
3 2 . 0-33 . 5  76. 5- 80 .0  170 .0-180 .0  
34 . 0-36 . 0  8 0 . 5- 84 . 5  1 80 . 5- 1 9 1 . 5  
36 . 5-38 . 5  8 5 . 0- 8 9 . 0  1 9 2 . 0-200 . 0  
3 9 . 0-4 1 . 0  8 9 . 5- 94 . 5  200 . 1-207 . 0  
4 1 . 5-44 . 0  9 5 . 0 - 10 0 . 0  207 . 1 - 2 1 4 . 0  
4 4 . 5-4 7 . 0  100 . 5- 1 0 6 . 0  21 4 . 1 -222 .0  
4 7 . 5-50 . 0  1 0 6 . 5- 1 1 2 . 5  2 2 2 . 1 -230.0  
50 . 5-53 . 5  1 1 3 .  0- 1 19 .  5 230. 1 -240 . 0  
5 4 . 0-57 . 0  1 20 . 0-1 2 7 . 0  240. 1 -250 .0  
57 .5-60. 5 1 27 . 5 - 1 3 5 . 0  250 . 1-262 .0  
6 1 . 0-64 . 0  1 3 5 . 5- 1 43 . 0  262 . 1-274 . 0  
64 . 5-68 . 0  145 . 5-1 5 1 .0 274 . 1 -287 .0  
68 .5-7 2 . 0  1 5 1 . 5- 1 59 . 5  2 8 7 . 1 -300 .0  

I f  the new frequency l ies  within the same fre­
quency group as the original frequency, the filters 
c an be readjusted.  If the fre quencies are in different 
groups ,  it is possible t hat changes only in the fixed 
capacitors may be required .  In general ,  however,  it 
is desirable to order complete filte r  assemblies ad­
j usted at the factory for the specified frequency. 

A signal generator ,  a frequency counter ,  and a 
vacuum-tube voltmeter are required for readj ustment 
of FL 1 0 1 . The signal generator and the counter 
should be connected across terminal s 4 and 5 of 

8 

transformer T 1 03 an d the voltmeter across terminal s 
1 and 2 of transformer T 1 04 .  The signal generator 
should be set at the channel center frequency and 
at 2 at 3 volts output . The core scre w of the small 
inductor should be tuned to the position that give s 
a true maximum reading on the VTVM . Turning the 
s crew to either side of this position should def­
initely reduce the reading . The change in inductance 
with core position is less at either end of the travel  
than when near the  center and consequently the ef­
fect of core screw rotation on the VTVM reading 
will be less when the resonant inductance occurs 
near the end of core travel.  

The procedure for readju stment of the 2nd and 
3rd harmonic traps of filter FL 102 is somewhat 
simila, . A signal generator and a counter should be 
connected to terminals 3 and 4 of transformer T 1 05 
and a 500-ohm resistor and a VTVM to the te rminals 
of protec tive gap G 1 0 1 .  The ground or shield lead 
of all instruments should be connected to the 
grounded terminal of the transformer .  Set the signal 
generator at exactly twic e the channel center fre­
quency and at 5 to 10 volts output. Turn the core 
screw of the large inductor , L 1 0 2 ,  to the position 
t hat gives a definite minimum reading on  the VTVM. 
Similarly , with the signal generator set at exactly 
three times the channel center frequency and 5 to 
1 0  volt s output ,  set the core screw of the s mall 
i nductor,  L 1 0 3 ,  to the position that gives a definite 
minimum reading on the VTVM. Then remove the 
instruments and the 5 00 -ohm resistor. 

If the change in frequency i s  enough to require a 
different filte r ,  it will come factory adjusted as 
described in the for egoing 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 T 1 06 is used)  connected to i ts  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 sourc e 
of double and triple the channel frequency. Connect 
the frequency-sensitive voltmeter from T P 1 0 9  to 
ground and adjust t he transmitter for rated output 
into the selected load resistor . Set the voltmeter at 
twice the channel fre quency and , using its tuning 
dial and db range switch,  obtain a m ax imum on-scale 
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T Y P E  TC POW E R  L I N E  C A R R I E R - N A R ROW BAN D 

reading of the second harmonic. Then vary the core 
position of L 102 until a minimum voltmeter  reading 
is obtained .  Similarly , tune the voltmeter to the 
third harmonic and adjust 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 fre quency 
voltage present at the tuned voltmeter input termin­
als .  This condition will overload the input circuit 
of some commercial instruments.  However ,  the pro-

TABLE I 
Receiver D.C.  Measurements 

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

TEST STANDB Y WITH 40 MY 
POINT (No Signal) INPUT 

TP20 1 35-38  35 -38 
TP202 0 0 
TP203 1 1 - 1 2  1 1 - 1 2  
TP204 < 0 . 5 2- 3 
TP205 1 8 -2 2  1 8-22 

TR AN- E *  B* C* E* B *  C* 
SIS TOR 

Q20 1 3 6 . 5  3 7  4 2 . 0  3 6 . 5  36  4 2 . 0  
Q202 3 6 . 5  37 . 5  4 3 . 0  3 6 . 0  3 5 . 5  4 3 . 0  
Q203 <0. 5 0 18 .0 <0 . 5  0 1 8 . 0  
Q204 2 . 1 2 .75  1 8 . 0  2 .7  2 . 9  1 8 . 0  
Q205 2 . 2  2 . 8  1 8 . 0  2 . 5  2 . 7  18 .0  
Q206 2 . 2  2 . 8  1 1 .0  2 .6  2 .8  1 1 . 5  
Q207 <0. 5  <0 . 5  2 2 . 0  2 .0 2 . 2  5 . 0  
Q208 <0 . 5  <0 . 5  44 . 0  1 1 . 7  2 .0  2 . 0  

* E - Emitter ,  B - Base , C - Collector 
All voltages read with d-e vacuum-tube volt meter .  
<0 . 5  means " less than 0 . 5V . "  

I .L. 41 ·944.348 

cedure is satisfactory for adjusting the traps for 
maximum harmonic rejection. 

If ac curate measurement of the harmonic levels 
is desired, the frequency-selective voltmeter is 
connecte d ,  through a rejection filte r ,  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 insertion losses of 
this filter at the second and third harmonic s must 
be measured and taken into account. 

TABLE I I  
Recei ver 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 char acteristics , the follow­
ing value s will vary appreciably. 

T EST POINT TYP ICAL A-C VOLTAG E 

FL2 0 1 -IN to Gnd. 0 . 0 2 0  

FL20 1 -0UT to Gnd. 0 . 02 7  

Q203 - E t o  TP206 0 . 047 

Q203 - C to TP206 1 . 6 5 0  

Q204 - B to TP206 0 . 0 1 2  

Q204 - C t o  TP206 0 . 2 00 

Q205 - B to TP206 0 . 007 

Q205 - C to TP206 0 . 3 8 0  

Q.206 - B t o  TP206 0 . 1 1 0 

Q206 - C to TP206 2 . 3 5 0  

TP202 t o  TP206 0 . 5 0 0  

All voltages read with a-c vacuum-tube voltmete r .  
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TABLE I l l  

Tran smitter D-C Measurements 

Not e :  All voltages are positive with respect to Neg . 
DC . (TP 104 ). All voltages read with d-e VTVM. 

T E ST POINT CARR I E R  O F F CAR RI E R  ON 

TP 1 0 1  8 . 5  volts d .c  8 . 5  volts d . c .  
TP 1 0 2  <0. 5  20 
T P 1 03 <0 . 5  19 . 5  
TP 1 05 <0 . 5  9 
TP 106 44 24 
TP 1 07 44 24 
TP 1 08 45 44 
TP l lO 0 . 6 0 0.75 0 
TP 1 1 1  0 . 6  0 0.75 0 
TP1 1 2  0 <0 . 5  
TP 1 13 45 44 
J 1 0 1  5 rna. m ax .  0. 6 amp .  

(Front Panel) 

TRAN- E B c E B c SIS TOR 

Q 1 0 1  7 . 8  7 . 9  2 .0  7 .8  7 . 8  1 . 8  
Q102  8 . 1 8 . 7  1 . 0  8 . 1 8 . 7  1 . 0  
Q 1 03 < 0. 5  < 0 . 5  < 0 .5  20 .0  20 . 0  9 . 0  
Q104 < 0 . 1  0 . 6  4 5  < 0 . 5  0 . 75 44 
Q105  < 0 . 1  0 . 6  4 5  < 0 . 5  0 .75  44 
Q106 0 < 0. 5  4 4 . 5  0 0 .8  1 . 2  
Q 1 07 44 . 3  44 . 2  0 24  24  0 
Q108 45 .0  44 . 7  44 .5  44 . 2  44 .0  24 . 2  

Receiver 

1 .  Receiver Oscillator Crystal (Y20 1 ) ,  specify fre­
quency, and modify A-B-C jumpers as required .  

2 .  Rece iver input filter (FL20 1 ) ,  specify frequency. 

3. Resistors R 2 1 1-R23 8 Combination 
See values in Fig. 7 below internal schematic .  

4 .  I f  the operating frequency i s  reduced,  the re­
ceiver gain will probably be higher .  In this cas e ,  
a reduction i n  the setting of the i-f input control 
R239 will give the 40-mv. sensitivity . If the new 

1 0  

operating frequency i s  highe r ,  the receiver gain 
may be lower. 

TABLE I V  

Tran smitter R F  Measurements 

Not e :  "Carrier-on" voltages tak e n  with transmitter  
s et to 1 0  watts output ( 24 . 5  volts across 60 
ohms) . The se voltages subject to v ariation , 
depending on frequency and transistor char­
acteristics.  

T EST POI NT A-C VOLTAG E 

T10 1 -3 to TP 104 1 . 5  volts ,  rms.  
TP 103 to TP102  0 .2  
Ql03-C to TP 104 1 . 1 ¢ 
T P l lO to T 10 2-4 0 . 2  
TP 1 1 1  to T 1 02-4 0 . 2  
Q 104-C to TP 104 3 . 3  
Q105-C to TP 104 3 .3 
T 103-4 to Gnd. 1 . 1  
T 104-1  to  Gnd. 1 .4 

Q107-B to TP 107  0. 5 volts ,  rms.  
Ql08-B to TP 1 13 0 . 5  
Q107-C t o  T P 1 0 7  1 4- 1 6  

Q1 08-C to TP 1 13 1 4- 1 6  
T 1 0 5 -4 to Gnd . 1 05 
T 106-2 to Gnd. 100- 1 60 * 

TP 109 to Gnd. 30-50 * 

J 1 0 2  t o  Gnd. 2 4 . 5  

Note:  T 1 0 1-3 = tap 3 o f  Transformer T 1 0 1  
Q 1 04 -C = Collector of Transistor Q 1 04 
TP 105 = Test point 105 
All voltages read with a-c VTVM 
These values may vary considerably with fre­
quency. 

cp High impedance circuit . VTVM causes signif­
icant loading. 

R ecommended Test Equi pment 

I .  Minimum Test Equipment for Installation 
a. Milliammeter 0-250 rna. DC 
b .  60-ohm 10-watt non-inductive resistor. 
c. A-C Vacuum Tube Voltmeter (VTVM) or equi­

valent .  Voltage range 0 .01  to 30 volt s ,  fre ­
quency range 60 Hz ro 3 3 0  kHz input impe­
dance - one megohm , minimum . 
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d .  D-C Vacuum Tube Voltmeter (VTVM) or equi­
valent .  
Voltage Range : 0 . 1  to 300 volts 
Input Impe dance : 1 . 0 megohm , min. 

I I .  D esirable Test Equipment for Apparatus Main­
tenance. 
a.  All items listed in I .  
b .  Signal Generator 

Output Voltage : 
Frequency Range :  

c .  Oscilloscope 
d .  Ohmmeter  
e .  C apacitor checker 
f.  Frequency counter 

up to 10 volts r . m . s .  
2 0  to  3 3 0  kHz 

g .  Fre quency-selective voltmeter 

Renewal Part s  

Repair work can b e  done most satisfactorily at 
the factory. However , replacement parts can be fur­
nishe d ,  in most cas e s ,  to customers who are equipped 
for doing repair work .  When ordering parts , always 
give the complet e nameplate data. 
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E LE CTR ICAL PARTS L I ST 

Tran sm iHer Sec�on 

SYMBOL R A T I N G  STYL E N UMB ER 

C 1 0 1  0 . 1 mfd, 200 V. DC 1 87A6 24H01 

C l 02 .005 mfd , 300 V .  DC 1 87A694H29 
C 1 03 1 80 pf. 5 00 V.  DC 1 87A695H 29 

C 1 04 0 . 25 mfd , 200 V .  DC 1 87A624H02 

C 1 05 0 . 25 mfd, 200 V. DC 187A624H02 

C 1 06 0 . 2 5  mfd, 200 V .  DC 1 8 7A624H02 
C 1 07 0 . 25 mfd , 200 V .  DC 1 87A6 24H02 
C l08 0 .50 mfd , 200 V. DC 1 87A624 H03 
C 1 09 0 . 25 mfd , 200 V .  DC 1 8 7A624H02 
C 1 10 0 . 25 mfd , 200 V .  DC 187A624H02 

t C l 1 1  (Se e  Table Below) -

C 1 1 2  3 9  pfd , 500 V .  DC 187A695H 1 2  

t C 1 1 3  (Se e Table Below) -

C 1 1 4  100 pf. 500 V. DC 1 87A695H23 
C 1 15 100 pf.  500 V .  DC 1 87A695H23 

C 1 1 6 0 . 0 0 1  mfd, 500 V. DC 1 87A694H 1 1  
CA P art of F L 1 0 1  Vary with Frequency 

CB, CC, C D , CE Part of FL 102 Vary with Frequency 

t FREQ. C l 1 1 ,  C 1 1 3  Style Number 
30 - 50 kHz 0.47  mfd , 4 0 0  V.  D C  1 88A293 H 0 1  
50 .5 - 75 kHz 0 . 22 mfd , 400  V .  DC 1 88A293H02 
75 . 5 - 1 00 kHz 0 . 15 mfd , 4 0 0  V .  D C  1 88A293H03 

100 . 5 - 1 00 kHz 0 . 1  mfd , 400 V .  DC 1 88A293H04 
1 50 . 5 -300 kHz 0 . 047 mfd , 400  V .  DC 1 88A293H05 

D 10 1  1 N457A 1 84A855H07 
D 1 03 1 N48 1 8  1 88A342H06 
D l04 1 N 9 1  1 82A88 1 H04 
D005 1 N48 18  1 8 8A34 2 H06 
D 106 1N91  1 82A881 H04 

G 1 0 1  Type RVS Arrester 6 3 2A026A0 1 

J 10 1  Closed Circuit Jack 187 A606HO 1 
J 102 B anana Plug Jack 2 of 1 85A43 1H0 1  
J103  Coaxial Cable Jack 1 8 7A633H01 

J 104 24-Term Recept acle 187A699H0 1 
J 1 05 1 2-Term Receptacle 629A205H02 
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E LECTR I CA L  PARTS LIST 

Tran smitter Secti on (Cont . )  

SYMBOL R A T I N G  STYL E NUMB E R  

L 1 0 1  Part o f  F L 1 0 1  
L 102  FL 1 02 Trap Coil ( 2nd Harmonic) Vary with Fre quency 
L 10 3  FL 102  Trap Coil ( 3rd Harmonic) 

L 1 04 400 mh. 29 2B096G01 

L 1 05 FL1 02 Coil (part of seri e s-resonant Vary with Frequency 
circuit tuned to fundamental fre q. )  

L 1 06 2MH 3 500A27H01 

Q 1 0 1  2 N 2905A 762A672H 1 0  

Q102  2 N 2905A 7 62A672 H 1 0  
Q 1 0 3  2N5 25 184A638H 1 3  

Q104 2N37 1 2  762A67 2H07 
Q105 2N37 1 2  762A67 2H07 
Q106 Tl-48 1 1 84A638 H l l  
Q107 2N3792 1 87A673H16  

2N3792 Matched Pair 
Q108 187A673H 1 6  
SYMBOL O HMS ± TOL % WATTS STYL E NUMBER 

R 1 0 1 5 , 600  5 1 1 87A643H45 

R 1 0 2  2 , 200 10 0 . 5  187A64 1 H3 5  

R103  1 0 , 000 10 0.5 1 87A64 1 H5 1  
R 104 100 ,000 5 0 . 5  184A763H75 
R 105 390 5 0 . 5  1 84A763H17  

R 1 06 1 , 200 5 0 . 5  1 84A763 H29 
R 1 0 7  1 0 , 000 1 0  0 . 5  187A64 1 H5 1  

R 1 0 8  1 00 , 000 5 0 . 5  1 84A763H75 
R109  3 90 5 0 . 5  1 84A763 H 1 7  
R l 1 1  1 , 200 5 0 . 5  1 87A763H29 

R l l 2  1 K Pot 20 0 . 25 629A430H02 
R 1 1 3  4 , 700 5 0. 5 1 84A7 63H43 
R 1 1 4  1 0 , 000 10 0 . 5  187A64 1 H 5 1  

R l l 5  150 5 0 . 5  1 84A763H07 

R 1 1 6  100 5 0 . 5  184A763H03 
1 ,000 5 25 1 202588 48 V de 

R 1 17  3 , 750 5 25 1 202955 
1 25 V de 

8 , 500 5 25 1 2673 1 0  250 V d e  
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E LECTR ICAL PARTS LIST 
Tran sm itter Sect ion (Cont .)  

SYMBOL OHMS ± TOL % WATTS STYLE NUMBER 
R 1 1 8  1 0 , 000 2 0 .5  629A53 1 H56 
R 1 1 9  62  2 2  0 .5  629A53 1 H 03 
R 1 2 0  1 0,000 5 2 1 85A207H51  
R 1 2 1 1 0  5 2 1 87 A683H01 
R 1 2 2  1 0  5 0 .5  1 87A290H01  
R 1 2 3  1 0  1 0  0 .5  1 87A290H01 
R 1 2 4  1 00 1 0  1 1 87A644H03 
R 1 2 5  1 , 000 1 0  0 .5  1 87A64 1 H27 
R 1 26 4 ,700 1 0  1 1 87A644H43 
R 1 2 7  1 0  1 0  0 . 5  1 87A640H01 
R 1 2 8  2 ,200 5 1 1 87A644H35 
R 1 2 9  2 .7 1 0  0 .5  1 84A636 H 1 4  
R 1 3 0  1 0  1 0  0 . 5  1 87A640H01 
R 1 3 1 4 ,700 5 1 1 87A644H43 
R 13 2  2 .7 1 0  0 .5  1 84A636H 1 4  
R 1 3 3  0 . 2 7  1 0  1 1 84A63 6 H 1 8  
R 1 3 4  0 .2 7  1 0  1 1 84A63 6 H 1 8  
R 1 3 5  3 , 000 1 0  5 1 88A3 1 7H01  
R 1 3 6  1 2 , 000 1 0  0 .5  184A763H53 
R 1 3 7  1 5 , 000 1 0  2 1 87A642H55 
R 1 3 8  1 , 000 1 0  0 . 5  1 87A64 1 H27 
R 1 3 9  1 , 000 1 0  0 . 5  1 87A64 1 H27 
R 1 4 0  6 8  2 0.5 629A53 1 H 04 
R 1 4 1  3 0  Type 3D202 Thermistor 185A 2 1 1H06 

0 R 1 4 2  2 5 K  Pot 20  1 /8 629A4 3 0H 1 5  
R 1 43 2 0K 2 0 .5  629A53 1 H63 

0 R 144 2 .0  10  3.0 762A67 9H03 
SYMBOL RATI NG STYLE NUMBER 

T 1 01 1 0 , 000/4 00 ohms 2 05C043G01 
T 1 02 1 0 ,000/4 00 c .t .  7 14B666G01 
T 1 03 1 93 0/6 0 ohms L633 000 1 96 26 94 
T 1 04 Turns ratio, 1 /0 . 5 ,  Pri-/each sec . 2 92B526G01 
T 1 05 1 0/500 ohms 2 92 B526G02 

0 T l 06 5 00/5 0 - 6 0 - 7 0  ohms 2 92B526G03 
Y 1 01  3 0-3 00 kHz crystal per  3 2 8C083 Spe cify Frequency 
Z 1 01  Zener Diode 1N5357B ( 2 0V .  ± 5%) 862A288H03 
Z 1 02 Zener Diode 1 N 2 999B (56V.  ± 5%)  629A798H04 
Z 1 03 Zener Diode 1 N 2 999B (56V.  ±5%) 6 2 9A798H04 
Z 1 04 Zener Diode 1 N 2 999B (56V.  ±5%) 629A7 98H 04 
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E LECTR ICAL PARTS L I ST 

Recei ver Sect ion 

SYMBOL R A T I N G  STYL E N U MB ER 

C20 1 0. 1 mfd . ,  200 V .  DC 187A624H0 1 

C202 300 pf .  500 V.  DC 1 87A695H35 
C203 180 pf. 5 00 V. DC 187A695 H29 
C204 0 . 25 mfd . ,  200 V .  DC 187A624H02 

C205 0 . 2 5  mfd . ,  200 V. DC 1 87A624H02 
C206 0 . 2 5  mfd . ,  2 00 V .  DC 187A624H02 

C 207 0. 25 mfd . ,  2 00 V. DC 187A624H02 

C208 0 . 2 5  mfd . ,  200 V. DC 1 87A624H02 
C209 0 . 25 mfd . ,  200 V .  DC 187A6 24 H02 

C 2 1 0  0 . 25 m fd . , 2 0 0  V .  DC 187A624H02 

C 2 1 1  O . l mfd . ,  200 V .  DC 187A624H0 1 

C2 1 2  0 . 25 mfd . ,  200 V .  DC 1 8 7A624H02 

C 2 1 3  2 . 0  mfd . ,  200 V .  DC 187A624H05 
C214  0 . 25 mfd . , 200 V .  DC 187A624H02 

C 2 1 5  39  pfd . ,  500 V .  DC 1 8 7A695H l 2  
C 2 1 6  2 00 pfd .  500 V .  DC 762A757H l l  
D 2 0 1  1N457A 184A855H07 

D202 1 N457A 184A855H07 

D203 1 N4 8 1 8  188A342H06 

D 204 1 N48 18  188A34 2H06 

FL20 1 Receiver Input Filter 30-300 kHz Specify Frequency 

FL202 Receiver i .f .  Filter - 20kHz (2 sections) (FL-2) 0 7 62A6 1 3G 0 1  
J20 1 R e c e iver Coax . Input Jack 187A63 8H01 

J202 Closed Circuit Jack ( 20MA) 1 87A606H0 1 

J203 Closed Circuit Jack ( 200MA) 187A606H0 1 

L 20 1  3 3  mh.  1 8 7A599H02 

Q20 1 2N2905A 762A672H 1 0  

Q20 2  2N2905A 762A672H 10 

Q20 3 2 N 2905A 762A672H10  

Q204 2N2905A 762A672Hl0 

Q205 2 N2905A 76 2A67 2H 1 0  
Q206 2N2905A 7 6 2A67 2 H 1 0  

Q207 2N3 645 849A44 1 H0 1  

Q208 2N4903 187A673 H 1 3  
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T Y P E  TC P OW E R  L I N E  CAR R I E R - NAR R OW B A N D-----------------------

E LECTRICAL PARTS LIST 

Receiver Section (Cont.) 

