
CIRCUIT DESCRIPTION 

POWER SYSTEMS 
SIGNALING CIRCUIT 

404 ( A , B , c , & D )  & 405 ( A , B , c & D )  
DIAL TONE GENERATORS 

FOR PBX 
"TOUCH-TONE" CALLING 

CHANGES 

B .  Changes i n  A p p a r a t u s  ( c o m p o n e n t s )  

B .1 Removed 

R e s i s t o r  R 1 3  
1 4 5 ~ ~  20kR 
CPS 3  

R e s i s t o r  ~ 1 4  
145A, 3160R 
CPS 3 

R e s i s t o r  R24 
145A, 20kR 
CPS 4 

R e s i s t o r  R25 
1 4 5 ~ ~  316on 
CPS 4 

CD-81719-01 
ISSUE 4 A  

APPENDIX 4 D  
DWG ISSUE 1 1 D  

DISTN CODE 1M99 

Rep laced  By 

R e s i s t o r  R13 
Ks-20810,LlA, 20kR 
CPS 3  

R e s i s t o r  ~ 1 4  
KS-20810,LlA, 3160R 
CPS 3 

R e s i s t o r  ~ 2 4  
KS-20810,LlA, 20kR 
cPS 4 

R e s i s t o r  R25 
KS-20810 ,~1A,  3160Q 
c p s 4  

D.  D e s c r i p t i o n  o f  Changes 

D . l  R e p l a c e d  t h e  1 4 5 ~  code  f o r  R13, R 1 4  o n  CPS 3 and  f o r  R24, 
R25 r e s i s t o r s  on c P S ~  b y  KS-20810, L1A c o d e .  The 145A 

c o d e  was r a t e d  "Mfr D i s c . "  No r e c o r d  o f  t h e  removed code  
w i l l  b e  m a i n t a i n e d .  Note 5 was added .  
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DISTN CODE 1M99 

POWER SYSTEMS 
SIGNALING CIRCUIT 

404 (A,B,C & D) & 405 ( A , B , C  & D) 
DIAL TONE GENERATOR 

FOR PBX 
"TOUCH TONE" CALLING 

CHANGES 

B. Changes i n  Apparatus  

B . l  Removed Replaced By 

RT1 The rmi s to r ,  RT1 The rmi s to r ,  
1 D  CPS 3 8E, CPS3 

RT1 The rmi s to r ,  RT2 The rmi s to r ,  
1 D  CPS 4 8E, CPS 4 

S 1  Swi t ch ,  
Ks-19636L5 

S1 Swi tch ,  
KS-19963~6 

D .  D e s c r i p t i o n  o f  Changes 

D . l  C i r c u i t  Note 103  i s  mod i f i ed .  

D . 2  R a t i n g  "MFR DISC." i s  removed from 404A and 
404B i n  Suppor t i ng  I n f o r m a t i o n  Tab l e .  

