
INSTALLATION • 

Westinghouse LL. 4 1 -963.22 

OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TA-2.2 FREQUENCY-SHIFT AUDIO TONES 

CAUTION: It is recommended that the user of this 
equipment b e come thoroughly familiar with th e 
information in this instruction leaflet b efore ener­
gizing the tone assembly . Failure to observe this 
pre caution may result in damage to the equ ipment. 

If the tone as semb ly is mounted in a cab inet, it  
must b e  bolted down to the floor or  otherwise s e­
cured before s winging out the e Quipment r ac k  to 
prevent its ti pping ove r .  

Che c k  pol arity of  b attery supply connections b efor e 
applying power to the e Quipment. 

A P P L I C A T I O N  

The type TA-2 . 2 tones are of the high speed fre­
quency shift type that are used in conjunction with 
a permissive relaying syste m .  They are applied in 
the dual -phas e comparison system for the protection 
of a transmission lin e .  

The TA-2 . 2  tone channel is  available in two b and­
width s (340 H z  and 600 Hz) .  In order to provide a 
high speed tripping sys tern the 600 H z  band- width 
tone should be used with dual phase comparison.  
The only application where the 600 Hz tone can not 
be used is whe n a three terminal power l ine is being 
protected using a two wire audio channel .  In this 
c as e ,  the 3 4 0  H z  band-width tone must b e  used in 
order to provide the needed fre quencies.  

The T A-2. 2 e quipment may b e  used direc tly over a 
pilot wire pair or may be multiplexed on a micro wave 
or other carrier chann e l .  When using the 600 H z  
b and -width tone s ,  the maximum channel  delay ( e x­
c lusive of TA-2 . 2  delay ) that can be tolerated is 
3 . 5  ms. For the 340 Hz b and-width tones thi s 
maximum delay is 2 m s .  

SECU RITY MEASU R E S  

The TA- 2 . 2  tone system h as been designed to 
ob tain maxi mum security against noi se. The TA- 2-2 

takes advantage of the inh erent noise rejection 

N EW I NF ORMAT ION 

char acteristic s  of a frequency-shift rec eiver s o  
that the relaying can b e  depended upon t o  trip 
when needed. The tone receiver is ex pected to 
operate with a minimum in-band si gnal-to-noise 
ratio of 9 db . Sin c e  an incre ased noise level on th e 
pilot wire may often be concurrent with a trip 
request,  the noise clamps are adj uste d at a level 
based on the above minimum sign al-to-noise ratio 
to avoid unneces sary clamping of the receive r .  

The system provides a 3 0 0 - 1 0 0 0  H z  b and-pass 
filter and receiver to s ample the random noise level 
of the pilot channel .  This rece iver will  protect 
against false tripping due to random nois e .  In con­
j unction with the band -pass filter there is a line 
level mon itoring system w hich samples th e total 
frequ ency spectrum of the channel, and is set to 
operate for an overal l  increase of energy on the 
pilot channe 1. This monitoring feature will protect 
against fals e trips due to impulse noise whic h may 
have energy conc entrated about fr equen cies not 
seen by the 3 0 0 - 1 000 H z  noise filter.  When noi se 
has caused the blocking of a receiver ,  the dr op-out 
of the bloc king is delayed by 10 msec .  to ove rride 
the receiver response time. 

Also available as an option is a fr equency transla­
tion protection c ircuit. This is  applied to protect 
against tone fr equency variations caused by a 
pilot carrier frequency shift. 

P ILOT WI R E  D ESIGN 

In applying a tone system for protection, th e user 
and the cooperating tele phone company should 
recognize the pec uliar require ments of a tone pro­
tection channe l .  Pre conceived notions an d practices 
b ased on experience with tone s  for other uses must 
b e  re-e xamine d  in light of the follo wing facts.  The 
per iod of usefulness during th e lifetime of any given 
install ation will be very smal l .  Yet this infinite si­
mal period ( c ompared to years) is precisely th e time 
when noise levels can be adnorm ally high an d 50-
Hertz disturb ing voltag es will appear on the pilot 
w ir e .  The recomm endations sum mari zed in Figs . 1 
and 2 have been formulated with th e above facts in 
mind . 
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TYPE TA-2 . 2  FREQUENCY - SH IFT AUDIO TONES--------------------------

For a r e c o mm e n d ed instal l ation: 

a. Use a drain age reactor in all paths t o  groun d .  

b .  The pilot -wire pair must b e  twi s t e d  s eparat e­

ly from any other wires in the cab l e .  

c .  D o  n ot us e ope n pilot wires . 

d .  Shield any sub s t antial length of wir e  b et w e e n  

pil ot wire a n d  tone e qui pme nt . 

e .  Use surge prot ection ac ross t on e  c o n n e ction . 

To pro t e c t  perso n n e l, use an iso l ating t rans former 

(S# l 87A995H0 1 serves the dual purpo se o f  imped­

ance m at ching and i s o l ation .)  Ylount it with the 

drainage an d neutralizing d e vic e s  in an e n c lo sure 

mar k e d  "High V o l t age". 

Fig . 1 shows t he re c o m m e n d e d  practic e s  fo r pri­

vately owne d  cable in s t al l ations .  The b e st appr o ach 

is t o  make the c ab l e  s e l f-prot e c ting . The incr e m e n t al 

c o s t  (instal l e d) of b e t ter  cab le in sulation is re l a­

tively s m al l . G o o d  e l e c t romagnetic shielding by the 

shiel d  and by the m e s s enger will  k e e p  induc ed 

pot en tial t o  reasonable l e v e l s . The shiel d  should 

provide a shiel ding factor of 50% or l e s s  ( ac tual 

induc e d  voltag e  o f  5 0% of c alculated value ignoring 

shielding e ffect) .  

CO N S T R UCT IO N 

Type TA-2 . 2  t o n e  e quipment has b e e n  d e sign ed for 

protec tive relaying applications. Modular design is 
us e d ,  and a syst e m  is a s s embled using plug-in 

modul e s  t o  m e e t  the r e quire m e n t s  of a specific ap­

plic ati o n .  Figure 3 shows a typic al sys t e m .  

I n  a typic al r e l aying applicati on , the t on e  syst e m  

c on si s t s  o f  the following module s .  (The b asic 

module c o n struction is shown in Figure 4 ) .  

A. POW E R  SUPPLY MODU L E S  

2 

( See Fi gure 3 for lnterno l Schemati c) 

1 .  DC to D-C Converter HB25 1 9 0 (4 8V d-e), 

H B 2 5 200 ( 1 2 5 V  d -e) 

The c o n v e rt er c o n t ain s a s aturabl e core in­

verter  with two s eparat e output win ding s  

rectifier s t o  d eliver po sitive a n d  negativ e 

output voltages t o  the regulator .  This module 

is supplied for either 4 8  or 1 25 V  d -e ,  and 

there is a 1 2 5 V  d-e: e x t e rnal zen er regulator 

for us e in c onju nction with the 1 2 5 V  d -e 

c onverter  when a 2 50 V  d-e supply is us ed . 

There is a b lown fuse in dicator light a n d  

also a power-on light on t h e  m o dule s .  

2 .  Yo�� Regu lator HB25 2 1 0  (Se e Fig. 4 for 

Internal Schematic) 

The regulav:H m odule c onsist of two regulator 

t r an sistors with the n e c e s sary a s s o ciat e d  

circuitry. In addition , t here i s  a l o s s-o f 

regul ator indicator on the front p an e l  and an 

output amplifier to operat e  an opt io n al rel ay 

for power supply l o s s-o f-regulation indicatio n .  

I n  order t o  provide the prope r  heat dis sipa­

tion. the Volt ag e  Regulat or Module is m ount­

e d  on the extre me lc ft o f  the c h as sis . This 

will pro vid e the modul e with v en t  hole s 

which are b e n e ficial for c o oling of the 

r egul ator  transistors by natural c o n v e c tion . 

An additional regul ator m ay b e  mount e d  o n  

e xtreme right o f  t h e  chassis . 

B. T RANSMITT E R  MODUL E S  

1 .  T ransmitter Mod u le  -HB - 2 4 3 3 5 -2 6  (Fi g .  6 )  

The t r an smit t er m odule c onsists of a t ran­

sist or k eying circuit , an oscil l at o r ,  an output 

amplifier and an output. b an d-pass fil t er .  Th e 

b and-pass filter  and oscil l at or ar e t h e  

frequency determining c ompon e nt s a n d  are 

c on t ained in a s eparate plug-in e n c l o sure 

on the tran s mitter modul e .  

2 .  Beat Frequency Osci l lator And  Demod u lator 
Modu le  -- HB . 2 5 6 4 0  ( Fig. 7) 

The beat frequency oscill at o r  and d e mod­

ulat or m o dul e c onsist s of an o scill ator, a 

mixing circuit , and an a mplifier . The t un e d  

c ircuits for the b ea t  freque ncy o scill at or 

are c o n t aine d  in a s ealed plug -in as s e mb ly .  

The front pan e l  provid e s  c on t r o ls for adjust­

ment of the output level  frequency, and 

i n c lud es t e st jack s for monit oring t he s e  

adjustmen t s .  

C.  RECEIVER MO DU L E S  

1 .  Receiver Fi Iter Modu le  - H B 5 8700 

This module is a b an d -pass filt e r  which 

c on n e ct s the d e m o dulat or to the r e c ei\·e r .  

The sum freque n cies o f  the d e modul ator 

and the audio frequency c ar rier are s e l e c t e d  

t o  b e  pas sed by t h e  filt e r .  
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TYPE T A-2. 2  FREQUENCY -SHIFT AUDIO TONES ------------------- - ---'-1.-=.L_. _41�--96:....:3�.2=-2 

2 .  F requency Sh i ft Rece iver Modul e-HB19915-27 

The receiver module cons ists of a li mit­
ing amplifier,a  special ly tuned d iscriminator .  
rectifying and filter c ircuitry and t wo d -e 
amplifier s .  A low s ignal s quelch c irc uit is  
also included in this module . In addition, 
a carrier detector c ircuit is inc luded for 
d riving an e xternal relay on low s ignal for 
alarm purpose s .  

D. NOISE SU P ERVISORY MODUL E  

NOT E :  One s e t  is  needed for every telephone 
line us ed . 

1 .  No i se F i lter Modul e HB55187 or HB55283 

( Fig .  10 ( Notched for 425 Hz Transmitter) 
( Some systems use 595 Hz Tran s mitter) 
This module c ont ains a filter ( se e  Fig. 18) 
that samples noise in the 300 to 1000 Hz 
regi on . Th ere are two d ifferent type s o f  
filter s .  Filter rr:od ule HB55283 has a rejec­
tion not ch at 425 Hz and is  used in con­
j unction with a 425 Hz tran smitter located 
at the remot e terminal for detection of  car­
r ier drift s .  This syste m is used on fo ur-wire 
t elephone channels where there i s  a pos­
sibility of c arrier shifting the telephone 
b and, which affects the F . S. receiver intel­
l igence by c onditions existing outside of 
the transmitters and receivers.  

2 .  Rece iver L i ne Level and N o i se Supervi sory 
Module HB25150 ( Fig .  12) 

This m odule consists of two receivers ( s ee 
Figure 19). One of them u s e s  the output from 

the noise filter module for the Noise Supe r­
visory function .  The line level receiver us e s  
the entir e tone b and t o  supervise t h e  total 
in-b and level of noise ( this include s the 
freQuencies used for prot ective line relayin g) .  

An abnormal s ignal of  sufficient stre ngth on 
e ither of the rece ivers will caus e an output 
on th e line leve l and noise supervisory mod­
ules which w ill c lamp both mark and spac e  
outputs o n  the tone rece iver t o  O V  D . C .  and 
give s an indication on the front panel .  

E .  425-HZ T RANSMITT E R  H B 21050-12 ( F ig .  13) 
(Some syste ms use 595 Hz) 

NOTE: One of these units is needed for eac h  
telephone pair when u s e d .  T h i s  transmitter i s  

t o  be used in conjunction with HB55283 notch 
filter .  It s function is to b lock the end through 
the noise supervi sory module when there is fre ­
quency deterioration between th e transmitter 

and the receiver s in a tel ephone line. It con­
sists of a 425-Hz frequency-shift transmitter 
with an output filt er .  

F. CARR I E R  DET E R I ORAT ION D E T E CTOR -

H B24030-3 ( Fig . 9) 

This is an AM receiver av ailab le as an option .  
The output i s  used to drive a microamm,ter to 
determine the signal level rece ived from the 
re mote tran smitter . It is c onn ected to the output 
of the wide -band filter  of the FS receiver .  

G. LOGIC I N T E R FACE ( F ig.  19) 

The logic interface cons ists of zener diode s ,  
diodes , and resistors o n  the input s  to the tones 
as insurance against random noise ancl high 
voltage in puts to the tones causin g mi soper a­
tion .  In addition it contains tran s i stor s ,  diod e s , 
and resistors on the output of the tones to 
pr ovide proper output levels for interfacing with 
solicl state re lay s as well as protection against 
misoperation due to random n oise or high 
voltage pickup. 

H. HYBRID FOR TWO W I R E  T E RMI NATION 
H B35315 ( F ig. 16) 

This module is used for applications requiring 
just two wire termination for both transm itter 
and receivers . It is used to isolate the local 
transmitter from the receiver when a single line 
pair is usee!. It contains plug in jumpers for 
selecting capacitor values for matc hing tele­
phone line characte ristics along with adjustable 
resistor R 1 .  It al so contains plug in jumpers for 
c;electing termination impedance of either 600 
ohms or 900 ohms.  

O P E R AT IO N 

As shown in Figure 5, the output of a high freque ncy 
o scillator in the TA-2 tone set is b e at with the out­
put of a lowe r frequency oscillator . The diffe rence 
frequ ency or the translated frequency i s  applied 
through a band -pass filter to th e pilot channel . By 
key ing the trans mitter with a voltage, the fre quency 
i s  shifted from one frequency to a sec ond frequency . 
At th e re ceiving end of the channel ,  the incom ing 
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TYPE TA-2 . 2  FREQUENCY - SHIFT AUDIO TONES--------------------------

audio tone frequency is translated to the higher 
- frequency of the transmitter and is applied to the FS 

receiver through a band-pass filter. The receiver 
con verts the frequenc.) to a d-e voltage which is 
applied to the relaying scheme. 

In a dual phase comparison relaying system, the 
phase relationship of square wave pulses are com­
pared to determine if a fault is internal or external 
to the protective transmission line- a pulse derived 
from the 60 Hertz current at one line terminal is 
compared in phase relationship to a pulse received 
from a remote line terminal. The transmitter is 
shifted in frequency at a rate equal to the power 
system frequency. On alternate half cycles, either 
a n;ark or space frequency is applied to the pilot 
channel and is received at the remote terminal. The 
receiver converts the mark and space frequencies to 
two d-e pulses which are applied to the dual phase 
comparison relay for con;paring to local pulses at the 
remote terminal. 

A. POWE R SU PPLY MODULES  

4 

(See F igures 3 and 4 for Internal Sch ematics) 

Converter (F i g .  3) 

The d-e to c:l-c converter contains a saturable 
core type JTJUlti-vibrator with Ql and Q2 acting 
as switching transistors for transformer Tl in 
series with the applied battery voltage. Starting 
current is applied through Rl and oscillations 
are JTJaintainec:l at a nominal 500 Hz by the drive 
fran; the feedback winc:lings in the base circuit, 

Capacitor Cl provic:les the high-surge current 

which occurs during the switching interval as 
the magnetic field of Tl reverses and Ql and 
Q2 change their conducting states. Capacitor 
Cl and the 6.38-mHy choke provide a low-pass 
filter section to reduce high-voltage transients 
on the battery bus for protection of transistors 
Ql and Q2. Oscillator switching transients are 
attenuated by R5 and C2. Two secondary wind­
ings on Tl feed the bridge rectifier circuits, 
C41 through CR8, to c:levelop separate positive 
and negative output voltages. 

Regu lator ( F i g .  4) 

Polar output voltages from the d-e to d-e con­
verter are applied to the Voltage Regulator 
HB25210. Transistor Q3 is the series regulating 
element for the positive voltage input. Resistors 

R6, R7, and R8 comprise a voltage divider 
across the emitter-follower output. A portion of 

this output voltage is fed back to the base of Ql 
and compared with a reference voltage across 
the zener diode CRl in the emitter circuit. The 

difference voltage across the base-emitter 
junction of Ql controls the collector current 

through load resistor Rl. The voltage drop 
across Rl is coupled by emitter follower Q2 to 
the base of Q3. Any change in the output voltage 
at the emitter of Q3 is opposed by a change in 

base voltage as a result of the controlling 
current flow in Rl. The feedback voltage from 
the voltage divider circuit is made variable by 
resistor R7 to permit accurate setting of the 
output voltage level. Transistors Q4, Q5 and 
Q6 provide a similar regulator circuit for the 
negative voltage output. 

The regulation indicator circuit is essentially a 
bridge connected across the positive and nega­
tive output terminals of the polar power supply, 
a span of 36 volts. One leg of the bridge is the 
18-volt zener diode CR3. The output leg of the 
bridge is between the zener diode and the center 
arm of potentiometer R19. R19 is adjusted for a 
zero-volt output, or balance, at a total power­
supply output of 36 volts. A change in power 

supply level after balance adjustment will 
produce a ± voltage change at the bridge output. 
This is detected by a complementary Schmitt 
trigger circuit consisting of Q7, Q8, QlO, and 
Qll. At balance, Q7 and Ql 0 are both cut off, 
and transistors Q9 and Q12 are two closed 
switches in series to energize the indicating 
lamp plus a remote relay. An increase in one or 
both of the supply output voltages will c ause 
Q7 to conduct, and a decrease in one or both 
voltages will cause QlO to conduct. Conduction 
of either Q7 or QlO will open the associated 
series switching transistor, and the lamp and 
relay will be de-energized. 

B .  FS TRANSMITT E R  - H B -24335-26 

The oscillator shown schematically in Figure 6 

is tuned to a high frequency relative to the 
audio tone channel frequency. The output of the 
oscillator is applied to a balanced modulator 
circuit which is driven by a beat frequency 
to produce a difference frequency equal to that 
of the audio tone channel. Both sidebands thus 

generated are applied to an amplifier having a 
band-pass filter in the output circuit. The 
filter rejects the upper sideband and passes 
the lower sideband to the line. A shift in the 
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frequency of the oscillator when k eyed will 
prc�nce the same amount of shift in c yc le.s of  
t he audiv � �'·" .Jutpu�. 

The osc i llator stage inc lude s transistor Q l  and 
associated circuit compone nt s .  The tuned cir­
c uit consists of inductan c e  L 0 and the C apacitor 
C M• C s and C c are the fre quency shifting 
c apacitor s .  

Oscillations from t he tuned circ uit are couple d 
to the base of Q l  by capacitor C 3 .  Feedback to 
the tuned c ircuit from the c ollect or of Q l  i s  
t hrough resistor R3 . T h e  network consisting o f  
C 2 ,  R6 and variable resistor R7 allows fr e­
quency adj ustment by variat ion of  the e ffe ctive 
capacity of C2 across a portion of  the tuned 
c ircuit . 

The secondary winding on L 0 is c ente r-tappe d 
and serve s as a part of the balanced modulator 
which includes swit chin g transistors Q3 and 
Q4 . The bases of Q3 and Q4 are driven with the 
b eat frequency voltage fro m  a center-tapped 
winding on the  BF Oscillator modul e .  Both 
sidebands appear across the LEVEL c ontrol 
RlO from which they are coupled to t he base 
of  the output amplifier Q2. The band-pass filt er 
in the collector c ircuit of Q 2  r eje cts the upper 
sideband and passes the lower s ideband to the 
line . 

C apacitors C c and C s are strapped in paralle l 
on the circuit board and clamped by Q5 , for­
ward biased at the emitter ,  across L 0 to gener at e  
a Space frequency.  A ne gative v oltage applied 
to 'the base of Q5 through divider R17 and Rl8 
will increase the collector-emitter impedance to 

effective ly remove C s and C c from L0. This 
will leave C M only across L 0 and the carrier 
frequency will shift to Mark . 

B F  Osc i l l ator and Dem odu l ato r - HB- 25640 

Three functions are provided in this mod ule . 

1 . A beat fre qu ency voltage is generated.  

2 . The r e c eived audio tone si gn al is mixed 
with the output of the beat frequency o sc il­
l ator in a balanc e d  modulation c ircuit for 
frequency trans lation . 

3 .  The rec eived audio tone signal is amplified 
before translation to c ompensat e  for losses 
in the modulator c ircuit and impe dance 
improving pads.  

BF Oscillator 

The BF oscillator stage includes transistor Q l  
and a tuned LC c ir c uit . Oscillat ions fr om the 
t un e d  circuit are coupled to the b as e  of Q l  by 
c apacitor C2 . Feedbac k from the c ollect or o f  
Q l  t o  the tuned cir cuit i s  through resistor R l .  
An RC netw ork consist ing of C l , R2, and R3 is 
c onn ected across a portion of the tuned circuit 
for frequency trimmin g purposes; R3 is variable 
and controls the e ffective c apacity of C 1 . 

Voltage from the tuned c ircuit is also coupled 
by capacitor C4 to the bas e  of Q 2  whic h oper­
ate s  as a C las s A o utput amplifier.  The tuned 
transfor mer in the collector c ircuit has a c enter­
tapped secondary for applying t he switching 
volt age to the bases of the modulator transistors 
Q3 and Q4 . 

Line Amp lifier and Demod ulator 

The audio tone line amplifier c onsists of trans­
formers T 2  and T l , tran sistors Q5 and �6 with 
ass o ciated component s ,  a LEVEL control R20 ,  
and imped ance improving pads R24 through R29 . 
The audio tone s ignal to t he amplifier is app lied 
thr ough a 3 -db pad and line is olating tran s former 
T2. The secondary winding of T 2  is terminat ed 
with R2 1 and the LEVEL control w hich applies 
a b ase-t o-b ase input s ignal to Q5 and Q 6 .  Q5 
and Q6 are biased to Class A oper ation . Q5 
and Q6 are an e mitt er-coupled pair with a push­
pull output transformer Tl in t he collect or 
c ircuit .  The s econdary winding of T l  is center­
t apped to s erve as part of the balan c e d  de­
modulator c ircuit which inc ludes swit ching 
transistors Q3 and Q4. The load on the second­

ary w inding is a3-db pad and the receiver band­
pass filter .  This load is in effect switched 
across each h alf of the se condary windin g by 
a lternat e  half cycles of the b e at frequency 
voltage . Thus the amplified audio tone sign al 
T l  will  appe ar across the load in modulated 
form as two sideband frequencies; the b eat 
fre

'quency or;cillator frequency minus the audio 
tone fre quency , the beat fre quency b eing sup­
pressed to a low value by balanced modulator 
action. The lower sideband will  be rejected 
by the receiver b and-pass filter , and the uppe r 
sideband will be passed to the receiver .  

C .  R EC E I V E R  MODULES 

1. Receiver I nput Fi l ter H B58700 
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TYPE T A-2.2 FREQUENCY - SHI F T  AUDIO TONES-------------------------

6 

This filter is provided so that only the 
specified channel frequency comes into each 
receiver. 

2. FS Receiver - HB-19915-27 

Limiter Amplifier 

In the schematic diagram of Figure 8, the 
limiting amplifier consists of three direct 
coupled stages. The first stage is an emitter 

coupled pair of transistors, Q1 and Q2, as a 
differential amplifier which provides a push­
pull signal to the second stage. The second 
stage includes an emitter-coupled pair, 
Q3 and Q4, to provide a single-ended output 
to the third stage Q5. A feedback network 
from the collector of Q5 to the inverting 
input of the first stage yields d-e and a-c 
stability to the amplifier. The signal from 
the band-pass filter and sensitivity control 
in parallel is applied to the non-inverting 
input which has a high impedance char­
acteristic. 

Discriminator 

The output signal from Q5 is coupled to the 
base of QS by resistors R18 and R21 which also 
serve to provide a d-e bias voltage to QS. With 
full limiting, QS is switched on and off at the 
translated frequency rate, allowing 40 MA peak 
pulses to energize the tuned discriminator in the 
collector circuit. The discriminator consists of 
two parallel tuned circuits resonant at Mark and 
Space respectively. A secondary winding on 
each tuned circuit yields a d-e output by means 
of full wave rectifier diodes. The d-e outputs 
are connected in series aiding and applied 
across series resistors R23, R25 and R24, the 
combination in effect being a bridge circuit. 
Output from the bridge is taken between the 
center arm of the BIAS control R25 and the 
center connections of the secondary windings. 
As the discriminator is energized with alternate 

Mark and Space signals, the output will be 
approximately ± 1.5 volts, and zero volts in the 
absence of the translated tone signal. C7, L1 
and CS filter the translated tone component from 
the discriminator output which is applied to the 
output d-e amplifier. 

Low Signal Squelch Circuit 

A squelch circuit on the discriminator is pro­
vided by Q6, C7 and associated components. In 
the absence of a carrier signal, Q7 is clamped 

by a forward base bias through R20; this shunts 
the base of QS the discriminator driver. When 
the limiter amplifier is coupled to the rectifier 
diodes C R1 and CR2 by the emitter follower Q6 
a rev·erse bias voltage is applied through R19 
to the base of Q7, causing Q7 to unclamp. The 
carrier output from Q5 can then drive QS to 

energize the discriminator. The circuit is de­
signed so that the carrier must reach a level 
high enough to yield a receiver output with 

very little distortion before Q7 unclamps and 
permits the discriminator to drive the output d-e 
amplifier. Hence when the receiver carrier falls 
below this level, the discriminator is squelched 
and receiver output signals cease. This thres­
hold level is determined by the setting of the 
SENSITIVITY control R2. The value of capacitor 
C5 determines the speed of operation of the 
squelching action. Charging is less rapid than 
discharge in this circuit. As C5 becomes larger, 
the unclamping action of Q7 is delayed while 
the clamping time is not increased appreciably. 
Thus the turn-on time of the receiver can be 
delayed to make the circuit less vulnerable to 
noise when the carrier falls below a predeter­
mined level setting of the SENSITIVITY control. 
The band-width, carrier frequency and level 
of a channel are also determining factors in 
the speed of operation of the squelch circuit. 

Carrier Detector 

A carrier detector feature is derived as follows. 
The Yoltage appearing at the collector of Q8 the 
discriminator driver is 17 volts peak to peak. A 
lead from this point to the module edge con­
nector permits this signal to be coupled to the 
HB-27330 carrier detector alarm card where 
it is rectified and amplified to produce an output 
voltage which can operate an indicating light or 
relay. The presence or absence of this signal 
is controlled by the operation of the squelch 
circuit on the discriminator. Carrier detector 
HB-27330 is mounted directly c•n the HB-19915 

board and strapped to the collector of QS 
(HB-19915-27), as shown. 

Output D-C Amplifier 

In the d-e amplifier the output transistors Ql4 
and Ql3 provide push-pull output. They are 
driven by a two-stage push-pull regenerative 
circuit consisting of QlO, Q9, Q12 and Qll. The 

regenerative circuit is monostable due to the 
unequal resistances in the emitter circuits of 
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Q l O  and Q9; Q l O  on- Q 1 2  off, and Q9 off-Ql l  
on. Thus in absence of disc riminator output 
Q 1 4  is saturated an d Q l 3  is cut off. A Mark 
signal from the discriminator will maintain 
the ab ove condition. A Space signal from the 
discriminat or will  reverse the conducting 
stat es, and Q l 2  will be saturated while Q l 4  i s  
cut off. The trigger type of s witching action 
due to regeneration yields fast rise and fall 
time to the output pulses .  

3. Carri er Deter iorat ion Detector - H B24030-3 
(When Supp I ied) 

Across the output of the FS Receiver filter 
is  this AM Receiver's sensit ivity c ontrol 
R l  (see Figure 9). This control provide s 
the m eans by which the receiver sensitivity 
i s  adjusted.  Two RC coupled stages o f  
amplification u sing Q 1  and Q2 a s  the activ e 
e lement s follow this contro l .  R3 and R2 set 
the DC biasing for the b as e  of Q 1  while 
R5 an d  R6 provide emitter self-biasing.  C3 
acts as a bypass for R6 . R5 is not bypassed 
and introduc e s  dege neration into the stage 
for greater stabi lity of the circuit under 
v arying condition s .  R4 is  the collector 
load for the stag e .  The operation of the 
s ec ond stage involvir,g Q2 is  the s ame . R 1 2  
and C4 act as a decoupling network to 
prevent self-oscillation in the high-gain 
receiver. 

The third stage acts as an amplifier and 
driver for the full-wav e re ctifier stag e .  T 1  
i s  the collector load for Q3 and also matche s  
t h e  impedance o f  the rectifier circuit to the 

transistor Q3 . The other components of th e 
stage have similar purposes to tho s e  des­
cribe d for Q 1  or Q2 . 

Voltage output may b e  obt ained for end 
equipment if the load is a resistanc e .  The 
rectifier circuit produces a positive vo ltage 
output . CS , C9 and R 1 7  form a low pas s  
RC filter t o  re move the c arrier compon ent s .  
This filter  is c apable of passing 1 0  cyc les  
per  s econd but  cuts off some what above this 
frequency . 

D. NOISE SU P E RVI SORY MODU L ES 
( I nternal Schemat i c  F i g .  12) 

1. Line Level & N oise S upervisory Module 
HB25 1 5 0 .  

T h e  output o f  Noise Filt er HB 5 5 1 8 7  or 
HB5 5 2 83 is  amplified by an operational 
amplifier IC1 with a gain det ermine d b y  
resistors R5 and R6 . Resistor R l  a t  t h e  
NOISE IN test point i s  a voltage divider 
for applying the test sign al when adjusting 
t he trip b lock threshold for a s pecific 
sign al-to-nois e  ratio as described in the s et­

tings section. The input to the line level 
amplifier is amplified by IC2 with a gain 
d etermined by R2 1 and R 2 0 .  Resistor R 1 9  
is  shunted acro ss R2 0  t o  increase the g ain 
for trip b lock thre shold adjustment . 

The outputs of IC1 and IC2 are amplified by 
Q1 and Q2 respectively. F ull-wave rectifica­
t ion for e ach of these n oise c ircuit s  i s  
e mp loyed with d iodes CR7 thr ough CR 1 0, 
across a common load re sistor R28 and 
capacitor C 1 1 .  The resu ltant voltage i s  
applied t o  a Schmitt trigger circuit , Q 3  and 
Q4 ,  w hich in turn o perat e s  a trip b locking 
c ircuit . Figure 1 8  s hows the operatin g 
region for this circuit . The b lock and b lock 
releas e  points are at a re lat ively low value 
of  the maximum possible voltage due to 
rectified n oise .  Th us ,  C 1 1  will delay b lock 
releas e  for a longer period of time aft er 
high-level noise burst s .  

During normal communi cation c ircuit o pera­
tion, Q4 is conducting,  Q5 and Q6 are cut 
off , and capacitor C 1 2  is c har ged to a 
negative voltag e .  E mitter followe r Q7 de­
livers this negative voltage to a clamping 
transistor in each of the trip output cir­
cuits of the syst em, effect ively removing 
the clamp.  Rectified n oise applied to the 
base of Q3 will  revers e thE• conducting 
states of these transistors instantly. Cap­
acitor C 1 2  discharge s to a pos itive pot ential 
through Q6, and e mitter follo wer Q7 delivers 
a positive clamping volt ag e to all receiver 
trip output circuit s .  

After a b lock , t h e  b lock release is delayed 
by C 1 2  which must charge to a ne gative 
potential through R38. The de lay time is  
approximately 1 0  milliseconds . 

2. 425-HZ Tran smitter H B21050-12 ( F i g .  13) 
(Some Sy stem s u se 595 H z) 

With refer ence to the schematic diagram o f  

Figure 2 0, an L C  oscillator i s  employed t o  
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generate the carrier frequency. (Keying cir­
cuits are provided to shift the carrier to a 
lower frequency for checking thE operation 
of the clamp.) The output of the oscillator 
is amplified and coupled to the line through 
a bandpass filter which provides d-e isola­
tion and minimizes adjacent channel loading. 
The tuned circuits for the oscillator and 
filter are contained in one plug-in hermet­

ically-sealed assembly. 

The oscillator stage in_cludes transistor Q1 
and associated circuit corr.ponents. The 
tuned circuit consists of inductance L0 and 
capacitor CM; C s and Cc are the frequency 
shifting capacitors. Oscillations from the 
tuned circuit are coupled to the base of Q1 

by capacitor C3. Feedback to the tuned 
circuit from the collector of Q1 is through 
resistor R3. The net work consisting of C2, 
R6 and variable resistor R7 allows fre­
quenc�r adjustment by variation of the ef­
fective capacitance of C2 across a portion 
of the tuned circuit. Note that the oscillator 
circuit voltages are referenced to a keying 
bias voltage level of approximately -1. 2 
volts d-e with respect to the circuit common 
which is developed across R2. 

A secondary winding or L0 couples the out­
put of the oscillator to the LEVEL control 
R10. This winding provides d-e isolation 
between the oscillator circuit and the output 
amplifier Q2 which operates from the full 
-12V d-e . sup ply. Transistor Q2 is a Class 
A common-emitter stage with the base input 
signal coupled from the LEVEL control by 
d-e blocking capacitor C5. The carrier band­
pass filter is the collector load. 

This transmitter, together with HB552 83 
filter at the remote end is used to prevent 
adverse effects from frequency translation. 
When a telephone line is multiplexed with 
other telephone lines, sometimes there is a 
drift in band frequencies due to the receivers 

and transmitters used in multiplexing. These 
conditions, although lying beyond the con­
trol of the tone channels, are detected at 
the receiving end by applying the 425-cycle 
transmitted frequency to the noise filter. The 

noise filter HB55283 together with the noise 
supervisory module do not tolerate a fre­
quency translation (due to line multiplexing) 
of more than ± 40 Hz without blocking the 
receivers. 

C H A R A C T E R  I S  TI C S  

General 

Audio Tone Center 600 Hz Band-width- 1500, 2700 
Frequencies (Hz): 340 Hz Band-width- 1500, 2180, 

and 2860. 

Shift in Frequency: ±300 Hz (600 Hz Band-width) 
or 
± 170 Hz (340 Hz Band-width) 

Frequency BF 

Oscillator: 13. 5 kHz 

Transmitter Center 
Frequencies: 15 kHz For 1500 Hz Tone Channel 

Operating 

Temperature: 

Storage 
Temperature: 

Operating Time: 

Energy 
Requirements: 

Approximate 
Weight: 

15. 68 k Hz For 2180 Hz Tone 
Channel 

16. 2 kHz For 2700 Hz Tone 
Channel 

16. 36 kHz For 2 860 Hz Tone 
Channel 

-10o to +60oc 

Two terminal line 2 to 2.5 MS 
Three terminal line 3. 5 to 4 MS 

110 milliamperes at 12 volts d-e 

14 lb. 

D-C TO D-C CONVERTER AND VOL TAG E 
R EGULATOR 

Converter H B25 190and H B25200, Regu latorH B252 10 

Power Output: 

Model HB25210 Voltage Regulator with one of the 
D-C to D-C Converter Modules, HB25190 or HB25200-
7. 5 watts maximum; + 18 volts at 200 m a. and -18 

volts at 200 rna. 

Power Input: 

Approximately 15 to 23 watts for above output power 

over the following converter input voltage ranges; 

HB25190 - 42 to 56 V d-e, 48 v.d.c. nominal. 

HB25200 - 105 to 144 V d-e, 125 v.d.c. nominal. 

See Figure 3 for 250V d-e battery input. 
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Regulation: 

+ 18 an:) - 1 8  v . d . e .  within 0 . 1  vut . 

Regulation Indieator: 

Indieates .changes greater  than 2 volts in ± 18 V d-e 
output; module panel  lamp e xtinguishes and r emote 

relay is de- energi zed. Recommended alarm relay is 
HA,l 8 5 74; t wo Form-e 5-amp ere contact s ,  2 000-ohm 

coil. 

Ripple : 

1 mv RMS maximum on + 1 8  v . d . c .  and - 1 8  v . d . c .  

output s .  

Converter Frequency: 

Nominal 500 Hz; 380 H z  to 600 Hz over rated input 
and output ranges.  

Overloads: 

No overload protective circuitry .  Input to convert e r  

is fused; effective only for short-circuit loads. 
Operation above maximum rated l ev e ls s hould b e  
avoide d to prevent damage d u e  t o  exc essive heat 
generation . 

Isolation : 

Output c ircuits are d-e isolated from ground and 
the conv erter input battery supply. A tran sient volt­
age fi ltering capacito r ,  C3, in the converter module 
is c onn ected b etween the output COMMON and the 
positive battery input and has a 2000WV d-e rating.  

( See schematic diagram, Figure 3 . )  

F S  Tran smitter - H B -24335- 26 

Output Level :  Adj ustable from -30 dbm to + 2 
dbm 

Output Impedanc es: 600 ohms nominal , isolated and 
balanced 

Output Stability : 

Frequ ency 
Stability: 

± 1. 5 db from - 1 0 °C to +60°C 

± . 25% 

FS Rece iver - H B- 199 15- 27 

Sensitivity: 

Input Impedanc e: 

Adj ustable from -45 dbm to +6 
dbm 

Band-pass filte r ,  600 ohms nom­
inal 

Sque lch Circuit: 

Carrier Detector : 

D-C Output: 

D-C output assumes a 0 VDC on 
b oth mark and spac e outputs, 
when level  falls to the s en­
sitivity setting of  receiver.  

Contained on module 1 2V outp ut 

Pu sh-pull ,  - 1 0 v olt p ulses at 5 
to 40 Ma.  Rise and fall times 
each less than 5 m i crosecond s .  

B. F. Osc i l lator & Demodu lator 

Carrier Input 

Input impedan c e  600 ohms , isolated.  I nput levels in 

the range of -45dBm to + 6dBm, adjustable w ith 
LEVEL control for  proper demodulation operation.  

D emodulator Output 

Output impedance 600 ohms . Z ero loss from c arrier  
input to  demodulator output ( one sideband) for  single 

channel oper ation at a maximum carrier l evel of 
OdBm.  For multiplexed c hannels see Op eration 
Section . 

BF Oscillator : 

Frequ ency stability ± 0 . 25% from -30oC to +70 °C .  

L I N E  L EV E L  AN D NOI S E  SUP E R V ISO RY H B25 150 
AN D F I LT E RS H B55283 AN D H B55187 

Output: 

Clamping voltage for b lock circ uits in up to 3 F . S .  

Receiver modul es .  + 1 3 V  t o  + 1 7 V  at 2 t o  3 rnA b lo ck, 
- 3 . 4 V  at 0 rnA block releas e .  B lock release delay 
time is 1{) milliseconds. D-C amplifier capable of 

delivering up to 100 rnA at 3 6V to an indicating 

device , or voltage pul s es to logic circuitry .  Amplifi e r  
is condu cting for a bloc k ,  colle ctor at +1 8V; n on­
conducting for block rel ease, collector at - 1 8 V .  

Noise Filters H B5 5 1 87 and HB5 5 28 3  

3 0 0  to 1 0 0 0  H z  passban d ,  600-ohm input impedan c e  

in passband , out-of-band rising impe dan c e  char­
acteristic . 600-ohm output impedan c e. Noise filter 
HB55283  is t he same as HB5 5 1 8 7  e x c e pt for a 

25- db rej ection notch at 425 Hz.  

Noise Fi lter Amplifier: 

600 -ohm input impedanc e .  Sensitivity adjustab le: 
Max imum sensitivity for a trip b lock is -52 dBm , 
+ 0 . 5  dB - 1  dB. 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE TA-2. 2 FREQUENCY - SHIFT AUDIO TONES-------------------------

Line Level Amplifier: 

11. 2K input impedance. Sensiti dty adjustable; 
maximum sensitivity for a trip block is -27 dBm; 
+0.5 dB -1 dB. 

425-HZ TRAN SM I TT E R  HB2 1050-1 2 (Some System s 
Use  595 Hz) 

Output Level: 

600 ohms nominal, isolated and balanced. 

Output Stability: 

±1.5 dB from -30°C to +70°C. 

Frequency Stability: 

HB21050-12 ±.25% from -30oc to+ 70° C. 

Keying Inputs: 

Neutral voltage pulses, -10V nominal. Input resist­
ance approx. 5K to 15K. 

AM RECE I VE R  24030-3 

Sensitivity: Adjustable from OdBm to -35dBm. 

Input Impedance: 600 ohms nominal. 

LOGIC INTE R FAC E 

Input Keying: + 10V Min. to + 20V Max. 

Output Voltage: + 1 SV D.C. 

I N S T A L L A T I O N  
(Out line and Dri l l ing P lan, Figure 14) 

The tone assemblies should be mounted on relay 
racks or in suitable cabinets when the eleven-module 

chassis is used. The mounting location should be 

free from dirt, moisture, excessive vibration, or heat. 

All electrical connections are made through a 24-

terminal connector on the rear of the chassis per 

CR drawing which applies to the particular order 

and appears on the nameplate. 

S E T T I N G S 

Tran smitters H 824335-26 

Only one setting is required on the tone transmitter 

and that is the output level. This setting is made by 

using the screwdriver type adjuster marked "gain" 

10 

on the transmitter module. In general, the tone trans· 
mitters are set to the maximum level allowed by the 
telephone company on the pilot wire or telephone 

pair. For example, in protective relaying applic a­
tions, generally only one or two tone transmitters 

will be connected to the pilot channel at any one 
terminal. If zero dBm is the maximum allowable 
level, a single tone transmitter will be set to that 
level (0. 775 volt). If more than one transmitter is 

used at one terminal, the telephone company should 

be consulated as to the allowable transmitting 
level. 

The audio output level of the transmitter is measured 
by connecting a 600-ohm resistor or load across the 

signal output terminals. No other signal should be 

present on the line if it is used. The level can be 
measured at the output terminals using an a-c 

vacuum-tube voltmeter. The level control is then 
adjusted for the desired output. After all the trans­
mitters are a djusted properly and multiplexed, a 
VTVM reading should be taken at the "OUT" pin 
jack on the front panel and recorded for maintenance 
and check-out purposes. This avoids the necessity 

of disconnecting the transmitter from the line when 

levels are to be checked or readjusted. The 425-Hz 

transmitter should be set the same as any other 
transmitter. 

Demod ulator - Level Control 

After the remote transmitter has been adjusted, pull 
out the local transmitter. Check the received signal 
at top two terminals of the beat frequency oscillator 
and demodulator module (H 1, Lo). Pull out the local 
F/S receiver filter and connect a 600-ohm load 
across demodulator out and Lo (white) terminals. 
Connect a VTVM across the 600-ohm, load and 

adjust the level control for 3-dbm above the recei\•ed 

signal. 

FS Receiver H B 19915-27 

Plug a d-e voltmeter (at least 20 volt range) into TP 

norm. and TP comm. of receiver. (The tone trans­

mitters must be previously set to their desired out­

put levels. ) Connect a VTVM across the tone re­
ceiver input terminals (TP Lo and TP Hi) and note 

the normal received voltage (preferably in db). Now 
connect a calibrated attenuator (such as the Hewlett­
Packard Model 350B Attenuator) between the tele­
phone line and the terminal equipment. Set the 

attenuator for 6 db attenuation. This value can be 
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checked on the VTVM. If such an attenuator is  not 
availab le, conn ect a variable r e s isto r ,  500 ohms 
maximum is adequate,  across the incoming line and 
reduce the resistance until the incoming signal l evel 

drops 6 db . 

With the level of the incoming ton e  now s et 6 d b  
belo w  normal , advance t h e  sensitivity contro l  of  the 
tone receiver by adj u sting sensitivity c ontrol on the 

receiver module until the receiver o utput increases 
suddenly to zero from approximately -10 volts , at 

this point the squelch has operated to clamp th e 
receiver in a ze ro state. When th e attenuator i s  
removed from the circuit, the tone re ceiver will 
have a normal operating point 6 db abov e the pickup 

signal l evel. 

L i ne Level and Noise Supervisory Modu l e  
(Re fe r  to Fig. 1 8  for Levels) 

NOTE: I f  a HB55283 notch filter is  used, th e c ali­
brating procedure should not be altered. 

The sensitivity of both noi s e  d ete ctin g circuits i s  
adjustable with all channel signals p resent o n  th e 
line at their nominal levels for the system. Adjust 
the noise- filter amplifi e r  s en sitivity as follows:  
first turn the NOISE SENSITIVITY control to its 
extreme counterclockwise p osition (if the line level 
sens itivity has not been adj usted , turn this screw 
to its  extreme counterclockwise position also) . 
Remove the noi s e  filter from the chas si s .  Connect 
the CARRIER IN test point of any c onvenient 
H B 1 9 9 1 6-27 Receiver module to the NOISE IN test 
point on the HB2 5 1 50 Noise Supervisory Module . 

Slowly turn the NOISE SENSITIVITY control from 
its extreme counterclockwise position until the 
BLOCK light is energized. Remove the test p oint 
conn ections and replace the noise filter in  th e 
chassis; the light should turn o ff. With this adju st­
m ent, a trip b lock will be initiated for an in-band 
signal-to-noise ratio of 1 2  dB or l e s s. A m inimum 
of 9 dB is r equired for s ecurity against false trip­
ping in type TA-2 P rotective Relaying C hann el.  

The wide-band noise or line amplifi e r  s ensitivity 
can be adj usted in this manner :  C on nect the LINE 

LEVEL SENS. ADJ . test p oint to the C OMMON 

test point. This will increase the gain of the ampli­

fier by 4 . 5  dB . Turn the LINE L EVEL SENS. control 

slowly clock wise until the BLOCK light is energized, 
then remove the test point connections .  When the 
comb ined level of signals plus noise increases by 
4. 5 dB,  a trip block will be generated. 

A hysteresis of approximately 1 . 5  dB e xists in 
the trigger-type blocking c ircuit for a block release. 
The 4 . 5  dB_ high-level block settin g  and a lo w 
si gnal-level block adj ustment of 6 d B  in the F S  
Receiver Module HB 1 99 15- 27 w i l l  give a dynamic 
operating range of 1 0 . 5  dB for the protective relaying 
rec eiver. 

Carri er Level Mon i tor  (When Used) 

The following procedure is to be used when an AM 

receiver  is  utilized in conj unction with a 240 Micro­

Amp Suppr essed Zero m eter to detect a p artial d e­
terioration of the tone signal. Sin ce the m eter is 
also calibrated with the AM receiver ,  th ese in struc­
tions only apply when the meter is used.  The m eter  
used is Westinghouse Type GX322 S# 6 9 1 B408A09. 

a. On AM receiver,  set b ias control fully counter­
clockwise position. 

b. Set potentiometer in series with m eter to fully 
counter-clockwise p osition . ( zero resistance)  

c .  P ull AM receiver module from circuit and adjust 
zero of meter.  

d. P us h  in AM receiver and adjust sensitivity 
control such that meter is at full- scale deflection 
with normal received signal . 

e .  Lower incoming s ignal by 1 0  db ,  and adjust 
potentiometer c ontrol of AM receiver such that 
the meter is zeroed.  The m eter is n o w  calib rated 
for a 10  db deterioration of sign al .  

f .  For deterioration levels greater than 1 0  db, 
lower the incoming signal to the d esired v alue 

an d adjust the s eries p otentio m eter until th e 
meter is at full zero. 

A C C E P T A N C E  C H E C K  

D-C to D-C Converter H B25 190 o r  H B25200 

Non- Regulated Voltages : 

+ V d-e to common 
-V d-e to common 

Voltage Regulator 

+ 18 V to common 
- 1 8  V to common 

Tran smitter 

+ 2 2  to + 34 V d- e 
- 2 2  to -34 V d-e 

+ 1 8 V d- e 
- 1 8 V d-e 

K ey transmitter to mark frequency by applying the 
correct keying voltage at the terminals indicated on 
the connection drawin g. 
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All transmitter fre quencies and output le vels should 
b e  check ed with a 600- ohm load connected at the  
output . 

Mark Frequency: within 6 Hz of the fre quency 
specifi ed in the Characteristics 
section . 

Space Fre quen cy: within 6 Hz of the fre quency 
specified in the C haracteristic s 
section . 

NOTE: Allow 4 Hz for 340-Hz bandwidth ton es.  

Output Level :  at least + 2  dBm 

425- HZ Tran sm i tter (Some Sy stems u se 595- H z) 

Fr equ e ncy: 

Output :  

K eying:  

F.S.  Receiver 

425 Hz within 1 Hz 

at  least + 1 dBm 

should shift at l east 40 Hz to b lock 
Noise Super visory module.  

With a transmitter input set at -20 dBm , s e e  that the 
space and mark out puts operat e correctly .  

Line Level and No i se Supervi sory 

Should operat e  upon re ceipt of a 700-Hz tone at 
-37 dBm, or any transmitter tone fre quency at - 1 5  
dBm. Factory calibration i s  at a -20 dBm nominal 
input signal. 

Carrier Level Monitor - AM Recei ver HB24030-3 

Sens itivity: 

Output : 

Adjustable from 0 dBm to -35 dBm 
from -20ac to + 60°C, 

With 240 microamp meter ,  current 
should be adjusted with extern al 
series pot entiom eter to 240 mic ro­
amp s .  

Logic Interface 

Input s :  

Output s :  

+ 1 0  V to 20 V 

+ 1 8  v 

A D J U S T M E N T S  

Use the following proc edure for adj usting the ton e s  
if t h e  tone adjustments have b een disturb ed.  This 
proc edure should not b e  used unless it is apparent 

that the tones are not in proper workin g order. (Se e 
"Acc eptance Check " ). 

12 

POWER SU P PLY 

The d-e to d-e converter has n o  adjustments.  T h e  
voltage regulator module HB2 5 2 10 h as adju stable 
referenc e voltages.  In order to adj ust the reference 
voltage s ,  a card extender ( HB 1 4 5 8 3 )  is  n e eded 
because the adjusting resistors are not accessible 
from the front of the pan el .  Connect a d-e voltmeter 
to common and + 1 8  volts ( front of  the p an el) , and 
adj ust R7 for t 1 8  volt s .  Repeat this operation by 
conn ecting the voltmet er between c ommon and - 1 8 
volts and adj usting R 1 5 .  The regulation indicator is  
set  by adj usting R 1 9  for  z ero volts between the 
reference zen er diode CR3 and the white test point 
on the front panel .  Th e regulation in dicator w ill 
detect any changes over 2 volts by the lamp b ein g 
extinguished and the option al relay b e in g de­
energized. 

( In  servi ce procedure to be used in conj unct ion with 
SK BU Relay) 

1. Beat Frequency Osc i  II ator - frequency control 

Check the frequency at bottom two te rmin als of  
the BF Oscillator and demodulator module ( H  1 ,  
Lo . )  Readj ust frequency i f  required t o  nameplate 
marking. 

2. Tran sm i tter"- l evel and frequency contro l 

a .  Check output of transmitter at terminals of 
channel  equi pment . Adjust l evel c ontrol for 
the desi red output . 

b. Check mark and space frequencies at green 

terminals of F/S transmitter ( H i ,  Lo) .  (To 
key tran smitter to mark jump er k eying l e ad 
on J 10 1  to - 1 2  vdc ; See Fig. 3 ) .  Readj ust 
trans mitter fre quency if required so that the 
space and mark frequencies are app roximately 
correct . 

3. Demodu lator- level control 

After remote t ransm itter has been adj usted,  pull 

out local transmitte r .  Check the received signal 

at top two terminals (Hi ,  Lo ) .  Pull out the local 
F/S receiver filter and conn ect a 600-ohm lo ad 
ac ross the demodul ator out and Lo ( white)  termi­
nal s .  With a VTVM across the 600-ohm load , 

adjust the level control for 3-dbm received 
signal. 

4. Frequency Shi ft Receiver - sen s it iv i ty and b ia s  
contro l 

a. Reduc e incoming s pace signal by 1 2-dbm and 
adjust sensiti vity control until the receiver 
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TYPE T A-2.2 FREQUENCY- SHIFT AUDIO TONES _____________________ ...!I.:..! .L:.:·...:.4!...'.1.:.:-9�6=.:3.� 2f..2 

is clamped in a mark state. ( -12 vdc between 

"Comm. "  T.P. and "Norm." T.P. on the 
cev '"� m;:;(iule, with mark and space outputs 
connected to the relaying system.) 

b. Apply sufficient a-c current by using remote 

terminal functional test panel to pickup the 
remote fault detector of the SKBU-2 or 
SKBU-21. With oscilloscope across "Comm." 
T.P. and "Norm." T.P. on the receiver 

module, adjust bias control of tone set for 
pulses of approximately 8 milliseconds. 

L I N E  L EVEL & NOISE SUP E R VI SORY MODU L E S  

These modules require no adjustments except for the 
settings covered before. 

M A I N T E N A NCE 

The modules in this equipment use transistors and 
other components which are conservatively rated for 
reliability and long life. In normal operation, the 

monitoring function provides a continuous check on 
the performance of the equipment. 

As long as the channel is operating satisfactorily, 
no maintenance work is necessary other than seeing 
that the equipment is ,free of dust or dirt. However, a 

scheduled routine check will prevent down-time loss, 
since it may indicate deterioration in the perfor­
mance of one of the units. A channel failure occurs 
because of the terminal equipment, a trouble-shoot­
ing procedure should be used similar to that employ­
ed for any electronic equipment. First determine 
where the failure has taken place (transmitter or 
receiver); then determine the portion of the circuit 

at fault. Refer to Table I for typical transistor 
voltages. 

Test Equ ipment 

For routine maintenance, the following equipment 
will be adequate: 

1. A-C vacuum-Tube Voltmeter, at least 15 kHz, 
1 mv sensitivity. 

2. Calibrated Attenuator, 600 ohm. 

For troubleshooting, the following additional test 

equipment is desirable: 

1 .  Electronic Frequency Counter, 15 kHz minimum. 

2. D-C Vacuum-Tube Volt-Ohmmeter. 

3. Cathode-Ray Oscilloscope. 

4. Oscillator, 200 to 15,000 Hz. 

G E N E R A L  I N FOR M A T I O N  

Connection Drawings 

The drawings applicable to the specific order will 
be supplied. The applicable "CR" drawing informa­

tion is included as part of the nameplate data. 

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

Repair work can be done most satisfactorily at the 
factory. Howe\·er, interchangeable parts can be 
furnished to users who are equipped for doing repair 

work. When ordering parts, always give the assembly 

style number and voltage rating, plus the component 
identification and module in which it is located. 

Replaceable parts are shown in the Parts List. 
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TYPE TA-2.2 FREQUENCY -SHIFT AUDIO TONES'-------------------------

HB 2 5 2 1  0 
Voltage 

Regulat or 

HB 2 5 2 1  0 

Voltage 

Regulator 

Transmitter 

Module 

HB 24335 -26 

FS Receiver 

HB 1 9 9 1 5 -27 

HB25 1 5 0  

Line Level 

and Noise 

Supv.  