SYMBOL R A T I N G  STYL E NUMB E R  
R ESISTO RS O HMS + TOL. % WATTS 

R201  10 ,000 10 0 . 5  187A641H5 1 
R202 2 , 200 10 0 . 5  1 87A64 1H35 
R203 10 ,000 10 0 . 5  1 87A64 1H5 1 

R 204 100, 000 5 0. 5 184A763H75 

R205 390  5 0 . 5  1 85A763H l 7  

R206 1 , 200 5 0 . 5  184A7 63 H 29 
R207 25 K Pot. 1 0 2 185A086H07 

R208 1 0 ,000 10 0 . 5  1 87A64 1H5 1 
R209 100 , 000 5 0 . 5  1 84A763H75 
R 2 1 0  390 5 0 . 5  1 84A763H l 7  

R2 1 1  5 1  5 0.5 1 87A2 90H 1 8  
R 2 1 2  1 K Pot . 20 0 . 2 5  6 29A43 0H02 
R2 1 3  1 , 200 5 0 . 5  1 84A763H29 
R 2 14 5 ,600 5 1 1 87A643H45 
R2 1 5  2 0 , 000 5 0 . 5  1 84A763 H58 
R2 1 6  3 ,600 5 0 . 5  1 84A763H40 
R 2 1 7  620 5 0 . 5  1 84A763H22 
R2 1 8  3 3  5 0 . 5  1 87A290H 1 3  
R2 19  1 0 ,000 10 0 . 5  1 87A64 1 H5 1  
R220 2 0 , 000 5 0 . 5  1 84A763H58 
R22 1  l K  5 0 . 5  1 84A763H27 
R222 3 , 600 5 0. 5 1 84A763H40 
R 2 23 620 5 0 . 5  184A763 H22 
R224 33 5 0 . 5  1 87A290H l 3  
R225 1 0 , 000 10  0 .5  1 8 7A64 1 H5 1  
R 2 26 20 ,000 5 0 . 5  1 84A763H58 
R227  lK 5 0 . 5  1 84A763H27 

R228 3 , 600 5 0 . 5  1 84A763H40 
R229 6 20 5 0 . 5  1 84A763H22 
R230 10 5 0 . 5  1 87A290H0 1 
R23 1 2 ,000 5 0 . 5  184A763H34 
R23 2 1 , 200  5 2 185A207H29 
R233 4 ,700 10  2 187A642H43 
R234 5 , 100 5 0 . 5  1 84A763H44 

0 R235 1 .5K 5 0 .5  1 84A763H 2 1  
R23 6 4 ,700 10 1 1 87A644H43 
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TY P E  TC P O W E R  L I N E  C A R R I E R  - N A R ROW B A N D  ___________________ ___::I .:.:L::.... 4:::.1:..:·9::.:4::4::.:.3::.:48 

E LECTRICA L  PARTS LIST 

SYMBOL O HMS 
R A T I N G  

+TO L . % WATTS STYL E NUMB E R  

R237 170 5 40 1 3 36074 
R2 39  1 K Pot 20 0 . 25 629A430H02 
R240 50 Sensistor 0 . 25 1 87A685H08 

0 R280 5 6  5 5 1 87 A290H l 9  
T20 1 10 ,000/ 100 Ohms 7 1 4B666G01 
T202 1 0 , 000/400 Ohms 205C043G0 1 
T203 25K/300 Ohms 205C043 G03 
Y201 50-320kHz Crystal per 3 28C083 Specify Frequency 
Z20 1 1N3027B ( 20V ± 5%) 1 84A449H07 
Z202 1 N l789 ( 56V ± 1 0%) 584C434H08 

Power Supp ly  Secti on 

SYMBOL F UNCTION D E SCRI P TION OR R ATING STYL E N UM B E R  

C l  ( +) to (-) bypass 0 . 45 mfd. 330 VAC 1 723408 
C2 A-C grounding 0 . 5  mfd. 1500 VDC 1 877962 
C3 A-C grounding 0 . 5  mfd . 1500 VDC 1 887962 
F l ,  F2 Overload Protection 1 .5 a, 48/ 1 25 VDC 1 1D 9 1 95H26 
F l , F2 Overload Protection 2 . 0 a, 250 VDC 478067 

P L l  Neon Pilot Light 1 20 Volt s 183A955H0 1 1 25/250 Volts 

PL l Filament-type 55 Volts 187A l 33 H02 for 48 Volts 

Ql  Series Re gulator Type 2N6259 0 3503A4 1H01  Silicon Transistor 

R l  
125Vl 

Series dropping 2 6 . 5  ohm s ,  3Vz" 04D l 299H4 4  
R2 Series dropping Same as R l  04D l 299H44 
R3 Current limiting 500 ohms ,  3Yz' ' 1 268047 

48V l 
For 48 VDC , - -

R l  = R2 = 0 
R3 = 2 6 . 5  ohms 3Vz' ' 04D l 299 H44 

R4 Current limit ing l OOK , 0 . 5  watt 184A763H75 

SW l Power Switch 3 a, 250V . AC-DC 880A3 57H0 1 6a, 1 25V.  AC-DC 
SWl O l Carrier Test Same as SWl 880A357H0 1 
TP l Test Point ( +) Pin Jack - red 187A33 2H0 1 
TP2 Test Point ( -) Pin Jack - black 187A3 32H02 
Z l  Voltage Regulator 1 N 2828B (45V . )  184A854H06 

Z2 Surge Protection 1N3009 A ( 130V. )  184A6 1 7 H l 2  Zener Diodes 
Z3 Voltage Reg.  for 250V. 1N28 13B ( 15 V . )  1 84A854H l l  
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TY P E  TC P OW E R  L I N E  C AR RI E R - N A R ROW B A N D-------------------------

1 8  

� � � � -

�--� 
------ 1 

lil h· ll I 
r 

��� 

1 POWER LINE CARRIER I � l 
• 

TYPE TC I I' :=:;] I l •j n J  
pq·--.---
1 ' 
l -

l� �Jr � � I 

,· r·"____j 
I t.� .oo,-·� 

I IL--- .1,----; I_ �- lt\_,011 SOTOtoO ilHZONLY 
8 

0 Fig. 1 Type TC Carrier A s sembly - Outline 

fl201 (20Q.5-300KHZ) MTD. UNDI:RNEATH 
TRANS .. f'TTER BD 

, - - - -----.. 
I I 

_J l �  

I : 
tTRANSMITTER PRINTEDt 
1 OACUIT BOARD I 

L l  ,- J 
t _ _ _ _ _ _ _  _j 

FL202 

RECEIVER PRINTED CIRCUIT BOARD 

REAR VIEW 

f'OWtR AMPLIFIER 
F'III"TED CllftUIT 

BOARD 

OMIT T E D  FOR 
S O L I D - S T A T E  R E L A Y I N G  

A P P L I C ATI-ONS 

Fig. 2 Type TC Carrier A ssembly - Parts Location 

Sub 3 
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TY P E  TC P OW E R  LI N E  C Ar. R I E R - N A R R OW B A N D  ________________ ___:_•=·L::._. 4:..;.1_:· 9...:.44.:.:.:.3:..:4..::B 

CLIP JUMPER FOR 30-50 KHZ 

CLIP JUMPER FOR HZ I HZM RELAYING 

Fig. 3 Transmitter Printed C ircuit - P arts Location 

----·--- --. .  .::_·- -=--=-=-==·· ===-==-===�----, @13 1 C l l 3  + · 1  
:=================� � (!] .......__I + _c u a  ___,, � � � 

0 Fig. 4 Power Amplifier Printed Circuit - Parts Location 
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TY P E  TC P OW E R LI N E  C A R R I E R - N A R R OW B A N D  _______________________ _ 

20 

RC 

C A R R I E R 
T E S T  

PHASE 6 
GROU N D  
CA R R I E R  
STA RT 

Fig. 5 Receiver P rinted Circuit - P arts Lo cation 

L-�FU�S�E�D�P�O�S�IT�IV�E�---------� T C  
7 

T R A N S M I T T E R  C O N T R O L  

2 0 0 - MA .  

R E CEIVER OUTPUT 

C S G  

F U S E D  N E G .  

b. I N  K A  4 R E L A Y 

85RS- RESERVE SIGNAL DETECTOR (WHEN USED) 

0 Fig. 6 Elementary K-Dar Carrier Control Circuits 
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TY P E  TC POW E R  L I N E  C AR R I E R  - N A R ROW B AN D  _____ _ 

I. F FILT E R  TE ST CIRC U IT 

<$ �om 1:�1_] ». � 
$ �rum L��IR $ 

I NPUT FILTER T E S T  CIRCU I T  

0 0 
4 5 

- - - - - ,  
2 3 I 

I 
I 
I 
I 
I 

L - - - - - \__-K:E: �H�:E 
F OR B OT H  F I LT E RS ,  LEADS SHORT 
D B '= · 2 0  LO G Y! 

V 2 

TYPICAL S E LECTIVI T Y  
E A C H  SECTION 

I NS E RT I ON LOSS 22 DB MAX . 

3s r-�--�--�---r---,� 
DB 

O -2 - I Fo + I  
TC R E C E I V E R  F I L T E R  L I M I TS 

I N P U T  F I L T E R  F O R  2 0 0 . 5 - 30 0  K H Z  

T YPICAL S E L E C T IVITY 30- 200 1(HZ. 

23 

I N S E R T I O N  LO S S  1 2 - 1 6  0 8 ,  R I S I N G  W I T H  F R E QU E NCY 

DOWN 3c(b AT ! O. B - 1 . 1 KHZ, RIS ING WITH FREQ UENCY 

IN S E RTION LOSS 1 2 - I B DB , 
R I S I NG W I TH FR E Q U E NC Y.  

AT 2 K HZ , DOWN 22 - 35DB,DROPPI NG W ITH R IS I NG F R E QUENCY 

Fig. 8 Receiver Filter Ch aracteristics 
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www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



2 

DB 
90 

80 

70 

60 

50 

40 

30 

20 

1 0  

-3 

OVERALL TC RECEIVER RESPONSE 

� NARROW BAND RECEIVER I 
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40 

0 
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L--� - - -1- - - -' --,------+--1---i J. I ' I I T,;'PE. TC CARf<;[R : I i RECEIVER SATURATION I I I CURVE I I I 

I I 

I 

I J If 
II 7 7 

I 
v 

__., v MV INPUT 
26 32 38 44 50 

3 5 0 0 A2 3 

Fig. 9 Overall Selectivity Curve 3500A24 Fig. 10 Rece iver - 200 mo. O utput Characteristi c. 
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20 MA. 
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T O  1-----..... - - - - F U S E D  

N E G .  Z202 1 
( O R E Q U IV. COI LS ) 

----+ 
200 M A .  

6- I N 5 38 S# 407C703 H 03 

rh. 33 .n., 3 W}- S� 1 84 A 636 H I 9 
\.\) RESI STOR 

F .  1 1  TC Receiver Output for 20-ma. Operation 
19-
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TY P E  TC P O W E R L I N E  C A R R I E R - N A R R O W  B AN D  _________________ I_. L_. _41_·9_4_4._34B 

C) z 
() 
<( 
a... 
(f) 

- - ��- �----· -�-- -�-:.r�--� 
30 50 1 0 0  

H I GHER CENTER FREQUENCY 
K H Z  

200 
oF Two SETs 

300 

Sub 3 
86 2 A 9 3 5  

0 Fig. 1 2  M in imum Frequency Spacing lor Two 10-Watt Transmitters Operated in Parallel. 
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Fig. 1 3 .  M inimum Channel Spacing lor Keyed Carrier 60 p.p. s.  
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TY P E  TC P OW E R  L I N E  C A R R I E R - N AR ROW BAND _________________________ _ 

I 

I 
r---------------------------------------------------------��-. ,0 : Po s.  2 50 v. 

1 D. C .  I N PU T  
I 

r---------------------""T""" ... I 9 1  E X T. R E S. � -o-�-§_}- -, 
I I r---------------------+---------------------....l....-+ 7 I F U S E D  PO S .� _ _ _  _j 

8 E XT. R E S .  

Z3 
I N 2 8 13B'S 

I .... --------------� ..... -+--. 4 1 P O S .  4 5 V.D.C . 
T P I  I 

I 
I 

C l  I 
I 
I 
I 
I 

• 0 : 5 : F U S E D  N E G . 

�---------------------------��- 9  ! N E G .  D .C .  I N P U T  
I 

O T H E R W I S E  P E R .  F I G .  7 I 
S u b . 2 
8 6 2 A 9 3 2  �---------------------------------------------------------- 1 

Fig. 14 Detail of Power Supply Section for 250-volt Supply 

rlfWIOE •'f DEEP-4 1LOTS 
-� I �l �_: 

�or- � � � cp cp 
D � cp cp cv ti� 

- 7 EGBcp � �  � cp � cp  -€ � 'r 
.- 111n0 c.£NTEIII ' I  oo f 

" 

nfl n n 4"= fl 

-� 

I , .. "'_ ILOCII 

n R n I 8 n 

���� .-� '--• Ji_'j �-

4 1 1 C 5 3 3  

Fig. 1 5  O utline of E xternal R esistor Unit for 250- Volt Operation. 
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TY P E  TC P O W E R  L I N E  C A R R I E R - N A R ROW BAN D -----------------�·-· L_. 4_1_-9_4_4._34_B 

ON - O F F  K E Y I N G  

1 0 0 0 -'l 4 8 V 
3 7 50 .!l 1 2 5 V  
e 5 o o  n 2 5o v  

O F  T C  T R A N S M I T T E R  FO R T E L E M E T E R I N G 
S U P E R V I S O R Y  CO N T R O L  O N LY 

a 
7 

� F U S E D  POS. 

I SW I O I  ( T E S T ] 

R l l 7 
P A R T O F  V O I C E  

A D A P T E R  ( I F U S E D )  cp 
A /r---J '---""""'\ 

._ __ ....,._--<�--e----�t- _ �._I __ POS . 

R K I D  4 5 V 

N O R M A L LY C LOS E D  
T E L  E M . O R  S U PV. 

C O N TA C T  

6 = N O T  PA R T  O F  T C  S E T  

N O R M A L L Y  I 
O P E N  
C ON TACT 

2 5  WATT 

AS A BOV E 

5 

7 

� 

A LT E R N  ATE FOR N O R M ALLY 
O PE N  CONTA C T  

5 

� 

F U S E D  N E G .  

P A R T  

F U S E D  PO S .  

I SW I O I  

R l l 7  

F U S E D  N E G . 

Z I O I  
( 20 V ) 

O F  T C  S E T  

( TE S T )  

R 

Z I O I  
( 2 0 V ) 

- - - - -

I 
K I D  

- - - - -

cp C O N T I N U OU S  T E L E M ET E RI N G  M U S T B E  I N T E R R U P T E D  ( CA R R I E R  O F F )  

T O  U S E V O l  C E  C O M MU N I CAT ION 

P O S . 
4 5 V 

S u b .  2 
8 6 2 A9 3 6  

Fig. 1 6  External Circuitry For On-Off Keying o f  Type TC Transmitter For Telemetering o r  Supervisory Control 

(Without P rotective R elaying) From Either Normally-Closed or Normally-Open Contact. 
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Westinghouse I . L. 41-944.33C 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TC POW ER L I N E  CARR I E R  

TRANSM ITT E R- R E C E I V E R  ASS E M B LY - 3 0  to 300 kHz 
For Directional and Phase Comparison Relaying 

1 0  Watts - 48, 1 25, 250 V. D.C. with Optional Voice 
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TYPE TC POWER LINE CARRIER 

2 

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 i s  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 S KBU-1 1  relay equip­
ment. 

The type TC set can also be used for other 
functions including "push-to-talk" maintenance 
te l e p h o n e  c o m m u n i c a t i o n ,  k eyed carr ier  
telemetering, and supervisory control. 

C O N STRUCTI O N  

The transmitter-receiver unit consists of a 
standard 1 9-inch wide panel 1 7 1/2 inches ( 1 0  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, 
fuses, power and test switches, pilot light, 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 Fig. 2. The 
components mounted on each printed circuit 
board or other sub-assembly are shown enclosed 
by dotted lines on the internal schematic, Fig . 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 J 1 04. The r-f 
output connection to the assembly is made 

through a coaxial cable jack J 103 .  When voice 
communication is used, the voice adapter plugs 
into receptacle J 105 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. 

J 1 0 1  - Transmitter power-amplifier collector 
current. 

1202 - Receiver 20-ma. output current. 

1203 - Receiver 200-ma. output current. 

The receiver filter input resistor R201 is con­
nected directly to term. # 1  of FL201 and is 
covered with insulating sleeving. 

OP ERATI ON 

TRANSM ITTER 

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 Q 1 0 1 ,  
and the base of Q 1 02.  The output o f  Q 102 i s  fed 
back through capacitors C 102, C 103, and C 1 1 2 to 
the base input of Q 1 0 1 ,  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 Q 103 through the poten­
tiometer R 1 1 2 which controls the transmitter 
power output. Keying of the transmitter output is 
controlled in the buffer-amplifier stage by chang­
ing the de potential supplied to Q 103 emitter cir­
cuit. 

The buffer output energizes the driver stage 
which operates class B. When voice modulation is 

0 used: the transmitter modulating voltage is 
applied to the base-emitter circuit of transistors 
Q 1 04 and Q l 05. 

J 
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The output of the driver stage passes through 
filter FL1 0 1 ,  then to the input transformer T 1 04 
of the power amplifier stage. Filter FL 1 0 1  im­
proves the waveform of the signal applied to the 
power amplifier. This stage used two series­
connected type 2N3792 power transistors, Q 107 
and Q 1 08 operating as a class B push-pull 
amplifier with single-ended output. Transistor 
Q 1 06 applies forward base bias to Q107 and Q 1 08 
when the carrier-start circuit is energized. Diodes 
D 1 03 and D 105 provide protection for the base­
emitter junction of the power transistors. Zener 
diodes Z 102 and Z 103 protect the collector­
emitter junctions from surges which may come in 
from the power line through the coaxial cable. 

Terminals # 19  and #20 on 1 1 04 are connected 
across a 2 ohm resistor R 1 44, located on the 
power-amp module. When the transmitter is 
operating (carrier-on), approximately .5 amperes 
(de) of current flows through R 144 developing ap­
proximately 1 volt (de). 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 of the 
device connected to these terminals will have no 
effect on the transmitter operation, provided that 
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 transformer T 1 05 couples the 
power transistors to the transmitter output filter 
FLl  02. The output filter includes two trap circuits 
(L102, CB, and L l03, Cc) which are factory tuned 
to the second and third harmonics of the trans­
mitter frequency. Capacitor Co approximately 
cancels the inductive reactance of the two trap 
circuits at the operating frequency. Protective 
gap G 10 1  is a small 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 T 1 06 
matches the filter impedance to coaxial cables of 
50, 60, or 70 ohms characteristic impedance. 

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

put stage. Jack 1 102 is mounted on the rear panel 
of FL102 and is used for measuring the r .f. output 
current of the transmitter into the coaxial cable. It 
should be noted that the filter contains no shunt 
reactive elements, resulting in a reverse impedance 
free of possible "across-the-line" resonances. 

REC EIVER 

The receiver is a superheterodyne type to 
facilitate obtaining constant bandwidth regardless 
of the channel frequency. The major stages in­
clude an input filter, attenuator (gain control), 
crystal oscillator, mixer, i . f. filters and i .f. 
amplifiers, diode detector, de amplifier, and de 
power output stage. 

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 control R207 . The receiver oscillator (Q201 
and Q202) is basically the same as the transmitter 
oscillator. The oscillator frequency is 20 kHz 
above the incoming signal frequency. The receiver 
channel frequency is determined by the input filter 
and the oscillator crystal. 

M ixing 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 R2 1 2. 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 i s  rectified by  diodes 
D201 and D202. The resulting de output is 
amplified by transistors Q207 and Q208, giving a 
receiver output current of nominally 200 rna. for a 
30-ohm external relay coil circuit. Where a second 
output current of 20 rna. is desired, an external 
2000-ohm relay circuit can be connected to the 
receiver output as shown in Fig. 1 1 .  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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TYPE TC POWER LINE CARRIER 
-------------------------

POWER S UPPLY 

The power supply circuit for 48 or 1 25-v. de 
supply uses a series-type transistorized de voltage 
regulator which has a very lo"w standby current 
drain when there is not output current demand. 
The zener diode Z 1  holds a constant base-to­
negative voltage on the series-connected power 
transistor Q 1 .  Depending on the load current, the 
de voltage drop through the transistor Q 1 and 
resistors R 1 and R2 varies to maintain a constant 
output voltage of approximately 45-v. de. The 
zener diode Z2 serves to protect the collector-base 
junction of Q 1  from surge voltages. Capacitor C 1  
provides a low carrier-frequency impedance 
across the de output voltage. Capacitors C2 and 
C3 bypass r .f. or transient voltages to ground, 
thus preventing damage to the transistor circuit. 

For a 250-volt de supply, the circuit of Fig. 14  
i s  used. This consists of  an  external voltage­
dropping resistor assembly ( 1 35 ohms total) in 
conjunction with three 1 5-volt Zener diodes on the 
TC set chassis connected in series. The resistor 
assembly (see Fig. 1 5) 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 250-volt 
TC set has a constant current drain of 1 .5 amperes 
de, and u ses 2-amp. fuses. 

When the TC set is used with solid-state 
protective relays (such as the SKBU - 1 1 ), the pilot 
light PLl ,  power switch SW- 1 ,  and fuses F 1  and 
F2 are omitted from the assembly. See Figures 1 
and 2 .  Instead, the de power J , he complete relay­
ing assembly is controlled from a single switch 
and set of fuses. This is done to prevent an in­
correct tripping or blocking output which might 
result from interruption of one or both sides of the 
de supply to the carrier set or protective relays. 
For solid-state relaying aplications, there are no 
connections to 1 1 04 terminals 7 or 5 (normally 
fused positive and fused negative). See Fig. 7 .  

4 

RELAYING C O N TROL C I RC U ITS 

The carrier control circuit for KDar relaying is 
shown in elementary form in Fig. 6. 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 Rc and the Diode D 1 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 either the local or 
remote transmitter normally causes a saturated 
current of about 200 rna. 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 
contact connects the transmitter 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
visory control, 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. 

C ARRI ER C O NTROL 
FOR OTH E R  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. 1 6  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. 1 1 .  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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TYPE TC POWER L1 NE CARRIER -----------------------1-.L_. _4 1_-_94_4_.3_3c_ 

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. 1 1  
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. 

C H ARACTER I STI C S  

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

Transmitter 
output 

Harmonics 

Receiver 
sensitivity 

Receiver 
selectivity 

10  watts into 50 to 70-ohm re­
sistive load 

55 db below 10 watts 

1 25 mv. input for 1 80 rna. mini­
mum output current 

1 500 Hz bandwidth (3 db down); 
80 db at ± 3 kHz . 

Transmitter-receiver 
Channel rating 40 db 

Input Voltage 48, 1 25, or 250V de 

Supply voltage 
variation 42-56V, 105- 1 40V, 2 1 0-280V 

Battery Drain: 
48V de 0.5 amp standby, 1 . 35 amp 

transmitting 

1 25V de 0.25 amp standby, 1 . 1  amp trans­
mitting 

250V de 1 .5 amp standby or transmitting 

Temperature 
range - 20 to + 60°C around chassis 

FREQU ENCY SPAC ING 

The mmtmum recommended frequency 
spacing between two Type TC carrier sets 

operated in parallel without hybrid units is shown 
on the curve of Fig. 1 2 .  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 se­
cond can be determined from the nomograph of 
Fig. 1 3 .  Using the example shown by the dashed 
line, consider a type TC set used on a channel with 
a normal attenuation of 1 5  decibels. The TC 
receiver would be set to give a margin of 1 5  db 
below the normal received signal, or for a sen­
sitivity of - 30 db (relative to a 24.5  volt, 1 0-watt 
signal). The interfering signal is assumed to be a 
10-watt transmitter at the same location. To 
determine the minimum frequencys 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 de 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. 1 2, 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 - 1 00 Hz .  All receivers operate at the channel 
center frequency (fc) . 