BELL TELEPHONE LABORATORIES, INCORPORATED 
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CIRCUIT DESCRIPTION 

POWER SYSTEMS 
SIGNALING CIRCUIT 

404 (A,B,C,&D) & 4 0 5  ( A , B , c & D )  
DIAL TONE GENERATORS 

FOR PBX 
"TOUCH-TONE" CALLING 

CHANGES 

B. C h a n g e s  i n  A p p a r a t u s  

B. 1 Removed 

R1 R e s i s t o r ,  CPSlA 
KS-14603,  L2A, 787R 

R1 R e s i s t o r ,  CPSlB 
KS-14603,  L2A, 787G 

R7 R e s i s t o r ,  CPS2A 
KS-14603,  L2A, 787Q 

R7 R e s i s t o r ,  CPS2B 
KS-14603,  L2A, 7 8 7 Q  

R4 R e s i s t o r ,  CPSlA 
KS-16313, L ~ A ,  34800R 

R5 R e s i s t o r ,  CPSlA 
KS-16313, L ~ A ,  187OOQ 

R4 R e s i s t o r ,  CPSlB  
KS-16313,  L ~ A ,  27100Q 

R5 R e s i s t o r ,  CPSlB  
KS-16313, L6A, 1 6 7 O O R  

R10 R e s i s t o r ,  CPS2A 
KS-16313,  L ~ A ,  4870052 

R e p l a c e d  By 

CD-81719-01 
ISSUE 4A 

APPENDIX 2D 
DWG ISSUE gD 

R1 R e s i s t o r ,  CPSlA 
KS-20289,  L5A, 787G 

R1 R e s i s t o r ,  CPSlB 
KS-20289,  L5A, 7 8 7 Q  

R7 R e s i s t o r ,  CPS2A 
KS-20289,  L5A, 787R 

R7 R e s i s t o r ,  CPS2B 
KS-20289,  L5A, 787G 

~4 R e s i s t o r ,  CPSlA 
KS-20810,  L ~ A ,  3 4 8 0 0 ~  

R5 R e s i s t o r ,  CPSlA 
KS-20810,  L l A ,  1 8 7 0 0 ~  

R4 R e s i s t o r ,  CPSlB 
KS-20810,  L l A ,  27100Q 

R5 R e s i s t o r ,  CPSlB 
KS-20810,  L l A ,  1 6 7 0 M  

R10 R e s i s t o r ,  CPS2A 
KS-20810,  L l A ,  4 8 7 0 M  

P r i n t e d  i n  U.S.A. P a g e  1 
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Removed R e p l a c e d  By 

R 1 1  R e s i s t o r ,  CPS2B R 1 1  R e s i s t o r ,  CPS2B 
KS-16313, L ~ A ,  1 5 0 0 0 Q  KS-20810, LlA, 15000Q 

C 1 1  C a p a c i t o r ,  CPS3 C 1 1  C a p a c i t o r ,  CPS3 
KS-19107, L5, 2 . 2 ~ ~  KS-20736, L8,  2.2uF 

C 1 3  C a p a c i t o r ,  c P S ~  C 1 3  C a p a c i t o r ,  c P S ~  
KS-19107, L5, 2.2uF KS-20736, L8,  2.2uF 

R3 R e s i s t o r ,  CPSlA, R3 R e s i s t o r ,  CPSlA, 
Z O p t i o n ,  Z O p t i o n ,  
1 0 6 ~ ~  536052 KS-20810, LlA, 5 3 6 ~ ~  

R 3  R e s i s t o r ,  CPSlB, R3 R e s i s t o r ,  CPSlB, 
Y O p t i o n ,  Y O p t i o n ,  
1 0 6 ~ ~  5 4 9 a  KS-20810, LlA, 549Q;l 

R g  R e s i s t o r ,  CPS2A, R9 R e s i s t o r ,  CPS2A, 
Z O p t i o n ,  Z O p t i o n ,  
1 0 6 ~ ,  511061 KS-20810, LlA, 511n 

R9 R e s i s t o r ,  CPS2B, R9 R e s i s t o r ,  CPS2B, 
Y O p t i o n ,  Y O p t i o n ,  
1 0 6 ~ ,  4 9 3 0 ~  KS-20810, LlA,  4 9 3 0 ~  

D .  D e s c r i p t i o n  o f  Changes 

D .  1 L i r c u i t  n o t e  1 0 3  was m o d i f i e d .  

D.2 On SD s h e e t  J4 a  d r a f t i n g  e r r o r  was c o r r e c t e d  
i n  M a n u f a c t u r i n g  R e f e r e n c e s  . 

D . 3  T i t l e  was changed.  

D . 4  C i r c u i t  n o t e  1 0 4  was m o d i f i e d .  

D .  5  Page  H 1  was added .  