14 

T A B L E  
TYPICAL VOLTAGE MEASU REMENTS ( REFER RED TO "COMMON") 

Vdc c 
B 

E 

Vdc c 
B 

E 

Vdc c 
B 
E 

Vac c 
Rms B 

E 

Vd c c 
B 

E 
W/0 

Sig .  c 
B 

E 

c 
W/Sig.B 

Vdc E 

B lock C 

Vdc B 

E 

Releasee 

Vdc B 

E 

Ql 

+ 1 9 . 4  

+ 1 2 . 1  

+ 1 1 . 4  

Ql 

+ 1 9. 2  

+ 1 2 . 1 

+ 1 1 . 4 

Ql 

+ 6 . 0  
+ 1 . 25 

+ 0 . 7  

8 . 0  PP 
0 . 06 

0 

Ql 

+8 . 5 V  

+5.4V 

Q6 

+12 

+ 6 . 2  

+ 5 .  7 

+ 1 2  

+ 6 . 2 

+ 6 . 8  

Q3 

< - 1 5  

< - 1 6  

< - 1 6 .4  

- 1 5 

< 1 6 . 3  

1 6 . 4  

200 rnA LOAD ± 22.5V INPUT 

Q2 Q3 

+ 22 . 0  + 2 2 . 5  

+ 1 9 . 4 + 1 8 . 7  

+ 1 8 . 7  + 1 8 . 0  

NO LOAD ± 34.2V IN PUT 

Q2 Q3 

+ 3 3 . 5  + 3 4 . 2  

+ 1 9 . 2  + 1 8 . 8  

+ 1 8 . 8  + 1 8 . 1 

Q2 

+ 1 1 .  7 Vdc 
+ 2 . 2 5 

+ 1 .  7 
B . F .  Os c .  & 

De modulator 

6 . 0  HB2564 0 Vac 
. 06 Rms 
. 0 3  

Q2 Q3 Q4 QS 

+8 . 5 V  + 1 2V + 1 1 . 1  +6 . 2V 
+ 8 . 5 + 8 . 5  + 1 1 . 1  v 

+5.4V + 8.0 + 8.0 +11.7V 

Q7 Q8 Q9 QlO 

+0 . 1  + 1 2  + 1 . 7 + . 8  

+0 . 6  + 0 . 1  + 1 . 0 + 1 .1) 

0 0 + . 5 5  + 0 . 5 

+0 . 8  + 8  +1 . 5  +0 . 8  + .  7 + 1 . 5  

-0. 9 + 0 . 8  0 + 1 . 5  + 1 . 3  0 

0 + 0 .6  +0 . 7  +0 . 9  +0 . 7  +0. 7 

Q4 QS Q6 

+0 . 8  - 0 . 1  + 1 7 . 9  

> 1 6 . 8  - 0 . 7  + 1 7 . 2  

< 1 6 . 4  0 + 1 8  

3 + 1 8  - 2 . 6  

- 1 5 . 8  - 2 . 8  + 1 8  

- 1 6 . 4  0 + 1 8  

Q4 QS 

- 1 9 . 4  -2 2 . 0  

- 1 2 . 1 - 1 9 . 4  

- 1 1 . 4 - 1 8 . 7  

Q4 QS 

- 1 9 . 2  -3 3 . 5  

- 1 2 . 1 - 1 9 . 2  

- 1 1 . 4 - 1 8 . 8  

Ql Q2 QS 

c 6 1 2  7 . 5  

B 1 . 1 5 2 . 1 2 . 3  

E 1 . 0 2 2 . 2  

c 8 p p 6 . 0  

B . 07 . 07 

E 0 .038  

Qll Q12 Q13 

+ 1 . 1  + 2 . 1  + 1 2  

+ 1 .  7 + 1 . 2 + 1 . 1  

+ 1 . 1  + 1 . 1 + 1 . 5 5  

+0.8 +2. 0  +2 . 1  +0 . 9  + 1 2  +1 . 5  

+ 1 . 5  +0 . 8  + .7V + 1 . 5  +. 8 +2 .0  

+. 85 +0 .95 +0 . 85  +O.ili +1.55 +1 .45 

Q7 Q8 

+ 1 8  +0 . 1  

+ 1 7 . 9  + 0 . 7  

+ 1 7 . 2  0 

+ 1 8  + 1 8 
- 2 . 5 5  - 2 . 7 5  

- 3 . 3  0 

Q6 

- 2 2 . 5  

- 1 8 . 7  

- 1 8 .0 

Q6 

-34 . 2  

-1 8 . 8  

- 1 8 . 1 

Q6 

7 . 5  

2 . 3  

2 . 2  

Q14 

+ 1 . 5 5  

+2 . 1  

+ 1 . 5 5  

+ 1 . 5  + 1 2  

+2 . 1  +. 9 

+1 . 5  +1.45 

Q9 

+ 1 7. 9  

+ 1 7 . 2  

+ 1 8  

- 1 8  

+ 1 8  

+ 1 8  
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TYPE TA- 2 . 2  FREQUENCY - SH IFT AUDIO TONES _____________________ _::I ·:.=L�· �4..:_1 -.:..:96::;3:.:.;. 2::..=_2 

D IA G R AM 
S Y M B O L  

R1-R22 

R7 

R10 

C1 

C3-C6 

C2 

C7 

Q3 , Q4 

Q5 

Q1, Q2 

R1 thru R29 

I 
E LECTR ICAL PARTS LIST 

N A M E  O F  PA R T  A N D  D E S C R I P T I O N  

H B24335 -26 T R ANSMITTER MODU LE 

RESISTOR, fixed comp . :  See Note 5 ,  Figure 1 

RESISTOR , v ariable: 250K , 0.1 W .  BD t aper 

RESISTOR , variable: 500 ohms, 0.125 W. DB t aper 

CAPACITOR, t antalum: 15f.LF ±20%, 35V 

CA PACITOR, t antalum: 3311F ±20'/c ,  10V 

CAPACITOR ,  mica: See Note 4 ,  Figure 1 

CAPACITOR , ceramic : 0.4711F +8 0% -20%, 50V 

TRANSISTOR, silicon: PNP 2N3 63 8 

TRANSISTOR, silicon : NPN, 2N3905 

TRANSISTOR, silicon: NPN , 2N3903 

BF FILTER and OSC . ASSY. for HB-24335 FS Transmitter & Mod. 

FILTER CABLE CONNECTOR: 3-terminal socket 

H B25640 B . F. OSC. AND DEMODULATOR 

RESISTOR, fixed comp. ±5% , \·4 Watt unless otherwise specified 

R3 RESISTOR, variab le , 2 5 0 K , 0 . 1 watt , BD tape r . CTS C or p . , Ty p e  PE200. 

R20 RESISTOR, variable, 5 00 ohms, +20%, . 125 watt, BD t aper, CTS Corp. 
Type PE200. 

C1 CA PACITOR, mica. See Note 5, Figure 2. 

C2,C3,C4,C5 CAPACITOR, t antalum, 15f.LF ±20% , 25V. Mallory , TAM156M025P5C. 

C6 CAPACITOR, tantalum, 22f.LF ±20%, 15V. Mallory, TAM226M015P5C. 

T1 TRANSFORMER, Demodulation. 

T2 TRANSFORMER, input, 600/600. Microt ran, MT1FB. 

Q1 thru Q6 TRANSISTOR, germanium, PNP. Texas In st. ,  2N1375. 

BF OSCILLATOR and tuned Transformer assembly. 

TEST JACKS, Sealect ro Corp. SKT10. 

I P A R T  N O. 

H A-14594 

HA-13573 

H-1007 -654 

H-1007-653 

H-1007-939 

H A-24598 

HA-21564 

HA-21562 

HB-61400 

H A-21091 

HA-14594 

H A-13573 

H-1 08 0-lt 

H -1007-439 

H-1007-494 

HB-55236 

HA-14791 

H A-17117 

H B-63300 
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TYPE TA-2 . 2  FREQUENCY -SHIFT AUDIO TONES-------------------------

E LECTR ICAL PARTS LIST 

D IAGRAM 
NAME OF P A R T  A N D  DESCR I P T I O N  P A R T  N O .  SYM B O L  

H B-2 1050 425 Hz  FS TRAN SM I T T E R  (Al so App l ies  To 595Hz) 

R 1 -R6 , R8 , R9 
R 1 1 -R 1 8  RESISTOR , fix ed comp . ,  ±5% .  \4 watt unless ot herwis e spe cified.  

R 7  RESISTOR ,  variab l e ,  250K,  0 . 1 w att , BD tape r ,  C T S  Corp . ,  type P E 2 0 0 .  H A - 1 4 5 9 4  

R 1 0  RESISTOR ,  variab le 5 0 0  ohms,  0 . 1 2 5  watt , B D  t aper ,  CTS Corp . , type PE200.  HA- 1 3 573 

C 1  CAPACITOR , tantalum, 1 51.tf ±20%, 2 5 V ,  Mallory TAM 1 5 6N025P5C. H - 1 00 7-43 9 

C 3 ,  C 4 ,  C5 , C6 CAPACITOR , tantalum , 3 3/lf ±20%, 1 0 V ,  Mallory T AM333 6M0 1 0P5C . H - 1 007-4 3 8  

C 2  CAPACITOR ,  mica,  Elmenco Type Dl\120.  H - 1 0 8 0-X 

C7 C APACITOR, ceramic , 0 . 4 7/lf +80% -20%,  25V,  Spr ague 5C 1 1 A .  HA- 1 3 5 79 

Q 1 ,  Q2 , Q3 , Q4 TRANSISTOR , germanium, PNP, Texas Inst . 2 N 1 3 7 5  H A- 1 7 1 1 7  

Q5 TRANSISTOR , s il icon , NPN , Texas In st . , 2N706A. H A- 1 99 2 8  
BF Filter and Os c . Assy. for HB-2 1 05 5  and HB-2 1 05 0  F S  Transmitter .  HB-58500 or  

HB-5 8900 

BP Filter  and Osc . Assy .  for  HB-2 1 04 0  and HB- 1 9 92 5  FS Trans. & Mod. HB-5 8 2 00 

T e st J ac k s ,  Sealectro Corp . ,  SKT - 1 0 .  

Filter cable connector,  3-terminal socket,  Eby Sales Co. HA-2 1 0 9 1  

H B  1 99 1 5-27 FS R EC E I V E R  

R 1 -R3 5 RESISTOR , fixed camp.  See Note 7 ,  Figure 2 .  

R 2  RESIST O R ,  variable, 2 .8K ±20% ,  0 . 1 2  watt , A C  t ap er C TS Corp . ,  type PE200  H A - 2 3 7 4 2  

R25 RESISTOR , variab l e ,  1 K  ±20%,  0 . 25 watt , line ar t aper CTS Corp . , type PE 200 HA- 1 4 593 

C 1 , C 2 , C4 CAPACITOR , t antalum , 2 211F ±20%, 1 5 V  H - 1 007-656 

C3,  C6 CAPACITOR, tant alum, 5 6!iF ±20%, 6V H-1 007-658 

C 5 , C 7 , C8 C APACITOR,  tantalum, 0 . 4711F ± 1 0% ,  3 5 V  H - 1 007-5 1 1 

C 9 ,  C 1 0  CAPACITOR , ceramic , 0 . 05/lF , 25V H - 1 007-647 

L1 C HOKE , See Not e 6 ,  Figure 2 HA- 1 77 3 1  

C R 1 , CR2 DIOD E ,  silico n ,  200 PIV , 250 mA HA-3 0769 

Q 1 -Q4 , Q6-Q 1 4  T RANSISTOR, silicon, N P N ,  2N3 903 Motorola HA-2 1 5 6 2  

Q5 TRANSISTOR,  silicon , PNP 2N3905 Mot orola HA-2 1 5 6 4  

DISCRIMINATOR ASSEMBL Y ,  plug-in Channels below 4000 Hz HB-58400 

Channels above 4000 Hz HB-58800 

BAND-PASS FILTER module Channel s below 4 00 0  Hz HB-58300 

Channels ab ove 4000 H z  HB-5 8 7 0 0  

TEST JACKS,  Sealectro Corp . , SKT-1  0 
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T YPE TA-2. 2  FREQUENCY - SHIFT AUDIO TONES--------------------�I:.!:.L:.:..·�4�1-�96�3�.2:=2 

D IAGRAM SYMBOL 

R1 

R2-R19 

C1, C2, C5,C8,C9 

C4 

C3, C6, C7 

CR1-CR2 

Q1-Q3 

T1 

R1, R2, R4-R8, 
R ll-R16, R18. 
R21-R42 

R9, R10 

R43 

R19 

R20 

R3 

R17 

C1 

C6 

C3, C8 

C2·, C7 

C4, C9, Cll 

C5, C 10,C13 ,C 14 

C12 

CR1 thru CR4 
CR7 thru CR11 

CR12 

CR5, CR6 

IC 1, IC2 

Q3 ,Q4, Q5, Q 7 , Q8 

Q6 

Q1, Q2 

Q9 

T1, T2, T3 

I1 

E LECTR ICAL PARTS LIST 

N A M E  O F  P A R T  AND D E SC R I PT I O N  

HB-24030-3 CAR R I E R  D E T E R IATION DET ECTO R R E C E I V E R  

RESISTOR, variable: comp. 5K .25 watt " A" tapflr CTS PE200 

R ESISTOR, fixed camp.: ±5% \4 watt, values as shown in Figure 2. 

CAPACITOR, tantalum : 47rLF ±10% 35V Texas Inst. SCM47 4FP035D2 

CAPACITOR, tantalum: 22rLF ±20% 15V Texas Inst. SCM226BP015D4 

CAPACITOR, tantalum: 33!1F ±20% 10V Texas Inst. SCM336BP010D4 

DIODE, silicon: 1N914 250mW Texas Inst. or G . E .  

TRANSISTOR, silicon: PNP BVCEO 4 0V 2N3905-18 Motorola 

TRANSFORME R ,  CT8K: 2K CT 

TEST J ACKS, Sealectro Corp., SKT-10 

BAND PASS FILTER (State frequency required) 

H B-251 50 L I N E  L E V E L  - NOISE  SU P E RVISORY MODUL E 

±5%, 1;;1 watt, unless otherwise specified. 

RESISTOR, wirewound, 600 ±5%, E2 w att. Ohmite 995-1A. 

R ESISTOR , wirewound, 2.5K ±5% . Hz watt. Ohmite 995-1A. 

RESISTOR, metal film, 121 ±1%, 1/8 watt . I . R .C. Type CEA T-0 

R ESISTOR, metal film, 100 ±1% ,  1/8 watt. I . R .C .  Type CEA T-0 

RESISTOR, variable, 500 ±20%, 0.125 watts, BD taper , C . T .S. Type-200 

RESISTOR, variable , 2 . 5K ±20%, 0.125 watts , A taper . C .T . S .  Type PE-200 

CAPACITOR, poly., 0.006811F ±2%, 400VDC , Wesco 32P. 

CAPACITOR, poly., 0. 02tLF ±2%, 100VDC Balco PTWP. 

CAPACITOR, mica, 390pF ±2%, 500WVDC Elemenco DM-19-391-G. 

CAPACITOR, tantalum, 33/LF ±20%, 10VDC. Texas Inst.SCM336B P010D4. 

CAPACITOR, tantalum, l.OuF ±20%, 35VDC. Texas Inst. SCM105FP035D4. 

CAPACITOR, tantalum, 15/LF ±20%, 3 5 V D C ,  Te xas Inst . SC M 1 56GP0 3 5 D 4 .  

CAPACITOR, tantalum, 0.47/LF ±10%, 35VDC , Texas Inst. SCM4 7 4 F P0 3 5 D 2 . 

DIODE, silicon, 250 mw. Texas Inst. , or G.E . type 1N924. 

DIOD E ,  silicon, 200PIV , Diodes Inc . ,  DI-42. 

DIOD E ,  zener, 5.1 V ±5%, 1N4733A. Motorola IM5. 1ZS5. 

Operational amplifier, TP-5 case. Motorola MC-1430. 

TRANSISTOR , silicon, NPN, Vc EO 40V , T0-92 , Motorola 2N3902. 

TRANSISTOR, silicon, PNP, Vc EO 
TRANSISTOR, silicon, NPN, V CEO 

40V . T0-92 . Motorola 2N3 905. 

65V ,  T0-5 , RCA 2N2102. 

TRANSISTOR, silicon, PNP ,  Vc EO 65V ,  T0-5, RCA 2N4036. 

TRANSFORMER, 2.5 K :  2 . 5K C . T .  Microtran MMT- 19-FB . 

Data Lamp, red cartridge, Dialco 507-391 0-1431-600. 

Lamp Holder, Dialco 508-7538-504. 

Test jacks, Sealectro Corp . .  S KT-10 

P A R T  N O .  

HA-13572 

H-1009-X 

H-1007 -511 

H-1007-656 

H-1007 -653 

HA-24325 

HA-24087 

HA-3175 

HB -56500-X 

H-1100-44 2 

H-1100-423 

H-1510-7 77 

H-151 0-714 

HA-25253 

HA-19919 

H -5115-1 27 

H-5115-4 9 

HA-16628 

H-1007 -653 

H-1007-496 

H - 1 0 0 7 - 6 5 4  

H- 1 007 -5 1 1  

HA-24325 

HA-17197 

HA-24328 

HA-25158 

HA-21562 

HA-21564 

HA-22678 

HA-24003 

HA-2515 7  

HA-25156 

HA-1 750-± 
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TYP E TA-2 . 2  FR EQUENCY - SHIFT AUDIO TON E S-------------------------

ELECTR ICA L PARTS LIST 

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

D IA G RAM 
SY M B O L  N A M E  O F  PA RT A N D  D E SC R I PT I ON 

HB25190 48 VDC, D .C .  TO D .C .  CONVERTER 

PA R T  N O . 

1----------.---------------------------------- ----------r------ -

R3, R4 RESISTOR , fixed comp., 2 4  ± 5%, % watt. 

R6, R7 RESISTOR, wirewou nd , 2 .5K ± 5%, 3% watt. Oh mite 995-3A. 

R 1 RESISTOR, wire wound, 5K ± 5% , 3\4 watt. Ohmite 995-3A. 

R5 RESISTOR, wirewound, 50 ± 3%, 1 0  watt. D ale Electronics RH- 1 0. 

C 1  CAPACITOR, elect., 80 fL F ,  1 50VDC . Cornell D ubilier BR80- 1 50. 

C2 CAPACITOR, met. paper, 0. 047 11 F,  2 00W VDC. Corn el D ubilier MPY- 2S47. 

C3 CAPACITOR, paper, 0.02 2 p F  ± 1 0%, 1 000VDC. Aerovox V 1 6 1 -6 1 5. 

C4, C5 CAPACITOR , E LECT . ,  l OO fL F .  50VDC. Cornell Dubilier BR- 1 00-50. 

CR 1 thru CR9 DIODE, silic on, 200 PIV , 1 Amp. Diodes Inc . SD - 2 .  

Ql, Q 2  TRANSISTOR , silicon NPN, VcEO 1 75V, T0-66. RCA 2N3583. 

T 1  TRANSFORMER . saturable core. 

I1 LAMP, c artridge , red, 1 0VDC . 0.01 4A. Dialco 507-39 1 0- 1 431 -600. 

I2 LAMP, c artridge, amber , 1 OV DC , 0. 01 4A .  Dialco 507-391 0- 1 433-600. 

S 1  

F 1  

LAMPI-I OLDER. Dialco 508-7538-504 . 

SWITCH, push button. Lev it on :: 5 79 . 

FUSE , 3AG . 0.5 AMP .  

H - 1 009-827 

H - 1 1 00- 329 

H - 1 1 00-460 

HA-23709 

H- 1 007- 395 

H- 1 007-674 

H - 1 007-696 

H - 1 007- 2 09 

HA- 1 7995 

HA-2 1 847 

HB-251 82 

HA- 251 56 

HA-25784 

HA-l 7504 

H A- 1 3554 

H A-9348 

SOCKET, T0-66 transistor mt'g. UID Elec tronics PTS-4. H A- 2 1 848 

INSULATOR , mica, T0-66 transistor mt' g .  Reliance Mic a Co. DF-31 -A. J HA -2 3658 

TEST J ACKS, Sealec tro Corp., SKT- 1 0. 
---- ------- - --- · -- --- ------· ---- --- · --· -

HB25200 125 VDC, D .C .  TO D .C .  CONVERTER 

I I I 
I I 

1---------.----·-------- -- - - · ------- ------- --------------,- ---- ----t 

18 

R3, R4 

R6 

R7 

R5 

R 1  

Cl 

C2 

C3 

C4, C5 

CR1 thru C R 1 1 

Q 1 ,  Q2 

T1  

I1 

I2 

S 1  

F 1  

RESISTOI:\, fixed comp . , 1 00 ± 5% , 1·4 watt. 

RESISTOR , fi x ed c omp . ,  l OO K  ± 5% .  Yz watt .  

RESISTOR, fixed comp., 56K ± 5%, % watt. 

RESISTOR, w irewound, 1 00 ± 3%, 1 0  watt. 

RESISTOR .  fixed comp., 39K + 5% .  2 watt. 

CAPACITOR, elect., 80 p F .  1 50VDC .  Cornell Dubilier BR80- 1 50. 

CAPACITOR , met . paper . 0 . 022/LF , 400 W VDC. Cornell Dubilier MPY-4S2 2 .  

CAPACITOR , paper .  0.02 2pF ± 1 0%, 1 OOOVDC . Aerovox V 1 6 1 -6 1 5. 

CAPACITOR , e lect., l OOpF . 50 W VDC .  Cornell D ubilier B R - 1 00-50. 

DIODE, silicon, 200 PIV, 1 Amp. Diodes Inc., SD- 2. 

TRANSISTOR , silicon NPN, VcEO 300V, T0-66. RCA 2N3585. 

TRANSFORMER, saturable core. 

LAMP , c artridge , red, neon, 1 05/ 1 25VDC. Dialco 507-3835- 093 1 -600. 

LAMP , c artridge, amber , neon, 1 05/ 1 2 5VDC .  Dialco 507-3835-0933-600. 

LAMPHO LDER . Dialco 508-7538-504. 

SWITCH , push button. Leviton 11579 

FUSE, 3AG . 0.2A., Slo-Blo. 

SOCKET, T0-66 transistor mt'g .  UID Electronics PTS-4. 

INSULATOR, mica, transistor mt' g. Reliance Mic a Co. DF-31 - A. 

TEST JACKS , Sealectro Corp., SKT- 1 0. 

H- 1 009-758 

H - 1 009-348 

H - 1 009-8 1 5  

HA- 23650 

H - 1 009-885 

H - 1 007- 395 

H - 1 007-637 

H - 1 007-696 

H - 1 007- 2 09 

HA- 1 7995 

H A - 2 2593 

HB- 25 1 83 

HA- 252 03 

HA- 252 04 

HA- 1 7504 

HA- 1 3554 

H A- 1 469 1 

HA- 2 1 848 

HA- 23658 
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TYPE T A-2.2 FREQUEN CY -SHIFT AUDIO TONES ____________________ _;;.I·;::.L;_. 4.;..;1;_- 9;..:6..:.3;..:. 2..:.2 

D IA G RAM 
SY M B O L  

E LECTRICAL PARTS LIST 

N A M E  O F  PA R T  A N D  D ES C R I PTION 

H B -252 10 VOLTAGE R EGULATOR 

R 1 7 , R2 1 -R2 8 , R3 ± 5% ,  ',4 w att, unless otherwise specified . 

R 1 , R9 

R3 , R 1 0 ,  R29 

R5 , R 1 3  

R 6 ,  R 1 6  

R8 , R 1 4  

R30 

R2 , R l l  

R4 , R 1 2  

R 1 8 ,  R20 

R7 , R 1 5 

R 1 9  

C 1 , C4 

C 2 ,  C5 

C 3 ,  C6 

CRl , CR2 

CR3 

CR4 

Q7 , Q8 

Q 1 0 ,  Q1 1 

Q1 , Q 2 , Q 1 2  

Q4 , Q5 , Q9 

Q3 

Q6 I I 

RESISTOR, wirewound , 2 . 2 K ± 5% , l Vz w att . Ohmite 9 95 - 1 A .  

RESISTOR, wirewound , 2 . 5K ± 5% , 1 1Jz  w att . Ohmite 9 95 - l A .  

RESISTOR , wirew ound , l K ± 5% ,  1 1Jz  watt. Ohmite 995 - l A .  

RESISTOR , wirew ound , 8 2 0  ± 5% ,  l!Jz watt . 

RESISTOR , wirewound , 2K ± 5% ,  1 1Jz  w att . Ohmite 995- 1 A .  

RESISTOR , wirewound , 1 . 6K ± 5% ,  P/z w att . Ohmite 995-1 A .  

RESISTOR , w irewound , 75 ± 5%, 3 w att . Ohmite 995-3 A .  

RESISTOR , wirewound , 5 6  ± 5% , 3 w att .  Ohmite 995-3 A .  

RESISTOR, wirewound , 5 . 6 K  ± 5% ,  3 watt . Ohmite 995-3A.  

RESISTOR, variab le wirewound , 1 000 ohms.  Muter C o .  50- 2200 Series 

RESISTOR , variable  wirewound , 5 000 o hms . Muter C o .  5 0-2200 Series 

CAPACITOR , mica, 9 1 pF ± 5% ,  500V . Elemenco DM-1 5-9 1 0 J .  

CAPACITOR, tantalu m ,  1 5f1 F .  ± 20%, 35 VDC . T exas I nst . ,  SCM 1 5 6GP035D4 . 

CAPACITOR , elect . , 5 0 0f1F . 50VDC . Sprague TVA- 1 3 1 5 .  

DIODE , zener , 1 2V ± 5% .  Diodes Inc .  1 D 1 2B .  

DIODE,  zener,  1 8V ± 5% .  Diodes I n c .  1 D 1 8B .  

DIOD E ,  s i l i c o n ,  200 PIV . Diodes Inc . DI-4 2 ,  

TRANSISTOR , silicon NPN , V CEO 4 0V ,  T0-9 2 .  Motorola 2N3 9 03 . 

TRANSISTOR, silicon PNP , Vc EO 4 0 V ,  T0-9 2 .  Motorola 2N3 905 . 

TRANSISTOR , silicon N P N ,  VCEO 6 5 V ,  T0-5 . RCA 2N 2 1 02 .  

TRANSISTOR ,  si licon P N P ,  Vc EO 65V , T0-5 . RCA 2N4036 . 

TRANSISTOR , silicon NPN , V CEO 6 0 V ,  T0-3 . Motorola 2N305 5 .  

TRANSISTOR , ger manium PNP , V C EO 50V , T0-3 . RCA 2N2869/2N3 0 1 . 

TRANSISTOR socket , T0-3 . Augat Bro s .  8 043 - I G3 .  

INSU LATOR , mica ,  T0-3 transistor mt 'g . Reliance Mica C o .  7 3 2  

I1  LAMP , cartridge ,  amb er , 1 0VDC . ,  0 . 0 1 4A .  D ialco 5 07 -39 1 0- 1 43 3 -600 . 

LAMPHOLDER , Dialco 5 08-7538-504 . 

TEST JACKS , Sealectro Corp.  SKT- 1 0 .  

PART N O .  

H- 1 1 00-448 

H- 1 1 00-423 

H- 1 1 00-429 

H-1 1 00-44 3 

H- 1 1 00-4 2 2  

H- 1 1 00-543 

HA- 1 3863 

H-1 1 0 0- 5 4 1  

H-1 1 00-54 2 

HA- 1 25 7 8  

HA-20 924 

HA- 1 6 5 2 1  

H - 1 007-654 

HA- 1 3 5 6 9  

HA- 1 2 9 2 0  

HA-25 2 1 7  

HA- 1 7 1 97 

HA-2 1 5 6 2  

HA- 2 1 564 

HA- 22678 

HA-24003 

HA-24 3 2 7  

HA- 1 7 9 9 2  

HA- 1 8 5 3 8  

HA- 1 1 964 

HA-25 7 84 

HA- 1 7504 

-----·------�----· -----------------'----------1 
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TYPE TA-2. 2 F REQUENCY -S H I FT AUDIO TONES ________________________ _ 

20 

A U DIO 

TONES 

/::;. = SHIELDED CABLE 

NOTE I T H ESE CONNECT I O N S  AS S U M E  A P I LO T - W I RE Z o�600 A 

NOTE 2 C OMPL ETED C A B LE F I E L D  TEST V O LTA G E  OF I O K V  D.C. F O R  10 M I NUTE S FROM 
E A CH C ON DU CTOR TO A L L  O T H E R  CONDUC TOR S A ND S HEAT H .  S H I E LD I N G  

FA C TO R  O F  50% O R  L E S S. E AC H  PAI R T W I S TE D  SEPA RA TE L Y. GRO U N D  S HE A T H 
TO STATION MAT A T  B O T H  E NDS AND TO REM O T E  GROUN D A T  E A C H  SPLI C E  

2 9 2 B 0 1 7  
Fig. 1 Recommended Connections and P ilot Wire Design for Privately Owned Two- Terminal L in es. 
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N ..... 

POWER STATION AREA TELEPHONE CENTRAL OFFICE 

/ 
SEE NOTE I 

"'-@ ISOLATION SEE NOTE 2 
/ --- --"' 

MTG. 

f::::. = SHIELDED CABLE 

< a  l FOR U N EXPOSED L INE 

MTG. 

f::::. = SHIELDED CABLE 

< b l  FOR EX P OSED L I N E  

SEE NOTE 3 
TRANSFORMER 

S- 187A995HOI 
4 

3 6 4 

CENTRAL OFFICE GROUND \_ SEE 
N OTE 6 

LIGHTNING ARRESTER 

STATION G R O U N D  MAT. ,,,,J,,, 

POWER STATION AREA TELEPHONE CENTRAL OFFICE 

-- "' 
SEE NOTE I @) ISOLATION SEE NOTE 3 SEE NOTE 2 

/ - "' 
TRANSFORMER 

S- 187A995HOI 
4 

3 6 

SEE NOTE 3 

5 

4 

CENTRAL OFFICE GROUND '77777" 

STATION G R O U N D  MAT.
,,,,

\
,,, 

\_ SEE 
NOTE 6 

LIGHTN I N G  ARRESTER 

POLYETHYLENE - I N S U LATED 
SHIELDED CABLE. 

NOTES 

1 .  PR I MA R I L Y US E D  FOR I M P E D A N C E  - MA T C H I NG P U R P O S E .  
2 .  WE S T E R N  E LE C T R I C  I NS U L A T I NG T R A N S F .  T Y PE 2 2 3 9 A  OR E Q U I V .  
3 .  WE S T E R N  E LE C T R I C  D R A I NA GE R E A C TO R  T Y P E  2 2 3 2 A  O R  EQ U I V .  
4 .  U N E X P O S E D  L I NE - MAX . E X T E R I O R  D I S T A N C E  A BOUT 7 5 F T . - U S E  S H I E L D E D  C A B LE . 
5 .  E X P O S E D  L I NE W I TH E X TE R I O R D I S T A NCE O V E R  7 5 F T . AND E X POS E D  TO L I GHTN I N G ,  

POWE R -S Y S TE M  C O NT A C T , A ND POWE R I ND U C T I ON - US E  S H I E LD E D  C A B L E . 
b .  I S OLATE S H I E LD F R OM G R OUND UNT I L  O UT O F  S I GN I F I CA N T  I NF L U E N C E  O F  S T A T I ON 

GROUND P O T E N T I A L .  2 0 5 C S 0 8 
Fig.  2 Recommended Connection s and Protective A rrangements for Two- Term inal L ines 

� -< -a m 
� � 

.t-J 
p.,J 
., ;:o m D c m z n -< 
V> :I: 
., � 
)> c c 
0 
� 0 z m V> 

:-
: 
.... 
:0 "' w 
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TY P E  TA-2.2 FREQUENCY -SHIFT AUDIO TONES ________________________ _ 

22 

�---
1 I 
I 

+ 

250 V ADAPTER 

CRI  

4�5).1 CR2

�::r r, . , , , v , , vv v�2:i--v�-Yl�_ 

K 
C2  

R 5 f--------1 (--
2N3585-125V I MFV f2l R4-j • 
2N3583-48 V 200 

._------------��---
CRII 

SD  2 1 25V  
ONLY 

Fig. 3 Power Supply HB -25 190 and HB-25200. 

r, 
rnrrl 

7 1 5 B 5 6 4  

� 1  RELAY COIL I FOR LOSS OF I REGULATION I ALARM 

.--------t-0-C:>i j 

O.C TO D.C. CONVERTER """ ___ _.__ __ �.._--,!_ 
NEGATIVE 

REGULATOR CIRCUIT 

� =BOX INDICATES NORMALLY 
CONDUCTING TRANSISTORS 

REGULATION INDICATOR CIRCUIT 

Fig. 4 Voltage Regulator HB -252 10.  

CR3 
1REF. 10188 

12 1 

7 1 5 B 5 7 0  
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TYPE TA-2 02 FREQU E NCY - SH IFT AUDIO TON E S ---------------------�I.:.:. L:.:.·..::4:..:.1 -:..:.96:::..:3� . .::.::2 2  

I K  

C . O . D .  O U T P U T  I 
" I  

, - ,  
COMM. I '  

I I + 20V 22 I K E Y  rO MARK 

L_J  

NOT E ;  

FOR 2 WI R E  A P P L I C A T I ON S ,  TONE OUTPUT AND 
T O N E  I N P U T  A P P L I E D  T O  PILOT W I R E  AT J I O I 
19 AND 20 THRO UGH H 'I' B R I O  U N I T  HA-14781 . 
F'oR 4 W I R E  APPLICATIONS, TONE OUTPUT 
T E R M I N A L S  A R E  J I O I  1 9  AND 20 A N D  TONE 

I N PU T  T E R M I N A L S  A R E  JIOI 2 3  A N D  2 4  

7 7 4 B 1 9 2 
Fig. 5 B lock Diagram of TA -2. 2 Tone A ssembly 

S P A C E  
KEY 

Y E L  
T P 5  

OF
K
F��V���+�-�v·".���-t-+f.. 

O N + 4  T 0 + 12V. Z = 6. 5 K  

M A R K  
K E Y  

BLU 
TP4 

C O M  

B L K  
T P 6  

C A R R I E R  
MON I T O R  

P U R  
TP3 

COM. 

R I B  

I0��----�2�.2�K+---���------------��--����_J 

N O T E S_: 
+ 1 . 2 V. K E Y I N G  B I A S  VOLTAGE 

I .  V O LT A G E S  S H OWN A R E  S A M P L E  VALUES A N D  A R E  TO B E  USED 
FO R D E T E R M I N IN G  R E L AT I V E  M A G N I T U D E S  O N LY. 

2. V O LTAGES M E A S U R E D  A T  Ql ARE W I T H R E F E R E N C E  T O  T H E  
+ 1 . 2 V. K E Y I N G  B I A S  V O L  TA G £ .  

3 .  V O LT A G E S  M E A S U R E D A T  0 2  A N D  T HE K E Y I N G  V O LT A G E S  
A R E  W I T H  R E F E R E N C E  TO T H E  C I R C U I T  C O M M O N .  

4 .  T H E  V A L U E  O F  C 2  W I L L  VARY W I T H  S O M E  .C H A N N E L  
F R E Q U E N C I E S  A N D  B A N DW I D T H S .  

5 .  F I X E D  R E S I S T O R S  A R E  1 0 %  V A L U E S , I/4 W A T T ,  U N L E S S  
O T H E R W I S E  S P E C I F I E D. 

6. S I G N A L  O S C I L L AT O R  P/0 F I LT E R  A S S
'

Y. Z l  

CAR R I E R  O U T  
H I  LOW 

GRN GRN. 
T P I  T P 2  

K E Y  

G N O  

Fig. 6 Tran sm itter Modu le HB-24335-26 

DC VOLT A G E  L E V E L S ( N O T E I ,2 S 3 )  

0 1  0 2  

C O L L E C T O R  + 6.0V. + 1 1 .7 V. 

B A S E  

E M I T T E R  

+ 1 .25 V + 2 . 2 5V. 

+ . 7 0 V. + 1 .7 0 V. 

A C  V O L T A G E  L E V E L S  ( N O T E S  I 2 S 3 )  
Q l  0 2  

C O L LE C T O R  BVP - P  6 V R M S  M A X  

B A S E  0 6  V R M S  . 0 6  VRMS M A X .  
E M I T T E R  o v  .03 V R M S  M A X .  

7 7 4 B l 9 3 
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TYPE TA-2.2 FREQUENCY - SH IFT AUDIO TONES-------------------------

24 

B . F  D E MOD. 
r-osCl .--- ouT ------, H I  0 H I  

B R N .  W H .  S L A  

C A R R I E R 
HI LO 

G R N. G R N .  

r-������--t-----t-,_��------,-+ LO 

N O T E S :  

C l  
2 2 0 MFD. 

R3 
2 50 KL-�--+-�--�--��--�--�--���--���----------------------� 

DE MOD. O U T P U T  
T O  F. S .  R E G . F I LT E R  

6 0 0  O H M S  

C A R R I E R  
I N PU T  

6 0 0  O H M S  

C O M . 

I. VOLTAGES S H O W N  A R E  S A M P L E  VA L E S  A N D  A R E  TO B E  U S E D  
F O R  D E T E R M I N I N G  R E L A T I V E  M A G N I T U D E S  O N LY .  

6. F I X E D  R E S I S T O R S  A R E  1 0 %  V A L U E S ,  1 /4 W A T T ,  U N L E S S  O T H E R W I S E S P E C I F I E D .  
7 .  A S T E R I S T  (*) I N DECAT E S  FA C T O R Y  V A L U E . 
8. T R A N S I S T O R S  0 1  T O  0 6  A R E  2 N I 3 7 5  2. T H E  B F O S C . O U T P U T  I S  2 . 7 V R M S .  W H E N T H I S  C I R C U I T  I S  

L O A D E D  W I T H  O N E  F S  T R A N M I T T E R  B M O D U LATOR M O D U LE 
H B - 1 9 9 2 5  OR H B - 2 1 0 4 0  I N  A D U P L E X  S Y S TE M .  V O LT A G E  L E V E L S  R E F  C O M  ( P O S I T I V E  B AT T E R Y  T E R M I N A L ) S E E  N O T E  I 

3 .  M A X I M U N  G A I N  F R O M  C A R R I E R  I N P U T  TO D E M O  D. O U T P U T  I S  
5DB ( O N E  S I DE B AND ! .  

4 M A X I M U N  D E M OD. O U T P U T  C A PA B I L I T Y  I S  0 D B M ( O N E  S I D E B A N D ) .  
5 .  T H E  V A L U E  O F  C l  W I L L V A R Y  F O R  S O M E  F R E Q U E N C I E S .  

COLLECTOR 
B A S E  
E M I T T E R  

O l 
- 6 V  I BV P- p 

- 1 . 1 5 V  I .07V R M S  
- I V l o V R M S  

0 2  
- 1 2 v  1 6 v R M S  
- 2. 1 V  1 .07 V R M S  
- 2 V I. 03B V R M S  

0 5 
COLL E C T O R  - 7. 5 V  
B A S E  - 2 .3 V 

0 6  
- 7. 5 V  

- 2 . 3  v 
E M I T T E R  - 2 . 2 V  - 2 . 2 V 

7 7 4 B l 9 4 
Fig. 7 B eat Frequency Oscillator and Demodulator HB -25640 

N O  S I G  M A R K  

Q I 0 

COLLECTOR + BV 

BASE + I  OV 

E M I T T E R  + 0 . 5 V  

Q 9  

C O L L ECTOR + 1 . 7 V  +I  S V  

B A S E  +I O V  o v  

E M I T T E R  + . 5 5 V  + .7V. 

Q 5  I S  2 N 3 9 0 5  A L L  O T H E R  

S PACE N O  SIG 

Q l 2  Q l 4  

Q I I  Q i 3  

+ . a v  + l. I V  + . B V  + 2  o v  + 1 2 V. + 1 2 V  + 1 .5V. 

+ I S I V. + 1 .7V +I.SV +.8V + I  I V  + . e v  + 2 0V 

+ . 9 V. + I .  I V  + . 85 V  +.95V. + 1 . 55V. +1 55V. + 1 .45V 

T R A N S I S TO R S  ARE 2 N 3 9 0 3  

15 8 fCARR.6�r. RELAYl 
C O I L  

TO ( R22 OMI T T E D )  
CARR DET. H B - 1 9 9 1 5 - 1  

ALARM 
MODULE 

DC O U T  
NORM REV. 

Q I 

COLLECTOR + 8 .5 v 

B A S E  

E M I T T E R  + 5 4 V  

W/0 S I G  

C O L L E C T O R  + 1 2  v 

B A S E  + 6  2V. 

E M I T T E R  + 5 7 V  

Fig.  8 Frequency Sh ift Receiver HB 199 15-2 7  

Q 6  

W I  S I G  W/0 S I G  W/ S I G  W/O S I G .  W/SIG 

+ 1 2 V  

7 7 4 B 1 9 5  
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TYPE TA-2.2 F REQU ENCY -SHI FT AUDIO TONES ______________________ 
I._L_. _4 1_-9_6_

3
_. 2_2 

§ 

R 2  
I B K  

R l 2  
330 

R4 R9 
1 .8K I.B K 

KEY C U T O U T  
T P  O U T  

t-----{YE 

I O db 

3 d b  
0 d b  

G� 
R 2 5  

1 12 W  
'--�Wir-T--1 5 --, 

se!"E-NOTJE 3 oJTPUT 
LOA D  t------.._--t--+_.__.__._ _ __.___.___.__��----------jiiO --1 

C I R C U I T  C O M M O N  

TP COM. N O T E S :  
I .  R E S I ST O R S  A R E  1 14 WATT A N D  5 %  U N L E S S  O T H E R WI S E  

N O T E D. 
5. O U T P U T  LO A D  M A Y BE A R E L AY W I N DI N G  

O R  A R E S I S TAN C E  FO R V O LT A G E  O U T PUT.  
2. CA PA C I T O R S  A R E  IN M I C RO FA RA D S .  
3. R 2 5  N O R M A L LY A J U M PE R .  R 2 5  U S E D  T O  A D J U S T  O U T P U T  

LOA D  T O  5 0 0  O H M S  O R  M O R E .  
4. C R I - C R 2  A R E  I N 9 1 4  O R  E Q U I V A L E N T .  

F ig. 9 Carrier Deteriat ion Dete ctor HB-24030-3 

BW-·--��----- BW ---w� 

TRI P C t GUAR D 

• T H E L ARGER 
F R E Q U E N CY 

OF T H E  TWO U S E D  

TRI P Ct GUA R D  

F ig. 10 Tone Receiver F i lter Characteristics HB -63 100. 

7 7 4 B 1 9 6  

8 7 6 A 7 2 8 
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TYPE TA-2 . 2  FREQUENCY - S HIFT AUDIO TONES-------------------------

eo 

110 1 \ 1'-" 

40 
... 
10 

20 

10  

0 0 100 

26 

I""'� � 

L' � 
If I 

I 
J 

TYPICAL NOISE 
IIA NO �-------... 

PIIIU FILTEft 

I I 
425HZ-H8��183 v NOTCH FILTER 

--........... 

�9�HZ- H8��183 
I I......-f.- NOTCH FILTER 

I 

l 
I I 

I I I I HBI515187 17 
I �' STANDARD 

1 1'<. 
300 

I I I 1 l 1-···\ .. I) k ,/ 
1100 700 

FREQ. HZ.  

./ v 
/ 

1100 

r---.. I 1 1 I 1/ 
1 I j 
1100 

F ig. 1 1  Typical  Noise B andpass F i lter. 

l � \..,... 

1300 11500 

8 7 6 A 7 3 8  
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N ....... 

INP!.JT 
FROM 
NOISE 

FILTER 

WIDE BAND 
NOISE 8 

LINE L EVEL 
INPUT 

LINE LEVEL 
NOISE IN S�N_!I_!IY,I!_Y��·�INK -

GAN.
_ -

�K�
-
"·

--
ti.WHITE. _____ _ 

R 5  

I I 
I L 

BLOCK 
� --------=n��-�- c.--i7· --�-���-n-r-��-�--,+ lsv 

� = !ND I<:AT f S  
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TYPE T A-2.2 FREQUENCY - SHIFT AUDIO TONES _____________ _:_ ___________ _ 
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TYPE T A-2.2 FREQUENCY -SH IFT AUDIO TONES--------------------------

TONE 

TONE 

30 

1 ,3 

LINE 

H I  LO L O  
Y E L  "., __ _ ___ _ _  _ 

'" TONE IN - A 

I '" TO N E  I N - B  

3 
� 
-. . I  

R l 5  � , ·- I 
> TONE I N - C  

tt ,_ _ _ _ _ _ __ _  ,) _ 

;- TO N E  I N - D  

N O T E ' 

RESISTORS R l  TO R9 AND R l l  TO Rl9 
ARE ± 5 %  VA L U E S ,  1/2 WATT 
ACTUAL VALUES D E P E N D  O N  
APPLICAT I O N .  

GRN GRN 
HI LO 

L I N E  

8 

6 

5 

2 
4W REC. 6000 

11 � KEY 
9 

BLU 
c 

BRN 
LO 

YEL 
D 

Fig. 15 L ine  Termination Module HB-25 140.  

T2 
H B-55374 

F ig. 16 Hybrid for Two Wire Termination HB -353 1 5 .  

7 1 5 B 6 7 0  

7 1 9 B 0 4 5 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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TYPE T A-2.2 FREQUENCY - SHIFT AUDIO TONES------------�------
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Fig. 1 8  R eceiver Dynamic Operating Range. 
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I N STA L L ATI O N  
Westinghouse I .L. 4 1 - 963.3 

• OPE RATIO N  • M A I N T E N A N C E  

I N S T R U C T I O N S  
TYPE TA·l FREQUENCY-SHIFT AUDIO TONES 

WITH DC-TO-DC CONVERTER 

CAUTIOH : Check polarity of battery supply connec­
tions before applying power to the equipment. 

APPLICATION 
The type TA- l tones are high-speed frequency­

shift audio-frequency tones. They are designed for 
use in transferred-tripping systems for transformer 

and line protection. They m ay be used directly over 
a pilot wire pair, or may be impressed on a microwave 
channel. 

Applications are classified as either permissive 
or  direct . The latter system allows the receiver 
relay to trip directly, as opposed to a permissive 
system where a fault detecting relay supervises 
receiver relay tripping . The overreaching scheme is 
usually a permissive system since the phase and 
ground fault detecting relays are inherently present . 
These fault detectors are not present in an under­
reaching scheme or a transformer Protection channel 
therefore, these are classified as direct. 

The presence or l ack of trip-circuit superVIsiOn 
greatly influences the secuirty and reliability con­
siderations. As with all protection systems, one must 
strike a compromise between the conflicting require­
ments of security and reliability - security against 
undesired tripping and reliability in tripping when 
required. With direct schemes the burden for security 
rests entirely with the tones themselves; whereas, 
the fault-detecting relays in the permissive scheme 
share the burden with tones for security. Thus, we 
can ease up on the security requirements of the 
tones proper when used in a p ermissive scheme. 
This is desirable not just for e conomy but also 
to eliminate components which tend to detract from 
reliability. 

Security Measures 

The T A- 1 frequency-shift receiver has been 

specially designed for security against noise. Audio 
frequency random noise must be at l east 50 db peak 
over the guard signal to cause trip relay operation. 
With the recommended -32 dbm maximum receiver 

NEW INFORMATION 

sensitivity, this means that the random noise must 
be about + 18 dbm to cause undesired trip relay 
operation. This compares with quiescent noise l ev­
els on the order of - 50 dbm. 

This leaves impulse noise to be considered. Not 
only are these of higher energy level, but they also 
cannot be classed as random in the sense that the 
energy is uniformly distributed across the audio 
spectrum . Inadvertently applied voice signals and 
power-system arcs and disturbing voltages are prime 
sources of impulse noise. To guard against the pos­
sibility that this impulse noise might fall in the trip 
band , a noise squelch is recommended. This squelch 
receiver disables the frequency-shift receiver when­
ever the noise m easured in the 3 00-480 Hz b and 
exceeds the dbm setting of the squelch. 

The receiver guard relay also contributes to 
security. In direct applications a break contact 

of this relay supervises the trip circuit. It must 
be dropped out at the same instant that the trip 
relay is picked up, in order to trip. This feature 
helps when the receiver sees  high-energy impulse 
noise which intermittently tends to concentrate at 
the trip frequency. 

A high signal level , along with an insensitive 
receiver, also helps the channel to ignore noise.  A 
receiver sensitivity no higher than - 3 2  dbm and a 
received signal level of at l east - 20 dbm is a good 
obj ective. This means that the channel attenuation 
should be no higher than - 15 db on leased circuits 
to allow for the required reduced transmitter output 
where transmitters are parallel ed. This reduction to 
5dbm keeps the combined audio energy down to tol­
erable levels from a voice interference standpoint. 

P i lot-Wire Des i gn 

In applying a tone system for protection,  the 

user and the cooperating telephone comp any should 
recognize the peculiar requirements of a tone pro­

tection channel. Preconceived notions and practices 
based on experience with tones for other uses must 
be re-examined in the light of the following facts. 
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TYPE TA� l TON E ASS EMBLY __________________________________________________ _ 

Fig. 1 - Front View of Full Chassis: 1 - Te/ephone Type output relays (when used); 
2-Current monitoring jack s  ( when used). 

The period of us e fulness during the lifetime o f  any 
given installation will range from 0- 1 0  seconds. Yet 
this infinitesimal p eriod ( co mp ared to years) is  pre­

cisely the time when noise levels c an be abnormally 
high and 60 Hz disturbing voltages will appe ar on 
the pilot wire. The recommendations summari zed in 
Figs.  1 1 ,  1 2 ,  and 13 have been formulated with the 
above facts in mind. 

For a recommended instal l atio n :  

a )  U s e  a drainage reactor in all p aths t o  ground. 

b) If  KX642 g as tubes are installed,  connect 
them only to ground as shown in Fig. 1 2. Do not 
connect the tub e  without shorting H2 to H3. This is 
esp ecially important where the squelch receiver is 
used, as a fai l ure to follow these recommendation s 
wiU result i n  the s quelch disabling the channel 
whenever the tube flashes. 

c) The pilot-wire p air  must be twi sted sep arately 
from any other wires in the c abl e .  

d)  D o  not u se o p e n  p i l o t  wires. 

e) Shi eld any sub stantial l ength of wire between 
pilot wire and to ne equipm ent. 

f) Use surge p rotection acros s  tone connectio n .  

To p rotect p ersonnel,  u s e  isolating tran sformer 
( S# 1 8 7A 9 9 5 H0 1 serves the dual purpose of  impedan c e  
matching) .  Mount i t  with the drainage and n eutral­
izing devi ces in an enclosure m arked ' ' High Voltage. ' '  

2 

Fig. 1 1 shows the r ecommended practices for 
p rivately owned c able install ations. The best ap­
proach is to mak e  the cable s elf-protecting.  The 
incremental cost (installed) of better cable insula­
tion is relatively smal l .  Good electromagnetic shi eld­
ing by the shield and by the messenger will keep 
induced p otential to reasonable levels. The s hi eld 
should p rovide a shielding factor of 50% or less 
( actual induced voltage of 50% of calculated value 
ignoring shielding effect).  

CONSTRUCTION 
The type TA- l tone equip m ent has been specifi­

c ally designed for protective relaying applications. 
Modul ar design is used, and a sy stem is assembled 
using plug-in modules to m e et the requirement of a 

specific application. 

In a typical relaying application,  th e tone sys­
tem consists of a D C  to D C  Con verter and po wer 
supply module,  a tran smitter module ,  a receiver 
module , an opti onal squelch receiver modul e ,  an d 
two output relays.  

Basic co nstruction is shown in  Fi gs.  1 through 
3. 

A. Tran smitter Modu l e  

The transmitter modul e consists o f  a transi stor 
k eying circuit, an o s cill ator, an output amplifier and 
an output band-pass filter. The band-pass fi lter and 
oscill ator frequency determi ning comp onents are 
contained in a separate plug- in enclosure to simplify 
chang es in frequency assi gnments and stocking o f  
sp ares. 
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Fig. 2 - Rear View of Full Chassis 

B. Recei ver Modu l e  

The receiver module consists o f  a n  input band­
p ass filter, a limiting amplifi er ,  a specially tuned 
discriminator , rectifying and filtering circuitry and a 
two-stage d-e amplifier. The band-p ass filter and 
discrimin ator, which determines the op erating fre­
quency of the receiver, are mounted on a separate 
plu g-in card. The discriminator outp ut is brought out 
to sep arate screw t erminals at the rear of  the chas­
sis to facilitate connection of a channel monitoring 
meter. 

C. DC - DC Converter and Regu lator 

The model HB23705 DC-DC converter i s  used 
to provide an i solated regulated power supply from 
48V b attery to the other modul es .The model HB23 660 
DC-DC converter i s  simi l arly used for 1 25 V  battery . 
The model HB23660 is al so used in conjunction with 
e xternal power re sistor and zener dio de to provide 
an i solated regulated power supply from 250V battery . 
A saturating core inverter,  rectifiers,  and voltage 
regulating circuits are included in the unit.  

Two regulated D C  outputs are provided,  one at a 
-24 volt level  and one at - 1 2  volt s .  A non-regulated 
o utput of approximately -36 volts is  also availabl e 
for relay o peration or for c ircuits which do not 
r equire v oltage regulation . M aximum re gulated out­
put power i s  6 watts at an effic iency o f  50% to 35% 
over the voltage range o f  104 VDC to 140VDC fo r 
the 1 25V unit and over the voltage ran ge of 4 2VDC 
to 5 6VDC for the 4 8V unit.  For the 250V case, the 
efficiency i s  lower due to the e xt ernal resistor and 
zener diode used. 

D. AM R ecei ver No i se Squel ch (When U sed) 

The model HB- 24030 AM Receiver contains the 
circuitry to separate the noise signal from the 
multiplex  signals ,  amplify it , and process the sign al 
into a form that blocks the frequency shift receiver 
and holds the guard relay picked up .  The unit con­
sists of a band pass filter ,  3- stage AC amplifier , a 
rectifier c ircuit, and a DC amplifier circuit.  As in 
the tran smitter, all fre qu ency-determing components 
are contained in the p lug-in filter assembly. 

One screwdriver adj ustment, the input sensitivity 
control ,  is  used on the front panel of the re ceiver ,  
Test points are provided on the front p anel for ease 
of maintenance.  

E.  Output Relays 
The output re lays may be either te lPphon l' t.YIH ' 

relays or high speed Mercury-type relays to energize 
external type AR relay s .  On syst ems with t l'l ephone 
type relays , the relays are mountPd on the saml' 
chassis as the module s and curr ent j ack s arP used 
to monitor t he relay coil  current .  FDR t.YPP AR relay 
system , the Mercury re lay s  a r e  m o u n t P d  on a short­
en ed rear brack et . See Fi g. 4 .  

A typi cal ton e assembly schPmatic di a �-: r am 

telephone type output relays is sho wn in fi�u w 8 .  

T h e  tone assembly fo r a m e r c u ry r P l a.v an d A R  

type system is shown i n  figurl' 9 ,  a n d  tlw s ctwrn a t i c  

of the type A R  output relay i s  shown i n  f i � u r P  1 0 . 

F. Phys i co� Featu re s 

The modules are the same size,  and plug into 
either of two basic chas sis. 
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TYP E TA- 1 TON E ASSEMBLY __________________________________________________ _ 

Fig. 3 - Typical M odule 

a) An eleven module chassis with a nominal 
overall size o f  5¥<1 " h x 1 9 "  w x 9%" d ,  which mounts 
in standard rel ay rack. Outline and drilling dimen­
sions are shown i n  Figure 4. 

b)  A five modul e wall mount chas si s with a nom­
inal overall si ze of  5¥<1 " h x 9 1 5/ 1 6 "  w x 1 0  5/ 8 "  
d .  Module shelf swings out 1 8 0° for e asy access to 
rear terminal s. Outline and drilling dimensions are 
shown in Figure 5. 

TH EORY O F  O P E RATION 

Under normal line conditions, the tone transmitt er 
operates at its guard frequency which is  85 H z  b e­
low the nominal or center frequency mark ed on the 
unit. At the receivi ng terminal ,  the rec ep tion of  the 
guard frequency develops an output from the receiver 
discriminator which operates the guard relay.  

When a tripping function i s  called for ,  op eration 
of the prot ective relay shifts the tone tran smitter to 
its trip frequency which is 85 Hz above the nominal 
or center frequency of the tone .  At the re cei ving 
termi nal , the reception of the trip frequency develops 
an output from the receiver discriminator which op­
perates the trip relay. Since the guard discriminator 
output is no longer present,  the guard relay drop s 
out. 
A. FS Transm i tter (H B- 17845-2) 

For guard frequ ency transmission, the transistor 
Q3 is  bi ased into c onduction by applic ation o f  a 

4 

negative voltage on the emitter. This in e ffect in­
serts the guard frequen cy c ap acitors in the o s cilla­
tor tuned circuit. The guard c ap acitors are removed 
when the forward bias is  removed from the emitter 
and the oscillator shifts to the trip frequency. This 
i s  usually accomplished by a contact closure from 
terminal 6 on the connector block to battery positive. 

An oscillato r ,  u si n g  the frequency determining 

L0, CG and CT, generates the guard and trip fre­
quencies.  The voltage tap of R 1 2. the output level 
control , i s  used to drive transi stor Q 1 , an output 
buffer amplifier. The filter, FL- 1 is  the collector 
load of  the amplifier and also serves to d-e isolate 
the oscillator from the line and to m atch a line im­
p edance of 600 ohms. 

The filter and the oscill ator are the only fre­
quency sensitive components in the transmitter and 
are p ack aged together in a hermetically sealed plug­
in can. 