I N STALLATI ON 

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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TY P E  TC POWER L I N E  CARRI ER ------------------------

ADJUSTM ENTS 

TRANSM ITTER 

There are two adjustable controls on the trans­
mitter printed-circuit board: ( 1 )  the power output 
control R 1 1 2, and (2) base bias control R 142 for 
transistors Q 1 04 and Q 1 05 .  The control R l 42 is 
factory adjusted for a quiescent (no-signal) current 
of 0.2 ± 0.05 rna. de at terminal 2 of transformer 
T l 03 .  This applies a small amount of forward base 
bias to transistors Q l04 and Q l05 to minimize 
cross-over distortion. A thermistor ( R l 4 1 )  is in­
cluded for temperature compensation. This con­
trol (R 142) need not be changed except as describ­
ed in the MAINTENANCE section. 

The other adjustment on the transmitter is the 
power output control R l l 2  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 1 0-
watt rating. Use the value of the expected input 
impedance of the coaxial cable and line tuner. I f  
this is not known, assume 60 ohms. Connect the 
T I 06 output lead to the corresponding tap. 
Connect an ac vacuum tube voltmeter (VTVM) 
across the load resistor. Turn the transmitter 
power output control R l l 2  to minimum (full 
counterclockwise). 

Now turn on the power switch on the panel 
and note the de voltage across the two pin jacks 

TP 1 and TP2. If this is in the range of ap­
proximately 42 to 46 volts, throw the carrier-test 
switch SW I O l  on the panel to the ON position. 
Slowly advance the output control R l l 2  on the 
transmitter printed-circuit board until about 10  
volts is obtained across the output load resistor. 
At this point, check the adjustment of the series 
output tuning coil L l05 by loosening the knurled 
shaft-locking nut and moving the adjustable 
core in and out a small amount from its initial 
position. Leave it at the point of maximum' 
voltage across the load resistor. 

Now continue to advance the output control 
R l l 2  until the output voltage tabulated in the 
following table is obtained across the load 
resistor. Recheck the setting of L 105 to be sure it 
is at its maximum point for 10  watts output. 
Tighten the locking nut. 

6 

Note: For 200-300 kHz sets, inductor L 105 is a 
pot core and the foregoing adjustment 
check is generally unnecessary since there is 
little chance of its setting being disturbed. 
However, if desired, the pot core setting can 
be checked using a screwdriver to vary the 
setting of the adjustable core. There is no 
locking device as the adjustable core is held 
in place by friction. 

Turn off the carrier test switch SW I O l ,  
remove the load resistor, and reconnect the coax­
ial cable circuit to the transmitter. 

T1 06 Tap 

50 

60 

70 

Voltage for 1 0  Watts Output 

22.4 0 
24.5  

27.0 

TRANSMITTER FI LTER 

Normally, the output filter (FLI02) 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 L l05 . This may be 
necessary with some types of line coupling equip­
ment. The adjustable cores of L 1  02 and L 1  03 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. 

REC EIVER 

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 1 80 rna. output, and the 

local oscillator output control R2 12 .  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 coaxial 
terminals from a separate signal generator. Set 
the signal generator to the received frequency 
at a level 1 5db below the previously measured 

0 incoming signal. With a 0-250 rnA. (minimum) 
de milliammeter plugged into 1203, adjust the 
receiver gain control unit until an output 
current of about 100 rna. is obtained. As this 
point is on the steep portion of the receiver 
output-input curve, it may be difficult to set the 
gain control for exactly 100 rna. This is not 
necessary, however, as the signal is not normal­
ly at this value. This is the operating setting of 
the receiver 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 1 5  db below the normal 
received signal level. Then adjust the receiver 
gain control to give 100 rna. output as before. 
When this adjustment has been made, reset the 
local transmitter to its normal 1 0-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 con­
trol 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 
1 5-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 1 00 rna. 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 1 5-db margin as previously described. 

M A I NTENANCE 

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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ADJU STM ENT O F  R142 O N  
TRANSMITTER BOARD 

The small adjustable resistor (pot.) R 142 sets 
the forward base bias on transmitter transistors 
Q 1 04 and Q 1 05 to the proper point for class-B 
operation. This is a factory adjustment and need 
not be changed unless transistors Q 1 04 and Q 105 
(or both) are replaced. However, if these tran­
sistors are changed, or if the R 1 42 setting is dis­
turbed in error, the following adjustment 
procedure should be followed to reset R 142: 

First remove de power from the TC carrier set 
assembly. Unsolder the lead from terminal 2 of 
transformer T 103 (just above FL101 )  and tempo­
rarily connect a low-range de milliammeter (0- 1 .0 
or so) between the removed lead (+) and T 1 03 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 de milliammeter 
reads 0 .2  rnA de ± 0.05 rnA. Turn off the power, 
remove the milliammeter, and solder the lead back 
on terminal 2 of T 1 03 .  Again apply de power and 
proceed with the transmitter adjustment as des­
cribed in the ADJUSTMENTS section. 

REPLA C EMENT OF Q1 07-Q108 

The two transistors Q 1 07 and Q 1 08 in the 
transmitter power-amplifier stage are a matched 
pair with the gain of the two units matched within 
5%. I f  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 "2 of style 
1 87A673H 16  transistors". 

Note: Only Power Amplifier module styles 
774B88 1 G0 1  thru G05 and 774B54 1 G0 1  
thru G05 use type 2N3792 transistors. When 
ordering replacement transistors, be sure 
to check module style. Other style power 
amplifier modules can be modified by 

8 

0 changing diodes D l 04 thru D l 06 te<l type 
IN48 1 8  Diodes. Order these as four of 
style l 88A342H06. 

C HA N G E  OF OPERATI NG FREQU ENCY 

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

1 .  Oscillator Crystal (YlOl ), specify frequency 

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

2 .  R136 Jumper 

For operation in 30-50 kHz range, clip off 
R 1 36 as indicated in Fig. 3 .  

3 .  Capacitors Cl l l  and Cl l3 (on Power Amp. 
board ) 

a. 30-50kHz - 0.47 mfd. - S#1 88A293H01 
b. 50.5-75kHz - 0.22 mfd. - S#188A293H02 

O .c. 75 .5;. 100kHz - 0. 1 5  mfd. - S#l 88A293H03 
d. 100.5- l SOkHz - 0. 10 mfd. - S#l88A293H04 

0 e. 150.5-300kHz - 0.047 mfd. - S#l88A293H05 
4. Transmitter 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#69 1 B6 10HO 1 and associated hardware. 

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

5 .  Zener Diode Z104 

For the 200.5-300kHz. range, a type 1 N2999B 
zener diode Z 104 is mounted on the Q 108 heat 
sink adjacent to the protective diode Z 103. 
Remove the lead from the Q 1 08 heat sink (see 
Fig. 2 for location) and connect it to the in­
sulated terminal of zener diode Z 104. 

6. FL101 and FL102 

Filter FLl  0 1  is a small series-resonant tuned 
circuit between the driver and power amplifier 
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TYPE TC POWER LI N E  CARRIER ----------------------I_. L_. _41_-9_4_4_.3_3C 

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 L 1 0 1 ,  L 102, and L l 03 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 1 3  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: 

30.0-3 1 .5 
32.0-33.5 
34.0-36.0 
36. 5-38 .5  
39.0-4 1 .0 
4 1 . 5-44.0 
44.5-47.0 
47. 5-50.0 
50.5-53 .5  
54.0-57 .0 
57.5-60.5  

6 1 .0- 64.0 1 1 3 .0- 1 19 .5 207 . 1 -2 14.0 
64.5- 68.0 1 20.0- 1 27 .0 2 14 . 1 -222.0 0 
68.5- 72.0 1 27 .5- 1 35.0 222 . 1 -230.0 
72.5- 76.0 1 35 .5- 1 43.0 230. 1 -240.0 
76.5- 80.0 145 .5- 1 5 1 .0 240 . 1 -250.0 
80. 5- 84.5 1 5 1 .5- 1 59.5 250. 1 -262.0 
85 .0- 89.0 1 60.0- 1 69 .5  262 . 1 -274.0 
89. 5- 94.5 1 70.0- 1 80.0 274. 1 -287.0 
95 .0- 100.0 1 80.5- 1 9 1 .5 287 . 1 -300.0 

1 00.5- 1 06.0 192.0-200.0 
106.5- 1 1 2 .5 200. 1 -207.0 

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

A signal generator, a frequency counter, and a 
vacuum-tube voltmeter are required for readjust­
ment of FL 10 1 . The signal generator and the 
counter should be connected across terminals 4 
and 5 of transformer T l 03 and the voltmeter 
across terminals 1 and 2 of transformer T l 04. The 
signal generator should be set at the channel 

center frequency and at 2 to 3 volts output. The 
core screw of the small inductor should be turned 
to the position that gives a true maximum reading 
on the VTVM .  Turning the screw to either side of 
this position should definitely reduce the reading. 
The change in inductance with core position is less 
at either end of the travel than when near the 
center and consequently the effect of core screw 
rotation on the VTVM reading will be less when 
the resonant inductance occurs near the end of 
core travel. 

The procedure for readjustment of the 2nd and 
3rd harmonic traps of filter FL102 is somewhat 
similar. A signal generator and a counter should 
be connected to terminals 3 and 4 of transformer 
T 105 and a 500-ohm resistor and a VTVM to the 
terminals of protective gap G 1 0 1 .  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 frequency and at 5 to 10 volts output. Turn 
the core screw of the large inductor, L l 02, to the 
position that gives a definite minimum reading on 
the VTVM. Similarly, with the signal generator 
set at exactly three times the channel center fre­
quency and 5 to 10 volts output, set the core screw 
of the small inductor, L l 03 ,  to the position that 
gives a definite minimum reading on the VTVM.  
Then remove the instruments and the 500-ohm 
resistor. 

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 T 106 is used) connected to its out­
put, and inductor L l 05 can be readjusted for max­
imum output at the changed channel frequency by 
the procedure described in the ADJUSTMENT 
section . 

I f  the frequency-sensitive voltmeter i s  
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 TP 109 to ground and 
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TYPE TC POWER L I N E  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 L 102 until a minimum voltmeter 
reading is obtained. Similarly, tune the voltmeter 
to the third harmonic and adjust L l  03 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-

TAB L E  I 

Receiver DC Measurements 

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

TEST STA N D BY W ITH 1 25 M.V. 
POI NT ( No Signal) I N PUT 

TP201 35-38 35-38 

TP202 0 0 

TP203 1 1 - 1 2  1 1 - 1 2  

TP204 <( 0.5 2-3 

TP205 1 8-22 1 8-22 

TRAN-
E* B* C *  E* B* C* 

SISTOR 

Q201 36.5 37 42.0 36.5 36 42.0 

Q202 36.5 37 . 5  43 .0 36.0 35.5 43 .0 

Q203 <0.5  0 1 8 .0 <0.5 0 1 8 .0 

Q204 2 . 1 2.75 1 8 .0 2 .7 2 .9 1 8 .0 

Q205 2 .2  2 .8  1 8 .0 2 .5  2 .7 1 8 .0 

Q206 2.2 2.8 1 1 .0 2.6 2 .8 l l . 5  

Q207 <0.5 <(0.5  22.0 2.0 2 .2  5 .0 

Q208 <0.5  <0.5  44.0 1 1 .7 2 .0 2 .0 

*E - Emitter, B - Base, C - Collector 
All voltages read with de vacuum-tube voltmeter. 
<0.5  means "less than 0.5V." 

10 

tion will overload the input circuit of some com­
mercial instruments. However, the procedure is 
satisfactory for adjusting the traps for maximum 
harmonic rejection . 

If accurate measurement of the harmonic levels 
is desired, the frequency-selective voltmeter is 
conpected, 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 measured and taken into account. 

TA BLE II 

Receiver RF Measurements 

Note: Taken with 1 00 kHz receiver filter, 0. 1 25-
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 POI NT 
TYPICAL 

A C VOLTAGE 

FL201 -IN to Gnd. 0 .067 

FL201 -0UT 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 0.0 1 3  

Q205 - C t o  TP206 1 . 1 5  

Q206 - B to TP206 0 . 1 5  

Q206 - C to TP206 2 .5  

TP202 to  TP206 0.5 

All voltages read with ac vacuum-tube voltmeter. 
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TABLE I l l  

Transmitter DC Measurements 

Note: All voltages are positive with respect to 
Neg. DC. (TP 1 04). All voltages read with 
de VTVM.  

TEST PO I NT 
CARRIER CA RRI ER 

O FF O N  

TP 1 0 1  8 . 5  volts de 8 .5  volts de 

TP 1 02 <0.5 20 

TP 1 03 <0.5 19 .5  

TP 1 05 <0.5 9 

TP 106 44 24 

TP 1 07 44 24 

TP 1 08 45 44 

TP 1 10 0.6 0.75 

TP l l l  0.6 0.75 

TP 1 12 0 <0.5 

TP 1 1 3 45 44 

1 10 1  5 rna. max. 0.6 amp. 

(Front Panel) 

TRAN-
E B c E B c 

SISTOR 

Q l O l  7 .8  7 .9  2.0 7.8 7.8 1 .8 

Q 102 8 . 1  8 .7  1 .0 8 . 1  8 .7  1 .0 

Q 1 03 k0.5 <0.5 <0.5  20.0 20.0 9 .0 

Q 1 04 0. 1 0.6 45 <0.5 0.75 44 

Q 105 0 . 1  0.6 45 <0.5 0.75 44 

Q 1 06 0 <0.5  44. 5  0 0.8 1 .2 

Q 1 07 44.3 44.2 0 24 24 0 

Q 1 08 45.0 44.7 44.5  44. 2  44.0 24.2 

REC EIVER 

1 .  Receiver Oscillator Crystal (Y20 1 ), spceify fre­
quency, and modify A-B-C jumpers as required. 

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

3 .  Resistors F2 1 1 -R238 Combination 
See values in Fig. 7 below internal schematic. 

4. If the operating frequency is reduced, the re­
ceiver gain will probably be higher. In this case, 
a reduction in the setting of the i-f input control 
R239 will give the 1 25-mv. sensitivity. If the 
new operating frequency is higher, the receiver 
gain may be lower. I f  more than 1 25-mv. is re­
quired to obtain 1 80 rna. output, the gain can 
be increased by reducing the value of one or 
both of the resistors R2 1 8  and R224. In most 
cases, these resistors should fall in the range 
of 22 to 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. 

TEST POINT AC VOLTAGE 

T l Ol -3 to TP 1 04 1 .5 volts, rms. 
TP 103 to TP 102 0.2 
Q103-C to TP 104 1 . 1 </> 

TP 1 10  to T102-4 0.2 
TP l l l  to T 102-4 0.2 
Q 1 04-C to TP 1 04 3 .3  

Q 1 05-C to TP1 04 3 .3  
T 103-4 to Gnd. 1 . 1  
T l 04- 1 to Gnd. 1 .4 

Q 107-B to TP 107 0. 5 volts, rms. 
Q 1 08-B to TP 1 1 3  0 .5  
Q 1 07-C to TP 107 14- 1 6  

Q 1 08-C t o  TP1 1 3  14- 1 6  
T 105-4 to Gnd. 105 
T 1 06-2 to Gnd. 100- 1 60* 

TP 109 to Gnd. 30-50* 
1 102 to Gnd. 24.5 
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TYPE TC POWER LI N E  CARRIER-------------------------

0 

0 

Note: T l O l -3 = tap 3 of Transformer T l O l  
Q l 04-C = Collector o f  Transistor Q l 04 
TP 105 = Test Point 105 

All voltages read with ac VTVM 

*These values may vary considerably with 
frequency. 

cf> High impedance circuit. VTVM causes 
significant loading. 

RECOMMEN DED TEST EQU I PM ENT 

I. Minimum Test Equipment for Installation 

a. Milliammeter 0-250 rna DC 

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

c. AC Vacuum Tube Voltmeter (VTVM) or 
equivalent . Voltage range 0 .0 1  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: 
Input Impedance: 

0. 1 to 300 volts 
1 .0 megohm, min. 

1 2  

I I .  Desirable Test Equipment for Apparatus 
Maintenance. 

a. All items listed in I .  

b .  Signal Generator 

Output Voltage: 
Frequency Range: 

c. Oscilloscope 

d. Ohmmeter 

e. Capacitor checker 

f. Frequency counter 

up to 1 0  volts r .m.s.  
20 to 330 kHz 

g. Frequency-selective voltmeter 

RENEWAL PARTS 

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

C 1 0 1  

C 1 02 

C 1 03 

C 1 04 

C 1 05 

C l 06 

C 107 

C l08 

C l 09 

C l iO 

t C l l l  

C l l 2  

t C l l 3  

C l l4 

C l l 5  

C l l 6  

CA 

CB, CC, CD, CE 

t FREQ. 
30 - 50 kHz 

50.5- 75 kHz 

75.5- 100 kHz 

1 00.5- 1 50 kHz 
1 50. 5-300 kHz 

D 10 1  

D 1 03 
D 1 04 

D 1 05 

0 1 06 

G 10 1  

1 10 1  

1 1 02 

J 103 

J 104 

1 105 

ELECTRICAL PARTS LIST 

Transmitter Section 

RATING 

0. 1 mfd, 200 V. DC 

.005 mfd, 300 V. DC 

1 80 pf. SOO V. DC 

0.25 mfd, 200 V. DC 

0.25 mfd, 200 V. DC 

0.25 mfd, 200 V. DC 

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

0.25 mfd, 200 V. DC 

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

39 pfd, 500 V. DC 

(See Table Below) 

100 pf. 500 V. DC 

100 pf. 500 V.  DC 

0.00 1 mfd, 500 V. DC. 

Part of FLlO l  

Part of  FL102 

C l l l , C l l 3  

0.47 mfd, 400 V. DC 

0.22 mfd, 400 V. DC 

0. 1 5  mfd, 400 V. DC 

0. 1 mfd, 400 V. DC 
0.047 mfd, 400 V.  DC 
1 N457A 
1 N48 1 8  
1N48 1 8  

1N48 1 8  

1N48 1 8  

Type R VS Arrester 

Closed Circuit Jack 

Banana Plug Jack 

Coaxial Cable Jack 

24-Term Receptacle 

1 2-Term Receptable 

STY LE NUM BER 

1 87A624H0 1 

1 87A694H29 

1 87 A695H29 

1 87A624H02 

1 87 A624H02 

1 87A624H02 

1 87A624H02 

1 87A624H03 

1 87A624H02 

1 87A624H02 
-

1 87 A695H l 2  
-

1 87A695H23 

1 87 A695H23 

1 87A694H l l  

Vary with Frequency 

Vary with Frequency 

Style Number 

1 88A293H0 1 

1 88A293H02 

1 88A293H03 

1 88A293H04 
1 88A293H05 
1 84A855H07 

1 88A342H06 

1 88A342H06 
1 88A342H06 

1 88A342H06 

8 7 7A l 24H0 1 

1 87A606H0 1 

2 of 1 85A43 1 H0 1  

1 87A633H0 1 

1 87A669H0 1 

629A205H02 
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SY M BO L  

L 1 0 1  

L l 02 

L l 03 

L l 04 

L 105 

L l 06 

Q 10 1  

Q 1 02 

Q 1 03 

Q 1 04 

Q 1 05 

Q 1 06 

Q 1 07 

Q 1 08 
SY M BO L  

R 1 0 1  

R 102 

R 1 03 

R l 04 

R 1 05 
R 1 06 
R l 07 

R 1 08 
R 1 09 
R i l l  
R 1 1 2  

R l l 3  

R l l4  

R 1 15  

R l 1 6  

R l 1 7  

1 4  

ELECTRICAL PARTS LIST 

Transmitter Section ( Cont.) 

RATING 

Part of FL10 1 

FL1 02 Trap Coil (2nd Harmonic) 

FL102 Trap Coil (3rd Harmonic) 

400 mb. 

FL102 Coil (part of series-resonant 
circuit tuned to fundamental freq.) 

2.0 mh. 

2N2905A 

2N2905A 

2N525 

2N37 1 2  

2N37 1 2  

TI-48 1  

2N3792 - Matched Pair 

O HM S  ± TO L. % WATTS 

5,600 5 1 

2,200 10  0 .5  

1 0,000 10 0.5 

100,000 5 0.5 

390 5 0.5 
1 ,200 5 0.5 

1 0,000 10  0 .5  

100,000 5 0.5 

390 5 0.5 

1 ,200 5 0.5 

1 K Pot 20 0.25 

4,700 5 0.5 

1 0,000 10  0.5 

1 50 5 0.5 

1 00 5 0.5 

1 ,000 5 25 48 V. DC 

3,750 5 25 1 25 V.  DC 

8,500 5 25 250 V. DC 

STYLE NUMBER 

Vary with Frequency 

Vary with Frequency 

292B096G0 1 

Vary with Frequency 

0 3500A27H0 1 

762A672H 10  

762A672H 10  

1 84A638H 1 3  

762A672H07 

762A672H07 

1 84A638H 1 1  

1 87A673 H 1 6  

STYLE N U M BER 

1 87A643H45 

1 87A64 1 H35 

1 87A64 1 H5 1  

1 87A763H75 

1 84A763 H 1 7  
1 84A763H29 
1 87A64 1 H5 1  

1 84A763H75 
1 84A763H 1 7  
1 87A763H29 

629A430H02 

1 84A763H43 

1 87A64 1 H5 1  

1 84A763H07 

1 84A763H03 

1 202588 

1 202955 

1 2673 10  
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SYM BOL 

R I I 8  
R I I 9  
R I 20 
R I 2 I  
R I 22 
R I 23 
R I 24 
R I 25 
R I 26 
R I 27 
R I 28 
R I 29 
R l 30 
R I 3 I  
R I 32 
R I 33 
R I 34 
R l 35 
R I 36 
R I 37 
R I 38 
R I 39 
R I 40 
R I 4 I  
R I 42 
R l 43 
R I 44 

SYM BOL 

T10I  
T 1 02 
T 1 03 
T 1 04 
T 1 05 
T 1 06 
Y I O I  
Z 1 0I  
Z 1 02 
Z 1 03 
Z I 04 

ELECTRICAL PARTS LIST 

Transmitter Section ( Cont.) 

