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MODEL TTS 26B PULSE SIGNALING TEST SET 

OPERATING INSTRUCTIONS 

1.0 GENERAL 

1.01 The Model TTS 26B i s  a compact pulse s ignaling t e s t  s e t  de- 
signed t o  send pulses generated by e i t h e r  a b u i l t  i n  t rans i s -  

tor ized o s c i l l a t o r  o r  by an external  source, and t o  measure the 
speed and % break of the transmitted pulses o r  of pulses received 
from external  c i r c u i t s .  The % break of the puses transmitted by 
the  instrument can be varied over a wide range. The speed of 
these pulses can be varied i n  seven d i sc re t e  s teps .  

1.02 Signals can be received o r  transmitted on a loop o r  E M  
bas is .  Connections with the c i r c u i t s  t o  be t es ted  a r e  made 

through a s e r i e s  of jacks. Several switches permit the operator  
t o  s e t  up c i r c u i t s  f o r  d i f f e r e n t  combinations of sending and re- 
ceiving on e i t h e r  loop o r  E M ,  o r  combinations of both. The simp- 
l i f i e d  schematics of the  measure and send c i r c u i t s ,  the  d i a l  o r  
t a l k  c i r c u i t s ,  and the  supewisory monitor c i r c u i t s  i n  the s e t  a r e  
shown i n  Figs. 1, 2, and 3. 

1.03 The Model TTS 26B may be used a s  a pulse repeater  o r  con- 
ve r t e r .  Signals  from an external  c i r c u i t  may be applied t o  

the  EXT DIAL terminals o r  jack and used t o  operate the i n t e r n a l  
pulsing re lay .  The % break of t h i s  s igna l  can be var ied  and i t  
can be retransmit ted on a loop o r  E M  bas i s  o r  it can be used t o  
con t ro l  external  c i r c u i t s  such a s  voice frequency signaling c i r -  
c u i t s ,  polar  duplex c i r c u i t s ,  e t c .  

1.04. Measurements may be made by connecting the high impedance 
meter c i r c u i t  t o  the  c i r c u i t  under test, e i t h e r  d i r e c t l y  o r  

through a low impedance "slave" re lay .  The meter s lave  re lay  i s  
p a r t i c u l a r l y  usefu l  when t e s t i n g  c i r c u i t s  with high capacity o r  
inductance which might d i s t o r t  the  pulse wave shape and thereby 
r e s u l t  i n  erroneous meter readings i f  the  high impedance meter 
were used d i r e c t l y  on the c i r c u i t  under t e s t .  

1.05 The meter has two sca les  - one f o r  measuring % break and the 
other  f o r  pulse speed measurements i n  pulses per second 

(PPS). The s ing le  sca le  f o r  measuring % break i s  obtained by 
switching the meter c i r c u i t  t o  correspond t o  the  se lected mode of 
operation. 

1.06 The Model TTS 26B may be operated i n  any posi t ion.  

1.07 Normally, the instrument i s  operated from the 48-volt c e n t r a l  
o f f i c e  bat tery .  I ts  maximum current  dra in  i s  220 ma and an 

i n t e r n a l  LA fuse i s  provided. I n  emergencies a heavy duty 45-volt 
dry ba t te ry  w i l l  operate the instrument f o r  a shor t  period of time. 

1.08 The s e t  i s  contained i n  an aluminum carrying case with a re- 
movable hinged cover which includes a s torage compartment 



f o r  cords,  small t o o l s ,  and o t h e r  i tems. 

1.09 Accessory covers a r e  a v a i l a b l e  t o  provide a d d i t i o n a l  func- 
t i o n s  which inc rease  the  v e r s a t i l i t y  of t h e  Model TTS 26B. 

These can be s u b s t i t u t e d  f o r  t h e  removable hinged cover which i s  
normally suppl ied wi th  t h e  s e t .  A sepa ra te  d e s c r i p t i o n  of each 
cover i s  suppl ied as supplementary information. 

2.0 PERFORMANCE AND SPECIFICATIONS 

2.01 Meter - A 4 112" meter wi th  two s c a l e s  i s  provided. The % 
break s c a l e  i s  c a l i b r a t e d  from 0 t o  100% i n  1% d i v i s i o n s .  

The PPS s c a l e  i s  c a l i b r a t e d  from 0 t o  25 pps i n  1 pps d i v i s i o n s .  
Damping c i r c u i t s  permit proper reading of t h e  "standard" % break 
when t h e  d i g i t  0 i s  d i a l e d  on a 10 cps d i a l ;  they a l s o  reduce 
po in te r  v i b r a t i o n  t o  about +1 d i v i s i o n  on 10 pps s i g n a l s .  

Impedance of Measuring C i r c u i t  

For % Break Measurements 

Meter c i r c u i t :  approximately 7500 ohms 
Meter r e l ay :  approximately 400 ohms 

For Speed Measurements: approximately 4300 ohms 

2.03 Send Signals  - 4 ,  6,  8 ,  10, 12,  14,  20 ~ u l s e s / ~ e c .  One ad- 
d i t i o n a l  frequency can be i n s t a l l e d  on s p e c i a l  order .  An 

e x t e r n a l  d i a l  may a l s o  be used t o  genera te  pulses .  

2.04 Send % Break Range - A t  l e a s t  12% t o  85% when using t h e  in-  
t e r n a l  o s c i l l a t o r .  Approximately t h e  same l i m i t s  apply when 

us ing  a d i a l  as a source 0.f pulses .  

2.05 Ca l ib ra t ion  - An ad jus tab le  c a l i b r a t i o n  c o n t r o l  permits op- 
e r a t i o n  of t h e  s e t  on b a t t e r y  vol tages  from approximately 

40 t o  55 v o l t s  and e l iminates  t h e  need t o  apply c o r r e c t i o n  f a c t o r s  
f o r  d i f f e r e n t  b a t t e r y  vol tages .  

2.06 Power Requirements - 48 v o l t s  dc,  220 ma. A diode p r o t e c t s  
t h e  i n t e r n a l  c i r c u i t s  a g a i n s t  damage i n  t h e  event t h e  bat-  

t e r y  p o l a r i t y  i s  reversed.  Operation a t  24 v o l t s  dc can be sup- 
p l i e d  on s p e c i a l  order .  

2.07 S ize  and Weight - Dimensions of  t h e  case  and cover a r e  14" w 
x 10" h x 8" d; weight i s  15 pounds. 

3 .0  CONTROLS AND JACKS 

3.01 The fol lowing c o n t r o l s  a r e  included i n  t h e  TTS 26B: 



1. ADJ % BREAK Control - Provides means f o r  se t t ing  the % 
break of the transmitted pulses from the osc i l l a to r  
o r  the external  d ia l .  

2. Meter Calibration Control - METER CAL - Provides f u l l  
scale  cal ibrat ing of the meter f o r  d i f fe rent  supply 
voltages o r  fo r  external  c i r c u i t s  with d i f fe rent  
resistances.  

3. PULSES PER SEC Switch - Provides the following functions: 

a .  Switches the power on o r  of f .  
b. Switches the pulse r a t e  of the in te rna l  

osc i l l a to r .  

4.  FUNCTION Switch - Provides the following functions i n  
clockwise sequence: 

a. SND - ON HOOK 
b. SND - OFF HOOK 
c .  SEND AND REC 
d. CAL - ADJ % BREAK 
e. CAL - CAL METER 

5 .  RECEIVE Switch - Provides the following modes of opera- 
t ion i n  clockwise sequence: 

a. REC B&G ON LOOP 
b. REC LOOP 
c.  REC B6c0 M 
d. REC B&G [Mi 
e. REC G&O E) 
f .  The f i n a l  clockwise position permits the SEND 

switch t o  control  both SEND and RECEIVE func- 
t ions  a s  shown i n  7 below. 

6. SEND Switch - Provides the following modes of operation 
i n  clockwise sequence when RECEIVE switch i s  i n  posi- 
t ions  a through e: 

a. SND LOOP 
b. SND LOOP 

NOTE: The two SND LOOP conditions a r e  ident ical ;  only 
the receive functions a r e  changed when t h i s  switch 
i s  used t o  connect both the send and receive func- 
t ions  a s  described i n  7a and 7b. 



7. The SEND switch (when control also is provided for the 
receiving mode of operation simultaneously, i.e., 
with the RECEIVE switch in extreme clockwise posi- 
tion) provides the following combined send and re- 
ceive modes of operation in clockwise sequence when 
RECEIVE switch is in position (full clockwise) : 

a. SND LOOP, REC BM: (on loop) 
b. SND LOOP, REC LOOP (for dry loop) 
c. EM-LINE (Send BM: on M, Receive G&O on E 
d. EM-DROP Send W on E, Receive B&G on M 
e. EM-LINE Send B66) on M, Receive W o n  E) 
f. EM-DROP Send W on E, Receive B66) on M) 

8. METER CIRCUIT Switch - Provides the following measuring 
functions in clockwise sequence: 

a. Speed: 0-25 PPS 
b. % BREAK DIRECT 
c . % BREAK THRU METER RLY 

9. EXT DIAL CIRCUIT Switch - Provides the following modes 
of operation of the external dial circuit in clock- 
wise sequence: 

a. TALK E M  
b. TALK RT 
c . DIAL RLY- B&G 
d. DIAL RLY-LOOP 
e. DIAL RLY-M 
f. DIAL RLY-E 

10. SEND and TEST Key Switch 

a. TEST L&D (operated up) 
b. SEND DIAL (normal) 
c . SEND OSC (operated down) 

11. TWD L Key Switch - Provides for connecting the following 
supervision and measurement functions toward the 
LINE : 

a. OFF HK and MEAS REC (operated u ) 
b. THRU and MEAS (send and receive! (normal) 
c. ON HK and MEAS REC (operated down) 

12. TWD D Key Switch - Provides for connecting the follow- 
supervision and measurement functions toward the 
DROP : 

a. OFF HK and MEAS REC 
b. THRU and MEAS (SM) 
c . ON HK and MEAS REC (operated down) 



13. SEND Turnbutton Switch - Provides the following send 
functions on the LOOP jacks: 

a .  SEND ON SLEEVES (operated counter clockwise) 
b. SEND ON RT on 1 & 2 (operated c lockwis~)  

14. SPARK SUP Turnbutton Switch - Inser t s  (ON) o r  removes 
(OFF) the in te rna l  spark suppressor on the SEND 
relay contacts. 

3.02 The following jacks and terminals ( in  sequence from l e f t  t o  
r ight )  a r e  provided: 

Jack fo r  EXT (external) d i a l  or  telephone s e t  
Jack fo r  SEND RELAY contacts 
Jack fo r  LOOP SIGNALING - LOOP 1 
Jack fo r  LOOP SIGNALING - LOOP 2 
Jack for  LOOP SIGNALING - SEND B&G 
Jack for  LOOP SIGNALING - REC LOOP 
Jack f o r  E&M SIGNALING - REC E&M 
Jack fo r  E&M SIGNALING - 
Jack for  E&M SIGNALING - M (lead (lead{ 
Jack f o r  E&M SIGNALING - LINE 
Jack fo r  E&M SIGNALING - DROP 
Jack fo r  48 vol t s  (battery negative on sleeve) 
Jack for  48 vo l t s  (battery negative on t i p )  
EXT adapter connector fo r  accessory covers (located on 
upper l e f t  of panel) 
Two binding posts, marked EXT DIAL, fo r  an external  d i a l  
o r  telephone s e t  (located i n  upper l e f t  hand corner) 

3.03 Supervisory Lamps - Two lamps marked LINE (E) and DROP (M) 
a re  provided to  indicate busy o r  i d l e  conditions exis t ing 

on the  l i n e  and drop c i r cu i t s .  

4.0 CIRCUIT DESCRIPTION 

Schematic Diagram 

4.01 A block diagram of the s e t  i s  shown i n  Fig. 4 and the sche- 
matic diagram of the instrument i s  shown i n  F i  . 5. The 

c i r c u i t s  can be divided in to  two sections - the rece f ve o r  meas- 
uring section,  and the pulse send section. A detai led description 
of each section i s  presented below. 