Frequency adj ustment is obt ained through the 
use of  c ap acitor c6 , resistor R7 and R 1 7. The effec­
tive cap acitance introduc ed into the tuned circuit i s  
varied with resistor R 1 7. Whe n  resistor R 1 7  i s  ad­
j usted to maximum resi st ance,  the cap acitor C6 i s  

i sol ated from the tuned circuit. Resistor R7 i s  used 
to prevent the entire v alue o f  c ap acitance from be­
coming effective in the tuned circuit. 
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HD- 13517 II MODULE CHASSIS 

HC-33560 RELAY 
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HD- 13516 RELAY CHASSI S  
WHEN USED 

7 1 7 B 7 9 2  

Fig. 4 - Outline and Drilling Plan o f  1 1  Module Chassis 

B. FS Receiver 
(HB-20835-2, and H B-20835- 10) 
The input of the receiver is designed to reject 

adj acent channel tones by at least 40 db. The 
sharply sloping skirts of the filter also aid in pre­
venting noise frequencies ,  just above the trip fre­
quency, fro m causing fal se trip relay operation .  

Transistors Ql Q2, Q3 and Q4 comprise a three 
stage limiter amplifier and will provide full limiting 
of the discriminator input signal to appro ximately 
-40 dbm. 

The discriminator consi sts of two tuned circuits, 
one tuned to peak at the trip frequency and the other 
tuned to peak below the guard frequency. The effect 
of this tuning is shown on the discriminator output 
curve Figure 6. This tuning, combined with a bias 
adjustment, greatly reduces the receiver sensitivity 
to random noise. The in-band noise power delivered 

to the d-e amplifi er s  is much lower over the band of 
frequencies affecting the trip condition than it is in 
the remainder of the band. 

Resistor R20, the balance control , is  essentially 
a trimmer for the discriminator, allowing preci se ad­
justment of the output at the guard and trip fre-

quencies. The discriminator output also appears 

across resistor R22 . the relay bias co ntrol. If resis­
tor R22 , is adj usted such that a greater portion o f  
discriminator output is delivered t o  tran sistor Q6 
rather than transistor Q5 . it follows that more power 
must be  delivered to transistor Q5 to cause conduc­
tion. Resistor R23 and diode CR 1 0  form a bias net­
work preventing operation of  ei ther transistor Q5 o r  �6 during the no-si gnal condition. Resi stor R3 2, 

dwdes CR1 1 and CR12 perform the same function on 
transistors Q7 and Q8. 

Resistor-capacitor combinations,  R28· C 10 and 
R2g. C 1 1 · form accel erating networks for the output 
rel ays. When transistor 'h is switched on by transis­

tor Q5, capacitor C 10 , momentarily shunts resistor 
R2s . causing a large inrush current to en ergize the 

output rel ay. A low holding current limited by resis­
tor R28 · is  required to keep the relay energized after 
capacitor C 10 . is  fully charged. 
C. AM Receiver No ise  Squelch (When u sed -H B  

24030) 

The fi lter used at the input of the AM receiver i s  
designed t o  rej ect the signals o f  the adj ac ent chan­
nels, to match the receiver input impedance to the 
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MOUNTING HOLES 

Fig. 5 - O utl ine and Dri l l ing P lan o f  5 Module Chassis 

lin e ,  and to p revent loading of  the adj ac ent channel 
signals.  The filter has approximately 35dB attenua­
tion to the adjacent c hannel for the standard c han­
nels. This high attenuation provides an extra safety 
margin for operation in case the channel signal 
l evels at the receiver input become unbalan c ed .  

Ac ro s s  t h e  output o f  t h e  filter i s  the receiver 
sen sitivity control Rl ( s e e  Figu re 8).  This contro l 
provides the means by which the receiver sen sitivity 
is adj usted. T wo RC coupled stages of  amplifi c ation 
using Ql and Q2 as the acti ve elements follow this 
control .  R3 and R2 s et the DC biasing for the base 
of  Q 1 while R5 and R6 provide emitter s elf-biasin g. 
C3 acts as a bypass for R6.  R5 i s  not bypassed an d 
introduc es degeneration into the st age for greater 
stability of the circuit under varying conditions.  R4 
i s  the collector load for the stag e .  The operation of 
the s econd stage involvin g Q 2  is the s am e .  R l 2  an d 
C4 act as a decoupling n et work to prevent self­
o scill ation in the hi gh-gai n receiver. 

6 

The third stage acts as an amplifi er and driver 
for the full- wave rectifier stage. Tl is  the collector 

l o ad for Q3 and also m atches the impedan c e  o f  the 
rectifier circuit to the transi stor Q3 . The other com­
pon ents of the stage have similar purposes to those 
described for Ql o r  Q 2 .  

With n o  sign al Q 4  i s  biased to cut-off by m e an s  
o f  R2 1 and c ertain circuits through Q5 . R22 i s  the 
load resistor for Q4. D irect coupling is u s ed between 
the collector of  Q4 and the base of Q5 . The load 
resistor for Q5 is R 2 3 .  The output of Q5 is coup l ed 
through two diodes in series (CR3 and CR4) to the 
base of  Q 6 .  With no signal Q6 is cut-off. When a 
"noise" sign al arrives the bas e  of Q6 i s  driven 
positive with respect to its  emitter c ausing Q6 to 
conduct through the FS receiver. The rectifi er 
circuit p roduce s  a positive volt age output and if 
sufficient signal i s  appli ed this voltage overcome s  
t h e  reverse bias o n  Q4 and the transistor conducts .  
C 8 ,  C9 and R l 7 form a low pass RC filter to remove 
the c arrier components. This filter i s  cap able of 
p assing 10 Hz but cuts off somewhat above this 
fre qu ency . 
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Fig. 6 - Typi cal discriminator output curve showing relative no ise power output affecting trip relay. 

C H A R A C T E R I S T I C S 
General 

Channel Frequencies:  
Hz 

Shift in Frequency: 

Operating Temperature: 

Operating Time: 
( Includes guard 
relay drop-out 
time and trip 

relay pickup time) 

DC supply voltage: 

Energy Requirements: 

935 
1 6 1 5  

1955 
229 5  

1 275  
2635 

(For special applica­
tions, additional fre­
quencies can b e  sup­
plied). 

± 85 H z  

-20° t o  600C 

17- 20 m s  with telephone 
type output relays. 13-1 5 
m s  - with Mercury relay plus 
type AR output relays. 

48, 1 25, or 250 volts 
de, external dropping 
resistors are used on 
1 25 and 250 v de. 

0 . 15 amperes de @ rated 
de voltage per chassis ,  
including one  or two 

FS Transmi tter 

Output Level: 

Frequency Stability: 

Output Impedance: 

FS Rece iver  
Sensitivity: 

Input Imp edance: 

transmitter or receivers, 
or one each, plus power 
supply. 

+1 dbm to -30 dbm con­
tinuously adjustable. 
O . l% ± 2 Hz 

600 ohms in the p as s-
band: high impedance 
outside of p ass-band 
ungrounded and unbal­
anced. 

0 dbm to - 40 dbm for 
full limiting. 
600 ohms in the pass­
band; high impedance 
outside of pass-band, 
unbalanced, must be ac 
grounded. 

( A  0 . 5-mfd, 2,000-volt 
capacitor is  provided in 
each assembly to pro­
vide the ac grounding). 
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Adjacent Channel 
Rejection: 

Noise rejection with­

out squelch circuit: 

At least 40 db. 

Audio frequency random 
noise must be at l east 
50 db over the guard 
signal 
trip 

to cause false 
rel ay operation. 

AM Recei ver Noise Squelch (when u sed) 

Sensitivity: 

Input Impedance: 

- 40 dbm adjustable 

600 ohms with rising 
characteristics out of 
band. 

INSTAL LATION 
The tone assemblies should be mounted on relay 

racks or in suitable cabinets when the eleven module 
chassis is used. The five module chassis can be 
wall mounted. The mounting location should be free 
from dirt, moisture, excessive vibration or heat. All 
electrical connections are made to the terminal 
blocks on the rear of the chassis ,  p er CR drawing 
( See Fig. 7) which applies to the particular order. 

Use of current monitoring j acks: Standard tele­
phone-type current j acks are shown on the connection 
diagrams. They are used to monitor the guard and 
trip output relay coil current. 

The type AR relay should be mounted near the 
TA- l tone chassis in a location free from dirt, 
moisture , excessive vibration, and heat. Mount the 
relay vertically by means of the four mounting holes 
on the flange for semi-flush mounting, or by means 
of the rear mounting stud or studs for projection 
mounting. Either a mounting stud or the mounting 
screws may be utilized for grounding the relay. The 
electrical connections may be made directly to the 
terminals by means of screws for steel-panel mount­
ing or to the terminal studs furnished with the relay 
for thick-panel mounting. The terminal studs may be 
easily removed or inserted by locking two nuts on 
the stud and then turning the proper nut with a 
wrench. 

For detailed FT case information, refer to I . L .  
4 1-076. 

SETTINGS 
Tran smi tter: 

Only one setting is required on the tone trans­

mitter and that is the output level.  This setting is 
made by using the screwdriver type adj ustor m arked 
"level" on transmitter module .  In general, the tone 
transmitters are set to the maximum l evel allowed by 
the telephone company on the pilot wire or telephone 
pair. For example, in relaying app lications , general­
ly only one or two tone transmitters will be connected 

8 

to the pilot channel at any one terminal. If zero dbm 
is the maximum allowance level , a single tone trans­
mitter will be set to that level (0 .  775 volt). If more 
than one transmitter is used at one terminal , the 
telephone company should be consulted as to the 
allowable transmitting levels. 

The audio output level of the transmitter is 
measured by connecting a 600-ohm resistor or load 
across the signal output terminals.  No other signal 
should be present on the line if it is us

.
ed. The 

level can be measured at the output terminals using 
an AC vacuum-tube voltmeter. The l evel control is 
then adjusted for the desi red output. After all the 
transmitters are adjusted properly and multiplexed 
a VTVM reading should be taken at the "OUT" pin 
j ack on the front panel and recorded for maintenance 
and check-out p urposes. This avoids the necessity 
of disconnecting the transmitter from the line when 
l evels are to be checked or readjusted. 

FS Recei ver 

Plug a d-e milliammeter of at least 50 rna. range 
into receiver trip relay j ack.  Close the keying circuit 
of the associated tone transmitter to shift its fre­
quency from Guard to Trip. (The tone transmitters 
must be previously set to their desired output l evel s). 
Connect a vtvm across the tone receiver input ter­
minal s  and note the normal received voltage (prefer­
ably in db).  Now connect a calibrated attenuator 
between the telephone line and the terminal equip­
ment. Set the attenuator for 1 2  db attenuation. This 
value can be checked on the vtvm. If such an attenua­
tor is not available, connect a variable resistor, 500 
ohms maximum is adequate,  across the incoming line 
and reduce the resi stance until the incoming signal 
level drop s 1 2  db. 

With the level of the incoming "trip " tone set 
12 db below normal ,  advance the gain control o f  the 
tone receiver by adjusting l evel control on the re­
ceiver module, until the receiver output current in­
creases suddenly from zero to appro ximately 25 rna 

for telephone-type o utput relays and 3 .  7 rna for 
mercury type output relays, at this point the trip 
relay has operated. When the attenuator is removed 
from the circuit , the tone receiver will have a normal 
operating point 12db above the pickup signal level. 

Voltage Regu l ato r  

No setting required. 

AM Recei ver Noi se Squel ch (when used) 

The AM squelch receiver is set in the factory 
such that the receiver is disabled whenever the noise 
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measured in the 300-480 Hz band exceeds -40 dbm. 
The following adju stment procedure is recommended: 
With the transmitter set at -20 dbm output and AM 
receiver bias control fully counter clock wis e  sup er­
impose a 400 Hz, - 10 dbm tone on existing guard 
signal to FS receiver, and adjust s en sitivity of AM 
receiver for zero output on microammeter across  
"Disc Out " test points.  

ADJUSTM ENT AN D MAI NTENANCE 

The proper adjustments t o  insure correct opera­
tion of the tones have been made at the factory. Upon 
receipt of the tones, no customer adjustments other 
than those covered under "Settings", should be re­
quired. 

Acceptance Check 

DC to DC Converter 

Non regulated voltage = 40 to 27 vdc 

Hi regulated voltage = 24 vdc 

Lo regulated voltage = 12 vdc 

Voltages measured b etween common test point 
and the other specific test points .  

Tran smitter 

Key transmitter to trip frequency by shorting 
between terminals indicat ed on connection drawing, 
which is supplied for each order. 

All transmitter frequencies and output l evel s to 
be checked with a 600 ohm load. 

Guard frequencies - Normal or center frequency 
minus 85 Hz. 

Trip frequencies - Normal or center fre quency 

plus 85 Hz. 

Output -at least t 1 dbm 

FS Recei ver 

With receiver input s et at -20 dbm, see that 
guard and trip output relays function properly when 
respective guard and trip signals are applied. 

1 0  

AM Recei ver (Squelch when u sed) 

With a 400 Hz - 10 to - 1 5  dbm external tone 

superimposed on existing guard signal , see that 

there is a zero output across discriminator output 
test points . This indicates that the receiver has been 

biased off. This output m ay be checked by plugging 

a 0-500 microammeter with a 5 1 00 ohm resistor ln 

seri es into the test points marked "Disc Out ". 

Type AR Outp ut Rel ay (when u sed) 

The AR Auxiliary relay m ay be used in cas e s  of 

transfer trip. See appropriate I .  L. for charactestics 
of this relay. 

Adjustments (Cal i bration) 

Use the following procedure for adj usting the 
tones, if the tone adj ustments have been disturbed. 
This procedure should not be used unless it  is ap­
p arent that the tones are not in proper working order 
(See  "Acceptance Check" ) .  

Tran smitter 

The frequency of the transmitter is adjusted at 
the factory before shipment and does not normally 
have to be readj usted. The adj ustment, however, 
should be checked if the filter-oscillator assembly is 
changed. To make the adjustment the transmitter 

output should be properly loaded and a counter or 
other device capable of m easuring frequency within 
2 Hz attached to the output. The test point "OUT" 
(on the transmitter side of the filter) can also 
be used. Readings should be m ade in both guard and 
trip condition and the frequency should be adj usted 
until an equal guard and trip shift from center i s  
effected. 

Note voltage levels per table 1. 

FS Recei ver 

There are three receiver adj ustments - an input 

sensitivity control, a bias control and a discriminator 
output balance control . 

The bias control and discriminator output balance 
control are factory adj usted for optimum operation. 
Except fo r special applications these controls should 
not be readj usted. 

Prior to setting the receiver bias ,  the discrimina­
tor output should be balanced for both the gu ard and 
trip frequencies. Plug the connectio ns of a 500-(}- 500 

microammeter (zero center scale) with a 5 1 00 ohm 
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TONE 
IN 

PLUS 
125 VOLTS 

D.C. 
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- - - - - - ­r - - - - - - - - - , - - - - - - - - - - - - - - - - - - - - -�---
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I RECEIVER 
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� � s9 L� -

Fig. 8 Typical Schematic Diagram of Typ e T A- 7 Al 
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resi stor in series with the meter terminal into the 
test points marked "Disc Out" .  With the receiver 
sensitivity control at its maximum setting (fully 
clockwise) and the receiver bias control at its me­
chanical center adjust discriminator balance control 
for equal outputs at guard and trip frequencies. 

In order to make the proper bias adjustment an 
external variable frequency source (oscillator) is  
required. With the output of the oscillator set at - 20 
dbm, adjust bias control for trip relay pickup of 30 

Hz above center frequency of receiver. A recheck 
of the discriminator output may show a deviation of 
approximately 10% from previously balanced condi­
' i on and a readjustment is not necessary. 

Note voltage levels per Table 1 .  

AM Recei ver No i se Squelch (when used) 

With transmitter set at -20 dbm output super­
impose a 400 Hz - 25 dbm tone on existing guard 
signal to FS receiver, and adjust sensitivity of AM 
receiver for zero output on microammeter across  
"Disc Out " test points .  

Voltage Regul ator 

No adjustments. - Note voltage l evels per Table 

1. 

Maintenance 

The modules in this equipment use transistors 
and other components which are con servatively rated 
for reliability and long life. In normal operation, the 
monitoring function provides a continuous check on 
the performance of the equipment. At periodic inter­
val s ,  it m ay be desired to check the tripping function. 
For such a check, the channel may have to be taken 
out of service to prevent unnecessary breaker opera­
tion. The keying circuit may then be closed to check 
the operation of the tripping relay. 

As long as the channel is operating satisfactor­
ily, no maintenance work is necessary other than 
seeing that the equipment is free of dust or dirt. 
However, a scheduled routine check will prevent 
down-time loss,  since it may indicate deterioration 

in the performance of one of the units.  The output 
relay contacts m ay be burnished on the same schedule 
as that for the associated protective relays. If a 

channel failure occurs because of the terminal equip­
ment , a trouble-shooting procedure should be used 
similar to that employed for any electronic equip­
ment. First determine where the failure has taken 

place (transmitter or receiver); then determine the 
portion of the circuit at fault. 

Follow the tables of voltage levels which apply 
to these circuits.  

Test Equipment - For routine maintenance,  the 
following equipment will be adequate: 

1 .  A-C vacuum-tube voltmeter, H-P Model 4000 
or equivalent. 

2. Calibrated attenuator,  H-P Model 3508 or 
equivalent. 

As an alternative, a 500-ohm variable resistor 
can be used. 

For trouble shooting, the following additional 
test equipment is desirable: 

1 .  Electronic frequency counter, H-P Model 523 
C or equivalent. 

2. D-C vacuum-tube volt-ohmmeter, RCA Senior 
Voltohmyst or equivalent. 

3. Cathode-ray oscilloscope. 

GEN E RAL I N FORMATION 

Connection Drawings 

The drawings applicable to the specific order 
will be supplied . The applicable "CR" drawing in­
formation is included as part of the nameplate data. 

REN EWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to users who are equipped for doing repair 
work . When ordering parts, always give the assembly 
style number and voltage rating, plus the component 
identification and module in which it is located. 

Replaceable parts are shown in the Tabl e of 

Electrical Parts . 
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TYPE TA- l TONE ASSEMBLY __________________________________________________ _ 

1 6  

RIGHT >UO 

llU.UD 
HINGED ARMUURE.UHIT (L.H. I 

LEFT HlHO 
L£FT CUTER 

8 3 6 A9 9 0  
Fig. 10 Internal schematic of the type A R  relay for use 

with TA- 1 tones. (For Reference Only) 
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T A B L E  I - V O L T A G E  L E V E L S  
Measurements taken with respe ct to circuit common: -20 dbm guard signal received. 

E = Emitter; B = Base; C = Collector. 

Q 1  Q2 Q3 Q4 Q5 Q6 Q7 Q8 

MODULE VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS 

AC DC AC DC AC DC AC DC AC DC AC DC AC DC AC DC 

DC to DC 
Conv erter  E 0 0 0 0 - 24 - 12  

and 

Voltage B 2 . 3  1 . 6  2 . 3  1 .5 - 24 - 1 2  

Regulator ( 1 25V) 

HB-23360 c 1 25 - 125 - - 34 - 19 .3  

FS Transmitter E 7mv 4 . 35 4. 2mv . 8  1mv . 67 

HB- 1 7845-2 B 2mv 4 . 5  .045 .9  <. 1mv 0 

c . 1 2  9 . 6 3 .0 4 .8  1mv . 67 

FS Receiver E . 5 mv .45 3mv .75 2. 1 2 . 7  2 . 1 3 . 7  .033 22  . 033 22 2mv 1 . 5  2mv 1 . 5  

HB-20835-2 B . 8mv . 6  5mv . 9  2 .4  3. 8 2 . 6  3. 8 .03  24 .033 2 1 . 8  3 mv 0 3mv 1 . 2 

HB-20835- 1 0  c 5 mv 1 . 7  1 . 1 4 .8  1 2  22 1 2  22 4mv 0 .033 22 4 mv 36 < . 1m 1 . 6  
4 3  t 

AM Receiver E 2mv 2 . 1 5 . 0 1 6  2 . 15 . 13 2 .45  23  23 23 

HB-24030 B 2mv 2 . 3  .0 18 2 .3  . 1 5 2 . 65 23 1 3 . 5  23 

( Adjusted to 

Squelch with 
-40 dbm 400 cps 
tone input . )  c . 0 19 7.4 . 1 6 7 . 4  5 2.45 1 3 . 5  22.5 0 

DC to DC 
Converter E 0 0 0 0 - 24 1 2  

and 

Voltage B 2 . 2  1 . 4  2. 2 1 . 4  - 24 1 2  

Regulator (48V) 

HB-23705 c 4 8  - 48 - - 34 1 9 . 3  

-
...... 

t Collector of Q7 only for the HB-20835- 10 module. 

TEST POINT 

Hi Reg 24VDC 

Lo Reg 1 2VDC 

Non Reg 34VDC 

Out . 1 2VAC 

c .046VAC 

IN .039VAC 

Disc . Out-Equal 
and opposite VDC 
at guard and trip 

In .0 1VAC 

OUT 1 . 2VDC 

v 5 . 0VAC 

Hi Reg 24VDC 

Lo Reg 1 2VDC 

Non Reg 34VDC 

-t -< , 
m 
-t 
,.. ' -

d 
z 
m 
,.. Cll Cll m 
3:: CIJ r­
-< 

. r 
.... 
T" oO 0. � 
... 
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TA-l TONES 

t::. 
t::. • SHIELDED CABLE 

NOTE I THESE CONNECT I O NS AS SUME A PI LOT-WIRE Zo"'='600 � 
NOTE 2 C OMPLETED CABLE F IELD TEST VOLTA GE OF I O K V  D.C. FO R 1 0  M INUTE S FROM 

E ACH C ON DUCTOR TO A L L  O TH ER CONDUCTOR S  A ND S HEATH . SHIE LDIN G 

fACTO R  OF 50% OR L E SS. E ACH PAI R  TWISTE D  SEPARATELY. GROU N D  S HEAT H 
TO STATION MAT A T  BOTH ENOS AND TO REMOT E GROUND A T  E A C H  SPLI C E  
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TYP E TA� TONE ASSEM8LY ______________________________________________ �•·=L.�4�1�-9�61=3 

Stl�E. 

s� 
TRANSF. 

IJffiTllf 

STATION 
Gi;O. 
MAT 

t::. • SHIELDED CABLE 

TO 
OTHER 
POWER 

STATION 

� Tf-IESE CONNECTIONS ASSUME A PILOT-WIRE Ze •  600!1. 

377H DRAINAGE REACT'.)R AND CARBON BLOCK h4AY 
REPLACE S#248A691G02 ASSEMBLY CONNE.CT 3 7 7 H  
SAME AS A T  TELEPHONE CENTRAL OFFICE 

( Q )  wSE WH[q[ INCUCED VOLTAGE MAY EXCEED 700 VOLTS . USE ONLY WHERE STATION 
AND CENTRAL OFFICE GROUNDS ARE INTERCONNECTED VIA WATER - SYSTEM PIPES 

� 
NEUTRALIZING TRANSF. I "'/ CARBON 

f BLOCI< 

TO 

P!!OTECTOfll 11f;1· CENTRAc ��:r��N 

= ) I ;�. L 
>< 

6 • SHIELDED CABLE REMOTE 
GROUND 

OFFICE 
GROUND 

... OTE I THESE CON"-!ECTIONS ASSUME A PILOT- WIRE i o '  600 1l. 

( b) LSE WHERE STATION AND CENTRAL CFFICE GROUNDS ARE NOT INTERCONNECTED 

VIA WATER SYSTEM PIPES . DO NOT USE IF INDUCED VOLTAGE MAY EXCEED 

.... 
MAT 

TOO VOLT S .  

/:l• SHI[ L.D£0  CA8LE REMOTE """*"' 
(C) USE WI£RE O<OUCED 'Jill.TAG£ MAY EXCEED 700 'JOLTS AND WHERE THE 

STATION AND CENTRAL OffiCE GROUNDS ARE .J!rr. INTERCONNECTED VIA 

WATER SYSTEM PIP£5 . 

TO 
OTHER 
POWER 
STATION 

THESE CONNECTIONS ASSUME A PILOT· WIRE lo"Y 6001\ 

377H DRAINAG£ REACTOR AND CARBON BLOCK MAY REPLACE Sft248A69tGOZ ASSEMBLY CONNECT 377 H 
SAME AS AT TELEPHONE CENTRAL OFFICE . 

. 407C9321 
Fig. 12 - Recommenclecl Connections ancl Protective Arrangements for leased Cable for Two Terminal L in es. 
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TYP E  TA-l TOHE ASSEMBLY ______________________________________________ �L�L�- �4�1-9�6��3 

Hl 

187A995 
Fig. 14 Isolating Transformer 187 A 9 95HO l. 

PROV I S I ON FOR MOUNT I NG KX6�2 
PROTE CT ! VE TUBE 

K2 H3 

ARROWS I ND I CATE RELA T I VE I N STANTA NEOUS D I RECT I ON OF I ND UC E D  VOLTAGES .  

GRO . 

Fig. 15 Drainage R eactor Connections. 

247A775 
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TYP E TA-1 TONE ASSEMBLY
----------------------

22 

//Y..5TRtXT/O/v' 
PL/tTE 

1 I 

JOi 
-3#: � � -� t I 

j-1"' ..,.... '-1-' I 
l I I I r---1 

soc�2 
I I 
I I 
I I I(X 642 
I I PROTeCT/liE 
I I Tl/8£ � � I I I 
I I 
I I I I I I I 

2L -2'5 I I -APP�O.X. /VT.-4() LB.S. 

THIS OUTLINE CAN BE USED FOR ERECTION OR 
MOUNTING PURPOSES. IT IS NOT TO BE RE­
GARDED AS INDICATING THE EXACT DETAILS OF. 
CONSTRUCTION. 

Fig. 16 Drainage Reactor Outline. 
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TYPE TA- 1 TON E ASSEMBLY _________________________________________________ �I�.L�· �4�1-9�6=��3 

RFL PART NO. , 
HB-57 100 

TAB L E  OF EL ECTRICAL P ARTS 

NAME O F  P ART AN D DESCRIPTION 

H B-1 7845·2 FS TRANSMITTER 

TRANSMITTER FILTER & TUNED CIRCUIT, 1 70 Hz bandwidth, 
340 Hz spacing. 

H-1007-439 C AP ACITOR, tantalum: 33  fL F, lOV. 

H-1007-4 39 CAPACITOR, tantalum: 15 fL F ,  25V. 

HA-13579 CAPACITOR, ceramic: 0.47 f.L F,  25 V DC +80%. -20%. 

H-1080·245 CAPACITOR, silver mica: .OO l f.L  F ±5%. 

H-1009·620 RESISTOR, fixed comp: 1 5  K, ±10%, Yz w. 

H-1009-429 RESISTOR, fixed: comp; 1 K ,  ± 10%, Yz w. 

H-1009-442 RESISTOR,  fixed: comp; 47 K,  ±10%, Yz w. 

H-1009-530 RESISTOR, fixed: comp; 5.6 K,  ±10%,  Yz w.  

H-1009-446 RESISTOR, fixed: comp; 1 .8 K,  ± 10% : Yz w. 

H-1009·607 RESISTOR, fixed: comp; 180 ohms ± 10%, Yz w. 

H-1009·408 RESISTOR, fixed: comp; 15 K ± 10%, Yz w. 

H-1009-442 RESISTOR,  fixed ; comp; 57 K,  ±10%, Yz w.  

H- 1009-4 19 RESISTOR, fixed; comp; 3 . 3K, ± 10%, Yz w.  

H-1009-6 39 RESISTOR, fixed: comp; 18 K, ± 10%, Yz w. 

H- 1009·640 RESISTOR, fixed: comp; 6 .8 K, ± 10%, Yz w.  

HA- 1 3573 RESISTOR, variable;  500 ohms,  0 1 25V:  linear tap.er, std.  l ength 
shaft 1/8" beyond mtg. surface; ear mounted, screwdriver adj . 
printed circuit board. 

H-1009·473 RESISTOR, fixed: comp; 680 ohms,  ±10%, Yz w. 

H- 1009·39 1 RESISTOR, fixed: comp; 10 K ,  ± 10%, '!z w .  

HA-14594 

HA-3 167 

HA-3 166 

HA-1 7 1 1 3  

HA-3 165 

HB-53900 

RESISTOR, variable; 250 K ohm s, 0. 2 W bd. taper; 1/8" screw­
driver shaft; printed circuit; ear mounted . 

TRANSISTOR: typ e PNP ; 2N1 4 1 4 .  

TRANSISTOR: typ e  P N P ;  2N 1 4 1 5 . 

TRANSISTOR: typ e NPN, silicon; T1493 . 

DIODE, silicon: SG22 (Stabistor). 

HB-1 6527 FS R EC E I V E R  

BAND-PASS FILTER & DISCRIMINATOR. 

HA-13579 CAPACITOR, ceramic : 0 .47 pF, 25 V DC +80%, -20%. 

H-1007·479 CAPACITOR, tantalum: 6 .8 f.L F,  25 V.  

H-1007-4 39 CAPACITOR, tantalum: 15 f.L F, 25 V .  

H-1007·92 CAPACITOR, ceramic disc: .0047 fL F, 600 V.  

H-1007·403 CAPACITOR, solid electrolytic tantalex : 6 . 8J.LF,  ±20%, 35 W VDC . 

HA-13576 CHOKE: 1 H .  

DI AGRAM SYMBOL 

C l ,  2, 3, & 5 

C7 

C4 

C6 

R l  

R 1 6  

R 3  

R4 

R5 

R6 

R7 

R8 

R9 

RIO  

R l l  

R 1 2  

R l 3  

R 1 4 ,  1 5  

R 17 

Ql 

Q2 

Q3 , Q4 

CRl , CR2 

C5, C6,  C4 

C l ,  C2 

C3, C7 , C8 

C9 

C l O ,  C l l  

L 1 
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TY P E TA- 1 TON E ASSEMB LY __________________________________________________ _ 

TAB L E  OF EL ECTRICAL PARTS 

RFL P ART NO. NAME O F  P ART AND D ESCRIPTION DIAGRAM SYMBOL 

H B- 1 6527 FS R EC E I V E R  (Continued) 

HA-1027 1  DIODE. silicon. CRl l .  CR1 2 

HA-13242  DIODE, germ anium. CR 1 . 2 . 3 ,4 , 5 ,6,  
CR 7 ,8 ,9 , 10 , 1 3 , 1 4  

H-1009-39 1 RESISTOR, fixed: camp ; 10 K ± 10%, Yz w.  R37 

H- 1009-429 RESISTOR,  fixed: camp ; 1 K ± 10%, 1/2 w. R26, 27 & 3 

H-1 009-434 RESISTOR, fixed; camp: 2. 2K ± 10%, Vz w.  R8 

H-1009-497 RESISTOR,  fixed: camp; 330 ohms,  ±10%, Yz w. R l 6  

H-1 009-530 RESISTOR , fixed: camp; 5.6 K,  ± 10%, 1/z w. R6 

H-1 009-54 1  RESISTOR, fixed: camp; 2 .7K,  ± 10%, 1/2 w .  R l O .  R5 

H-1009-544 RESISTOR, fixed: camp ; 220 ohms, ± 10%, Vz w. R l 1 , 7 , 14 

H-1009-598 RESISTOR , fixed: camp ; 27 K,  ± 10%, Vz w. R4 
i 

H-1009-608 RESISTOR. fixed: camp ; 820 ohms,  ± 1 0% . 1/2 w. R 1 3  

H- 1009-640 RESISTOR, fixed: camp; 6 . 8  K, ±10%. Vz w. R23 , 30 ,3 1 , 32 

H-1009-697 RESISTOR, fixed: camp; 6.2 K,  ±5%. 1/z w.  R24, 25 

H-1009-665 RESISTOR, fixed: camp; 1 20 ohms, ± 1 0%, Vz w. R1 , R9 . R l 7  

H-1009-249  RESISTOR. fixed: camp ; 56 ohms ,  ± 10% . Vz w.  R l 2 ,  Rl5  

HA- 1 3573 RESISTOR,  v ariable: 500 ohms,  0. 1 25 W; standard length shaft R2 I 
1/8" b eyond mounting surface;  screwdriver adj . for PC board; 
taper bd; terminals  are to be at right angles to shaft. 

HA-1459 3  RESISTOR, v ariable: 1000 ohm s, 0 . 25 W;  linear taper; standard R22 
length shaft 1/8" beyond mounting surfac e ;  screwdriver adj . for 
PC board; terminal s  are to be at right angles to shaft. 

HA- 1 4643 RESISTOR. v ariable: 500 ohms,  0 .  25 w; linear taper; standard R20 
length shaft 1/8" beyond mtg. surfac e; screwdriver adj . for 
PC board; terminals are to be at right angles to shaft. I 

prim ary impedance ohms 2000 CT; secondary T 1  
I 

HA-3 175 TRANSFORMER: 
I 

imp edance ohms 8000 CT ; 1 50 MW 0/ A. 

HA- 13575 TRANSFORMER T2 

HA- 1 3806 TRANSISTOR: NPN . germ anium 2N 169A . Q5, Q6 

HA-3 167 TRANSISTOR: PNP, germanium 2N l 4 1 4 .  Q l .  Q l  

HA- 1 7 1 17 TRANSISTOR: PNP , germanium; 2N 1375. Q4 .  7 . 8 &: 3 

HA- 1 6523 Guard R el ay 

HA-165 24 Trip Relay 
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TYPE TA- l TON E ASSEMBLY ____ �-----------------------------------=�1-�L-�4�1 -�96�3-�3 

RFL p ART NO. I 
HA- 13572 

H-1009-X 

H-1009-X 

H-1009-X 

H- 1007-5 1 1  

H- 1007-656 

H-1007·653 

HA-243 25 

HA-24087 

HA-25567 

HA-22678 

HA-3 175 

HB-56500-X 

HA- 1 39 13 

H-1009-431  

HA-13588 

H-1009·530 

HA-3175 

HA-3 166 

HA-31 67 

HA-13806 

&1009-766 

H-1009·362 

H-1009·39 

HA- 23 650 

H-1 100·499 

H-1 100·498 

H-1007-635 

H-1007·209 

H-1007-636 

H-1007-637 

H-1007-638 

HA-17995 

HA-1 29 20 

H-23663 

HA- 1799 2 

TABL E O F  EL ECTRICAL PARTS 

NAM1t O F  P ART AND D ESCRIPTION 

H B-24030 RECEI V E R  MODULE W/0 F I LT E R  

RESISTOR, variable: camp . 5 K  . 25 watt "A" t ap er CTS PE200 

RESISTOR, fixed camp. :  ±5% ¥.t watt, values as shown in Figure 2 .  

RESISTOR. fixed camp . :  ± 10% Yz watt, values as shown in Figure 2.  

RESISTOR. fixed camp. :  ±5% ¥.t watt, values as shown in Figure 2.  

CAPACITOR, t antalum: . 47f1F ±10% 35V Texas Inst. SCM474FP035D2 

CAPACITOR, t antalum: 22 f1F ±20% 15V Texas Inst. SCM 226BP0 1 5D4 

CAPACITOR, tantalum: 33 f1F ±20% 10V Texas Inst. SCM336BPO 10D4 

DIODE, silicon: 1 N9 1 4  250 m W Texas Inst. or G .E. 

TRANSISTOR ,  silicon: P NP BVCEO 40V 2N3905·1 8  Motorola 

TRANSISTOR, silicon: NPN BVCEO 40 V 2N3403-18 Motorola 

TRANSISTOR, silicon: NPN 2N2 10 2  RCA 

TRANSFORMER, CT8K:  2K CT 

TEST JACKS, Sealectro Corp . SKT-10 

BAND P ASS FILTER ( State fre quency required) 

RESISTOR, fixed, camp : 8. 2K, ± 10%, Yz w.  

RESISTOR, fixed, camp: 270 ohms, ± 1 0%. Yz w.  

RESISTOR, variable: 2.5K, 0 . 25 W, stand. length shaft 1/8" 
beyond mtg.  surface; linear t aper; screwdriver adjust. 

RESISTOR,  fixed, camp: 5.6K, ± 10%, Yz w. 

TRANSFORMER: primary impedance ohms 2000 CT; sec. 
impedance ohms 800 CT; 150 mv 0/ A 1 x % x % .  

TRANSISTOR:  type PNP ( 2  req.) 2N14 1 5. 

TRANSISTOR: type PNP 2N 14 1 4 .  

TRANSISTOR: NPN 2N 169A. 

DIAGRAM SYMBOL 

R1 

R2-R21 

R22, R23 

R24, R26 

C l ,  C2,  C5, C8 , C9 

C4 

C3, C6, C7 

CR1-CR5 

Ql-Q3 

Q4 . Q5 

Q6 

T1 

R18 

R19 

R20 

R22 

T1 

Q1 , Q2 

Q3 

Q4 

H B-23660 DC TO DC CONV E R T E R  AND VOLTAG E R E GU LATOR ( For 1 25V) 

RESISTOR, camp. : 220 ± 10%, ¥.t watt. 

RESISTOR, camp. :  330 ± 5%, Yz watt. 

RESISTOR, camp. :  39000 ± 5%, 1 watt. 

RESISTOR, WW: 100 ± 3%, 10 watt, D ale Elect . ,  RH lO. 

RESISTOR, WW: 560 ± 5%, 5 w att, O hmite 995-5B. 

RESISTOR, WW: 350 ± 5%, 5 watt, O hmite 995-5B. 

CAPACITOR, elect. : 50f1F •  1 50WVDC, cornell Dub .  BR50-150 . 

CAPACITOR, elect. : 100f1F, 50 WVDC, cornell Dub . ,  BR100-50 . 

CAPACITOR, elect. :  250[1F, 25 WVDC, cornell Dub. BR250-25 . 

CAPACITOR, met. p aper: . 0 22f1F, 400 WVDC, Cornell Dub . ,  MPY-4S22. 

CAPACITOR, mylar, . 0 22f1F, 600 WVDC, Cornell Dub. P KM-6S22. 

DIODE, silicon: 200 PIV,  1 Amp . , Diodes Inc. , SD-2.  

DIODE; Zener: 1 2 V  ± 5%, Diodes Inc. , 1D 1 2B .  

TRANSISTOR, silicon: NPN, 'J!0-66,  Motorola 2N3739. 

TRANSISTOR. germanium: PNP , T0-3, RCA 2N2869/ 2N30 1 .  

R6 

R2 

R 1  

R5 

R7 

R8 

Cl 

C4, C5,  C7 

C6 

C2 

C3 

CR1-CR8 

CR9 , CR10 , CR1 1 

Q l ,  Q2 

Q3. Q4 

25 
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TYPE TA- l TON E ASSEMBLY ________________________________________________ _ 

TABL E OF EL ECTRICAL PARTS 
RFL P ART NO. NAME O F  P ART AND DESCRIPTION DIAGRAM SYMBOL 

HB-23660 DC TO DC CONVERTER AND VOLTAGE R EGULATOR (FOR 1 25V) (Continued) 
HB-23664 

HA-1 7505 

HA- 1439 2 

HA- 1 3554 

HA-18538 

HA-21848 

HA-230 1 8  

HB-23659 

HA- 1 7 1 59 

Saturable Core transformer. 

Light , Indicator: 10 V @  .0 14A, Dialco #39- 10-9 3 1 .  

Fuse, 3 AG, . 1 5  Amp. SLO-BLOW, Fusetron MDL . 

Switch, push button, L eviton It 579. 

Sealectro Corp . ,  SKT-10.  

Transistor socket, T0-3, Augat Bro s . ,  8043-1G3 . 

Transistor socket, T0-66 , U.I.D.  Electronics, PTS-4 . 

Heat sink, 2 T0-66 Transistors. 

H eat sink, 2 T0-3 Transistors and resistor. 

M I S C E L L A N E O U S  

CAPACITOR: Pl astic , 0.5,U F,  2000 WVDC, used on chassis 

Tl 
1 1  
Fl 

Sl 
T est Jacks 

H B-23705 DC TO DC CONVERTER AN D VOLTAGE R E GULATOR ( For 48V) 

H-1009-766 

H-1009-7 1 3  

H-1 100-460 

HA-23709 

H-1 1 00-499 

H-1 100-498 

H-1007-395 

H-1007-209 

Hd007-636 

H-1007-674 

H-1007·638 

HA-17995 

HA-1 29 20 

HA- 21 847 

HA- 1 79 9 2  

HB-23704 

HA-17505 

HA-23708 

HA-13554 

HA-1 8538 

HA-21 848 

HA-230 1 8  

HB-23659 

RESISTOR,  comp . :  220 ± 10%, 14 watt. 

RESISTOR .  comp. :  24 ± 5%, liz watt. 

RESISTOR, WW: 500 0 ± 5%, 3 '4 watt, Ohmite 995-3A. 

RESISTOR,  WW: 50 ± 3%, 10 watt, D ale  Elect . ,  RH 10 . 

RESISTOR. WW: 560 ± 5%, 5 watt, Ohmite 995-5B. 

RESISTOR, WW: 350 ± 5%, 5 watt, Ohmite 995-5B . 

CAPACITOR, elect. : 80,uF, 1 50 WVDC, Cornell Dub. ,  BR80- 150 . 

CAPACITOR, elect. :  100,uF ,  50 WVDC, Cornell Dub. BR100-50 . 

CAPACITOR, elect. :  250 ,uF , 25 WVDC , cornell Dub. BR250-25 . 

CAPACITOR, met. p aper: .047,uF. 200 \WDC , Cornell Dub. MPY-2847 .  

CAP ACITOR, mylar, .022,uF. 600 WVDC, Cornell Dub. PKM-6S22. 

DIODE, silicon: 200 PIV, 1 Amp . ,  Diodes Inc . ,  SD-2 .  

DIODE,  Zener: 1 2  V ± 5%, Diodes Inc. , 1 D 1 2B .  

TRANSISTOR, silicon: NPN, T0-66, RCA, 2N3583.  

TRANSISTOR, germanium: PNP , T0-3 RCA 2N2869/ 2N30 1 .  

TRANSFORMER, saturable core. 

LIGHT, INDICATOR: 10 V @  . 0 1 4 A, Dialco It 39-10-9 3 1 .  

FUSE, 3 AG, .300 Amp. SLO-BLOW, Fusetron MDL. 

SWITCH, push button, L eviton It 579.  

Sealectro Corp . SKT-10 . 

Transistor socket, T0-3 , Augat Bros . ,  8043-IG3 . 

Transistor socket, T0-66 , U.I.D .  Electronics, PTS-4 . 

H eat sink, 2 T0-66 Transi stors. 

Heat sink, 2 T0-3 Transistors and resistors. 

R6 
R3, R4 

R1 

R5 

R7 

R8 

C 1  

C4 , C5, C7 

C6 

C2 

C3 

CR1; CR8 ,  CR1 2 

CR9 . CRIO ,  CRl l 

Q l , Q2 

Q3.  Q4 

Tl 
1 1  

Fl  

Sl  

Test  J acks 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY· I fll !iTR U M E NT D IVI S I O N  N EWAR K, N .  J. 
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INSTALLATION • 

Westinghouse I . L . 4 1 -963 .2B 

OPERATION • MAINTENANCE 

INSTRUCTI O N S  
TYPE TA-3 FREQUENCY-SHIFT AUDIO TONES 

C A U T  I 0 N :  It is rec ommended t hat the user of this 
equip ment b ecome t horoug hly familiar with the 
information in t hi s  i nstruction l eaflet before e ner­
gizing the t one assemb ly . Fai lure t o  ob serve t his 
precaution may result in damag e  t o  t he equipment . 

If t he tone assembly is mount ed in a c abinet , it 
must b e  bolted down to the floor or otherwise se­
cured before swinging out the equipment r ac k  to 
prevent its tipping over . 

C heck polarity of b att ery supply c onnections 
b efore applying power to t he equi pme nt .  

A P P L I C A T I O N  

T he Type TA-3 tones are of the high-speed 
frequency-shift type and are avai lable  i n  two band­
widths : 1 70 Hz and 340 H z .  These tones hav e  been 
desig ned for  use with  transfer-trip relaying systems , 
either solid-state or electrom echanical.  The TA-3 
tones ar e suitable for use on a pilot-wire pair , or 
they may b e  multiplexed on a microw av e  or single­
side-band carrier c hannel .  

Transfer-tr ip  relaying syst em applications ar e 
classified as direct or pe rmi ssive transfer trip . A 
system which allows the tone rec eiv er to trip direct­
ly , e ither with an output relay or t hrough a solid­
stat e  auxiliary such as t he STU-9 2 , is  c onsidered a 
direct trip system . Direct trip syst ems ar e usually 
applied t o  transformer prot ection and shunt reactor 
protection , where no high side br eaker exists and a 
remote breaker must be tripped to c lear a fault . 
Another common application of direct trip syst e ms 
on EHV circuits has been transfer trip for breaker 
failure protectio n .  The dir ect trip syst ems c an use 
either b andwidth TA-3 tone . The permissive type 
relaying syst ems are applied for line protection.  In  
these systems the tones may trip a circuit breaker 
only if a local fault detecting relay has operated . 
For protection of EHV lines with hi gh-speed br eak­
er s ,  t he 3 4 0-Hz bandwidth TA-3 s hould b e  applied . 

A receiver with a guard and trip output should 

SUPE RSEDES I . L .  41 -963 .2A 
*Denotes cha nge from superseded i ssue . 

>f. be used to drive two HG re lays which drive two AR 
relays for use with electromechanical relaying 

syst e m s ,  and the receiver with only t he trip output 

should b e  used with solid -state re laying systems . 

SECU R I TY MEASU RES 

T he TA-3 tone syst e m  has been specially de­
signed to obt ai n  maximum security against nois e .  
The TA-3 t akes advantage of t h e  i nher e nt noise 
rej ection c haract eristics of a fr equency-shift r e­
ceiver so t hat t he relaying can b e  depend ed upon t o  
trip w h e n  needed . T h e  t o n e  r ec eiver is expected t o  
operat e  with a minimum in-band sig nal-t o-noi s e  
ratio of 9 db . Sinc e a n  i ncr eased noise level on the 
pilot wir e  may oft en be concurrent with a trip re­
qu est , the noise clamps ar e adj ust ed at a level 
based on the ab ove minimum signal-to-noise ratio  t o  
avoid unnec essary clamping of t h e  r ec e iver . 

The system provides a 3 00- 1 000 Hz b and-pass 
filt er and receiver to samp l e  the r andom noise level 
of the pi lot channe l .  This rec eiver will  protect 
against false t ripping due to r andom nois e .  In  con­
j unction with t he band-pass filter there is a line 
lev e l  monitoring syst em w hich samples the t ot al 
fr eque ncy spectrum of the channel ,  and is set to 
operat e  for an overall increase of e nergy on the 
pilot c hanne l .  This monitoring feature will  protect 
against false t rips due t o  impulse noise which may 
have e nergy concentrat ed ab out fr equencies not 
seen by t he 300-1 000 Hz noise filter . When noise 
has c aused t he b locking of a receiver , the drop- out 
of t he b locking is delayed by 1 0  msec . to ov erride 

the receiver response time . 

Also av ai lable  as an option is a fr equency 
translation protection circuit . This is  applied to 
prot ect against t one frequency v ariations c aused by 
a pilot c arrier freque ncy s hift . 

PI LOT WI RE DESI GN 

In applying a t one syst e m  for protection , the 
user and t he cooperating te lephone c ompany should 
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TY PE TA-3 FREQU ENCY - SH I FT AUDIO TONES--------------------

2 .  Receiver Line Level and
-

N oise Supervisory 
Module HB25 1 5 0  (Fig.  1 9 )  

T his module c onsists of  two receivers ( s e e  
Figure 1 9  ) .  O n e  of  them u s e s  t he output from 
the noise filter module for t he Noise Super­
visory function.  The line level  receiver uses 
the ; entire t one b and t o  supervise the t ot al 
in-band level  of noise (this includes the 
frequencies used for protective line relaying ) .  

An abnormal s ig nal o f  s ufficient strength on 
either of the receiv ers will  cause an output 
on the line leve l and noise s upervisory mod­
ules which will  block t he receiver trip out­
put on the tone rec eiver and give an indica­
tion on the front pane l .  

E. 425-H z  TRANSMITTER H B2 1050-2 ( Fi g. 20} 
(Some systems  use 595 H z} 

NOTE: One of these unit s is needed for each 
telephone pair when used . This transmitter is to 

be used in conjunction with HB5 5 1 83 notch 
filter. Its function is to block the end through 
the noise supervisory module when there is fre­
quency deterioration between the transmitter and 

the receivers in a telephone line . It consists of  
a 4 2 5 -Hz freque ncy-shift trans mitter with an 
output filter .  

F.  OU T PUT RELAYS 

Merc ury relays or type AR re lays may be used 
for t he o utputs of t his equipment . E xcept for the 
AR , these re lays are mounted on the b ac k  of t he 
chas sis in the p ositi on shown on Figure 2 1 .  The 
AR relay is  d escribed i n  separate instructions . 

G. L I NE TERMI NAT ION MODULE H B25 140 
( Fi g ure 22} 

This module is to be used when the application 
of the equipment c alls for transmitters without 
any output filters.  This m odule c onsists of two 
hybrid transformers and associated res istors 
used for multiplexing t one channels on a sing le 
telep hone line or pi lot pair . 

H. HY B IRD  FOR TWO WIRE TERMI NAT ION 
H B353 15 ( F igure 23} 

4 

This module is used for applications requiring 
j ust two wire terminat ion for both trans mitter 
and receivers . It is used to isolate the local 
transmitter from the receiver when a single line 

pair is used.  It cont ains plug in jumpers for 
s electing capacitor values for matching tele­
phone line characteristics along with adjustable 
resistor R 1 . It als o  contains plug in j umpers for 

selecting termination impedanc e of either 600 
ohms or 900 o hm s .  

O P E R A T I O N 

Under normal c onditions , the tone transmitter is 
set to operat e  at the specified frequency for guard.  
This frequency is  ab ove the c hannel center frequen­
cy . D uring fault conditions , the transmitter may b e  
keyed t o  a specified frequency below the center 
frequency. Thi s causes a trip output from t he re­
ceiver termi nal . 

A. POWER SU P P LY MODU LES 
(See F igures 5 and 6 for I nterna l Schemat i c s} 

Converter ( Fi g .  5} 

T he d-e to d -e converter cont ains a sat urable 
c ore type multi-vibrator w ith Q 1  and Q2 acting 
as sw itc hing transistors for transfor mer T1 i n  
series with t he applied battery v oltag e .  Starting 
current is  app lied throug h R1 and oscillat ions 
are maintained at a nominal 500 Hz by the drive 
from the fe edback windings i n  the b as e  circuit . 
Capacitor C 1  provides the high-surge c urrent 
w hich occurs d uring the switching i nt erval as 
t he mag netic field of T1 r everses and Q1 and 
Q2 change their c onducting state s .  C apacitor 
C1 and the 6 . 3 8-mHy c hok e provide a low- pass 
filter s ection to reduc e high-voltage transients 
on the battery bus for prot ection of trans istors 
Ql and Q2 . Oscillator switc hing transients are 
attenuated by R5 and C 2 .  Two secondary wind­
ings on Tl feed the bridge rectifier c ircuit s ,  
CRl thr oug h CR8 ,  to d ev elop separate p ositive 
and negative output v oltag e s .  

Regu lator (F ig .  6 }  

Polar output v o ltages from t he d -e to d - e  c on­
verter are applied to t he V o lt age Regulat or 
HB 25 2 1 0 .  Transistor Q3 is the series regulating 
element for t he positive v oltage input . Resistors 
R6 , R7 , and R8 c omprise a voltage divider across 

t he emitter-follower o utput . A portion of this 
output voltage is  fed b ack t o  the base of Q l  
and co mpared with a reference v o ltage across 
the zener diode CR l in the emitter c ircuit . The 
difference voltag e  across the base-e mitter 
j unction of Ql controls t he collect or current 
through load re sistor R l . The voltage drop across 
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R 1  i s  coupled by emitter follower Q2 to the base 
of Q3 . Any change i n  the output voltage at the 
emitter of Q3 i s  opposed by a change i n  base 
voltage as a result of the c ontrolli ng current 
flow in R 1 . The feedback voltage from the 
vo ltage divider circ uit is mad e  variable  by 
resist or R7 to permit accurate setting of the 
output voltag e  lev e l .  Transist ors Q4 , Q5 and 
Q6 pr ovide a simi lar regulator circuit for the 
negative voltage output . 

The regulation indicat or c ircuit is e s s e ntially a 
bridge connected across the p os itiv e and n e ga­
tive output termi nals of the polar power supply , 
a span of 36 volts.  One leg of the bridge i s  the 
1 8-volt zener diode CR3 . The output leg of the 
bridge is between the zener diode and the c enter 
arm of potenti ometer R 1 9 . R 1 9  is  adju sted for a 
zero-volt output , or balanc e ,  at a total pow er­
supply output of 36 volts . A c hange i n  power 
supply l evel  after balance adj ustment w i ll 
produce a ± voltage chang e  at the bridge output . 
Thi s  i s  det ected by a complement ary Schmitt 
trigg er circuit consi sting of  Q7 , Q8 , Q1 0 ,  and 
Q l l .  At balanc e ,  Q7 and Q l O  are b oth cut off, 
and transi stors Q9 and Q 1 2  are two closed 
switches in s eries to e nergize the  i ndicating 
lamp plus a remote relay . An increase in one or 
both of the supply output v olt ag es will  c ause 
Q7 to conduct , and a decrease i n  one or b oth 
voltages will cause Q l O  to conduct . Conduction 
of e ither Q7 or Q l O  will open the associated 
series switching transistor , and the lamp and 
re lay will be de-energize d .  

B .  FREQUENCY SH I FT TRANSMI TTER 

1 .  F . S .  Oscillator and Keyer HB25 1 1 0  ( For 1 7 0  
Hz Bandwidth) (Block D iagram F i g .  7 )  

With reference t o  the sche matic d i agram i n  
Fig . 8 ,  the oscillator i s  a multivibrat or type 
consisting of Ql and Q2 with an LC c ircuit 
collector to co lle ctor , tuned to the guard 
fre quency.  The frequency shifting capac itor , 
CT,  i s  connected acr oss a coupling winding 
on the tank circuit by switching transistors 
Q5 and Q6 . For k eying v oltages below the 
trip leve l ,  Q5 and Q6 will pres e nt high col­
l ector i mpedances in  seri e s  with CT effect­
ively removing it fr om t he c ircuit , and a 
guard frequency will be ge nerated .  When the 
k eying voltage exceeds the trip lev e l ,  Q5 
and Q6 will  saturate and c onnect CT across 
the oscillator causing a shift to the trip 

fr equency . The o scillator output is taken 
from the level control R24 across a winding 
on the oscillator c oil . 

In the k eying c ircuit , Q3 and Q4 comprise a 
Schmitt trigger .  The trigger circuit i s  e ner­
gized by the voltage acr oss R2 when k eying 
curre nt flows .  The input t o  the base of Q3 
is through zener d i ode CR2 .  For v oltag e s  
below t h e  zener v o ltag e ,  Q 3  i s  cut off and 
Q4 conduct s ;  current cannot flow through 
c ou pling diodes CR3 and CR4 to the bases 

of sw itching transi stors Q5 and Q6 , and CT 
is not connected ac ros s  the osci llator . When 
the zener v oltage is  exc eeded , the Sc hmitt 
trigger action causes Q4 to be cut off ,  and 
current f lows through CR3 and CR4 to clamp 
the sw itching trans istors and g e nerate a trip 
fr eque ncy . Keying c ircuit characteristics 
are shown in F igur e 24 . 

2 .  Transmitt er Amplifier HB252 20 ( F i g .  1 0) ( For 
1 70 Hz Bandwidth) 

With referenc e  to the schematic diagram of 
Figure 1 0 , amplifiers Q2 and Q3 are an emitter­
coupled pair with push-pull collect or output . 
Load coupling to the collectors is throug h 
the optional plug-in as semb lies , multiplexing 
filter HB6 2 600 or transfor mer HB5 5 207 . 
Signals from the HB 25 1 1  0 F-S oscillator are 
amplifi ed by Q1 and app lied to t he base of 
Q2 , the i nput to the push-pull amplifi er .  The 
GAIN control R2 can be set to m aximum , and 
t he channel level adj ustments can be ob­
tained using t he LEVEL control on the os­
cillator module . 