O H M S  + TOL. % WATTS 

IO,OOO 2 0.5 
62 2 0.5 

I O,OOO 5 2 
IO  5 2 
IO  5 0.5 
10 10 0.5 

100 10  I 
I ,OOO 10  0 .5  
4,700 I O  I 

10  IO  0.5 
2,200 5 I 

2 .7  10  0 .5  
10  10  0 .5  

4,700 5 I 
2.7 I O  0.5 

0.27 IO I 
0.27 10 I 

3,000 10  5 
I2 ,000 10  0 .5  
I 5 ,000 IO  2 

I ,OOO IO  0.5 
I ,OOO IO  0 .5  

68 2 0.5 
30 Type 3D202 Thermistor 

25K Pot 20 I /8 
20K 2 0.5 

2 .s1 - 3W 
RATING 

10,000/400 ohms 
10,000/400 c.t. 
I 930j60 ohms Lspec 633000 
Turns ratio, I /0.5, Pri-jeach sec. 
I 0/500 ohms 
500/50 - 60 - 70 ohms 
30-300 kHz crystal per 328C083 
Zener Diode I N5357B (20 V. ± 5%) 
Zener Diode I N2999B (56 V. t. 5%) 
Zener Diode I N2999B (56 V. ± 5%) 
Zener Diode I N2999B (56 V.  + 5%) 

STYLE N U M BER 

629A53 I H56 
629A53 I H03 
I 85A207H5 I 
I 87A683HO I 
I 87A290H0 1 
I 87A290HO I 
I 87A644H03 
I 87A64 I H27 
I 87A644H43 
I 87A640HO I 
I 87A644H35 
I 84A636H I4 
I 87A640HO I 
I 87A644H43 
I 84A636H I 4  
I 84A636H I 8  
I 84A636H I 8  
I 88A3 I 7HO I 
I 84A763H53 
I 87A642H55 
I 87A64 I H27 
I 87A64 I H27 
629A53 I H04 
I 85A2 I I H06 
629A430H I 5  
629A53 I H63 
762A679H I 3  

STYLE N U M BER 

205C043GO I 
205C043G04 
I 962694 
292B526GO I 
292B526G02 
292B526G03 

Specify Frequenty 
862A288H03 
629A798H04 
629A798H04 
629A798H04 
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SYM BO L  

C201 

C202 

C203 

C204 

C205 

C206 

C207 

C208 

C209 

C2 1 0  

C2 1 1  

C2 1 2  

C2 1 3  

C2 1 4  

C2 1 5  

D201 

D202 

D203 

D204 

FL201 

FL202 

1201 

1202 

J203 

L201 

Q201 

Q202 

Q203 

Q204 

Q205 

Q206 

Q207 

Q208 

1 6  

ELECTRICAL PARTS LIST 

Receiver Section 

RATING 

0. 1 mfd. ,  200 V. DC 

300 pf. 500 V. DC 

1 80 pf. 500 V. DC 

0.25 mfd. ,  200 V. DC 

0.25 mfd. ,  200 V.  DC 

0.25 mfd. ,  200 V. DC 

0.25 mfd. ,  200 V.  DC 

0.25 mfd . ,  200 V. DC 

0.25 mfd. ,  200 V. DC 

0.25 mfd . ,  200 V.  DC 

0 . 1  mfd . ,  200 V.  DC 

0 .25  mfd. ,  200 V.  DC 

2.0 mfd. ,  200 V. DC 

0.25 mfd . ,  200 V .  DC 

39 pfd . ,  500 V. DC 

1 N457A 

1 N457A 

l N48 1 8  0 
1 N48 1 8  

Receiver Input Filter 30-300 kHz 

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

Receiver Coax. Input Jack 

Closed Circuit Jack(20 MA) 

Closed Circuit Jack (200MA) 

33 mh. 

2N2905A 

2N2905A 

2N2905A 

2N2905A 

2N2905A 

2N2905A 

2N3645 

2N4903 

STY LE N U M BER 

1 87 A624H0 1 

1 87 A695H35 

1 87A695H29 

1 87A624H02 

1 87A624H02 

1 87A624H02 

1 87A624H02 

1 87A624H02 

1 87A624H02 

1 87A624H02 

1 87A624H0 1 

1 87A624H02 

1 87A624H05 

1 87A624H02 

1 87 A695H 1 2  

1 84A855H07 

1 84A855H07 

1 88A342H06 

1 88A342H06 

Specify Frequency 

1 87A590G02 

1 87A638H0 1  

1 87A606H01 

1 87A606H0 1 

1 87A599H02 

762A672H l 0  

762A672H l 0  

762A672H l 0  

762A672H 1 0  

762A672H 10 

762A672H 10 

849A44 1 H0 1  

1 87A673H 1 3  
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TYPE TC POWER L I N E  CARRIER -----------------.....;.;;I.L;;;;.·..:.;41:...:-9�44�.3=3C 

SYM BOL 

ELECTRICAL PARTS LIST 

Receiver Section ( Cont.) 

RATING 

R ESI STORS O H M S  ± TOL. % WATTS 

R201 1 0,000 

R202 2,200 

R203 1 0,000 

R204 100,000 
R205 390 

R206 1 ,200 

R207 25 K Pot. 

R208 1 0,000 

R209 100,000 

R2 10 390 

t R2 1 1  -

R2 1 2  1 K Pot. 

R2 1 3  1 ,200 

R2 14 5,600 

R2 1 5  20,000 

R2 16  3,600 

R2 1 7  620 

R2 1 8  33 

R2 1 9  10,000 

R220 20,000 

R22 1 300 

R222 3,600 
R223 620 
R224 33 

R225 1 0,000 
R226 20,000 

R227 300 

R228 3 ,600 

R229 620 

R230 1 0  

R23 1  2,000 

R232 1 ,200 

R233 4,700 

t R2 1 1 - 10K - above 50 kHz - S#187A64 1 H5 1  
22K - 30-50 kHz - S#1 87A64 1 H59 

10 0.5 

10  0.5 

10 0.5 

5 0.5 

5 0.5 

5 0.5 

10  2 

10  0 .5  
5 0.5 

5 0.5 
- -

20 0.25 

5 0.5 

5 1 

5 0.5 
5 0.5 

5 0.5 

5 0.5 

10  0 .5  

5 0.5 

5 0.5 
5 0.5 
5 0.5 
5 0.5 

10 0.5 
5 0 .5  
5 0.5 
5 0.5 

5 0.5 

5 0.5 

5 0.5 

5 2 

10  2 

STYLE N U M BER 

1 87A64 1 H5 1  

1 87A64 1 H35 

1 87A64 1 H5 1  

1 84A763H75 

1 84A763 H 1 7  

1 84A763H29 

1 85A086H07 

1 87A64 1 H5 1  

1 84A763H75 

1 84A763 H 1 7  

See t Not�: Below 

629H430H02 

1 84A763H29 

1 87A643H45 

1 84A763H58 

1 84A763H40 

1 84A763H22 

1 87A290H 1 3  

1 87A64 1 H5 1  

1 84A763H58 

1 84A763H 1 4  

1 84A763H40 
1 84A763H22 

1 87A2901H 1 3  

1 87A64 1 H5 1  
1 84A763H58 
1 84A763 H 14 

1 84A763H40 

1 84A763H22 

1 87A290H01 

1 84A763H34 

1 85A207H29 

1 87A642H43 
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TYPE TC POW ER L I N E  CARRIER -------------------------

1 8  

SYM BOL 

R234 
R235 
R236 
R237 

t R238 
R239 
R240 
R280 
T201 
T202 
T203 
Y20 1 
Z20 1 
Z202 

SYM BOL 
C l  
C2 
C3 
F l ,  F2 
F l ,  F2 

PLl  

P L l  

Q l  

R l  
R2 
R3 

R4 

SW l 

SW l O l  
TP l 
TP2 
Z l  

Z2 

Z3 

ELECTRICAL PARTS LIST 

Receiver Section (Cont.) 

RATING 
OHMS 

+ TOL. % WATTS 
5 , 100 5 0.5 
1 , 500 5 0.5 
4,700 10 1 

1 70 5 40 
- - -

1 K Pot. 20 0.25 
50 Sensistor 0.25 
56 5 0.5 

10,000/ 1 0,000 Ohms 
10,000/400 Ohms 
25,000/300 Ohms 
50-320 kHz Crystal per 328C083 
1 N3027B (20 V. + 5%) 
1 N 1 789 (56 v. ± 10%) 

Power Supply Section 
FU NCTI ON 

( +) to (-) bypass 
AC grounding 
AC grounding 
Overload P rotection 
Overload P rotection 
Neon Pilot Light 
1 25 /250 Volts 

Filament-type 
for 48 Volts 

Series Regulator { Series dropping 
1 25V Series dn:>pping 

. Current limiting { For �8 V. :>C, 

48V 
R l - R2 - 0 

R3 = 26.5 ohms 
Current Limiting 

Power Switch 

Carrier Test 
Test Point ( +) 
Test Point (-) 
Voltage Regulator 

Surge Protection 

Voltage reg. for 250 V. 

D ESCRIPTION OR RATING 
0.45 mfd. 330 V. AC 
0.5 mfd. 1 500 V. DC 
0.5 mfd. 1 500 V. DC 

1 .5a, 48/ 125 V. DC 
2.0a. 250 V. DC 

1 20 Volts 

55 Volts 

*Type 2N6259 
Silicon Transistor 

26.5 ohms, 3 V2'' 
Same as R l  

5 00  ohms,. 3 V2'' 

-

3 V2" 
l OOK, 0.5 watt 
3a, 250 V. AC-DC 
6a, 1 25 V. AC-DC 
Same as SW l 
Pin Jack - red 
Pin Jack - black 
1 N2828B (45 V.) 
1 N3009A ( 1 30 V.) 
Zener Diodes 
1 N28 1 3B ( 1 5  V .) 

t R238 - omit above 50 kHz - 23K, 30-50 kHz, S#l 87A64 1 H59 

STYLE N U M BER 

1 84A763H44 
1 84A763H2 1 
1 87A644H43 
1 336074 

See t Note Below 
629A430H02 
187A685H08 
1 87A290H 1 9  
7 1 4B677G0 1 
205C043G0 1  
205C043G03 

Specify Frequency 
1 84A449H07 
584C434H08 

STYLE N U M BER 
1 72�408 
1 877962 
1 877962 
I I D9 1 95H26 0 
478067 

1 83A955H0 1 

1 87A1 33H02 

3503A4 1 H0 1  

04D 1299H44 
04D 1 299H44 
1 268047 

-

04D 1 299H44 
1 84A763H75 

880A357H0 1 

880A357HOI 
1 87A332H0 1 
1 87A332H02 
1 84A854H06 

1 84A6 1 7 H 1 2  

1 84A854H l l  
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TYPE TC POWER L I N E  CARRIER 

lJ 
r--------------------- 19 ----------------� 

-iN 
0 

POWER LINE CARRIER ���J�O:� " l 
TYPE TC I � I 

D 
® {i @ @ ®  ���"� 
fswiDE Xi DEEP - EIGHT SLOTS 

' ' 

tH J 
.(} ' o' 

Wesri� @ 
OMITTED F O R  

SOLID STATE RELAYING 
APPLICATIONS 

Fig. 1. Type TC Carrier Assembly - Outline 

FL201 (200.5-300 KHZ) MTO.  UNDERNEATH TRANSMrTTER BO 

' 

,TRANSMITTER PRINTED: 
I CIRCUIT BOARD I '- 1 ,- J 

, _ _ _ _ _ _ _  j 
FL202 

RECEIVER PRINTED CIRCUIT BOARD 

REAR VIEW 
O M I T T E D  FOR 

S O L I D - STATE RELAYING 
A P P L I C ATI-ONS 

Fig. 2. Type TC Carrier Assembly - Parts Location 

}4 .,: LFOII 200T0300KHZ 

I.L. 41 -944�33C 

S U B . 3 
2 0 2 C 2 3 1  

S U B . 3 
2 0 2 C 2 3 2 
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TYPE TC POWER L I N E  CARRIER --------------------

20 

!!!= 

CLIP JUMPER FOR 30-50 KHZ 

I 
C LIP JUMPER FOR HZ / HZ M  RELAYING 

Fig. 3. Transmitter Printed Circuit - Parts Location 

�TP r:::+l @ � 
O 

LGLJ-'; �TPI07 � 

@TP I08 Rl 2 6 0 1 060 ffiHJ @ 
ao i 0 5) R l 32 ([ITI] TPI06 
(RI30l 1 R l 3 1 I ( Rl 28 I 10 1030 

·� - -� 
Fig. 4. Power Amplifier Printed Circuit - Parts Location 

S U B . 6 
7 1 4 8 9 5 8 

SUB . 2 
3 5 0  7A 3 4  
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TYPE TC POWER L I N E  CARRIER ---------------------....;I::.:.L::.·..:.4.:...1-.::.;94:::4:.:..:.3:.::..::.3C 

FOR 30 T O  50 K HZ O N LY 

R C  

C A RR I E R  
T E S T  

PHASE a 
GROUND 
CARR I E R  
S TA R T  

Fig. 5 .  Receiver Printed Circuit - Parts Location 

85RS --r 

85RS -
3

-

��F�US�E�D�P�O�S�IT�I�V�E---------� TC 
7 

85RS 
-�- T R A N S M I T TER C ON T R O L  

2 0 0 - M A .  

R E C E IVER OUTPUT 

C S G  

F U S E D  N E G .  

/':, I N  K A  4 R E L AY 

85RS- RESERVE SIGNAL DETECTOR (WHEN USED) 

Fig. 6. Elementary K-Dar Carrier Control Circuits. 

T C  6 

TC 
2 

T C  

5 

S U B . 8 
1 8 7 A 7 6 6 

S U B . 2 
8 6 2 A 9 3 7  
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TYPE TC POWER L I N E  C ARRIER -------------------------

22 

-9- CIRCUIT C HANGES FOR H K B  8 SKB RELAY ING SHOWN BELOW 

U\1 
-----------:-1� �· 6 1 TCU CARRIER CONTROL J � j ill- t a l 

A s  r - - ,  . .E R TEST I I CARR IER TEST ABOVE 
- -l_T _ .J- 1 s w  1 0 1  I I R l l 7  I - ...... I OM ITTED 1 r 

1 6  
I {-----�!.-.. 3 I TO TCU  

AS 
I I Fig. 7{b) I � 2 

I 
TO T T- l  CO IL  

I I 
(SUB 2 

629A486) 

0 Fig. 7(a) TC Carrier Assembly for HKB & SKB Relaying - Internal Schematic. Use with Figure 7(b) Dwg. 6692089-Sub 5. 
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TYPE TC POWER LI NE C ARRIER --------------------------

� 
$ 

DB 

I. F. FILT ER TE ST CIRCUIT 
S EC.;;:I $ I 10 K j � ��-_]� � 300ll 
S E C:*2 

�UQB] [_�� �� � 300 .tl. 

I NPUT FILTER TEST CIRC U l i  

0 0 
4 5 

r - - - - - - -
- -

-
, I I 

I 
I 

I I 
I 
I L - - - - - �K�EP TH�:E 

25 LU��--�---+---+---t---1� 

0 �--�--����--���� 
I B  19 20 21 22 23 KH:l' 1 7 

T Y PI CAL SELECTIVIT Y  
E A C H  SECTI ON 

I NSERT ION LOSS 26 DB MAX. 

35 ��--�--,---.. --�r. 
DB 

FOR B OTH F I LTE RS ,  LEADS SHORT 

DB t: · 2 0  LOG 't! 
V 2  

T C  R E C E I V E R  F I LT E R  L I M I TS 

I N P U T  F I LT E R  FO R 2 0 0 . 5 - 300 K H Z  
I N S E R T I O N  LOS S 1 2 - 16 D B ,  R I S IN G  W I TH F R E QUENCY 

DOWN 34i»AT ! 0.8- 1 . 1  K HZ ,  RISING WITH FREQUENCY 

-2 - 1  Fo + I  
T YPICAL SELECTIVITY 30-200kHZ 

I N S E RTION LOSS 12 - 1 8  DB , 
R I S I NG WITH FR E Q U E N C Y.  

AT 2 KHZ , DOWN 22 - 3SDB,DROPPING W ITH R IS I NG FREQUEfi!CY 

Fig. B. Type TC Receiver Filter Characteristics 

25 

S U B . 5 

6 2 9 A 4 2 5  
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DB 
90 

80 

70 

60 

50 

40 

30 

20 

10 

142 

26 

I.L. 41 -944.33C 

TYPE TC CARRIER 

\ I RECEIVER SATURATION 
CURVE 

\ 
OVERALL TC RECEIVER RE SPONSE 

I 1 45  KHl 

\ II 
II 240 

� J 

1\ I 

\ I 

\ I 

2 0 0  

"" 
:::E 
1-

160 ::> 0. 1-::> 0 
u c:i 120 

80 

v 

I 
I 

� 
J I 1/ 

\ v 40 J 
v 

"'-_/ 0 
t...,...-v MV INPUT 

8 0  100 140 160 120 

143 144 145 146 147 148 KH!' 

C u r v e  5 3 8 0 1 4  

Fig. 9. Type TC Overall Selectivity Curve 

Z202 1 20 MA.  � 

C u r v e  5 3 7 9 6 5  

Fig. 10. Type TC Receiver - 200 ma. Output Characteristic. 

\ 
T O  1-----..... - - - - FU S E D  

N E G .  

( O R E Q U IV. COI LS ) 

T C  
2 I N4818 !::,. ,;., R 2 3 7 

�nt--�--�����--� 3 3  ��----� 
----+ 

200 M A .  

6- IN4818 s*J 88 A342 H O& 
fh_ 33 .n., 3 W}- s'*t- 1 8 4 A 636 H I 9  
't' RESIST OR 

( O R  2 5  ..{5 Jl. C O I LS F O R  
20 0 - M A .  AND 2 0 M A .  OUTPU T ) 

Tc Receiver Output For 20-ma.  Operation 

Fig. 1 1 .  

S U B . 3 
8 6 2 A9 3 4  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE TC POWER LI N E  CARRIER ---------------------�� -�L-....;4�1 ·...:9..:..44;,.:.;.3:..:;3�C 

(!) z 
() 
� 
0.. 
Cf) 

- - �- �---- -�-- -�--r-..-.--- -i 
30 50 1 0 0  

H I GHER  CENTER FREQUENCY 
K H Z 

200 
oF Two SETs 

0 Fig. 12. Minimum Frequency Spacing for Two 1 0- Watt Transmitters Operated in Parallel. 

- 5 0 + 1 0  

( 1 2 5 M V )  - 4 6  
C H A N N E L  S PA C I N G  

K H Z 

10 
- 4 0 8 0 ( 2 4 . 5 V )  

6 --
5 - --
4 

--
--

3 
([) 
0 

2 
cr 

([) w 
0 - 3 0 - 10 1-

1-
>- 1 . 5  � 
1- (f) z 
> <( ;:::: cr 
u; 1-
z (.!) w z (f) 

- 2 0 - 20 
-

cr cr 
w w 
� lJ._ 

0.5 cr w w (.) 1-
w � cr 

- 1 0 0 - 30 

( 2 4 5 V ) 0 - 40 ( 2 4 5  M V )  

Z E R O  D B = 2 4 . 5  V O L T S  

Fig. 13. Minimum Channel Spacing for Keyed Carrier 6 0  p.p.s. 

300 

S U B . 2 
8 6 2 A 9 3 5  

S U B . 2 
8 6 2 A9 3 3  
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TYPE TC POWER LINE CARRIER 

28 

I 
I 

r-----------------------------+-+ lo : POS .  250 V. 

1 D.C .  I N PUT 
I 

r-----------...,.... .... 1 9 1  E X T. R E S. � -ITf§".}-, 
I I 

..-----------+----------� ...... 7 F USE D PO S.� _ ..... ..... ...-1 a E XT. R E S  . 
.... -------...... --+-. 4 PO S .  4 5  V.D.C . 

Z3 
IN2813B'S 

TP I 

C l  

Fig. 14. Detail of Power Supply Section For 250- Volt Supply 

� � � cp cp  D � � � cp  

: : 

1 -- � [83� � � � � � � �n--1 .-,f-f-1--���������======-0I !=·T_G_. _Cl_NT=[=II============-:-1' 1 

l ........ · 

ILOC• 

-1• 

Fig. 15. Outline of External Resistor Unit for 250-volt Operation. 

F U S E D  N E G .  

N E G .  D .C .  I N P U T  

S U B . 2 
8 6 2 A9 3 2 

SUB . 1 
4 1 1C S 3  3 
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TYPE TC POWER LINE CARRI ER I.L. 41 -944.33C 

1 o o o .n.  4 B V 
3 7 50 .n. 1 2  5 v 
a 5 oo n 2 5o v  

� F U S ED POS.  I SW I O I  ( T EST ) 

R l l 7  
P A R T  O F  VO I C E  

A D A P T E R  ( I F  USE D)  cp 
A /r---1 .......__""""'\ 

---..... ----<:.---.,.._--____, ... _ c::J------i l-1 __ POS . 

R K I D  4 5V 

N O R M A LLY CLOS E D  
T E L  E M .  O R  S U PV. 

C O N TA C T  

5 
FUSED N E G .  

Z I O I  
( 20 V ) 

---.... ---------<!·------�----- - - - - -

6. = N O T PA RT OF T C  S E T  

7 

N O R MA L L Y! 
O P E N  
CON TACT 

<� 

P A R T  O F  T C  S E T  

FU S E D  PO S .  

I SW I O I  ( TE S T )  

2 5  WATT 

AS A BOV E 

A LTE R N ATE F O R  N O R MALLY 
O PE N  CONTACT 

R l l 7  

Z I O I  
( 2 0V ) 

5 FU S E D  N E G. 
--------��--....;.....:....;;..,;;;_;;;,....._;�;..;._-----�-- - - - -

-

cp C O N T I N U OUS TELEMETERI N G  M U ST B E  I N T E R R U P T E D  ( CA R R I E R  OF F )  

TO U S E V O I C E  COMMU N I CATION 

S U B . 3 

8 6 2 A 9 3 6 

Fig. 16. External Circuitry For On-Off Keying of Type TC Transmitter For Telemetering or Supervisory Control (Without Protective 
Relaying) From Either Normally-Closed or Normally-Open Contact. 
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Westinghouse I . L. 41 -944.328 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TC POWER LINE CARRIER 

TRANSMITTER-RECEIVER ASSEMBLY 
FOR USE WITH SOLID-STATE RELAYING SYSTEMS 

TAB L E  O F  CON T E N T S  
Page 

Caution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 2 

2 

2 

2 

2 

3 

4 

4 

4 

Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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" 
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Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4 
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5 
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Ins tallat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Adjustments . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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Transmitter Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Change of Operating Frequency . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
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TY P E  TC P O W E R  L I N E C AR R I E R  TRANSMITT E R- R E C E I V E R  ASSE M B L Y
-----------------

C A U T I O N 
It is recommend ed that the user of this e quip­

ment become t horoughly acquainted with the infotm a­
tio n  in this i nstruction l eaflet before energizing t he 
carrier assembly. Failure  to o bserve 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 otherwi se secur­
ed before swinging out t he equipment r ack to prevent 
it s tipping over . 

2 

A P P L I C A T I O N  
The type TC c arrier equipment cov ered by t hese  

instructions i s  designed for use with solid- st at e  
r el ay ing syste ms for t rans mission line prot ection. 
It can also be  used for maintenance communication 
between t erminal s  of a line section. 

C O N S T R U C T I ON 

The transmitter-receiver unit consists of a 
standard 1 9-inch wide  panel 1 7Y2 inches ( 1 0  r ack 
units) high. The panel is notched for mounting on a 
standard relay rack . All compone nts ar e  mounted on 
the rear of the panel. Met ering jack s ,  a test switch, 
and the r eceiver gain control are accessible  from 
the front of the p anel .  See F ig. 1 .  The circuitry is 
divided into sever al sub-assemb lies 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 compone nts on the five 
printed  circuit boards are shown on separ at e  illus­
trations , Figures 3 through 7 .  

External connections to the  asse mbly are made 
through a 24-circuit receptacle J104 .  The r-f output 
connection to the assembly is made t hrough a co ax­
ial cable j ack J 10 3 .  Whe n voice communication is 
used, the voice adapter plugs into receptacle J 105 
on the front p anel. 

The receiver gain control R207 is accessible 
from the front of the p aneL In addition, three current 
j acks are provided for measuring the following 
quantities .  