Receiving and Measuring Section 

4.02 The measurin section provides means fo r  measuring the speed 
or  % break o ! pulses received from loop o r  E&M c i rcu i t s .  The 

RECEIVE switch i s  used to  s e t  up the measuring c i r c u i t  fo r  d i f fe r -  
ent modes of operation on loop o r  E&M c i rcu i t s .  The WTER CIRCUIT 
switch connects the c i r c u i t  under t e s t  to the meter for  the measure- 
ment of pulse speed o r  % break. When % break i s  measured, the 



c i r c u i t  under t e s t  may be connected d i r e c t l y  t o  the  meter o r  through 
a meter s l ave  re lay .  The meter s l ave  r e l ay  should be used f o r  c i r -  
c u i t s  wi th  high capacitance o r  inductance which might d i s t o r t  the  
pulse  s u f f i c i e n t l y  t o  give an erroneous reading when the  meter i s  
used d i r e c t l y .  

4.03 The measuring c i r c u i t  includes a 4 112" meter wi th  a 1 ma 
movement. A % BREAK sca l e  ca l i b r a t ed  from 0 t o  100% i n  1% 

div i s ions  i s  used t o  f a c i l i t a t e  reading % break. The R-C time 
constants  of the  meter c i r c u i t  have been designed t o  permit proper 
reading of the  % break when the  d i g i t  0 i s  d ia led  on an ex te rna l  
d i a l .  This damping i s  a l s o  s u f f i c i e n t  t o  keep the  angular  v ibra-  
t i o n  of the  meter pointer  t o  within approximately +1 div i s ion  on 
t he  meter s ca l e  when a pulse r a t e  of 10 pps i s  measured. 

4.04 A PPS sca l e  ca l i b r a t ed  from 0 t o  25 i n  1 pps d iv i s ions  i s  
used t o  read pulse speed. 

4.05 A c a l i b r a t i o n  con t ro l  i n  s e r i e s  with the  meter permits s e t -  
t i n g  an accura te  f u l l  s ca l e  reading ( i .  e .  , 0% break) f o r  

b a t t e r y  vol tages  from approximately 40 t o  55 v o l t s .  

4.06 When the  meter c i r c u i t  i s  required t o  measure the  % break of 
ba t t e ry  and ground pulses,  a compensating network, cons i s t ing  

of r e s i s t o r  R30 and the  R29B port ion of t he  meter c a l i b r a t i n g  po- 
tent iometer ,  i s  switched i n t o  the  meter c i r c u i t  t o  provide an ac- 
cura te  reading under these condit ions.  It i s  t o  be noted t h a t  when 
receiv ing ba t t e ry  and ground pulses through the  s l ave  re lay ,  t h i s  
network i s  no t  required a s  the  s l ave  re lay  suppl ies  b a t t e r y  and 
open pulses t o  the  meter c i r c u i t .  The va r i ab l e  res i s t ance ,  R29B, 
i s  ganged t o  the  meter c a l i b r a t i on  con t ro l  so  t h a t  it i s  automati- 
c a l l y  s e t  t o  the  proper value when t he  meter i s  ca l i b r a t ed  f o r  f u l l  
s ca l e ,  i . e . ,  0% break. It w i l l  be noted t h a t  the  meter reads ap- 
proximately 50% break when the  s e t  i s  no t  connected t o  a c i r c u i t  
and the  RECEIVE switch i s  i n  the  REC-B&G (M) pos i t ion ,  and the  
FUNCTION switch i s  i n  the  SEND AND REC posi t ion .  The same meas- 
ur ing  arrangement i s  provided when the  sending and receiving func- 
t i ons  a r e  combined i n  the  SEND switch and t h a t  switch i s  i n  t he  
DROP (M3B&G, E = O )  pos i t ion .  

4.07 The REC E M  jack makes it poss ib le  t o  rece ive  on e i t h e r  t he  
E o r  M lead from one c i r c u i t  without i n t e r f e r i n g  wi th  send- 

i n  operat ions on another c i r c u i t .  When a plug i s  i n se r t ed  i n  the  
RE 8 E M  jack, the  receive  c i r c u i t s  a r e  simultantously disconnected 
from the  E ,  M y  LINE, and DROP jacks;  these jacks can s t i l l  be con- 
nected t o  an appropr ia te  sending c i r c u i t  by the  SEND switch. 

4.08 When the  s e t  i s  used f o r  measuring incoming s igna l s ,  the  
measuring c i r c u i t s  a r e  connected t o  the  appropr ia te  jacks 

f o r  receiving loop o r  EGrMdgnals by the  RECEIVE switch, which 
s e l e c t s  the  des i red  mode of operat ion independent of the  sending 



funct ions .  The connections which can be es tab l i shed  f o r  each 
pos i t i on  of the  RECEIVE switch a r e  a s  follows i n  clockwise 
sequence : 

a .  REC BM: ON LOOP: the  rece ive  meter c i r c u i t  i s  d i r e c t l y  
connected t o  the  REC LOOP jack. 

b. REC LOOP: ba t t e rv  i s  furnished through the  meter 
t o  the- t i p  and ground i s  eGtended t o  
the  r i ng  of the  REC LOOP jack requ i r ing  - 
only an-open and c losure  of a dr); 
loop f o r  a measurement. 

c .  REC BM) (M) : the  meter c i r c u i t  i s  connected t o  the  
r i n g  of the REC E&M jack and the  r i n g  
(M) of the  DROP jack. 

d. REC B&G (M) : the meter c i r c u i t  i s  connected t o  the 
r i ng  of the REC E&M jack and the r i ng  
(M) of the  DROP jack. 

e .  R E C W  (E): the  meter c i r c u i t  i s  connected t o  the  
t i p  of the REC E&M jack,  t o  the E jack, 
and t o  the t i p  (E) of the  LINE jack. 

4.09 It i s  poss ib le  t o  combine the  receiving and sending opera t ions  
i n  f h e d  combinations by s e t t i n g  the  RECEIVE switch t o  the  

extreme clockwise pos i t ion .  This t r an s f e r s  con t ro l  of the receiv-  
ing  mode of opera t ion  t o  the  SEND switch. The SEND switch w i l l  
then e s t a b l i s h  the  rece ive  connections a s  follows i n  clockwise se- 
quence : 

a.  SEND LOOP, REC W: the  receive meter c i r c u i t  i s  d i -  
r e c t l y  connected t o  the  REC LOOP 
jack. 

b. SEND LOOP, REC LOOP: ba t t e ry  i s  furnished through the  
meter t o  the  t i p ,  and ground i s  
extended t o  t he  r i ng  of the  REC 
LOOP jack, re u i r i n g  only an open 
and c losure  o 3 a dry loop f o r  a 
measurement. 

c .  LINE (M=B&G, E = W ) :  t he  meter c i r c u i t  i s  connected t o  
t he  E jack and the  t i p  (E) of the  
LINE jack. 

d. DROP (M=B&G, EsGM)): the  meter c i r c u i t  i s  connected t o  
t he  r i n g  (M) of the  DROP jack. 

e. LINE (M-BM), EmGM)): the  meter c i r c u i t  i s  connected t o  
the  E jack and t i p  (E) of the  LINE 
jack. 



f .  DROP (M-BM), E-GW) : The meter c i r c u i t  i s  connected t o  
the  r ing  (M) of the  DROP jack. 

4.10 No connections a r e  es tabl ished between the  measuring c i r c u i t  
and the  REC E&M jack when the  sending and receiving func- 

t i ons  a r e  combined i n  the  SEND switch. 

4.11 A descr ip t ion  of the  sending funct ions i s  covered i n  the  
sec t ion  devoted t o  the  sending p a r t  of the  s e t .  A diagram 

showing the  c i r c u i t  connections which a r e  es tab l i shed  f o r  the  com- 
bined sending and receivfng operat ions i s  shown i n  Fig. 2. 

4.12 The receiving c i r c u i t s  a r e  connected t o  the  measuring c i r -  
c u i t  through the  METER CIRCUIT switch a s  follows: 

a. I n  the  PPS pos i t ion  a r e l ay  i s  inse r ted  i n  the  ex te rna l  
c i r c u i t ;  i t s  contac ts  operate  a frequency measuring 
c i r c u i t .  I n  t h f s  condit ion the  meter reads pulses per 
second (PPS) . 

b. I n  the  cen te r  pos i t ion ,  marked % BREAK DIRECT, the  meter 
i s  operated a s  a % break meter and connected d i r e c t l y  t o  
the  c i r c u i t  under t e s t .  

c .  I n  the  % BREAK THRU RLY pos i t ion  the  winding of a s l ave  
re lay  i s  connected t o  the  receiving c i r c u i t s  and the  
meter reads the  % break on the  contac ts  of t h i s  s l ave  
re lay .  

Sending Sect ion 

4.13 The sending sec t ion  of the  s e t  provides the  means f o r  gener- 
a t i n g  s i gna l s  which may be s en t  on loop o r  E&M c i r c u i t s .  

When the  FUNCTION switch i s  i n  the  SEND AND REC pos i t ion ,  the  
TEST-SEND key switch s e l e c t s  the  following sources of s igna l :  

a .  i n  i t s  normal pos i t ion  a continuous pulse t r a i n  con- 
t r o l l e d  by an i n t e r n a l  o s c i l l a t o r .  The frequency of 
t h i s  o s c i l l a t o r  can be contro l led  by the  PULSES PER 
SEC switch. 

b. i n  i t s  operated down pos i t ion  d i a l  pulses o r  o ther  
s igna l s  generated i n  c i r c u i t s  connected t o  the  EXT 
d i a l  j ack. 

I n  e i t h e r  case the  % break of the  send s igna l s  can be con t ro l l ed  
by the  A D J  % BREAK con t ro l ,  and can be measured on the  % BREAK 
s c a l e  of the  meter incorporated i n  the  s e t .  To check the  % break 
of the  t ransmit ted s i gna l ,  the  FUNCTION switch i s  temporarily 
moved t o  the  A D J  % BREAK pos i t ion .  

4.14 When the  i n t e r n a l  o s c i l l a t o r  i s  used, a s i ne  wave s igna l  i s  
supplied t o  one winding of the DRIVE re lay .  When an ex te rna l  



d i a l  c i r c u i t  i s  used, s igna l s  having a wave shape approximating 
the  s ine  wave a r e  supplied t o  t h i s  same winding. The other  wind- 
ing of t h i s  re lay  i s  connected t o  a DC c i r c u i t  i n  which pos i t ive  
o r  negative b ias  can be applied under the control  of the  A D J  % 
BREAK potentiometer. The DC b i a s  s h i f t s  the  operating point  of 
the  DRIVE re lay  and causes i t  t o  transmit pulses which a r e  leng- 
thened o r  shortened a s  compared t o  those transmitted i n  the  absence 
of any b ias .  

4.15 In  the biasing c i r c u i t  described above, the  e f f ec t ive  d r ive  
power of the  re lay  becomes unsynrmetrical and appreciable 

amounts of armature t r ans fe r  time can occur. Thus i t  i s  not des i r -  
ab le  t o  der ive  the  sending s igna l s  d i r e c t l y  from the DRIVE re lay .  
For t h i s  reason the  contacts  of the  DRIVE re lay  a r e  used t o  d r ive  
a second re lay ,  the SEND relay.  This second re lay  obtains f u l l  
exc i ta t ion  whenever the  DRIVE re lay  operates.  A s  a r e s u l t  of the 
b i - s tab le  cha rac t e r i s t i c s  of the SEND r e l a  , as s i s t ed  by the  spark 
suppressors on the DRIVE re lay  contacts ,  t g e t r ans fe r  time of the  
SEND re lay  i s  kept low under a l l  conditions. I n  order t o  permit 
use of the  TTS 26B f o r  switching of voice frequency c i r c u i t s ,  the  
spark suppressors can be omitted from the contacts  of the  SEND 
re lay  by operating the  SPARK SUP turnbutton switch t o  OFF. I f  
the  TTS 26B i s  t o  be used on high power o r  highly inductive c i r -  
c u i t s ,  the  i n t e r n a l  spark suppressor c i r c u i t  should be used. 
Access t o  the armature, make, and break contacts  of the SEND re lay  
i s  obtained on the  t i p ,  r ing ,  and sleeve of the  SEND RELAY jack. 