'i- 3 .  F . S . Oscillator and Keyer HB25 1 1 0-3 (For 
340 Hz Bandwidth) (See F i g .  9 )  

This is  simi lar to the F . S .  Oscillator and 
Keyer HB25 l l  0 above except for the addition 
of modulator transistors Q8 and Q9 for mixing 
the fre quency of the B . F . O .  with the fre­
quency of the frequency shift oscillator.  The 

frequency fro m  the beat fre quency osci llator 

i s  1 0 KHz and is used t o  amplitude modulate 

the fre quency of the fre quency shift oscil­
lator which in this case is 10 KHz plus the 
t on e  fre quency ( guard or tr ip) .  This amplitude 

modulat ion produc e s  both the sum and dif­

ference frequencies of the two frequenc i e s  

which are fed to t h e  transmitter amplifier 
HB33 3 7 5 . 
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4 .  Transmitter Amplifier HB33375 ( For 340 Hz 
B andwidth) (See Fig .  1 1 ) 

This is similar to the Transmitter Amplifier 
HB2 5 2 2 0  above except for the addition of the 

beat fre que ncy oscillator composed of tran ­
sistors Q4 and Q5 , inductor LO , t uned 
transformer LT , capacitors C6, C7, C S ,  C 9 ,  
C 1 0 ,  C l l ,  and C 1 2  and resistors R 1 2 ,  R 1 3 ,  
R 14 ;  R 1 5 ,  R 1 6 ,  R 1 7 ,  R 1 8 ,  R 1 9 ,  R20 ,  R2 1 ,  
and R22 " The oscillator stage includes tran­

sistor Q4 and a tuned LC tank c ircuit . 
Oscillations from the tuned circuit are 
coupled to the base of Q4 by capac itor C S .  
Feedback from t h e  collect or of Q4 t o  t h e  
tuned c ircuit i s  through resistor R 1 2 .  

Voltage from the tank circuit is also coupled 

to the base o f  Q5 which operates as a class 
A output amplifier . The tuned transformer LT 

in the collector circuit has a cente r-t apped 
output winding for applying the s witching 
voltages t o  the base of the modulating 
transistors QS and Q9 of the FS Osc illator 

modul e .  The fre quency of the BF Os cillator 
in this c ase is 10 KHz. 

T he sum and d ifference fre quencies of the 
BFQ and the FSO created in the FS Oscil­

l ator module HB25 1 1 0 -3 by the modulator 
transistors QS and Q9 are fed back to this 
transmitter amplifier and amplified .  The 
transmitter filter HB62600 must be used for 
coupling t o  the l ine so that the sum fr e ­

quency w i l l  be rejected and only the dif­
ference frequency will be put, on the lin e .  

C. REC E I V E R  MODU L E S  
( B l ock D iagram F igure 1 2 )  

6 

1 .  Rec e iver Input Filter HB63 1 00 (Fig . 1 3 )  

This filter is  provided so that only the 
specified c hanne l frequency c omes into each 
receiver . 

2 .  R eceiver Limiter and Signal Supervis ory 
HB25 1 6 0- 1 

Referring to Figure 1 4  for the signal super­
vis ory circuit , IC 1 is  an operational amplifier 
with a-c gain d et ermi ned essenti ally by the 
resistor netw ork R4 , R6 , and R 7. The am­
plified c arrier signal from IC1 is  c oupled by 
emitter follower Q7 to a volt age doubler 
rectifier . Output from the rectifier act uat es a 
trigger-type b lock function as follows.  

At normal c hannel level ,  QS i s  c ond ucting 
and Q9 is cut off . Q1 0 is likewise noncon­
ducting , and c apacitor C 9  i s  c harged to a 
negative pote nti al. Thi s negative voltage 
i s  coupled by e mitter follower Q1 1 t o  a trip 
blocki ng transistor i n  the d is criminator 
modul e and effectiv ely removes the bloc k .  
When t h e  signal level and rectifier output 
d ecreases , QS , Q9 , and Q1 0 reverse t heir 
conducting stat e s  i nst antly , and C 9  is  d is­
c harged through the low c ollect or re sistance 
of Q1 0.  Emitter follower Q 1 1 then applies a 
positive voltage to the trip blocking c lamp 
in the discriminator module to di sable the 
trip output c ircuit.  In order to re lease the 
clamp,  the c arrier level  must increas e  until 
QS conduct s .  C apacitor C9 then charges to 
the negative voltage t hrough R34 , resulting 
in a de lay of c lamp releas e .  Tr ans ist ors Q 1 2  
and Q 1 3  are used for output indication.  

Figure 25 shows the re gion of operation for 
the signal supervisory circ uit . The block­
rele ase operating points occ ur in the linear 
region of amplification from carrier input to 
the signal supervisory circuit input . 

For additional amplific ation and limiting , the 
output of IC 1 i s applied to a d ifferent ial am­
plifier , Q 1  and Q2. The output from Q 1  driv es 
a complement ary circuit consisting of Q3 , Q4 , 
Q5 , and Q6 . This provides a comp le mentary 
emitter follower output which with resist or 
R24 pr e sents a 600-ohm driving source for 
the d iscriminator module . 

3 .  Discriminator and D-C Amplifier Modu les 
HB2 5 1 30- 2 and HB2 5 1 7 0  (Figs.  1 5  and 1 6) 

NOTE : Eithe r module cont ains the discrim­
inator tuned circuits in the HB 62700 unit . 
(Fig . 1 7 )  

The discriminator c onsists of two separat e  
parallel res onant c ircuit s ,  tuned ab ov e and 
b elow the c hannel c enter fre quency and con­
nected in series with the carrier limiter out­
put signal. Rectified outputs fr om the tuned 
circuits are add ed algebraic ally across R1 
with respect to the c ircuit c ommon. The 
resultant polar voltages are passed t hrough 
a low-pass filter to a Schmitt trigger circuit : 
Q 1  and Q2 in module HB-2 5 1 7 0 ;  Q2 , Q3 , Q7 
and QS in module HB25 1 3 0 .  Transistors Q 1  
and Q 4  are t h e  low-signal level and noise 
clamps respectively, operated by polar voltages 
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fro m  signal and noise supervis ory circuit s .  
Q9 and Q 5  are direct-coupled drivers for the 
output amplifiers whic h are connected across 
the ± 18  volt p olar supply . 

The upper trip point for the Schmitt trigger is 
approximately 1 volt . This yields a degree of 

se curity against discriminator output voltages 

which are a function of  noise .  Figure 1 7  
shows a typical c urve for the d iscriminator 
output volt age versus frequency for a c om­
plete c hannel rec eiver including the bandpass 
filter , with sensitivity adj usted for a block 
at a 6-db decrease of  c arrier below nominal 
l ev e l .  T he curve was obtai n ed with a v ariable 
frequency oscillator at the nomi nal level .  
T h e  discontinuiti e s  o ccur as the frequency 
departs from the filter p ass band , and the 
low-lev e l  bloc king c ircuit loads the dis­
crimi nator .  The 3-db hysteresis in clamp re­
l ease is i ndicated by the dotted lines as t he 
frequ e ncy enters the filter p assb and . 

D. NOISE SUP E R VI SO RY MODUL ES 
( B l oc k  Diagram F ig. 12, I nternal Schemat i c  F ig. 
19) 

1 .  Line Leve l & Noise Supervisory Module 
HB25 1 5 0 .  

The output o f  Noise Filter HB5 5 1 8 7  o r  HB55 1 8 3  
i s  amplified by an operational amplifier I C l  with 
a g ai n  d et ermined by resistors R5 and R6 . 
Resistor Rl at the NOISE IN test point is a 
v oltage divider for applying the test signal when 
adjusting the trip block threshold for a specific 
sign al-to- noise ratio as d escribed in the set­
tings sectio n .  The i nput to the line level am­
plifier is amplified by IC2 with a gain deter­
mined by R21 and R20.  Re sistor R 1 9  is shunted 
acr oss R20 to increas e the gai n  for trip block 
threshold adj ustment . 

The outputs of ICl  and IC2 are amplified by Q l  

and Q 2  respe ctive ly. F ull -wave rectification 
for each of these noise circuits is employed with 
diodes CR7 through CRl 0 ,  acros s  a common load 
resist or R28 and capacitor C l l .  The resultant 
volt age is applied to a Schmitt trigger circuit , 
Q3 and Q4 , w hich in turn operates a trip block­

ing circuit . Figure 2 6  shows the ope rating re gion 
for thi s  c ircuit . The block and block re lease 
p oi nts are at a relatively l ow value of the maxi­
mum pos sible voltage due to rectified noise .  
Thus , C l l will delay block release for a longer 
p eriod of time aft er high-level noise burst s .  

D uring normal c ommunication c ircuit operation , 
Q4 i s  c onducting , Q5 and Q6 are cut off, and 
c ap acitor C l 2  i s  charged t o  a negative voltag e .  
E mitter follow er Q 7  d e livers this ne gative volt­
age to a c lamping transistor in eac h  of the trip 
output c ircuits of the syst e m ,  e ffectively re­
m oving t he clamp . Rectified noise app lied t o  
t h e  b a s e  of Q3 will  reverse t h e  c onducti ng 
states of these transistors instant ly . Capacitor 
C 1 2  discharg es t o  a p ositive potential through 
Q 6 ,  and emitter follow er Q7 d e liv ers a p ositiv e 
c lamping v olt age to all rec e iver trip output 
c ircuit s .  

After a bloc k ,  the b lock re lease is  d e layed by 
C l 2  which must charge to a negative p otential 
thro ug h R38 .  The delay time is approximately 
10 millise cond s .  

2 .  4 2 5 -Hz Transmitter HB2 1 05 0-2 (Fig.  2 0 )  
(Some syste m s  u s e  595  Hz) 

With referan c e  to the schematic diagram of  
Figure 2 0 ,  an LC oscillator is  employed to 
generate the carrier frequency . ( Keying cir­
cuits are provided to shift the c arri er to a 
lower freque ncy for che cking the operat ion 
of  the clam p . ) The output of the oscillator 

is  amplified and coupled to the line through a 

bandpass filt er which provides d-e iso lat ion 
and minimizes adj ac ent channel loading.  

The tuned circuits for the osci llator and 
filter are contained in one plug-in hermet­
ical ly-sealed assembly . 

T he osci llator stage includes transistor Ql 
and associated c ircuit c omponents . The tu ned 
circuit consists of i nductance L0 and c ap­
acitor CM ; Cs and Cc are the fre quency 
shiftin g  c apacitor s .  Osc illations fro m  the 
tuned c ircuit are coupled to the base of Ql 
by c ap acitor C3 . Feedback to the tuned 
circuit from the c ollector of  Ql is  thr oug h 
resistor R3 . T he netw ork c onsisting of C2 , 
R6 , and variable resistor R7 allows frequ e ncy 
adj ustment by v ariation of the e ffective 
capacitanc e of C2 across a p ortion of the 
tuned circuit . Note that the oscillat or circuit 
v oltages are referenced to a keying bias 
voltage level of appr oximately - 1 . 2  volts 
d-e with respect t o  the circuit common which 
is dev eloped across R2 . 
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TY PE TA-3 FREQU ENCY - SH I FT AUDIO TON ES ___________________ _ 

A secondary winding on L0 couples the out­
put of  t he oscillator t o  the LEVEL control 
R l O .  This winding provides d-e isolation 
between the oscillator circuit and the output 
amplifier Q2 w hich operates from the full 
- 1 2 V  d-e. supply . Transistor Q2 is a Clas s  
A co mmon-emitter stage with t h e  base input 
signal coupled from the LEVEL contro l  by 
d-e b locking c ap acitor C5 . The carrier b and­
pass filter is the c ollector load . 

This trans mitt er , together with HB5 5 1 8 3  
filter at t he remote end i s  used t o  prev ent 
adverse effects from freque ncy translation . 
When a telephone l ine is multiplexed with 
other telephone line s ,  s ometimes t here is a 
drift in band frequencies due to the receivers 
and transmitters used i n  multip lexing. These 
c onditions , alt hough lying beyond the c on­
trol of the tone channels , are det ected at 

i< the rece iving end by applying the 4 2 5  -cycle 
transmitted fre quency to the noise filter .  The 
noise filter HB5 5 1 8 3  together w ith the noise 
supervi sory module do not tolerate a fre­
quency translat i on (due to line multiplexing) 
of more than ± 4 0  H z  without b locking t he 
receiver s .  

D-C TO D-C CON V E RT E R  AND VOLTAG E 
R EGU LATOR 

Converter H B251 90 and H B25200, Regulator H B252 1 0  

Power Out put : 

M od e l  HB 2 5 2 1 0 V oltage Regulator with one of  

the D-C to D-C Converter Mod u le s ,  HB 2 5 1 9 0  or  
HB 25200 - 7.5  watts maximum; + 1 8 v olts at  2 00 
rna. and - 1 8  v olts at 200 rna. 

Power Input:  

Approximately 15 to 2 3  watts for above output 
power over the following c onverter input voltage 
range s ;  

HB25 1 90 - 4 2  to 56 V d-e , 48 v . d . c .  nominal. 

HB 25 200 - 1 05 to 1 4 4  V d-e , 1 2 5 v . d . c .  nominal .  

See Figure 5 for 250V d-e battery input . 

Regulation:  

+ 1 8 and - 1 8  v . d . c .  within 0 . 1  v olt . 

Reg ulation Indicator :  

Indicates changes greater than 2 v o lts in ± 18 V 
d-e output ; module panel lamp extingu ishes and 
re mote relay is de-energize d .  Recommended alarm 
relay is HA 1 8574 ; two F orm-e 5 -ampere contact s ,  
2000-ohm coil .  

R ipple:  

1 mv RMS m aximum on + 1 8 v . d . c .  and - 1 8  v . d . c .  
outputs .  

C onverter Frequency : 

N ominal 500 H z ;  380 Hz to 600 Hz over rated 
input and output ranges . 

O v erload s :  

N o  overload protective circu itry . I nput t o  con-

C H A R AC T E R I S T I CS 

CHAN N E LS T R I P  F R E Q U ENCY GUARD F R E Q U E NCY 

1 70-Hz b.w . 340-H z b .w. 1 70-H z  b .w . 340-H z b.w . 1 7 0-Hz b .w . 340-H z b .w. 

1 275 
1 3 60 

1 1 9 0  
1 1 90 

1 3 60 
1 5 3 0  

1 6 1 5  1 5 3 0  1 7 00 

1 95 5  1 8 7 0  2040 

2295 
2040 

2 2 1 0  
1 8 7 0  

2 3 8 0  
2 2 1 0  

2635 2550 2720 

2975 
2720 

2890 
2550 

3060 
2890 

When 1 7 0-Hz and 3 4 0-Hz bandwidth ( b . w . )  c hannels are used in conj unction , the 340-Hz channel takes the 

space of  the two 1 70-Hz adjacent channel s .  It is recomme nded that the lower frequencies be used for wide bands 
(340-Hz b .w . ) .  
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CHAN N E L  D E LAY T IM E  

1 70 B w .  1 70 B w .  340 B w .  
W/T R A NS F .  W/F I L  T E R  W/F I LT E R  

Channel Time ( ex c luding tele phone line)  7 .5 ms.  9 .0  m s .  5 . 0  ms.  

Relay Time 

2 Amp Mercury Wetted Re lay or 3 . 0  m s .  3 . 0  m s .  3 . 0  m s .  
Mercury Wetted Relay an d l OW A R  

Total 1 0 . 5  m s .  1 2 . 0  m s .  8 . 0  ms . 

Ambient Operating Temperature :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 20° to + 5 5 o  C .  

Storag e  Temperature : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -60° to + 75 o c . 

Approxi mate Weight: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  lb .  

verter is fus ed ; effective only for  short-circuit load s .  
Operation above maximum rated levels should b e  
avoided t o  prevent damage d u e  to exces sive heat 
generation .  

Isolation: 

Output c irc uits are d-e i s olated from ground and 
the c onv erter input battery supp ly .  A trans ient v olt­
age filtering cap acitor,  C3 , in the c onverter module 
is connected between the output COMMON and the 
positive battery i nput and has a 2000WV d-e rating.  
(See schematic diagram , Figure 5 . ) 

-�< F,S, OSCILLATOR AND K E Y E R  H B25 1 10 and 
HB25 1 1 0-3 
Output Level :  

0 . 1 1  Vrms maximum - 1 7  dBm . unbalanced . ± 0 . 7 5  
dB . L e s s  than 0 . 25-dB difference b etw een steady­
stat e guard and trip frequenci e s .  

Keying Circuit : 

R equires 1 6  rnA ± 1 0% to s hift from guard to trip . 
Ret urn to guard at 4 rnA less than maximum trip 
current . No i nt ermediate fr equencies or stopp i ng of 
oscillation for any keying voltag e .  N ominal keying 
voltages are 24V , 48V and 1 25 V  d . c .  with series 
re sistance values per Fig. 8.  Shift from gu ard to 
trip is at approximately 50% of k eying volt age . Input 
resistance approximately 1 000 ohm s .  See Figure 24 . 

-!< Fre quency : ( HB25 1 1 0  Only) 

Guard is above channel center frequency . Trip 
i s  below channel  c ent er frequency . Frequ ency 
stabi lity 0 .  2% of channel freque ncy . 

-1< Frequency: (HB25 1 1 0-3 Only) ( 3 4 0  Hz Bandwidth 
Only) 

The guard frequency is e qu al to the chanel 
center frequency plus 1 70 Hz plus 1 0  KHz for normal 
application s .  The trip frequency is the channel 
center fre quency minus 1 70 H z  plus 10 KHz for 
normal application s .  

( In dual channel systems , o n e  of  the channels 

utilizes a shift up in fre quency for  trip .  In  this cas e ,  

the guard frequency for this p art icular channel  
would be 10  KHz minus the channel center fre­
quency and m inus 1 7 0 Hz. [fg = 1 0 , 000 - fc - 1 7 0] . 
The trip frequency would then be 1 0  KHz minus the 
channel center fre quency and plus 1 7 0  Hz. [ ft = 

1 0 , 000 - fc + 1 7 0] ) .  

-1< T RANSMITT E R  AMP L I F I E R  H B25220 and H B33375 

G ai n :  

3 0  d B  with transformer HB55207 , 2 8  dB w ith 
filter HB 6 2600 , -1 + 0 . 5  dB from s etting. 

Output L evel :  

+ 8 dBm maximum i n  600 ohms with  filter . + 1 0  
dBm max . i n  600 o hms with transformer.  

Harmonic Distortion : 

T ot al distortion with HB 25 1 1  0 f-s .  oscillator 
i nput is 1 . 5% with transformer o utput , less than 
0 . 2% with filter o utput , at maximum rated o utput 
level .  
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Transient Respons e :  

With HB25 1 1  0 f- s .  oscillator input and filter 
output , trip signal and transients are within -3dB 
to + 3dB of guard signal level .  

* Beat F requency Oscillator :  ( HB33375 Only) (340  Hz 
B andwidth Only) 1 0 KHz ± 0 .25%. 

R ECEI V E R  LIMI T E R  AND SIGNAL SU P E RVISORY 
H B25160-l , R E C E I V E R  FI L T E R  HB63 1 00 

S e nsitivity : 

Maximum sensitivity of the HB25 1 60- 1 r eceiver 
mod ule for b lock r elease after a signal-loss block 
is  -4 4  dB m ,  measur ed at C ARRIER IN test p oint . 
Maximum sensitivity referred to channel level on 
communi cation circuit is  det ermined by the loss in 
t he c hanne l filter and c oupling network.  See Figure 
23 for recommended nominal levels and Figure 1 2  
for coupling scheme.  This arrangement , w hen used 
w ith the HB25 1 5 0 noise supervis ory modul e ,  will  
permit a minimum nominal l ine level  p er channel of 
-28 dBm. Sen sitivity is co nstant within + 1 dB . 

Output s :  

Limited c arrier signal , ± 1 7  volts for driving 
discr iminator mod ule , 6 00-ohm driving i mp edanc e .  
Clamping voltage for trip block c ircuit in  discri m­
inator module.  

I n put I mpedanc e :  

HB63 1 0 0  filter i nput 6 0 0  ohms i n  p assband , 
out-of-band r ising impedance c haracteristic . 

F.S .  D ISC R IMINATOR AND D-C AMPLI FI E R  
H B25 1 70 and H B25130 (Dual Output) 

D iscriminator Input: 

9V rms carrier signal derived from ± 1 7  volt limit­
ed signal from limiter section in HB25 1 60 module . 

Low Signal Block Input : 

Block - 3 rn A ,  + 0 . 8 V .  Block release - - 3 . 4V , 
0 rnA . From signal supervisory section i n  H B25 1 6 0  
module.  

Noise B lock Input : 

B loc k - 2 to 3 rnA,  + 1 4 to + 1 7V . B lock releas e ­
-3 . 4V , 0 rnA.  From noise supervisory module 
HB2 5 1 5 0 .  

H B 25 1 30-2 Out puts : 

Trip amplifier , 1 0 0  rnA c apab ility . N onc onduct­
ing for a guard signal , collector at - 1 8  volt s .  C on-

1 0  

ducting for a trip signal , c ollector at + 1 8  volt s .  
Guard amplifie r ,  1 00 rn A  c ap ability . Nonconducting 
for a trip signal , col lector at + 1 8  volt s .  Conducting 
for a guard signal , collector at - 1 8  volt s .  

HB 25 1 70 Output : 

Trip amplifier , 1 0 0  rnA c apab ility. N onc onduct­
ing for a guard signal , c ollector at - 1 8  volt s .  Con­
ducting for a trip signal , c ollector at + 1 8  volt s .  

LIN E LEVEL AND NOISE SU P E RVISORY H B25150 
AND FI LT E RS H BS5 1 83 AND H B55187 

Output: 

C lamping voltage for trip b loc k c ircuits in  up to 
six F . S .  D iscriminator and D-C Amplifier modules 
(HB25 1 7 0 or HB 25 1 3 0 ) ;  + 1 3V to + 1 7V at 2 t o  3 rnA 
bloc k ,  -3 .4V at 0 rnA block releas e .  Block releas e  
de lay time is  1 0  millisecond s .  D-C amplifier c ap­
ab le of delivering up to 1 00 rnA at 36V to an ind i­
cating device , or voltage pu lses to logic circuitry . 
Amplifier is cond ucting for a bloc k ,  collector at 
+ 1 8 V ;  nonc onducting for b lock releas e ,  c ol lector 
at - 1 8 V .  

Noise Filters HB5 5 1 87 and HB55 1 8 3  

3 0 0  t o  1 000 Hz passband , 6 00-ohm i nput impe­
danc e in passb and , out-of-band ri sing imp edance 

charact eristi c .  600 -ohm output imp edanc e .  Noise 

filter HB55 1 83 is the same as HB5 5 1 8 7  ex cept for a 
-¥ 25 -db rej ection not c h  at 4 25 Hz.  

Noise Filter Amplifier: 

600- ohm input impedanc e .  Sensitivity adj ustable:  
Max imum sensitivity for  a trip block is  -52 dB m ,  
+ 0 . 5  dB - 1  dB . 

L ine Level Amplifier : 

1 1 .  2K input impedanc e .  Sen sitivity adjustab l e ;  
maximum sensitivity for a trip block is  -27 dB m ;  
+ 0 . 5  dB - 1  dB . 

* 425-HZ TRANSMITTE R  HB2 1050-2 ( Some Systems 
Use 595 H z) 

Output L evel :  

6 00 ohms nominal , isolated and balanc ed . 

Output Stab ility : 

± 1 . 5  dB from -30° C to + 70 ° C .  

Frequency Stability: 

HB 2 1 050-2 ± . 25% from -30" C to + 7 0° C .  
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Keying I nput s :  

Neutral vo ltage p ul s e s ,  - 1 O V  nominal . Input 
resi stance approx . 5K to 1 5 K .  

I N S T A L L A T I O N 
(Out l ine and Dri l l ing P lan, Figure 1 9) 

The tone assemblies s hould b e  mounted on relay 
r acks or in sui table c abinets when the e leven-module 
chassis i s  u s ed .  The mounting loc ation should b e  
free from d irt , moi stur e ,  exces sive vibration,  o r  heat .  
A l l  electrical c onnections ar e made through a 24-
terminal c onnector on the rear of the chassis per  
CR drawing which app lies to the p articular order 
and app ear s on the nameplat e .  

U s e  o f  curr ent monitoring j ac k s :  Standard te le­
phone-type current j acks c an be supplied on special 
order to monitor the guard, trip or al ar m ,  output re lay 
coil  curr ents when such are mounted on the bottom 
of the TA-3 tone assembly .  This ass embly will be 
thr ee rack units high .  

T h e  type AR r elay s ,  w h e n  used,  should b e  
mounted near t h e  TA-3 tone chassis in a loc ation 
free from dirt , moisture ,  exces sive vibration,  or heat . 

S E T T I N G S 

Trans mitters 

Only one setting is requi red on the tone trans­
mitter and that i s  the out put level .  This setting is  
made by using the scre wdriver type adjuster marked 

-1< " gain "  on the transmitter amplifier module . In 
general ,  the tone transmitt ers  are set to the maxi­
mum level allowed by the telephone co mpany on the 
pilot wire or t e lephone pair . F or e x ample , in pro­

tectiv e r elaying applic ations , gener ally only one 
or two tone transmitters w ill be connected to the 
pilot channel at any one t ermi nal . If zero dBm is 
the maximum allowable lev el ,  a single tone trans­
mitter will  be set to that level ( 0 . 77 5  volt) .  If more 
than one transmitter is used at one termi nal , the 
telephone company should be cons ulted as to the 
allo wable trans mitting lev el s .  

The audio output level o f  the trans mitter i s  
measur ed by connecting a 600-ohm resistor o r  load 
across the s ignal output terminals . No ot her s i gnal 
should b e  pr esent on the line if it is used.  The 
level can be measured at the output terminals using 
an a-c vacuum-tube voltmeter . The lev el control i s  
then ad.i usted for the de sired output . After all the 
trans mitters are adjusted properly and multiplexed,  

a VTVM reading s hould b e  taken at the " OUT " pin 
j ack on the front panel and rec orded for mainte nance 
and check-out purpo s e s .  T hi s  avoid s the  nec e ssity 
of disc onnecting the transmitter from the line when 
level  are to be checked or readj usted . The 425- Hz 

-1< transmitter should be s et the s ame as any oth er 
transmitter. 

F.S. Rece i ver 
(Refer to Fig . 26 for  Relative Levels)  

The sensitivity i s  adj u sted with a c arrier signal 
pre s ent at the i nput of the c hannel filter at the 
nominal level for the p articular installation. S hort 
circ uit the two test point s designat ed s ens . adj . 
link on t he panel of the Receiver Limiter and Sign al 
Supervis ory module.  This will decrease the s e n si­
tivity of  the rec eiver by 6 dB . Turn the SENSITIV­
ITY control slow ly from its extreme clockwise posi­
tion until  the B LOCK light is ene rgi zed , then re­
mov e the short from the t e st p oi nts . With this s etting , 
a 6-dB decrease in c hannel level will generate a 
trip block fu nction;  a 3-dB recovery is r equired to 
release the block . 

l_ i ne Leve l and No i se Supervi s ory Modu le  
(Refer t o  F i g .  26 for Levels ) 

NOTE : If a HB55 1 83 not ch filter is used,  the cali­

brating procedure should not be alt ered .  

The sensitivity of  both noise  detecting circuits 
is adjustable with all c hannel s ignals present on 
the line at their nominal lev els  for the system.  
Adj ust the noise-filter amplifier se nsitivity as 
foll ows : first turn the NOISE SENSITIVITY control 
to its extreme counterclockwise pos ition (if the line 
level sensitivity has not been adju sted , turn thi s 
screw to its extreme countercloc kw ise position 
also) .  Remov e the noise filter from the chassi s .  
Connect t h e  CARRIER I N  t e s t  point of any conven­
ient HB 2 5 1 60 Rec eiver module to t he NOISE IN test 
point on the HB 2 5 1 5 0  Noise Supervisory Module.  
Sl owly turn the NOISE SENSITIVITY c ontrol from 
its extreme count erc loc kwise position until the 
BLOCK light is energized . Remove the t est point 
connection s and r ep lace the noise filter in the 
chas sis ;  the light should turn off .  With this adj u st­
ment , a trip block will  be initiated for an in-b and 
sign al-to-noi s e  ratio of 1 2  dB or less .  A minimum 
of 9 dB is required for s ec urity agai nst fals e  trip­
ping in type TA-3 Protective Re laying C hanne l .  

The wide-band noise or l ine level amplifier s en­
s itivity c an be adj usted in thi s  manner :  Connect the 
LINE LEVEL SEN S .  ADJ . test poi nt to the COMMON 
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TY P E  TA-3 FR EQU ENCY- SHI FT AUDIO TONES-------------------

test point. This will i ncreas e  the gai n  of the ampli­
fier by 4 . 5  dB . Turn the LINE LEVEL SENS . con­
trol slowly clockwise until t he BLOCK light i s  
energized , t hen remove the test point connections.  
When the combined level of signals plus noise i n­
creases by 4 . 5  dB , a trip block will be g en erated . 

-l< A hysteresis of approximately 1 .5 dB exists in 
the trigger-type blocking circuit for a block release . 
The 4 . 5-dB high-level bloc k setting and a low sig­
nal-level block adj ustment of 6 dB in the L imiter 
and Signal Supervisory Module HB2 5 1 60 w ill give a 
dynamic op erating r ange of 1 0 . 5  dB for the protective 
relaying receiver . 

F.S. D i scrim i nator and D.C. Ampl i fier  
(See Fig. 1 7 ,  Typical Discriminator Output ) 

With a -5 , 0 ,  +5 v .d .c . voltmeter of at least 
20 , 000 ohms-per-volt resistance c onnected between 
common and " Disc .  out " T . P . ,  c heck for e qual 
outputs at Guard and trip fre quencies and adj ust the 
di scr iminator bias on the front pan e l  to correct this 
if necessary . 

A C C E P T A N C E  C H E C K  

D-C to D -C Converter H B251 90 or HB25200 

Non-Regulated V olt ages : 

.+ V d-e to common 
-V d-e to c ommon 

+ 2 2  to + 34 V d-e 
-22 to -34 V d-e 

Voltage Regulator 

+ 1 8  V to common 
- 1 8  V to c o m m o n  

+ 1 8 V d-e 
- 1 8  V d-e 

Transmitter 
(Cons ists of an oscillator and keyer , and a trans­
mitter amplifier . )  

Key transmitter t o  trip fr equency by applying 
the correct keying voltage at t he termi nals indicated 
on the connection drawing.  

All transmitter frequencies and output levels 
should be c hecked with a 600-ohm load connected 
at the output. 

1 2  

Guard Fr e quency : within 2 H z  of the frequency 
specified i n  the C haracter­
i stics section. 

Trip Frequency : within 2 Hz of the frequency 
spec ified i n  the C haracter­
istics s ection. 

NOT E :  Allow 4 Hz for 3 40-Hz bandwidt h  tones .  

Output Level : 

at least + 8 dBm when supplied with filter 
outp ut. 

at l east + 1 0  dB m when supplied with trans­
former output. 

-!< 425-H z  Transmitter (Some Systems use 595- Hz) 

Frequency: 425 Hz within 1 Hz 

Output : 

K ey ing : 

F .S. Receiver 

at least + 1 dBm 

s hould shift at least 40 Hz to b lock 
N oise Supervisory module . 

With a trans mitter i nput set at -20 dBm,  see that 
the guard and trip output s operate correctly .  

L ine Level and Noi se Su perv i sory 

Should op erate upon receipt of a 7 00-Hz tone at 
-37 dBm,  or any transmitter tone frequency at - 1 5  
dB m .  Factory c alibration i s  at a - 20 dB m nomi nal 
i nput sig nal . 

A D J U S T M E N T S 

U s e  the following proc edure for adj usting the 
tones if the ton e adj ustments hav e b een disturbed . 
This procedure should not be used unless it is ap­
parent that t he tones ar e not in proper working order .  
(See " Ac ceptanc e  Check " ) .  

POWER SU PPLY 

The d-e to d-e converter has no adj ustment s .  
The voltage regulator module HB25 2 1 0  has adjust­
able reference voltage s .  In  order to adjust the 
referen ce voltage s ,  a card extender ( HB 1 4 5 83 ) is 
ne eded because the adj usting resistors are not 
ac cessible from the front of the pane l .  Connect a 
d-e voltmeter to common and + 1 8  volts ( front of the 
panel ) ,  and adjust R7 for + 18 volt s .  Repeat this 
operation by connecti ng the voltmeter between com­
mo n and - 1 8  volts and adj usting R 1 5 .  The regula­
tion i ndi cator is set by adj usting R 1 9  for zero volts 
between the r eference zener d iod e CR3 and the 
white test point on the front p anel .  The regu lation 
i ndicator will det ect any c hanges over 2 volts by 
the lamp being exti ngui shed and the optional relay 
being de-energized . 

T RANSMI TT E R  MODU L ES 

F.S .  Osc i l lator Keyer 

Oscillator frequency is  determined by the plug-
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i n  tuned circuit assembly . A FREQUENCY ADJUST­
MENT control on the module panel enabl es a slight 
frequency trimming in the ev ent that the c hannel 
tuned circuit as sembly is  changed . This adjustm e nt 
affects the trip and gu ard frequencies simultaneously 
and i n  the same direction. The LEVEL control 
permits setting t he oscillator output level to the 
system requirem ent . Both adj u stments can be mon­
itored at test points on the p anel . 

Tran smitter Amp l i fie r  

T h e  output l e v e l  of  t h e  transmitter amplifier w as 
discussed in t he SETTINGS s ection . 

R E C E I V E R  MODULES 

The only adjustment needed i n  the rec eiv er 
modules (level adj ustment w as covered in the 
SETTINGS section) i s  the adj ustment of the D i s­
criminator Balance Control .  

Adjustment of the DISCRIMINATOR BALANCE 
control is  made with alternat e  trip and guard fre­
qu encies applied to the di scriminator. With equal 
output , as measured at the D ISC . OUT t est point,  a 
slight guard preference i n  operation will  b e  d erived . 
This can b e  seen with referenc e to Fig.  1 5 .  

LI N E  L E V E L  AND NOISE  SU PERV ISORY MODU LES  

These modul es require n o  adj u stments except 
for the settings covered before.  

M A I N T E N A N C E 

The modu les in this equipment use transistors 
and other components which are conservativ ely rated 
for reliability and long life . In normal operatio n ,  the 
monitoring function provides a continuous check on 
the performance of the equipm ent . At periodic inter­
val s ,  it may be desired to check the tripping func­
tion. For suc h a c heck , the channel may have to be 
taken out of service to prevent unnec es sary br eak er 
operation . The keying circuit may then be clo sed to 
check the operation of the tripping r elay .  The 
acceptance check procedure will  provide a more 
thorough test . 

As long as the ch annel  is operating satisfactor­
ily , no mainte nance work is  nec es sary other than 
seeing that the equipment is  free of dust or dirt . 

How ever , a scheduled routine c heck will  prev ent 
down-time loss , since it may i ndicat e  det erioration 
i n  the performanc e of one of the unit s .  The output 
type AR relay contacts may be burnished on the 
s ame schedule as that for the associated prot ective 
relay s .  If a channel fai lure o ccur s b ec ause of the 
terminal equipment ,  a trouble-shooting procedure 
should be used simi lar to that employed for any 
electronic equipment. First determi ne w here the 
failure has taken place (transmitter or rec eiver) ;  
t hen determine the portion of the circuit at fault . 
Refer to Tab l e  I for typi cal transi stor voltag e s .  

Test  Equ i pment 

For rout ine maintenanc e ,  the fo llowing equip­
ment will be ad equat e :  

>�- 1 .  A-C vacuum-Tube Voltmet er,  at le ast 1 5 kHz,  
1 mv sensitivity. 

2 .  Calibrated Attenuator , 600 ohm . 

F or trouble shooting,  the following additional 
test equipm ent is desirable :  

>f. 1 .  Electronic Frequency Counter , 1 5 kHz min­
imum . 

2 .  D-C Vacuum-Tube Volt-Ohmm eter . 

3 .  C athode-Ray Oscilloscop e .  

>�- 4 :  Osc illator, 200 t o  1 5 , 000 H z .  

G E N E R A L  I N F O R M A T I O N  

Connect ion Drawings 

The drawings applicable to the specific order 
wil l  be supplied . The applicable "CR" drawing 
i nformation is i nc luded as p art of the nameplate data. 

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

Repair work can b e  done most satisfactorily at 
the factory . However , i nterc hangeable p arts can b e  
furnished to us ers who are equipped for doing repair 
work.  When ordering part s ,  always give the as sem­
bly style numb er and voltage rating , plus the com­
ponent identifi cation and module in which it is 
located . 

Replac eab le parts are shown in the Part s List.  
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T A B L E  

TYP I CAL VOL TAGE MEASUR EM ENTS ( R E F E R R ED TO " COMMON") 

200 rnA L OA D  ± 22 .5V IN PUT 

Q l  Q 2  Q 3  Q4 QS Q6 
H B 2 5 2 1 0  

V oltage V d c . c +1 9 . 4  + 2 2 . 0  + 2 2 . 5  - 1 9 . 4  - 2 2 . 0 - 2 2 . 5  

R e g u l ator B + 1 2 . 1  + 1 9 . 4  + 1 8 . 7  - 1 2 . 1  - 1 9 . 4  - 18 . 7  

E +1 1 . 4 + 1 8 . 7  + 1 8 . 0 - 1 1 . 4 - 1 8 . 7  - 1 8 . 0  

N O  LOAD ±34.2V I N PUT 

Q l  
HB2 5 2 1 0  

Q2 Q3 Q4 QS Q6 

V olt age V d c  c +1 9 . 2  + 3 3 . 5 + 3 4 . 2 - 1 9 . 2 - 3 3 . 5 - 34 : 2 

Regulator B + 1 2  . 1  + 1 9 . 2 + 1 8 . 8 - 1 2 . 1  - 1 9 . 2  - 1 8 . 8  

E + 1 1 . 4 t 1 8 . 8 + 1 8 . 1  - 1 1 .4 - 1 8 . 8  - 1 8 . 1  

H B 2 5 1 1 0  
Q l  Q 2  Q l  Q2 

F . S .  OSC Vdc c + 1 8 + 1 8 AC Signals c 3 4  3 4  

And K e y e r  B + 7 + 7 Vp - p .  B 1 0  1 0  

( Fi g. 8 )  E + 6 . 5  + 6 . 5 E 5 5 

F . S . OSC & K e y e r  Q l  I Q2 Q3 I Q4 QS I Q6 QS I Q9 

HB25 1 1 0  

& VDC c + 1 8 - 0 

HB25 1 1  0-3 B + 7 See F i g .  2 4  - -

F i g .  8 & F i g .  9 

( W h e r e  applic able 
E + 6 . 5  0 -

v ac c 3 4  - 3 4  -

p-p B 1 0  - - 2 . 2  

E 5 - - -

Q l  Q 2  Q3 
HB25 2 2 0  

T r ansmit t e r  Vdc c 7 1 5  1 5  

Amplifier B 0 - 0 . 3  - 0 . 3  

E - 0 . 7  - 0 . 9  - 0 . 9  

14 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY PE TA-3 F R EQU ENCY - SH I F T  AUDIO TON ES ----------------:.:..:I . L:.:.· ...:.4.:....1 ·9.:..:6.::.;3 ·.::.;2 B� 

T A B L E I {Con t i nued) 

TYP I CAL VOL TAGE MEASUREMENTS ( R E F E RR E D  TO " COMMON ") 

Trans . Am pl. Q l  Q 2  Q 3  Q4 QS 

& Vdc c 7 1 5 1 5 - 5 . 8  - 1 2  

B . F .  Os c .  B 0 -0.3 - 0'.3  - 1 . 1  - 2 . 2  

HB333 75 E - 0 . 7  - 0 . 9  - 0 . 9  - . 95 - 2 .  

Fig. 1 1  
vac c 1 5  2 . 7 

p-p B . 08 . 08 

E 0 -

Q l  Q2 Q3 Q4 QS Q6 

Vdc c +1 6 . 6  + 1 8  + . 9  + . 4  1 8  - 1 8 

B 0 0 + 1 6 . 6  - 1 5 V  . 9  - . 4  

E - . 7  - . 7  + 1 7  . 2  - 1 6  - -

HB2 5 1 6 0- 1  
W/0 

Q7 Q8 Q9 Q l O Q l l  Q 1 2  Q 1 3  

R e c .  L im .  And 
Sig. c + 1 8  + 7 +17  . 2  +1 7 . 9  + 1 8  0 - 1 8  

Sig . Supv. Vdc B 0 - 1 8  - 1 4 . 4 +1 7 . 2  +1 7 . 9  + 1 7 . 5  + 1 8  

E - 0 . 7  - 1 4 . 9  - 1 4 .9 + 1 8  +1 7 . 2  + 1 8  +1 8 

c - 1 4 . 7 +1 8 -2 . 7  + 1 8  0 + 1 7 . 9  

W/Sig . B - 1 4 . 5  - 1 5 . 1  + 1 8 - 2 . 7  - 2 . 8  +1 7 

Vdc E - 1 5 . 2  - 1 5 . 2  + 1 8 - 3 . 4 + . 05 +1 8 

Q2 Q3 QS Q6 Q7 Q8 Q9 Q l O 

Guard c + 7 . 5  +6 . 1  +1 8 . 0 - 1 8 . 0  -0 . 4 5  - 7 . 6  -6 . 9  - 1 7 . 9  

Vdc B -0:6 +1 . 2  + 4 . 0  +1 8 . 0  - 1 . 1  -0 . 1  - 7 . 6  - 1 7 . 2  
HB25 1 3 0-2 

E + 0 . 55 +0 . 55 + 6 . 8  + 1 8 . 0  -0 .43  -0 .43  -6 . 8  + 1 8  
HB25 1 7 0  

F . S .  Disc . Trip c + 0 .45  +7 .4 + 6 . 9  + 7 . 9  + 7  . 5  -3 . 7  - 1 8  + 1 8 

and D -C Amp.  Vdc B + 1 . 1  +0 . 1  + 7 . 4  + 1 7  . 2  + 1 . 1  - 1 . 2 2  -3 . 65 - 1 8  

E + 0. 4 2  +0 . 4 2  + 6 . 8  +1 8 . 0  + 0 . 5 6  -0. 56 -6 . 8  - 1 8  

Q3 Q4 QS Q6 Q7 Q8 Q9 

Block c <- 1 5  + 0 . 8  - 0 . 1  + 1 7 . 9  + 1 8 + 0 . 1 + 1 7 . 9  
H B2 5 1 5 0  

Vdc B 
Line Level 

<- 1 6  > 1 6 . 8  - 0 . 7  + 1 7 . 2  + 1 7  . 9  + 0 . 7  + 1 7 . 2  

E <- 1 6 . 4  < 1 6 . 4  0 t- 1 8 + 1 7 . 2  0 d 8  
and Noise 

Supv . Release c - 1 5 3 + 1 8  - 2 . 6  + 1 8 t- 1 8 - 1 8  

Vdc B < 1 6 . 3 - 1 5 . 8  - 2 . 8 t- 1 8 -2 .55 - 2 . 75 t- 1 8 

E 1 6 . 4  - 1 6 . 4  0 + 1 8  -3 .3  0 t- 1 8 
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)f. 

-l< 

)f. 

)f. 

* 

-!< 

D IA G R AM 
SYMBO L  

R 3  thru R20 , 
R22 , R23 

R2 

R 1  

R2 1 

R24 

C 1 

C3 

C4 

CR1 

CR2 

CR3 , CR4 

Q1 thru Q6 

Q8 , Q9 

R3 , R4 , R 6 ,  R 7 ,  
R8 ,  R 1 0  

R 1  

R 9  

R2 

R5 

C 1 , C2 

C 4 .  C 5  

C 3  

Q2 , Q3 

Q 1  

16 

E L E C T R I C A L  P A R T S  L I S T 

NAME O F  PART A N D  D E S C R I PTION 

H B25 110 AND HB25 110-3 F ,S. O SCILLATOR AND K EY E R  

RE SISTOR , fixed comp . ,  ± 5% ,  \4 w att , unless otherwise s pe cified  

RESISTOR , fixed WW: 1 . 5K ± 5%,  l Yz wat t ,  Ohmit e type 9 9 5 - 1 A .  

RESISTOR, fixed WW:  600 ± 5 % ,  3 watt , Ohmite type 995-3 A "  

RESISTOR , variable : 2 5 0K ±30%, 0 . 1  w att , BD taper ,  C .T . S .  PE200 

RESISTOR , variable : 5 0 0  ±20%,  0 . 1 2 5 watt , BD t aper .  C . T . S .  PE200 

CAPACITOR , mylar , 0 . 1  f1 F ± 1 0%,  1 00 V ,  Corn e ll D ubilier WMF 1 P l . 

CAPACITOR , mic a ,  1 2 0 0pF ±2%, Elmenco D M 1 9D 1 2 2G05 00WV4 CR. 

CAPACITOR, tantalu m ,  1 f1 F ±20%, 3 5 V ,  Te xas InsL SCM 1 05 FP 03 5 D4 . 

DIODE, zener ,  6 . 8V ±5%, Motorola 1 N4 '73 6 A  

D IODE . zener ,  5 . 1  V ±5% , Mot orola 1 N4733A.  

D IOD E ,  silicon , 2 0 0  PIV , 5 0 0mA , D iode s Inc . ,  D I-42 .  

TRANSISTOR , silicon N P N ,  VECO 4 0V ,  T0-92 cas e ,  Motorola 2N3903 . 

TRANSISTOR , German iu m ,  P N P ,  Texas Instr ,  2N 1 3 75 

Tuned oscillator ckL , s e aled plug-in assembly .  

T e st jack s ,  Sealectro Corp . , SKT- 1 0 .  

HB25220 TR ANSMI TT E R  AMP L I F I E R  

RESISTOR, fixe d  comp . , ± 5%, \4 w att unless otherwise specifie d .  

RESISTOR , fixed WW . ,  2 00 ± 5%,  1 Yz watt , Ohmit e type 9 95 - 1 A .  

R ES ISTOR , fixed WW. , 1 3 0 0  ± 5%,  1 Yz watt , Ohmite type 9 95 - 1 A .  

RESIST OR, variable ,  5 K  ± 3 0%, 0 . 2 5  w atL log tape r ,  C . T . S .  P E 2 00 . 

RESISTOR , fixe d  comp . ,  1 0K ± 5% ,  Yz watt . 

CAPACITOR, tantalum,  1 5 (J. f  ± 1 0%, 3 5 V .  Te xas Inst . SC M 1 5 6GP03 5 D 4 .  

C APACITOR , t antalu m ,  1 . 0 (J. f  ± 2 0% , 3 5 V .  Texas Inst . SCM1 05FP035D4 . 

C AP AC ITOR, mica 4 J' O p f  ± 2% ,  Emeco DM-1 9 .  

TRANSISTOR , silicon NPN VcEO 65V T P-5 cas e .  2 N2 1 02 

TRANSISTOR, silicon NPN VcEO 40V, T0-92 c as e .  2 N3 9 03 

TRA NSFORMER ,  P lug-in asse mbly . 

Mult iple xing filter ,  plug-in assembly. 

Test jack s ,  Sealectro Corp. SKT- 1 0 .  

PA R T  NO.  

H- 1 1 00-4 2 1  

HA- 1 2 2 0-22 

HA- 1 4 5 94 

HA-25253 

H - 1 00 7 -624 

H - 1 080-3 3 3  

H - 1 0 07-4 96 

HA-2 1 5 04 

HA-243 28 

HA- 1 7 1 9 7 

HA-2 1 5 6 2  

HA- 1 7 1 1 7  

HB-62800 

H-1 1 00-427 

H - 1 1 00 -5 2 9  

HA- 1 3 5 7 2  

H - 1 00 9-4 1 6  

H - 1 007-654 

H- 1 00 7 -496 

HA-16632  

HA-22678 

HA-2 1562  

HB -55207 

H B-62 600 
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D IAG RAM 
SYMBOL 

E L E C T R I C A L  P A R T S  L I S T  

NAME O F  PA R T  A N D  D ESC R I PT I ON 

-�< H B33375 T R ANSMI T T E R  AMP L I F I E R  & B . F. OSC. 

R3 , R4 , R6 , R7 , R8 RESISTOR , fixed camp. , ±5%, � w att unless oth erwise spec ified 
R 1 0 , R 1 1 , R 1 2 , R 1 3  
R 1 4  ; R 1 5  , R 1 6 ,R 1 7  
R 1 8 , R 1 9 , R2 0 ,R2 1 

R 1  

R9 

R 2  

R5 

C 1 ,  C2 

C 4 ,  C5 

C3 

C 7 ,  C8, C 9 ,  C 1 0  
C 1 1  

Q 1  

Q2 , Q3 

Q4 , Q5 

>f. R 1 -R6 , R8 , R 9 ,  
R1 1 -R 1 8  

R7 

R 1 0  

C 1  

C3 , C4 , C5 , C6 

C2 

C7 

Q 1 , Q2,  Q3 , Q4 

Q5 

RESISTOR, fixed WW . ,  2 00 ± 5%,  1 \/z w att , Ohmite Type 995 - 1 A  

RESISTOR, fix ed WW. , 1 3 00 ± 5%,  1 \/z w att , Ohmite Type 995 - 1 A  

RESISTOR, V ariable , 5 K  ± 3 0%, 'i4 watt Log Tape r ,  C . T . S .  P E  200 

RE SISTOR , fixed camp. 1 0K ± 5% ,  �2 w att 

CAPACITOR , tantalu m ,  1 5t . d  ± 1 0% ,  3 5 V ,  T . I .  SCM 1 5 6GP 03504 

CAPACITOR, t antalu m ,  1 . 0 11 f ± 2 0% , 3 5 V ,  T . I . SC M 1 05F P035D4 

CAPACITOR, Mica 4 70pf ± 2%, Emenco DM- 1 9  

CAPAC ITOR , 1 5  f1 f ± 2 0% ,  2 5 V  Mallory , TAM 1 5 6M025P5C 

T RANSISTOR, Silic on NPN , 2N3903 

TRANSISTOR, Silicon NPN,  2 N 2 1 02 

TRANSISTOR , Silicon PNP , 2N3 905 

Transmitter Filter ,  Plug-i n  Asse mbly 

Tuned Transformer & B . F .  Oscillator Assy . 

>f. HB-2 1050 425 Hz  FS TRANSMITT E R  (A l so Applies To  595H z) 

RESISTOR , fixed camp . , ± 5%, )4 w att unless otherwise specified .  

RESISTOR, variable , 250K,  0 . 1  watt , BD tapeL CTS Corp . ,  type PE200.  

RESISTOR, v ariab le 500 ohms , 0 . 1 2 5  watt ,BD tape r ,  CTS Corp . , type PE200.  

CAPACITOR, tantalum,  1 5f1 f  ± 2 0%, 25V,  Mallory TAM1 56N025 P5C . 

CAPACI TOR, t ant alu m ,  3 3 fd ± 2 0%,  1 0V ,  Mallory TAM3 3 6M01 0P5C . 

CAPACI TOR , mica,  Elmenco Type DM2 0 .  

CAPAC ITOR, c eramic , 0 . 4 7 fd + 8 0% -20% ,  2 5 V ,  Sprague 5C 1 1 A .  

TRANSISTOR, germanium,  P N P ,  Texas Inst . 2 N 1 3 7 5 .  

TRANSISTOR, silicon , NPN , Te xas InsL , 2 N706A. 

B P  Filter and Osc.  Assy. for HB-2 1 05 5  and HB-2 1 05 0  FS Transmitter . 

BP Filter and Osc . Assy . for HB- 2 1 040 and HB- 1 9925 FS Tran s .& Mod . 

Test Jack s ,  Sealectro Corp . , SKT-1 0 .  

Filter c able connector ,  3 -t erminal socket ,  Eby Sales Co. 

PART N O .  

H- 1 1 00-4 2 7  

H-1 1 00-529 

HA- 1 3 5 72 

H- 1 009-4 1 6  

H - 1 00 7-654 

H- 1 00 7-496 

H A - 1 6 6 3 2  

H-1 007-439 

HA- 2 1562  

HA-22678 

HA-2 1 5 64 

HB-62600 

HB -63 3 00 

H A - 1 4 5 94 

HA - 1 3 5 73 

H-1 007-4 3 9  

H - 1 0 07-438 

H - 1 08 0- X  

HA- 1 3 5 7 9  

HA-1 7 1 1 7  

HA- 1 9 928 

HB -58500 or 
HB-58900 

HB58200 

HA-2 1 09 1  
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"f. 

D I A G RAM 
S Y M B O L  

R 1 , R3 ·='R5 , 
R8 -R4 2 

R6 

R7 

R43 

R2 

C 1 

C3 

C2 

C4 , C7,  C8 

C5 , C6 

C9 

CR 1 , CR2 , CR5 
thru CR1 0 

CR1 1 

CR3 , CR4 

Q1 ' Q2 , Q4 , Q5 
Q7 , Q8 , Q9 , Q1 1  

Q3 , Q6 , Q 1 0 , Q 1 2  

Q 1 3  

IC 1 

I 1  

R 2  thru R 1 5  , R 1 7  

R 1 6  

R 1  

C 1  

C2 

CR2 

CR1 , CR3 , CR4 

Q1 ' Q2 , Q3 , Q4 ; Q5 

Q6 

L 1  

I 1  

18 

E LECTR ICAL PARTS L IST 

NAME O F  P A R T  AN D D E SC R I PT I O N  

HB-25 160-1 R ECE I V E R  L IMI T E R  AND S IGNAL SUPE RVISORY 

5% , \4-watt , unles s  otherwise specified . 

RESISTOR, metal film , 1 3 K  ± 1% ,  1 /8 w att , I . R . C .  Type CEA-T-0 . 

RESISTOR , metal film , 1 0K ± 1 % ,  1 /8 watt . I . R . C .  Type CEA-T-0 . 

RESISTOR, wirew ound , 2 .5 K  ± 5% , 1Yz w att . Ohmite Type 995 - 1 A  

RESISTOR ,  variab le ,  500 ± 20% , 0 . 1 25 watt s ,  E D  taper .  C .T . S .  PE-200 

CAPACITOR , poly. , 0. 0068 11 F ,  2% 4 00V. Wesco 32P.  

CAPAC ITOR , mica, 3 2 0pF ± 2% 500VDCW. E lmenco DM- 1 9 -3 9 1 G .  

CAPACITOR, tantalum , 3 3f1 F ,  ± 2 0%,  1 0V .  Texas Inst . ,  SCM336BP0 1 0D 4 .  

CA PACITOR , tantalum, l . Of1 F ,  ± 20% , 3 5 V .  Te xas Inst . ,  SC M 1 05FP03 5 D 4 .  

CAPACITOR , tantalum ,  1 5  fl F ,  ± 2 0% ,  35 V .  T exas Inst . , SCM 1 5 6G P 03 5 D4 . 

CAPACITOR , tantalum,  0 . 4 7  fJ. F , ± 1 0% , 3 5 V . Texas Inst . , SCM4 74FP935D2 . 

D IODE . silicon, 25 0mw Texas Inst . ,  1 N9 1 4 .  

DIOD E ,  silicon, 2 0 0  PIV . D iodes Inc . DI-4 2 .  

DIOD E , zener, 5 . 1 V  ± 5% ,  1 N4733 A .  Motorola iM5 . Q 1 ZS5 . 

TRANSISTOR, silicon , NPN,  VcE O  4 0V ,  T0-9 2 cas e ,  Motorola, 2N3903 . 

TRANSISTOR, s ilicon, P N P ,  V CEO 40V, T0-92 c ase , Motorola, 2N3905 . 

TRANSISTOR , silicon, PNP,  Vc EO 65 V ,  T0-5 c ase . RCA 2N403 6 .  

Int egrated circuit , operational amplifie r ,  Motorola MC 1 4 30 , T0-5 c ase .  
D ata lamp , red ,  1 0VDC , 0 . 0 1 4A .  D ialco N o .  5 07-3 9 1 0- 1 43 1 -600 .  

Lamp holder ,  D ialc o No.  5 08-7538-504 . 

Test j ac k s ,  Sealectro Corp . SKT- 1 0 .  

H B251 70 A N D  H B251 30-2 F . S .  DISCR IMI NAT OR AND D . C .  AMP L IF I E R  

± 5% ,  �4 w att , unle ss otherwise s pe c ifie d .  

RESISTOR , wire wound , 2 . 5K ± 5% ,  1 Yz watt . Ohmite type 995 - 1 A .  

RESISTOR , variable ,  5K ± 3 0% ,  \4 watt , linear C .T .S .  PE-2 0 0 .  

CAPACIT OR , poly . ,  0 .082 fl. F  2% , 1 00V.  W e s c o  3 2 P . 

CAPACI TOR, mylar . 0 . 2 5 5  fJ. F  2% , 1 00V . Wesco 3 2 M .  

DIODE , zene r ,  6 .8V ±5% , 1 N 1 4 7 3 6-A , Motorola 1 M6 ,  8 ZS5 . 