BELL TELEPHONE LABORATORIES, INCORPORATED 
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CIRCUIT DESCRIPTION cD-81719-01 
ISSUE 4 A  

APPENDIX 1B 
IlwG ISSUE 8B 

POWER SYSTEMS 
SIQNALING CIRCUIT 
DIAL TONE GENERATOR 

FOR PBX 
"TOUCH- TONE" CALLING 

A. Changeti and Added Functions 

A . l  For use In oentral offices "Nu option Is added 
to provide a major alarm indication from the 

10B monitor. 

B. Chan~es in Apparatus 

B. 1 Removed 

C11 Capacitor, 
601~, 4pF - 
FS 4, CPS 3, 
"T" Option 

C13 Capacitor, 
601~, 4fl - 
FS 4, CPS 4, 
"T" Option 

Replaced By 

C11 Capacitor, 
KS-19107, L5, 
2.2pF - FS 4, 
CPS 3, "S" Option 

C13 Capacitor, 
KS-19107, L5, 
2.2@ - FS 4, 
CPS 4, "s" Option 

QT Relay, MB3 - OT Relay, MB3-A - 
FS 4, CP3 3, FS 4, CPS 3, 
"R" Option "Q1l Opt ion 

HLJlMl Relay, MA3 - HLVMl Relay, MA3-A - 
PS 4, CPS 3, FS 4, CPS 4, 
"R" Opt i on "Q1' Option 

TF Relay, MB3 - TF Relay, MB3-A - 
FS 4, CPS 4, FS 4, CPS 4, 
"R" option "Q" Opt i on 

HLVM2 Relay, MA3 - HLVM2 Relay, MA3-A - 
F8 4, CP8 4, F9 4, CPS 4, 
"R" Option "el1 option 

Printed in U.S.A. Page 1 
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D. D e s c r i p t i o n  of Changes 

D . l  C i r c u i t  Notes 102 and 103 were expanded. 

D.2 Equipment Note 204 Is r a t e d  "Mfr. D i s c . "  

D.3 Equipment Note 205 i s  added. 

D.4 A major  alarm i n d i c a t i o n  Is provided  by t h e  
tone  mon i to r  v l a  "D" l e a d ,  when used I n  c e n t r a l  

o f f i c e s  p e r  "Nit  Option.  

D.5 I n  FS 4, "Dl1 l e a d  i s  added. 

u .6  I n  FS 8, t h e  I'D" l e a d  i s  shown connected  t o  
t e r m i n a l  11 of P3 p e r  "N" Option.  

F. Change8 i n  D e s c r i p t i o n  of Opera t ion  

SECTION I - GENERAL DESCRIPTION 

F.l Add fo l lowing  a t  end  of  2.05: 

When used i n  c e n t r a l  o f f i c e  a p p l i c a t i o n  a ma jo r  
a l a r m  i s  provided  i f  both  g e n e r a t o r s  f a l l .  

SECTION I1 - DETAILED DESCRIPTION 

F.2 Add t h e  f o l l o w i n g  a t  end of  4.071 

When used i n  c e n t r a l  o f f i c e  a p p l i c a t i o n ,  I f  b o t h  
g e n e r a t o r s  f a l l  a major  alarm i s  p rov ided  by way of 
t h e  I'D"  l e a d  which p rov ides  a ground th rough  t h e  
4-make c o n t a c t  of HLVMl and H L W  r e l a y s  r e s p e c t i v e l y .  

BELL TELEPHONE LABORATORIES, INCORPORATED 

DEPT ~ ~ ~ ~ - J G S - J J S - E A A  
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CONTENTS PAGE i n  FS 2 .  T h e r e f o r e ,  t h e  f r e q u e n c y  gen- 
e r a t o r  i e  a  c o m p l e t e  e n t i t y .  i n  t h a t  i t  . . .  SECTION I - GENERAL DESCRIPTION. 1 o r o d u c e s  a 440 Hz s ine-wave o u t p u t  f rom 
a  -48V d c  i n p u t .  . . . . . . . .  1. PURPOSE OF CIRCUIT 1 
2 . 0 3  The o u t p u t s  o f  t h e  two f r e q u e n c y  