CAUTION: I f  the  TTS 26B SEND c i r c u i t s  w i l l  be switching 
cur ren ts  of more than 100 ma, voltages i n  ex- 
cess  of 50 v o l t s ,  o r  inductive c i r c u i t s ,  the 
i n t e r n a l  SPARK SUP turnbutton should be operated 
t o  ON. This i n t e r n a l  suppressor c i r c u i t ,  when 
connected, p ro tec t s  the  SEND re lay  contacts  with 
arc  reduction networks of 0 .1  mfd and 220 ohms. 
These values a r e  general ly s a t i s f ac to ry  f o r  
standard 48 re lay  switching c i r c u i t s .  Care must 
be used when spark suppression i s  added t h a t  the  
performance of the c i r c u i t s  under t e s t  i s  not  
a f fec ted  by the  spark suppression c i r c u i t .  

4.16 The i n t e r n a l  o s c i l l a t o r  i s  a conventional, t r ans i s to r i zed ,  
s ine  wave o s c i l l a t o r  equipped with a buffer  amplif ier  t o  

provide the des i red  s igna l  l eve l  t o  operate the DRIVE relay.  When 
the  external  d i a l  i s  used t o  control  the  SEND re lay ,  the  operatfon 
of the  d i a l  causes the  DIAL re lay  t o  operate.  The armature of 
t h i s  re lay  appl ies  ba t te ry  o r  ground t o  a low pass f i l t e r .  The 
output of the  low pass f i l t e r  has the  sloping waveform which i s  
necessary t o  obtain proper b ias  con t ro l  i n  the  DRIVE re lay .  To 
obtain a maximum range of control ,  the  f i l t e r  condenser i n  the  
low pass f i l t e r  should be switched t o  correspond t o  the  d i a l  speed. 
This i s  automatically done by turning the  PULSES PER SEC cont ro l  
t o  the  posi t ion corresponding t o  the  speed of the  d i a l  used. 



4.17 When pulsing sfgnals  a re  generated by the  i n t e rna l  o s c i l l a -  
t o r ,  these s igna l s  a re  applied t o  the DRIVE re lay  d i r e c t l y  

by the  SEND AND TEST key switch. When these s igna l s  a r e  generated 
ex te rna l ly ,  i t  i s  a l s o  necessary t o  use the EXT DIAL CIRCUIT switch 
and s e t  i t  i n  the  posi t ion applicable t o  the  external  c i r c u i t  con- 
d i t i ons ;  Fig. 3 shows the c i r c u i t  connections which may be estab- 
l i shed under con t ro l  of t h i s  switch. A fu r the r  explanation of the  
use of the  EXT DIAL CIRCUIT switch i s  presented i n  Paragraph 4.21. 

4.18 Loop o r  E M  s igna ls  a r e  connected t o  the appropriate SEND 
jacks by the SEND switch i n  the following manner i n  clock- 

wise sequence: 

a.  SND LOOP 
REC B&G: a pulsing open o r  shor t  condition i s  ap- 

p l ied  t o  the t i p  and r i n g  of the  LOOP 
SIGNALING-SEND 1 and 2 jacks f o r  c i r c u i t s  
which provide ba t te ry  and ground. 

b. SEND LOOP 
REC LOOP: When the  SEND turnbutton switch i s  i n  the 

RT ON 1 & 2 posi t ion,  a pulsing open o r  
shor t  condition i s  applied t o  the  t i p  and 
r ing  of the LOOP SIGNALING-SEND 1 and 2 
jacEs f o r  c i r c u i t s  which provide ba t t e ry  
and ground. When the  SEND turnbutton 
switch i s  i n  the SLEEVES posi t ion,  the  
armature of the  SEND re lay  i s  connected 
t o  the  sleeve of the  LOOP SIGNALING-SEND 
LOOP 2; the on hook contact  of the SEND 
re lay  t o  the  sleeve of LOOP SIGNALING 
SEND LOOP 1; and the  off  hook contact  t o  
the sleeve of the REC LOOP jack. In  t h i s  
condition no connections a r e  made t o  the  
T and R leads of SEND LOOP jacks 1 and 2. 

c. LINE (M=B&G, E=G&O): s ignaling with ba t te ry  and ground 
applied t o  the M lead on the  r i ng  
of the LINE jack and on the M 
jack. The ba t te ry  i s  supplied 
through a res i s tance  lamp. 

d. DROP (M-B&G, E-GW): Signaling with ground and open ap- 
pl ied t o  the  E lead on the  t i p  of 
the DROP jack. 

e.  LINE (MEW,  E=GW): Signaling with ba t te ry  and open 
applied t o  the  M lead on the  r i ng  
of the LINE jack and on the  M 
jack. The ba t t e ry  i s  supplied 
through a res i s tance  lamp. 



f .  DROP (M-BW, E=GdrO) : Signaling with ground and open ap- 
p l i ed  t o  the E lead on the t i p  of 
the  DROP jack. 

The receive functions of the  combined SEND and RECEIVE operations 
a r e  covered i n  Paragraph 4.09. 

4.19 An addi t ional  loop s ignal ing arrangement i s  provided i n  which 
ba t t e ry  and ground a re  applied t o  an ex te rna l  "dry" c i r c u i t  

under con t ro l  of the SEND relay.  This arrangement i s  ava i lab le  on 
the  SEND BW jack under LOOP SIGNALING when the SEND switch i s  i n  
the LINE (M-BW E-GdrO) pos i t ion.  Battery and open appear on the  
r i ng  and ground appears on the t i p  of the jack. 

4.20 For spec ia l  appl ica t ions  i t  may be des i rable  t o  have avai l -  
able means f o r  pulsing the  sleeves of the LOOP jacks. By 

turning the SEND turnbutton switch t o  SLEEVES two d i f f e r e n t  ar -  
rangements a re  obtained when the SEND switch i s  i n  the SND LOOP 
REC LOOP posi t ion a s  follows: 

a .  A pulsing open and shor t  condition i s  applied between 
the sleeves of the SEND 1 and 2 jacks. 

b. A pulsing open and shor t  condition i s  applied between 
the sleeve of the  SEND 2 jack and the  sleeve of the REC 
LOOP jack. 

Pulse Rc peater  and Pulse Converter Functions 

4.21 External keying c i r c u i t s  may be connected through the  EXT 
DIAL jack, o r  binding posts ,  which i n  turn  cause the  DIAL 

re lay  t o  follow the  pulses a s  received. Signals  may derive from 
ex te rna l  loop o r  E M  c i r c u i t s ,  o r  from an ex te rna l  d i a l .  

4.22 The following functions a re  provided f o r  each of the  D I A L  
RLY posi t ions  of the  EXT DIAL CIRCUIT switch. A s implif ied 

schematic of these c i r c u i t s  i s  shown i n  Fig. 3. 

a .  DIAL RLY BW: Ground i s  applied t o  the t i p  of the  EXT 
DIAL jack through the r e l ay ,  and ba t t e ry  
i s  applied t o  the r ing.  This permits 
"dry'  contact  pulsing t o  be received 
from the  external  c i r c u i t .  

b. DIAL RLY LOOP: The winding of the re lay  i s  connected 
d i r e c t l y  t o  the EXT DIAL jack. This 

1 I permits wet" contact  pulsing t o  be 
received from the external  c i r c u i t .  

c . DIAL RLY M: One s ide  of the re lay  winding i s  connected 
t o  ground, and the other  s ide  f s  connected 
t o  the r i ng  of the EXT DIAL jack t o  re-  
ceive s igna l s  from an M lead. 



d. DIAL RLY E: One s i d e  of the  r e l a y  winding i s  connec- 
ted  t o  b a t t e r y  through a  1000-ohm r e s i s -  
t o r ,  and the  o the r  s i d e  i s  connected t o  
the  t i p  of the  EXT DIAL jack t o  rece ive  
s i g n a l s  from an E lead. 

4.23 When the  FUNCTION switch i s  i n  the  SEND AND REC p o s i t i o n  and 
the  SEND AND TEST key switch i s  i n  the  DIAL pos i t ion ,  t h e  

s i g n a l  received on the  EXT DIAL jack  i s  re t r ansmi t t ed  through 
whichever SEND jacks a r e  s e l e c t e d  by the  SEND switch. By turn ing  
the  FUNCTION switch temporarily t o  the  A D J  % BREAK pos i t ion ,  the  
% break of  the  s i g n a l s  t ransmi t ted  by the  send c i r c u i t  may be con- 
t r o l l e d  and measured. Thus, i t  i s  poss ib le  t o  use t h e  s e t  a s  a  
r e p e a t e r  wi th  an a d j u s t a b l e  % break, o r  t o  convert  loop s i g n a l s  
t o  E M  s i g n a l s  o r  v i c e  ve r sa ,  and a l s o  c o n t r o l  the  % break o f  the  
converted s i g n a l .  

4.24 SEND RELAY Jack - When a cord i s  i n s e r t e d  i n  the  jack marked 
SEND  RE^, t he  t i p ,  r i n g ,  and s leeve  of  t h i s  cord g ive  im-  

mediate access  t o  the  con tac t s  of  the  SEND r e l a y  and thereby per- 
m i t  pu ls ing  e x t e r n a l  c i r c u i t s  such a s  o s c i l l a t o r s ,  e t c .  , a t  an 
a d j u s t a b l e  % break. A l l  o t h e r  c i r c u i t s  i n  the  s e t  a r e  disconnec- 
ted  from the  r e l a y  con tac t s  when the  SEND RELAY jack i s  used. The 
p o s i t i o n  of  the  SPARK SUP switch determines whether o r  n o t  the  
spark suppression c i r c u i t  i s  ac ross  the  r e l a y  terminals .  

4.25 Line and Drop Busy Tes t  - When the  TTS 26B i s  t o  be used on 
&M c i r c u i t s ,  i t  i s  d e s i r a b l e  t o  determine f i r s t  i f  t he  c i r -  

c u i t  i s  i d l e  o r  n o t  busy before applying any t e s t  s i g n a l s  t o  i t .  
When the  SEND-TEST key i s  i n  the  TEST L&D pos i t ion ,  and the  TWD-L 
and WD-D key switches a r e  i n  the  THRU & MEAS pos i t ion ,  t h e  E&M 
leads  of  the  LINE and DROP jacks a r e  connected through, and the  
LINE and DROP lamps a r e  connected t o  the  E and M leads  r e spec t ive ly  
on the  LINE, DROP jacks and a l s o  on the  E and M. jacks.  When the  
lamps a r e  l i t ,  an on hook condi t ion  on the  c i r c u i t  under t e s t  i s  
indica ted .  When the  lamps a r e  ext inguished,  an o f f  hook condi t ion  
i s  indica ted .  Normally, p r i o r  t o  connection of  the  TTS 26B t o  the  
c i r c u i t  under t e s t ,  both lamps a r e  l i g h t e d  a s  an i n d i c a t i o n  of  
lamp c i r c u i t  con t inu i ty .  

4.26 Supervisory Signals  - On hook and o f f  hook s i g n a l s  may be 
appl ied  independently toward the  l i n e  and drop by means of 

the  IWD-L and WD-D key switches.  When e i t h e r  o f  these  keys i s  
operated t o  e i t h e r  the  ON HK o r  OFF HK pos i t ion ,  the  a s soc ia ted  
i n t e r n a l  s i g n a l i n g  c i r c u i t s  a r e  removed from the  l i n e  and drop 
and the  des i red  supervisory s i g n a l s  a r e  appl ied a s  follows: 

a.  WD-L i n  OFF HK pos i t ion ,  app l i e s  b a t t e r y  t o  t h e  M 
jack and t h e  M lead o r  r i n g  of  the  LINE jack. 

b. TWD-L i n  ON HK pos i t ion ,  app l i e s  a  ground t o  the  M 
jack and the  M lead  o r  r i n g  of the  LINE jack. 



c .  TWD-D i n  OFF HK posi t ion,  appl ies  a ground to  the E 
lead o r  t i p  of the DROP jack. 

d. TWD-D i n  ON HK posi t ion appl ies  an open t o  the  E lead 
o r  t i p  of the DROP jack. 