J101  - Trans mitter power-amplifier collector 
current . 

J202 - Receiver CLI 0-3 rna. output current 
J203 - Receiver 200-ma. output current .  

The receiver filter input resistor R20 1 is con­
nected directly to term. # 1  of FL20 1 and is covered 
with insulating sleeving. 

O P E R A T I O N 

Transmitter 

The transmitter is made up of four main stages 
and t wo filters. The stages include a crystal oscil­
lator,  buffer-amplifier ,  driver, and power amplifier .  
With referenc e  to internal schematic, Fig .  8 ,  the 
oscillator crystal serve s as a series-resonant cir­
cuit between t he collector of Q 1 0 1  and the bas e  of 
Ql02 . The output of Q 1 0 2  is fed back through c ap a­
citors C 1 0 2 ,  C 103 , and Cl 1 2  t o  the base input of 
Q10 1 ,  thus providing oscillation at the crystal fre­
quency. The frequency is essentially independ e nt 
of voltage or temperat ur e  changes of the transistors .  
Thus the freque ncy stability is  that of the crystal 
itself .  

The oscillator output energizes the  b uffer-am­
plifier transistor Q 10 3  through the potentiometer 
R 1 1 2  which controls the transmitter power output . 
Keying of the transmitter output is c ontrolled in the 
buffer-amplifier stag e  by changing t he d-e potenti al 
supplied  to Q103 emitter circuit. This is accomplish­
ed in the two buffered-input keying circuits ( tr an­
sistors Q 1 5 1- 1 5 2  and Q 1 53 - 1 54 - 1 55 and associ at e d  
components) .  Normally Q15 2 is conducting, c ausing 
a flow of  c urrent from positive 45 v . d. c .  through 
R 1 1 7  and transistor Q 1 5 2  to negativ e .  When a d-e 
voltage is applied to carrier-start terminal 6 or 
7 (of J 1 04 ) , transistor Q 1 5 1  is turned on which 
in tur n  switches transistor Q152 to a non-conducting 
state .  Then the path from pos. 45 v . d . c .  goes t hrough 
R l l 7 ,  diode s  Z159  and D 15 1 ,  then up to the trans­
mitter  board through Zener diode Z 1 0 1  to negative. 
The 20-volt d-e potential across Z 1 0 1  supplies 
voltage to transistor Q103,  causing transmission 
of carrier. Note that operation of carri er test switch 
SW 10 1 applies positive 20 v .d.  c .  to J 104 terminal 
6 circuit and similarly allows the transmission of 
carrier. 

When carrier is being transmitted for any reason, 
a carrier-stop reque st from the protective relays 
takes  prefer ence over any carrier-start op er ation . 
When a d-e voltage i s  applied to J 104 ter minal 8 
or 9 ,  transistor Q 1 5 4  turns on,  Q155  turns off, and 
Q 1 53 turns on which connects the transmitter k ey­
i ng circuit back to negative d . c . thus stopping 
carrier . If carrier is started through the Voice 
Adapt er , the diod e D 1 5 1  isolates t he d-e carrier­
start voltage from negative (through Z 1 5 9 ,  and Q 1 5 2  
which i s  normally conducting) . The zener diode Z 1 5 9  
prevents the small forward voltage across D 1 5 1  and 
Q 1 53 from causing a small  amount of carrier trans­
mission under standby conditions. 
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The buffer output energizes t he driver stag e  
which operates class B o  When voic e  modul ation i s  
used , the transmitter modulating voltage is  applied 
to the base-e mitter circuit of transistors Q104 and 
Q105 0  

The output of the driver stage pas ses through 
filter FL 1 0 1 , then to the input transformer T 104 of 
the power amplifier stageo Filter F L 1 0 1  impr oves 
the waveform of t he signal applied to the power 
amplifier .  T his stage uses two series-connected 

0 typ e  2N 379 2 power transistors, Q 107  and Q lOS , 
operating as a cl ass-B pus h-pull amplifier with 
s ingle-ended output, Transistor Q106 applies for­
ward base bias to Q107 and Q108 whe n the carrier 
start circuit is energi zed. Diodes D 103 and D 105  
provide protection for the  base-emitter j unction of 
the power transistors .  Zener diodes Z 102 and Z 103 
protect the collector-emitter j unctions from surges 
which might come in  from the power  l ine through 
the coaxial cabl e .  

The output transformer T 105 couple s  the power 
transistors to the transmitter output filter FL 1 0 2 .  
T h e  output filter include s two trap c ircuits ( L 1 0 2 ,  
CB . and L 10 3 ,  Cc) which are factory tuned t o  the 
second and t hird har monics of the transmitter fre­
quency.  Capacitor C D approximately cancels the in­
ductive reactanc e of the two tr ap circui ts at the  
operating fre quency. Protective gap G 1 0 1  is a small 
lig htning arrest er to lim it t he magnitude of switc hing 
surges or other line disturbances  reaching the c ar­
rier set through the  line t uner and coaxial cable .  
Auto-transformer T 106 matches the  filter impedance 
to coaxial cables  of 50 ,  60 , or 70 ohms characteristic 
impedance. 

T he series-resonant circuit composed of L 105  
and CE is t uned to  t he t ransmitter frequency , and 
aids in providi ng resistive termination for the output 
stage as well as attenuation for higher order har­
monics .  Jack J 10 2  is mounted on t he rear panel 
of FL 1 0 2  and is used for meas uring t he r . f. output 
cur rent of the transmitter into t he coaxial cab l e .  
I t  should be noted that t he filter contains n o  shunt 
react ive elements ,  resulting in a rever se impedance 
free of  possible "across-the-line " res onances .  

Recei ver 

The receiver is a superheterodyne type to facil­
it ate obtaining const ant bandwidth regardless of 
the channel frequency. T he major stages includ e  
an i nput filter ,  attenuator ( gain control) ,  crystal 
oscillator ,  mixer ,  L f. filter s and U. amplifiers ,  

diod e det ector , d-e amplifier , and d-e power  output 
st age o 

The fixed input filter rej ects undesired signal s  
while acc epting a wid e  enough band of frequencies 
to as sure fast operation. The receiver sensit ivity 
is adjust ed by means of the continuously var iable 
input control R20 7 .  The receiver o scillator ( Q20 1 
and Q202) is basically the s ame as the trans mitter 
oscillator . The oscillator frequency is  20 kHz above 
t he incoming signal frequency . The re ceiver channel 
frequency is  determined by t he input filter and t h e  
oscill ator crystaL 

Mixing is accomplished by feeding the incoming 
si gnal to  t he emitter, and t he receiver oscillator 
signal to the base of the mixer Q203. Mixer oscil­
lator requ ireme nts are met through adj ust me nt of 
pote nt iomet er R2 1 2 . Injection into two separ at e  
elements ,  base and emitter , provi d es a circuit c ap­
able of handling greater s ignal level variations 
than one in which injection is made into only a 
single el ement such as the base. This rec e iver 
use s  an intermediat e  frequency of 20 kHz.  Typical 
charact eri st ic s of bot h filters and the complete 
receiver  are shown on curves ,  Fig. 9 and 10. 

The 20-kHz i.L signal is rectified by diodes 
D20 1 and D202. The resulting d-e output is  am­
p lified by transistors Q207 and Q20 8 ,  g iving a re­
ceiver output current of nominally 200 rna. for a 
30-ohm external alarm relay coil c ircuiL Fig.  1 1  
shows the receiver 200-ma. output char acteristic . 

NOTE:  For 2:!!._ applications , an alar m  relay or 
equivalant resistive load ( 3 0-35 o hms ,  3 
watt)  m ust be connected to t he receiver 
200- ma. output c ir cuit . 

F or solid-state  relay ing applications , the re­
c eiver also has a 20-volt d-e buffered output 
(transistors  Q253 and Q254 on rec eiver CLI and 
output board) .  At an input signal level that would 
give about 1 00-ma. output current ,  the receiver 
20-volt output will appear at J 104 t erminal 1 8 .  

T o  provide a more accur ate indication o f  re­
ceived signal level , a carrier level indicator (CLI) 
is  provided on the receiver auxiliary circuit board, 
Thi s  device includ e s  a sensitivity adjustme nt 
(R25 2 ) ,  two amplifier stage s ( Q2 5 1  and Q252) ,  and 
a diode detector . T he filtered output of the detector 
i s  brought out t hrough J202 to J 1 04 ter minals 1 6  
and 1 7  for connection to an external 0-3 d-e millia­
met er. A typi cal CLI curve of o utput milliamperes 
v s .  recei ver input signal margin is shown in  Fig.  1 2 .  
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Power Supp l y  

The power supply circuit  for 4 8  o r  1 25 - v .  d-e 
supply use s  a s eries-type transistorized d-e voltage 
regulator which has a v ery low standby current dr ain 
when there  is no output current demand. The zener 
diode Z 1 holds a constant base-to-negative volt­
age on the series-connected power transistor Q l . 
D epending on the local current, the d-e v oltage drop 
through the transistor Q1 and resistors R1 and R2 
varies to maintain a constant output voltage of  
approximately 45-v.  d-e .  The zener diode Z2  
serves to p rotect the collector-base j unction of Q 1  
from surge voltages. Capacitor C 1 provides a low 
c arrier-frequency impedanc e across t he d- e output 
voltage . Capacitors C2 and C3 bypass r . f .  or tran­
sient voltages to ground,  thus prevent ing damage t o  
the transistor circuit s .  Inductance L 1  and capacitor 
C4 serve as a filter to prevent any appreciable c ar­
rier-frequency energy from gett ing onto t he external 
d . c .  supply circuit s .  

For a 250-volt d-e supply, the c ircuit o f  Figur e  
1 5  i s  use d. This consists o f  an external voltage­
dropping resistor assembly ( 135 ohms tot al )  in con­
junction with thr ee 1 5 -volt Zener diodes on the TC 
set c hassis connected in series . The resistor as­
se mbly ( see Figure 1 6) must be mounted at the top 
of a c abinet or an open rack . Because of the heat 
dissip ated,  no transistor ized equipment should be  
mounted above the  resistor p aneL The 250-volt TC 
set has a constant current drain of 1 .5 amperes d-e .  
Relaying Control C irc uits  

T h e  transmitter start and stop contr ol- circuits 
and the receiver 20-volt output (previously des­
cribed) allow this type TC set to be  used with 
solid-state protective and auxiliary relays which 
also have 20-volt input and output' ' logic ' ' .  In  
addition, these  carrier  control circuits are designed 
to absorb and limit externally generated surges so 
t hey wil l  not damage the transistor s or ass oc iated 
component s .  

For flexibility i n  applic at ion ,  provisiOn i s  also 
made for keying the transmitter from e ither 48 or 
1 25 volts d . c .  Als o ,  the 200-ma r ec eiver output 
circuit is brought out to a J 104 terminal for con­
nection to a 3 0- ohm alarm relay ,  if d esired.  

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

Frequency r ange 

Transmitter output 

Harmonics 

4 

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

R eceiver sensitivity 125  mv .  input for 1 80 rna. 
minimum o utput c urrent 

Receiver select ivity 1500 Hz bandwidth (3  db down); 
down 80 db at ± 3kHz.  

Transmitter-receiver 
channel rating 40 db 

Input Voltage 48 , 1 25 ,  or 250 V .  d-e 
Supply voltage 
variation 4 2-56V , 105-140V, 2 10-280V 

Battery Drain: 0.5 amp standby, 1 . 35 amp 
48 V . D . C .  t rans mitting 

1 2 5  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 Spac i ng 

The minimum recommended frequency spacing 
between two Type TC c arrier sets operated  i n  para­
llel without hybrid units is shown on the curve of 
Fig. 1 3 .  For example,  at 100 kHz . the minimum 
spacing is 8 kHz. Closer spacing would result  in 
the generat ion of i ntermodulation products caused 
by the non-linear load presented by e ach transmitter 
to the other one. 

The minimum frequency spac ing between  a TC 
carrier channel and an adjacent transmitter signal 
keyed on-off at a r at e  of 60 pulses per second can 
be determined fro m  the nomograph of Fig. 1 4 .  U s ing 
the ex ample shown by the d ashed line , consider a 
type TC set used on a channel with a nor mal atten­
uation of 1 5  decibels . The TC receiver would be 
set to give a m ar gin of 1 5  db b elow the normal re­
ceived s ignal ,  or  for a sensitivity of -30 db (rela­
tive to a 24 . 5  volt , 1 0-watt signal ) .  The interfering 
signal is  assumed to be a 1 0-watt transmitter at 
the same location. To d etermine the minimum 
frequency spacing of t he TC receiver from thi s  
interfering s ignal ,  lay a straight edge between the 
-30 db point on t he receiver sensitivity scale and 
the zero-db point on the i nt erfering transmitt er 
scale .  The resulting line crosses t he channel 
spacing s cal e b etween 3 and 4 kHz. For this e x­
ample , a channel spacing of at least  4 kHz s ho uld  
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 t ran smitte r ,  depending on t he 
actual application. )  

For protective relaying applications t o  3-terminal 
lines ,  the transmitter frequencies  are offset 1 00 hertz 
to prevent a slow b e at or cancellation of the received 
signal when two transmitters s end blocking s ignals 
to the third terminal . The t hree transmitters operate 
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at fc, fc + 1 00 Hz , and fc - 100 Hz. All receivers 
operate at the channel center freque ncy (fc).  

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

The type TC transmitter-receiver is generally 
supplied in a c abinet or  on a relay rack as part of 
a complete carrier as sembly. The location must b e  
free from dust , excessive humidity , vibr ation , cor­
rosive fume s ,  or he at .  The maximum ambient tem­
perature around the chassis should not exceed 60°C . 

A D J U S T M E N T S  
Tran smitter 

The main adjustment on the transmitter is the 
power output c ontrol R1 12  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 r ating . 
U se the value of the expected input imped ance of 
the coaxial cable and line tuner . If this is not 
known, assume 60 ohms. Connect the T 10 6  output 
lead to the corr esponding tap .  Connect an a-c vac­
uum tube volt meter (VTVM) across the load resis­
tor. Turn the transmitter power output control R 1 1 2  
to minimum ( full counterclockwise) .  

NOTE : Do not change the adj ust ment of the R 1 4 2  
control on the printed circuit board. See Mainten­
ance section for R14 2 adjustment. 

Now apply d-e power and note the d-e voltage 
across the two pin jacks TP1  and TP2.  If this is 
in the r ange of approximately 42 to 46 volt s ,  throw 
the carrier-test switch SW1 0 1  on the panel to t he 
ON po sition. Slowly advance the o utput control 
R1 1 2  on the transmitter printed-circuit board until 
about 1 0  volts is obtained across the output load 
re sistor . At this point , che c k  the adjustme nt of the 
series output t uning coil L l0 5  by loosening the 
knurled shaft-lock ing nut and moving the adjustable 
core in and out a small amount from its initial 
position. Le ave it at the point of maximum voltage 
across the load resistor. For 200-300 kHz operation, 
L 105 i s  a " pot cor e "  and has a adjust able c or e  
screw. U s e  a screw-driver in this case.  N o  locking 
device is needed. 

Now c ontinue to advance the output c ontrol R 1 1 2  
until the output voltage tabul ated i n  the following 
table is obtained across the load resistor. Reche c k  
the setting of L 105 t o  be sure i t  i s  at its maximum 
point for 10 watts output . Tighten  the locking nut . 
Turn off the carrier test switch SW10 1 ,  re move the 
load resistor , and reconnect the coaxial c able cir­
cuit to the transmitter .  
NOTE : For 200-300kHz sets,  inductor L 105 is a pot 
core and the foregoing adjustment check is generally 

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

T l06 Tap 

50 
60 
70 

Transmitter F i l ter 

Voltage for 10  Watts Output 

Norm ally , the output filter ( FL 1 0 2) will require 
no readjustment e xcept as noted under Adj ustments­
Transmitter ,  as it is  factory tuned for maximum se c­
ond and third harmonic rejection, and for series 
resonance ( maximum output at the fundamental 
frequency) with  a 60-ohm load. The adjustable 
cores of L 1 0 2  and L 103 have been set for maximum 
harmonic rejection at the factory,  and no c hange 
should b e  made in these settings unless suit able 
instruments are available for measuring the sec ond 
and third harmonic present in the tr ansmitter outp ut . 

Follow the procedure outlined in the line tuner 
instructions for its adj ustment .  
Receiver 

The receiver board has two controls ;  the i . f .  
input control R239 which is factory- set to give a 
s ensitivity of 1 25 mv. for 1 80 rna. output, and the 
local oscillator output control R2 1 2 .  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 TP 202 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 R 207 which is front-panel  mounted.  It is 
recommended that the receiver gain normally be set 
for a 1 5-db operating margin to  allow for reas onable 
variations in receiver input signal level w ithout 
affecting .the output blocking current.  This adj ust­
ment c an be made in two ways , as follows: 

1 .  Fir st , me asure the normal received signal from 
the remote terminal ( after the line tuners have 
bee n  adj usted) by starting the remote tr ansmitter 
and measuring the voltage across the coaxial 
cable at the receiving terminal . This s ignal 
should preferably be measured with a tuned volt­
meter suc h  as the Sierra carrier-fre quency volt-
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meter ,  If a s imple VTVM i s  used , have t he 
re mote t ran smitter turned on and off several 
t ime s to be s ure the  VTV M reading is actually 
t he remote signaL Note the re ading . Now dis­
connect t he coaxial cable , and feed a signal 
into the c arrier assemb ly at the coaxial termin al s  
from a separate signal generator .  Set the s ig n al 
generator to the rece ived frequency at a level 
1 5  db below the previously measured incoming 
signaL With a 0-250 rna. ( minimum) d-e milliam­
meter plugged into J203 , adjust t he receiver 
g ai n  control until an output curre nt of about 1 00 
rna. 1s obtained.  As this point is on t he steep 
portion of the receiver output-inp ut cur ve , it 
m ay be difficult to set the gain control for 
exactly 100 rna.  This is  not neces sary , how­
ever, as the signal is  not nor mal ly at this 
value . T his is  t he oper ating setting o f  t he re­
ceiver gain controL Retur n the coaxial cable 
connections to normaL 
NOTE: Do not e nergize the l oc al transmitt er 
when m aking t he forego ing adj ustment as the 
signal ge nerator may be damaged . 

2 .  A s  an alternate proc edure if no s ignal generator 
i s  available ,  the local transmitter itself may b e  
used as t he signal generator .  First determine 
the normal received signal from the remote ter­
minal as explained previously under ( 1 ) ,  T hen 
tur n  off the re mote transmitt er.  
Now turn on the loc al transmitter and reduce  its 
output to a value 15 db below t he normal re­
ceived signal leveL Then adj ust t he receiver 
gain control to give 1 00 rna, o utput as befor e .  
When this adjustment has bee n  made , re set the 
local tr ansmitter to  its normal 1 0-watt output 
leveL 
In appl ications where t he line atte nuat ion is 

low and a strong signal is received , the adjustment 
of the receiver gain control R207 becomes cr it ic aL 
For s uch applic ations , the setting of i-f g ain control  
R239 may be reduced to lower t he overal l  rece iver  
gain. The front-panel control  R207 w ill then have a 
smoother and more gradual contr ol as the knob i s  
rotated , mak ing it easier t o  obtain the 1 5-db margin 
settin g .  

For such a strong-signal condition , i t  is  recom­
m ended that with R2 3 9  at maximum,  the i-f gain 
control R237 be adj usted to give 100 rna,  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 1 5-db 
margin as previously describ ed,  

6 

Carrier Level I nd icator (CL I )  

T h e  C L I  should be adjusted on a clear d r y  day 
when line conditions are considered normaL After 
the receiver sens itivity has been set for a 15-db 
margin,  t urn o n  the re mote transmitter at its normal 
10-watt o utput. With a small screw-dr iver , adjust 
t he CLI input control R252 to  give a read ing of 
2.5 rna. on the 0-3 rna. d-e milli ammeter in the CLI 
output circuiL This c urr e nt c an be read at J202 
on t he TC set  panel for convenience. If the  r e­
ceived signal var ie s  for any reason, the CLI o ut­
put current w il l  change accordingly , as ind icated 
by the curve in F ig. 1 2 .  

When carrier is transmitted from the lo cal station,  
the pointer of the loc al CLI output milliammeter 
will be driven off scal e .  This wil l  not in any way 
damage the instrument as the CLI saturat ion curre nt 
is les s than 4 rn a. d . c .  

M A l  N T E N A N CE 

Periodic c hecks of t he rece ived carrier s ignal 
will indicate proper operation of the equipment.  At 
regular maintenance i nterval s ,  any ac cumulated 
d ust should be removed,  part icularly from the he at 
sinks . It is also desirable to check the trans mitter 
power output and rece iver se nsitivity at such t ime s ,  
making any nece ssar y  readj ustments to  return the 
e quipment to  it s init ial sett ings , 

Voltage values should  be recorded after adj ust­
ment in order to establi sh reference values w hich 
will  be useful when c hecking the apparatus.  The 
readings will rem ain 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 witho ut the o ver­
all performance being affected . 

Typical voltage and c urrent values are given 
in T ables I t hrough VL Voltages s hould be mea­
sured with a VTVM. Re ad ings may var y  as muc h 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 
b oard ,  first remove the k eying circuit-board recept­
acle mounting screws and the two screws holding 
down the upper end of the board. Now carefully 
lift the transmitter k eying 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 tak en.  
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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 .  L ift 
up this board from the left side and pull it away 
from the receiver board. This w ill expose the 
right half of the receiver board.  

Adjustment of R 1 42 on Transmitter Board 

T he small adju st able resistor ( poL ) R 1 4 2  sets 
the forward base  bias on tr ansmitter tr ansistor s 
Q104 and Q105 to t he 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 tr an &  
sistors are changed , or i f  t he R 14 2  setting i s  d i s­
turbed in error , the following adj ustment procedur e  
should be followed t o  re set R 1 4 2 : 

First remove d-e power from the TC carrier s et 
as se mbly . Unsolder t he lead from terminal 2 of 
tr ansformer T 103 (just above FL1 0 1 ) and t em­
porarily connect a low-range d-e milliammeter 
(0-1 . 0  or so)  between the remove d  lead ( +) and 
T1 03 terminal 2 (- ). Turn the slotted control on the 
small pot ( R 1 4 2 )  to full counterclockwis e .  Now,  
apply power to  the  TC carrier set ,  b ut do not trans­
mit carrier .  Advance the pot until the d-e milliam­
meter reads 0. 2 rnA d . c .  ± .05 rnA. Turn off the 
power , remove the milliammeter ,  and s older the lead 
back on terminal 2 of T1 03 . A gain apply d-e power 
and proceed with the transmitter adjustment as 
described in the ADJ USTMENTS section. 
Replacement of Q107 - Q108 

The two transistors Q107 and Q 108  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 ,  botb s hould b e  
replaced with a n e w  mat ched pair. This is necessary 
to keep the second harmonic of the transmitter out­
put at an acceptably low value . The pair of  tran-

O sis tors should be ordered as "2 of styl e 187 A67 3H 1 6  
transi stors Type 2N379 2" . 

NOTE: Only po wer amplifier  module styl es  
774B541G0 1  through G05 are used with Type 
2N379 2 transi s tors." Wh en ordering replace­
m ent transistors ,  check to see that you have 
thi s styl e modul e. If  no t,  the existing 
modul e can b e  modi fi e d  by changing D 10 4  
and D 106  to typ e  1N48 1 8  Diodes.  Ord er 
these dio des as " 2  o f  style 188A342H0 6" . 