DIODE , silicon , 2 0 0  PIV . D iodes Inc . DI-4 2 .  

TRANSISTOR , silicon NPN , VcE O  4 0V . ,  T0-92 case , Motorola 2N3903 . 

TRANSISTOR , s ilicon PNP , VcEO 65V . ,  T0-5 case , RC A 2 N4 03 6 .  

Chok e ,  0 . 89 2  Hy.  

D atalamp,  red  cartrid ge , 0 . 0 1 4 A ,  1 0VDC .  D ialco 507-3 9 1 0- 1 43 1 -600 . 

Lamphold er ,  Dialco 5 0 8 -753 8-504 . 

Test j ack s ,  Se alectro Corp . , SKT- 1 0 . 

Discriminator plug-in assembly .  

PAR T  NO . 

H- 1 5 1 0-778 

H - 1 5 1 0-775 

H- 1 1 0 0 -4 2 3  

HA-2 5253  

H-5 1 1 5 - 1 2 7  

HA- 1 6628 

H - 1 0 07-653 

H - 1 007-496 

H - 1 007-654 

H-1 007-5 1 1  

HA-24325 

HA- 1 7 1 97 

HA-24 3 2 8  

HA-2 1 5 62 

H A-2 1 5 64 

H A-24 0 03 

H A-2 5 1 58 

HA-25 1 5 6  

H A- 1 7 5 04 

H - 1 1 00-423 

HA- 1 4 65 5  

H -5 1 1 5 -7 9  

H-1 007-5 7 2  

HA-2 1 5 04 

H A- 1 7 1 9 7  

HA-2 1 5 62 

HA-24003 

HB-552 0 1  
HA-2 5 1 5 6  

HA- 1 75 04 

HB-62700 
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DIAG RAM 
S Y M B O L  

E LECTR ICAL PARTS L IST 

NAME O F  PART A ND D E S C R I PT I ON PART NO.  

H B251 30-2 THESE PARTS ARE IN ADD IT ION TO PARTS L ISTED ON P R E C EDING P AGE 

R 1 8  thru R 2 7  

R 2 8  

CR5 

CR6 

Q7 , Q8, Q9 

Q 1 0  

I2 

R 1 ,  R2 , R4 -R8 , 
R 1 1 - R 1 6 ,  R 1 8 ,  
R2 1 ,R4 2 

R 9 ,  R 1 0  

R43 

R 1 9  

R2 0 

R3 

R 1 7  

C 1  

C 6  

C3 , C8 

C 2 ,  C7 

C4 , C9, C 1 1  

C 5 ,  C 1 0 ,  C 1 3 ,C 1 4  

C 1 2  

CR 1 thru CR4 
CR 7 thru CR1 1 

C R 1 2  

CR5 , CR6 

IC 1 ,  IC2 

Q3 , Q4 ; Q5 , Q7 , Q8 

Q6 

Q 1 , Q2 

Q9 

T 1 ,  T2 , T3 

I l  

± 5%,  � watt unless otherwise s pe cified 

RESISTOR , wire wound,  2 . 5 K  ± 5%,  1 \lz watt .  Ohmite type 9 95 - 1 A .  

D IOD E ,  zene r ,  6 . 8V ± 5%,  1 N 14736-A,  Motorola 1 M6 ,  8ZS5 . 

DIOD E ,  silicon, 200 PIV , D iode s ,  Inc . DI-4 2 .  

TRANSIST OR ,  silicon PNP , VcEO 4 0V . ,  T0-92 c ase . Motorola 2 N3 9 05 . 

TRANSISTOR , silicon NPN , VcEO 
•
65 V . ,  T 0-5 -cas e .  RCA 2 N2 1 02 .  

Datalamp, amber cartridge , 0 . 0 14 A ,  1 0VDC. D ialco 5 07 -3 9 1 0 - 1 4 3 3 -600.  

L ampholder ,  D ialco 508-7538-504 . 

HB-25 1 50 L IN E  L E V EL - NOISE SUP E RVISORY MODULE 

±5% . � w att , unless otherwise spec ifie d .  

H - 1 1 00-423 

HA-2 1 5 04 

HA-1 7 1 9 7  

HA-2 1 5 64 

HA-2 2678 

HA-25784 

HA- 1 75 04 

RESISTOR , wire wound , 600 ± 5%, 1 Yz w att , Ohmite 995- 1 A .  H - 1 1 00-442 

RESISTOR, wire wound ,  2 . 5K ± 5%,  l )lz watt,  Ohmite 9 95 - 1 A .  H- 1 1 00-423 

RESISTOR , met al film , 1 2 1  ± 1%, 1/8 watt . I . R . C .  Type CEA T-0 H - 1 5 1 0 -777 

RESISTOR ,  met al film , 100 ± 1%,  1 /8 watt . I . R . C .  Type CEA T -0 H- 1 5 1 0-7 14 

RESISTOR, variab le ,  5 0 0  ± 2 0%, 0. 1 2 5 watt s ,  B D  t ape r ,  C . T . S .  Type-200 HA-25253 

RESISTOR , variable , 2 . 5K ± 2 0% , 0 . 1 25 watt s ,  A taper ,  C .T . S .  Type PE-200 HA- 1 9 9 1 9  

CAPACITOR ,  poly . ,  0 . 0068 f1 F' ± 2%,  4 00VDC , Wesco 3 2 P .  H-5 1 1 5 - 1 2 7  

CAPACI TOR, poly . ,  0 . 02 f1 F' ±2%, 1 00VDC B alco PTWP . H-5 1 1 5 -4 9 

CAPACITOR, mica,  3 90pF ± 2% ,  5 00WVDC Elemenco DM- 1 9 -3 9 1 -G . HA- 1 6628 

CAPACITOR,  tantalu m ,  3 3 f1 F  ± 2 0% , 1 0VDC . Texas Inst . SCM3 3 6 B P 0 1 0D4 . H - 1 007-653 

CAPACITOR, t antalum , 1 . 0 f1F ± 2 0% ,  35 VDC . Texas Inst . SCM 1 05FP035D4 . H-1 007-496 

C APACITOR, t ant alum,  1 5 f1 F  ± 2 0%, 35VDC , Texas Inst . SC M 1 5 6GP03 5 D4 . H - 1 007-654 

CAPACITOR, t antalum ,  0 . 4 7 11  F ± 1 0% ,  3 5 VDC , Texas Inst . SCM4 74FP03 5 D 2 . H - 1 0 07-5 1 1  

DIOD E , silicon , 2 5 0  m w .  Texas lnst . ,  or G . E .  Type 1 N9 2 4 .  HA-24 3 2 5  

DIOD E ,  silicon , 2 00PIV , Diodes Inc . ,  DI-4 2 .  H A- 1 7 1 97 

D IOD E ,  zener,  5 . 1 V  ± 5%,  1 N4 "7 3 3 A .  Motorola IM5 . 1 ZS5 . HA-24328  

Op erational amplifier ,  T0-5 c ase .  Motorola MC - 1 4 3 0 .  HA-25 1 5 8  

TRANSISTOR, silicon , N P N ,  VcEO 4 0V ,  T 0-92 , Motorola 2N3 903 . HA-2 1 5 62 

TRANSISTOR, s ilicon,  PN P ,  VcE O  4 0V ,  T0-9 2 ,  Motorola 2N3905 . HA-2 1 5 64 

TRANSISTOR , s ilicon, NPN,  VcEO 65 V ,  T0-5 , RCA 2 N2 1 02 .  HA-22678 

TRANSISTOR, silicon,  PNP, VcE O 65 V ,  T0-5 , RCA 2 N4 03 6 .  HA-24003 

TRANSFORMER ,  2 .5 K :  2 .5K C .T .  Microtran MMT 1 9 -FB. HA-25 1 5 7 

Dat a  Lamp , red c artridge.  D ialco 5 07-3 9 1 0-143 1 -600 .  HA-25 1 5 6  

L amp holde r ,  D ialco 5 08-753 8-5 04 .  HA- 1 7 5 04 
Test j ac ks ,  Sealectro Corp. , S KT-1 0 

1 9  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  TA-3 F R EQU ENCY- SHI FT AUDIO TON ES ___________________ _ 

D IA G R AM 
SYM B O L  

R3 , R 4  

R6 , R7 

R 1  

R5 

C 1  

C 2  

C 3  

C4 , C 5  

CR1 t h r u  CR9 

Q 1 , Q2 

T1 

I1 

12 

S 1  

F 1  

R3 , R4 

R6 

R7 

R5 

R 1  

C 1  

C 2  

C3 

C4 , C5 

CR1 thru CR1 1 

Q1 , Q2 

T 1  

11  

12 

S1 

F 1  

20 

E LECTR ICAL PARTS LIST 

N A M E  O F  PA R T  A N D  D E SC R I PT ION 

H B251 90 48 VDC, D .C .  TO D .C .  CONVERTER 

RESISTOR , fixed comp . ,  2 4  ± 5% , 1Jt w att . 

RESISTOR , wirewound , 2 . 5K ± 5% , 31Jt watt . Ohmite 995-3 A .  

RESISTOR, wirewound , 5K ± 5% , 31;.4 watt.  Ohmite 9 95-3A . 

RESISTOR , w irew ound , 5 0  ± 3% , 1 0  w att . D ale E lectronics RH- 1 0 .  

CAPAC ITOR , elect . ,  80 f1 F , 1 5 0\TDC .  C ornell D ubilier BR80- 1 5 0 .  

CAPACITOR , met . paper ,  0 . 047 f1 F ,  2 00W VDC . C ornel  D ubilier MPY-2S4 7 .  

CAPAC ITOR , paper ,  0 . 0 2 2 f1 F  ± 1 0% ,  1 000\TD C .  A erovox V 1 6 1 -6 1 5 .  

C APACITOR , ELECT . ,  1 00 f1 F ,  5 0\TDC . C ornell D ub ilier BR- 1 00-5 0 .  

D IODE , silic on,  2 0 0  PIV , 1 Amp.  Diodes Inc . SD - 2 .  

TRANSISTOR , silicon NPN , VcEO 1 7 5\T , T0-6 6 .  RCA 2N3 5 8 3 .  

TRANSFORMER , saturab le core . 

LAM P ,  c artrid ge , red , 1 0\TDC , 0 . 0 1 4A .  D ialc o 507-3 9 1 0- 1 4 3 1 -6 0 0 .  

LAMP , c artridg e ,  amb er , 1 0\TDC , 0 . 0 1 4 A .  D ialc o 507-3 9 1 0- 1 433-60 0 .  

LAMPHOLDER . Dialco 508-75 38-504 . 

SWITC H ,  push button. Leviton tt5 79 . 

FUSE , 3AG . 0 . 5 AMP . 
SOC KET , T0-66 transistor mt ' g .  UID Electro nic s PTS-4 . 

INSULATOR , mic a ,  T0-66 trans istor mt ' g .  Reliance M ic a C o .  DF-3 1 -A .  
TEST JACKS , Sealectro Corp . ,  SKT- 1 0 .  

H B25200 1 25 VDC, D .C .  TO D . C .  CON V E R T E R  

RESISTO� , fixed c omp . , 1 00 ± 5% ,  lJt w att .  

RESISTOR , fixed c omp . ,  l OOK ± 5% ,  Y2 w att . 

RESISTOR, fixed comp . ,  56K ± 5%, Y2 w att.  

RESISTOR , wirewound , 1 00 ± 3% , 1 0  watt .  

RESISTOR , fixed comp . ,  39K ± 5% , 2 w att . 

CA PACITOR , elect . ,  80 f1F . 1 50\TDC . C ornell D ub ilier BR80- 1 5 0 .  

C APACITOR , met . p aper , 0 . 0 22f1F , 4 00 W VDC . C ornell D ubilier MPY-4S2 2 .  

CA PAC ITOR , pape r ,  0 . 0 2 2f1F ± 1 0% ,  1 000\TD C .  A er ovox V 1 6 1 -6 1 5 .  

CAPAC ITOR , e lect . ,  1 00f1F , 5 0  W VDC . C ornell D ub ilier BR- 1 00-5 0 .  

DIODE , si licon,  2 0 0  PIV , 1 Amp.  D iodes Inc . ,  SD- 2 .  
TRANSISTOR , silicon NPN , V CEO 3 0 0V , T0-66 . RCA 2N3585 . 

TRANSFORMER,  saturable c ore . 

LAMP , cartridg e ,  red , neon,  1 05 / 1 25VDC . Dialco 507-3835-093 1 -600 . 

LAMP , cartrid g e ,  amber , neon,  1 0 5 / 1 25VDC . D ialco 507-3835-0933-60 0 .  

LAMPHOLDER . Dialco 508-7538-5 04 . 

SWITC H ,  push button.  L eviton lt579 

FUSE , 3AG,  0 . 2 A . , Slo-Blo . 

SOC KET ,  T0-66 transistor mt' g .  U ID E lectronics PTS- 4 .  

INSULATOR, mica, transistor mt' g .  Relianc e M i c a  C o .  DF-3 1 -A .  

TEST JACKS , Sealectro Corp . ,  SKT- 1 0 .  

PA R T  N O . 

H-1 009-827 

H - 1 1 00-329 

H- 1 1 00-4 6 0  

HA-23709 

H- 1 007-395 

H-1 007-674 

H - 1 007-696 

H-1 007-209 

H A- 1 7995 

HA-2 1 8 4 7  

HB-25 1 8 2 

HA-25 1 5 6 

HA-25784 

H A- 1 7 5 04 

H A- 1 3554 

HA-9348 

H A- 2 1 84 8  

HA-23658 

H - 1 009-758 

H - 1 0 0 9-348 

H - 1 0 09-8 1 5  

HA-2365 0 

H - 1 009-885 

H-1 007-395 

H - 1 007-637 

H - 1 007-696 

H - 1 007-209 

H A - 1 7 995 

HA-2 2 5 9 3  

HB-25 1 8 3  

HA-25 203 

HA-25 2 04 

H A- 1 7 5 04 

HA- 1 3 5 5 4  

H A- 1 469 1 

HA-2 1 848 

HA-23658 
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D IA G RAM 
S Y M B O L  

E LECTR ICAL PARTS LIST 

N A M E  O F  PA R T  A N D  D E S C R I P T I ON 

H B -252 1 0  VO LTAGE REGU LATOR 

-1< R 1 7 , R 2 1 -R28 , R3 1  ± 5% ,  1/i w att ,  unless o therwise specified . 

R l , R9 

R3 , R l O ,  R29 

R5 , R 1 3  

R6 , R l 6  

R8 , R l 4  

R30 

R2 , R l l  

R4 , R 1 2  

R 1 8 ,  R20 

R7 , R15  

R 1 9  

C 1 , C4 

C 2 ,  C5 

C3, C6 

CR l ,  CR2 

CR3 

CR4 

Q7 , Q8 

I Q1 0 ,  Q1 1 

Q 1 , Q2 , Q 1 2 I 
Q4 , Q5 , Q9 

Q3 

RESISTOR , wirewound , 2 . 2 K  ± 5% , 1 Yz w att . Ohmite 995- 1 A .  

RESISTOR , wirewound , 2 . 5K ± 5% ,  1 llz  w att .  Ohmite 9 95 - 1 A .  

RESISTOR , wirew ound,  1 K  ± 5% , 1 '/z watt .  Ohmite 9 95 - 1 A .  

RESISTOR , wirewound, 8 2 0  ± 5%,  l llz  w att . 

RESISTOR , wirew ound , 2K ± 5% , 1 Yz w att .  Ohmit e  995- 1 A . 

RESISTOR , wire wou nd , 1 . 6K ± 5% , 1 Yz w att . Ohmite 9 95 - 1 A .  

RESISTOR , wirewound,  7 5  ± 5%, 3 w at t .  Ohmite 995-3 A .  

RESISTOR , wirewound , 56 ± 5% , 3 w att .  O hmite 995-3 A .  

RESISTOR , wirewound , 5 . 6 K  ± 5% ,  3 watt .  O hmite 995-3A.  

RESISTOR , variab le wirewound , 1 000 o hms . Muter C o .  50-2200 Series 

RESISTOR , v ariable  wirewound , 5000 ohms. Muter C o .  50-2200 Series 

CAPACITOR , mica, 9 1 pF ± 5% .  500V . Elemenco DM- 1 5- 9 1 0 J .  

CAPACITOR , tantalu m ,  1 5f1F , ± 20%, 35VDC . T exas I nst . ,  SCM 1 5 6GP035D4 . 

CAPACITOR, elect . ,  500f1F . 5 0VDC . Sprague TVA- 1 3 1 5 .  

D IODE , zener , 1 2V ± 5% . Diodes Inc .  1 D 1 2B .  

1 DIODE , zener ,  1 8 V  ± 5% .  Diodes I n c .  1 D 1 8B . 
I 

DIOD E ,  silic on , 200 PIV . Diodes Inc . DI-4 2 ,  

TRANSISTOR , silicon NPN , VcEO 4 0V ,  T0-9 2 .  Motorola 2N3903 . 

TRANSISTOR,  silicon P N P ,  Vc EO 40V , T0-9 2 .  Motorola 2N3905 . 

TRANSISTOR , silicon NPN , VCEO 65V, T0-5 . RCA 2N 2 1 0 2 .  

TRANSISTOR ,  si licon PNP , Vc EO 6 5 V ,  T0- 5 .  RCA 2N4 0 3 6 .  

TRANSISTOR , silicon  NPN , V C E O  6 0 V ,  T0-3 . Moto rola 2N305 5 .  

I Q6 I TRANSISTOR, ger manium PNP , V C EO 50V , T0-3 . RCA 2N2869/2N3 0 1 . 

I I 1 �:��:;:::;;:�:::�,�����:�:; 

B

:::�::���:'��:,

':: �0

° ; :::_600 . I LAMPHOLDER , Dialc o 5 08-7 538-504 . 

PAR T  N O .  

H - 1 1 00-448 

H - 1 1 00-423 

H- 1 1 00-429 

H- 1 1 00-443 

H-1 1 00- 4 2 2  

H-1 1 00-543 

H A- 1 3863 

H - 1 1 00 - 5 4 1  

H-1 1 00-542  

HA- 1 2578 

H A-20924 

H A- 1 65 2 1  

H - 1 007-654 

HA- 1 3 5 6 9  

HA- 1 2 920 

HA-25 2 1 7  

HA- 1 7 1 97 

HA-2 1 56 2  

H A- 2 1 564 

H A- 22678 

HA- 24003 

HA-24327 

HA- 1 7 9 9 2  

H A- 1 8538  

HA- 1 1 964 

HA-25784 

HA- 1 7504 

L_ _________ TES'!'���KS,  Sealectro Corp.  SKT- 1 0 .  
--------------------------------L------------1 
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22 

AU DIO 
TONES 

S#l87 A 995HOI 
I SOLATING TRANS F. 
( NOTE I )  

I 
I 
I 
I 
I 
I 

I 

I 
M

TG .fl 

STUD 

STATION _ GRD. 
MAT. 

D.= SHIELDED CABLE 

NOTE I T H ESE CONNECTI ONS AS S U M E  A PI LOT-WIRE Zo"='600 J1.. 

NOTE 2 COMPL ETED CABLE FIELD TEST V O LTAGE OF I O K V  D.C. F O R  1 0  M I NUTE S FROM 
EACH C ONDU C TOR TO A L L  O T H E R  CONDUCTOR S AND SHEATH. SHIELD IN G 
FACTOR OF 50% OR L E S S. E AC H  PAI R TWISTE D  SEPA RATELY- G RO U N D  S HEAT H 
TO STATION MAT A T  BOTH E NDS AND TO REM O T E  GROUND A T  E A C H  S P L I C E  

Fig.  1 .  R ecommen ded Connections and P ilot Wire Des ign for Private ly Own ed Two- T erminal L ines .  

292B017 
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11) ::J 
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I") 
0 ::J ::J 
11) 
!!. 
a· 
::J 
VI 
c ::J 
Q.. 
"0 
Cl 
;; 
�-< 11) 
)>. ... 
Q ::J 

\Q 11) 3 
11) ::J 
;;;-
0' ... 
.... � 
? 
.... 11) 3 
:;· 
� 
r-
:;· 
11) VI 

I 
N 
0 
<Jl 
n 
<Jl 

N ,;;; w 

POWER STATION AREA 

/ 
SEE NOTE 1 ---- ------@ ISOLATION SEE NOTE 2 

TRANSFORMER 
S- 187A995H01 

MTG. 

,6. : SHIELDED CABLE 

I a I FOR U N EXPOSED LINE STATION GROUND M A T  ,,,,j,,, \ 
\..... LIGHTNING ARRESTER 

POWER STATION AREA 

/ 
SEE NOTE 1 @ ISOLATION SEE NOTE 3 SEE NOTE 2 

MTG 

,6. : SHIELDED CABLE 

l b l  FOR EXPOSED L I N E  

TRANSFORMER 
S- 187A995H01 

1 4 
----�-------,�--� �------�-, 

3 6 

STATION GROUND MAT.
,,,,

),
,,, \_ LIGHTNING ARRESTER 

TELEPHONE CENTRAL OFFICE 

/ ---- ' 

SEE NOTE 

CENTRAL OFFICE GROUND 

POLYETHYLEN E - INSULATED 
SHIELDED CABLE. 

TELEPHONE CENTRAL OFFICE 

' 

SEE NOTE 

"7TTTTT CENTRAL OFFICE GROUND 

POLYETHYLENE - INSULATED 
SHIELDED CABL E . 

NOTES 

1 .  PR I MA R I L Y U S E D  FOR I M P E D A N C E  - Mll T C H I NG PURPOS E .  
2 W E S T E R N  E L E C T R I C  I N S U L il T I NG TR A N S F .  T Y PE 2 2 3 9 A  OR EQU I V .  
3 '..JE S T E P N  E LE C T R I C  DRO. I NA G E R U l C T O R  T Y P E 2 2 3 2 A  O R  E Q U I V .  
ll .  U N E X P O S E D L I NE - MAX . E X T E R I OR D I S T O. N C E  il B O U T  7 5 F T . - USE S H I E L D E D C A B L E . 
5 .  E X P O S E D  L I NE ..J I T H E X T E R I O R D I S T II N C E  O V E R  7 5 F T . liND D PO S E D  TO L I GH T N I N G ,  

PI).JE R - S l' S T E M  C O N T il C T , ll N D  POWER I ND U C T I ON U S E  S H I E LD E D  C ll B L E . 
b .  I S O L A T E  S H I E LD FROM GROUND UNT I L  OUT OF S I G N I F I C A N T  I N F L U E N C E  OF ST A T I ON 

GROUND P O T E N T  I il L .  

-t 
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"'tl 
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"T1 
;;o 
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c: 
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z 
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(/\ 
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-t 
)> 
c: 
c 
0 
-t 
0 
z 
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..... 
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Fig.  3 .  Fr.,t View of Ful l  Chassis .  
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,---
1 
I I 

II 
...,... FUSE lllllCATOII _ ..... ... '· )?1 

Fig. 4.  Typ i cal Module. 

-------

0.2 AIIP FOfti25Y. (LOW k.OW) o�r�·�---� 0.5AIII' FOft 41 Y 

I __ ____ __ ____ _ __r_To:e ::J 

Fig. 5. Power Supply HB-25 1 90 and HB -25200. 

7 1 5B564 
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26 

D.C. TO D.C. CONVERTER 

POSITIVE 

D.C. TO D.C. CONVERTER �---�---+--nt_ 
NEGATIVE 

IUGULATOR CIRCUIT 

�=BOX INDICATES NORMALLY 
CONDUCTING TRANSISTORS 

48VOC 
125VDC 

* Fig. 6. Vo ltage Regulator HB-252 1 0 .  

TRANSMITTER AMPLIFIER HB25220 
W / F I LTER HB-62600 

INPUT 
ADJ. 

10 

TRANSM I T T E R  AMPLIFIER HB-25220 

W I TRANSFORMER HB-55207 

* Fig. 7 .  Transmitter B lock D i agram . 

FOR 340 H Z  8. W .  
O N LY 

HYBR I D  

C.T. 1200'600 

876A826 

. 
"' 
'-' 

l l  
RELAY COIL I l FOR LOSS Of I REGULATION 

I ALARM 

7 1 5B 57 0  
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Fig. 8. F. S.  Osci l lator and Keyer HB -25 6 1 0 .  

* R • O  FOR 2 1  TO Z I V.D.C. KEY'INI 
A •IOOJI. fOil 4 2 TO S I V.D.t. KEVIN I 
R• 3000.ll. fOil 1011 TO 1 4 4 V. D.C. UYINI 

{i!)•DE NOTE S N O R M AL L Y  
COHOOCTING TRANSISltlll 

7 1 5B 572 
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....., 00 

L O O P  
1 I N REF. O U T  

+ + ----€ GRN BRN (. )--- (i) "-OR,_ __ _ + �  � <��or--.----.----<�,___--+----, 
3 W  

C R 3  I C R 4  

0142 0142 
L O O P  I N P U T  �'T'dg 

osc 
OUTPUT COt.IMON 

O R � � W H  
---"\·�·! -

4 

:>. 

------� 0�--------�--�--._��-----+-----------*------._----�-4---�--+-+-----+---------------------� T 
·>

1 

r-6-f ...... r-1� -� I 
+ IBV <i 5 

= == �---=---�--=--=--71-, 

I 

' , 1 I l l 

I 
1 1 1  I l l 

I 
, , 

.. .r"' - - - , _j 
G 

l<" 

I_ • 
" 

- lev < 1 2 

+ 
... (.) 
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* Fig. 9. F.S. Oscillator and Keyer HB25 1 10 -3 .  
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TY P E  TA-3 FREQU ENCY - SH I FT AUDIO TON ES __________________ J._L ._4_1 -_96_J_. 2..;;.B 

POW E R  
BOOSTER 

HB -25220 :J 
TRANS M IT TE R  
AM� E_L  

·* F i g .  1 0 .  Transmitter A mplifier HB -25220. 

GROUND 

TRANSFO RMER OUTPUT 
· - - - - - - - -,  
I HB-55207 

� u  I I � :  � _ls _ _ _  _1:_ J 

7 1 5 B 5 6 7  
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---- - AMP OUT 
L O  H I  
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H I  

�;· j-- -�1 '" 

T R A N S  AMP 
O U T P U T  600-'L 

�� I 
I I  I 

·> 

4 I 
>> KEY 

INPUT FROM I FS O S C  a KEVER <�:-----<!..----, 
HB - 25110 PANEL�f G N D  

== BLK I COM 
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' VEL 
r-----'-"'0-{e) OSC O U T  

PI 0 H B - 63300 7 2500 • 2000 CT 

TUNED TRANSFORMER ,-
1 2  

I 
L_ _  

LT 

� - 4 2 y  

' >  

HB-33375 
TRANSMITTER AMP 

AN O 
B,F. O S C  

* Fig. 1 1 .  Transm itter A mplifier HB-33375 .  

NOTES ; 
I - VOLTAGE SHOWN ARE SAMPLE VALUES 

TO BE USED FOR DETERMINING 
RELATIVE MAGNITUDES . 

2 - F IX ED RESISTORS ARE 1/4 WATT±5 'Yo 
VALUES UNLESS OTHERWISE SPECIFIED 

3-ASTERISK (ll) INDICAT E S  FACTORY VAULE 

4 - H B -33375 TO BE U S E D  ONLY WITH 
HB -25 1 10-2 A N D / OR HB-2 5 1 1 0 - 3  
F S  O S C  a KEVER, 
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TY P E  TA-3 FR EQU ENCY - SHI FT AUDIO TON ES _________________ :..:..L L::.:·...:4.:..1 ·..:.:96::..::3.:.=.::. 2 B  

HB-25160 

160 

HB- 25170 

876A7 16  
Fig.  1 2 .  R e ceiver B lock Diagram HB-63 100. 

��--- BW --��---- Bw-·--��--- BW� 

TRI P C t  GUARD TRIP Ct GUA R D  
F R E QU E N CY 

• T H E L ARGER OF THE TWO USED 876A728 

Fig.  1 3 .  Tone R eceiver F i lter Characteristics HB-63 100. 
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__ L< � • I SOL. TRANS. 

... 

DIAGRAM FOR CONNECTING 
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10 �- 11V u 
HB25160-I I 
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I k' 1 l l l � * * � I I � I I * I t • I J:::==, �o• t )j COMMON 

I I 
I 
I 

r;l.. I T I I I -T ·-l l l 1)1 - IB V  

t----j---+---------------;;1 TRIP BLOCK IND I CAT OR 

r----------'>I TO T R I P  BLOCK IN FS DI S C R I M I N ATOR 

I I HB-20160-1 I �· � 0  L R40 RECEIVER LIMITER 

----- - ---- - --- ----- - ---- - - --- - -- ---- - �l�U�RY_j 
*=OMIT WHEN MULTIPLE X I N G  INPUT COlliES 

FROM ANOTHER C H A S S I S .  
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TY P E  TA-3 FREQUENCY - SHI FT AUDI O TON ES _________________ :.:,:I . L::.:·..::4�1 -;;,;96::;:3.:.::. 2.:::.B 

TRIP BLCCK 
FROM SIG.  SUPV 

T R i P  BLOCK 
fROM L I P€  LEVEL 

3 

AND N O I S E  SUPV. I 

+ 18 v 

D I S C  
INPUT 

GND. 

SIGNAL 
SUPV. 

TR I P  
BLOCK 

L _ _  

GRN. DISC. I N  

r r.:' --

12 

I 

COMM� 
-· 

---5 + 1 8 V  

I 

Gil =  REMOvE STRAJ:l X A N D  
W I R E  STRAP Y fClR S T U  

UNBLOCKING A.->PLICA'riON 

7 1 5 B 5 6 3  
* Fig.  1 5 .  F . S. D i scrimin ator and D-C A mplifier for R e lay Outp ut HB-25 130-2 .  

TRIP 
OUTPUT 

SOLI{) STATE RELAYING OUTPUT 

{ MOUNTED ON ASSEMBLY CHASSI S )  

IN645A 
OUTPUT .;: ------J�t-.....--�;HBY'I 

9 i I .., IN3881 r TO SOLI D SD.TE 

10 I I RELAYS 

COMMON <C----+-------'> NEG_; 

Li��� ·a I 3 --------------------------
N O I S E  {<o_· - H II - 2 S I 7 0  

:;;j ::: REMOVE STRAP X AND WIRE STRAP Y 

fOR STU UNBLOCK I N G  APPLI CATION 

SUP V 
TRIP BLOC 

FS. DISC R I M I NAT O R 

AND D.C. AMPL I F IE R  

Fig. 1 6 .  F . S .  D iscriminator and D-C A mp lifier for Solid-State R elaying f!B -25 1 70 .  

7 1 5B574 
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TY P E  TA-3 FR EQU ENCY - SH I FT AUDIO TON ES·--------------------

80 

4 0  

... 

10 

20 

1 0  

0 

34 

DISC.  OUT T. P 
VDC 
+ 3 . 0  

SIGNAL I � 
SUPERVIS?fy 
LOW LEVE 
CLAMP 

+ 2.0 I 
+ 1 . 0  

0 

� 'G ;.j(BACKLASH ) : 
,r---

I ,,\ I 
I 

I \ I 
- DISC I OFFSET 

I 
I 
I \ I 
I \"" """ 7 I SUPERVISORY 
I 

LOW LEVEL 
CLA M P,. 

- 1 . 0  

- 2 . 0  

- 3 . 0  
2095 

� I \  
'-/ 

0 100 

\ 
I '\ 5 I 

"''�:rLASH ) _. 

I 

2 1 4 5  2 1 95 1 
FREQUENCY T. F. 

2 2 1 0  

2 2 4 5  2295 2345 
C . F. 

I 

1 2 395 
G .  F. 
2380 

Fig.  1 7. Typ ical D i scriminator O utput. 

...... v r::::= 

./ r 
I ' I  

I 
I 

T Y PICAL NOISE 
BAND �� 

PASS FILTER 

I I 
425HZ-HB55183 v NOTCH FILTER 

I--

Ill--- 595 HZ- HB55183 
� NOTCH FILTER 

I 
1 �  
I I 

I � I I HB55187 

1 _l_ STANDARD/ 
T \( 

300 

I I I 

I I 
_l, ) k / 

!100 700 FREQ. HZ.  

/ ./ v 
tOO 

-.............. I I I I 1/ 
I I 

1100 

* Fig.  18. Typ i cal Noise B andpass F i lter. 

1 '\ u 

1300 

2445 

11500 

249 5 

876A796 

87 6A7 38 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



w U'i 

, 
<C 
-
-o 

::0 
11> n 
11> 
<: 
� 
r­
:;· 
11> 
r-
11> <: 11> 
Q " <l.. 
z 0 
Ill 
11> 
"' 
c: "tl 
� <: 
Ill 
� '<: 
� 0 
<l.. c: 
iD 
:I: 1:0 
� <n 
<n 0 

LINE LEVU 
SENSITIVITY ADJ LWK -NOISE IN r - - - - - - - I!LOCI< GRN IN.)IICX�Oill 1 WKITE: rcy --� . -r- ·-· I I I -- ••• + ,  •• I r--l 20K '-------; I 

� 
,. 

I 
I I I I 

Cl3 

,. 

.... ,=: _ _.--- ' I >4 TRIP BL.Octl: 
OUTPUT 

INPUT � 
FROM 
NotSE 

FILTER 

WIDE BAND 
NOISE a 

LIN£ LEVEL 
INPUT 

I 
I 
I L 

10 �-1----��----+--r--���---� COM WON 

--- - ----

� = I N D I C AT E S NORMALLY C O N D U C T ING TRAN SISTOR 

CAPACITORS IN �F UNLESS OTHERWISE NOTED 

..JO "'l  
I 8 V  

L--------------------o>j TR IP BlOCK 
OUTPUT TO F.S. 

I OISCRIMINATOR 

"" 1 

2 02C807 

-1 
-< 
""C 
m 

-1 
):o-
w 

"T1 
;::o 
m 
0 
c: 
m 
z 
(") 
-< 

VI 
:J: 

"T1 
-1 

:1>­
c: 
0 

0 

-1 
0 
z 
m 
VI 

:-
r 
.... 
.0 "' w 
"' 
OJ 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  TA-3 F R EQU ENCY - SHI FT AU DIO TON ES ___________________ _ 

GROUND 

KEY 

3 6  

B. P FILTER 

CARRIER OUT 
GRN e HI Lcr.al�

. 
GRN - �� 

I 

lf5 -- --
!!. UL CJ>-----� 

CAPACITOR I N  W F  UNLESS OTHERWISE 

!- LI N E  
OUTPUT 

7 1 5B583 
* Fig. 20.  425-Hz Transm itter HB-2 1050-2 .  
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TY P E  TA-3 F R EQU ENCY - SHI FT AUDIO TON ES-------------------

TONE 

38  

UNE 

H I  LO 

GRN GRN 
H I  LO 
L I N E  

8 

7 

6 

5 

2 

4W SEND 
6000 

4W REC. 
6000 

BLU 

BLU 
c 

LO 

BRN 
LO 

YEL 
D 

Fig. 22.  L ine  Termination Module HB -25 140. 

11  � KEY 
9 

* F ig. 23 .  Hybrid for Two Wire Term ination HB -353 1 5 .  

TONE I N  - A 

I N - B 

N O T E : 

R E S I STORS AI TO R9 AN D A l l  TO Rl9 
ARE ± 5 %  VAL U E S ,  1 /2 WATT. 
ACTUAL VALUES D E P E N D  ON 
APPLICAT I O N .  
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TY P E  TA-3 F R EQU ENCY - SH I FT AUDIO TON ES ________________ ___;,;;.I · ;::.;L ·-:4...;..1 -..:...;96::.::.3=. 2 B  

MA DC 
OR 

VDC 

35 

25 

20 

1 5  

1 0  

0 

I 
INPUT TO KEYING CIRCUIT, M / "'7 

� 
0 

TR I P  v 
,t 

GUARD / 
v 

v / V D C  

T P  LOOP I N  

.....- I 
___....... v I VDC I 

TP LOOP OUT 

( 
10 15 20 25 
VDC INPUT TO KEYING CllCUIT 

TERMINALS I AND 3 

TRIP 

GUARD 

30 

876A 7 1 4  
Fig. 24 . Transmitter Keying C ircuit Characteristi cs. 

VDC VRMS 
4 r-------�---------r--------,-------� 

3 3 

"' t-
� i[ ., ;;; 
II) � 0 
,.!. 2 2 Ill t- > i "' 
0 � "' 
0 ..J t- 1 t- <!> ::> i)l 0.. 
� 

�------�
�
--------�2

�------�
3

--------�
4

0 

SIGNAL SUPERVISORY INPUT. l:P. 
0 .015 .045 06 

876A7 1 5  
Fig. 25 .  S ignal Supervisory Circuit Characteristics.  
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TY PE TA-3 FREQU ENCY- SH I FT AUDIO TONES ________________ _ 

RECE IVER DYNAMIC O P E RATING RANG E 

M AX I M U M  L EV E L  OF A SI N G L E  OUT-OF - BA N D  TON E 
( A B OV E  1 0 0 0  H Z ) TO C AU SE A H I G H  Ll N E T R I P  B LO C K .  

N U M B E R  O F  CHAN N E L S  

I 

O U T- O F- BAN D TO N E  L E V E L  
A B O V E  N O R M A L  C HA N N E L  

1 .  3 . 5 d B  
2. 8 . 6 d B 

f-�- 3 .  1 0 . 5 d B  ·-

4 0  

4. 
5 .  
6 .  

+ 4.5 d B  

+ 3 d B  

0 

- 3  dB 

- 6  d B  

- 1 5 d B  

- 1 8 d B  

- 2 8dB -

--�� 

1 1 . 8  d B  
1 2 .4 d B 
1 2. 9 d 8  - --

H tGH L I N E  - L EV E L  T R I P - BLOCK - B ACK LASH 
BLOCK RELEAS E 

NOMINAL S IGN A L  L E V E L 

�� BACKLASH 
B LOCK RELEASE 

LOW SIGN AL- LEVEL T R I P  BLOCK 

M I N IMUM S/N RATI0 = 9dB 
FOR S EC UR E  OPERAT I O N  

3dB MAR G I N  
�.,...,.....'"7'"1'"7----- N O I S E  T R I P  BLOCK 

N O I S E  S AM P LED IN R EGION OF 
300 TO 1 0 0 0  H ER T Z ; BLO C K I N G  I S  
INDET E R M INATE DUE TO R A N D O M  
C H A RACTER O F  NO I S E .  

* Fig. 2 6  . .  � e ce ive r D y namic Operating R ange.  

RECEIVER 
DYNAMIC 
R A NGE = 10.5dB 

876A827 
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PE TA-3 F R EQU ENCY - SHI FT AU DIO TON ES ____________________ _ 

NOISE B_LOCK 

COMMON 

J O  
- - -,  

S E E  5 4 9 6 0 4 4 
F O R  D C - D C  C O NVERTER 

I 
1 2 5 V. O C �� 1: 1 

S UPPLY ( -t---<111 ) 
I 

TONE I N  {,1-4--"-----------. 
GROUND {� I 

TR I P KEY � 
I 

TONE OUT { : : 
SIGNAL BLK. -1'--1-+----, 
�IP OUTPUT 

4 4  

4 2  

_ _j 
TERM. N O S .  
PE R S .C. 

1 -
LINE LEVEL SENSITIVITY ADJ. LINK 

_ _ _ r.s�CK��-

CARRIER 
J�PJIT_ -

---iJNE AMP NOSE AMP -�HI-r_:� _ _ __ ___ ______Q!:JT'='I£[_(:�� Q�T� 

i -�lKI --- I 

J 

'. l . 
• CR 7 

i I T2r+i-:·'· l � l('U[ � I  �-zRs1 t 
' - I:':L F �+-

R8 I' � � 2.5K,25K ' 
l s. l  K J • 01 , �- - I ! 

RECEIVER SENSITIVITY WH _ADJ LINK _ _ _ _ _ : WH 
- -=fe 

-
- :-1 -

_ __LJkH 

Fig. 28. TA-3 F.S. Receiver, Lir 
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... -2[',��iER � AND 
SIGNAL SUPERVISORY -- -- -- -- -- -- -- -- -- -- --

I . L .  4 1 -963 .2 6 

HB-25170 � FS DISCRIMINATOR 
--

AND.DC.A�E�i 

- - - - -------- ------------------------------------------1 

6 2 5 1 0 6 2  

le Leve l  and Noi se Supervisory-S . S . Output .  
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INSTALLATION • 

Westinghouse I . L . 41 -963 . 1 A  

OPERATION • MAINTENANCE 

INS T R U CTI O NS 
TYPE TA-2 FREQUENCY-SHIFT AUDIO TONES 

C AUTION : It i s  reco mm ended that the user of thi s 
e quipm ent become acquainted with the information 
in this in struction leaflet b efore conne cting the 
e quipment in a relaying system . If  the set is mounted 
in a cabinet , the c abinet must be bolted down to the 
floor or otherwi se secured before swinging out the 
e quipment rack to prevent its tripping over. 

A P P L I C A T I O N  

The type TA-2 tones are of  the high speed frequency 
shi ft typ e that are used in conj unction with a p er­
missive relaying syst em.  They are applied in the 
dual-phas e  comparison system for the p rotection of 
a transmission line. 

The T A- 2 tone c hannel is  avail abl e  in two band­
widths ( 340 H z  and 600 Hz) .  In order to provide a 
high speed tripping system the 600 H z  b and-wi dth 
tone should be used with dual phase compari s on.  
The only appl i c ation where the 600 H z  ton e  can not 
be used is whe n a three t erminal pow er line is b eing 
prote cted using a two wire audio channel .  In  thi s 
c ase , the 340 Hz band-width tone must be used in 
order to pro vide the needed fre quencies. 

The T A- 2 equipment may be used directly over a 
pilot wire pair or may be m ultiplexed on a microwave 
or other carrier channel . When using the 600 H z  

band-width tones , the maxi m um channel  del ay ( e x­
clusive of TA-2 delay)  that can b e  tolerated i s  3 . 5  
ms .  For the 340 H z  band-width tones this maximum 
delay is 2 m s .  

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

The type T A- 2  tone system used plug-in mo dules to 
m ee t  the require m ents of a p ermi ssive relaying 
system. 

In a typical relaying applicati on , the tone system 

consi sts of a transmitter modul e ,  a beat frequency 
osci ll ator and d emodul ator modul e ,  two rec eiver 

modules , (a b and pass filter and a frequency shift 

S U PERSEDES I . L .  4 1 -963 . 1  
*Deno tes change from su perseded i ssue .  

rec eiver), a n  optional A M  receiver module for tone 
deterioration detection , and two noise mo dules 
(a b and p ass filter and an AM receiver modul e ) .  

B asic construction is  shown in Figure 1 .  

Tran smitter Modu le  

T h e  transmitter modul e consists of a transi stor key­
ing circuit ,  an oscillator, an output amplifier and an 
output band-pass filter. Th e band-pass filter and 
oscil lator are the frequency determinimg component s 
and are containe d  in a separat e  plug-in enclosure on 
the transmitter module. 

Beat Frequency O scil lator And Demodu lator Modu le  

The beat frequency o scillator and demodul ator module 
consi sts of an oscill ator,  a m ixing circuit , and an 
ampl i fiero The tuned circuits for the beat frequency 

oscillator are contained in a seal ed plug-in assembly 
The front pan el provides c ontrols  for adj ustment of 
the output l evel frequency , and includes test j acks 
for monitoring these adj ustment s .  

Receiver Fi lter Modu le  

This module is a band-pass filter  which conne ct s the 
demodulator to the receiver.  The sum fre quenci e s  of 
the d emodulator and the audio frequency c arrier are 
selected to be passed by the filter. 

Frequency Shift Receiver Modu le  

T h e  receiver module consists of  a limiting amplifier, 
a speci al ly tuned di scrimin ator , rectifying and filter 
circuitry and two d-e ampl ifiers .  A low signal s quelch 
circuit is  also included in this modul e .  

AM Receiver Noi se Squelch 

This mo dule consists of a three- stage amplifi er, rec­
tifying and filtering circuitry and an output d-e 
amplifi eL This module is connected to a separate 

input filter module whi c h  is normally t une d for a 
p ass band of 650 to 1050  H ert z. 
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TYPE TA-2 FREQUENCY-SHI FT AUDIO TONES--------------------

NOI SE CI RCU I T  

AM R EC E I V E R  
F/S RECEI V E R  
MODUL ES 

R ECEI V E R  

F I L T E R  

F/S 
T RANSMI TT E R  
H B- 1 9925-2 

�-- CAR R I E R  L EVEL 
MONITORING 
R EC E I V E R  
( WH ER E  USED) 

B EAT F R EQU ENCY 
OSCI L LATO R AN D 
D EMODULATOR 

F ig. 1 .  Front V iew of Full Chossis. 

O P E R A T I O N 

A s  shown in Figure 2, the output of a high frequency 
oscill ator in the TA-2 tone set is beat with the out­
put of a lower frequency oscillator. The difference 
frequency or the tran sl ated frequency is applied 

through a band-pass filter to the pilot channel. By 
keying the transmitter with a voltage ,  the frequency 
is shifted from one frequency to a second frequency. 

At the receiving end of the channel ,  the incoming 
audio tone frequency is translated to the higher 
frequency of the transmitter and is applied to the FS 
receiver through a band-pass filter. The receiver 

converts the frequency to a d-e voltage which i s  

applied t o  t h e  relaying scheme. 

In a dual phase comparison relaying system , the 

phase rel ationship of square wave pulses are com­
pared to determine if a fault is internal or e xternal 
to the protective transmission line - a pulse derived 
from the 60 Hertz current at one line terminal is 

compared in phase relationship to a pulse received 
from a remote line terminal . The transmitter is shifted 

in frequency at a rate e qual to the power system fre­
quency. On alternate half cycles , either a mark or 
sqace frequency i s  applied to the pilot channel and· 

2 

is received at the remote terminal. The receiver con­
verts the mark and space frequencies to two d-e 
pulses which are applied to the dual phase com­
parison relay for comparing to local pulses at the 

remote terminal. 

FS Transmitter - HB-19925-2 

The oscillator shown schematically in Figure 3 
is tuned to a high fre quency relative to the audio 
tone channel frequency. The output of the oscillator 
is applied to a balanced modulator circuit which i s  
driven b y  a beat-frequency oscillator tuned below 
this oscillator frequency to produce a difference 

frequency equal to that ·of the audio tone channel . 

Both sidebands thus generated are applied to an 
amplifier having a band-pass filter in the output 
circuit. The filter rejects the upper sideband and 

passes the lower sideband to the line. A shift in 

the frequency of the oscillator when keyed will 

produce the same amount of shift in cycles of the 

audio tone output. 

The oscillator stage includes transistor Ql and 
associated circuit components . The tuned circuit 
consist s of inductance L0 and the Capacitor CM, 

Cs and Cc are the fre quency shifting capacitors.  
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TYPE TA-2 FREQU E NCY-SHI FT AUD I O  T ONES  -----------------::.:I. L::.-.:4.:..:1 �9.!!:63::.:._. �1 A  

O scill at ions from the tuned circuit are c o upl ed t o  
the base of Q l  b y  capacitor C3 . Feedback to t h e  
tuned circuit from the colle ctor of Q l  is through 
re sistor R3 . The network consisting of C 2 ,  R6 and 
variable resistor R7 allows frequency adjustment by 

variation of the e ffective capacity of C2 acro ss a 
portion of the tuned circuit. 

The secondary winding on L is center-tapped and 0 
serves as a p art of the b alanced modulator w hich 
includes switching transistors Q3 and Q4 . The bases 
of Q3 and Q4 are driven with the beat fre quency 
voltage from a center-tapped winding on the B F  
O scillator module.  Both sidebands appear across 
the LEVEL c ontrol R IO from which they are coupled 
to the base of  the output amplifier Q2. The band-pass 
filter in the coll ector circuit of  Q2 rejects the uppe r  
sideband and p asses t h e  lower sideband to the line.  

C ap acitors Cc and Cs are strap p ed in p arallel on the 
circ uit board and clamped by Q5 , forward biased at 
the emitt er ,  across L 0 to generate a Space fre quency. 
A negative voltage applie d  to the base of  Q5 through 
divider R 1 7  and R l 8  will increase the collector­
emitter impedance to effectively remov e Cs and Cc 
from L0 . This will l eave C M only acro ss L0 and the 
carrier frequency will shift to M ark . 

B F  Osc i l lator And Demodu lator · HB-19905 

Three functions are provided i n  thi s module.  

1 .  A beat frequency voltage is  generated.  

2 .  The received audio tone signal is mixed with 
the output of the beat frequency oscillator 
in  a balanced modulation circuit  for f re quency 
translation. 

3 .  The received audio tone signal i s  amplifi e d  
before translation t o  compensate for losses 
in the modulator circuit and impedance im­
provin g  pads. 

BF O scillator 

The BF oscillator stage includes transi stor Ql and 
a tuned L C  circuit. Oscillations from the tuned cir­
cuit are coupled to the base of Q 1 by capacitor C 2 .  
F e edback from t h e  collector of  Q l  to t h e  tuned cir­
cuit is through r e si stor R l .  An RC network con­

sisting of C l ,  R 2 ,  and R3 is connected across a 

port ion of the tuned circuit for frequency trimming 
purposes;  R3 is  variable and controls the e ffective 
c apacity of C 1 .  

Voltage from t h e  tuned circuit i s  also coupled by 
capacitor C4 t o  the base of  Q2 which operates as a 
Class A output amp l ifier. The tuned transformer in 
the c ollector circuit has a c enter-tapped secondary 
for applying the s witching v ol tage to the bases of  the 
modulator transistors Q3 and Q4 . 

Line Amplifier and D emodulator 

The audio tone l ine amplifier consi sts of transformers 
T 2  and T l ,  transistors Q5 and Q6 w ith associated 
component s ,  a L E V EL control R20 , and impe dance 
improving pads R24 through R 29 .  The audio tone 
si gnal to the amplifier is applied through a 3-db p ad 
and l ine i solating transformer T2.  The secondary 
windin g  of T2 is  t erminated w ith R 2 1  and the L EVEL 
control which applies a base-to-base input signal 
to Q5 and Q6 . Q5 and Q6 are biased to Class A 
operation. Q5 and Q6 are an emitter- coupled p ai r  
with a push-pull o utput transformer T l  in t h e  col­
lector circuit . The secondary winding of  T l  is c enter­
tapped to serve as part of  the balanced demodulator 
circuit which includes s witching transistors Q3 and 
Q4 . The load on the secondary winding is  a 3-db 
pad and the r ec ei ver band-pass filter. This lo ad i s  
in  effect switched across e ach h alf of  the se condary 
windin g  by alternate half cycles of the beat fre quency 
voltage . Thus the ampl ifie d audio tone signal from 
T l  will app e ar across the l o ad in modulated form 
as two sid eband frequencies;  the beat frequency 
oscillator frequency plus the audio tone frequency , 
and the beat fre quency o s cillator frequency minus 
the audio tone frequency , the beat frequency being 
supp re s se d  to a low valu e  by balanced modulator 
action .  The lower s ideband will be rejected by t he 
re ceiver band-pass filter ,  and the upper sideband 
will be passed to the re ceiver. 

FS Receiver - HB-199 1 5-5 

Limiter Amplifier 

In the schematic  diagram of  Figure 3,  the limiting 
amplifier consi sts of  three d irect coupled stages. 
The first stage i s  an emitter coup led pair o f  tr an ­
sistor s ,  Q l  and Q2 ,  a s  a differential amplifier 
whi ch provides a p ush-pull signal t o  the second 
stage. The second stage includes an emitter-coup led 
pair,  Q3 and Q4 , to p ro vide a single-ende d output 
to the third stage Q5. A feedback network from the 
call ector of Q5 to the inverting input of the first 
stage yields d-e and a-c stability to the amplifier. 

The si gnal from the band-pass filter and sensitivity 
control in parallel is  applied to the non-inverting 
input which has a high impedanc e  characteristic .  
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Discrimi n ator 

The output signal from Q5 is co upled to the base o f  
Q8 by re sistors R 1 8  and R 2 1  w hich also serve t o  
provide a d-e bais voltage t o  Q8 . With full limiting, 
Q8 i s  switched on and off at the translated frequency 
r ate , allowing 40 MA p e ak pluses to e nergize the 
tuned discriminator in the coll e ctor circuit. Th e 
discrimi nator consists of two parallel tuned circuits 
r esonant at Mark and Space r e sp e ctively. A secondary 
windin g  on each tuned circuit yields a d-e output 
by mean s  of full w av e  rectifier diod e s .  The d-e out­
puts are connected in series aiding and applied 
across series r esistors R23, R25 and R24 , the com­
bination in effect being a bridge circuit. O utput from 
the bridge is taken between the center arm of the 
B IAS control R25 and the c enter conne ctions of the 
secondary windings .  As the discriminator i s  energized 
with alternate Mark and Spac e signal s ,  the output 
w ill be approximately ± 1 . 5  volts, and zero volts in 
the ab senc e of the translated ton e  signal . C7 ,  L 1 
and C8 filter the translated tone component from 
the discriminator output which is applied to the out­
p ut d-e amplifier, 

Low Signal Squelch C ircuit 

A s quelch circuit on the discriminator is provide d 
by Q6 , C 7 and associated compon ents .  In the ab sence 
of a c arrier signal , Q7 i s  clam pe d  by a forward base 
bias through R20; this shunts the base of  Q8 the 
discriminator driver.  When the signal from the limiter 
amplifier is coupled to the rectifier diode s CR l and 
CR2 by the emitter follo w er Q6 a reverse bias voltage 
is appli e d  through R 19 to the base of Q7, c ausing 
Q7 to unclamp. The c arrier output from Q5 can then 
drive Q8 to e nergize the discriminator .  The circuit 
i s  de signe d so that the carri er must reach a level 
high enough to yield a receiver output with very l ittl e 
di stortion before  Q7 unclamp s the permits the dis­
criminator to drive the output d-e amplifier. Hence 
when the rec eiver carrier falls below this leve l ,  the 
dis criminator is squelched and recei ver output signals 
c ease . Thi s thres ho l d  level is determined by the set­
tine of  the SENSITIVITY control R 2. The value o f  
c apac itor C5 determines the sp eed o f  operation of  the 
squelching action. Charging i s  less rapid than dis­
charge in this circuit. .As C5 becomes l ar ger,  the 
unclamping action of Q7 i s  delayed while the clamp­
ing time i s  not incr e as e d  appreciably . Thus the 

turn-on time of the rec eiver c an be delay e d  to make 

the circuit l e ss v ulnerable to noise when the c arrier 
fall s below a predetermined level s etting of the 
SENSITIVITY control . The band-width , c arrier fre-

quency and level of a channel are also determining 
factors in the speed of  operation of  the s quelch 
circuit. 

Output D-C Amplifier 

In the d-e amplifier the output transistors Q 14 and 
Q 1 3  provide push-pull o utput. They are driven by a 
two-stage push-pull regenerative circuit consi sting 
of Q l O ,  Q9,  Q1 2  and Q l l .  The regenerative circuit 

is monos table due to the une qual resistances in the 
emitter circuits of Q lO and Q9; Q lO on- Q 1 2  off, 
and Q9 off- Q l l  on. Thus in the absence of discrim­
inator output Q 14 is saturated and Q 13 is cut off. 
A Mark signal from the discriminator will maintain 
the above condition . A Space signal from the discrim­

inator will reverse the conducting states,  and Q 1 3  
will b e  saturated whil e Q 1 4  i s  cut off. The trigger 
type of switching action due to re g en eration yields 
fast ris e  and fall time to the output pulse s .  

AM Noi se Receiver - HB-17840-1 

The filter used at the input of the AM receiver is 
de signed to reject the signal s of the adjacent chan­
nel s ,  to match the r e ceiver input impedance to the 
line , and to prevent loading of  the adjacent channel 
signal s.  The filter has approximately 35- db atten­
uation to the adjacent channel w hich provides an 
e xtra safety margin for operation in case the c hannel 
signal levels at the r e ceiver input become unbalanced.  

The receive r  sensitivity control Rl ( se e  Figure 3)  i s  
connect ed acro ss the output of th e filter. This c on­
trol p rovides the means by which the receiver sen­
sitivity i s  adj uste d. Two RC coupled stage s o f  
amplification using Q l  and G 2  a s  the active el ements 
follow this control . R3 and R2 set the d-e biasing 

for the base of Q l  while R5 and R6 provide e mitter 
self-biasing. C3 acts as a bypass for R6 . R5 is not 
bypassed and introduces d egeneration into the stage 
for greater stability of the circuit under varying 
conditions. R4 is the collector load for the stage . 
The operation of the se cond stage involving Q 2  i s  the 
same . R 1 2  and C4 acts as a decoupling network to 
prevent self-oscillation in the high-gain r e ceiver. 