Dialing and Talking Functions 

4.27 A lineman's telephone s e t  o r  a subscr iber ' s  s e t  may be con- 
nected t o  the EXT DIAL jack o r  binding posts  t o  d i a l  out  o r  

t a l k  on a loop o r  E M  supervised c i r c u i t .  The d i a l i ng  functions 
have already been reviewed i n  Paragraphs 4.17, 4.21, and 4.22. 

4.28 When the EXT DIAL CIRCUIT switch i s  s e t  a t  TALK EM o r  TALK 
RT, the EXT DIAL jack and binding posts  a r e  connected t o  the 

t i p  and r ing  of the SEND 1 and 2 jacks a s  follows: 

a.  TALK EM: the sending c i r c u i t  i s  connected t o  the EXT 
DIAL jack through 2 mfd blocking capaci tors ,  
and ba t t e ry  i s  applied through 500 ohms t o  
the r i n g  of the jack, and the t i p  i s  connected 
t o  ground through 500 ohms. This provides 
ba t te ry  f o r  ta lk ing on a dry c i r c u i t .  

b. TALK RT: the sending c i r c u i t  i s  connected d i r e c t l y  t o  
the  EXT DIAL jack t o  permit ta lk ing on a loop 
o r  wet c i r c u i t .  

5.0 OPERATING PROCEDURES 

General 

5.01 The d i f f e r en t  c i r c u i t s  which can be set up under the con t ro l  
of the RECEIVE and SEND switches a r e  shown, i n  condensed 

form, i n  Figs. 1 and 2. They i l l u s t r a t e  i n  s impl i f ied  form the 
c i r c u i t s  connected t o  the various jacks f o r  d i f f e r e n t  posi t ions  
of the  RECEIVE and SEND switches when the FUNCTION switch i s  i n  
the  SEND AND REC posi t ion.  These diagrams serve a s  a quick r e f -  
erence t o  determine what t e s t  c i r c u i t  connections a r e  being used. 

I n i t i a l  Steps 

5.02 The following s teps  should be taken t o  prepare the  set f o r  
operation: 

a.  Unlatch and open cover. The cover can e a s i l y  be de- 
tached by s l i d ing  i t  t o  the r i g h t  s ide  of the ins t ru -  
ment. I f  cords o r  o ther  items s tored i n  the cover a r e  
needed, the hinged l i d  may be opened by f i r s t  turning 
the thumbscrew which serves a s  a la tch .  



b. Check the  posi t ion of the  meter pointer;  i t  should be 
on the  100 l i n e  of the  % BREAK scale .  I f  i t  i s  o f f ,  
ad jus t  the  screw on the  meter panel t o  properly posi- 
t ion  the  pointer .  After  the adjustment has been made, 
back off  the  adjustment screw s l i g h t l y  t o  remove 
mechanical contact  between adjustment screw and meter 
mechanism. 

c.  Connect a cord t o  the  proper 48-volt jack i n  the  TTS 
26B f i r s t ,  then connect the o ther  end of the  cord t o  
a 48- supply jack. When disconnecting the  s e t ,  re-  
move the  cord from the  supply jack f i r s t .  I n  the event 
t h a t  ba t te ry  i s  reversed, the  TTS 26B w i l l  not  be dam- 
aged because an i n t e r n a l  protect ive  i n t e r n a l  diode i s  
provided; however, i t  would not  be possible t o  c a l i b r a t e  
o r  use the  instrument i n  t h i s  condition. 

d. Set  the  PULSES PER SEC switch t o  the  desired pulse r a t e  
i f  the o s c i l l a t o r  i s  t o  be used a s  a source of s ignal .  
This turns  the  s e t  on. I f  a d i a l  o r  o ther  external  c i r -  
c u i t  i s  t o  be used a s  a source of s igna l ,  t h i s  switch 
should be s e t  t o  correspond t o  the  speed of the c i r c u i t  
which i s  connected t o  the  DIAL jack. 

e.  With reference t o  the  simplif ied functional  c i r c u i t  dia-  
gram of Figs. l and 2 ,  turn  the  RECEIVE AND SEND switches 
to  the  desired operating mode. 

f .  Cal ibra t ion i s  covered under the  type of operation de- 
s i red .  

NOTE: Cal ibra t ion should be rechecked when the  posi t ion 
of the  RECEIVE o r  SEND switch i s  changed. 

g. The instrument i s  now ready f o r  use. 

CAUTION: I f  the TTS 26B sending c i r c u i t s  w i l l  be switch- 
ing currents  of more than 100 ma, voltages i n  
excess of 50 v o l t s ,  o r  inductive c i r c u i t s ,  
the  SPARK SUP turnbutton should be operated 
t o  ON t o  connect the  i n t e r n a l  spark suppressor 
c i r c u i t .  This i n t e r n a l  suppressor c i r c u i t ,  
when connected, protects  the SEND re lay  con- 
t a c t s  with a rc  reduction networks of 0.1 mfd 
and 220 ohms. These values a r e  general ly s a t -  
i s f a c  tory f o r  standard 48-relay switching 
c i r c u i t s .  

Cal ibra t ing f o r  % Break Measurements 

5.03 The meter c i r c u i t  of the TTS 26B must be ca l ib ra ted  f o r  the  
supply voltage used. The instrument w i l l  operate s a t i s f ac -  



t o r i l y  and the  METER CAL con t ro l  w i l l  c a l i b r a t e  the  m e t e r  over a 
range of input  vol tage  extending from approximately 40 v o l t s  t o  
55 v o l t s .  

5.04 The following procedure i s  used f o r  c a l i b r a t i n g  the  meter 
c i r c u i t :  

a. Complete the  i n i t i a l  s t e p s  a s  covered i n  Paragraph 5.02. 

b. Se t  t he  SEND AND TEST key t o  SEND OSC. I f  a  d i a l  i s  
used a s  a  source of pulses ,  s e t  t h i s  key t o  SEND DIAL. 

c .  Note t h a t  t he  PULSES PER SECOND switch i s  s e t  a t  the  
des i red  speed. This a l s o  tu rns  t he  set ON. This should 
be done whether the  i n t e r n a l  o s c i l l a t o r  o r  an ex t e rna l  
source of pulses  i s  t o  be used. 

d. Turn the  FUNCTION switch t o  the  CAL METER posi t ion .  

e .  Adjust t he  METER CAL con t ro l  t o  s e t  t he  meter poin t  a t  
0  on the  % BREAK meter sca le .  

f .  Turn t he  FUNCTION switch t o  t he  ADS % BREAK pos i t ion .  

g. Se t  the  ADS % BREAK con t ro l  f o r  the  des i red  % break a s  
indica ted  on t he  meter. When a  DIAL i s  used t o  ener- 
a t e  the  s i gna l ,  d i a l  a  s e r i e s  of zeros when s e t t  ng the  
the  des i red  % BREAK. 

I 
h. Turn t h e  FUNCTION switch t o  the  SEND AND REC pos i t ion .  

i. The s e t  now i s  ready t o  send pulses  a t  the  predeter-  
mined r a t e  and % break. 

j. For receiving measurements an add i t i ona l  s t e p  i s  neces- 
sary .  With the  d i s t a n t  end of the  rece ive  c i r c u i t  i n  
the  o f f  hook condi t ion  observe t he  % BREAK meter; i f  
i t  does no t  i nd i ca t e  02, ad ju s t  the  METER CAL con t ro l  
t o  br ing  the  needle t o  the  0  mark. This c a l i b r a t i o n  
should be rechecked whenever the  pos i t ion  of the  SEND 
switch, RECEIVE switch, o r  ex t e rna l  r ece ive  c i r c u i t  i s  
changed. 

k. The instnment i s  now ready f o r  use.  

CAUTION: I f ,  a f t e r  completing Steps a  through i, i t  i s  
des i red  t o  recheck t he  % break, then a l l  s t ep s ,  
s t a r t i n g  wi th  Step e ,  must be repeated. 



Measuring % Break of a Received Signal 

5.05 Before conducting any receiving measurements, i t  i s  impor- 
t an t  t o  ad jus t  the METER CAL con t ro l  f i r s t  a s  outl ined i n  

Paragraph 5.04-j. I f  t h i s  procedure i s  not followed, the voltage 
drop i n  the  c i r c u i t  under t e s t  i s  not  taken i n t o  considerat ion 
and an erroneous reading of the % break may be obtained. This 
operation must be performed a f t e r  the RECEIVE switch has been s e t  
i n  the  desired posi t ion a s  d a b e d  below. 

5.06 A l l  % break measurements a r e  made wi th  the  following switches 
s e t  as  indicated.  

a.  FUNCTION switch i n  SEND AND REC posi t ion.  

b. METER CIRCUIT switch i n  % BREAK DIRECT posi t ion.  

I f  measurements a r e  made on c i r c u i t s  which have high inductance o r  
capacitance which may d i s t o r t  the pulse wave shape, the METER C I R -  
CUIT switch should be s e t  i n  the  % BREAK THRU MEWR RLY posi t ion 
o r  erroneous readings may be obtained. 

5.07 To measure % break on wet loop c i r c u i t s :  

a .  Set  RECEIVE switch t o  REC B&G ON LOOP posi t ion.  

b. Connect c i r c u i t  t o  REC LOOP jack. The ba t te ry  s ide  must 
be connected t o  the t i p  and ground t o  the r ing.  

c .  Read % break on % BREAK sca le  of meter. 

5.08 To measure % break on dry loop c i r c u i t s :  

a.  Set  RECEIVE switch t o  REC LOOP posi t ion.  

b. Connect c i r c u i t  t o  REC LOOP jack. 

c .  Read % break on % BREAK sca l e  of meter. 

5.09 To measure % break of ba t te ry  and open pulses on an M lead: 

a. Set  the RECEIVE switch t o  the REC BW (M) posi t ion.  

b. Connect the  M lead of the c i r c u i t  t o  the  r i n g  of the  
DROP jack o r  t o  the r ing  of the  REC E&M jack. 

c .  Read % break on the % BREAK sca le  of the meter. 

5.10 To measure % break of ba t te ry  and ground pulses on an M lead: 

a .  Set  the RECEIVE switch t o  the  REC B&G (M) posit ion.  . .  

b. Connect the M lead of the c i r c u i t  t o  the  r ing  of the  
DROP jack o r  t o  the  r ing  of the REC E&M jack. 

c .  Read % break on the  % BREAK sca le  of the  meter. 



5.11 To measure % break of ground and open pulses on an E lead: 

a .  Set  the  RECEIVE switch t o  the REC G&O (E) posi t ion.  

b. Connect the  E lead of the  c i r c u i t  t o  the  E jack, the  
t i p  of the LINE jack, o r  the t i p  of the  REC E M  jack. 

c .  Read % break on the  % BREAK sca l e  of the  meter. 

5.12 The RECEIVE operations can be combined with the spec i f i c  
SEND operations by turning the  RECEIVE switch t o  the  ex- 

treme clockwise posi t ion.  Ins t ruc t ions  f o r  using these combina- 
t i ons  a r e  included i n  a l a t e r  paragraph. 

Sending Signals with a Predetermined % Break 

5 ,13 When s igna ls  a r e  to  be sen t  on loop o r  E M  c i r c u i t s ,  the  
SEND switch controls  the  mode of operation. The % BREAK of 

the  s igna l  t o  be sent  i s  es tabl ished f o r  each posi t ion of the SEND 
switch as  follows: 

a .  Set  the  SEND switch to  the  desired mode of operation. 

b. Set  the METER CIRCUIT switch i n  the % BREAK DIRECT posi t ion.  

c .  Perform the i n i t i a l  s teps  a s  covered i n  Paragraph 5.02 
and c a l i b r a t e  the  meter c i r c u i t  i n  accordance with the  
i n s t ruc t ions  of Paragraph 5.03. 

d. Set  the FUNCTION switch i n  the  CAL-ADJ % break posi t ion.  

e .  Move the SEND AND TEST key switch t o  the  SEND OSC posi t ion.  

f .  Turn the ADJ  % BREAK knob u n t i l  the  meter reads the  % 
break which i s  t o  be sent .  