CHANGE OF O P E RATING FR EQU E NCY 

The parts required for c hanging t he operating 
frequency of a typ e  TC carrier set are as follows: 

T ran sm itter 

L Oscillator Crystal ( Y1 0 1 ) ,  specify frequency . 
NOTE: Modify A-B-C jumper s on transmitter 
board if required for new fre quency. See t able 
marked " t" under internal schematic (Fig. S ). 

2. R 136 Jump e r  
F o r  oper ation i n  30-50kHz r ange , clip off R 136  
as  indicated in Fig .  3 .  

3 .  C apacitors C1 1 1  and C1 13 (on Power Amp .  board ) 
a. 30-50 kHz - 0.47 mfd. - Stt 18 SA293H0 1 
b .  50 .5 -75 kHz - 0.22  mfd . - Stt1 88A293H02 
c .  7 5 . 5- 100 kHz - 0. 1 5  mfd . - Stt188A293H03 
d. 100 . 5- 1 50 kHz - 0. 10 mfd . - Stt188A293H04 
e. 1 50. 5-300 k Hz - 0.047 mfd. - Stt 1 88A2 93H05 

4. Transmitter Module Mounting P late 
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#691B6 10H01 
and associated hardware .  

This is necessary t o  raise the transmitter print­
ed circuit board (module )  away from the m ain 
panel as the 200 . 5-300kHz. receiver input filter 
FL 20 1 mounts underneath it. See Fig. 2 .  

5 .  Zener Diode Z 104 
For the 200 . 5-300kHz. range , a type 1 N2999A 
zener diode Z 104 is mounted on the QlOS h eat 
sink adj acent to the protective diode Z 103. 
Remove the lead from the Q l O S  heat s ink ( s e e  
Fig. 2 for location )  and conn ect i t  t o  t h e  in­
sulated terminal of  zener diode Z l04 .  

6 .  FL 1 0 1  and FL 102 
Filter  FL l O l  is a s mall serie s-resonant t uned 
circuit between the driver and power amplifier 
stages of t he transmitter .  It has just two t er­
minals .  Filter FL102  is a larger assembly,  d e s­
cribed under OPERATIO N .  It has three external 
connections:  input , output ,  and ground. This 
filter is mounted by four corner posts.  To re­
place , unsolder t he three leads , remove t he nut s  
from t he mounting posts , and l ift the filter 
assembly from the posts . The new filter c an 
now be inst alled .  
Inductors L lO l ,  L 102 ,  and L l03 in the se  filters 

are adjustable over a limited range , but forty-two 
combinations of c apacitors and inductors are r e ­
quired t o  cover t h e  frequency range o f  3 0  kHz to 300 
kHz. T he widths of the fre quency groups var y  from 
1 . 5  k H z  at t he low end of t h e  channel fre quency 
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rang e to 13 kHz at the upper e nd .  A particular as­
sembly c an be adj usted over a somewhat wider r ange 
than the widt h of its  assigned group since  some 
overlap is ne cessary to allow for compone nt toler­
ances . The nominal k Hz adj ustment ranges of the 
groups are :  
3 0 . 0-3 1 .5 6 1 . 0- 64 .0 1 13 . 0- 1 19 . 5  207 . 1 -2 1 4 . 0  
32 .0-33 . 5  64 .5 - 68 . 0  1 20 .0-1 2 7 . 0  2 14 , 1 -22 2 . 0  
3 4 . 0 - 3 6 . 0  68 .5- 7 2 . 0  1 2 7 .5- 1 35 . 0  2 22 . 1 -23 0.0 
3 6 . 5 -38 . 5 7 2. 5- 7 6 . 0  1 35 . 5 -143 .0  2 30. 1 -24 0.0 
39 .0-4 L O  7 6 . 5- 80 .0  1 43 .5- 1 51 .0 24 0 . 1 -25 0, 0 
4 1 .5-44 0 0 8 0. 5 - 84 . 5  1 5 1 . 5- 1 59 . 5  25 0 , 1 -262 .0  
44 .5-47 . 0  8 5.0- 8 9 .0  1 60 .0- 1 69 . 5  2 62 . 1-274 . 0 
4 7 . 5 -50.0 8 9 .5 - 94 . 5  1 7 0.0- 180 .0 2 74. 1 -287 .0  
50 .5-5 3 , 5  9 5 . 0- 1 00 .0 1 8 0. 5 - 1 9 1 .5  2 87 . 1 -3 00 .0  
54 . 0 -5 7 . 0  100.5- 1 06 . 0  1 92 . 0-20 0.0 
57 .5 -60 .5  1 06 . 5- 1 1 2 . 5  200. 1 -207 .0  

If  the  new frequency lies within the s ame fre­
quency group as the original frequency , the filters 
can be re adjusted.  If the frequ encies are in different 
groups , it is possible that changes only in the fixed 
capacitors may be required . In general, howeve r ,  it 
is  desitable to order complete filter assemblies ad­
justed at the factory for the specified frequency . 

A signal generat or ,  a frequ ency counter , and a 
vacuum-tube voltmeter are required for readjustment 
of F L 1 01 . The signal generator and the counter  
should be conn ected across  terminals 4 and 5 of  
transformer T1 03 and the voltmeter across terminals 
1 and 2 of transformer T1  04 . The signal generator 
should be set at the channel center frequency and 
at 2 at 3 volts output .  The core screw of the small 
inductor should be turned to the position that gives 
a tru e  maximum reading on the VTVM . Turning the 
screw to eithe r side of this position should def­
initely reduce the readin g .  The change in inductance 
with core position is less at either end of the travel 
than when near the center and consequently the ef­
fect of core screw rotation on the VTVM reading will 
be less when the resonant inductance occurs near 
the end of core travel .  

The procedure for readjustment of the 2nd and 
3rd harmonic traps of filter FL 1 02 is somewhat 
similar . A signal generator and a c ounter should be 
connected to terminals 3 and 4 of transform er T 1 05 
and a 500-ohm resistor and a VTVM to the terminals 
of protective gap G 1 0 1 . 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 chann el center fre­
quency and at 5 to 10 volts output. Turn the core 
screw of the large inductor,  L1 02 , to the position 
that gives a definite minimum readin g  on the VTVM . 

Similarly , with the signal generator set  at e xactly 
three times the channel center frequency and 5 to 
10  volts outpu t ,  set the core screw of the small 
inductor,  L1 03 , to the position that gives  a definite 
minimum reading on the VTVM . Then remove the 
instrument s  and the 500-ohm resistor. 

I f  the change in frequency i s  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 T1 06 is u sed) connected to its outpu t ,  and 
inductor L 1 05 can be readj usted for m aximum output 
at the changed channel frequency by the procedure 
described in the ADJUSTMENT section . 

If a frequency-sensitive voltmeter is available ,  
the  s econd and third harmonic traps may be adjusted 
(or :3hecked)  without using an oscillator as a source 
of double and triple the channel frequency . Connect 
the fre quency-sensitive voltmeter from TP 1 09 to 
ground and adjust  the trans mitter for rated output 
into the selected load resistor .  Set the voltmeter at 
twice the channel frequency and ,  using its tuning 
dial and db range s witch , obtain a m aximum on-scale 
reading of the second harmonic.  Then vary the c ore 
position of L1  02 until a minimum voltmeter reading 
is obtained . Similarly , tune the voltmeter to the 
third harmonic and adju st L1 03 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 pr,esent 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 rej ection . 

U accurate measurement of the harmonic levels 
is desired, the frequency-selective voltmeter is 
connected , through a rej ection filter ,  to the termin­
als of the 60-ohm load resistor . The filter must pro­
vide high rejection of the fundam ental . A twin-T 
filter is suitable for this purpose . The insertion 
los ses of this filter at the s econd 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  ) ,  s pecify frequency. 
3 .  Resistors R21 1 -R238 Combination 

See values in Fig. 8 below internal schematic .  
4 .  Resistors R2 1 8  and R224 m ay have to  be reduced.  

See following paragraph. 
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The emi tter  resistors R2 18  and R224 of the 
i-f stages are normally 33 ohms to give the 
required receiver gain.  If  the operating fre­
quency is reduced, the receiver g ain will 
probably be higher .  In this cas e ,  a reduction 
in the setting of the i-f input control R239 will 
give the 1 25-mv. sensitivity. If the new operating 
frequency i s  higher ,  the receiver gain will be 
lower.  If more than 1 25 mv. i s  required to obtain 
1 80 rna. output, the gain can be increas ed by 
reducing the value of one or both of the re­
sistors R 2 1 8  and R224.  In most cas es ,  these 
resi s tor s should fall in the range of 22 to 33 
ohm s. 

TABLE I 

Rece i ver D.C. Mea surements 

Note :  All v oltage s are ne gative with respect to Pas.  
45 V .  (TP206)  

T EST P O I N T  STAN D B Y  
( N o  S igna l )  

TP 20 1 35-38 
TP 202 0 
TP 203 1 1 - 1 2  
TP 204 < 0 . 5  
TP 205 18- 2 2  

T RA N S I STO R V COL L .  

Q20 1 43 
Q20 2 4 3 . 5  
Q203 1 8 .0 
Q204 1 8 . 0  
Q205 1 8 . 0  
Q206 1 1 .0  
Q207 22 .0  
Q208 44 .0  

W I T H  1 25 
M.V. I N P U T  

35-38 
0 

1 1 - 1 2  
2- 3 

18-22  

V CO L L .  

4 3  
4 3 . 5  
1 8 . 0  
18 .0  
1 8 .0 
1 1 . 5  

5 . 0  
2 . 0  

All voltages  read with d-e vacuum-tube voltmeter . 
< 0 . 5  - m eans "less  than 0 . 5 "  

TABL E  I I  

Receiver R F  Measurements 

Not e :  Taken with 100 kHz receiver filt er, 0 . 1 25-volt 
input signal ,  and gain control R207 at maxi­
mum. Depending on receiver frequency and 
transistor characteristics ,  the following 
values will vary appreciably. 

TEST P O I N T  T Y P ICA L A C  VOLTAG ES 

FL 20 1-IN to Gnd. . 0 7  
FL 20 1-0UT to  Gnd. .04  
Q203 - E to TP 206 . 10 
Q204 - C to TP206 . 0 9  
Q20 5 - B to TP 206 . 0 1 3  
Q205 - C to TP 206 1 . 2  
Q206 - B to TP 206 . 15 
Q206 - C to TP 206 2 . 5  
TP 202 to TP 206 0 . 5  

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

TABLE I l l  

Transmitter D-C Mea surements 

Note:  All voltages are positive with respect to Neg. 
D . C .  (TP 104) .  All voltages  read with d . c .  
VTVM. 

T ES T  POINT CA R R I E R  OFF CARR I E R ON 

TP 1 0 1  8 . 5  volts d .c .  8 . 5  volts d .c .  
TP 102 <0 . 5  20 
TP 103 <0. 5 1 9 . 5  
TP 105 <0 . 5  9 
TP 106 44 24 
TP 107 44 24 
TP 108 45 44 
TP 1 10 < 1 . 0  < 1 . 0  
TP 1 1 1  < 1 . 0  < 1 . 0  
TP 1 1 2  0 < 0 . 5  
TP 1 1 3 45 44  
J l O l  5 rna. max. 0. 6 amp. 

( Front Panel ) 

T RA N SISTOR V CO L L .  V COL L .  

Q l O l 2 . 0  1 .8 
Q102  1 . 0  1 . 0  
Ql03  < 0 . 5  9 . 0  
Q l04 45 44 
Q105  45  44  
Ql06  4 4 . 5  1 . 2  
Q 1 0 7  0 0 
Q l08 4 4 . 5  24 . 2  
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TAB LE IV  

Transmitter R F Measurements 

Note : "Carrier-on " voltages taken with transmitter 
set to 1 0  w atts output ( 24 . 5  volts across 6 0  
ohm s) .  These voltages s ubject to variation , 
depending on fre que ncy and transistor c har­
acteristics .  

T E S T  POINT A·C VOLTAGE 

T 1 0 1- 3 to TP 104 1. 5 volts ,  rms. 
TP 103 to TP 1 0 2  0 . 2  
TP 105 to TP 1 04 1 . 1 ¢ 
TP 1 10 to T 102-4 0 . 2  
TP 1 1 1  t o  T 102-4 0 . 2 
Q 104-C to TP 104 3 . 3  

Q105-C t o  TP 104  3 . 3  
T 103-4 to Gnd. 1 . 1 
T 104- 1 to Gnd. 1 . 4  
Q10 7-B t o  TP 107 0. 5 volts,  rms. 
Q 1 0 8- B  to TP 1 1 3 0 . 5  
Q 1 0 7-C to TP 107 1 4- 1 6  

Q108-C to TP 1 1 3 14- 1 6  
T 1 0 5-4  to Gnd. 105  
T 1 06- 2  to Gnd. 100- 1 60 *  
T P 1 0 9  to Gnd. 30- 5 0  * 
J 10 2  to Gnd . 2 4 . 5  

Note: T 10 1-3 = tap 3 of Transformer T 1 0 1  
Q 1 04-C = Collector o f  Transistor Q104 
TP 105 = Test point 105 

10 

All  voltages read with a-c  VTVM 
* These values may vary considerably with 

frequency. 
¢ - High-impedanc e circuit. VTVM causes 

significant loading. 

T EST 
POINT 

TP1 5 1  
Term.  1 7  
TP 1 5 2  
T P 1 5 3  
Term.  1 

TAB L E  V 
Trans mitter Keying Board 

O.C Voltages 

N O R MA L  C A R R I E R  ON 
(D.C.  on 

(Carrier Off) Jl 04 -6 ar 7) 

16 v . d . c .  <Lo v . d. c . 
< L o  24 . 6 
1 6  16  
< L o  < 1 .0  

0 *  20 

* May show < L o  volt  with VTVM 

CAR R I E R  STOP 
(D.C.  on  

J l  04 -6 or 7 
and 

Jl 04 -8 or 9_l 

< 1 . 0 v . d . c .  
4 . 9 

< L o  
1 6  
< Lo 

TABL E  VI 

Rece iver CLI and Output Board 

(with normal rece ived s ignal) 

TEST POINT D.C VOLTAGE SIGNAL 
- TO N E G .  VOLTAG E  (a.e. ) 

TP-2 5 1  4 . 9  v . d . c .  0 . 3  v .  rms . 

TP-252 9 .8  2 . 9  
TP-253 < 1 .0 -
TP-254 1 9 .7 -

Recommended Test Equi pment 

I .  Minimum Test E quipment for Installation 

a. Milliamm eter 0-250 rna. DC 

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

c .  A-C Vacuum Tube Voltmeter (VTVM) .  Volt­
age range 0 . 0 1  to 30 volt s ,  frequency range 
60 Hz to  330 kHz, input impedance-one 
m egohm , minimum.  

d .  D-C Vacuum Tube Voltm eter  (VTVM) . 

Voltage Range: 
Imput Impedance :  

0 . 1 t o  300 volts 
1 . 0  megohm , min. 

11 . Desirable T est Equipment for Apparatus Main­
tenanc e .  
a .  All items listed in I .  
b .  Signal G enerator 

Output Voltage:  up to 10 volts r . m . s .  
Frequ ency Range:  20  to 330  kHz 

c .  Oscilloscope 
d .  Ohmmeter 
e. Capacitor checker 
f. Frequency counter  
g .  Frequ ency-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 orderin g parts , always 
give the complete n ameplate data. 
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ELECTR ICAL PARTS LIST 

Transmitter Secti on 

S YM B OL R A T I N G  S TY L E  N U M B E R  

C20 1 0. 1 mfd ,  200 V. DC 1 87A624H0 1 
C l02 . 005 mfd, 300 V . DC 1 8 7A694H29 
C l0 3  180 pf. 500 V.DC 1 8 7A695H29 
C l04 0 .  25 mfd, 200 V .DC 1 87A6 24H02 
C 105  0 . 25 mfd, 200  V . DC 1 8 7A624H02 

C 10 6  0 . 25 mfd, 2 0 0  V. DC 1 8 7A624H02 
C 107  0 . 2 5  mfd , 200 V . DC 1 8 7A624H02 
C 108 0 .  50 mfd,  200 V .DC 1 8 7A624H03 
C 1 09 0 . 2 5  mfd , 200 V . DC 187A624H02 
C l iO 0 . 25 mfd, 200 V . DC 187A 6 24H02 

t C 1 1 1  (See Table Below) -

C 1 1 2  3 9  pf.  5 0 0  V .D .C .  1 87A695H 1 2  
t C l 13 (See Table Below) -

C 1 1 4  100 pf. , 500 V . DC 1 8 7A695H23 
C l 15 100 pf. , 500 V . DC 1 8 7A695H23 
C 1 1 6  0 . 00 1 mfd, 500 V .DC 1 8 7A694H1 1 

CA Part of FL 10 1 Vary with Frequency 
CB, CC, CD, CE Part of FL 102 Vary with Frequency 

D lO 1 1N457A 184A855H0 7 
D 10 3  1 N 4 8 1 8  1 8 8A342H06 

0 D l04 1N48 1 8  188 A342H06 

D l0 5  1N4818  1 88A342H0 6  

0 D l 0 6  IN48 18 188 A342H06 

G 1 0 1 Type RVS Arrester 637A0 2 6A0 1 
J lO l  Closed Circuit Jack 1 87A606H0 1 

#200 . 5 - 300 kHz only. 

t F R E Q .  ( Cl l l ,  Cl 1 3) RA T I N G  STY L E  N U M B E R  

30 -50 kHz 0 . 4 7  mfd ,  400 V.DC 188A293HO 1 
50. 5 -75  kHz 0. 2 2  mfd, 400 V .  DC 1 88A293H02 
75 . 5 - 100 kHz 0. 15 mfd ,  400 V.DC 1 88A293H03 

1 00 . 5 - 150  kHz 0. 1 mfd , 400 V. DC 1 8 8A293H04 

1 50 . 5- 300 kHz 0 . 04 7  mfd, 400 V. DC 1 8 8A293H05 
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T Y P E  TC POW E R  L I N E  CA R R I E R  TRANSMI T T E R - R E C E IV E R A S S E M B L Y  _____________ _ 

S Y M B O L  

EL ECTR I CAL PARTS L I ST 

Transmi tter Secti on (Cont.) 
. 

- --
--

-
-· 

--
-

R A T I N G  S TY LE N U M B E R  

f-------

-----+·

��

-

-

-

--

-

-

-

--
-

-
--

- �--- ---�-

J 1 0 2  

J 1 0 3  
J 1 0 4  - --

-

----
-

-

J 1 0 5  

L 1 0 1 

L 1 0 2  
L 10 3  
L 10 4  

L 105 
L 106 

Q 10 1 

Q10 2 1---- --

Q103 
J-

Q 1 04 

-

-

-
-

Q105 
-· · · · · ··--------

L-- Q 1�(3_ _ 

I \_ 

! - --f. 

. 

Banana Plug J ack 

Coaxial Cabl e J ack 
24-Term Re ceptacle 

1 2-Ter m Receptacle 

Part of FL 1 0 1  

FL 1 0 2  Trap Coil ( 2nd Har monic) 

FL 1 0 2  Trap Coil ( 3rd Harmonic) 
400 mh. 

2 of 1 85A43 1 H0 1  

1 87 A63 3HO 1 
1 8 7  A669H0 1 

6 29 A 20 5H0 2 

v��; �ith F-r e que�c·�-
___ -· - -

-
----- --------

-
--

-
Vary with  Frequency 

-

- -

--
- - -

-

-

Vary with Frequency 
.

. .
. . 

- · · · · ·
·-

29 2B096GO 1 

·
--FL 1 0 2  Coil (part of series-re sonant 

circuit tuned to fund ame ntal fre q. )  Vary with Frequ ency 

2 .0  m h .  

2N2905A 

2N 2905A 

3500 A27 H0 1  

76 2A672H 1 0  
762A 6 7 2 H 10 

1 84A63 8H 1 3  

76 2A672H07 

762A672H07 
1 84A638 H 1 1 

0 1--
- �-:;:--

2N5 25 

2N3 7 1 2  

2N37 1 2  

TI-4 8 1 

2N 379 2 
---j 

2N379 2 

187 A67 3H 16  
Matched Pair  f-

___ __ 
_____l___ _ 18 7 A���

-
S Y M B O L  

R10 1 

-
-

-
�

-
-

--
-

--�

-

-
-R 10 2 

r----- --
-
---

-

-

-
R 1 0 3  

R 10 4  f---- -
R 10 5  

----�� 

R 10 6  

R 1 0 7  
� - ---

-
-

-

--
-

R 10 8  ----- --
R 1 09 

R 1 1 1  

R 1 1 2 

R 1 1 3  
�---· 

· ----

-
--

-
R 1 1 4  - --

�� 

R 1 15 

1 2  

-
-

-
--

-
.
. -f--

. 

OHMS 

5 , 600  
2 , 200 

1 0 , 000 

100 ,000 
390 

1 ,  200 

1 0 , 000 

100 ,000 

390 

1 , 200 

1 K Pot 
4 , 700 

10 ,000 
1 50 

. +-

- ---
-

- -

± T O L . % 

5 
1 0  

1 0  

5 
5 

5 

1 0  

5 

5 

5 

20 
5 

10 

5 

--

- t 

�WA TTS �J �-TYLENUMB E  R 

1 1 87 A 64 3H45 

0 . 5  1 87A64 1H35 

0. 5 --l-- .  1 87A64 1H5 1 

0 . 5 _ 1 87 A763H75 
0 . 5  1 84A763 H 17 
0. 5 

0 . 5 

0 . 5  

0 . 5  

0 . 5  

0 . 25 
0 . 5  

0 . 5  
0 . 5  

----

-
-- -r .  

I 

184 A763H 29 

1 84A64 1 H 5 1  _ 

_, 
1 84A7 63H7 5 I 

__ 
__1_�� A ��3_�1 '7 j 

187 A763H 29 _ I 
629A430 H0 2 

-
-

-

.. 