The third stage acts as an amplifier and driver for 
the full-wave rectifier stage .  Tl i s  the coll e ctor load 
for Q3 and also matches the impedance of  the r e c­
tifier ci,.cuit to the transistor Q3.  The other com­
ponents of  the stage have similar p urposes to those 
described for  Q l  or Q2 .  

With no signal input Q4 i s  biased to cut-off by m e ans 
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TYPE TA-2 FR EQU E NCY-SH I FT AUDIO TON ES 

of the voltage divider R 19 and R22 and no collector 
current flow s. The rectifier circuit produce s  a posi­
tive voltage o utput and , i f  s ufficient signal is ap­
plied , thi s  voltage overcome s  the reverse bias on 
Q4 and the transistor conducts. C8 , C9, and R 1 7  
form a low pass R C  filter to remove the carri er 
compon ents. 

Carr ier Deter iorat ion Detector - H B- 1 7840-1 0  

This i s  an AM receiver simil ar to the A M  Noise 

Re ceiver with the e xception o f  the output circuit. 
Q4 is removed and the output of  the receiver i s  
across two diodes.  T h e  output is  used t o  drive a 
microammeter to determine the signal l evel o f  the 
remote transmit ter. It is connected to the output o f  
t h e  wide-band filter of the FS receiver. 

C H A R A C T E R  I S  T I C S  

General 

Audio Tone C enter 340 H z  Band-widt h - 1 500,  2 7 00 
Frequencies ( Hz): 1 70 H z  Band-widt h - 1 5 0 0 , 2 180 , 

and 2860 

Shift in Frequency : ±300 Hz ( 600 H z  Band-width) 
or 

Frequency B F  
O scillator: 

Transmitter Cent er 
Frequencie s:  

Operating 
Temperature :  

Storage 
Temperature :  

Operating Time : 

Energy 

Re quirements: 

6 

± 1 70 H z  (340 H z  B and-width) 

1 3 . 5  k H z  

1 5  k H z  For 1 500 Hz Tone 
Channel 

1 5 . 68 kHz For 2 18 0  H z  Tone 
C h annel 

16 . 2  kHz For 2700 H z  Ton e  
Channel 

1 6 . 3 6  k Hz For 2860 Hz Ton e 
Channel 

- 10°  to +60°C 

-60°C to +75°C 

Two t erminal line 2 to 2 . 5  MS 
T hree terminal line 3 . 5  to 4 MS 

1 1 0 milliamperes at 12 volts d-e 

FS Transmitter - HB-1 9925-2 

Output L evel:  Adjustabl e from -30 dbm to 
+ 2  dbm 

Output Impe danc es :  600 ohms nominal ,  isol ated and 
balanced 

Output Stability: 

Frequency 
Stability: 

Keying Input :  

± 1 . 5  db from - 1 0°C to +60°C 

± . 2 5% to + 1 . 5% 

- 10 volt s 

F S  Receiver - H B - 1 99 1 5-2 

Sensitivity:  Adj u st able from -40 dbm to +6 dbm 

Input Impedanc e :  Band-pass filter, 600 o hms nom­
inal 

Squelch Circ uit: 

D-C Output: 

D-C output assumes a mark-hold 
condition when l evel falls to t he 
sensitivity setting o f  receiver. 

P ush-pull ,  - 10 v olt pulses at 5 

to 40 MA. Rise and fall times 
each l ess than 5 microseconds . 

I N S T A L LA T I ON 

The tone assemblies should be mounted on relay 

racks or in suitable c abinets.  The m ounting location 
should be free from dirt , moistur e ,  excessive vi­
bration as well as heat .  All electrical connections 

are made to a connector terminal on the rear of the  
chassis. 

S E T T I N G S  

Transmitter 

Only one s etting is required on the tone transmitter 
and that is the output level. This setting is m ade by 

using the scre wdriver type adjustor m ark e d  "level " 

on transmitter modul e .  I n  general ,  the tone trans­
mitters are set to t h e  m aximum level allowed by the 
Telephone Company on t h e  pilot wire or telephone 
pair. 

If zero dbm is the maximum allowance level , a single 

tone transmitter will be set to that level ( 0 .  775 
volt into 600 ohms). 
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The audio output level of the transmitter is m e asured 
by connecting a 600-ohm re sistor or load across 
the signal output termin al s .  No other signal s hould 
b e  present on the line if  it is used.  The l evel can 
be measured at the output terminals u sing an a- c 
vacuum-tube voltmeter. Th e l evel control is then 

adjusted for the d e sired output. After the transmitter 
is adjusted pro perly ,  a VTVM reading should be 
take n  at the "OUT " pin j ac k  on the front p anel 
and r ecorded for m aintenance and check-out purpose s. 
This avoids the necessity of  disconn e cting the trans­
mitter from the line wh en levels are to be checked 
or readjusted. 

Demodulator - Level Control 

After the remote transmitter has been adju ste d,  pull 
o ut the local transmitter. Check the recei ved signal 

at top two terminal s of the beat frequency o scillator 
and d emodulator module ( H 1 ,  La). P ull out the local 
F I S receiver filter and connect a 600-ohm load across 
d emodulator o ut and La ( white) terminals. Connect a 
VTVM acros s  the 600-ohm lo ad, and adjust the level 
control for 3-dbm above the receive d signal . 

FS Receiver 

P lug a d-e voltmeter ( at least 20 volt range )  into TP 
norm . and TP comm . o f  rec eiver. (The tone trans­
mitters must be previo u sly s et to their de sired out­
p ut levels . )  Connect a VTVM across t he tone re­
c eiver input terminal s (TP L a  and TP Hi)  and note 
the normal received voltage ( preferably in db). No w 
conne ct a calibrated attenuator ( such as the Hewlett­
P ackard Mo del 350B Attenuator) betwe en the t ele­
phone l in e  and the terminal e quipment. Set the at­
tenuator for 1 2  db attenuation . This value can b e  
checked on t h e  VTVM. I f  such an attenuator is not 

avail able ,  connect a variable resisto r ,  500 ohms 
maximum i s  ade quat e ,  a cross the incoming l ine and 
redu c e  the resistance until t he incoming signal level 
drop s  1 2  db. 

With the l evel of the incoming tone set 12 db below 
normal , advance the gain control of  the tone re ceiver 
by adj usting level control on the re c ei ver  module 
until the receiver o utput increase s suddenly from 
zero to approximately - 1 2 volts, at this potnt t he 
squelch has operated to clamp the receiver in a 
mark state. When the attenuator i s  removed from 
the circuit , the tone receiver will have a nor m al 
operating point 1 2  db above the p ickup si gnal level .  

AM Receiver Hoi  se Sque lch  (Where Used) 

The AM squelch r ec eiver i s  set in the factory such 
that an output is obtained across TP out and TP 
comm. when the noise measured in the 650- 1 0 5 0  
band exceeds the FS recei ver setting b y  5 d b  ( e . g. 
if frequ ency shift receiver sensitivity at - 3 2  dbm , 
AM rec eiver sensitivity at - 2 7  dbm).  

Carr ier Level Mon itor (When U sed) 

The following proc edure is to be used wh en an AM 

r e ceiver is utilized in conj unction with a Weston 
Mo del 1 0 9 2  m eter relay to detect a partial deteri­
oration of  the ton e signal. Since the meter is also 
calibrated with the AM receiver,  these in structions 
only apply when the meter is used. 

a .  On AM receiver,  set bias control fully counter­
clockwise position. 

b. Set potentiometer in series with meter to fully 
counter- clock wise position. ( zero resi stance) 

c .  P ull AM receiver module from c ircuit and 
adjust zero of m eter such that the contacts 
j ust close .  

d .  P ush i n  AM receiver and adjust sensitivity 
control such that m eter i s  at full-scal e  de­
fl ection with normal received signal. A dj u st 
zero adjustment of m eter such that the con­
tacts j u st close with the normal received 
signal . 

e .  L o w er incoming signal by 1 0  db , and adjust 
sensitivity control of AM receiver such that 
the meter contacts j ust m ak e .  The meter is 
now calibrated for a 1 0  db deterioration of 
signal . 

f. For deterioration levels greater than 1 0  db, 
lower the incoming signal to the de sired 
val ue and adjust the series potentiometer 
until the m eter contacts j ust mak e .  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

( I n  serv i ce procedure to be used i n  con junct ion with 
SK B U  Rel ay) 

1 .  Beat F requency 0 sci l l ator - frequency control 

Che ck the fre quency at bottom two terminal s of 
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TYPE TA-2 FR E QU E NCY-SHI FT AUDIO TONES-------------------

the BF o scillator and demodulator module ( H 1 ,  
L o . )  Readjust fre quency i f  required to nameplate 
marking. 

2. Transmitter - level and frequency control  

a. Check output of  transmitter at terminal s  o f  
channel e quipment. Adjust level control for 
the desired output. 

b .  Check mark and space frequencies at green 
termin al s of  FIS transmitter (Hi, Lo). (To 
key transmitter to m ark j umper keying lead 
on J 1 0 1  to - 1 2  vdc; See Fig. 3 . )  Readj ust 

transmitter frequency if  r equired so that the 
space and m ark frequencies are approximately 
correct 

3. Demodul ator - level c ontrol 

After remote transmitter has been adjusted,  p ull 
out local transmitter. Check the r eceived signal 
at top two terminals (Hi ,  Lo) .  P ull out the lo cal 
F I S  r ec eiver filter and connect a 600-ohm load 
across the demodulator out and Lo ( white) termi­
nal s .  With a VTVM acro ss the 600-ohm load, 
adj u st the level control for 3- dbm abov e r eceived 

s ignal . 

4. Frequency Sh i ft Rece i ver - sens it iv ity and 
b ias  c ontrol  

a.  Reduce incoming space signal by 1 2-dbm and 

adju st sen sitivity control until the receiver 
i s  clamped in a m ark state .  ( - 1 2  vdc between 
" Comm . "  T . P .  and "Norm . " T . P .  · on the 
recei ver mo dul e ,  with mark and space output s 
conn e cted to the relaying system. )  

b .  Apply s ufficient a-c current b y  using remote 
terminal functional test panel to pickup the 
remote fault detector of  the SKBU-2 or SKBU 
- 2 1 .  With o scillo scope across " Comm . "  T. P .  

and "Norm . " T . P .  o n  the r eceiver modul e ,  
adjust bias control of  tone s e t  for p ulse s o f  
approximately 8 milliseconds . 

5. Carr ier level Mon itor C i rcu it 

12 

a. On AM receiver, s et bias control fully counter­
clock wise po sition. 

b. Set potentiometer in series with m eter to full 
counter-clock wi se position . ( zero resistance) 

c. P ul l  AM r eciever modul e  from circuit and 

adjust zero of  m eter such that the contacts 
j u st close. 

d .  Push i n  AM receiver and adjust sen sitivity 
control such that meter is at full- scale de­
flection with normal rec eived signal . Adjust 
zero adjustment of meter such that the contacts 
just close with the normal r eceived signal. 

e.  Lower incoming signal by 10 db , and adjust 

sensitivity control of AM receiver such that 
the meter contacts j u st m ak e .  The meter i s  
now calibrated for a 1 0  d b  deterioration o f  

signal . 

f .  For d eterioration l evels greater than 1 0  db, 
lower the incoming signal to the desired 

value and adjust the series potentiometer 
until the meter contacts j ust m ak e .  

6. AM No i se C i rcu it - sen sit iv ity control 

a. Set bias control fully counter-clockwise.  

b. P ull local and r emote transmitters. 

c .  Apply a 800-cycle signal to channel from 
e xternal o scillator, and connect d-e voltmeter 
across " Comm. and T . P .  " Out " on A . M. 
Noise Rec eiver. 

d. Adjust sensitivity control of AM receiver un­
til the d-e voltmeter r eads about - 10 volts 
when the 800-cycle s i gnal i s  set at the de­
sired leve l .  

Mai ntenance 

The modules in this equipment use transistors and 
other components which are conservatively r ated 
for reliability and long life . In normal operation, the 
monitoring function provides a continuous check on 
the performance of the equipment. At p e ri od ic in­
terval s ,  it m ay be desired to check the tripping 
function . For such a check , the channel may h av e  

t o  b e  taken out o f  servic e  t o  prevent unne cessary 

breaker operation. The k eying circuit may then be 
closed to check the operation of  the tripping relay. 

As long as the channel is operating satisfactorily ,  no 
m aintenance work is necessary other than seeing 
that the e quipment is free o f  dust or dirt. However, 
a scMduled routine check will prevent down-time 
loss, since it may indicate deterioration in the per­

formance of one of  the unit s .  If a channel failure 
occurs becau se of the terminal e quipment, a trouble-
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shooting pro c edure should be used similar to that 
employed for any electronic equipment. First de­
termine where the failure has taken place (transmitter 
or receiver); then determine the portion of the cir­
cuit at fault. 

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

Repair work can b e  done m o st satisfactorily at the 
factory . However, interch angeable p arts c an be 
furnished to users who are equippe d  for doing re­
p air work . When ordering p arts,  always giv e  the 
as sembly style number and voltage rating ,  plus the 
compo nent identification and modul e in w hi c h  it i s  
loc ated. 
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TYPE TA-2 F R E Q UE NCY - SH I FT AUDIO TONES---------------------

D IAGR AM 
SYMBOL 

R 1-R 2 2  

R7 

R lO 

C 1  

C 3 , C 4 , C 5 , C6 

C 2  

C 7  

Q 1 , Q2 , Q3 , Q4 

Q5, Q6 , Q7 

R 1-R29 

R3 

R 20 

C 1  

C 2 , C3 , C4 , C5 

C6 

T 1  

T 2  

Q 1-Q6 

TAB LE OF RE P LACEABLE PARTS 

D E S C R I P T ION 

FS T RANSMITT E R  HB-1 9925-2 

RESISTOR , fixed comp . ,  see Note 5 ,  Fig. 1 and 2 .  

RESI STOR , variabl e ,  250K , 0 . 1 watt , BD tap e r. C TS Corp . , typ e  P E  200 . 

RESISTO R ,  variabl e ,  500 ohms, 0 . 1 25 watt, DB taper. CTS C orp . ,  
type P E 2000.  

CAPACITO R ,  tantalum,  15  uf  ± 20%, 2 5 V ,  M allory TAM 1 56M02 5 P 5C 

CAP ACITO R ,  tantalum,  33 uf ± 20%, 10V,  Mallory TAM336M0 10P5C. 

C AP ACITO R ,  mica,  s ee Note 4 ,  Fig. 1 and 2 Elmenco Type DM20.  

C APACITO R ,  c erami c ,  0 . 4 7  uf + 80%, - 20%, 25V,  Sprague 5 C 1 1 A .  

TRANSISTOR ,  germanium , PNP , T exas Inst. 2 N  1375 

TRANSISTO R ,  silico n ,  N P N ,  T e x as Inst. , 2N706A.  

B P  Filter and 0 sc. Assy.  HB- 19925 FS Transmitter and Mod . 

Te st Jacks ,  Sealectro Corp . , SKT- 10 . 

Filter Cable  connector ,  3-terminal socket,  Eby Sales Co.  

BF OSCILLATOR AND DEMODULATOR HA-1 9905 

R ESISTOR, fixe d  comp. See Note 6 ,  Fig. 1 

RESISTOR , vari able ,  250 K , 0 . 1 watt , BD taper. CTS Corp . ,  type P E 200 . 

RESISTO R ,  variable ,  500 ohms ± 20%, 1 25 watt , B D  taper. CTS Corp . ,  
typ e  P E 200 .  

C AP ACITO R ,  mica, see Note 5 ,  F ig.  1 .  

C AP ACITO R ,  tantalu m ,  1 5  uf ± 20% , 25V.  Mallory, TAM156M0 2 5P5C.  

C APACITO R , tantalum , 2 2  uf  ± 20%, 1 5 V .  Mallory , TAM226M0 15P5C 

TRAN SFORMER ,  modul ation,  4000 C . T . / 2400 C . T .  

TRANSFO RMER, input ,  600/60 0 . Microtran, MT 1 FB .  

TRANSFORMER, germanium, P N P .  Texas Inst . ,  2N 1375 .  

B F  O scill ator and unted Transformer assembly ,  
plug in 

Test Jacks,  Sealectro Corp . ,  SKT 1 0 .  

PAR T 
NUMB E R  

HA- 14594 

HA- 13573 

H- 1007-439 

H- 1007-438 

H- 1080-X 

HA- 13 5 79 

HA- 1 7 1 17 

HA- 19 9 2 8  

HB- 58 200 

HA- 2 10 9 1 

HA- 14594 

HA- 13573 

H- 1080- tt 

H-1007-439 

H- 10 0 7-494 

HB- 18936  

H A- 1479 1 

HA- 1 7 1 1 7  

H A-58600 
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DIAGRAM 
SYMBOL 

R 1 -R35 

R2 

R 2 5  

C 1 , C 2 , C4 

C3 , C6 

C5 , C 7 , C8 

L 1  

CR 1 , CR2 

Q 1-Q4 , 
Q6- Q 1 4  

Q5 

R2-R 1 9 ,  
R 2 2  

R 1  

R 20 

C 1 , C2 , C 5 ,  
C 8 , C9 

C 3 ,  C 6 , C7 

C4 

Q 1 , Q2 

Q3 

Q4 

T 1  

CR 1 , CR2 

TAB LE OF R E PLACEABLE PARTS (Con t . )  

D E SC R I P T I O N  

FS R E C E I V E R  

RESISTOR, fixed comp.  See Note 7 ,  Fig. 1 

RESISTOR ,  variabl e ,  2 . 8K ± 20%, 0 . 1 2 watt , AC taper. CTS Corp . ,  
type P E 200.  

RESISTOR , variable ,  1K ± 20%,  0 . 25 watt, l inear taper. CTS Corp . ,  
type P E 200.  

CAPACITOR , tantalu m ,  2 2  uf ± 20%,  15V .  Mallory, TAM226M0 15P5C.  

CAPACITO R ,  tantalum , 5 6  uf  ± 20% , 6V. Mall ory , TAM566M006P5C 

CAPACITOR , tantalu m ,  0 . 4 7  uf  ± 1 0% , 35V. T e xas Inst , .  
SCM474FP035D2.  See Note 6 ,  Fig. 1 

C HOKE , See Note 6 ,  Fig. 1 .  

DIODE , silicon, 2 00  P IV. , 250 M A  Diod e ,  Inc. , DI4 2 .  

TRANSISTOR , silicon, NPN.  T exas Inst . , 2 N 1 18 

TRANSISTOR, silicon, P N P .  Motorola,  MM998.  

DISCRIMINATOR ASSEMBLY,  plu g-in 

B AN D-PASS F ILTER module ,  Channels belo w  400 0  cps.  

TEST JACK S, Seal ectro CoiP . ,  SKT- 1 0 .  

AM R E C E IV E R  

RESISTOR. fi xed comp . :  All ± 10%, Yz watt , values a s  sho wn i n  Fig. 2 
Int. Res .  Corp . ltGBT-Yz 

RESISTOR , variable :  comp . ,  5K , . 2 5 W ,  " AC "  Taper CTS 1tP E 20 0 . 

RESISTOR , variable :  comp . ,  2 . 5K ,  . 25 W ,  " D "  T aper CTS 1t P E 20 0 .  

CAPACITOR , tantalum : . 4 7  u f ,  ± 20%, 3 5 V ,  T e x .  Instr. 
It SCM474FP0 3 5A4. 

CAPACITOR , tantalum: 3 3  uf , ±  20%, lO V. , Mallory 1tTAM3 36M0 10P5C. 

CAPACITOR , tantalum: 22 uf ,  ± 20%, 1 5 V. , Mallory 1tTAM2 26M0 15P5C. 

TRANSISTOR , PNP:  2N4 1 5 .  G . E .  1t 1 4 1 5 .  

TRANSISTOR , PNP:  2N 14 1 4 .  G . E .  1t 14 14.  

TRANSISTOR, NPN:  T 1493 . .  Tex.  Instr. 1tT1493 

Jack , Pin : various colors. Seal ectro ltSKT- 1 0 .  

TRANSFORM ER :  2000 CT/8000 CT. 1 5 0  M W .  B erk shire 1tBTC 5080.  

D IODE s ilicon : 200 PIV,  250 MA. Diodes , Inc . , 1tDI4 2.  

P ART 
N UM B E R  

H A- 23 74 2 

HA- 14593 

H- 100 7- 4 94 

H- 1 007-495 

H- 1007- 5 1 1  

H A- 2370 3 

H A- 1 7 1 97 

HA- 19938 

H A- 19 75 1 

HB-58400 

HB-58300 

H - 1 009-X 

H A- 13 5 7 2  

HA- 13588 

H- 1 00 7-433 

H- 1 10 7-438 

H- 1 1 0 7-494 

H A- 2 1 5 19 

HA- 2 1 5 14 

HA- 1 7 1 1 3  

H A-3 175 

HA- 1 7 1 9 7  

I I 
I ! 
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Westinghouse 1 .  L.  4 1 -963B 

INSTALLATION • OPERATION • MAINTENANCE 

INS T R U CTI O N S  
T Y P E  T A - 1  

F R E Q U E N C Y S H I F T A U D I O  T O N E S 

CAU TION: Check pol arity of battery supply connec­
tions before applying power to the equipment. 

APPLICATION 

The typ e TA- l tones are high-sp e e d  frequency­
shift audio-frequency tones. They are de signed for 
use in transferred-tripping systems for transformer 
and line protection. They may be used directly over 
a pilot wire pair, or may b e  impressed on a microwave 
channel.  

Applications are cl assified as either p ermissive 
or non-permissive.  The non-permissive system allows 
the  receiver relay to trip directly ,  as opposed to  a 
permissive system where a fault detecting relay 
sup ervises receiver rel ay tripping. The overreaching 
scheme i s  usually a p ermi ssive system sinc e  the 
phase and ground fault detecting relays are inh er­
ently present. E xampl e s  of  this type o f  system are 
shown in figs.  1 1  and 1 2. These fault detectors are 
not present in an underreaching scheme or a trans­
form er protection channel; therefore , these are class­
ified as non-permissive . Example s  o f  non-p ermissive 
systems are shown in figs. 1 3  and 1 4 .  

T h e  p resence o r  l ack of trip-circuit supervision 
greatly influences the security and reliability con­
siderations.  As with all protection system s ,  one must 
strike a compromise between the conflicting require­
ments of security and reliability - security against 
undesired tripping and reliability in tripping when 
required. With non-permissive scheme s the burden 
for security rests entirely with the tones themselves ; 
whereas ,  the fault-detecting relays in the permissive 
scheme share the burden with tone s for security. 
Thus, we can ease up on the security requirements 
of the tones prop er when used in a p ermissive 
scheme. This is desi rable not j ust for economy, but 

also to eliminate components which tend to detract 
from reliability. 

Secur ity Measures 

The TA- l frequency-shift receiver has been 

SUPERSEDES I . L. 4 1 -963A 
*Denotes change from superseded i ssue .  

sp ecially designed for s ecurity against noi se.  Audio 
frequency random noise must be at l east 50 db p e ak 
over the guard signal to cause trip rel ay operation. 
With the recommended - 3 2  dbm m aximum receiver 
sensitivity, this means that the a-f random noi se 
must be about + 1 8  dbm to cause undesired trip rel ay 
operation. This comp ares with quiescent noi se l ev­
els on the order of - 50 dbm. 

Thi s l eave s  imp ulse noise to b e  considered. Not 
only are these of  higher energy level ,  but they also 
cannot be classed as random in the sense that the 
energy i s  uniformly distributed across the audio 
spectrum . Inadvertently applied voice signals and 
pow er-system arcs and disturbing voltages are prime 
sources of impulse noi se.  To guard against the pos­
sibility that thi s impulse noise might fall in the trip 
band , a noise  squelch is recommended.  This squelch 
receiver disabl es the frequency shift receiver when­
ever the noise measured in the 300- 480 cycle band 
exceeds the dbm setting of the squelch. 

The receiver guard relay also contributes to 
security . In non-p ermissive applications a break 
contact of this rel ay sup ervi ses the trip circuit. It 
must be dropped out at the same instant that the trip 
rel ay is picked up , in order to trip. This feature 
helps when the receiver sees high-energy impulse 
noi se which intermittently tends to concentrate at 
the trip frequency. 

A high signal level ,  along with an insensitive 
receiver, al so help s the channel to ignore noise.  A 
receiver sensitivity no higher than - 3  2 dbm and a 
received signal level of at l east - 20 dbm is a goo d 
obj ective.  This means that the channel attenuation 
should be no higher than - 15 db on l e ased circuits 
to allow for the required reduc ed transmitter o utput 
where transmitters are p aral l el ed. This reduction to 
5dbm keeps the combined audio energy down to tol­
erable l evels from a voice interference standpoint. 

P i l ot-Wi re Des i gn 

In applying a tone system for protectio n,  the 
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TY P E  TA- l TON E ASS EMBLY __________________________________________________ ___ 

Fig. 1 - Front View of Full Chassis: ] - Telep hone Type output  relays ( when used); 
2-Current monitoring jack s  (when u sed). 

user and the cooperating tel ephone comp any should 
recognize the peculiar requirements of  a tone pro­
tection channel. Preconceived notions and practices 
based on exp erience with tones for other uses must 
be re- examined in the light of  the following facts. 
The period of us efulness during the lifetime of  any 
given install atio n will range from 0- 1 0  seconds. Yet 
this infinitesimal period (compared to years) is pre­
cisely the time when noise levels can be abnormally 
high and 60 cycle di sturbing voltages will app ear on 
the pilot wire. The recommendations summarized in 
Figs. 17, 1 8 ,  and 1 9  have been formulated with the 
above facts in mind. 

For a recommended installation: 

a) Use a drainage reactor in all p aths to gro und. 

* b )  If KX642 gas tub es are instal l ed ,  connect 
them only to gro und as shown in Fig. 16. Do not 
connect the tub e  without shorting H2 to H 3. This is 
esp ecially important where the s quelch receiver i s  
u s e d ,  a s  a failure t o  follow these recommendations 
will result in t he s quelch disabling t he channel 
w henever the tub e flashes. 

c )  The pilot-wire p air must be twisted sep arately 
from any other wires in the cable .  

d )  Do not u se open pilot wires. 

e)  Shi eld any substantial l ength of  wire between 
pilot wire and to ne equipment. 

2 

f) Use surg e protection acro ss tone connection.  

To protect p ersonnel , use isolating transformer 
( Sit l85A495H0 1 serves the dual p urpose of  imp edance 
matching) .  Mount it with the drainage and neutral­
izing devi ces in an enclosure mark ed ' ' High Voltage. ' '  

Fig.  1 7  shows the recommended practices for 
privately owned cable instal l ations. The best ap­
proach i s  to make the cable self-protecting. The 
incremental cost (installed) of  better cable insula­
tion is rel atively smal l .  Good electromagnetic shield­
ing by the shield and by the messenger will keep 
induced potential to reasonable levels.  The shiel d  
should provide a shielding factor of 50% o r  less 
( actual induced voltag e  of 50% o f  c alculated v al u e  

ignoring shielding effect).  

CONSTRUCTION 

The type TA- l tone equip m ent h as been specifi­
cally designed for protective rel aying applications.  
Modular desi gn is used, and a sy stem is assembled 
using plug-in modules to meet the requirement of a 
specific application. 

In a typical rel aying application ,  the tone sys­
tem consists of a power supply mo dule ,  a transmitter 
module,  two receiver modul e s ,  an optional s quelch 
modul e,  and two output relays. These components 
are mounted on sep arate chassis. 

Basic construction i s  shown in Figs. 1 through 
3. 

A. Tran smitter Modu le  

The transmitter modul e consists of  a transistor 
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Fig. 2 - R ea r  View of  Full Chass is 

k eying circuit, an oscill ator, an output amplifier and 
an output band-pass filter. The band-pass filter and 
oscillator frequency det ermining comp onents are 
contained in a sep arate plug- in enclosure to simplify 
c hang es in frequency assi gnments and stocking o f  
sp ares.  

B. Recei ver Modu l e  

The receiver module consists o f  an i nput band­
p ass filter,  a limiting amplifi er , a specially tuned 
dis criminator, rectifying and filtering circuitry and a 
two-stage d-e amplifier .  The band-p ass filter and 
discriminator, which determines the operating fre­
quency of the receiver, are mounted on a separat e  
plug-in card. The di scriminator output is  brought out 
to separate screw t erminals at the rear of  the chas­
sis to facilitate connection of a channel monitoring 
meter. 

C. Vo ltage Regu l ator Modu l e  

The voltag e  regulator consists of  a power-on 
switch, power-on light, fu se and two transi stor­
Zener dio de circuits. The regulator is capable of 
supplying regulated 36 and 22 vdc to two compl ete 
transmitter-receiver assemblies with squelch circuit s. 

��-�ece_i�e! Noi se Squel ch (when used) 

This modul e consists of  an i nput filter, normally 
tuned for a pass band of 300 to 480 cps,  a three­
stage amp lifier, rectifying and filtering circuitry and 
an output d-e amplifier .  

E. Output Relays 

The output relays are either telephone typ e re­
lays or high spe ed type AR relays.  On syst ems with 

telephone type relays ,  the relays are mounted on the 
same chassi s as the modul es and current j acks are 
used to monitor the relay coil current. In the type AR 
relay sy stems, the output relay is mounted in an 
FT- 22 case separate from the tone chassis and must 
be connected to the outp ut of the receiver module.  
Current test j acks on the FT case are used to mon­
itor the AR coil current. 

The AR output relay is  a small hi gh- speed at­
tracted- armature type of unit. An insulated member,  
fastened to the free end of the armature,  draws down 
four moving- contact springs to close the trip- ci rcuit 
cont act s when the relay coil is  energized. 

A typical tone assembly using tel ephone type 
output relays is shown in figure 8. 

The tone assembly for an AR typ e system i s  
shown in figure 9 ,  and t h e  schem atic of the type AR 
output rel ay �s shown in figure 1 0 .  

F .  Physica l  Features 

The modul es are the same size, and plug into 
either of two basic chassis. 

a) An eleven module chassi s with a nomin al 
overal l  size of 5�" h x 1 9 "  w x 9%" d ,  which mounts 
in standard rel ay rack . Outline and drilling dimen­
sions are shown in Figure 4. 

b)  A five modul e wall mount chassis with a nom­
inal overall size of 5�" h x 9 1 5/ 1 6 "  w x 1 0  5/ 8 "  
d.  Module shelf swings out 1 80° for e asy ac cess to 
rear t erminal s. Outline and drilling dim ensio ns are 
shown in Figure 5 .  
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Fig. 3 - Typical Module 

TH EORY O F  O P E RATION 

Under normal line conditions,  the tone transmitter 
operates at its guard frequency which is 85 cps be­
low the nominal or center frequency mark ed on the 
unit. At the receiving terminal , the reception of  the 
guard frequency develop s an output from the receiver 
discriminator which op erates the guard relay.  

When a tripping function i s  called for ,  op eration 
of  the protective relay shifts the tone transmitter to 
its trip frequency w hich is 85 cp s above the nominal 
or center frequ ency of  the tone.  At the recei ving 
terminal , the rec eption of  the trip frequency develops 
an output from the receiver discriminator which op­
perates the trip rel ay. Since the guard discriminato r 
output is no longer pre sent, the guard relay drop s 
out. 

A. FS Transm i tter (H B- 17845-2) 

For guard frequency transmission, the transistor, 
Q3, is bi ased into condu ction by application of a 
negative voltage on the emitter. Thi s in effect in­
serts the guard frequency capacitors in the oscilla­
tor tuned circuit. The gu ard cap acitors are removed 
when the forward bias is removed from the emitter 
and the oscillator shifts to the trip frequency. This 

4 

is usually accomplished by a contact closure from 
terminal 6 on the connector block to battery po sitive.  

An oscillator, using the frequency determining 
L0 , Ca and CT, generates the guard and trip fre­
quencies. The voltag e  tap of R 1 2, the output level 
control , is used to drive transi stor Q 1 , an output 
buffer amplifier. The filter, FL- 1 is the collector 
lo ad of  the amplifier and also serves to d- e i solate 
the oscillator from the line and to m atch a line im­
p edance of 600 ohms. 

The filter and the oscillator are the only fre­
quency sensitive co mp onents in the transmitter and 
are packaged together in a h ermetically sealed plug­
in can. 

Frequency adj ustment is obtained through the 
use of capacitor c6 , resistor R7 and R 17. The effec­
tive capacitance introduced into the tuned circuit i s  
v aried with resi stor R 1 7· When resistor R 17 i s  ad­
j usted to maximum re sistance, the capacitor C5 i s  
i solated from the tuned circuit. Resi stor R7 i s  used 
to prevent the entire v alue of  capacitance from be­
coming effective in the tuned circuit. 

B.  FS Receiver 
(HB- 16527-2, H B-20835-2, and H B-20835- 10) 
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I
_. L_._4_1 -_96_3 B 

TBI TB2 TB3 TB4 TB5 TB6 TB7 TB8 TB9 TBIO TBI I 

�------------ 1 9 " ------------� 

T YPICAL I I - MODULE UNIT 

I "  5 .  
r-- SLOTS 4 X ii 

I FOUR PLACES l 

l � rra·----J r ��· 

TERII. 

I 
B LOC� 

Fig. 4 - Outl ine and Dri lling Plan of 1 1  Module Chassis 

The input of the receiver is designed to rej ect 
adj acent channel tones by at le ast 40 db. The 
sharply sloping skirts of the filter also aid in pre­
venting noise frequencies,  j ust above the trip fre­
quency, from causing fal se trip relay operation. 

Transistors Ql Qz. Q3 and Q4 comprise a three 
stage limiter amplifier and will provide full limiting 
of the discriminator input signal to app ro ximately 
- 40 dbm. 

The discriminator co nsi sts of  two tuned circuits, 
one tuned to peak at the trip frequency and the other 
tuned to peak below the guard frequency. The effect 
of this tuning is shown on the discriminator output 
curve Figure 6.  Thi s tuning, combined with a bias 
adj ustment , greatly reduces the receiver sensitivity 
to random noise.  The in-band noise power delivered 
to the d-e amp lifier s is much lower over the band o f  
frequ encies affecting t h e  trip condition than it is in 
the remainder of the band. 

Resi stor R20· the balance control , is essentially 

a trimmer for the di scriminator, allowing precise ad­
j ustment of the output at the guard an d trip fre­
quencies. The discriminator output also appears 

across resi stor R2 2 . the relay bias co ntrol . If  resi s­
tor R2 2 • is adj usted such that a greater portion o f  
discriminator output i s  d elivered t o  transistor Q6 
rather than transistor Q5 . it follows that more power 
must b e  delivered to transistor Q5 to cause conduc­
tion. Resi stor R23 and diode CR 1 0  form a bias net­
work preventing operation of  ei ther transistor Q5 or 
Q6 during the no signal condition. Re sistor R3 2. 
dio des CR1 1  and CR1 2  p erform the same function on 
transistors Q7 and Q8 . 

Resistor-capacitor combinations,  R28· c 1 0  and 
R2g .  C 1 1 , form accel erating networks for the o utput 
relays. When transistor Q7 is switched on by transis­

tor Q5, capacitor C 1 0 . momentarily shunts resistor 
R 2a . causing a l arge inrush current to en ergize the 
output rel ay. A low holding current limited by resis­
tor R2g .  is required to keep the rel ay energized after 
cap acitor C 10 . is fully charged. 
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FS Recei ver 

There are three receiver adj ustments - an input 
sen sitivity control ,  a bias control and a di scriminator 
output balance control . 

The bias control and discriminator output bal ance 
control are factory adj usted for optimum op eration. 
Except fo r sp ecial applications these control s  should 
not be readj usted. 

Prior to setting the receiver bias, the discrimina­
tor output should be balanced for both the guard and 
trip frequencies.  Plug the conn ectio ns of a 500-0- 500 
microamm eter ( zero center scal e )  with a 5 1 00 ohm 
resi stor in series with the meter terminal into the 
test points mark ed "Disc Out " .  With the receiver 
sensitivity control at its maximum setting ( fully 
clockwise)  and the receiver bias control at its m e­
chanical center adj ust discriminator balance control 
for equal outputs at gu ard and trip frequenci es.  

In order to m ake the proper bias adj ustm ent an 
external variable frequency source (oscillator)  is  
required . With the output of  the oscill ator set at - 20 
dbm , adj ust bias control for trip relay pickup o f  30 
cycl es above c enter frequency of  receiver. A recheck 
of the discriminator output may show a deviation of  
approximately 1 0% from previously balanced co ndi­
tion and a re adj ustment is  not necessary. 

Note voltage levels per Table 1 .  

AM Recei ver No i se Sque lch (when u sed) 

With transmitter set at - 20 dbm o utput and AM 
receiver bias control fully counter clo ckwise sup er-

* imp o s e  a 400 cycle - 2 5  dbm tone on exi sting guard 

signal to FS rec eiver , and adjust sensitivity of  AM 
receiver for zero o utp ut on microamm eter acro ss 
" Disc Out " test point s.  Receiver bias control should 
re main in counter clockwise po sition. 

Vol tage Regul ator 

No adj ustments. - Note voltage l evels p e r  Table 

1 .  

When the T A- 1 tones with an AR o utput relay is 
used, the series r esistor of  the power supply has 
been set for 55 volts across the unregulated test 
point with the following conditions: 

1 .  D . C .  supply o f  1 40 volts d . c .  

2 .  A R  relay removed from its chas sis.  This is  to 

prot ect the e lectronic comp o nents against 
excessive voltages. With the AR unit in its 
chassis, the non-regulated voltage will be 
lower than the 55 volt. 

Cal i bration of Type AR Output Relay 

The type AR output relay unit has been p roperly 
adj usted at the factory to insure correct operation, 
and under norm al field conditions should not requir e  
re adj ustment. I f ,  however,  t h e  adj ustments are di s­
turbed in error, or it becomes necessary to replace 
some part, use the following adjustment proc edure .  
This procedure should not be used until it i s  app ar­
ent that the relay is  not in proper working order, and 
then only if suitable too l s  are available for checking 
the adjustments.  
a .  Adj ust the set  screw at the rear of  the top of  the 

frame to obtain a 0 . 009-inch gap at  the rear end 
o f  the armature air gap .  

b .  Adj ust each contact spring t o  obtain 4 gram s 
pressure at the very end o f  the spring. This is  
measured when the spring mo ves away from th e 
edge o f  the insulated cro sspi ece. 

c .  Adj ust each stationary contact screw to obtai n  a 
contact gap o f  0 . 020-inch. This will give 1 5- 30 
grams contact pre ssure. This compl etes the ad­
j u stment pro cedure for the AR tripping relay unit. 

Maintenan ce 

The modules in this equipment use transistors 
and other components which are conservatively rated 
for reliability and long life.  In normal o p eration,  the 
monitoring function provides a continuous check on 
the p erform ance o f  the equipm ent. At p eriodic inter­
v als ,  it  may be desired to check the tripping function.  
F o r  s u c h  a check , the channel m a y  have t o  b e  tak e n  

out o f  service to prevent unnecessary break er opera­
tion. The k eying circuit m ay then be closed to check 
the operation o f  the tripping relay .  

As long as t h e  channel is  operating sati sfactor­
ily, no mai nten ance work i s  necessary other than 
seeing that the equipment is free o f  dust or dirt. 
However,  a schedul ed ro uti ne check will prevent 
down-time loss,  since it may indicate d eterioration 
in the p erformance of  one of  the units .  The o utput 
relay cont acts may be burni shed on the same schedule 
as that for the associated protective relays. If  a 
channel failure occurs because of the terminal equip­
m ent, a trouble- shooting pro c edure should be used 
simil ar to that employed for any electronic equip­
ment. First determi ne w here the failure has taken 
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TY P E  TA- l TONE ASSEMBLY __________________________________________________ ___ 

pl ace (transmitter or receiver); then determine the 
portion o f  the circuit at fault. 

Follow the t ables of voltage levels which apply 
to these circuits. 

Test Equipment - For routine mai ntenance,  the 
following equipment will be adequate: 

1. A-C v acuum-tube voltmet er, H-P Model 400D 
or equivalent. 

2.  Calibrated attenuator, H-P Model 350B or 
equival ent. 

As an alternative, a 500-ohm v ariable resistor 
can be used. 

For trouble shooting, the following additional 
test equipment is d esirable: 

1 .  Electronic frequency counter, H-P Model 523 
C or equiv alent. 

2 .  D-C v acuum-tube volt-ohmmeter, RCA Senior 
Voltohmyst or equivalent. 

3. Cathode-ray oscillo scop e. 

G EN E RAL I N FORMATION 

Connection Drawi ngs  

The drawings applicable t o  t h e  specific order 
will be supplied. The applicable "CR" drawing in­
formation is included as p art of the nameplate data. 

Tone App l i cations  

Figures 1 1  thru 1 4  show typical relaying applica-

16 

RIGHT H.UD 

RIGHT CENTER 

QUAID 
HINGED 

AR114J111E.VIIT 
(L .H . )  

lEFT HAND 
U:FT CENTER 

INTERNAL SCHEMATIC 

LEn UIID 

lEFT CEITU 

I&HT CENTER 

CUIIREJIT TEST 
JACK 

TERNIMAL 

836A990 
Fig. 10 Internal schematic of the type AR relay for u s e  

with TA- l tones. 

tions which mak e  use of the tone characteristics.  

R EN EWAL PARTS 

Rep air work can be done most s atisfactorily at 
the factory. However, interchangeable p arts can b e  
furnished t o  users who are equipped for doing repair 
work . When ordering p arts, always give the assembly 
style number and voltage rating,  plus the component 
identification and module in which it i s  located. 

Replaceable p arts are shown in Table 2. 
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T A B L E  I - V O L T A G E  L E V E L S  

Measurements taken with resp ect to circuit common;  -20 dbm guard signal transmitted and recei ved. 

E = Emitter; B = Base; C = Collector. 

Q 1  Q2 Q3 Q4 Q5 Q6 Q7 Q8 
MODUL E  VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS 

AC DC AC DC AC DC AC D C  A C  DC AC DC AC I DC AC DC 

! 
Voltage E 36 2 2  

Regul ator B 36 . 2 22 . 2 

HB- 1 8 4 25 c 4 3  2 9  

FS Transmitter E 7mv 4 . 35 4. 2mv . 8  1mv . 67 I I I 
H B- 1 7 845- 2 B 2mv 4 . 5  . 045 . 9  <. 1mv 0 

c . 1 2 9 . 6  3 . 0  4. 8 1mv . 67 

FS Receiver E . 5mv .45 3mv . 7 5  2. 1 2 . 7  2 . 1 3 . 7  . 033 22 . 033 2 1  2mv 1 . 5  2mv 1 . 5  

HB-1 6 5 27- 2  B . 8mv . 6  5mv .9 2 . 4  3 . 8 2 . 6  3 . 8  . 03 24 . 033 2 1 . 8  3mv 0 3mv 1 . 2  
HB-20835- 2 36 c 5mv 1 . 7  1 . 1  4 . 8  1 2  2 2  1 2  2 2  4mv 0 . 0 33 2 2  4mv < . 1m 1 . 6  
HB-208 35- 10 4 3  t 
AM Receiver E 2mv 2 . 1 5  . 0 1 6  2 . 1 5  . 1 3 2 . 45 . 0 27 20 

HB-1 7840 B 2mv 2 . 3  . 0 1 8  2 . 3  . 1 5  2 . 65 . 0 3  2 2  

( Adj u sted to 
Squel ch with 
-40 dbm 400 cps 

. 0 1 9  7 . 4  7 1 6  7 . 4  5 2 . 4 5  . 25 7. 5 tone i np ut. ) c 
t Collecto r of Q7 only for the HB- 20835- 1 0  module. 

-
....., 

I 

TEST POINTS j 
! 

Hi Reg 36VDC 1 
Lo Reg 2 2VDC 

Non Reg 43VDC 

Out . 1 2VAC I I 
c . 0 46VAC 

IN . 039VAC 
I 

D i sc. Out-Equal 
and oppo site VDC 
at guard and trip. 

In . 0 1 VAC 
I 

OUT 1 . 2VDC 

v 5 . 0 VAC 

-1 
-< , 
m 
-1 � ..... 
-1 
0 
z 
m 
� 
Ut 
Ut 
m 
� 
tu 
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-< 

r 
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�OT_E_ � THESE (()NNfCTIONS ASSL 'I E  A � l-OT WIRE l o - ti:)C _(l_ 

( b )  "iE WHERE STATION AND CENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED 

VIA WATE R  SYSTEM PIPES . DO NOT USE If  INDUCED VOLTAGE MAY El<CEED 

S"'I87A995H01 
� ISOLATING 

��'\�$� 

700 VOLT S 

f::. • SHIELDED CABLE REMOTE 
GROUND 

lC ) vSE WHERE INDUCED VOLTAGE MAY EXCEED 700 VOLTS AND WHERE THE 

STAT ION AND CENTRAL OFFICE GROUNDS ARE NOT INTE RCONNECTED VIA 

WATER SYSTEM PIPES 

� THESE CO�NEC'T!ONS ASSUME A PILOT-WIRE Zo'Y6Q01l 

rjC_� 3 7 7 H  DRAI�AGE REACT0R AND CARPON f-LOCK MAV 
REPLACE "' tt248AE91G02 ASSEMBLY CONNECT 3 7 7 H  
SAME AS A T  TELE PHONE CENTRAL OffiCE 

407C932 

* Fig. 17 - Recommended Connections and Protective A rrangements for leased Cable for Two Terminal L ines. 
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H l  

187A995 
� ----------------------------��� 

Fig. 79 I solating Trans former 187 A 995HO 7 .  

PROV I S I ON F OR MOUNT I NG KX 6�2 
PROTE CT I VE TUBE 

H3 

A R R OWS I ND I CATE  R E LA T I VE I N STANTA NEOUS D I RECT I ON OF I NDUCED  VOLTAGES .  

GRD .  

Fig. 20 Drainage Reactor Conn ections.  

247A775 
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TYP E TA- 1 TON E ASSEMBLY ________________________________________ �' ·�L .�4�1 - 9�63B 

//Y..5TRaT/ON 
PL/1TE 

;o:J. 8 
3# 

I 

-t -t 

1'--
I � 

I I 
I I 
I I 
I I 
I I 
I I I 
I I 
I I 
I I 
I I 

I r-
1 

� �- � � 
L.. f--1 l J 

SOCJ(2 
I(X 642 

PROTeCTIVe 
Tt/B£ 

I 
I 

9/6-18 STt/0 
51lJTAL 

l'r)l 
� 

r.....- 2/_ 2t5 I -APPRO)(. /v'T.-40 LB.5. 

THIS OUTLINE CAN BE USED FOR ERECTION OR 
MOUNTING PURPOSES. IT IS NOT TO BE RE­
GARDED AS INDICAT ING THE EXACT DETAILS OF. 
CONSTRUCTION. 

Fig. 2 1  Drainage R eactor Outl in e 
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. 5 9 � 1.._ & .!.. -� ... - �  
i 16 i 16  

___ __ I I  
r-- T& I /-.!. 01 '·' MOLES FOR 

2 �� --1 � )/_ ---�� . t 9o-32 14TG· SCREWS 

T - t 

TEIIMtUl AMD 
MDUMTI •G DETAI LS 

TEJINI UL Nu.tBER 

. - ... - 1� - -

PAMEL CUTOUT & DR I LL t•e 
FOil SEN I·  FLUSM 14TG. 

PAIEL DRILL t •G OR CUTOUT FOR 
PROJECTIO. MTG. 

( FltO.r Yl EW) 

Fig. 22 O utline and Drilling p l an fo r the type A R  relay in the FT-22 case. 
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RFL 

PART NO. 

HB-57100 

H- 1007 -439 

H-1007-439 

HA - 1 3579 

H-1080-245 

H-1009-620 

H-1009-429 

H-1009-442 

H-1009-530 

H - 1 009 -446 

H-1009 -607 

H - 1009-408 

H-1009-442 

H- 1009 -41 9  

H-1009 -639 

H-1009 -640 

HA-1 3573 

H-1009-473 

H-1009 -39 1 

HA- 14594 

HA - 3 167 

HA-3166 

HA- 171 1 3  

HA-3165 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 
DIAGRAM 

SYMBOL 

HB-17845-2 FS TRANSMITTER ==:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=::= 

TRANSMITTER FILTER & TUNED C IRCUIT, 1 70 cps bandwidth, 
340 cps spacing, 

CAPACITOR , tantalum: 33 jlF , l O Y. 

CAPAC !TOR , tantal urn: 1 5 jlF, 25 V .  

CAPAC ITOR , ceramic: 0. 47 jlF,  25 V DC  + 80% , -20%. 

CAPAC ITOR , silver mica: • 001 jlF ± 5%. 

RESISTOR , fixed comp; 1 5 K, ± tO%, tw. 
RESISTOR, fixeP: comp ; 1 K ,  ± 10% , jW. 
RESISTOR, fixed: comp ; 47 K ,  ± 1 0 % ,  jW. 
RESISTOR, fixed: comp; 5. 6 K , ± 10 % ,  ! W. 
RESISTOR, fixed: comp ; 1 . 8 K, ± 10% , ! W. 
RESISTOR , fixed: comp ; 1 80 ohms ± 1 0 % ,  j w. 
RESISTOR , fix ed: comp; 1 5 K  ± 1 0% , jw. 
RESISTOR, fixed: comp; 57 K ,  ± 10% ,  jw. 
RESISTOR , fixed comp ; 3. 3 K , ± 10% , ! W. 
RESISTOR , fixed: comp; 1 8 K , ± 10 % ,  !W.  
RESISTOR , fixed: comp; 6. 8 K, ± 10 % ,  tw. 
RESISTOR, variable: 500 ohms, . 1 2 5 V ;  linear taper, std. length 

shaft 1 / 8" beyond mtg. surface; ear mounted; screwdriver adj; 
printed circuit board, 

RESISTOR, fixed: comp; 680 ohms, ± 1 0% , jw. 
RESISTOR, fixed: comp; 10 K ,  ± 10% , !W. 
RESISTOR, variable: 250 K ohms , 0. 2 W bd. taper; 1 / 8" screw­

driver shaft; printed circuit; ear mounted. 

TRANSISTOR: type PNP; 2N1 414. 

TRANSISTOR: type PNP; 2N1 4 1 5  

TRANSISTOR: type NPN , silicon; TI493, 

DIODE , silicon: SG22 (Stabistor). 

C 1 , 2 , 3 , &  5 

C7 

C4 

C6 

Rl 

R16 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RlO 

Rl l 

R 1 2  

R 1 3  

R 1 4 ,  1 5  

R 1 7  

Q 1  

Q2 

Q3 , Q4 

C R 1 ,  CR2 
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RFL 

PART NO.  

HB-53900 

HA- 1 3 579 

H- 1007 -479 

H- 1007-439 

H- 1007 -92 

H - 1 007-403 

HA- 13576 

HA - 1 0271 

HA - 1 3242 

H-1009 - 39 1  

H-1009 -429 

H - 1 009-434 

H- 1009-497 

H - 1009-530 

H- 1009 -541 

H- 1009 -544 

H- 1009-598 

H - 1 009 -608 

H- 1009 -640 

H-1009-697 

H-1009 -665 

H- 1009 -249 

HA - 1 3573 

HA-14593 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 
DIAGRAM 

SYMBOL 

HB-1 6527 F S  RECENER ::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::==: 

BAND-PASS FILTER & DISCRIMINATOR. 

CAPAC ITOR , ceramic: 0. 47 1JF , 25 V DC + 80% , -20 % .  

CAPAC ITOR , tantal urn: 6. 8 1JF ,  2 5  V .  

CAPACITOR , tantalum: 1 5 1JF ,  2 5 V .  

CAPACITOR, ceramic disc: , 0047 1J F ,  600 V .  

CAPAC ITOR , soli d  electrolytic tantalex: 6, 8 1JF ,  ± 20% , 3 5 W  VDC. 

CHOKE: 1 H. 

DIODE , silicon, 

DIODE, germanium. 

JU:SISTOR, fixed: comp; l O K  ± 1 0% , ! W. 

RESISTOR, fixed: comp; 1 K ± 1 0% , t W .  

RESISTOR, fixed: comp; 2. 2 K ± 10% , t W. 

RESISTOR, fixed: comp; 330 ohms, ± 1 0% , i W. 

RESISTOR, fixed: comp; 5. 6 K , ± 10%, t w. 
RESISTOR , fixed: comp ; 2. 7 K , ± 1 0% , f W. 

RESISTOR, fixed: comp ; 220 ohms , ± 10% , i W. 

RESISTOR, fixed: comp; 27 K ,  ± 10 % ,  j; W, 

RESISTOR, fixed: comp ; 820 ohms, ± 10% , i W, 

RESISTOR, fixed: comp; 6. 8 K , ± 10% , j; W, 

RESISTOR, fixed: comp ; 6 . 2 K , ± 5% ,  t w. 
RESISTOR, fixed: camp; 1 20 ohms, ± 1 0% , j; w. 
RESISTOR, fixed: comp ; 56 ohms, ± 10% , i W, 

RESISTOR, variable: 500 ohms, 0. 1 25 W ;  standard length shaft 
1 / 8" beyond mounting surface;  screwdriver adj .  for PC board; 
taper bd; terminals are to be at right angles to shaft. 

RESISTOR, variable: 1 000 ohms , 0, 25 W ;  linear taper; standard 
length shaft 1 / 8" beyond mount ing surfac e ;  screwdriver a dj .  for 
PC board; terminals are to be at right angles to shaft. 

C S ,  C6 , C4 

C 1 , C 2  

C3 , C7 , C 8  

C9 

C 1 0, C 1 1 

L 1  

CRl l ,  C R 1 2  

CR1 , 2 ,  3,  4,  5 ,  
CR6, 7 ,  8, 9 ,  10, 

CR1 3, 1 4  

R37 

R26 , 27 & 3 

R8 

R 1 6  

R6 

R 1 0 ,  RS 

Rl l ,  7 , 1 4  

R4 

R 1 3  

R2 3, 30 , 31 , 3 2 

R24 , 25 

R 1 , R9 ,  R 1 7  

R 1 2 ,  R 1 5  

R2 

R22 
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RFL 

PART NO. 

HA-1 4643 

HA-3175 

HA-1 3575 

HA- 1 3806 

HA-3167 

HA- 1 7 1 1 7  

HA-16523 

HA-16524 

HB-56500 

HA-1 3579 

H- 1007-438 

HA- 1 7197 

HA-1 3572 

H-1009-639 

H-1009 -485 

H-1009 -446 

H-1009 -435 

H-1009-608 

H-1009-497 

H-1009 -423 

H-1009 - 39 1  

H-1009-607 

H-1009-419 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 

R,ES ISTOR , variable: 500 ohms, 0. 25 W ;  linear taper; standard 
length shaft 1 / 8" beyond mtg, surface; screwdriver adj. for 
PC board; terminals are to be at right angles to shaft, 

TRANSFORMER: primary impedance ohms 2000 C T ;  secondary 
impedance ohms 8000 C T; 1 50 NfW 0/A, 

TRANSFORMER. 

TRANSISTOR: NPN, germanium 2N169A, 

TRANSISTOR: PNP, germanium 2N1 4 1 4. 

TRANSISTOR: PNP, germanium; 2N1375. 

Guard Relay. 

Trip Relay. 

HB-17840 RECEIVER MODULE W /0 FILTER 

RECEIVER BAND-PASS F ILTER. 

CAPAC ITOR , ceramic: 0. 47 1JF, 25 V DC + 80%, -20% ( 5 req. ). 

CAPAC ITOR , tantalum: 33 J1F , l O Y. 

DIODE, silicon. 

RESISTOR, variable: 5 K , 0. 2 5 W ,  log taper; std. length shaft 
1 / 8 "  beyond mtg. surface; screwdriver adj. 

RESISTOR, fixed, comp: 1 8 K, ± 10%, t W (2 req. ). 

RESISTOR, fixed, comp: 4. 7 K , ± 1 0%, tw (2 req. ). 

RES ISTOR, fixed, comp: 1 . 8 K, ± 10% , t W  (2 req. ). 

RESISTOR, fixed, comp: 100 ohms, ± 1 0% , ! W  (2 req. ). 

RESISTOR, fixed, comp: 820 ohms ± 1 0% , ! W  ( 3 req. ). 