NOTE: Since the ADJ  % BREAK con t ro l  may be positioned i n  
the extreme clockwise o r  counter-clockwise posi t ion when 
the set i s  f i r s t  turned on, the meter may not g ive  any in-  
d ica t ion  tha t  the i n t e r n a l  o s c i l l a t o r  i s  operating. I n  
t h i s  case,  turn the knob u n t i l  a meter reading i s  obtained. 

g.  I f  a d i a l  i s  used t o  generate the  s igna l s ,  place the  
TEST AND SEND key switch i n  the SEND DIAL posi t ion and 
d i a l  the d i g i t  0. Note the  meter reading. Repeat the  
operation and turn the  ADJ % BREAK knob u n t i l  the  de- 
s i r e d  % break is  obtained. 

h,  After  the desired % break has been es tabl ished,  tu rn  the 
FUNCTION switch to  SEND AND REC. The s e t  may now be used 
to  send s ignals .  I 

f 

CAUTION: When the TTS 26B i s  used t o  pulse such c i r c u i t s  a s  
pulse repeaters ,  c a r r i e r  pulsing un i t s ,  e t c . ,  care 
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should be exercised t o  simulate the pulsing source 
i n  the  system under t e s t .  

I n  many cases the pulsing source w i l l  have a spark 
suppression c i r c u i t  across the  pulsing contacts .  
I f  the spark suppression i s  not  used i n  the puls- 
ing t e s t  s e t ,  erroneous r e s u l t s  w i l l  be obtained. 
The TTS 26B has spark suppression avai lable  f o r  
the pulsing re lay  i n  the s e t .  To add the  spark 
suppression, turn  the turnbutton switch marked 
SPARK SUP t o  ON; t h i s  w i l l  simulate the  spark sup- 
pression of the pulsing c i r c u i t  i n  the system under 
t e s t .  Unless the  spark suppression i s  required,  
i t  i s  recommended t h a t  the SPARK SUP switch be l e f t  
i n  the  OFF posi t ion.  

5.14 To send dry contact  loop s igna l s  on a loop c i r c u i t :  

a. Connect the  c i r c u i t  t o  e i t h e r  the  SEND 1 o r  SEND 2 jack 
under LOOP SIGNALING on the  panel. 

b. Turn the  SEND switch t o  e i t h e r  of the  two SEND LOOP 
posi t ions .  However, i f  the  SEND LOOP, REC LOOP posi- 
t ion  i s  U S ~ ~ ~ E N D  tbrnbutton switch i n  the lower 
l e f t  hand corner of the s e t  must be turned t o  the RT ON 
1 and 2 posi t ion.  In  o ther  s t i o n s  of the  SEND switch, 
the SEND turnbutton switch has no e f f e c t .  

c .  Adjust the  % break of the  sending s igna l  a s  described 
i n  Paragraph 5.13. 

d. Turn the  FUNCTION switch t o  SEND AND REC. 

5.15 To send ba t t e ry  and ground on a dry loop c i r c u i t :  

a. Connect the  c i r c u i t  t o  the SEND B&G jack under LOOP SIG- 
NALING on the panel. 

b. Turn the SEND switch t o  the LINE (M-BW, E-GW) posi t ion.  

c .  Adjust the  % break of the SEND s igna l  as  described i n  
Paragraph 5.13. 

d. Turn the FUNCTION switch t o  SEND AND REC. 

5.16 To send b a t t e r y ,  and ground on the  M lead of an E&M c i r c u i t :  

a .  Connect the  M lead of the c i r c u i t  t o  the  r ing of the  
LINE jack, o r  t o  the  M jack. (T I , ' )  

b. Turn the SEND switch t o  the  LINE (MI=, E = W )  posi t ion.  



c .  Adjust the % break of the  SEND s igna l  as  described i n  
Paragraph 5.13. 

d. Turn the FUNCTION switch t o  SEND AND REC. 

5.17 To send ground and open on the  E lead of an E&M c i r c u i t :  

a. Connect the  E lead of the  c i r c u i t  t o  the  t i p  of the  
DROP j ac k . 

b. Turn the SEND switch t o  the DROP (MsBW, E m O )  posi t ion.  

c .  Adjust the % break of the sending s igna l  a s  described 
i n  Paragraph 5.13. 

d. Turn the  FUNCTION switch t o  SEND AND REC. 

5.18 To send ba t te ry  and open on the M lead of an E&M c i r c u i t :  

a. Connect the M lead of the c i r c u i t  t o  the  r ing  of the  
LINE jack, o r  t o  the M jack. 

b. Turn the  SEND switch t o  the  LINE (M=B&O, E = O )  posi t ion.  

c.  Adjust the % break of the  sending s igna l  as  described 
i n  Paragraph 5.13. 

d. Turn the FUNCTION switch t o  SEND AND REC. 

5.19 To send ground and open on the E lead of an E&M c i r c u i t :  

a. Connect the  E lead of the  c i r c u i t  t o  the  t i p  of the 
DROP jack. 

b. Turn the  SEND switch t o  the DROP (M-BW, E = O )  posi t ion.  

c. Adjust the % break of the sending s igna l  a s  described 
i n  Paragraph 5.13. 

d. Turn the  FUNCTION switch t o  SEND AND REC. 

Fixed Combinations of Sending and Receiving 

5.20 Fixed combinations of the  sending and receiving operations 
a r e  es tabl ished by turning the  RECEIVE switch t o  the  extreme 

clockwise, posi t ion;  the marking of t h i s  posi t ion points  t o  the  
SEND AND REC designations under the  SEND switch. Fig. 2 i l l u s -  
t r a t e s  the  combinations of SEND and RECEIVE t h a t  a re  es tabl ished 
f o r  each posi t ion of the  SEND switch. 



5.21 A l l  recefving opera t ions  a r e  t o  be made a f t e r  the i n s t r u c -  
t i o n s  i n  Paragraphs 5.05, 5.06, and 5.07 have been followed. 

5.22 A 1 1  sending opera t ions  should be made a f t e r  the  i n s t r u c t i o n s  
i n  Paragraph 5.13 have been followed. 

5.23 To send dry  con tac t  loop pulses  and rece ive  wet con tac t  loop 
pulses:  

a .  Connect the  incoming loop c i r c u i t  t o  the  REC LOOP jack. 
The b a t t e r y  s i d e  must be connected t o  the  t i p  and ground 
t o  the  r ing .  

b. Connect the  outgoing loop c i r c u i t  t o  the  SEND 1 o r  2 
jack. 

c .  Turn t h e  SEND switch t o  SND LOOP, REC BM: 

d. Turn the  FUNCTION switch t o  SEND AND REC. 

e .  Read % break of received s i g n a l  on the  % BREAK s c a l e  
of the  meter. 

5.24 To send dry  con tac t  loop pulses  and rece ive  dry con tac t  loop 
pulses:  

a .  Connect the  incoming loop c i r c u i t  t o  the  REC LOOP jack. 

b. Connect the  outgoing loop c i r c u i t  t o  the  SEND 1 o r  2 
jack. The SEND turnbut ton switch must be turned t o  
RT ON 1 & 2. 

- 
c .  Turn the  SEND switch t o  SND LOOP, REC LOOP, 

d. Turn the  FUNCTION switch t o  SEND AND REC. 

e .  Read % break of received s i g n a l  on the  % BREAK s c a l e  of 
the  meter. 

5.25 To send BM: on the  M lead  and rece ive  G6X) on the  E lead  of 
an E M  c i r c u i t :  

a.  Connect the  E lead  t o  the E jack o r  t o  t h e  t i p  (E) of 
the  LINE jack. 

b. Connect the  M lead t o  the M jack o r  t o  the  r i n g  (M) of 
t h e  LINE jack. 

c .  Turn the  SEND switch t o  LINE (M=B&G, EZGM). 

d. Turn the  FUNCTION switch t o  SEND AND REC. 



e .  Read % break of the  s igna l  on the  E lead on the  % BREAK 
sca le  of the meter. 

5.26 To send G&O on the E lead and receive B&G on the M lead of 
an E M  c i r c u i t :  

a .  Connect the  M lead t o  the  r ing  (M) of the DROP jack. 

b. Connect the  E lead t o  the  t i p  (E) of the  DROP jack. 

c .  Turn the  SEND switch t o  DROP (M-W, E - W ) .  

d. Turn the  FUNCTION switch t o  SEND AND REC. 

e.  Read % break of the s igna l  on the M lead on the % BREAK 
sca le  of the meter. 

5.27 To send BW on the M lead and receive G&O on the E lead of 
an E M  c i r c u i t :  

a.  Connect the E lead t o  the E jack o r  the  t i p  (E) of the 
LINE j ac k . 

b. Connect the  M lead t o  the M jack o r  the r ing  (M) of the  
LINE jack. 

c .  Turn the SEND switch t o  LINE (MmW, E=G&O). 

d. Turn the FUNCTION switch t o  SEND AND REC. 
I 

e. Read % break of the  s igna l  on the E lead on the  % BREAK 
sca le  of the meter. i 

5.28 To send G&O on the  E lead and receive B6X) on the  M lead of 
an E&M c i r c u i t :  

a. Connect the M lead t o  the  r ing  (M) of the DROP jack. I 
b. Connect the E lead t o  the t i p  (E) of the  DROP jack. 

c.  Turn the SEND switch t o  DROP (M-BW, E=G&O). 

d. Turn the FUNCTION switch t o  SEND AND REC. 

e. Read % break of the s igna l  on the M lead on the  % BREAK 
sca le  of the meter. 

Measuring the Speed of a  Signal I 
5.29 To measure the speed of received s igna l s ,  the  METER CIRCUIT 

switch must be s e t  a t  0-25 PPS and a meter ca l i b ra t i on  



performed as outl ined under Paragraph 5.30. The ins t ruc t ions  under 
a and b of Paragraphs 5.07 t o  5.11 inclus ive  a r e  t o  be followed i n  
es tabl ishing the connections f o r  the type of c i r c u i t  t o  be tes ted .  
Read the speed of the s ignal  on the PPS sca le  of the meter. 

5.30 I f  i t  i s  desired t o  check the speed of the  pulses generated 
by the o s c i l l a t o r  i n  the TTS 26B, the following procedure 

may be used: 

a .  Connect the  48-volt DC voltage source t o  the proper 
jack as  indicated on the f ron t  panel and s e t  the METER 
CIRCLlIT switch a t  0-25 PPS. 

b. Set the  FUNCTION switch a t  CAL METER and adjus t  the 
METER CAI, control  t o  ge t  the meter pointer  a t  0 on t h e  
% BREAK meter scale.  

c .  Patch the SEND LOOP 1 o r  2 jack in to  the REC LOOP jack. 

d. Set the FUNCTION switch a t  SEND AND REC. 

e .  Set the PULSES PER SEC switch t o  the desired speed. 

f .  Set the SEND AND TEST key switch t o  SEND OSC. 

g. Set the  RECEIVE switch t o  REC LOOP. 

h. Set the SEND switch t o  e i t h e r  SND LOOP o r  REC B&G. 

i. Read the s ignal  speed on the PPS sca le  of the meter. 

5.31 I f  the speed of a d i a l  i s  t o  be checked, use the following 
procedure : 

a. Cal ibra te  as  outl ined i n  Paragraph 5.30, a and b. 

b. Connect the  d i a l  t o  the  REC LOOP jack. 

c.  Set the FUNCTION switch a t  SEND AND REC. 

d. Set  the  METER CIRCUIT switch a t  0-25 PPS. 

e .  Set the RECEIVE switch t o  REC LOOP. 

f, Dial the d i g i t  0 on the d i a l .  

g. Read the d i a l  pulse speed on the  PPS sca le  of the  meter. 

Special Functions 

5.32 To pulse an open and shor t  on the sleeves of the loop jacks: 



a. The ca l ibra t ion  operations and se t t ing  of the desired 
% break of the pulsing s ignal  should be made i n  accord- 
ance with inst ruct ions  i n  Paragraphs 5.04 and 5.13. 

b. Turn the SEND switch t o  SND LOOP, REC LOOP. 

c. Turn the SEND turnbutton swftch t o  SLEEVES. 

d. Turn the FUNCTION swftch to  SEND AND REC. 

e. Pulsing on the sleeves i s  now available on the follow- 
ing LOOP jacks : 

(1) SEND 2 and REC LOOP: Relay contacts normally 
closed. 