-

--
--

-

-
1 1 8 4 A763H43 j 

1 8 7 A 64 1 H5 1  
-

1 
-

--
-

-- � 
1 84A7 63H�j 
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TY P E  TC POW E R  L I N E  CA R R I E R  T R A N S M I T T E R - R E C E I V E R  A S S E M B L Y  ___________ .:.:.L=.:L_4:..;.1_:;-9:.::4.:::4·:.::;32::.:::'.B 

--

SYMBOL 

R 1 1 6 
R 1 1 7  
R 1 18 
R l 1 9 
R 1 20 
R 1 2 1  
R 1 22 
R 1 23 
R 1 24 

- -� -

R 1 25 

E L ECTR I C A L  P A R TS L I ST 
T ra n s m i tter Sec t i o n  (Cont . )  

OHMS 

100 
1 , 000 

10 ,000 
62 

10 ,000 
10 
10 
10 

- -- ----- --- - -- ---
100 --------- - -- ----

1 , 000 

t-- -- -

± TOL.  % 

5 
5 
2 
2 
5 
5 
5 

10 
�-- . -
10 

-----------

10 

--

WATTS 

0 . 5  
25 

0 . 5  
0 . 5  ---· 

2 
2 
0 . 5  
0 . 5  
1 

----- ---

0 . 5  
--- -- - - ------ --- ------- -- ---- - - - ---- - -·--- - ----

R 1 2 6  
R 1 2 7  
R 1 2 8  
R 1 2 9  
R130  
R 1 3 1  
R 1 3 2  
R 1 3 3  

- - ---

R 1 3 4  
R 1 3 5  
R 1 3 6  
R 1 3 7  

--

R 1 3 8  
R 1 3 9  
R 1 40 
R 1 4 1  

-----
R 1 4 2  
R 1 43 

S Y M BOL 

SW 10 1 
T 10 1  

--- - ---

T 102 
- - -----

T 1 0 3  

4 , 700 10 1 
-- --- - -

10 10 0 . 5  
f- ---r------

2 , 200 5 1 
2 . 7  1 0  0 . 5  

10 10 0 . 5  --f--
4 ,  700 5 1 

2 . 7  10 0 . 5  
--- --

0 . 27 10 1 t------ - -------- - -
0 . 27 10 1 

------

3 , 000 10 5 
---- - - ---+--------- -- - --- - -- -- ----- -

1 2 , 000 2 0 . 5  
- -

1 5 , 000 10 2 t----- ------ -- - - ----- ------- --- -- -

1 ,000 10 0 . 5  
--j----- - ----

1 ,000 10 0 . 5  
68 2 0 . 5  
30 Typ e 3D202 Thermistor 

- - -- · -

25K pot. 20 - - -- -
20 , 000 2 

R A T I N G  

--- -------
Carrier Te st Switc h 

- -- --- -- ----

10 ,000/ 400 ohms ------ ----------- ---- -

1-- -- - -------- 10 , 000/400 c . t .  
------ - ----

1930/60 ohms 

0 . 125 
0 . 5  

- - -

L633 000 

- --

--

STY L E  N UM B E R  

1 8 4A763H03 
1 202588 
629A5 3 1 H56 
629A5 3 1H03 
1 85A207H5 1 
1 8 7A683H0 1 
1 8 7  A290HO 1 
1 8 7A290H0 1 

----

1 8 7A644H0 3 
187  A64 1H27 
1 8 7A644H43 
1 8 7A640H0 1 I--
1 87A644H35 
1 84A636H 1 4  
1 8 7A640H 0 1  
1 87A644H43 
1 84A636H 1 4  
1 84A636H l 8  
1 84A636H 1 8  
188A3 1 7H0 1 
629A53 1H58 
1 87A642H55 
1 8 7A64 1H27 
1 87A64 1H27  
629A5 3 1H04 
1 85A2 1 1H06 
6 29 A 4 30H l3 
6 29A53 1 H63 

STY L E  N UM B E R  

880A357H01 
205C043G0 1 

-

7 14B666G0 1 
1 962694 

------------- - ---- - ---- - - ------ - -- ---- - - - - - - -

T 104 
�- ----

T 105 
T 10 6  f---- --- --
Y 1 0 1  
Z 10 1 
Z 10 2  
Z 1 03 

Turns ratio , 1/0 . 5  Pri ./ each sec .  +---- --- - -- ---

-- - -1--- -

10/500 ohms 
500/50 - 60 - 70 ohms -- - ----- -- ----------- · - - - - ------- . - -- - -

30- 300 kHz crystal per 328C083 
-· --- --- ---- - -- --- - -

1N5357B ( 20 v ±5%) 
1N 2999B ( 56 v ±5%) 
1 N 2999B (56 v ±5%) 

--

_" ___
_

___ ----- . 

-- - -

292B52 6GO 1 
29 2B5 26G0 2 

-

292B5 26G03 
Specify Frequency 

862A288H03 
629A798H04 
629A798H0 4  
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TY P E  TC POW E R  L I N E  CA R R I E R  T R ANSMI TT E R - R E C E IV E R  ASS E M BLY----------------

SYMBOL 

C 1 5 1-C 1 5 2  
C 1 54 
D 15 1  
D 1 5 2  
Q 1 5 1  t o  Q155 
R 1 5 1 - R 159 
R 1 5 2-R 1 53-R 1 60-R 1 6 1  
R 1 54-R 1 6 2  
R 1 55-R 1 5 8-R 1 63-R 1 6 6-R 1 69 
R 15 6-R 1 64-R 1 6 7  
R 1 5 7- R 1 65-R 1 6 8  
R 1 70 
Z 1 5 1- Z  1 5 2-Z 1 55-Z 1 5 6  
Z 153-Z 1 5 7  
Z 1 54-Z 1 58  
Z 159 
Z 1 60 

C20 1 
---------� - --- - - - -----

C202 
--- -- - -- -----

C203 
C204 
C205 
C206 
C207 ------- ·--- -·------- -- ----

C208 
C209 
C 2 1 0  

-�-

C2 1 1  
------------ ·-

C 2 1 2  
C 2 1 3  
C 2 14 
C 2 1 5  
D20 1 

--

1---------- �� 

D202 
D203 

-

-��--- ---�-

�---------· - -

- ---- - --- � - ---

--- �-- -� 

�--

-------��-

---� --

-- -

.�-

ELECTR ICAL PA RTS L IST 
Tran smitter Keyi ng Board 

R A T I N G  

0 . 4 7  m fd. , 200 v .  

47  mfd . ,  5 0  v. 
1N457A 
1N48 1 8  
2N34 1 7  
4 7K,  Yz W. 
4 .  7K ,  Yz W.  
82K , Yz W. 
10K,  Yz W.  
6. 8K , Yz W.  
2 7K ,  Yz W. 
700, 5 w. 
1N3688A (24 V) 
1N36 8 6 B  ( 20 V) 
1N957B ( 6 . 8V) 
1N748A (3 . 9V) 
1N5 3 5 7B ( 20V) 

Receiver Section 

0. 1 mfd. , 200 V .  DC 
� - �  - -- - - - - ----- -- �--- -- -- - ------

300 pf. 500 v. DC 
1------- - - �--�--�-�--- ---�-

1 80 pf. 500 V .  DC 
0 . 2 5  mfd. 200 v.  DC 
0 . 2 5  mfd, 200 v. DC 
0 . 25 mfd, 200 V. DC 

--.-

0 . 25 mfd. , 200 V. DC 
-- -- ----�- ------- -

0 .25  mfd . ,  200 V .  DC 
--- - - ----- --� --- - -- � -- �  

0. 25 mfd. , 200 V. DC 
-- ---- --- - - - -- ------ ------·----- ------ - --------

0 . 2 5  mfd . , 200 V. DC 
-- ---- --- . 

--

- -- -

�- -

-- -- ---- · --- - - -

0. 1 mfd. , 
- --

--- -- -- ----- ----

200 V. DC 
� -- --

0 . 2 5  mfd . , 200 V. DC 
--- ---�----� ---- --�� 

-- ------- ----
2 . 0  mfd. , 

- --· ----· -

0 . 25 mfd. , 
200 V. DC 

-------- ---- -- --

200 V. DC 
r----�---- �-�·-- �-- �--- - -- ---�- ---

3 9  pfd . '  500 V .  DC 
- - - - --- ------- � -�--

1N4 5 7A 
- ---- � --

1 N4 5 7A 
- ------- -- --- - - -- - --

1 N 4 8 1 8  

-� � - �� ·�--�--

�- -- ----� 

--------- - --- - - -- - - - - - - - -- ---- - - - -- --- - - - - - - -- - -- --- -------

D 204 1N4 8 1 8  

14  

S T Y L E  N U M B E R  

849A437H04 

863A530H0 1 
1 84A85 5H07 
1 88A342H06 
848A8 5 1 H02 
629A5 3 1H7 2 
629A5 3 1H4 8 
629A53 1 H7 8  
629A53 1H56 
62 9A53 1H52 
629A53 1H66 
7 63A 1 29H04 
862A288H0 1 
1 85A2 1 2H06 
1 85A7 97H06 
1 85A79 7H 13  
862A288H02 

187A624H0 1 
f----� 

1 87A695H35 
1 87A695H29 
1 87A624 H0 2 
1 8 7A6 24H0 2 
1 87A624H02 
187A624H02 
1 8 7A6 24H0 2 
1 87A624H0 2  

-� 

1 87A624H0 2 
1 87A624HO 1 
1 87A624H02 
1 87A624H05 
1 87A624H02 
1 87A695 H 1 2  
1 84A855H07 

------

1 84 A855H07 
1 88A342H06 

--�� 

1 88A34 2 H06 
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T Y P E  TC POW E R  L I N E  C A R R I E R  T R A N S M I T T E R- R E C E I V E R ASS E M B L Y  ____________ __:;I ·::L::.... 4::_1::...·::.:94:;:4:.:.:.3:.:2::.B 

E L ECTR I C A L  PARTS L I S T  
Receiver Section (cont. ) 

SYMBOL R A T l  N G  S TY L E  N U M B E R  

FL 20 1 Receiver  Input Filter  30-300 kHz Specify Frequency 
-- ��- ------�--- ---·- �--· - -- -------�- --=�-- - - -� -- c-------- -

FL202 
---

J 20 1 
J202  

-- --- - ---- -- -

J203 
------ - - - - -- -- -

L 2 0 1  
Q20 1 

Q20 2 

Receiver 
- -----

Receiver 
i . f. Filter  - 20kHz ( 2  sec tion s )  

-- ----- -- - -- - - --- - -

Coax , Input Jack 
- - --- - --- --

-- --- - - -----

Closed Circuit Jack CCLI)  
----- - ---- - - ------------ ------- -- - --- - - - ----- ---- -----

Closed Circuit Jack ( 200MA) 
c---- - - - ---- ----

33 mh. 

2N 2905A 
-------- -

2N 2905A 

----- --- ----- --- --- - -- --- -

---- -----

- ------

1 87A590G0 2 
----------� 

1 87A63 8H0 1 
1 87A 606H0 1 

---

1 8 7A606H0 1 
1 87A599H0 2 
762A672H 10 

7 6 2A67 2 H 10 
--- -------------

Q203 
- -- -- - --------

Q204 
Q205 

-

Q206 

2N 2905A 
--�--- -- - - -- --

2N 2905A 
--- - -- - - -- - - - ------

------- - --------- - ------ --

2N 2905A 
- - ----

2N 2905A 
- - - ----- ----- -- ----------

762A672H 10 
--

762A672H 10 
762A67 2 H 1 0  

- - -- -- - - --

762A672H 1 0  1------- -- -- - - - - - - - - --- - - - -- - - - ---- ---- - -- - -- -- - -- - ----- -

Q207 2N3 G45 
--- - --- - - ---- ------ - - - ----- - ---- -- ---- ---

Q208 2N4903 

R A T  I N  G 
- SYMBOL 

OHMS ± TOL.  % 

R20 1 1 0 , 000 10 
--- -· --- - -- ---- - - ------- - - ------

R202 2 , 200 10 
�-------- ----- --- r--- - - - -- - - -- -- - - -

R203 
- -- ---�--

R204 
-- -- -

R205 
- - - - --- - - ----

R206 
----

R207 
R208 
R209 
R2 10 

t R2 1 1  
R2 1 2  

R 2 1 3  
R214  
R215  

-- -�--- ----- - -- --- -

R2 16 

10 , 000 10 r----------- - - --- -- -

100, 000 5 - - - - - - -- -- - - - -- -- - - - - ------ ------- -
--- -

390 
-- --- - --- ---

1 , 200 
---

25K Pot .  

1 0  ' 000 
--··· - -

100 , 000 

�- -

- --

----- --

---- - -- -------- - t-- - ---- - ---

390 -
-

---

1 K pot .  
- � - ------ --- --

1 , 200 
---·-· 

5 , 600 
20 , 000 - - - -- --- - - -- - ---- --- ---

3 , 600 

5 
-

5 
-·---

10 

10 
- - ---

5 
5 
-

20 

5 
- -

5 
--

5 
--- --- --- - - · 

5 

t R2 1 1 - 10K - above 50kHz - S# 1 8 7A64 1H5 1  
2 2K - 30-50kHz - S# 187A64 1H59 

WATTS 

0 . 5  
0 . 5  

0 . 5  
0 . 5  
0 . 5  

0 . 5  
2 

--- --

-- - -

- - ---

-

-

0 . 5  
0. 5 

---- ---�-

0 . 5  
-

0. 25 

0 . 5  

1 
0 . 5  
0 . 5  

849A44 1 HO 1 

1 87A 673 H 1 3  

S TY L E  N U M B E R  

1 87A64 1 H 5 1  
1 8 7  A64 1H35 
187A64 1H5 1 

184A 763 H75 
1 84A763 H 1 7  
1 84A763H29 

- -
1 85A086H07 
187A64 1H5 1  
1 84A763 H 1 7  
1 84A763 H 1 7  

See t N ote Below 
629A430H0 2 

1 84A763H29 
1 8 7A643H45 
1 84A763H58 

1 84A763H40 
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T Y P E  TC POW E R  L I N E  CA R R I E R  T R A NSMI T T E R - R E C E I V E R  ASS E M B L Y  _________________ _ 

S Y M B O L  

R2 1 7  
R2 1 8  
R 2 1 9  
R220 
R22 1  
R 2 2 2  
R223 

--

R 2 24 
R225 
R226 
R227  
R228  
R2 29 
R230 

- · -- - --

E L ECTR ICAL PA RTS L I ST 

OHMS 

620 - - - - -- ---

33  

Receiver Sect ion (Cont.) 

R A T I N G  

± T O L .  % 

5 - --- --------- ---

5 
- - r-----

----- - -- -- -- ----f------- - ---- f--- -
10 ,000 

------

20 , 000 -------

300 
- - ----- - ---
3 , 600 

620 
-----

33  
'" " --

10 ,000 
20 , 000 

300 
3 , 600 

6 20 
10 

1 0  
--------- ---- --· -

5 ----- - -- ·------ ----- ---

5 - - ---

5 
5 

------- --

5 
1 0  

5 
5 
5 
5 
5 

W A T T S  

0 . 5  
--- -- --- ·· 

0 . 5  
- -- ---

0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 .5 
0 . 5  
0 . 5  

------ --------- ---- ------------- - -----

R23 1 
R23 2 
R233 
R234 
R235 

f---------------
R23 6 - -- - -- - ------ - --

R237 
t R238 

R239 
R240 
R24 1 
R24 2 
R 28 0  
T20 1 
T202 
T 20 3  
Y 20 1 
Z 20 1  
Z 2 0 2  

S Y M BO L  

C25 1 t o  C253  
C255  to  C 260 
C254 
D25 1 -D252  
D253  
Z25 1 
Z252  

2 , 000 
----

1 , 200 
- -

4 ,  700 
--- ----- ----

5 , 100 
1 . 5K 

4 , 700 r------ ---- -----
1 70 

-

1 K pot. 
-

50 
100 
100 

56 

5 r-------------
5 

r---- 1 0  
5 
5 

1 0  
- -- - - -------

5 
-

20 
Sensistor 

---·-

f--

Type 3 D l 0 2  Thermistor 
Type TM-\4 Sensistor 

5 
1 0 , 000/ 10 , 000 Ohms 

----

1 0 , 000/400 Ohms 
2 5 , 000/300 Ohms 
50-3 20kHz Crystal per 3 28COS3 
1 N 3027B ( 20V. ±5%) 
lN 1789  ( 5 6V. ± 1 0%) 

Receiver CL I and Output Board 

R A T I N G  

0 . 27 mfd, 200 V.d . c . 

0 . 8 2  mfd , 200 V . d . c . 
1N457A 
1 N645A 
1N3 686B (20V . )  
1 N 36SSA ( 2 4  V . )  

t R238 - omit - above 50kHz 
- 2 2K ,  30-50kHz, Slt 1 8 7A64 1 H59.  

1 6  

0 . 5  
2 
2 
0 . 5  
0 . 5 
1 

40 
-

0. 25  
0 . 25 

0 . 5  

STY L E  N U M B E R  

1 84A763 H22 
1 87A290H 1 3  

-

1 8 7A64 1 H 5 1 
-- --

1 84A763H58 
1 84A763 H l 4  
1 84A763 H40 
1 84A763H22 
1 87A290 H l 3  
1 8 7A64 1 H5 1  
1 84A763H58 
1 84A763H 1 4  
1 8 4A763H40 
1 84A763H22 
1 87A290H0 1 
1 84A 763H34 
1 85A207H29 
1 8 7A6 4 2H43 

--

1 84A763H44 
18 4A76 3H 2 1  
1 87A644H43 
1 3 3 6074 

See  t Note Below 
629A430H02 
1 8 7A685H08 
1 85A2 1 1 H 1 2  
1 8 7A685H0 6 
187 A290H 19 
7 1 4B677G0 1 
205C043G0 1 
205C043G03 

Specify Frequency 
1 84A44 9H07 
5 84C434H08 

S T Y L E  N UM BE R  

1 88A669H05 

1 SSA669 H 1 5  
1 84A855H07 
837A692H03 
1 85A2 1 2 H06 
862A28 8HO 1 
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T Y P E  TC POW E R  L I N E  C A R R I E R  T R A N S M I T T E R -R E C E I V E R  ASS E M B L Y  _____________ I::.:. L::.·_:4c.:_1....:-9:.:.:4.::.4·:;:3=:2 B::_ 

SYMBOL 

EL ECT R I CAL PARTS L I ST 
Receiver CLI and Output Board (Cont . )  

R A T I N G  S T Y L E  N U M B E R  

R251  2,  7K ,  TM-14 Sensi stor 187  A685H05 ----------- ---- --- -- --- - - -- --------- -- ---------
R252 5K,  14W pot 629A430H07 -----------+----- -------------- --- -- ------------------- --- ----- ----+-- ---------�-- -

R253 
R254 
R255-R260 

--- - -- - - - -
R256 

-- -- -

R257 

R 258-R259 1--- ----- - - - ---------- -

R26 1  
R262-R265 ---+-------
R263-R264 1------------l---- - ---- --- - -

R266 f------------------- - . ---
R 26 7-R269 >-------------- -- ------- - - ---
R268 --------+---- -------
R2'70 

220 , YzW 
2 , 2K,  ljzW 
1 5K ,  YzW ,  
2 A K ,  \lzW. 
330,  TM-14 Sensistor 

4. 7K,  YzW 
560 ,  1/zW.  
L 2K,  1/zW. 
1 80 ,  YzW .  
27K,  Yzw. 
10K, YzW .  
6 ,8K ,  YzW. 
82K,  YzW.  

R 2 7 1  1 5 0 ,  3W.  
f----------l---- ----- . - --- --

Q25 1 -Q252 f-------_:__-----4------- - ------- 2N4 3 5 6  

1 84A 7 6 3 H  1 1  
1 84A763H35 
1 84A 763H55 
1 84A 763H36 
1 87A685H07 

--- -

1 84A763H43 
1 84A763H2 1 
1 84A763H29 
1 8 4A7 63H0 9  

------ - - - --------

629A5 3 1 H66 - - -r-- - --- ----

629A53 1H56  
629A5 3 1 H52 

-- ------- - - -- ---- -- -

629A5 3 1 H78 
76 2A679H0 1 -- -- ---- - ------------ .. 
849A44 1H02  

- -- -- - --- - - - - -- - ---- -

2N34 1 7  0 I--_Q__:_2_:_5_3 ____ -+----------
Q254 2N3645 

8 48 A8 5 1H0 2 
-- ---- ------ - -- - - - ----·--· --

8 49A44 1 H0 1  

0 

- ��------�----------------��--�--��----------------------�-------------1 
Power Suppl y Section 

SYMBOL F UNC T ION D E S C R I PT ION OR RAT ING STYLE N U M B E R 

C 1  O A 5  mfd .  330 VAC (+) to ( -) bypas s  1----------l---___:--� ---- - --- -------
1 723408 ---- -- --- -� 

C2 
C3 

A-C grounding 0 , 5  mfd, 1 5 00 VDC 
------=------=--------- ---- ---- - ----- ------- - -

A-C grounding 0 . 5  mfd , 1 5 00 VDC 
1 877962 ------ --- ---------------

1 877962 
1--------� - -- - - -- - - -- --- - - -------f--- -C4 

L l  
Ql 
R 1  
R2 

--

Filter 
Filter 
Series Regulator 

1 25V Seri e s  dro pping 

1 . 8 mfd , 800 VDC 1 4C 94 00H 1 2  
r---

--------------+--5 .5 mh.  7 1 9B 1 35G0 1 
2N6 2 59 350 3A 4 1 H0 1  

---------- ------- -----+-----------

04D 1 299H44 
Same as R 1  04D l 299H4 4 - ----

l-����s dro_!ll)in� 

--�---- -- - - - - - -- - ----

R3 
R 1  
R 2  
R3 
T P 1  
T P 2  

Current l imiting 500 ohms,  40\V.  1 268047 - - -- - - - - - - ---- ----

4SV { ::':'�(;�h
m
� --

04D 1 299H44 40W.  --------+------ - - ----- -- ---
Test point (+) Pill_ J_a�k_-=. _I"e_d__ _Ul7A3�_:l!:I_QL _ _  

Test point (-)  Pin Jack - black 1 87A33 2H02 f---------+---- ------ ----------+----- ------ -------- - --- ----------j 
Z 1  
Z 2  
Z 3  

Voltage Regulator 1 N 28 28B (45V . )  1 84A854H06 ----- -----�---------- --�------ ---
Surge Protection 1 N3 009A ( 1 30V . )  Ze ner Diode s 1 84 A6 1 7H 1 2 

------- -------- ---- ----+- ---------

Voltage Reg. - for 250 V . D . C .  1 N28 13B ( 15 V . )  1 84A854 H 1 1 
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POWER LINE CARRIER �- ----:;;;;- - l  
I � I TYPE TC 

I I 

oniCI> ... [j 
-� 

l_ 8_) 

D 
® @ {i @ ©  

-�Q �QJ; 
RECEIVER GAIN N@e 

�WIDE x f DEEP - EIGHT SLOTS 

o o' 

� @  
OMITTED F O R  

SOLID STATE RELAYING 
APPLICAT I O N S  

Fig. 1 Type TC Carrier Assembly - O utline 

r - 3 �  64 

I 
l A 

/ TC VOICE ADAPTER (WHEN USED) 

-� 

,L: 8 
L,OR 200 TO 300KHZ 

i l:  7k LroR 30 ro 2oo KHZ ONLY 

2 0 2 C 2 3 l 

) 

-1 -< "0 m 
-1 n 
"0 0 � m ::0 
I 
z m 
n 
> ::0 ::0 
m ::0 
-1 ::0 > z "' 3: 
-1 -1 m 
� ::0 m n m 
< m ::0 
> "' "' m 
3: 01 I -< 
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TY P E  TC POWER L I N E  CAR R I E R  TRANSMITTE R - R EC E IV E R  ASSEMBLY ____________ ..:.;I.=L:... 4:.1:.:·::..:94:.:4::.:.3::,:2�8 

- - - - - - - - -' ' 
I I 

r J L ,  
I I EJ 

POWER AMPLIFIER 

AND TRANSMITTER 
K EYI N G  BOARDS 

I 
I TRANSMITTER PRINTED 1 
1 CIRCUIT BOARD I 
I 
L l  I 

I 
' J  
' 

� rr;Q41 � L_=-:_j 

FL201 
( 3 0 - 2 0 0  KHZ)  

RECEIVER 

BOARD 

FL202 

REC E I V E R  

C L I  A N D  

OUTPUT BOARD 

[[] 
2 
3 

FLI02 

Fig. 2 Type TC Carrier A ssembly - P arts Lo cation 

CLIP JUMPER FOR 30-50 KHZ 

Fi g. 3 Transmitter P rinted Circuit - P arts Lo cation 

2 0 5 C 2 9 7 

7 1 4 B 9 5 8  
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TY P E  TC POW E R  L I N E  CARR I E R  T R A NSM I T T E R - R E C E I V E R  ASS E M B L Y-------------

+ 

20 

�TP � @r-:=:+1 
0 LGLY; �TP107 � 

@TPI08 R l 2 6  0 1 060 (]IE] @ 
00 105) R l 32 [[[ll} TPI06 l!!!}:Q] [ R 1 3 1 I I RJ 28 I [0 1030 

·� - -� 
35 0 1A 6 9  

0 Fig. 4 Power Amp l i fier  P rin ted Circuit - P arts Lo cation 

FOR 30 TO 50 K HZ ONLY 

0 F i g. 5 R ecei ver P rin ted Circuit - P arts L o c ation 

1 8 7A 7 6 6  
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T Y P E  TC POW E R  L I N E  CAR R I E R  T R A N S M I T T E R- R E C E I V E R  ASS E M B L Y  _________ ___;_:,I ·.::..;L ._;4�1 -..;..94.;..;.4·:..;;.3=.;.;.2A 

-
0 (!) 
(\J 
rt) 
0 
(.) 
10 0 
(\J 

'--

+ � Ql53 © � OT PI53 + 

-@liD- � -@l} � ©QI52 �+ C I S I  � � Cl52 +� ©Q ISS 

� R l 54 }-
--@@-

-@ill- -ill@-
-@ill- -@§}- -@@-

-@ID- --iJl[§- � -lBiill-
� TP � -@ill � � � © 1520 1  4 --@§B- N QISI � � -@ID- TPI51 @  � � �  � Q R l 70 � � 

-@!@}- 6 0: �-+ C 154 � 19 � -

0 Fig. 6. Tran sm i tter K ey i n g  Board - P arts Lo cation. 

2 05C020GOI 

� · C258 � 
� -[Bill}- -miD- ::::::=:=� 

� 1 C257 � � C259 r . - �  � � 0TP252 
� �  
-@ill- � -1 ·  C255 � 
� �  -1 C254 � 1 C252 r � 
� � 0TP251 

-ill]B- � CD � C253 � 
� -i R251  r-

1 C251 r 
Pos.o o o 

6 5 4 
0 
3 

0 0NEG. 
2 I 

Fig. 7. R eceiver CL/ an d O u tput  Bo ard - P arts Location. 