RESISTOR, fixed, comp: 330 ohms , ± 10% , ! W. 

RESISTOR, fixed, comp: 3 3 K ,  ± 1 0%, t W .  

RESISTOR, fixed, comp: 10 K ± 10% , t W. 

RESISTOR, fixed, comp: 1 80 ohms, ± 10% , ! W. 

RESISTOR, fixed, comp: 3. 3 K, ± 1 0% , t W. 

DIAGRAM 

SYMBOL 

R20 

T1 

T2 

Q5, Q6 

Ql , Q2 

Q4 , 7 , 8 &  3 

C 1 ,  2, 5,  
C 8  & 9 

C 3 , 6 , 7  & 4 

C R 1 , 2 

R l  

R 2 , R7 

R3 , R8 

R4, R9 

R5, RlO 

R6, R l l 
.R1 6 

R 1 2  

R 13 

R 1 4  

R 1 5  

R 1 7  
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RFL 

PART NO. 

HA- 1 39 1 3  

H-1009 -431 

HA-13588 

H-1009-530 

HA-3 175 

HA-3166 

HA-3167 

HA-1 3806 

HA-1 3569 

HA-17994 

HA-17506 

HA-9348 

H-1009-730 

H-1 100-375 

H-1009-481 

H-1009-314 

H-1220-33 

HA- 1 3554 

HA-13273 

HA-17159 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 

RESISTOR, fixed, comp: 8. 2 K, ± 10%, t W. 

RESISTOR, fixed, comp: 270 ohms, ± 10% , t W. 

RESISTOR, variable: 2. 5 K, 0. 25 W, std. length shaft 1 / 8" 
beyond mtg. surface ; linear taper; screwdriver adj ust. 

RESISTOR, fixed, comp: 5. 6 K, ± 10%, t W. 

TRANSFORMER: primary impedance ohms 2000 CT; sec. 
impedance ohms 800 CT; 150 mv O/A 1 x 3/4 x 3/4. 

TRANSISTOR: type PNP (2 req. ) 2N141 5. 

TRANSISTOR: type PNP 2N1414. 

TRANSISTOR: NPN 2N169A. 

DIAGRAM 

SYMBOL 

R18 

R19 

R20 

R22 

T 1  

Q1 , Q2 

Q3 

Q4 

HB-1 8425 VOLT AGE REGULA TOR :===:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:===: 

CAPACITOR , electrolytic: SOO J.LF , SO V. C 1 , C2 

DIODE, zener: 22 V,  1 w·, ± 5%. 

DIODE , zener: 36 V, 1 W, ± 5%. 

FUSE: O. 5 amp; 250V, 3 AG. F 1  

RESISTOR, fixed: comp; 3.  3 K, ± 10% , 1 W .  R 1  

RESISTOR, fixed: comp; 300 ohms, ± 5% ,  20 W. R2 

RESISTOR , fixed: WW; 4. 7 K, ± 10% , 2 W. R3 

RESISTOR, fixed: 2. 2 K, ± 10%, 1 W. R4, R6 

RESISTOR, fixed: WW; 100 ohms, ± 5%, 3 W. RS 

SWITCH, pushbutton. S 1  

TRANSISTOR, power: germanium; 2N2063A. Q 1 , Q2 

CAPACITOR; plastic, 0. 5 mfd. , 2000 WVD, UJed on chassis. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  

N EWA R K, N .  J. R E LAY- I N STR U M E N T  D IVI S I O N  
Printed in U.S.A. 

·""""'· 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I N S T A L L A TI O N  • 

Westinghouse I . L . 41 -963 .2B  

OPE R A T I O N  • M A I N T E N A N CE 

INS T R U CTIONS 
TYPE TA-3 FREQUENCY-SHIFT AUDIO TONES 

C A U T  I 0 N :  It is r ecommended t hat the user of thi s 
equipment become thoroug hly familiar with the 
information in t hi s  i nstruction l eaflet before e ner­
gi zing the tone assembly.  Fai lure to observe this 
precaution may result in  damag e  to the equipment . 

If the tone ass embly i s  mounted in a cabinet , it 
must be bolted dow n to the floor or otherwise se­
cured before swinging out the equipment rac k  to 
prevent its tipping over.  

C heck polarity of battery supply connections 
b efore applying power t o  the equipment . 

A P P L I C A T I O N 

T he Type TA-3 tones are of the high-speed 
frequency-shift type and are avai lable in two band­
widths : 1 7 0 Hz and 340 H z .  These tones hav e been 
de signed for use with transfer-trip relaying systems , 
either solid-state or electrom echanical . The TA-3 
tones are suitable for use on a pi lot-wire pair ,  or 
they may b e  multiplexed on a microw ave or single­
side-band carrier chann e l .  

T ransfer-tri p  relaying syst e m  applications are 
classified as dir ect or pe rmi ssive transfer tri p .  A 
system w hich allows the tone rec eiv er to trip direct­
ly , e ither with an output relay or through a solid­
state auxiliary such as the STU-92 , is  considered a 
direct trip system . Direct trip systems are usually 
app lied to transformer protection and shunt re actor 
protection ,  where no high side breaker exists and a 
remote breaker must be tripped to c lear a fault . 
Another common application of direct trip systems 
on EHV circuits has been transfer trip for breaker 
failure protecti on. The direct trip syst ems can use 
either bandwidth T A-3 tone . The permissive type 
relaying systems are applied for line protection. In 
these systems the tones may trip a circuit breaker 
only if a local fault det ecting relay has operated . 
For prot ecti on of EHV lines w ith hig h-speed br eak­

er s ,  the 3 4 0-Hz bandwidth TA-3 should be appli ed . 

A receiver with a guard and trip output sho uld 

SUPE RSEDES I . L .  41 -963 .2A 
*Denotes change from superseded i ssue . 

¥- be used to drive two HG relays which drive two AR 
relays for use  w ith electromechanical relaying 
systems , and the receiver with only the trip output 

sho uld be used with solid-state relaying systems . 

S ECU R I TY MEASU R E S  

T he T A-3 tone system has been specially de­
signed to obtai n maximum security against nois e .  
The TA-3 takes advantage of the inherent noise 
rej ection charact eristics of a fr equency-shift r e­

ceiv er so that the relaying can be depend ed upon to 
trip when ne eded . The tone rec eiver is expected to 
operate wit h a minimum in-band signal-to-nois e  
ratio o f  9 db . Sinc e a n  increased noi se level o n  the 
pilot wire may often b e  concurrent with a trip re­
quest , the noise clamps are adj usted at a level 
based on the ab ove minimum signal-to-noise ratio to 
avoid unnec essary clamping of the r ec e iver . 

The system provid es a 3 0 0- 1 0 00 Hz band-pass 
filter and r ec eiver to samp le the random noise lev el 
of the pilot channe l .  This r ec eiver will  protect 
against false tripping due to rand om noi se .  In con­
j unction with t he band-pass filter there is  a line 
lev el monitoring system w hic h samples the total 
frequency spectrum of the channel ,  and is set to 
operate for an ov erall increase of energy on tqe 
pilot channe l .  This monitoring feature will protect 
against fals e trips due to impul se noise w hic h may 
have energy conc e ntrated ab out frequencies not 
seen by t he 300-1000  Hz noise filter . When noise 
has caused the blocking of a receiver ,  the drop- out 
of the b locking is delayed by 1 0  msec . to override 

the r eceiver response time . 

A lso avai lable as an option is a fr equency 
translation pr otection c ircuit . Thi s is applied to 
protect against tone frequency v ariations caused by 
a pilot carrier freque ncy s hift . 

PI LOT WI R E  DESI GN 

In applying a tone system for protection , the 
user and t he c ooperating telephone c ompany should 
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TY P E  TA-3 F R EQU ENCY - SH I FT AUDIO TON ES ___________________ _ 

recog nize the peculiar require me nts of a t one pro­
t ection c han nel .  Prec onceiv ed notions and practices 
b ased on experience with tones for other uses must 
b e  r e-e xamined i n  light of the following facts .  T he 
period of usefulness during the lifeti me of any given 
inst allation will  b e  very smal l .  Yet t his i nfinitesi­
mal period (compared t o  years) is prec isely the t im e  
w he n  noise levels can b e  ab normally high and 5 0-
Hertz dist urbing v o lt ages wil l  appear on the pilot 
w ir e .  The recommend ations su mmar ized in F igs . 1 
and 2 hav e  b e e n  formulated with the ab ove facts i n  
mind . 

F or a rec omme nded installation:  

a .  Use a drainage reactor i n  all  paths to groun d .  

b .  The pilot-wire pair must b e  twisted separate­
ly from any other wires in the cable .  

c .  Do not use  open pilot wire s .  

d .  Shield any substantial length o f  wire be­
tween pilot wire and tone equipment . 

e .  Use surge protection across tone connectio n .  

To protect personnel , u s e  isolating transformer 
( SJt1 87A995H0 1 serves the dual purpose of i mped­
anc e matc hi ng) .  Mount it with the drai nage and 
neu1:ralizing devices in an e nc losure marked " H igh 
V oltag e " .  

Fig . 1 shows the recommended practic es for 
priv ate ly owned cable  inst allat ions . The best ap­
proac h is to make t he cab le self-protecting . The 
incremental cost ( installed) of b etter cab le i nsula­
tion is relatively small.  G ood e lectr omagnetic 
shielding by the shield and by the messenger will 
keep induced potent ial to reasonable levels . The 
shi e ld should provide a shi elding factor of 5 0% or 
less ( actual i nduced voltage of 5 0% of calculat ed 
value ignoring shielding effect ) .  

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

Type TA-3 tone equipment has b e e n  de signed 
for  protective relaying app licat ions . Modular d esign 
is used , and a sy stem i s  assemb led using plug-in 
mod ules to meet the requireme nts of a specific ap­
plicatio n .  Figure 3 shows a typical system.  

In  a typical re laying app lic atio n ,  the tone  sys­
tem consists of the following module s .  (The basic 
module c onstruction is s hown in F igure 4 ) .  

2 

A .  POW E R  SU PPLY MODU LES  
(See F ig ure 5 for l nterna I Schemat ic )  

1 .  D -C t o  D - C  Converter HB25 1 90 (48V d-e ) ,  
HB 25200 ( 1 25 V  d -e )  

T h e  c onverter c ontains a saturable c ore in­
verter w ith two separ ate output w i nd ing s and 
r ectifiers to d e liver positive and negative 
output volt ages to the regulator .  This module 
is  supplied for e ither 4 8  or 1 25 V  d-e , and 
there is a 1 2 5  V d-e external zener regulator 
for us e in c onj unction with the 1 25 V  d-e c on­
v erter when a 2 5 0V d -e supply i s  used.  There 
is a blown fuse i ndicator light and also a 
power-on light on the modules . 

2 .  Voltage Regulat or HB25 2 1 0  ( See Fig . 6 for 
I nternal Schematic)  

The re gulator module c onsist of  two regulator 
transistors with t he neces sary associated 
c ircuitry . I n  add ition , there is a loss-of­
regulation indicator o n  the front panel and an 
output amplifier to operate an optional re lay 
for power supply loss -of-regulation indication.  

In  order to provide the proper heat dissipa­
tion ,  the V oltage Reg ulator Module is  mount­
ed on the extreme left of the chassis . This 
will  provide the mod u le w ith v e nt holes which 
are b eneficial for  c oo ling of the regu lator 
transistors by natural convection.  An add i­
tional regulat or may b e  mounted on the ex­
treme r ight of the chassis . 

B .  F R EQU ENCY SHI FT TRANSMI TT E R  
( B l ock D i agram F i gure 7) 

1 .  Fr equency Shift Oscillator and Keyer HB25 1 1  0 
(See Fig.  8 for I nternal Schematic) 

The function of this module is to generate 
the tone fr equency with w hich the i nt e lli­
gence of the protective relay channe l is  
communicat ed .  It c onsists of a tuned osc i l­
lator with an iso lated imp edance circuit 
coupled to the t uned oscillator w hich s hifts 
the tr ansmitter to a low e r  freque ncy when 
operated . Figure 8 show s the i nt ernal sche­
matic of the transmitter . The frequency of the 
oscillat or is determined by plug-in unit 
HB-6 2800 . 

2 .  Transmitter Amplifier HB-2 5 2 2 0  ( See Fig.  1 0 )  
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Thi s  module i s  desig ned to amplify the 
oscillat or output of HB-25 1 1 0 .  One of  these 
modules is required for  eac h  oscillator 
module since it provides m at c hing for the 
output of the transmitter . There ar e two 
different matc hing output unit s used . The 
b and -pass filter HB62600 provide s a 6 00-ohm 
output impedance in the c e nt er of the c han­
nel pass -band with a high out-of-b and im­
pedanc e char acteristic t o  prevent adj acent 
channel loading . This filter add s  1 . 5-milli­
sec ond channel d e lay ti me . There is also a 
transformer output HB 55207  for app lic ations 
where a b and-pas s filter i s  not necessary.  
These units ar e mount ed on HB-25 2 2 0  module. 

3 .  Transmitter Amplifier HB-33 3 75 (See Fig .  1 1 )  

This module is used inst e ad of Transmitter 
Amplifier HB-2 5 2 2 0  on 340 HZ bandwidth 

t on e s .  This module is the same as the 
HB-25220 except for the add ition of the beat 
freQuency os cillator circuit and its assoc iate 
filter ( HB-633 00-4 )  and the ne cessity o f  the 
transmitter output filter HB-62 6 0 0 .  

4 .  Frequency Shift Oscillator and Keyer 
HB25 1 1 0-3 (See Figure 9) 

This module is used inst ead of Fre que ncy 
Shift Oscillator and K eyer HB 2 5 1 1 0 on 34 0 

HZ bandwidth t on e s .  It is essent i ally the 
same as the HB25 1 1  0 except for the addit ion 
of the modulator  circuit which mixes the 
frequencies of the beat freque ncy oscillator 
and the frequency shift oscillator. 

C. R E C E I V E R  MODU L ES (B lock Di agram F i g. 1 2) 

1 .  Receiver Input Filter HB63 1 00 (See Fig.  1 3 )  

A filter i s  provided t o  pass only the desired 
i nc oming s ignal t o  the receivers . One is 
needed for each receiver .  Typical receiver 
filter c haract erist ics are shown in Figure 1 3  

2 .  Receiver Limiter and Signal Supervisory 
Module HB2 5 1 60-1  (Fig . 1 4 )  

One module i s  required for eac h  channe l of 
the system.  This mod ule t ogether wit h  the 
input filter module provides a s uitable input 
for use with the discrimi nator module .  It also 
supervises the signal coming i nt o  the re­
ceiver , giving an ab senc e - of-output indic a­
tion when t he signal falls b elow a predet er­
mined level and also c lamping the output d-e 

amplifie r .  A low s ignal cond ition is indicated 
by a l ig ht on t he fr ont pane l .  

3 .  F . S .  Discriminator and D -C Amplifier Module 
HB2 5 1 3 0- 2  and HB25 1 7 0 ( Figs .  13 and 1 6 )  

This module provides t he receiver with t he 
information sent by t he transmitter at t he 
remote location .  The discriminat or c onsists 
of two t uned circuits which respond to each 
of t he two transmitter fr equencie s .  The tuned 
circuits ar e contained in unit HB-62700 
A typical discr iminat or output is shown in 
Fig . 1 7 . 

E ither t he HB 2 5 1 3 0  or the HB 2 5 1 7 0 module 
is used t o  amplify the output o f  the di scrim­
inator so t hat either electromec hanical relay s  
o r  solid-st at e  re lays may b e  u sed . 

B ot h  modules are the same with the excep­
tion that HB25 1 70 ( Internal Schematic in 
Figure 1 6 ) has only one output which occurs 
on receipt of trip signal.  On e ither module , 
the trip output is b locked by the noise 
supervisory mod ule . However , the low-leve l  
clamp from the s ignal supervi s ory module­
may b e  used for  either bl ocking t he output( s )  
(Strap X) o r  b iasing the trip amplifier into a 
trip c ondition (Strap Y )  without i nt erfering 
with the g uard output . The latt er system is 
used for unblock app licati ons . On either 
mod u le , the ·output ( s )  are i ndicated by lights 
on t he fr ont pane l .  

D.  NOI SE SUP E RVISORY MODULE 
( B l oc k  Di agram F i g. 12) 

NOTE: One set is needed for every tel ephone 
line u s e d .  

1 .  Nois e Filter Module HB55 1 8 7  o r  HB55 1 83 

( Fig.  1 8 )  ( Notched for 425  H z  Trans mitter)  
(Some syst ems use 5 95 Hz Tran s mitter ) 
This module contains a filter ( s ee Fig.  1 8 )  
that samples noise i n  the 3 00 t o  1 0 00 Hz 

region.  There are two different types o f  
filter s .  Filter module HB55 1 83 has a rejec­
tion notch at  425 Hz and i s  used in con­
j unct ion with  a 425  Hz transmitter loc ated at 

the remote terminal for detection of carrier 

drift s .  This system is used on four-wire 

telephone c hannels where there is a pos­

sib ility of carrier shifting the telephone 
band , which affects the F . S .  receiver int el­
l igence by conditions existing outside o f  
t h e  transmitters and receivers . 
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2 .  Receiver Line Level and-
Noise Supervisory 

Module HB25 1 5 0  (Fig.  1 9 )  

T his module c onsists of  two re c eivers ( se e  
Figure 1 9 ) . O n e  of them u s e s  t he output from 
the noise filter module for t he Noise Super­
visory function . The line lev e l  receiver uses 
the ; e ntire tone b and to supervise the t otal 
in-band level of noise ( this includes the 
frequencies used for protective line relaying ) .  

A n  abnormal s ig nal o f  sufficient strength o n  
either o f  the receivers w ill cause a n  output 
on the line level and noise s upervisory mod­
ules w hich will  block t he receiver trip out­
put on the tone rec eiver and give an indica­
tion on the front pane l .  

E .  425-Hz  T RANSMI TT E R  HB2 1 050-2 ( F ig .  20) 
(Some systems use 595 H z) 

N OTE:  One of the se units is needed for e ach 
t e lephone pair when used . This transmitter is to 

be used in conjunction with HB55 1 83 notch 
filter.  Its function is to block the end t hrough 
the noise supervisory module when there is fre­
quency det erioration between the transmitter and 

the receivers in a telephone line .  It consists of 
a 4 2 5-Hz frequency-shift trans mitter with an 
output filt er .  

F .  OU T PUT R E LAYS 

Merc ury re lays or type AR relays may be used 
for the outputs of this equipment . Except for the 
AR , t he s e  re lays are mounted on t he b ac k  of the 
chassis in the position shown on Figure 2 1 . The 
A R  relay is d escrib ed i n  separate instructions . 

G. L I N E  T E RMI NAT ION MODUL E H B25 1 40 
( F i g ure 22) 

This module is to be used when the application 
of the equipment c alls for transmitters without 
any output filters .  This module c onsists of two 
hybrid transformers and assoc iated resistors 
used for multiple xing tone c hannels on a single 
t e lephone line or pi lot pair. 

H.  HY B IR D  FOR TWO WI R E  TE RMI NAT I ON 
H B353 1 5  ( F igure 23) 

4 

This module is used for applications requiring 
j ust two wire termination for both trans mitter 

and receivers . It is used to isolat e the local 
transmitter from the receiver when a single line 

pair is used.  It contains plug in j umpers for 

s e le cting capacitor values for matching tele­
phone line characteristics along with adjustable 
resistor R 1 . It also contains plug in j umpers for 

s electing termination impedance of either 600 
ohms or 900 ohm s .  

O P E R A T I O N 

Under normal conditions , the tone transmitter is 
set to operat e  at the specified freque ncy for guard.  
This frequency is ab ove the c hannel c e nter frequen­
cy . D uring fault conditions , the transmitter may be 
keyed to a specified fr eque ncy be low the c enter 
fr equency. Thi s c auses a trip output from the re­
ceiver terminal . 

A .  POW E R  SU PPLY MODU LES  
(See F i gures 5 and 6 for I nterna l  Schemat i c s) 

Converter ( F i g .  5) 

The d-e to d -e convert er cont ai ns a saturable 
core type multi-vibrator w ith Q 1  and Q2 acting 
as sw itching trans istors for transformer T1 in 
series with t he app lied battery v oltag e .  starting 
current is app lied t hrough Rl and oscillations 
are maintained at a nominal 500 Hz by the drive 
from the fe edback w indings in t he base circ uit . 
C apacitor C 1  provides t he high-s urge current 
w hich occurs d uring the switc hing interval as 
t he magnetic field of T l  reverses and Ql and 
Q2 change their cond ucting stat e s .  C apacitor 
Cl and the 6 . 3 8-mHy c hoke provide a low- pass 
filter s ection to reduc e high-v oltage transients 
on the battery bus for prot ection of transistors 
Q l  and Q2 . Oscillator switching transients are 
attenuated by R5 and C 2 .  Two second ary wind­
ings on T1 feed the bridg e rectifier circuits,  
CR1 thr ough CRS , to d ev elop separ ate positive 
and negative output v oltag e s .  

Reg u l ator (F ig .  6)  

Polar output voltages from t he d-e to d-e con­
verter are applied to t he V o lt age Regulator 
HB25 2 1 0 .  Transistor Q3 is the series regulating 
e lement fo.r t he positive v oltage input . R esistors 
R6 , R7 , and RS comprise a voltage divider across 

the e mitter-follower output. A portion of this 
output voltage is fed b ac k  to the base of Ql 
and compared with a reference volt age across 
the zener diode CR l in the emitter circuit . The 
differe nc e  voltag e  across the base-e mitter 
j unction of Q l  controls t he collect or c urre nt 
through load re sistor R l . The voltage drop across 
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R 1  is c oupl ed by emitter follower Q2 to the base 
of Q3 . Any change in the output voltage at the 
emitter of Q3 i s  opposed by a c hange in base 
voltage as a result of the controlling current 
flow in R 1 . The feedb ac k  vo ltag e from the 
vo ltage divider circuit is mad e  variable by 
resistor R7 to permit accurate s etting of the 
output voltag e  lev e l .  Transistors Q4 , Q5 and 
Q6 provide a simi lar regulator circ uit for the 
negative voltage output . 

The regulation indicat or c irc uit is e ssentially a 
bridge connected across the p os itiv e and nega­
tive output t er mi nal s of the polar power supply , 
a span of 36 volt s .  One leg  of the bridge is the 
1 8-volt zener  diode CR3 . The output leg of the 
bridge is between the zener  diode and the center 
arm of potentiometer  R 1 9 .  R 1 9  i s  adj u sted for a 
zero-volt output , or b alanc e ,  at a total power­
supply output of 36 volt s .  A c hange in power 
supply level after b alance adjustment will 
produce a ± v oltage c hang e at the bridge output . 
This is detect ed by a complementary Schmitt 
trigg er circuit consisting of Q7 ,  Q8 , Q 1  0, and 
Q 1 1 .  At balanc e ,  Q7 and Q1 0 ar e b oth cut off , 
and transi stors Q9 and Q 1 2  are two c losed 
switches in s eries to e nergize the i ndicating 
lamp plus a re mote relay . An incr eas e i n  o ne or 
both of the supply output voltages will c ause 
Q7 to conduct , and a decr ease in one or b oth 

voltages will cause Q 1 0  to c onduct . Conduction 
of either Q7 or Q 1 0  will open the ass ociated 
series switching transistor , and the lamp and 
relay will be de-energi ze d .  

B .  F R EQU ENCY SH I F T TRANSMITT ER 

1 .  F . S. Oscillator and Keyer HB25 1 1 0 ( For 1 7 0  
Hz Bandwidth)  (Block D iagram F i g .  7 )  

With refer ence t o  the sche matic diagram in 
Fig. 8, the osc illator i s  a multivibrator type 
consisting of Q1 and Q2 with an LC c ircuit 
c ollector to c o llector , tuned to the guard 
frequency.  The freque ncy shifting capac it or , 
CT , is c onne cted acr o s s  a coupling winding 
on the tank circuit by switching transistor s 
Q5 and Q6 . For k eying v oltages b elow the 
trip level ,  Q5 and Q6 will present high col­
l ector impedanc es in series wit h CT effect­
ively removi ng it fr om the c ircuit , and a 
guard frequency will b e  generat ed . When the 
k eying v oltage exceeds the trip level,  Q5 
and Q6 will  saturate and c onnect CT across 
the oscillator c ausing a shift t o  the trip 

frequ ency . The o scillator output i s  taken 
from the level control  R24 across a wind ing 
on the oscillator c oil .  

In the k eying circuit ,  Q3 and Q4 comprise a 
Schmitt trigger . The trigger circuit is e ner­
gized by the voltage acros s R2 when k eying 
current flow s .  The input to the base of Q3 
is through zener di ode CR2 .  For v oltages 
below the zener v o ltag e ,  Q3 i s  cut  o ff and 
Q4 conduct s ;  current c annot flow through 
c oupling diod e s  CR3 and CR4 to the bas e s  

of switching transistors Q 5  and Q6 , and CT 
is n ot connected acros s the oscillat or . When 
t he zener voltage is exce eded , the Sc hmitt 
trigger action c au s e s  Q4 to be cut off, and 
current flows t hrough CR3 and CR4 to clamp 
the switching transistors and generat e  a trip 
freque ncy . Keying c ircuit c haracteristics 

are shown in Figure 24 . 

2 .  Transmitter Amplifier HB25 2 2 0  (Fig .  1 0 )  (For 
1 70 Hz B andwidth) 

With r efer enc e  to  the schematic di agram of 
Figure 1 0 , amplifiers Q2 and Q3 are an emitter­
c oupled pair with pus h-pull c ollector output . 
Load c oupling to the c ollectors is through 
the optional plug-in as s e mb lie s ,  multiplexing 
filter HB62600 or transformer HB55 2 07 . 
Signals from the HB 25 1 1  0 F-S oscillator are 
amplifi ed by Q l  and app lied to  the base of 
Q2 , the input to  the push-pull amplifier . The 
G AIN control R2 can be set t o  m aximum , and 
the c hanne l level adj ustme nt s  c an b e  ob­
tained using the LEVEL c ontrol on the os­
cillator module . 

>f- 3 .  F . S .  Oscillat or and Keyer HB25 1 1 0-3 (For 
3 4 0  Hz Bandwidth) (See Fig.  9 )  

This is simi lar to  t h e  F .S .  Oscillator and 
Keyer HB25 1 1  0 above exc ept for the addit ion 
o f  modulator transistors Q8 and Q9 for mixing 
the fre quency of the B . F . O .  wit h the fre­
quency of the fre quency shift oscillator .  The 

frequency from the beat frequency oscillator 

is 1 0 KHz and is used t o  amplitude modulate 

the fre quency of the fre quency shift oscil­
lator which in this c ase is 1 0  KHz plus the 

t one fre quency ( guard or tr ip) .  This amplitude 

modulat ion produces b oth the sum and dif­

ference frequencies of the two fre quencies 

wh ich are fed to  the tran smitter amplifier 

HB3 3 3 7 5 . 
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A secondary winding on L0 couples the out­
put of the oscillator to the LEVE L contr ol 
R 1 0 .  This winding provides d-e isolation 
b etween the oscillator circuit and the output 
amplifier Q2 w hich operates from the full 
- 1 2 V  d-e . supply . Transistor Q2 i s  a Class 
A common-emitter stage w ith the b ase input 
signal coupled from the LEVEL control by 
d-e b locking c apacitor C5 . The c arrier band­
p ass filter is the collector load . 

This trans mitt er , together w ith HB55 1 8 3  
filter at the remote end i s  used t o  prev ent 
adverse effects from freque ncy translation . 
When a telephone line is multiple xed w ith 
other te lephone line s ,  s ometimes there is a 
drift in band frequencies d ue to the rec eiv ers 
and transmitters used i n  multiplexing. These 
c onditions , although lying beyond the con­
trol of the tone channe ls , are det ected at 

-1< t he receiving end by applying the 4 2 5  -cyc le 
transmitted frequency to the noise filt er .  The 
noise filter HB 5 5 1 8 3  together w ith the noise 
supervi sory module do not tolerate a fre­
que ncy translation (due to line multip lexing) 
of mor e than ± 40 H z  without b locking the 
receiver s .  

D-C TO D-C CONVERT E R  AND VOLTAG E 
R EGU LATOR 

Converter H B251 90 and H B25200, Regu l ator H B252 1 0  

Power  Output : 

Mod e l  HB 2 5 2 1 0  V o ltage R egulator with one of 

the D -C to D-C Converter Modules , HB 2 5 1 90 or 
HB 25200 - 7 .5 watts maximum; + 1 8  v olts at 2 00 
rna. and - 1 8  volts at 2 00 rna. 

Power Input : 

Approximately 1 5  to 2 3  w atts for abov e output 
power over the following converter input voltage 
range s ;  

HB25 1 90 - 4 2  t o  56 V d-e , 4 8  v . d . c .  nominal. 

HB25200 - 1 05 to 144 V d-e , 1 2 5  v . d . c .  nominal . 

See Figure 5 for 2 5 0V d-e battery input. 

Regulation: 

+ 1 8 and - 1 8  v . d . c . within 0 . 1  volt . 

R egulation I ndicator :  

Indicates chang es gre ater than 2 volts i n  ± 1 8  V 
d-e output ; module panel lamp extinguishes and 
remote relay is de-energized .  Rec ommended alarm 
re lay is HA1 8574 ; two Form-e 5-ampere contact s,  
2000-ohm coi l .  

R ipple : 

1 mv RMS m ax imum on + 1 8 v . d . c .  and - 1 8  v . d . c .  
outputs.  

Converter Frequency: 

N ominal 5 0 0  Hz; 380 Hz to 600 Hz over rated 
input and output r anges . 

O v erload s :  

N o  overload p r ot ective circuitry . Input t o  con-

C H A R A C T E R I S T I C S  

CHAN N E LS T R I P  F R E Q U ENCY GUARD F R E Q U E N CY 

1 70-Hz b.w . 340-H z  b .w . 1 70-H z  b .w . 340-Hz b .w . 1 7 0-Hz b .w .  340-H z b.w. 

1 275 1 1 9 0  1 3 60 
1 5 3 0 1 3 6 0  1 1 9 0  

1 6 1 5  1 5 30 1700 

1 95 5  1 870 2040 

2295 
2040 

2 2 1 0  
1 8 7 0  

2 3 8 0  
2 2 1 0  

2635 2550 2720 

2975 
2720 

2890 
2550 

3060 
2890 

When 1 7 0-Hz and 340-Hz bandwidth ( b . w . )  channels are used in conjunction , the 340-Hz channel t akes the 
space of the two 1 70-Hz adj acent channels.  It is recommended that the l ow er freque ncies be used for wide bands 

(340-Hz b .w . ) .  
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CHANN E L  D E LAY T IM E  

1 70 B w .  1 70 B w .  3 4 0  B w .  
W/TRANS F .  W/F I L  T E R  W/F I LT E R  

Channel Time ( excluding te lephone l ine)  7 .5  ms.  9 . 0  ms.  5 . 0  ms. 

Relay T ime 

2 Amp Mercury Wetted Re lay or 3 . 0  m s .  3 . 0  ms .  3 .0  ms.  
Mercury Wetted Relay and 1 OW AR 

Total 1 0 . 5 ms. 1 2 . 0  ms . 8 . 0  ms . 

Ambient Operating Temperatur e :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -20o  to + 5 5 o  C .  

Storage Temperature : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -60° to + 7 5 o c .  

Approximat e  Weight: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  lb . 

verter is fused;  effective only for short-circuit load s .  
Operation above maximum rated lev e ls should be 
avoided to prev ent damage due to excessive heat 
generation . 

Isolation : 

Output circuits are d-e is olated from ground and 
the converter input battery supply . A trans ient v olt­
ag e filtering cap acitor,  C3 , in the converter module 
is connected between the output COMMON and the 
positive battery input and has a 2 0 00WV d-e rating.  
(See schematic diagram , Figure 5 . ) 

-�< F.S.  OSCILLATOR AND K E V E R  H B25 1 1 0  and 
H B25 1 1 0-3 
Output Level :  

0 . 1 1  Vrms maximum - 1 7  dBm , unbalanced ,  ± 0 . 7 5  
dB . L e s s  than 0 . 25-dB difference b etw e en steady­
state guard and trip frequencies . 

Keying Circuit:  

R equires 16 rnA ± 1 0% to s hift from guard to trip . 
R et urn to guard at 4 rnA less than maximum trip 
current . No int ermediate frequencies or stopping of 
oscillation for any keying volt age .  Nominal keying 
voltages are 24V , 48V and 1 25 V  d . c .  with serie s 
resistance value s per Fig. 8 .  Shift from gu ard to 
trip is at approximat e ly 5 0% of k eying voltage . Input 

resistance approximat ely 1 00 0  ohm s .  See Fi gure 24 . 

* Fre quency :  ( HB25 1 1 0  Only) 

Guard is above channel cent er frequency . Trip 
is  b elow channel c ent er frequ ency . Frequ ency 
stability 0 . 2% of c hannel freque ncy . 

-1< FreQuency: (HB25 1 1 0-3 Only) (340 Hz Bandwidth 
Only) 

The guard frequency is equ al to the chanel 
center frequency plus 1 70 Hz plus 10 KHz for normal 
applicat ions . The trip freQuency is the channel 
center frequency minus 1 70 Hz plus 10 KHz for 
normal applications . 

( In dual channel systems , one of the channel s  
utilizes a shift u p  i n  frequency for trip .  In this cas e ,  

the guard frequency for this p articular channel 

would be 10 KHz minus the channel cent er fre­
quency and minus 1 7 0 Hz . [fg = 1 0 , 000 - fc - 1 7 0] . 
The trip frequency would then be 1 0  KHZ minus the 
channe l center freQuency and plus 170 Hz .  [ ft = 

1 0 , 0 0 0  - fc + 1 7 0] ) .  

-�< TRANSMITT E R  AMP L I F I E R  H B25220 and H B33375 

G ain: 

3 0  dB with transformer HB5 5 2 07 , 28 dB with 
filter HB6260 0 ,  -1 + 0 . 5  dB from setting. 

Output L evel :  

+8 dB m maximum i n  600 ohms with filter . + 1 0 
dBm max . in 6 0 0  ohms with transformer . 

Harmonic Distortion: 

Tot al distortion with HB 25 1 1  0 f-s .  oscillator 
input is  1 . 5% with transformer output , less than 
0 . 2% with filter output , at maximum rat ed output 
level .  
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Transient Respons e :  

With HB2 5 1 1 0  f-s .  oscillator input and filter 
output , trip s ignal and transients are within -3dB 
to + 3dB of guard signal level .  

-+< Beat Frequency Oscillator: (HB33375 Only) (340 Hz 
B andwidth Only) 1 0  KHz ± 0 .25%. 

R ECE I V E R  LIMI T E R  AND SIGNAL SU P E RVISORY 
HB25160-l , R E C E I V E R  F I L T E R  HB631 00 

S e nsitivity : 

Maximum sensitivity of the HB25 1 60 - 1  rec e iv er 
module for b lock release after a signal-loss block 
is  -44 dBm, measured at C ARRIER IN test p oint . 
Maximum sensitivity referred to c hannel level on 
communi cation circuit i s  d et ermined by the loss in 
t he c hanne l filter and coupling network .  See F igure 
23 for recommended nomin al levels and Figure 1 2  
for coupling scheme. This arrangement, when used 
w ith the HB25 1 5 0  noise supervisory module , will  
permit a minimum nomi nal line level p er channel of 
-28 dB m .  Sensitivity is  constant within + 1 dB . 

Outputs :  

Limited carrier signal , ± 1 7  volts for driving 
discriminator modul e ,  6 00- ohm driving i mpedanc e .  
Clamping voltage for trip b lock c ircuit in  d iscrim­
inator module . 

I n put I mped anc e :  

HB63 1 0 0  filter i nput 6 0 0  ohms i n  passband , 
out-of-band rising impedance c haracteri stic.  

F .S .  DISCR IMINATOR AND D-C AMPLI F I E R  
H B251 70 and H B251 30 (Dual  Output) 

D iscriminator Input : 

9V rms carrier signal derived from ± 1 7  volt limit­
ed signal from limiter section in HB25 1 60 module.  

Low Signal Block Input: 

Block - 3 rnA , + 0 . 8 V .  B lock release - -3 . 4 V ,  
0 rnA . From signal supervisory section i n  HB25 1 6 0  
module . 

Noise B lock Input : 

B loc k - 2 to 3 rnA,  + 1 4 to + 1 7V . B loc k releas e ­
-3 . 4 V ,  0 rnA.  From noise supervisory module 
HB25 1 5 0 .  

H B 25 1 30-2 Out puts :  

Trip amplifier ,  100  rnA cap ab ility . N onconduct­
i ng for a guard signal , collector at - 1 8  volt s .  C on-

1 0  

ducting for a trip signal , c ollector at + 1 8  volt s .  
Guard amplifier , 1 00 rnA c ap ab ility . N onc onducting 
for a trip signal , collector at + 1 8  v olt s .  C onducting 
for a guard signal , coll ector at - 1 8  volt s .  

HB 2 5 1 7 0  Output : 

Trip amplifier , 1 0 0  rnA capab ility . N onconduct­
ing for a guard signal , collector at - 1 8  volts. Con­
ducting for a trip signal , collector at + 1 8  volt s .  

LIN E LEVEL AND NOISE SU P E RVISORY HB25 1 50 
AND F I LT E RS H B551 83 AND H B55187 

Output: 

C lamping voltage for trip bloc k c ircuits in  up to 
six F . S .  Discriminator and D-C Amplifier modules 
(HB25 1 7 0  or HB25 1 3 0 ) ;  + 1 3 V  to + 1 7V at 2 to 3 rnA 
bloc k ,  -3 . 4V at 0 rnA block releas e .  Block releas e  
delay time is  1 0  millis econd s .  D - C  amplifier c ap­
able of delivering up to 1 00 rnA at 36V to an i nd i­
cating device , or voltag e  pulses to logic c ircuitry . 
Amplifier is conducting for a bloc k ,  collector at 
+ 1 8 V ;  nonconducting for block releas e ,  collector 
at - 1 8 V .  

Noise Filters HB5 5 1 87 and HB5 5 1 83 

300 to 1 000 H z  passb and , 6 00-ohm input impe­
dance in p assband , out-of-band rising imp edance 

ch aract eristi c .  600 -ohm output imp ed ance. Noise 
filter HB55 1 83 is the same as HB55 1 8 7  ex cept for a 

-1< 25 -db rej ection notch at 425 Hz.  

Noise Filt er Amplifier: 

6 00 -ohm input i mped ance . Sensitivity adj ustable:  
Max imum sensitivity for a trip block is  -52 dBm , 
+ 0 . 5  dB - 1  dB . 

L ine L evel Amp lifier : 

1 1 .  2K input imp edanc e .  Sensitivity adj ustable;  
maximum sensitivity for a trip block is -27 dB m;  
+ 0 . 5  dB - 1 dB . 

+: 425-HZ TRANSM I T T E R  HB21 050-2 (Some Systems 
U se 595 H z) 

Output Level:  

6 00 ohms nomi nal , isolated and balanc ed . 

Output Stab ility : 

± 1 . 5 dB from -30° C to + 70°  C .  

Frequency Stability : 

HB 2 1 050-2 ± . 2 5% from - 3 0° C to + 7 0° C .  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY PE TA-3 F R EQU ENCY - SH I F T AUDIO TON ES -----------------�!..:..!-L:.:.-.!.4!.:1-9�6�3-�28 

Keying I nputs :  

Neutral vo ltage p uls e s ,  - 1 OV nominal .  Input 
resistance approx.  5K t o  1 5K .  

I N S T A L L A T I O N 
(Out l ine and Dri l l i n g  P lan ,  F ig ure 1 9) 

The t one assemblies s hou ld b e  mounted on relay 
r acks or in suitable cabi nets when the eleven-module 
c hassis is u s ed .  The mounting location should b e  
fre e  from d irt , moi sture ,  exces sive vibration,  or heat .  
Al l  e lectrical connections ar e made through a 24-
terminal c onnector o n  t he rear of  the chassis per 
CR drawing which app lies t o  t he particular order 
and appears on the nameplat e .  

U s e  of curr ent monitoring j acks:  Stand ard tele­
phone-type curr ent j acks can be supplied on special 
order to monitor t he guard , trip o r  al arm , output relay 
coil curr ents w hen such are mounted on the bottom 
of  the TA-3 tone assembly . Thi s assembly will be 
three rack units high. 

The type AR relay s ,  when used, should be 
mounted near the TA-3 tone chassi s in a l oc ation 
free from dirt , moisture ,  excessive vibratio n ,  or heat .. 

S E T T I N G S  

Transm itters 

Only one setting i s  re quired on the t one trans­
mitte r  and that is the out put level . This setting is 
made by using t he screwdriver type adjuster marked 

-1< " gain "  on the transmitter amplifier module . In 
ge neral , the t one trans mitt er s are set  t o  t he maxi­
mum level allowed by the telephone co mpany o n  the 
pi lot wire or telephone pair .  For example , in  pro­
tectiv e relaying applic ations , generally only one 
or two tone transmitter s will  b e  co nnected to the 
pilot  channe l at any one t er minal. If zero dBm is 
the maximum allowable lev e l ,  a single tone trans­
mitt er will be set t o  that level ( 0 . 77 5  volt) .  If more 
than one transmitter is used at one terminal ,  the 
te lephone company should b e  consulted as to the 
allowable trans mitting level s .  

The audio output lev el of  the transmitter i s  
measured by connecting a 600-o hm r esistor or load 
acr oss the signal output terminals . No other si gnal 
should be pr esent on the line if it is used.  The 
level can be measured at the output terminals using 
an a-c vacuum-tube voltmeter . The lev e l  control i s  
then adj usted for the desired output .  After all the 
trans mitt er s are adj usted properly and multip lexed,  

a VTVM reading should b e  t aken at  t he "OUT" pin 
j ack on the front panel and rec orded for maintenan c e  
and chec k-out purpo s e s .  T h i s  avoids t h e  nec e s sity 
of disc onnecting t he transmitt er from the line when 
level  ar e t o  be checked o r  readjusted.  The 425- Hz 

-1< t ransmitter should be s et the same as any other 
t ransmitter .  

F .S. Rece iver 
(Refer t o  Fig . 26 for Relative Levels) 

The sensitivity i s  adj usted with a carrier signal 
pre sent at t he input of t he channel filter at t he 
nominal l evel for the p articular installation.  S hort 
circuit the two test p oi nt s  designated sens . adj . 
link on t he panel  of the Receiver Limiter and Signal 
Supervisory modul e .  Thi s will d ecrease t he s ensi­
tivity o f  the rec eiver by 6 dB. Turn t he SENSITIV­
ITY control slowly from its extreme clockwise posi­
tion until  t he B LOCK light i s  energi zed , then re­
mov e t he short from the t e st p oints .  With t his s etting , 
a 6-dB decrease in channe l  level will generate a 
trip block fu nction;  a 3-dB r ecov ery is r equired t o  
release the block . 

L i ne Level and No i se Superv i sory Module 
( Re fer t o  Fig .  2 6  for  Levels ) 

NOTE : If a HB55 1 83 notch filter is used , the cali­

brating procedure sho uld not be alt ere d .  

The sensit ivity o f  both n o i s e  det ecting circuits 
is adj ust able with all channel s ignals present on 
the line at their nominal levels for the syst e m .  
Adjust t h e  noi se-filter  amplifier se nsitivity as 
foll ows:  first turn t he NOISE SENSITIVITY control 
t o  its extreme counterclockwise p os it ion ( if the line 
level sensitivity has not been adjusted,  turn t hi s  
screw to its extreme counterclockwise positi on 
als o ) .  Remov e the noise filter from the chass is .  
Connect the CARRIER IN test  point of any conven­
ient HB 25 1 6 0 Receiv er module t o  the NOISE IN t e st 
point on the HB 2 5 1 5 0  Noise Supervi sory Module.  
Slowly turn t he NOISE SENSITIVITY control fr om 
its extreme counterclockwise position until the  
BLOCK light i s  energized. Remove the t e st point 
connection s and r ep lac e the noise filt er in the 
chassi s ;  the light should turn off. With t his adj u st­
ment , a trip block will  be initiat ed for an in-b and 
signal-to-noi s e  ratio of 1 2  dB or less.  A minimum 
of 9 dB i s  required for s ec urity against fal s e  trip­
ping in type TA-3 Protective Re laying C hannel .  

The wide-band noise o r  line level amplifier se n­
sitivity can be adj usted in thi s manner :  C onnect the 
LINE LEVEL SENS . ADJ . test p oint to the COMMON 
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test point . This will increas e  the gain of the ampli­
fier by 4. 5 dB . Turn the LINE LEVEL SENS . c on­
trol slowly clockwise until t he BLOCK light is 
energized , t he n  remove the t est point connections.  
Whe n the combined level of signals plus noise in­
creases by 4 . 5  dB , a trip block will be gen erated . 

iC A hysteresis of approximately 1 .5 dB e xists in 
the trigger-type b locking circuit for  a b lock releas e .  
The 4 . 5-dB high-level b lock setting and a low sig­
nal-level block adj ustment of 6 dB in the Limiter 
and Signal Supervisory Module HB2 5 1 6 0 will give a 
dynamic operating range of 1 0 . 5  dB for the protective 
relaying rec eiver . 

F .S.  D i scr im i nator and D.C. Amp I i fier  
(See Fig.  1 7 ,  Typic al Discriminator Output) 

With a - 5 ,  0 ,  +5 v .d  .c . voltmeter of at least 
20 , 000 ohms-per-volt resistance c onnected b etween 
common and " D i sc .  out " T . P . ,  c heck for e qual 
outputs at Guard and trip fre quencies and adjust the 
discriminator b i as on the front p anel  to correct this 
if neces sary . 

A C C E P T A N C E  C H E C K  

D-C to D-C Converter H B251 90 or HB25200 

N on-Regulated V olt ages:  

.+  V d-e to common 
-V d-e to c ommon 

+ 2 2 to + 34 V d-e 
-22 to -34 V d-e 

Voltage Regulator 

+ 1 8  V to common 
- 1 8  V to common 

+ 1 8 V d-e 
- 1 8  V d-e 

Transmitter 
( Cons ists of an oscillator and keyer , and a trans­
mitter amplifier . )  

Key transmitter t o  trip fr equency b y  applying 
the correct keying voltage at t he terminals ind icated 
on the connection drawing.  

Al l  transmitter frequencies and output lev els 
should be c hecked with a 600-ohm load connected 
at t he output . 

1 2  

Guard Frequency : within 2 H z  o f  the fr equency 
spec ified in the C haracter­
i stics section. 

Trip Frequency : within 2 Hz of t he fr equency 
specified in the Character­
istics section.  

NOTE: A llow 4 Hz for 340-Hz b andwidt h  tone s .  

Output L evel : 

at least + 8  dBm w hen supplied with filter 
output . 

at l east + 1 0  dBm when supplied with trans­
former output . 

iC 425-H z  Transm i tter ( Some Systems use 595-Hz) 

Fre quency: 425  Hz within 1 Hz 

Output : 

Keying : 

F .S .  Receiver 

at least + 1 dBm 

s hould shift at least 40 Hz t o  b lock 
N oise Supervisory module . 

With a transmitter i nput set at - 2 0  dB m ,  see t hat 
the guard and trip output s operate correctly .  

L i ne Level a n d  Noi se Su perv i sory 

Should operat e  upon receipt of a 7 00-Hz tone at 
-37 dBm,  or any transmitter tone freque ncy at - 1 5  
dB m .  Factory c alibration i s  at a - 2 0  dB m nomi nal 
i nput sig nal . 

A D J U S T M E N T S 

U s e  the followi ng proc edure for adj usting the 
tones if the tone adj ustments hav e b een disturbed . 
This procedure should not b e  used unless it is ap­
parent that the tones ar e not in proper worki ng order. 
(See "Ac ceptanc e Chec k " ) .  

POW ER SU PPLY 

The d- e to  d-e  converter has no adj ustment s .  
The voltage regu lator module HB2 5 2 1 0  h a s  adj ust­
able reference voltages . In order to adjust the 

reference voltage s ,  a card extender ( HB 1 4 5 8 3 )  is 
needed b ecause the adj usting resi stors are not 
accessible from the front of the pane l .  Connect a 
d-e voltmet er to common and + 1 8  volts ( front of the 
panel ) ,  and adjust R7 for + 18 volt s .  Repeat this 
operation by co nnecting the voltmeter between com­
mon and - 1 8  volts and adj usting R 1 5 .  The regula­
tion indicator is set by adj usting R 1 9  for zero volts 
between the reference zener d iode CR3 and the 
white test point on the front p anel .  The regulation 
indicator will detect any c hang es over 2 volts by 
the lamp being extingui shed and the optional relay 
being de-energized . 

T RANSMI TT E R  MODU LES 

F .S .  Osc i l lator Keyer 

Oscillator frequency is  determined by the plug-
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i n  tuned circuit ass embly . A FREQUENCY ADJUST­
MENT control on t he module panel enables a slight 
frequency trimmi ng in the ev ent t hat the c hannel 
tuned circuit assembly i s  changed . This adjustment 
affects the trip and guard frequencies simult aneously 
and i n  t he sam e  direction.  The LEVEL control 
permit s  s etting t he oscillator output level t o  the  
system r equi rement . Both adju stment s can b e  mon­
itored at test  points on the p anel . 

Tran smitter Amp l i f ier 

The output level of  the  transmitt er amplifier w as 
discussed in t he SETTINGS s ection.  

R E C E I V E R  MODULES 

The only adjustment needed i n  t he rec eiv er 
modules (level adj ustment w as covered in the 
SETTINGS s ec tion) i s  the adjustment o f  t he D i s­
criminator B alanc e Control . 

Adjustment of the DISCRIMINATOR BALANCE 
control i s  made with alt ernat e  trip and guard fre­
qu encies applied to the di scriminator .  With equal 
output , as m easured at the DISC . OUT t est point ,  a 
slight guard preference i n  operation will  b e  d erived . 
This can b e  seen with reference to Fig.  1 5 .  

LI N E  L E V E L  AND NOI S E  SU P E RVISORY MODU L ES 

These modules require no adj u stments except 
for the settings covered b efore .  

M A I N T E N A N C E  

The modu les i n  thi s  equipment u s e  trans istors 
and other components w hich are conservatively rated 
for reliability and long life . In normal operation ,  the 
monitoring function provides a continuous check on 
the performance of  t he equipm ent . At p eriodic inter­
v al s ,  it may be des ired to check the tripping func­
tion. For such a c heck ,  the c hanne l may have to b e  
t aken o u t  of s ervice to prevent unnec e s sary br eak er 
operatio n .  The keying c ircuit may then be closed to 
check the operation of the tripping relay .  The 
acceptance check procedure will  provide a more 
t horough t est . 

A s  long as the channe l is operating satisfactor­
i ly ,  no maintenanc e work i s  necessary other t han 
seeing that the equipment is fre e  of dust or dirt . 

How ev er ,  a scheduled routine check will  prevent 
down-time loss , since it  m ay i ndicat e  d et erioratio n  
in the performanc e of  one of  the units .  The o utput 
type AR relay cont acts m ay b e  burnished on the  
sam e  schedule as  that for  the as sociated protective 
relay s .  If  a c han nel failure o c curs b ec ause o f  the 
t erminal equipment , a troub le-shooting procedure 
should be used simi lar to t hat employed for any 
electronic equipment .  First d et ermi n e  w here the 
fai lure has taken place ( transmitt er or receiver);  
then d et ermine the portion of  the circuit at fault .  
Refer t o  Tab l e  I for typical transistor voltag e s .  

Test  Equ i pment 

For r outine maintenanc e ,  the following e quip­
m ent will be ad equat e :  

>t- 1 .  A - C  v acuum-Tube V o lt met er ,  at least 1 5 kHz, 
1 mv sensitivity. 

2. C alibrated Attenuator ,  600 ohm . 

F or troub le shooting , the following add iti onal 
test  equipment is desirable:  

* 1 .  E lectronic Frequency Counter , 15 kHz min­
imum. 

2.  D-C V acuum-Tube V olt-Ohmmeter . 

3 .  C at hod e-Ray Oscilloscope . 

>t- 4 :  Osc illator,  200 to 1 5 , 00 0  Hz.  

G E N E R A L  I N F O R M A T I O N 

Connection Drawings 

The drawings appli cable  t o  the sp ecific order 
will be supplied.  The applicable "CR" drawing 
i nformation is  included as p art of  t he n ameplate data. 

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

Repair work can b e  done most satisfactorily at 
the factory . However,  interc hangeab l e  parts can b e  
furnis hed to users w h o  are equipped for doing repair 
work .  When ordering part s ,  alway s  give the assem­
b ly style numb er and voltage rating , plus the com­
ponent identification and module in whi c h  it i s  
located . 

Replac eable parts are shown in the Part s List .  
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T A B L E  

TYP I CAL VOL TAGE MEASUR EM ENTS ( R E F E RR E D  T O  " COMMON") 

200 rnA LOA D  ± 22 .5¥ I N PUT 

Q l  Q2 Q3 Q4 Q5 Q6 
HB2 5 2 1 0  

V oltage V d c .  c +1 9 . 4 + 2 2 . 0  + 2 2 . 5  - 1 9 . 4  - 22 . 0 - 2 2 . 5  

Re gulator B +1 2 . 1  + 1 9 . 4  + 1 8 . 7  - 1 2 . 1  - 1 9 .4 - 18 . 7  

E +1 1 . 4 + 1 8 . 7 + 1 8 . 0  - 1 1 .4 - 1 8 . 7  - 18 . 0  

N O  LOAD ±34.2¥ I N PUT 

Q l  Q2 Q3 
HB2 5 2 1 0  

Q4 Q5 Q6 

V oltage V d c  c +1 9 . 2  + 3 3 . 5  + 3 4 . 2 - 1 9 . 2 - 33 . 5 - 34 : 2  

Regul ator  B +1 2 . 1  + 1 9 . 2  + 1 8 . 8 - 1 2 . 1  - 1 9 . 2  - 1 8 . 8  

E +1 1 . 4 + 1 8 . 8  + 1 8 . 1  - 1 1 .4 - 1 8 . 8 - 1 8 . 1  

Q l  Q 2  
HB25 1 1 0 

Q l  Q 2  

F . S .  OSC Vdc c + 1 8  + 1 8  AC Signal s  c 3 4  3 4  

A n d  Keyer B + 7 + 7 V p - p .  B 1 0  1 0  

( Fi g .  8 )  E + 6 . 5  + 6 . 5  E 5 5 

F . S . OSC & Keyer Ql I Q2 Q3 I Q4 QS 1 Q6 QS I Q9 
HB25 1 1 0 

& VDC c + 1 8 - 0 

HB25 1 1  0-3 B + 7 See F i g .  24 - -

F i g .  8 & F i g .  9 

( W h e r e  app lic able E + 6 . 5  0 -

v ac c 3 4  - 3 4  -

p-p B 1 0  - - 2 . 2  

E 5 - - -

Q l  Q 2  Q 3  
HB2 5 2 2 0  

Transmitte r  Vdc c 7 1 5  1 5  

A mplifi e r  B 0 - 0 . 3  - 0 . 3  

E - 0 . 7  - 0 . 9  - 0 . 9  
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T A B L E I (Cont inued)  

TYP ICAL VOL TAGE MEASU R EMENTS ( R E F E R R E D  TO " COMMON") 

Trans . Am pl .  
Ql  Q2 Q3 Q4 QS 

& Vdc c 7 1 5  1 5  -5 . 8  - 1 2  

B . F .  Osc.  B 0 -0 .3  -0'.3  - 1 . 1  - 2 . 2  

HB33 3 75 E - 0 . 7  - 0 . 9  - 0 . 9  - . 95 - 2  . 