(2) SEND 1 and SEND 2: Relay contacts normally 
open. 

(3) Armature of pulsing relay on SEND 2: 

Normally open contact of relay on SEND 1. 
Normally closed contact of re lay on REC LOOP. 

5.33 To use as pulse repeater o r  converter: 

a. Connect a d i a l  or  a c i r c u i t  with incoming signals t o  the 
EXT DLAL jack o r  binding posts. 

b. Turn EXT DIAL CIRCUIT switch t o  one of the applicable 
positions l i s t e d  below: 

(1) DIAL RLY B&G: Used when dry contact pulsing i s  
received on a loop o r  i s  generated 
by a d ia l .  

(2) DIAL RLY LOOP: Used when w e t  contact pulsing i s  
received on a loop. 

(3) DIAL RLY M: Used t o  receive battery and open 
or  bat tery and ground pulses on 
an M lead. 

(4) DIAL RLY E: Used to  receive ground and open 
pulses on an E lead. 

c. Turn the SEND switch to  the desired mode of operation. 

d. Set the  SEND AND TEST key s a t c h  i n  the SEND DIAL 
posi tion. 



e. Adjust the % break of the s igna l  t o  be transmitted i n  
accordance with the procedure i n  Paragraph 5.13. 

f. Turn the  FUNCTION switch t o  SEND AND REC. 

g. Connect the  c i r c u i t  on which the  repeated pulses a r e  
t o  be s en t  to  the appropriate LOOP SIGNALING o r  E&M 
SIGNALING jack. 

5.34 To monitor in-service pulsing on LINE and DROP: 

a.  Turn SEND switch t o  SND LOOP, REC LOOP. 

b. Turn REC switch t o  appropriate receive posi t ion f o r  
r e d v i n g  on e i t h e r  the  M o r  E lead. 

c.  Turn the  FUNCTION switch t o  SEND AND REC. 

d. Place the TEST-SEND key switch i n  the TEST posi t ion.  

e.  Connect the  l i n e  and drop t o  the  LINE and DROP jacks. 

f. The L and D lamps w i l l  ind ica te  i f  the c i r c u i t  i s  busy. 

g. To measure the s igna l s  on the  l i n e  o r  drop, place the 
TEST-SEND switch i n  the  SEND posi t ion.  

h. Measure the  % break of s igna l s  on the  meter. 

5.35 Dialing and ta lk ing through se t :  

a. A lineman's telephone s e t  o r  a subscr iber ' s  s e t  may be 
connected t o  the EXT DIAL jack o r  binding posts  t o  d i a l  
out  o r  t a l k  on a loop o r  EM supervised c i r c u i t .  

b. To d i a l :  

(1) Connect a d i a l  o r  a telephone s e t  with a d i a l  to  
the EXT DIAL jack o r  binding posts.  

(2) Turn the EXT DIAL CIRCUIT switch t o  the DIAL RLY 
B&G posi t ion.  

(3) Turn the  SEND switch t o  the  desired posi t ion.  ? 
(4) Set  the  TEST-SEND switch i n  the SEND DIAL position. 

(5) Adjust the % break i n  accordance with the  procedure 
i n  Paragraph 5.13. 

( 6 )  Turn the FUNCTION switch t o  SEND AND REC. 



(7) Connect the c i r c u i t  on which the d i a l  pulses a re  
to  be transmit ted t o  the  appropriate SEND jack. 

c ,  To t a lk :  

(1) LOOP: After  a number i s  dia led  on a LOOP c i r c u i t ,  
i t  i s  possible t o  l i s t e n  t o  the  r inging and 
t a l k  on the  c i r c u i t  by turning the  EXT DIAL 
CIRCUIT switch to  the TALK RT posi t ion.  

(2) E M :  After  a number i s  dia led  on an E M  c i r c u i t ,  
i t  i s  possible t o  t a l k  on a dry t a l k  c i r c u i t  
which may be ava i lab le  b turnfng the  EXT 
DIAL CIRCUIT switch t o  t h e TALK EM posit ion 
and connecting the t i p  and r ing  of the  E M  
c i r c u i t  t o  e i t h e r  of the SEND LOOP jacks. 

5.36 To use send re lay  contacts  d i r e c t l y  - When a cord i s  in- 
se r ted  i n  the jack marked SEND REUY, the t i p ,  r ing,  and 

sleeve of t h i s  cord give immediate access t o  the  contacts  of the  
SEND re lay  and thereby permit puls in  external  c i r c u i t s  such as 
o s c i l l a t o r s ,  e t c . ,  a t  an adjus table  ! break. A l l  o ther  c i r c u i t s  
i n  the  s e t  a r e  disconnected from the  re lay  contacts  when the  SEND 
REUY jack i s  used. The posi t ion of the SPARK SUP turnbutton 
switch determines whether o r  not  the  spark suppression c i r c u i t  i s  
across the  re lay  terminals.  The SEND RELAY jack i s  connected to  
the  SEND RELAY contacts  a s  follows: 

a .  Ring: normally closed contact .  

b. Tip: armature. 

c .  Sleeve: normally open contact .  

5.37 Application of supervisory s igna l s  t o  E M  c i r c u i t s :  

a.  Plug the E M  c i r c u i t s  i n to  the  LINE and DROP jacks. 

b. Operate the  TWD-L key switch t o  apply an OFF HK o r  an 
ON HK toward the  LINE. 

c .  Operate the TWD-D key switch t o  apply an OFF HK o r  an 
ON HK toward the DROP. 

d. Receiving measurements may s t i l l  be made. 

5.38 To send an on hook o r  off  hook to  leep and E M  c i r c u i t s :  

a .  Plug the c i r c u i t  i n t o  the appropriate LOOP o r  E M  jack. 

b. Turn the  SEND switch t o  the  appropriate posi t ion f o r  
the  ex te rna l  c i r c u i t  used. 



c .  Turn the  FUNCTION switch t o  SND OFF HK o r  SND ON HK a s  
desired.  

5 . 3 9  Line and drop busy t e s t :  

a.  Move the  SEND AND TEST key switch t o  the TEST L&D 
posi t ion and move both the  TWD-L and TWD-D key switches 
t o  t h e i r  THUR+MEAS (normal) posi t ions .  

b. Plug the  EM c i r c u i t s  i n t o  the  LINE and DROP jacks. 

c .  I f  the  lamps designated LINE (E) and DROP (M) remain 
l igh ted ,  the  c i r c u i t  i s  not  busy. I f  e i t h e r  of the  
l i g h t s  goes out ,  the  c i r c u i t  i s  busy. 
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APPENDIX A 

A.0 OSCIUATOR-BUFFER AMPLIFIER CIRCUIT (Detailed Circui t  
bescription) 

A . O 1  The osci l la tor-buffer  amplifier c i r cu i t ry  contained within 
the Model TTS 26B Pulse Signaling Test Set i s  normally 

e uipped t o  operate on any of the following frequencies: 4,  6, 8, 
1 8 , 12, 14, o r  20 cps; an additional frequency can be ins ta l led  
on special  order. The purpose of the osci l la tor-buffer  c i r cu i t ry  
i s  t o  provide an output sine wave t o  operate the DRIVE relay. 
This c i r c u i t  i s  contained on a printed board which i s  mounted as 
a sub un i t  on the main component board. 

A.02 The output s ine wave of t h i s  un i t  i s  coupled t o  the DRIVE 
relay when the SEND and TEST key switch i s  i n  the OSC posi- 

tion. Through the adjustment of the ADJ  % BREAK control ,  associ- 
ated with the DRIVE relay,  the point on t h i s  s ine  wave a t  which 
the DRIVE relay w i l l  operate can be varied, thus the adjustable X 
break i s  achieved. 

A.03 A s  t ransis tor ized c i r c u i t s  a re  used, no external  power other 
than the 48-volt s ta t ion  battery i s  required; no warm-up 

period i s  required for  t h i s  uni t .  The operation of t h i s  c i r c u i t  
i s  as follows: 

A.04 The c i r c u i t  diagram to which the following description applies 
i s  shown i n  Fig. B l .  The location of the component pa r t  of 

t h i s  c i r c u i t  i s  shown i n  Fig. B2. 

A.05 A bridged-T type of R-C osc i l l a to r ,  consist ing of three tran- 
s i s t o r  stages, i s  used. The f i r s t  two t rans is tors  a re  d i -  

r ec t ly  coupled from the col lector  of Q 1  to  the base of 42. The 
posit ive feedback path i s  completed from the emitter  of 42 back 
through a blocking capacitor, C2, and a tungsten lamp, R89, u t i l -  
ized fo r  level  s tab i l iza t ion ,  to  the emitter of Q1. A par t  of the 
emitter  resistance,  R15, of Q1 has been made variable to  allow 
se t t ing  the correct  amount of posit ive feedback necessary fo r  s tab le  
operation. 

A.06 A negative feedback, which i s  greater  than the posit ive feed- 
brick, i s  supplied to  the base of Q 1  through a n u l l  se lect ive 

network and an emitter  follower, 43. A t  i t s  tuned frequency, the 
select ive bridged-T n u l l  network decreases the negative feedback 
suf f ic ien t ly  to  permit osc i l la t ion  t o  occur a t  the desired f re -  
quency, which i s  determined by the R-C values employed within the 
network. This frequency-determining network consis ts  of two capa- 
c i t o r s ,  C4 and C5, and two selected value r e s i s to r s .  

A.07 Amplifier stage Q4 and the cascade emitter follower s t a  es ,  
Q5 and 46, provide the necessary voltage and current  tafn 

r e  uired to  operate the DRIVE relay. The output leve l  of t e amp- 
l i z i e r  stage i s  determined by the se t t ing  of potentiometer R19. 
Capacitor C 7  provides DC blocking between the output emitter  fol-  
lower 46 and the driven c o i l  of the DRIVE relay. 



Pulse Speed Measuring Ci rcu i t  (Detailed C i r cu i t  Description) 

A.08 When the  METER CIRCUIT switch, S8, i s  i n  the 0-25 PPS posi- 
t i on ,  a voltage d i r e c t l y  proportional t o  the frequency of 

the s igna l s  received i s  generated by t h i s  pulse speed measuring 
c i r c u i t .  This voltage i s  coupled t o  the meter, thus allowing d i -  
r e c t  reading of the speed of the s igna l s  a s  received by the s e t .  

A.09 The operation of t h i s  c i r c u i t  i s  as  follows. When the  METER 
CIRCUIT switch i s  i n  the 0-25 PPS os i t i on ,  the receive c i r -  

c u i t s  a re  coupled t o  the c o i l  of r e l a  K . Thus K4 w i l l  follow 
the pulses received. When K4 i s  i n  t b e released condition, capa- 
c i t o r  C12 w i l l  become charged to  the  voltage po ten t i a l  appearing 
on the arm of the  METER CAL potentiometer R29C. When K4 operates,  
capaci tor  C12 i s  t ransferred from i t s  charging c i r c u i t  t o  the  
meter and storage c i r c u i t .  This s torage c i r c u i t  cons i s t s  of capa- 
c i t o r  C13, The energy previously s tored i n  capaci tor  C12 has now 
been deposited i n  the meter s torage c i r c u i t .  The voltage po ten t ia l  
t o  which the meter c i r c u i t  can become charged i s  thus d i r e c t l y  pro- 
por t ional  to  the  pulsing speed of re lay  K4. Resistor  R36 serves 
a s  a current  l imi t ing  r e s i s t o r  f o r  capaci tor  C12. Adjustable re-  
s i s t o r s  R39 and R41 have been provided f o r  ca l ib ra t i on  purposes. 
Resistor  R40 i s  a l so  pa r t  of the  cz l ib ra t i ng  c i r c u i t .  



APPENDIX B 

B . 0 MAINTENANCE AND TROUBLE SHOOTING 

B.O1 Apart from the normal periodic cleaning of the jack contacts, 
The TTS 26B does not require any routine maintenance. 