I � r-

8 8 0 A l 7 6 

8 8 0A 1 7 4 
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T Y P E  TC POW E R  L I N E  C A R R I E R  T R A N S M I T T E R - R E C E I V E R  A S S E M B L Y ----------------

DB 

25 ���--�----�--4----r--�� 

J. F FILT E R  TE ST CIRCUIT <$ $ITQTI � ��1_] n $ 8 &on 

I NPUT FILTER TEST CIRC U l i  

0 0 
4 5 

- - - - - - -- - ,  
I 
I 

I 

I 
I 
I 
I L - - - - -�K:E� TH::E 

FOR B OT H  F I LTE RS 1  LEADS SHORT 
D B = · 2 0  LO G � 

V 2  

1 7  1 8  19  20 21 

T Y PICAL SELECTIVIT Y  
EACH SECTION 

I NSERT ION LOSS 26 DB MAX . 

35 �----�--.r---r---,� 
DB 

O -2 - 1  Fo + I  
TC R E C E I V E R  F I LT E R  L I M I TS 

I N P U T  F I LT E R  FO R 2 0 0 . 5 - 30 0  K H Z  
T YPICAL SELECT IVITY 30- 200KHZ 

I N S E R T I O N  LO S S  1 2 - 1 6  D B ,  R I S I N G  W I TH F R E Q U E NCY 

DOWN 34t.AT ! 0.8- I . I I<HZ ,  RISING WITH FREQUENCY 

I N S E RTION LOSS 1 2 - 18 DB , 

R I S I N-G WITH FR E Q U ENCY. 

AT 2 KHZ , DOWN 22 - 3!S DB, OROPPING W ITH R IS I NG FREQUENCY 

Fig. 9. Type TC Receiver Filter Characteristics 
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: s  

D 
9 

8 

B 
0 

0 

70 

60 

50 

40 

30 

20 

10 

142 

\ 

\ 
\ 

I 
OVERALL TC RECEIVER RESPONSE 

I 1 45  KH? 

I 

\ J 

\ I 
\ 

I \ 
\ I 

\ I 

� � 
143 144 14!1 146 147 148 KH� 

Curve 538014 
Fig. 1 0 .  Type TC R e c eiver O verall Selecti vity C u rve. 

26 

I .L. 41 -944.328 

TYPE TC CARRIER 
RECEIVER SATURATION 

CURVE 

240 

I 2 0 0  

<i. I I 
:IE 

1-
160 ::> 0.. 1-::> 0 

I I 
u 
ci 120 

80 
I 

I 
v 40 

� � MV INPUT 
0 

8 0  100 120 140 li!O 

Curve 53796 5 
Fig. 1 1 .  Typ e TC R eceiver - 200 m a. O u tp u t  Ch aracteri sti c. 
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T Y P E  TC POW E R  L I N E  CAR R I E R  T R A N SM I T T E R - R E C E I V E R  A S S E M B L Y  _________ I:.::.L:.:..._. 4.:...:.1 ·...:..94.:....:.4:..:.;.32:.=.8 

3.0 

...... 
::::> 
a.. 
...... 
::::> 

2 . 5  0 
a:: 0 
...... c( () 
0 

2.0 z -
...J 
UJ 
Gj 
...J 

a:: 1 .5 UJ 
a:: a:: c( () 

I 
en UJ 

1.0 a:: UJ 
a.. � c( 
...J 
...J -
� 0. 5 

v 
� 

0 -5 

� v 
/ I' 

j 
17 

I 
) v 

7 
j 

v 
J 

v 
/ 

) 
, T 

1/ N O R MAL LEVEL O F  
R EC EIVER I N PUT 

I SIG NAL=+ 15DB. 
� , 

v � 
/ V' 

v LEVEL AT W H I C H  .-. 
I"' � � R EC EIVER 20V. 

O UTPUT APPEARS. 

i I 
� 
0 +5 + 10 + 15 

TC R EC EIVER I N PUT SIG NAL MAR G I N  

( DB ABOVE PIC K U P  ) 

Fig. 12.  Typ i cal curve of the carrier level indi cator 
current vs. receiver m argin abo ve minimum 
operatin g level. 

+20 

8 8 01\ 5 9 0  
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TYPE TC P OW E R  L I N E  CA R R I E R  TRANSMI TT E R - R E C E I V E R  ASS E M B LY ________________ _ 

28 

K H Z 
1 2  - - �-��-�r�--� 

30 50 1 0 0  200 300 

K H Z 8 6 2A9 3 5  
Fi g. 1 3. M inimum Frequency Spacin g for Two 10- Watt Tran smi tters Operated in P arallel. 

- 5 0  

( 1 2 5 M V )  - 4 6  

- 4 0 

CD 
0 - 3 0  

>-
1-
:;: 
1-
Ui 
z 
w 
en 
cr - 2 0  

w 
> 
w 
u 
w 
a:: 

- 1 0 

( 2 4 5 V ) 0 

C H A N N E L S PA C I N G  

K H Z 

1 0  
8 
6 -

-
-

5 -
-

4 
-

3 
-

2 

1 5  

0 .5  

0 

Z E R O  D B = 2 4  5 V O L T S  

Fig. 14. Minimum Channel Spacin g for Keyed Carrier 60 p.p. s. 

+ 1 0  

0 ( 2 4  5 V ) 

CD 
0 

cr 
w 

- 1 0 1-
1-
� 
(J) 
z 
<! 
cr 
1-
<.:) 
z 

- 20 
-

a:: 
w 
u.. 
a:: 
w 
1-
z 

- 30 

- 4 0 ( 2 4 5  M V )  

8 6 2A9 3 3  
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T Y P E  TC P OW E R  L I N E  CA R R I E R  T RANSMI T T E R - RE C E IV E R ASSE M B L Y  ___________ _..:I.:..:. L:.:..· ..:.4.:..1 ·..:.9.:..44.:..:.·.:.:32::.=..B 

I 
I 

,------------------------------+-l� l o : Po s. 2 50 v. 
1 D. C .  I N P U T  
I 

,--------------,,......,� 1 9 1  E X T. R E S. � -iT��.J- l 
I I 

,------------+------------'-.... 7 I F U S E D  PO S .� _ _ _  _j 
8 E X T. R E S  . 

Z3 
IN2 813B'S 

.... --------..... -+-.. 4 :  P O S .  4 5  V.D.C . 
TP I I 

C l  

• : 5 F U S E D  N E G  . 

�------------------------------------'-.... 9 N E G .  D.C . I N P U T  

8 6 2A 9 3 2  
Fig. 15 .  Detai l of Power Supp ly Section fo r 250- Vol t Supply. 

/3f.WIOE lC OEEP·4 1LOTI 
.--- I � J �� J__ __ 

� � � � cp cp -¥-i 

D � � � cp �N 

-= � [Gj cp � � cp cp � cp -t � <'f I 
.---

WTG ClNTERS ' I  oo f 
" 

-I! 

L 
..... .. ILOC• 

4 1 1 C 5 3 3  
Fig. 16.  Outline o f  External R esi stor Unit  for 250- Volt  Operation. 
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Westinghouse I . L. 4 1 -944.6 

INSTALL A Tl 0 N • OPERATION • MAINTENANCE 

INSTRUCT IONS 
RESERVE SIGNAL DETECTOR 
FOR TC AND KR CARRIER 

A P P L I C A T I O N 

The reserve signal detector is a d evice 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 level s .  
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. 

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

The reserve signal detector is  available in two 
different mechanical designs; one for switchboard 
mounting,  and one for rack mounting ( 19 "  panel). 
The unit for switchboard mounting is  shown in 
Figure 1 which includes outline dimensions and 
schematic wiring. Figure 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 fix ed resistor, a variable resistor, and 
a normally open pushbutton connected in series.  

O P E R A T I O N 

The resistors and pushbutton of the reserve sig­
nal detector are connected into the transmitter car­
rier-start c ircuit, effectively functioning as a sepa­
rate transmitter output control. This control is ob­
tained by varying the d-e voltage to the amplifier 
stage following the crystal oscillator in either the 
KR or TC transmitter. With TC set,  the output will 
not drop appreciably until sufficient resistance has 
been inserted to drop the voltage across zener 
diode C R 1 0 1  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
serve signal test is beihg 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 reserve signal detector into the carrier-

N EW I N FORMAT ION 

start circuit are shown on the overall schematic 
which applies to a p articular order. 

A D J U S T M E N T  

B ecaus e of differences in transmitter output , 
supply voltage,  and service conditions,  it is not 
practical to have a calibrated dial for this unit. How­
ever , calibration may b e  made at installation by re­
cording output ( either db or volts) at various k nob 
settings of R l .  Then, by depressing pushbutton 81 
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 b e  noted as the difference b etween 
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 1 00 rna, and for the KR set, 10 rna. 
Since these values are half way up a steep curve, it 
may be rather difficult to adjust to exactly 1 0  or 100 
rna.  If the receiver output current is within ± 20 per 
cent of the nominal 10 or 100 rna figure , any attenu­
ation figures will b e  correct within one db. 

If communication b etween 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, clo se 81 and i n­
crease R 1  setting until the remote receiver output 
current drops 20 per cent. L e ave the control at this 
point. At another time when a res erve signal test is 
to be made ,  it is necessary only to close the S l  
pushbotton and have the r emote operator note the re­
ceiver output current. If it doe s  not drop more than 
20 per cent or so, the desirable receiver margin still 
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R ESE RVE 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 m e an increased line loss , 
reduced transmitter output,  reduced receiver sensi­
tivity, or a combination of these factors. 

I! AR:I:I2 L IS:I: 
Symbol D e scription Style 

R 1  1 00-K Pot. 1475074 
R2 2000-ohm resistor 1 267296 
S 1  Pushbutton Switch 3 27C854H0 1 

0 5 0 

�l�� @ 0����® �o _________________ o� ... !.,___ ___ -1-f ------..-! 

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

Repair work can b e  done most satisfactorily at 
the factory. However, replacement p arts can b e  fur­
nished, in most cases ,  to customers who are equiped 
for doing repair work. When ordering parts ,  always 
give the complete nameplate data as w ell as the part 
identification as given in the P arts List . 

SCH EMATI C 

+ 
' I 

329C70J 

Fig. 1. R eserve Signal Detector for Panel Mounting. 
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R ESERVE SIGNAL DETECTOR ______________________________________________ �I .L=·�4�1 -���4.�6 

-\co 
N 

)... 
� - 0 t-a: 0 

!...-

ip S l  

l 

2000A1 
R 2  

r-l 
;. J  I 

I 
I 
I 
I 

. 3  I 
I 
I 
I 

. 2  I 
I 

L _ _j 
T E R M  
BLO C K 

629Al03 

Fig. 2. Reserve Signal Detector for 19- inch Rack Mounting. 

L_F===�==���==���======���� � 2 � 2 t�  

;<221 DIA. 2 M TG. HOLES )  

"'I .. - ID  

I -®- -$ II I we&t•..,..ovac8 1 -� !'liN 
/, '. 

3 MTG. CENTE RS 
18 8 

1 9  

Fig. 3. Reserve Signal Detector for 1 9- inch Rack Mounting. 

-� . 
l'l N l'l  

t I 

293B011 
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INSTALLATION 
Westinghouse I . L. 4 1-944 .4B 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TC VOICE ADAPTER 

Style 408C020G02 
Style 408C020 G01 

AP P L I C A T I O N  

The type TC Voice Adapter i s  used to provide a voice 
channel betwe en type TC carrier sets at  different 
locations. Simpl e  "push-to-talk" op eratio n is p rovid­
ed using a handset which can be plugged into j acks 
in the Voice Adapter or mounted on an associated 
switchboard panel.  

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

The TC Voice 1 Adapter has sufficient gain to provide 
30 to 50  per cent modulation of the carrier transmitter, 
with a normal speaking voice level . The received 
audio signal level is  adj ustable ,  through a volume 
control mounted on the Voice Adapter,  up to approxi­
mately zero dbm level.  When transmitting, the Voic e 
Adapter circuit energiz e s  the transmitter to an un­
modulated level of 7. 5 to 14 db less t han for a relay­
ing oper ation to allow satisfactory modulation. 

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

The unit is  mounted in a metal box chassis consisting 
of a cover and a frame . A 1 2-terminal plug on the 
back of the unit allows it to be p lugged into a TC 
transmitter-re ceiver . With the exception of the tele­
phone jack s ,  all electrical comp onents are mounted on 
printed circuit board.  Conne ctions between this board 
and the 1 2-terminal p lug are made through flexible 
leads. For maintenance purposes,  the print ed circuit 
board may be unfastened and swu ng out away from the 
chassi s  after removing the cover of the box.  

O P E R A T I O N  

The ci rcuit consists of t hree grounded emitter tran­
sistor stages which include an RF amplifier , a power 
detector and an audio amplifier ( see Internal Sche­
matic ).  When receiving, the RF input signal passes 
from the coaxial c able connection on the Transmitter­
Receiver, through a p ortion of the input filter into 
the receiver se ction of the Voice Adapter.  The signal 

Sup ersedes I . L .  4 1-944 .4A 

is t hen fed through the  level control R- 1 to  the RF 
amplifier Q- 1. This stage is transformer coupled to 
the power dete ctor circuit Q- 2 which in turn drives 
the base of audio output stage Q- 3. This base drive 
is applied through c apacitor C-6 and relay contacts 
K- 1 A. The signal is amplified by transistor Q-3 and 
then transformer-coupled through T- 2 to the telep hone 
receiver line. This connection is made through relay 
contacts K- 1B and K- 1 C. There is no AVC action in 
these receiver circuit s ,  so it is  necessary to adjust 
the input control R- 1 for the b e st listening level. 

The audio output stage Q- 3 serves two functions . It 
is  the output stage for the receiver section previous­
ly explained and it also ser ves as the modulator when 
transmitting. This i s  accomp lished by relay K- 1 . 
Pre ssing the pushbutton on the test telephone ener­
gizes this relay and also closes the circuit which 
provides microphone cu{rent. The microphone output 
is applied to the b ase of amplifier Q-3 through cap a­
citor C- 7 and relay contacts K- 1A. When relay K- 1  is 
energized, contact K- 1A i s  switched to select the 
speech input signal at capacitor C- 7 and open the re­
ceiver circuits from capacitor c- 6. Transistor Q- 3 a­
gain serves as an amplifier and its output eventually 
reache s resistor R- 1 1 9  and capacitor C- 107 in the 
transmitter-receiver through relay contacts K- 1B and 
K- 1C. These s ame contacts disconnect the telephone 
receiver. Signal applied to the R- 50 and C- 1 4  com­
bination will modulate the transmitter. 

The carrier transmitter must be u nblocked 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- 1 D  in the 
Voice Adapter. Energizing relay K- 1 in the adapter 
closes contact s K- 1D which supply carrier-start volt­
age to the transmitter-control cucuit. Thi s unblock s 
the emitter circuit of Q- 1 0 3  in the transmitter which 
then permits transmission of  carrier. The d-e voltage 
applied to this bleeder circuit by the adapter is  about 
Y2 the voltage supplied when a relaying function oc­
curs. Therefore, the unmodulated transmitter output 
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when unblocked by the Voice Adapter i s  from 7. 5 db 
to 14 db less  than the output when unblocked for a 
relaying operation . This differential is necessary to 
provide proper bl ock ing 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  rel aying. To accomplish this ,  it  
i s  neces sary to block the audio output stage Q- 3 on 
the adapter whenever a relaying function occurs . The 
D-C voltage which unblock s the carrier transmitter is  
also implied to the bas e  of transistor Q-3 through a 
voltage-dividing network consisting of resistors R- 20 
and R- 1 1, plus the diode CR- 1 .  

When a relaving function occurs, the  voltage develop­
ed across  resistor R- 1 1  is  sufficiently high to drive 
the base of  stage Q- 3 positive with respect to the 
emitter and therefore, blocks the circuit. This ctCtion 
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 o ccurs. 

On the other hand, as previously e xplained, the start 
voltage supplied by the adapter i s  less  than half the 
start voltage supplied by  the transmitter-receiver 
w hen a r elaying operation occurs. Because of this 
difference in carrier-start voltages, the Voice Adapt­
er when modulating,  does not block stage Q- 3 .  The 
voltage developed across resistor R- 1 1  is not great 
enough to block transistor Q- 3. 

T e l e p h o n e  U sa g e  

Telephone j acks are provid ed as an integral p art of  
the  adapter to  accommodate a Westinghouse Slt330 
C678H04 noise cancelling handset. This telephone is 
an auxiliary and is not an integral part of the unit. 
It employs a push-to-talk button which must be push­
ed when transmitting and released when receiving. 

2 

The side of the telephone plug marked "TOP " must 
b£ inserted into the corresponding socket marked 
"TOP " on the chassis of  the adapter. Since this 
telephone has a noise cancelling handset , it i s  ne­
cessary to speak directly into the microphone. Talk­
ing over, or under the mouthpiece will result in se­
vere attenuation of the spe e ch signal . Optimum re­
sults can be achieved only by speak ing directly into 
the telephone . 

Pushi ng the button on the t el ephone unblocks the lo­
cal transmitter which will r esult in an alarm signal at 
the remote terminal . This alarm will continue to ring 
until the operator at the receiving terminal i nserts his 
telephone or t he transmitting telep hone p ushbutton i s  
released. T h e  two stations are t hen ready t o  c arry on 
a conversation. B ecause o f  t he reduced RF output of  
the transmitter when u nblocked by the adapter, it m ay ,  
in some cases be necessary t o  use  t h e  c arri er test 
button for ringing. 

When used  with supervisory e quipment audio, blo ck 
i s  p erform ed throu gh a supervi sory preferenc e  con­
tact. The j umper  normally connecti n g  terminals 4 
and 17 on the transmitter-recei v er i s  o mitted and i n  
i t s  place i s  connected this contact. When a super­
visory function i s  initiated, this contact op ens, 
remo vin g  the B+ supplied to the adapter. Voi c e  
communication i s  interrupted when this o ccurs. 

Ad j u s tm e n t s  
There are no adj ustments to  make on  this  unit other 
than the adjustment of the input control R- 1, to a 
comfortable listening l ev el .  No control is provided 
for modulation. Adjustment of the relaying transmitter­
receiver i s  not required. 

M A I N T E N A N C E  

Voltage and resistance values should be recorded in 
order to establish referenc e values which will be use­
ful when checking the apparatus. 
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E L E C T R I C A L P A R T S  L 1  S T  

O rcuit 
Symbol 

C- 1 

Description 

C AP AC I T O RS 

0 . 25 ,uf± 20%, 200VDC, Pap er 

C- 2 0 . 1 ,uf + 20%, 200VDC 

C-3 
C-4 

C- 5 

C-6 
C-7 

C-8 
C-9 

C- 10 

C- 1 1  
C- 1 2  
C- 13 

CR- 1 
CR- 2 

J- 1 

J- 2 

K- 1 

L- 1 

P- 105 

Q- 1  

Same as C- 1 
10 ,uf, - 10% + 100% 50VDC 

Same as C- 2 

Same as C-4 
. 0 1,uf, ± 10% 300VDC 

Sam e as C-4 
Same as C-7 

Same as C-4 

100 ,uf, - 10% + 100%, 25 VDC 
50 ,uf, - 10%, + 100%, 50vdc 

Same as C- 4  

D I O D E S  

IN63 
IN63 

J A C K S  

Telephone Jack 

Telephone Jack 

R E L A Y 

48V, 1 000-0hm Coil, 4 Transfer contacts 

R E A C T O R  

50-mh Shunt Reactor 

P L U G  

1 2  Circuit Voice Adapter Plug 

T R A N S I S T O R S  

2N 27 4  

C i rcu i t  
Symbo l  

Q- 2  

Q- 3  

R- 1 

R- 2 

R- 3 

R-4 

R-5 

R- 6 

R-7 

R-8 

R- 9 

R- 10 

R- 1 1  

R- 1 2  

R- 1 3  

R- 1 4  

R- 1 5  

R- 1 6  

R- 17 
R- 18  
R- 18  
R- 19 

R- 20 

T- 1 

T- 2 

TP- 1 

TP- 2 

Descr ipt ion 

2N 274 

2N 525 

R E S I S T O R S  

2 . 5K, ±30%, 1/4 W, Pot. 

1K, ± 5%, Yz W 
3 . 9K Hi%, Yz W 
560 Ohms, ± 10%, Yz W 
2 . 2K,  ± 10%, Vz W 
39K, ±5%, Yz W 
Same as R- 2 

Same as R- 5 

270 Ohms, ±5%, Vz W 
Same as R- 2  

22K, ± 10%, Vz W 
8 20 Ohms, ± 5%, % W 
150  Ohms, ±10%. liz W 
220 Ohms, ± 10%, % W 
1K ,  ± 10%, 2 W 
470 Ohms,  ± 5%, 1W 

750 Ohms ,  ±5%, 1W 
3.9K,  ± 5o/c, 1W for styl e 408C0 20G0 1 
1 2K,  ±5o/c, lW for style 408C0 20G0 1 
470 Ohm s ,  ± 10%. Vz W 
2. 4K, ±5%, lJz W 

T R A N S F O R M E R S  

Impedance Ratio 25K/ 300 Ohms 

25K/600 Ohms 

T E S T  P O I N T S  

Q3 Base 

Pos D. C. to transistors 
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Fig. 2 Outline - Type TC Voice Adapter. 
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Fig. 3 Printed Circuit Board Component Location - Type TC Voi ce Adap ter 
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