Fig.  1 1  
v ac c 1 5  2 . 7 

p-p B . 08 . 08 

E 0 -

Q l  Q 2  Q3 Q4 QS Q6 

Vdc c + 1 6 . 6  + 1 8  + . 9  + . 4  1 8  - 1 8  

B 0 0 + 1 6 . 6  - 1 5 V  . 9  - . 4  

E - . 7  - . 7  + 1 7  . 2  - 1 6  - -

HB2 5 1 6 0- 1  
W/0 

Q7 QB Q9 Q l O  Q l l  Q 1 2  Q 1 3  

Rec.  Lim. And Sig. c + 1 8  + 7 + 1 7  . 2  +1 7 . 9  +1 8 0 - 1 8  

Sig.  Supv .  Vdc B 0 - 1 8  - 1 4 : 4 +1 7 . 2  +1 7 . 9  +1 7 . 5  +1 8 

E - 0 . 7  - 1 4 . 9  - 1 4 . 9 + 1 8  +1 7 . 2  + 1 8  +1 8 

c - 1 4 . 7  +1 8 -2 . 7  + 1 8  0 + 1 7 . 9  

W/Sig . B - 1 4 . 5 - 1 5 . 1  + 1 8  - 2 . 7  - 2 . 8  +1 7 

Vdc E - 1 5 . 2  - 1 5 . 2  + 1 8  - 3 . 4 + . 05 +1 8 

Q2 Q3 QS Q6 Q7 QB Q 9 Q l O 

Guard c + 7 . 5  +6 . 1  +1 8 . 0  - 1 8 . 0  - 0 . 4 5  - 7 . 6  -6 . 9  - 1 7 . 9  

Vdc B -0:6  +1 . 2  + 4 . 0  
HB 2 5 1 3 0- 2  

+1 8 . 0  - l . l  -0 . 1  - 7 . 6  - 1 7 . 2 

E + 0 . 5 5  +0. 55 + 6 . 8  + 1 8 . 0  -0 . 4 3  -0 .43  -6 . 8  + 1 8  

HB25 1 70 

F . S .  Disc . Trip c + 0 . 4 5  +7 . 4  + 6 . 9  + 7 . 9  + 7 . 5  -3 . 7  - 1 8 + 1 8  

and D -C Amp . Vdc B + 1 . 1  +0 . 1  + 7 . 4  + 1 7  . 2  + 1 . 1  - 1 . 2 2  -3 . 65 -1 8 

E + 0 . 4 2  +0 . 4 2  + 6 . 8  +1 8 . 0  + 0 . 5 6  - 0 . 5 6  -6 . 8  - 1 8  

Q3 Q4 QS Q6 Q7 QB Q9 

Block c <- 1 5  + 0 . 8  - 0 . 1  + 1 7 . 9  + 1 8 + 0 . 1 + 1 7 . 9  
HB2 5 1 5 0  

Vdc B 
Line Level  

<- 1 6  > 1 6 . 8  - 0 . 7  + 1 7 . 2  + 1 7  . 9  + 0 . 7  + 1 7 . 2  

E <- 1 6 . 4  < 1 6 . 4  0 -t- 1 8 + 1 7 . 2  0 - 1 8 

and Noise 

Supv . Release c - 1 5  3 + 1 8  - 2 . 6 + 1 8 + 1 8  - 1 8  

Vdc B < 1 6 . 3  - 1 5 . 8  - 2 . 8  + 1 8  -2 .55 - 2 . 7 5 + 1 8  

E 1 6 . 4  - 1 6 . 4  0 + 1 8  -3 . 3  0 t 1 8  
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D IA G R AM 
S Y M B O L  

R3 t hru R2 0 ,  
R22 , R23 

R2 

R1  

R2 1 

R24 

C 1  

C3 

C4 

C R 1  

CR2 

CR3 , CR4 

Q1 thru Q6 

Q8 , Q9 

R3 , R4 , R6 , R7 , 

R 8 , R 1 0  

R 1  

R 9  

R 2  

R 5  

C 1 ,  C 2  

C4 . C5 

C3 

Q2 , Q3 

Q 1  

16 

E L E C T R I C A L  P A R T S  L I S T  

NAME O F  PART A N D  D E S C R I PTION 

H B25 1 1 0  AND HB25 1 1 0-3 F .S. O SCILLATOR AND K EY E R  

RESISTOR , fixed comp . ,  ± 5% ,  � w att ,  unless otherw ise spe c ified  

RESISTOR , fixed WW:  1 . 5K ± 5%,  1V2 w at t ,  Ohmit e type 9 9 5 - 1 A .  

RESISTOR , fix ed W W :  600 ± 5%, 3 watt , Ohmite type 995-3A.  

RESISTOR , variab l e :  2 5 0 K  ±30%.  0 . 1  w att ,  ED taper, C .T . S .  PE200 

RESISTOR , variable :  5 00 ±20%. 0 . 1 25 watt , ED t aper .  C . T . S .  PE200 

CAPACITOR , mylar , 0 . 1 f1 F ± 1 0%,  1 00V , Cornell D ubilier WMF 1 P l . 

C APACITOR , mica,  1 2 00pF ±2%, Elmenco D M 1 9 D 1 2 2G05 00WV4CR. 

CAPAC ITOR, tantalum , 1 f1 F  ±20%, 3 5 V ,  Te xas Inst .  SCM 1 05 FP03 5 D4 . 

DIODE, zener,  6 . 8V ±5% , Motorola 1 N4 7 3 6 A  

DIODE. zener ,  5 . 1  V ±5%, Motorola 1 N4 733 A .  

D IOD E ,  s ilicon , 2 0 0  PIV , 5 0 0mA , D iode s Inc . ,  DI-4 2 .  

TRANSISTOR , silicon N P N , VECO 4 0 V ,  T0-92 cas e ,  Mot orola 2 N 3 9 03 . 

TRANSISTOR , Germaniu m ,  P N P ,  Texas Inst r .  2 N 1 3 7 5  

Tuned oscillator ckt . ,  sealed plug-in as sembly .  

Test  jack s ,  Se alectro Corp . , SKT- 1 0 .  

H B25220 TR ANSMI T T E R  AMP L I F I E R  

RESISTOR , fixe d comp . , ± 5%, Y4 watt unless otherwise specified . 

RESISTOR , fixe d  WW . ,  2 00 ± 5%.  1 V2 watt , Ohmite type 995 - 1 A .  

RESISTOR , fixed WW. , 1 3 0 0  ± 5%,  l Y2 watt , Ohmite type 9 9 5 - 1 A .  

RESISTOR, variable , 5 K  ± 3 0%, 0 . 2 5  w att .  l o g  tape r ,  C . T . S .  PE200 .  

RESISTOR , fixed comp . ,  1 0K ± 5% .  V2 watt . 

CAPACITOR, tantalum,  1 5  11 f  ± 1 0% ,  3 5 V .  Te xas Inst . SC M 1 5 6GP035D4.  

C APAC ITOR , tantalum ,  1 . 0 f1 f ± 20% , 3 5 V . Te xas Inst . SC M1 05FP03 5 D 4 .  

C AP AC ITOR, mica 4 7 0 p f  ± 2%,  Emeco DM-1 9 .  

TRANSISTOR , s ilicon NPN VcEO 6 5 V  T P-5 case . 2 N2 1 02 

TRANSISTOR, silicon NPN VcEO 40V , T0-92 c as e .  2 N3 9 03 

TRANSFORMER, P lug-in as sembly. 

Multiple xing filter ,  plug-in ass e mbly . 

Test j ac k s ,  Sealectro Corp . SKT- 1 0 .  

PA R T  NO . 

H- 1 1 00 -4 2 1  

HA- 1 2 2 0-22 

HA- 1 4 5 94 

HA-25253 

H - 1 007-624 

H- 1 080-3 3 3  

H- 1 007-4 96 

HA-2 1 5 04 

HA-243 2 8  

HA- 1 7 1 97 

HA-2 1 5 6 2  

HA- 1 7 1 1 7  

HE-62800 

H- 1 1 00-427 

H- 1 1 00-5 2 9  

HA- 1 3 5 7 2  

H - 1 00 9-4 1 6  

H - 1  007-654 

H - 1 00 7 -4 96 

HA-16632  

HA-22678 

HA-2 1 5 6 2  

HE -55207 

HE-62600 
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D IAGRAM 
SYMBOL 

E L E C T R I C A L  P A R T S  L I S T  

NAME O F  PA R T  A N D  D E SC R I PT I ON 

-�< H B33375 T R ANSMI T T E R  AMP L I F I E R  & B . F .  OSC. 

R3 , R4 , R6 , R7 , R8 RESISTOR , fix e d  comp . ,  ±5%, \4 watt unless otherwis e specified 
R 1 0 , R 1 1 , R 1 2 , R 1 3  
R 1 4  ;R 1 5  , R 1 6 , R 1 7  
R 1 8 , R 1 9 ,R2 0 ,R2 1 

R 1  

R 9  

R 2  

R5 

C 1 , C2 

C 4 ,  C5 

C3 

C 7 ,  C8 , C 9 ,  C 1 0  
C 1 1  

Q 1  

Q2 , Q3 

Q4 . Q5 

"�- R1 -R6 , R8 , R 9 ,  
R 1 1 -R 1 8  

R7 

R 1 0  

C 1  

C3 , C4 , C5 , C6 

C2 

C7 

Q 1 ' Q2 ' Q3 ' Q4 

Q5 

RESISTOR, fixe d  WW . ,  200 ± 5% .  1 Yz watt , Ohmite Type 9 9 5 - 1 A  

RESIST OR ,  fixed WW. , 1 3 00 ± 5% ,  1 Yz w att , Oh mite Type 995 - 1 A  

RESISTOR, V ariable , 5 K  ± 3 0% ,  \4 watt L o g  Tape r ,  C . T .S .  P E  200 

RE SISTOR , fixed comp.  1 0K ± 5% ,  Yz w att 

CAPACITOR , tantalum,  1 5 11  f ± 1 0% .  3 5 V , T . I .  SCM 1 5 6GP03504 

CAPACIT OR, t antalum,  1 . 0 11 f ± 2 0% , 3 5 V ,  T . I . SC M 1 05FP035D4 

CAPACITOR, Mica 4 70pf ± 2% , Emenco D M - 1 9  

CAPAC ITOR , 1 5  11 f ± 2 0% ,  25V Mallory , TAM 1 5 6M025P5C 

TRANSISTOR , Silicon NPN , 2 N 3 9 03 

TRANSISTOR, Silic on N PN , 2N2 1 02 

TRANSISTOR , Silic on PNP , 2N3905 

Transmitter Filt e r ,  Plug-in Assembly 

Tuned Transforme r  & B . F .  Oscillator Assy . 

"�- HB-2 1 050 425 H z  F S  TRANSMITTER (Al so App l ies  To 595H z) 

RESISTOR , fixe d  camp . ,  ± 5%, �4 w att unless otherwise specifie d .  

RESISTOR, variable , 2 5 0 K ,  0 . 1  watt , BD tape r .  C T S  Corp . ,  type P E 2 0 0 .  

RESISTOR, variable 5 0 0  ohms , 0 . 1 2 5  watt ,BD tape r , CTS Corp . , type P E 2 0 0 .  

CAPACITOR , t antalum, 1 5 11 f ± 2 0% ,  2 5 V ,  Mallory TAM 1 5 6N025 P5C . 

CAPACI TOR, t antalum ,  3 3 /L f  ± 2 0% ,  1 0 V ,  Mallory TAM3 3 6M01 0P5C . 

CAPACITOR, mica,  Elmenco Type DM2 0 .  

CAPACITOR, c e ramic , 0 . 47 /L f  + 8 0% -20% ,  2 5 V , Sprague 5 C 1 1 A .  

TRANSIST OR , germanium , P N P ,  Texas Inst . 2 N 1 3 7 5 .  

TRANSIST OR , silicon ,  NPN , T e xas InsL , 2 N706A.  

BP Filter and Osc .  Assy.  for  HB-2 1 05 5  and HB - 2 1 05 0  FS Transmitter . 

BP Filter an d Os c .  Assy . for HB- 2 1 04 0  and HB- 1 9925 FS Tran s . &  Mod . 

Test Jack s ,  Sealectro Corp . , SKT - 1  0 .  
Filter c ab le connector ,  3 -t erminal socket ,  Eby Sales Co.  

PA R T  N O .  

H- 1 1 00-427 

H- 1 1 00-529 

HA- 1 3 5 72 

H - 1 0 0 9 -4 1 6  

H - 1 007-65 4  

H- 1 007-496 

H A - 1 6 6 3 2  

H - 1 007-439 

HA-2 1 5 62 

HA-22678 

HA-2 1 5 64 

HB -62600 

HB- 6 3 3 00 

HA-14 5 94 

HA- 1 3 5 73 

H - 1 007-439 

H - 1 007-43 8 

H - 1 080-X 

HA- 1 3 5 7 9  

HA-1 7 1 1 7  

HA- 1 9 928 

HB-58500 or  
HB-58900 

HB5 8 2 0 0  

HA-2 1 09 1  
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D I A G RAM 
SYMBOL 

R 1 , R3 -'R5 , 
R8-R4 2 

R6 

R7 

R43 

R2 

C 1  

C3 

C2 

C4 , C 7 ,  C8 

C5 , C6 

C9 

CR 1 , CR2 , CR5 
t hru C R 1 0  

CR 1 1  

CR3 , CR4 

Q1 ' Q2 , Q4 , Q5 
Q7 , Q8 ,Q9 , Q l l 

Q3 , Q6 , Q 1 0 , Q 1 2  

Q 1 3  

IC 1 

I 1  

R 2  thru R 1 5 , R 1 7  

R 1 6  

ELECTR ICAL PARTS L IST 

N A M E  O F  PA R T  AN D D E SC R I PT I O N  

HB-25 1 60-1  R E CE IVE R L IMI T E R  AND S I GNAL SUP E RVISORY 

5 % .  \4-watt , u nles s  otherwise specified . 

RESISTOR, met al film, 1 3 K  ± 1% ,  1 / 8  w att , I . R . C .  Type CEA-T-0.  

RESISTOR , metal film , 1 0K ± 1 % ,  1 /8 watt . I . R . C .  Type CEA-T-0. 

RESISTOR,  wire w ound,  2 .5K ± 5% ,  1Yz w att . Ohmite Type 9 95 - 1 A  

RESISTOR ,  variab le ,  5 0 0  ± 2 0% . 0 . 1 25 watt s ,  BD t aper.  C . T . S .  PE-200 

CAPACITOR , poly . , 0 . 0068 f1 F .  2% 4 00V . Wesco 3 2 P .  

CAPAC ITOR , mica, 3 2 0pF ± 2% 500VDCW. E lmenco D M - 1 9 -3 9 1 G .  

CAPACITOR , t antalum,  3 3f1 F .  ± 2 0% ,  1 0V .  Texas Inst . ,  SCM33 6BP0 1 0D4 . 

CAPACITOR , t antalum ,  l . Of1 F .  ± 20%. 3 5 V .  Texas Inst . ,  SCM 1 05FP03 5D4 . 

CAPACITOR , t antalum ,  1 5 f1 F .  ± 2 0o/o , 3 5 V .  Te xas Inst . , SCM 1 5 6GP03 5 D4 . 

CAPACITOR , t antalum , 0 . 4 7  f1 F .  ± 1 0% . 3 5 V . Te xas Inst . , SCM4 '74FP935D2 . 

D IOD E .  silicon , 2 5 0m w  Texas Inst . ,  1 N 9 1 4 .  

DIODE , silicon, 2 0 0  PIV . Diodes Inc . DI-4 2 .  

DIODE , zener, 5 . 1 V  ± 5% ,  1 N4 733 A .  Motorola iM5 . Q 1 ZS5 . 

TRANSISTOR , silicon , NPN,  VcEO 4 0V ,  T0-9 2 cas e ,  Motorola ,  2N3 9 03 .  

TRANSIST OR, s ilicon,  P N P ,  VcEO 4 0 V ,  T0-92 c as e ,  Motorola, 2 N3 9 05 .  

TRANSISTOR , silicon, PNP,  VcEO 65 V ,  T0-5 cas e .  RCA 2N403 6 .  

Integrate d  c ircuit , operational amplifier ,  Motorola MC 1 4 3 0 ,  T0-5 case . 

D ata lamp , red,  1 0VDC , 0 . 0 1 4A .  Dialco N o .  5 07-3 9 1 0- 1 43 1 -600 .  

L amp holder,  Dialco No.  508-7538-5 04 . 

Test j ac k s ,  Sealectro Corp . SKT-1 0 .  

H B25170 A N D  H B251 30-2 F . S .  D ISCR IMI NAT OR AND D . C .  AMP L IF I E R  

± 5% ,  \4 w att , unless otherwise s pe c ifie d .  

RESISTOR , w irewound , 2 . 5K ± 5% ,  1 Yz w att . Ohmite type 995 - 1 A .  

R 1  RESISTOR , vari abl e ,  5K ± 3 0% ,  \4 watt , linear C . T . S .  PE-2 0 0 .  

C 1  CAPACIT OR ,  poly . ,  0 . 08 2  11 F 2% , 1 00V.  W e s c o  3 2 P .  

C2 C APACI TOR , my lar. 0 . 2 5 5  f1 F 2%, 1 00V . Wesco 3 2 M .  

CR2 DIODE , zener,  6 . 8V ±5% , 1 N 1 4 73 6-A , Motorola 1 M 6 ,  8 ZS5 . 

CR1 , CR3 ,  CR4 DIODE , silicon, 2 0 0  PIV . D iodes Inc . DI -4 2 .  

Q1 , Q2 , Q3 , Q4 ; Q5 TRANSISTOR , silicon NPN , VcEO 4 0V . ,  T0-92 cas e ,  Motorola 2N3903 . 
Q6 TRANSISTOR , sil icon P N P ,  VcEO 65V . ,  T0-5 case , RC A 2N403 6 .  

L 1  Chok e ,  0 . 89 2  H y .  

1 1  Datalamp,  red cartridge , 0 . 0 1 4 A ,  1 0VDC .  Dialco 507-3 9 1 0- 1 43 1 -600 . 

Lampholder , D ialco 5 08 -7538-5 04 . 

Test j acks , Sealectro Corp . , SKT-1  0 .  

Discriminator plug-in assembly .  

18  

PART NO.  

H - 1 5 1 0-778 

H - 1 5 1 0-775 

H- 1 1 0 0 -423 

HA-25253 

H-5 1 1 5 - 1 2 7  

HA-1 6628 

H - 1 0 07 -653 

H - 1 007-496 

H - 1 007-654 

H - 1 007-5 1 1  

H A-24325 

HA- 1 7 1 97 

HA-24328 

HA-2 1 5 62 

HA-2 1 5 64 

H A-24003 
H A-2 5 1 5 8 

HA-25 1 5 6  

H A- 1 75 04 

H-1 1 0 0-4 23 

HA- 1 4 65 5  

H -5 1 1 5 -79  

H-1 007-572 

HA-2 1 5 04 

H A- 1 7 1 97 

HA-2 1 5 6 2  

HA-2 4 0 03 

HB-5 52 0 1  
HA-25 1 5 6  

HA- 1 75 04 

HB-62700 
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D IAG RAM 
SYMBOL 

E LECTR ICAL PARTS L IST 

N A M E  OF PA R T  A ND DES C R I P T I ON PART NO . 

H B251 30-2 THESE  PARTS ARE IN  ADD IT ION TO PARTS L I ST ED ON P R E C E DING PAGE 

R 1 8  t hru R 2 7  

R 2 8  

CR5 

C R 6  

Q7 , Q8 , Q 9  

Q 1 0  

I2 

R 1 , R2 , R4 -R8 , 

R 1 1 - R 1 6 ,  R 1 8 ,  

R 2 1 ,R4 2  

R 9 ,  R 1 0  

R4 3 

R 1 9  

R 2 0  

R 3  

R 1 7  

C 1  

C 6  

C 3 , C 8  

C 2 , C 7  

C 4 , C 9 , C 1 1  

C 5 ,  C 1 0 ,  C 1 3  , C 1 4 

C 1 2  

C R 1  thru CR4 
C R  7 thru C R 1 1 

C R 1 2  

CR5 , CR6 

IC 1 , IC 2 

Q3 , Q4 , Q5 , Q7 , Q8 

Q6 

Q 1 , Q2 

Q9 

T 1 ,  T 2 ,  T 3  

I 1  

± 5%, � w att unless otherwise s p ecified 

RESISTOR , wire wound ,  2 . 5 K ± 5% ,  1 Y2 watt . Ohmite type 9 95 - 1 A .  

DIOD E ,  z e n e r ,  6 . 8 V  ± 5% ,  1 N 1 4 73 6 -A ,  Motorola 1 M6 ,  8 ZS5 . 

DIOD E ,  s il i c on ,  2 00 P I V ,  D i od e s ,  I n c .  D I -4 2 .  

TRANSISTOR, s i l i c o n  P N P ,  VcE O  4 0V . ,  T0-92 case . Motorola 2 N3 9 05 . 

TRANSIST O R ,  s i licon N P N ,  Vc EO 65 V . ,  T 0-5 -cas e .  RCA 2 N2 1 02 .  

Dat alamp , amber c artridge , 0 . 0 1 4 A ,  1 0VD C .  D ialc o  5 07 -3 9 1 0 - 1 4 3 3 -600 . 

L amphold e r ,  D ialco 5 08 - 7 5 3 8-504 . 

H B -25 1 50 L I N E  L E VEL - NOISE  SUP E RV I SORY MODULE 

± 5 % ,  14 w att , u n l e s s  otherwise s pe c ifie d .  

RESISTOR , wirewound , 600 ± 5%, B :Z  watt . Ohmite 995- 1 A .  

RESISTOR, wire woun d ,  2 . 5 K ± 5 % ,  1 � 2 wat t .  Ohmite 9 95 - 1 A .  

RESISTOR , m et al fil m , 1 2 1  ± 1 % ,  1 / 8 watt . I . R . C .  Type CEA T-0 

RESISTOR , m et al fil m ,  1 00 ± 1%, 1 / 8 watt , I . R . C .  Type CEA T -0 

RESISTOR ,  variab l e ,  5 00 ± 2 0%, 0 . 1 25 watt s ,  B D  t ape L C . T . S .  Type-200 

RESISTOR , v ariab l e ,  2 . 5 K ± 2 0%, 0 . 1 25 watt s ,  A t ap e r ,  C . T . S .  Type P E - 2 0 0  

C A PACITOR, poly . ,  0 . 00 6 8  11 F  ± 2% ,  4 0 0VDC , W e s c o  3 2 P  

CAPACI TOR, poly . ,  0 . 02 Jl F ±2%, 1 00VDC B alco PT\V P .  

C A PACITOR , m i c a ,  3 9 0pF ± 2% ,  5 00\VV D C  E le me nc o  D M- 1 9 -3 9 1 -G .  

C A PA C ITOR , t antalu m ,  3 3 J1 F  ± 2 0% , 1 0VDC T e x as Inst . SCM3 3 6 B P 0 1 0D4 . 

C A PACITOR, t antalu m ,  l . O J1F ± 2 0% ,  3 5 VD C . T e x as Inst . SC M 1 0 5 F P 03 5 D 4 . 

C APAC ITOR , t ant alu m ,  1 5 p F  ± 2 0% , 3 5V D C , T e x as I n st . SCM 1 5 G G P 03 5 D4 . 

C A PACIT O R ,  t antalum , 0 . 4 7J1 F ± 1 0% ,  3 5 VD C , T e x as Inst . SCM4 7 4 F P03 5 D 2 .  

D IODE ,  s i l i c o n ,  2 5 0  m w .  Texas Inst . , o r  G . E .  Type 1 N 92 4 .  

D IOD E ,  s i l i c o n ,  2 00PIV , Diodes I nc . ,  D I -4 2 .  

DIOD E ,  z e ne r ,  5 . 1 V  ± 5% ,  1 N4 73 3 A . Motorola IM5 1 ZS5 

Operational amplifi e r ,  T0-5 c as e .  Motorola MC - 1 43 0 .  

TRANSISTOR, s il i c o n ,  N P N ,  VcE O  4 0V ,  T0-9 2 , Motorola 2 N3 903 . 

TRANSISTOR, s il i c o n ,  PN P ,  VcE O  4 0V ,  T0-9 2 ,  Motoro la 2 N 3 9 05 . 

TRANSISTOR , s il i c o n ,  N P N ,  VcE O  6 5 V ,  T 0-5 , R C A  2 N2 1 02 .  

TRANSISTOR ,  s il ic o n ,  P N P , V C E O  65 V ,  T0-5 , R C A  2 N 4 03 6 .  

TRANSFORME R ,  2 .5 K :  2 .5 K  C .T .  Mic rotran MMT 1 9 -FB.  

D at a  L a m p ,  red c artrid g e .  D ialc o 5 0 7 -3 9 1 0- 1 43 1 -600 . 

L amp hold e r ,  D ialco 5 08-753 8 - 5 04 . 

T e s t  j ac k s ,  Se ale ctro Corp. , S KT - 1 0 

H - 1 1 00 - 4 2 3  

HA-2 1 5 04 

H A- 1 7 1 97 

HA-2 1 5 64 

HA-2 2 6 7 8  

H A - 2 5 7 8 4  

HA- 1 75 0 4  

H - 1 1 00 - 4 4 2  

H- 1 1 0 0-423 

H- 1 5 1 0- 7 7 7  

H- 1 5 1 0- 7 1 4  

H A - 2 5 2 5 3  

HA- 1 99 1 9  

H-5 1 1 5 - 1 2 7  

H-5 1 1 5 -49 

HA- 1 6 6 2 8  

H - 1  007-653 

H-1 007-4 9 6  

H - 1 007-654 

H - 1 007-5 1 1  

HA-243 2 5  

H A- 1 7 1 9 7 

HA-24 3 2 8  

HA-25 1 5 8  

HA-2 1 5 6 2  

HA-2 1 5 64 

HA-22678 

HA-24 003 

HA-25 1 5 7  

HA-25 1 5 6  

H A- 1 7 5 04 
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D I A G RAM 
SY M B O L  

R3 ,  R4 

R6 , R7 

R 1  

R5 

C 1  

C 2  

C 3  

C4 , C5 

CR1 thru CR9 

Q 1 , Q2 

T 1  

1 1  

I2 

S 1  

F 1  

R3 , R4 

R6 

R7 

R5 

R 1  

C 1  

C 2  

C 3  

C4 , C 5  

CR1 t hru CR 1 1  

Q 1 , Q2 

T1 

11  

I2 

S1  

F 1 

20 

E LECT R ICAL PARTS LIST 

N A M E  O F  PA R T  A N D  D E SC R I PT ION 

H B251 90 48 VDC, D .C .  T O  D .C .  CON V E R T E R  

RESISTOR , fixed camp . ,  24 ± 5% , lJt w att . 

RESISTOR, w irewou nd ,  2 . 5 K  ± 5% , 3Vt w att .  Ohmite 995-3A .  

RESISTOR, w ire wound , 5 K  ± 5%, 314 watt.  Ohmite 995-3 A .  

RESISTOR, w irewound ,  5 0  ± 3% ,  1 0  w at t . D ale E lectr onics RH- 1 0 .  

CAPACITOR, e lect . ,  80 11 F ,  1 5 0VD C .  Cornell D ubilier B R80-1 5 0 . 

CAPAC ITOR , met . pape r ,  0 . 04 7 f1 F .  2 00W VDC . C ornel  D ubilier MPY-2S4 7 .  

C APAC ITOR , p aper ,  0 . 0 2 2 f1 F  ± 1 0% .  1 000VD C .  A erovox V 1 6 1 -6 1 5 .  

CAPAC ITOR , E LECT . ,  1 00 f1 F . 50VDC.  Cornell D ub ilier BR- 1 00-5 0 .  

D IODE , silic on,  2 0 0  PIV , 1 Amp. D iodes I nc .  SD - 2 .  

TRANSISTOR , si licon N P N ,  Vc EO 1 75 V ,  T0- 6 6 .  RCA 2N3583 . 

TRANSFORME R ,  saturable core . 

LAM P ,  cartridge , red , 1 0VDC , 0 . 0 1 4A .  D ialc o 507-3 9 1 0 - 1 43 1 -6 0 0 .  

LAMP , cartridge , amb er , 1 0VDC , 0 . 0 1 4 A .  Dialco 507-3 9 1 0- 1 433-60 0 .  

LAMPHOLDER . D ialco 508-7538-5 04 . 

SWITCH ,  push button. Leviton 11 5 79 .  

F USE , 3AG . 0 . 5  AMP .  
SOC KET , T0-66 transistor mt ' g .  U ID Electronics PTS-4 . 

INSULATOR , mica,  T0- 66 transistor mt ' g .  Reliance Mica C o .  DF-3 1 -A .  
TEST J ACKS , Se alectro Corp . ,  SKT- 1 0 .  

H B25200 1 25 VDC, D . C .  TO D .C .  CONV E R T E R  

RESISTOJ;_\, fixed camp . ,  1 00 ± 5% ,  Vt w att . 

RESISTOR , fixed c amp . ,  l OOK ± 5% , Y:z w att .  

RESIST OR, fixed camp . ,  56K ± 5% , Vz w at t .  

RESISTOR, wirewound , 1 00 ± 3% , 1 0  watt . 

RESISTOR , fixed camp . ,  39K ± 5% ,  2 w att . 

C APACITOR , e le ct . ,  80 f1 F .  1 50VDC . Cornell D ub ilier BR80- 1 5 0 .  

C APACITOR , m e t .  p aper ,  0 . 0 2 2f1F .  4 00 W VDC . C ornell D ub ilier MPY-48 2 2 .  

CA PACITOR, paper ,  0 . 0 2 2f1F ± 1 0% .  1 000VDC . A erovox V 1 6 1 - 6 1 5 .  

CAPAC ITOR , e lect . ,  1 00f1F . 5 0  W VDC . Cornell D ub ilier BR- 1 00-50 . 

D IODE , silicon, 200 PIV , 1 Amp. D iodes Inc . ,  SD- 2 .  

TRANSISTOR , silicon NPN , VcEO 300V, T0-66 . RCA 2N35 8 5 .  

TRANSFORMER, saturable core . 

L AMP , cartridge ,  red , neon , 1 05 / 1 25 V DC . Dialco 507-3835-093 1 -6 0 0 .  

LAMP , cartridg e ,  amber , n e o n ,  1 0 5 / 1 25VDC . D ialco 507-3835-0933-60 0 .  

L AMPHOLDER. D ialco 508-7 538-504 . 

SWITCH , push butt on.  L eviton 11579 

FUSE , 3 AG ,  0 . 2 A . , Slo-B lo . 

SOCKET , T0-66 transistor mt '  g .  U ID E lectronics PTS- 4 .  

INSULATOR, mica, transistor mt ' g .  Rel iance Mica Co.  DF-3 1 -A .  

TEST J ACKS , Sealectro Corp . ,  SKT- 1 0 .  

PART N O .  

H - 1 0 09-827 

H-1 1 00-329 

H- 1 1  00-4 6 0  

HA-23709 

H- 1 007-395 

H - 1 007-674 

H- 1 007-696 

H - 1 007-209 

HA- 1 7 995 

HA-2 1 8 4 7  

HB-25 1 82 

HA-25 1 56 

HA-25784 

HA-1 7 5 04 

HA- 1 3554 

HA-9348 

H A- 2 1 8 4 8  

HA-23658 

H- 1 009-758 

H - 1 0 0 9-348 

H - 1 0 09-8 1 5  

HA- 2 3 6 5 0  

H - 1 009-885 

H- 1 007-395 

H - 1 0 07-637 

H - 1 0 07-696 

H- 1 007-209 

HA-1 7995 

HA-22593 

HB- 2 5 1 8 3  

HA- 25203 

HA- 2 5 2 04 

HA- 1 7504 

HA- 1 3554 

H A- 1 46 9 1  

HA-2 1 84 8  

HA-23658 
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D IA G RAM 
SYM B O L  

E LECTR ICAL PARTS LIST 

N A M E  O F  PA R T  A N D  D E S C R I P T I ON 

H B -252 1 0  VOLTAGE R EGU LATOR 

-l< R 1 7 , R2 1 -R28 , R3 1  ± 5% , 14 watt, unless otherwise specified . 

R 1 , R9 RESISTOR , wire wound , 2 . 2 K  ± 5% .  1 Yz  w att . Ohmite 9 95 - 1 A .  

R3 , R 1 0 ,  R29 RESISTOR , wirewound , 2 . 5K ± 5% ,  1 % w att . Ohmite 9 95 - 1 A .  

R5 , R 1 3  RESISTOR , wirew ound , 1 K ± 5%, 1 Yz watt. Ohmite 995-1 A .  

R 6 ,  R 1 6  RESISTOR , wirew ound , 8 2 0  ± 5% ,  1 %  watt . 

R8 , R 1 4  RESISTOR , wirewound , 2 K  ± 5% , 1 % w att . Ohmit e 995- 1 A .  

R30 RESISTOR , wirewou nd , 1 . 6K ± 5% . 1 Yz w att .  Ohmite 995 - 1 A .  

R2 , R l l  RESISTOR , wirewound , 7 5  ± 5% ,  3 w at t .  Ohmit e 995-3 A .  

R4 , R 1 2  RESISTOR , wirewound , 56 ± 5% ,  3 w at t .  O hmite 995- 3 A .  

R 1 8 ,  R20 RESISTOR , wirewound , 5 . 6 K  ± 5%, 3 w att .  O hmite 995-3A.  

R7 , R 1 5 RESISTOR , variable wirewou nd , 1 000 ohms. Muter C o .  50-2200 Seri es 

R 1 9  RESISTOR , v ari able wirewound , 5000 ohms.  Muter C o .  50-2200 S eries 

C 1 , C4 CAPAC ITOR , mica, 9 1 pF ± 5% ,  500V . E le me nco DM- 1 5-9 1 0J .  

C 2 ,  C5 CAPACITOR, tantalu m ,  1 5f1 F .  ± 20%, 35VDC . T exas I nst . ,  SCM 1 56GP03 5 D 4 .  

C 3 ,  C6 CAPACITOR , e lect . ,  500f1 F .  5 0VDC . Sprague TVA-1 3 1 5 .  

CR1 , CR2 DIOD E , zener ,  1 2V ± 5% .  D iod es I nc .  1 D 1 2B .  

CR3 DIOD E ,  zener , 1 8V ± 5% .  Diodes Inc . 1 D 1 8B .  

CR4 DIODE ,  silic on,  200 PIV . Diodes I nc . DI-4 2 ,  

Q7 , Q8 TRANSISTOR , silicon NPN , V CEO 40V , T0-9 2 .  Motorola 2N3903 . 

Q l  0 ,  Q1 1 TRANSISTOR , silicon P N P ,  V CEO 40V , T0-9 2 .  Motorola 2N3 9 0 5 .  

Q 1 , Q2 , Q 1 2  TRANSISTOR, silicon N PN ,  VCEO 6 5 V ,  T0-5 . RCA 2N2 1 02 .  

Q4 , Q5 , Q9 TRANSISTOR,  si licon PNP , Vc EO 6 5 V ,  T0- 5 .  RCA 2N4036 . 

Q3 TRANSISTOR, silicon NPN , VCEO 60V , T0-3 . Motorola 2N305 5 .  

Q6 TRANSISTOR, germanium PNP , Vc EO 50V , T0-3 . RCA 2N2869/2N3 0 1 . 

TRANSISTOR sock et ,  T0-3 . Augat Bro s .  8 04 3 - 1 G 3 .  

INSULATOR , mica,  T0-3 transistor mt ' g .  Relianc e Mica C o .  7 3 2  

I 1  LAMP , cartridg e ,  amb er , 1 0VDC . ,  0 . 0 1 4A .  D ialco 507-3 9 1 0- 1 43 3 -600 . 

LAMPHOLDER, Dialco 508-7538-504 . 

,___ ______ _l___'!'_E;ST JACKS,  Se alectro Corp . SKT-1 0 .  

PAR T  N O . 

H-1 1 00-448 

H-1 1 00-423 

H- 1 1 00-4 2 9  

H- 1 1 00-443 

H-1 1 00-4 2 2  

H - 1 1 00-543 

HA- 1 3 86 3  

H- 1 1 00-54 1 

H-1 1 00-542 

HA- 1 2578  

HA- 20924 

HA- 1 652 1 

H - 1 007-654 

HA- 1 35 6 9  

HA- 1 2 920 

HA- 25 2 1 7  

HA- 1 7 1 97 

HA-2 1 56 2  

HA- 2 1 5 64 

HA- 2 2678 

HA- 24003 

HA-24 3 2 7 

HA- 1 7 9 9 2  

HA- 1 8 5 3 8  

HA- 1 1 964 

HA-2 5784 

HA- 1 7504 
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A U DI O  

TONES 

S#l87 A 995HOI 
I SOLATING 

TRANS F. 
( NOTE I )  

I 
I 
I 
I 
I 
I 
I 

I 
MTG

.

I

I 

ST U D  

STATION _ 
GRD. 
MAi . 

/:;,. = SHIELDED CABLE 

NOTE I T H ES E  CONNE CT I ON S  AS S U M E  A P I LOT-WIRE Zo�600 ..0. 

NOTE 2 COMPL ETED CABLE FIELD TEST V O LTAGE OF I O K V  D.C. F O R  1 0  M I NUTE S FROM 
EACH C ONDU CTOR T O  A L L  O T H E R  CON D UC TORS AND S HEATH. SHIE L D I N G  

FACTO R  O F  50% OR L E S S. E AC H  PAI R  TWISTED SEPARATE LY- GRO U N D  S HE A T H  
TO STATION MAT A T  BOTH E NOS AND TO REMO T E  GROU N D  A T  E A C H  S P LI C E  

F i g .  1 .  Re commended Connections and P i lot Wire Des ign for Private ly Own ed Two-Termin a l  L ines .  

292B017 
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::0 
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0.. � 
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� 
!l 
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Ill 
Q "' 
0.. 
"tJ 
a 
i; 
�-
< 
� 
)>. .. 
Q "' 

IQ � 3 
� "' ;;;-
(!' .. 
-t � 
9 
-t � 3 :;· e.. 
r-
:;· 
� Ill 

I 
N 
0 
Ul 
n 
Ul 

N I� w 

POWER STATION AREA 

r -SEE NOTE I -, 
® ISOLATION SEE NOTE 2 

TRANSFORMER 
S- 187A995HOI 

r--------.------------�1 �4 
___________ _ 

SEE 
NOTE 4 \ 

MTG. 

.t::. z SHIELDED CABLE 

I a  > FOR U NEXPOSED LINE STATION GROUND MAT ,,,,j,,, \ 
\..._ LIGHTNING ARRESTER 

POWER STATION AREA 

,---
SEE NOTE I @ ISOLATION SEE NOTE 3 SEE NOTE 2 

MTG. 

.t::. = SHIELDED CABLE 

I b l FOR EX P OS E D  LINE 

TRANSFORMER 
S- 187A995HOI 

- I 4 I 9 ..... A ... ... ...... ' 9 .. 

STATION GROUND MAT JJJIIIIJJJJIII 

3 6 

\_ LIGHTNING ARRESTER 

TELEPHONE CENTRAL OFFICE ,--------- -----, 
SEE NOTE 3 

CENTRAL OFFICE GROUND 

POLYETHYLENE - INSULATED 
SHIELDED CABLE. 

TELEPHONE CENTRAL OFFICE �------------------------, 
SEE NOTE 3 

OFFICE GROUND 

� 
1 .  PR I MA R I Ll' U S E D  FOR I MP E D A N C E - MA T C H I NG P U R P OS E .  
2 .  WE S T E R N  E LE C T R I C  I N SULA T I N G T R A NS F .  T Y PE 2 2 3 9 A  O R  EQ U I V .  
J .  W E S T E R N  E LE C T R I C  ORA I N!I G E  R E A C TOR T Y PE 2 2 3 2 .11 O R  E Q U I V .  
ll .  U N E X POSE D L I NE - MO X .  E X T E R I O R D I S H \ N C E  A B O U T  7 5 F T .  - USE S H I E L D E D  C A B L E . 
5 E X P O S E D  L I NE W I TH E X T E R I O R  D I S H I N C E  O V E R  7 5 F T .  il NO E X P OSED T O  L I G H T N I N G ,  

P I).J E R - S Y S T E M  C O NT A C T , AND POWER I ND U C T I ON U S E  S H I E LD E D  C A B L E . 
6 .  I S O L A T E  S H I E LD FROM G R O U N D  UNT I L  O U T  OF S I G N I F I C O N T  I N F L U E N C E OF S T A T I ON 

GROUND P O T E N T I A L .  

� 
-< 
-a 
m 

� 
)> 
w 

"T1 
AI 
m 
0 
c:: 
m 
z 
n 
-< 

(I' 
::I: 

"T1 
� 

)> 
c:: 
0 

0 

� 
0 
z 
m 
(I' 

:--
• 
..... 
-0 "' w ;.., 
Dl 
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Fig. 3 .  FriWit V iew of Full C h assis.  
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I I 
I I 

+ .. 

Fig. 4. Typical Module. 

--- - ---

0-----<�----------------���------------�------_.�,�--�� 

I Io I ...,... FUS£ 
IIIDICATOR -�1. �! 

0 'r �������----------._�------------4-� O.Z AMP FOfti25V. (LOW LOW) 0.5AMP FOR 48 V  

I ------ - -------

l oc ro:e :J 
--- ---- -- ---- - --- -

nov + 
COMMON 

Fig. 5 .  Power Supply HB -25 1 90 and HB -25200. 

7 1 5B564 
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nc. TO D.C. CONVERTER POSITIVE 

D.C TO D.C. CONVERTER �---�---1----,� 
NEGATIVE 

REGULATOR CIRCUIT REGULATION INDICATOR CIRCUIT 

�=BOX INDICATES NORMALLY 
CONDUCTING TRANSISTORS 

48VOC 
1 25VDC 

* F ig. 6. Voltage Regu lator HB-252 1 0 .  

T R ANSMITTER AMPLIFIER HBZ:IZZO 

W / F ILTER HB-62600 FOR 340 HZ ii.W.  

INPUT r - - - - - - - - , 
ADJ. r : 3  

I 
soo..n.. 1 

' l  � 
10 

'- - - - - - - - - - .J 

TRANSM ITTER AMPLIFIER HB-2:1220 

W I  TRANSFORMER HB-55207 

* Fig. 7. Transmitter B lock D i agram. 

O N LY 

LINE 
soo.n. 

� 

HYBRID 

C.T. 1200'600 

876A826 

. 
� 
u 

�1RELAY COIL I FOR lDSS Of I REGULATION 

I ALARM 

7 1 5B 5 7 0  
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TY P E  TA-3 F R EQU ENCY - SHI FT AU DIO TONES ________________ ----'I'-". L-· ...;..4 1'-- 9;...;;6.;.;3 • .-.;;;..2 B  

Fig. 8 .  F . S. Oscillator and Keyer HB -25610 .  

* R • O  FOR 2 1  TO 2 1 V.D.C. KEYINI 
R • IOOJl. FOil 42 TO 51 V.D.C. KEYINI 
R• 5000.A FOil lOll TO 1 4 4 V.D.C. UYIII 

[i!]• D E N OT E S NO R M AL L Y  
CONDUCTING TRANSISTOII 

7 1 5B572 
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N 00 

L O O P  I N P U T  - >  • 0  o o 

L O O P  
I I N-- REF. ----oLiT' 

+ + -------<!) GRN BRN €>---(!) 0'-'-R'------

-------- <� 

. 5 
+ 1 8 V  � 8 

I T 
I I 

1 1 5  

I_ 
""l t"'' 

+ 
1: .,_j_�� I-r a:�:;; cr:� or-!0 - 0:: V') 

1 2 
- 18V �( 

_ 

LEVEL 

osc  
OUTPUT COMMON 

4 

-;;_ 

Q8 

r �

u

>l 
2NI375 I 

l l II INPUT FROM 

T y STRAP T >> BF o s c  
' I H B -

J �)>-
1 f l t 14 j" TO TRANS. AMP. :·4 • r � - �zro 

L_------�--------------------�10�;;> COM. 

I He-=-z51io� - --1 
I FS O S C  B KEYER 

WITH MODU L ATOR 
I WITHOUT TRIP BOOST 
I __ 

2 0 5 C 7 4 3  
* F ig. 9.  F . S. O sci llator and Keyer HB25 1 10 -3 .  

) 

-t -< ., 
m 

-t 
� 
w 

"TT 
Al 
m 
0 
c 
m 
z 
(') -< 

(I> 
::I: 

"TT 
-t 

� 
c 
0 

0 

-t 
0 
z 
m 
(I> 
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+18V 

POW E R  
BOOSTER 

HB -25220 :_1 
TRANSMITTER 
AM !J:!!.I EJL 

·* F ig. 1 0 .  Transmitter A mplifier HB-25220. 

GROUND 

TRANSFORMER OUTPUT 
· - - - - - - - -,  
I HB-55207 

u � :  � _le _ _ _  _l:_ J 

7 1 5 B 5 6 7 
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w 0 

------- -
AMP O U T  

L O  H l  
BRN � ,-� B L U  �·r--- ' i -

� ' : r=:r I 
I I  

I 
·> 

I 4 >> KEY 

1 5  I INPUT FROM 1 14 

PANEL �> GND 

FS o s c  II KEYER < 

_L II 
HB - 25110 I """ 

BLK l�_j�==�����:J�������--�--r---�:tr-�s----i��:j��;:;-----------��------------�· COM 
10 

� 
COM < 

I 
YEJ l' 

<· 

I 
- I B V  <· 
1 5MA I 

6 

1 2  

I 
[__ _ 

I "I r- -(  3 :r-: ---, ll!: 1'"1"' "'1"'1 .. 

- -· 

�) OSC OUT 

I 
4;;, 

' >  

HB-33375 
TRANSMITTER AMP 

AN D 
B.F OS C 

* F ig. 1 1 . Transmitter Amplifier HB -33375 .  

NOTES : 
I - VOLTAGE SHOWN ARE SAMPLE VALUES 

TO BE USED FOR DETERMINING 
RELATIVE MAGNITUDES. 

2 - F IXED RESISTORS ARE 1/4 WATT±5 'Yo 
VALUES UNLESS OTHERWISE SPECIFIED 

3-ASTERISK (ll) IND ICATES FACTORY VAULE 

4-HB-33375 TO BE USED ONLY WITH 
HB -251 10-2 AND/OR HB-25 1 10-3 
FS OS C II KEYER. 

2 0 5 C 7 4 2 

� -< 
"tJ m 
� 
)> 
w 
., ::0 m 
D c 
m z 
n -< 

V> 
:I: 
., 
� 
)> c 
c 
0 
� 
0 z m 
V> 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  TA-3 F R EQU ENCY - SH I FT AU DIO TON ES ________________ .....;.I _.
L
_. 

4
_

1_;-9...;;_63'"'"".2=B 

160 

Ito Ito 

L I N E  
too.n. I K  

HB- Z!I170 

876A7 16  
Fig. 1 2 .  R eceiver B lock D i agram HB -63 100. 

� �--- ew ---.�---- ew-·--��--- ew� 

3 d b  
O dbL--L---�----�--=-��--L---��==�====��-�L---

TRI P C t  GUAR D TRI P  Ct GUA R D  
F R E QU E N CY 

• T HE L ARG E R  OF THE TWO USED 876A728 

Fig. 1 3 .  Tone R eceiver F i lter Characteristics HB-63 100. 
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IQ 
-"" 
::0 
tD 
n tD 
..; 
� 
r-3" 
� 
0 " 
c... 
"' .a· " 
e.. 
"' c: "tl 
� 
�-"' 0 
� 
:::t tD 
iv .., 
a-. 
? 

FI!OM 
R E C E IVER 

F I LT E R  

I 

1 .  

600:800 

FS CARRIER :--�l� 
I N PUT l 

MULTIPLEXING OUTPUT 
TO ANOTHER CHASSIS 

J t 1 , w} �-

< • • 
I SOL. TRANS. 

.,. 

DIAGRAIIII FOR CONNECTING 
RECE I V E RS T O  A TELEPHONE LINE 

+ 18V 

u . �·� " : ; :· : I �·1 1 ; ; I I 
�'""� ;. . 

I I 
�· � .... � �:·.�:.� 

..... .. ro. 

I I I I 
0'! I T I I I Lf l l l '\I I B V  

t-----Jr----+---------------:;.1 TRIP BLOC I< I N D I CATOR 
13 

.----------::>( TO TRIP BLOCK IN FS DiSCRIMI N ATOR 

I I HB-25160 -I I �K � D  L R40 RECEIVER LIMITER 

- ---- - ---- - --- - ---- - --- -
� 

- --- - -- ---- - �L�U�RY_j 
* = O M I T  WHEN MULT IPLEX I NG INPUT COMES 

FROM ANOTHER C HA S S I S .  

fQ91 a INDICATES NORMALLY CONDUCTING TRANSISTOI' 

CAPACITORS IN MF U N LE S S  OTH E RWISE NOTED. 

2 02C8 1 0  

-i 
-< 
"'0 
m 

-i 
>-
w 

"T1 
;;IIJ 
m 
£J 
c: 
m 
z 
n 
-< 

I 

(1\ 
:I: 

"T1 
-i 

>-
c: 
c 

0 

-i 
0 I z 
m (1\ 

) 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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TRIP BLCCI<. 
FROM SIG. SUPV 

T R I P  BLOCK 
FROM L I NE  LEVEL 

AND NOISE SUPV. I 
3 

., 
6 

-,-�""g_l-_--.�O---+--+---<�-l---+--4-t--4---0---+-
1 
I 

_ _ _ _  j 

0 
z 

yt f l  C:Oi lll:l 
N i "'  « N 

18  v 

� ::  REM0>1E STRAP X A N D  
WIRE S T R A P  'f F O R  STU 

UNBLOCKING A,JPUCATION 

L _ _  

+ IB V 

D I S C  
INPUT 

GNO. 

- 18 V  

S I G NAL 
SUPV. 

TR I P  
BLOCI< 

GRN. DISC. IN 

, 1.\ -­l u  

1 2  

I 

7 1 5 B 5 6 3 
* Fig.  1 5. F . S. D is criminator and D-C A mp lifier for R elay O u tp ut HB -25 130-2.  

'ffi i P  
OUTPUT 

SOLIO STATE RELAYING OUTPUT 

( MOUNTED ON ASSEMBLY CHASSI S )  

IN645A OUTPUT <:---.--�;HB\1\ 
• I I 

IO t I N 3688 � TO :����55 TATE 

COMMON <0---+----� NEG_j 

L���t ·a I 3--------------------------� 
NOI S E  {'0-

S U P V  

H 1 - 2. !5 1 7 0  

� = REMOVE ST RAP X AND WIRE STRAP Y 

FOR STU UNBLOCKING APPLICATION 

TRIP BLOC 
FS. DISC R I M I NATOR 

AND D.C AMPLIFIER 

Fig.  1 6 .  F . S .  D i s crim inator and D-C A mp lifier for Solid-State R elaying f!B -25 1 70 .  
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TYPE TA-3 F R EQU ENCY - SH I FT AUDIO TON ES ___________________ _ 

80 

!10 

4 0  

dl. 

30 

20 

1 0  

0 

34 

DI S C .  OUT T. P 
VDC 
+ 3 , 0  

+ 2 . 0  

+ 1 . 0  

0 

SIGNAL I 
SUPERVIS?� 
LOW LEVE 
CLAMP I ( 

�AcKLALG ,r--
I ,\ I 
I 
L 

I � I 
I •DISC 

OFFSET 

I 
I I I \ 
I \"" "'" ) I SUPERVISORY 
I LOW LEVE L 

CLAMP.,. 

- 1 . 0  

- 2 . 0  

- 3 . 0  
2095 

� /\ \.../ 

0 100 

\ 
I '\ � I 

�KLASH )

_. I 

2 1 4 5  2 1 9 5 1 
FREQUENCY T. F. 

2 2 1 0  

2 2 4 5  2295 2345 
C .  F. 

Fig.  1 7. Typical D i scriminator O utput. 
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I I 

425 HZ-HB55183 
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,_I, ) x / 

!100 700 
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1100 

* F i g .  18 .  Typ i cal No ise B an dpass F i lter. 
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TY P E  TA-3 F R EQU ENCY - SHI FT AUDIO TON ES ___________________ _ 

KEY 

3 6  

GRN 

B. P. FILTER 

CARRIER OUT 

e
H I 

- � 
! 

:>- LINE 
OUTPUT 

CAPAC ITOR I N  M F  UNLESS OTHERWISE 

7 1 5B583 
* Fig.  20. 425-Hz Transm itter HB-2 1050-2 .  
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TY P E  TA-3 F R EQU ENCY - SHI FT AUDIO TON ES--------------------

TONE OUT A-B 

TONE OUT C-0 

38 

LINE 
HI  L O  

G R N  GRN 
HI LO 

L I N E  

8 

7 

6 

5 

2 

4W 
SEND 6000 

4W REC. 
6000 

1 1  f--- KEY 

9 

BLU 

BLU 
c 

LO 
BAN Y E L  (UJ- • (•) - - - - --- -

BRN 
LO 

YEL 
D 

Fig. 22. L ine Termination Module HB-25 140. 

T2 • 5 
H B-55374 

* Fig.  23 .  Hybrid for Two Wire Termination HB-3 53 1 5 .  

TONE I N  - A 

I N - 8 

N O T E : 

R E S I STORS AI TO R9 AND All TO Rl9 
ARE ± 5 %  VALU E S ,  l /2 WATT. ACTUAL VALUES D E P E N D  ON 

APPLICATION . 
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TY PE TA-3 F R EQU ENCY - SHI FT AU DIO TON ES ________________ ......;.;.;I . L;;;.;.·_;.4�1 -.;..:96;.:;.3 .=2 B  

MA DC 
OR 

VDC 

35 

30 I 
INPUT TO KEYING CIRCUIT, M v � 25 

20 

1 5  

1 0  

0 � 
0 

TR I P  I 
" 

GUARD v 
v v 

v V D C  

T P  LOOP li 
_...... � v I VDC I 

TP LOOP OUT 

( 
10 15 20 25 
VDC INPUT TO KEYING CllCUIT 

TERMINALS I AND 3 

TRIP 

GUARD 

30 

876A 7 1 4  
Fig. 24. Tran sm itter Key ing C ircuit C h aracteristics.  

876A7 1 5  
Fig.  25. Signal  Supervisory C ircuit C h aracteristics.  
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TY PE TA-3 F R EQU ENCY - SH I FT AUDIO TON E S  ________________ _ 

RECEIVER DYNAMIC O PE RATING RANG E 

M AX I M U M L EV E L  O F  A S I N G L E  OU T-OF - BA N D  TON E 
( A B O V E 1 0 0 0 H Z } TO C AU S E  A H I G H LI N E  T R I P  B L O C K .  

N U M B E R  O F  C HAN N E L S  

I 

O U T- O F- BAN D TO N E  L E V E L 
A B O V E  N O R M A L  C HA N N E L  

I .  3 . 5 d B  
2. 8 . 6 d  B 

1--··- 3 .  1 0 . 5 d B  .. 

4 0  

4. 
5. 
6. 

+ 4.5 d B  

+ 3 d B  

0 

- 3  dB 

- 6 d B 

- 1 5 dB 

- 1 8dB 

- 2 8dB -

·--� 

1 1 . 8  d B  
1 2.4 d B 
1 2. 9 d B - ----

H tGH L I N E  - L EV E L  T R I P - BLOCK - B ACKLASH 
BLOCK RELEAS E 

NOMINAL S IGN A L  L E V E L  

¥� BACKLASH 
B LOCK RELEASE 

LOW S IG NA L - L E V E L  T R I P  BLOCK 

M I N IMUM S/N RATI0 = 9dB 
FOR S EC UR E  OPERATION 

3dB MARGIN 
---..�...,..,-.,----- N O I S E  T R I P  B LOCK 

N O I S E  S AM P LE D  IN R EGION OF 
300 TO 1 0 00 HER T Z ; BLOC K I N G  I S  
INDETE R M IN ATE DUE TO R A N D O M  

H 

CHARAC TER O F  NO I S E .  

--"--'-'--'-�'------- B LO C K  R E L E A S E  

* Fig.  2 6 .  R ece iver D ynamic Operating R ange. 

R ECEIVER 
DYNAMIC 
R A NGE = 10.5dB 
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TYPE TA-3 F R EQU ENCY - SHI F T  AU DIO TON ES'---------------------

43  

NOISE BLOCK 

COMMON I 

J O  
- - ,  

S E E  5 4 96044 
F O R  D C 4 0 C  CONVERTER 

1 2 5 V. D C . )� 1: 1 
S UPPLY ( � J 

TONE I N  {�:==:�====================�--4------� 
GROUND 

TRIP KEY {: : 
I {� I 

TONE OUT +--<1111 
LOW SIGNAL BLK. -1'---4-+--� 

TRIP OUTPUT 
_ _j 

TERM. NOS. 
P E R  S.O. 

LINE LEVEL 
SENSITIVITY ADJ.  LINK 

CARRIER 
1fit:!!l_ --

RECEIVER SENSITIVITY 
WH �-�DJ. LINK . ', WH - - � -

l 
CIO 

�-------------------------------------�-- ·--------

* 
Fig. 28. TA -3 F. S. R eceiver, U,  
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