B.02 I f  any abnormal operation occurs, i t  can eas i ly  be traced 
to  one of f ive  groups of c i r cu i t s .  These c i r c u i t s  a re  as 

follows: 

1. Osci l la tor  c i r c u i t .  
2. Buf fer-amplif i e r  c i r cu i t .  
3. Drive relay,  send relay,  and associated bias c i rcu i t ry .  
4. External d i a l  and telephone s e t  c i r cu i t s .  
5. Pulse speed measuring c i r cu i t .  

The general location of the major component par ts  of the TTS 26B 
i s  shown i n  Figs. B2, B3, and B4. 

NOTE: Unless otherwise specified, voltage o r  power readings 
apply between the point referred to  and ground. 

B. 03 When the DRIVE relay f a i l s  to  operate, the trouble i s  most 
l ike ly  to  be traced to  one of two causes: 

1. Station battery polar i ty  reversed. 
2. Oscillator-buffer amplifier c i r cu i t ry  inoperative. 

B.04 After the battery polar i ty  has been checked, position the 
ADJ  % BREAK control  a t  i t s  mid-position and conduct trouble 

shooting of the osci l la tor-buffer  amplifier c i r cu i t ry  as  follows. 

B.05 Referring to  Fig. B1,  connect an oscilloscope between point 
A and ground. Point A i s  shown on F i  . B2 which i s  the 

drawing of the printed c i r c u i t  board assemb f y. The s ine wave volt-  
age appearing between these two points should be approximately 2.5 
vo l t s  peak to  peak. I f  not ,  adjust  potentiometer R15 to  achieve 
t h i s  level.  Turning R15 i n  a clockwise direct ion increases the 
posit ive feedback, and therefore increases the output level  appear- 
ing a t  point A. There should be no fluctuation of the signal  level  
a t  t h i s  point once the leve l  has been adjusted to  approximately 
2.5 vo l t s  peak to  peak. A s l i g h t  amount of clipping on the peaks 
of t h i s  waveform need not cause alarm, as t h i s  i s  a normal adjust- 
ment. 

B.06 I f  there i s  no voltage between point A and round (with R15 f i n  maximum clockwise posit ion),  check the f lament of the 
tungsten lamp, R89, fo r  continuity. Replace lamp i f  faulty.  I f  
the lamp i s  good, subst i tute  t rans is tors ,  s t a r t ing  with Q1 and 
ending with 43. I f  trouble s t i l l  prevails ,  check fo r  proper DC 
voltages as indicated on the schematic dia  ram of the c i r cu i t .  f These voltages should be within f 10% as i n  icated. An open condition 



of f i l t e r  capaci tor  C8 can a l so  cause f au l ty  operation and should 
be checked through subs t i tu t ion .  

B.07 Should the preceding s teps  f a i l  t o  produce an output of the  
o s c i l l a t o r  a t  point  A,  check other  component pa r t s  contained 

within the  o s c i l l a t o r  c i r c u i t ,  such as  r e s i s t o r s ,  capaci tors ,  and 
the  pulse frequency switching network. It i s  important a f t e r  the  
correct ion of the  trouble t o  read jus t  potentiometer R15 t o  roduce 
a 2.5 peak t o  peak voltage indicat ion a t  point  A of the  osc l l a t o r  
board. 

P 
B.08 With the  o s c i l l a t o r  operating roperly, check the  peak t o  

peak voltage appearing a t  pin !3 of the  DRIVE relay.  This 
voltage should be i n  the  order  of 7 v o l t s  peak t o  peak. The exact 
voltage depends on the s e t t i n g  of the  gain control ,  R19. The nor- 
m a l  s e t t i n g  fo r  t h i s  con t ro l  i s  approximately i n  i t s  mid-position. 
I f  nonnal s igna l  voltage i s  not  rea l ized  a t  t h i s  point ,  check the  
buffer-amplif ier  port ion of the  c i r c u i t .  This c i r c u i t  cons i s t s  of 
t r a n s i s t o r s  Q4, Q5, Q6, and t h e i r  associated c i r c u i t r y .  

B.09 I f  a nonnal dr iv ing voltage appears a t  pin 2 of the  DRIVE 
re lay  and trouble s t i l l  prevai ls ,  the trouble w i l l  be found 

i n  e i t h e r  the  DRIVE re lay ,  the SEND relay,  o r  t h e i r  b i a s  networks. 
When the  SEND BIAS cont ro l  i s  i n  i t s  mid-position, the  DC voltage 
between pins 1 and 8 of the  DRIVE re lay  should be very c lose  t o  0. 

B. 10 Should trouble be traced t o  e i t h e r  the DRIVE o r  SEND re lay ,  
i t  i s  recommended tha t  these re lays  be removed and tes ted  

with proper test equipment such as the  Sigma 4500 Ser ies  test set 
o r  equivalent.  Should these re lays  require  readjustment, i t  i s  
recommended tha t  i t  be done by qua l i f i ed  personnel fami l ia r  with 
the  adjustment of t h i s  type of polar  relay.  Standard r epa i r  k i t s  
containing two contact  screws and one ferro-nickel  annature a r e  
avai lable .  

External Dial and Telephone Set  Ci rcu i t s  

B . l l  Should the ex te rna l  d i a l  f a i l  t o  produce pulses when switch 
S4 i s  i n  the  appropriate o s i t i on  f o r  the  ex te rna l  d i a l  c i r -  P ! 

c u i t  used, S5 i n  the  DIAL pos i t  on, and the ADJ  % BREAK cont ro l  i n  
i t s  mid-position, t rouble shooting should proceed a s  follows. 

B.12 The various components pa r t s  associated with t h i s  c i r c u i t  
a r e  shown i n  Figs. B3 and B4. Visual inspection of the  

DIAL re lay w i l l  determine whether o r  not  t h i s  re lay  i s  following 
the  d i a l  pulses as  dialed.  I f  t h i s  re lay  i s  not  following the  
pulses,  examine the ex te rna l  d i a l  mechanism and the c i r c u i t r y  
through the  c o i l  of t h i s  d i a l  relay.  I f  s a t i s f ac to ry  operation 
of the d i a l  relay has been observed, then trouble shooting should 
be centered around the  low pass f i l t e r  and i t s  associated c i r -  
cu i t ry .  While d ia l ing ,  ba t te ry  and ground should appear a l t e rna t e ly  



on the armature of the DRIVE relay. I f  not ,  inspect r e s i s to r s  R3, 
R4, R5, R6, R7, and capacitors C3 and C4. These a l te rna te  battery 
and ground pulses can be traced to  the f i l t e r ,  over contacts 25 
and 26 of S5, to  pin 3 of the DRIVE relay. The f i l t e r  consists  of 
inductors C4X, C6X, and capacitors C5 and C6. The purpose of t h i s  
f i l t e r  i s  to  convert the square wave as  received from the DIAL re- 
lay to  a waveform with sloping edges required for  the proper oper- 
a t ion of the DRIVE relay and i t s  associated bias networks. Without 
the sloping waveform i t  would not be possible to  control  the % 
break transmitted by the se t .  The output waveform of t h i s  f i l t e r  
should approximate tha t  of a sine wave. I f  capacitors C5 and C6 
a re  suspected of being defective, these can most eas i ly  be checked 
through subst i tut ion.  The t o t a l  DC resistance reading between the 
armature of the DRIVE r e l a  and the f i l t e r  output as measured a t  
terminal 25 of switch S5 s l ould be i n  the order of 1700 ohms when 
S5 i s  i n  the o s c i l l a t o r  position. I f  t h i s  reading i s  not observed, 
locate  and replace the defective component. Contacts 25 and 26 of 
S5 should also be ins  ected and cleaned i f  necessary. For d i a l  
pulse frequencies of e, 6, 8, 10, 12 ,  and 14 cps, capacitor C5 i s  
switched in to  the f i l t e r  c i rcu i t ry ,  and capacitor C6 i s  switched 
i n t o  the f i l t e r  c i r c u i t r y  when d i a l  speeds of 20 cps a re  used. 
This switching i s  accomplished over the PULSES PER SECOND switch, 
S1. 

Talk Circui ts  

B.13 When the EXT DIAL CIRCUIT switch, S4, i s  i n  the TALK RT posi- 
t ion and S5 i s  i n  the DIAL posit ion,  the external  d i a l  c i r -  

c u i t  i s  carried d i rec t ly  through to  the T&R of SEND LOOP jacks 1 
and 2. This i s  accomplished over contacts of S4 and S5. Should 
the TALK c i rcu i t ry  f a i l  t o  operate i n  t h i s  position, the trouble 
w i l l  be traced t o  e i the r  the switching c i r cu i t ry  o r  the external 
t a lk  mechanism. 

B. 14 When the EXT DIAL CIRCUIT switch i s  i n  the TALK E M  position, 
battery and ground are  applied to  the TALK c i r c u i t  over re- 

s i s t o r s  R 1  and R2. The voltage generated by the TALK c i r c u i t  i s  
coupled to  the T&R of SEND LOOP jacks 1 and 2 through DC blocking 
capacitors C 1  and C2.  Should the TALK c i r c u i t  f a i l  to  function, 
inspect r e s i s to r s  R1,  R2,  capacitors C 1 ,  C 2 ,  the associated switch 
contacts of S4 and S5, and the external  t a lk  mechanism. 

Pulse Speed Measuring Circui t  

B.15 Should the pulse speed measuring c i r c u i t  f a i l  t o  operate, 
proceed as  follows: Connect the receive c i r cu i t ry  of the 

TTS 26B to an external  pulsing source of a known frequency, e.g. 
10 pps. Calibrate the meter c i r c u i t  as outlined i n  Section 5 of 
t h i s  manual. Return the METER CIRCUIT switch, S8, to  i t s  0-25 PPS 
position. Relay K4 should now be following the pulses as received 
from the external  pulsing source. When K4 i s  released, the volta e f appearing on the arm of the cal ibrat ion potentiometer, R29C, shou d 



a l so  appear on the  armature of K3. This voltage should be i n  the 
order  of approximately 30 t o  35 vo l t s .  I f  t h i s  voltage reading 
cannot be obtained, then inspect  the re lay  contacts  and R29C. 
Resis tor  R37, which i s  a l so  pa r t  of the meter ca l ib ra t i on  c i r c u i t ,  
should a l so  be checked. When re lay  K3 i s  operated, the  voltage 
s tored i n  capaci tor  C12 i s  then t ransferred t o  the  meter and s to r -  
age c i r c u i t  through current  l imi t ing  r e s i s t o r ,  R36. I f  no meter 
ind ica t ion  i s  observed with the  preceding c i r c u i t r y  operating 
properly, inspect  capacitors  C12 and C13. The trouble,  i f  not  
located i n  the preceding operations, w i l l  then be most l i k e l y  
located i n  e i t h e r  the  switching associated with the c i r c u i t  o r  
the  meter c i r c u i t  i t s e l f .  

B.16 When the pulse speed c i r c u i t  functions but  does not  ind ica te  
properly, the  c i r c u i t  should be reca l ib ra ted  as  follows: re-  

turn the  METER CIRCUIT switch, S8, t o  i t s  % BREAK DIRECT posi t ion 
and perform ca l ib ra t i on  a s  outl ined i n  Section 5 of t h i s  manual. 
Af te r  t h i s  ca l i b ra t i on  has been completed, posi t ion the BETER CIR-  
CUIT switch a t  i t s  0-25 PPS posi t ion.  The meter should now read 
0% break. I f  the  meter did not  read 0% break, ad jus t  potentiom- 
e t e r  R39 t o  achieve t h i s  reading. Move the F'UNCTION switch t o  
i ts  SEND AND REC posit ion.  Connect a 10 pps pulse source i n t o  
the  receive c i r c u i t  of the TTS 26B. The meter should ind ica te  
a speed reading of 10 pps. I f  no t ,  ad jus t  potentiometer R41 un- 
til t h i s  reading is obtained. A s  t h i s  i s  a l i n e a r  c i r c u i t ,  no 
tracking adjustments a r e  required. Should t h i s  c i r c u i t  f a i l  t o  
t rack ,  then trouble shooting should be conducted a s  out l ined under 
Paragraph B.15. After  r epa i r  of the  c i r c u i t ,  c a l i b ra t i on  should 
be rechecked a s  out l ined above, 

Slave Relay C i r cu i t  

B.17 When the  METER CIRCUIT switch, S8, i s  i n  i t s  % BREAK THRU RLY 
posi t ion,  the  received pulses a r e  coupled d i r e c t l y  t o  the  

c o i l  of s lave  r e l ay  K4. The make contacts  of t h i s  r e l ay  then i n  
turn supply the pulses as  received by the  meter c i r c u i t .  Should 
t h i s  c i r c u i t  f a i l  t o  operate,  the trouble w i l l  be located e i t h e r  
i n  the c o i l  of the  re lay  o r  the  contacts .  I f  the re lay  is found 
sa t i s f ac to ry ,  then the  associated switching c i r c u i t r y  should be 
checked. 
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MODEL TTS 26B PULSE SIGNALING TEST SET 
TABLE OF REPLACEABLE PARTS 

Circui t  
Re f 

C 1  Capacitor: 

C 2  Capacitor: 

C3 Capacitor: 

C4 Capacitor: 

C5 Capacitor: 

C6 Capacitor: 

C 7  Capacitor: 

C8 Capacitor: 

C9 Capacitor: 

C10 Capacitor: 

C 1 1  Capacitor: 

C 1 2  Capacitor: 

C13 Capacitor: 

R 1  Resistor: 

R2 Resistor: 

R3 Resistor: 

R4 Resistor: 

R5 Resistor: 

R6 Resistor: 

R7 Resistor: 

R8 Resistor: 

R9 Resistor: 

R10 Resistor: 

R 1 1  Resistor: 

Mfr* & Mfr's 
Description Designation 

fixed, paper, 2 mfd, 150 vdc R, 121P20591R5S2 

fixed, paper, 2 mfd, 150 vdc R, 121P20591R5S2 

fixed, ceramic, 0.1 mfd, 75 v E,  DDA-104 

fixed, ceramic, 0.1 mfd, 75 v E ,  DDA-104 

fixed,  e l ec t ro ly t i c ,  10 mfd, 50 vdc R, TVA 1304 

fixed, e l ec t ro ly t i c ,  5 mfd, 50 vdc R, TVA 1303 

fixed, e l ec t ro ly t i c ,  20 mfd, 50 vdc *R, TE 1305 

fixed, ceramic,. 02 mfd E ,  ID-02 

fixed, ceramic, 0.1 mfd, 75 v E ,  DDA-104 

fixed, ceramic, 0.1 mfd, 75 v E ,  DDA-104 

fixed, e l ec t ro ly t i c ,  10 mfd, 50 vdc R, TVA 1304 

fixed, paper, 1.5 mfd, 50 vdc A,  P1232N 

fixed, e l ec t ro ly t i c ,  1000 mfd, 6 vdc J, APD122 

fixed, composition, 500 ohms +lo%, 3w K,  PW-3 

fixed, composition, 500 ohms +lo%, 3 w K ,  PW-3 

fixed, composition, 1.2K -+lo%, 3 w K ,  PW-3 

fixed, composition 220 ohms +lo%, lp B 

fixed, composition, 220 ohms +lo%, lp B 

fixed, composition, 1.5K, +lo%, 3w K, PW-3 

fixed, composition, 1.5K, +lo%, 3w K,  PW-3 

resistance lamp U, GB13A 

fixed, cumposition, 10K, +lo%, lp B 

fixed, composition, l , O K ,  +5%, $v B 

fixed, composition, 100 ohms +lo% 3w K ,  PW-3 
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TABLE OF REPLACEABLE PARTS 

Circuit Mfr* & Mfr's 
Re f Description Designation 

R13 Resistor: fixed, composition, 2.OK +lo%, 3w K, Pw-3 

R14 Resistor: fixed, composition, 2.OK +lo%, 3w K, PW-3 

R15 Resistor: fixed, composition, 100 ohms +lo%, 3w K, PW-3 

R16 Resistor: fixed, composition, 2.OK +lo%, 3w K, PW-3 

R17 Resistor: fixed, composition, 1.OK +5%, lp B 

R19 Resistor: fixed, composition, 1.OK +lo%, 3w K,PW-3 

R20 Resistqr: fixed, composition, 2.OK +lo%, 3w K, PW-3 

R21 Resistor: fixed, composition, 2.OK +lo%, 3w K, PW-3 

R22 Resistor: fixed, composition, 220 ohms +lo%, * B 
R23 Resistor: fixed, composition, 220 ohms +lo%, * B 
R24 Resistor: fixed, composition, l.OK+lO%, 3w K, PW-3 

R25 Resistor: fixed, composition, 4.7K +lo%, 3p B 

R26 Resistor: fixed, composition, 22K +lo%, 3p B 

R27 Resistor: fixed, composition, 9.1K +5%, 3p B 

R28 Resistor: fixed, composition, 4.7K +lo%, 3p B 

R29a 
R29b Resistor: variable, three-ganged, wirewound, G, CM31536NP 
R29c 25k, 500 ohm, 2k 

R30 Resistor: fixed, composition, 7.5K *5.%, 3p B 

R31 Resistor: fixed, composition, 2.OK +lo% 3w K, Pw-3 

R32 Resistor: fixed, composition, 100 ohms +lo%, 3w K, PW-3 

R33 Resistor: fixed, composition, 900 ohms +lo%, 3w K, PW-3 

R34 Resistor: fixed, composition, 1.2K +lo%, 3w K, PW-3 

R35 Resistor: fixed, composition, 750 ohms +lo%, 5w K, PW-5 

R36 Resistor: fixed, composition, 100 ohms +lo%, 3p B 

R37 Resistor: fixed, composition, 2.OK +lo%, 3w K, PW-3 
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TABLE OF REPLACEABLE PARTS 

Circuit 
Ref 

58 

J9 

J10 

Jll 

512 

513 

T1 

T2 

S1 

Description 

Resistor: fixed, composition, 100 ohms +lo%, 3w 

Resistor: variable wirewound, 5K 

Resistor: fixed, composition, 30K +lo%, 

Resistor: variable, wirewound, 500 ohms 

Resistor: variable, wirewound, 5K 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Jack: telephone 

Inductor: 4 henry 

Inductor: 6 henry 

Switch: rotary 9 position, 6 pole (PULSES PER 
 SECOND^ 

Switch: rotary, 5 position, 12 pole (FUNCTION) 

Switch: rotary, 6 position, 14 pole (SEND & REC) 

Switch: rotary, 6 position, 6 pole (EXT DIAL) 

Mfr* & Mfr's 
Designation 

G, Series 39 

G, Series 39 
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TABLE OF REPLACEABLE PARTS 

Circuit 
Ref Description 

S5 Switch: key, telephone, 3 position (TEST 'DIAL 
OSC) 

S6 Switch: turnbutton, 2 position (SND SL-RT) 

S7 Switch: turnbutton, 2 position (SPARK SUP) 

S8 Switch: rotary, 4 position, 12 pole (METER 
CIRCUIT) 

S9 Switch: rotary, 6 position 8 pole (RECEIVE) 

S10 Switch: key, telephone, 3 position (ON-OFF HK 
LINE) 

S11 Switch: key, telephone, 3 position (ON-OFF HK 
DROP) 

K1 Relay: SPDT 

K2 Relay: SPDT, Polar 

K3 Relay: SPDT, Polar 

K4 Relay: SPDT 

K5 Relay: SPST, Reed Type 

K6 Relay: SPDT, 4R 

K7 Relay: SPDT 

CR1 Diode: silicon 

Ql Transis tor 

Q2 Transistor 

43 Transis tor 

Q4 Transistor 

Q5 Transistor 

Q6 Transis tor: power 

Meter: special 

Lamp: drop, pilot lamp assembly 

Lamp: line, pilot lamp assembly 

Mfr* & Wr's 
Desggnation 

S, 173D 

W, RS5D-2500 ohms 

P, 72AOZ- 1000 

P, 72AOZ- 1000 

W, RS5D-2500 ohms 

F, CRZ-1056 

P, 1200LG-SIL 

W, RS5D-2500 ohms 

U, IN2069 

V, 2N1375 

V, 2N1375 

V 2N1375 

V, 2N1375 

V, 2N1375 

D, 2N1136A 

NEC, 2032 

H, 105-4428-722 

H, 105-4428- 722 
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TABLE OF REPLACEABLE PARTS 

Circui t  
Ref Description 

Panel Receptacle: fo r  external  adapter 

Fuse Holder 

Printed Circui t  Board (A1117) 

Socket: 5 pin, ( 1  per s e t )  

Socket: 8 pin (2 per s e t )  

Knobs: (7  per s e t )  

Knobs : 

Fuse : 

Mfr* & Mfr's 
Designation 

NEC, 'ITS 26B 

The following par ts  are contained on the Model TTS 26B printed c i r c u i t  

board: 

C 1  Capacitor: f ixed,  e l ec t ro ly t i c ,  20 mfd, 25 vdc J ,  APD-046 

C 2  Capacitor: f ixed,  e l ec t ro ly t i c ,  100 mfd, 20 vdc J,  APD-095 

C3 Capacitor: f ixed,  e l ec t ro ly t i c ,  20 mfd, 25 vdc J, APD-046 

C4 Capacitor: f ixed,  paper, 1.5 mfd, 50 vdc A ,  P1232N 

C5 Capacitor: fixed, paper, 1.5 mfd, 50 vdc A ,  P1232N 

C6 Capacitor: f ixed,  e l ec t ro ly t i c ,  20 mfd, 25 vdc J, APD-046 

C 7  Capacitor: fixed, e l ec t ro ly t i c ,  20 mfd, 50 vdc R ,  TE 1305 

C8 Capacitor: f ixed,  e lec t ro ly t ic ,  100 mfd, 50 vdc J,  APD-127 

R14 Resistor: f ixed,  composition, 47K*10%, #w B 

R15 Resistor: variable,  wirewound, 400 ohms G, CM22425 

R16 Resistor: f ixed,  composition, 220 ohms *lo%, * B 

R17 Resistor: fixed, composition, 3.3K +lo% % B 

R18 Resistor: f ixed,  composition, 220 ohms *lo%, * B 

R19 Resistor: variable,  wirewound, 400 ohms G ,  CM22425 
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TABLE OF REPLACEABLE PARTS 

Circuit 
Ref Description 

R20 Resistor: fixed, composition, 1.OK +lo%, 

R21 Resistor: fixed, composition, lOOK *lo%, 4p 

R22 Resistor: fixed, composition, lOOK +lo%, 4p 

R23 Resistor: fixed, composition, 10K +lo%, 4p 

R24 Resistor: fixed, composition, 27K 510% 4p 

R25 Resistor: fixed, composition, 1 meg *lo% 4p 

R26 Resistor: fixed, composition, 390 ohms +lo%, 4p 

R27 Resistor: fixed, composition, 10K +lo%, 4p 

R28 Resistor: fixed, composition, 10K +lo%, 4p 

R29 Resistor: fixed, composition, 1.5K 510% lw 

R30 Resistor: fixed, composition, 1.2K +lo%, 4p 

R33 Resistor: fixed, composition, 1.OK 510% 4p 

R89 Lamp: tungsten (used as resistor) 4w, 120 vdc 

R90 Resistor: fixed, composition, 10K +lo%, 4p 

Mfr* & Mfr' s 
Designation 

*See List of Manufacturers Code Letters for Replaceable Parts Table 

Page 6 



LIST OF MANUFACTURERS CODE LETTERS 
FOR REPLACEABLE PARTS TABLE 

Code Letter 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

NEC 

0 

P 

R 

S 

T 

U 

v 
W 

Manufacturer 

Aerovox Corporation 

Allen-Bradley Company 

Amphenol Manufacturing Company 

Bendix Corporation 

Centralab 

C. P. Clare and Company 

Clarostat Manufacturing Company, Inc. 

Dialight Corporation 

Herzog Miniature Lamp Works, Inc. 

International Electronic Industries, Inc. 

International Resistance Company 

Kurz-Kasch, Inc . 
Littlefuse, Inc. 

Northeast Electronics Corporation 

Oak Manuf ac turing Company 

Sigma Instruments, Inc. 

Sprague Electric Company 

Stromberg-Carlson Company 

Switchcraft, Inc. 

Sylvania Electric Company 

Texas Instrments, Inc. 

Potter and Brumfield 