2 .  GENERAL DESCRIPTION OF OPERAVION . 1 g e n e r a t o r s ,  one  o p e r a t i n g  a t  350 Hz 
a n d  t h e  o t h e r  a t  440 Hz, a r e  a d d e d  i n  t h e  

SECTION I1 - DETAILED DESCRIPTION. . .  1 summing c i r c u i t ,  shown i n  FS 3 ,  t o  p r o -  
d u c e  t h e  d e s i r e d  d i a l  t o n e .  F i g .  FS 1 

1. 350 Hz FREQUENCY GENERATOR - FS 1. 1 t h r u  FS .3 c o n s t i t u t e  a  s i n g l e  d i a l  t o n e  
g e n e r a t o r  a n d  i s  coded  a s  a  404A o r  404C 

2 .  440 Hz FREQUENCY GENERATOR - FS 2 .  2  t o n e  g e n e r a t o r  f o r  c r o s s b a r  PBXs and  a  
404B o r  404D t o n e  g e n e r a t o r  f o r  s t e p -  

3 .  SUMMING CIRCUIT - FS 3  . . . . . .  2  b y - s t e p  PBXs. When d u p l i c a t e  d i a l  t o n e  
g e n e r a t o r s  ( o n l y  4048 o r  4 0 4 ~ )  a r e  f u r -  .. TONE MONITOR - FS 4. . . . . . . .  3 n i s h e d ,  b o t h  g e n e r a t o r s  o p e r a t e  c o n t i -  
n u o u s l y ,  b u t  o n l y  t h e  r e g u l a r  g e n e r a t o r  

5.  ROUTINE VOLTAGE CHECKS . . . . . .  4  GEN 1 f e e d s  t h e  l o a d .  

6 .  ADJUSTMENTS. . . . . . . . . . . .  4  2 .04  D u p l i c a t e  t o n e  m o n i t o r s  a r e  shown 
i n  FS 4 .  T h e r e  i s  o n e  v o l t a g e  

SECTION I11 - REFERENCE DATA . . . . .  5  m o n i t o r  f o r  e a c h  d i a l  t o n e  g e n e r a t o r  
( o n l y  when two d i a l  t o n e  g e n e r a t o r s  a r e  

1. WORKING LIMITS . . . . . . . . . .  5  f u r n i s h e d ) .  The m o n i t o r  w i l l  o p e r a t e  a  
r e l a y  i f  t h e  o u t p u t  v o l t a g e  s h o u l d  go 

2 .  FUNCTIONAL DESIGNATIONS. . . . . .  5  h i g h  o r  low.  

. . . . . . . . . . . .  3.  FUNCTIONS. 5  2 .05  The a u t o m a t i c  t r a n s f e r  c i r c u i t  f o r  
t h e  d i a l  t o n e  g e n e r a t o r s  i s  a l s o  . . . . . . .  4 .  CONNECTING CIRCUITS. 5 showen i n  FS 4 .  T h i s  c i r c u i t  t r a n s f e r s  

t h e  l o a d  t o  t h e  s p a r e  g e n e r a t o r  GEN 2  i n  
SECTION I V  - REASONS FOR REISSUE . . .  6  c a s e  t h e  r e g u l a r  g e n e r a t o r  f a i l s .  I t  

p r o v i d e s  an-audio-and a  v i s u a l  alarm i f  
e i t h e r  o r  b o t h  o f  t h e  r e g u l a r  a n d  s p a r e  
g e n e r a t o r s  f a i l .  The a u t o m a t i c  t r a n s f e r  
c i r c u i t  FS 4 a n d  t h e  t o n e  m o n i t o r s  FS 4  
c o n s t i t u t e  a  s i n g l e  10A o r  10B t o n e  

SECTION I - GENERAL DESCRIPTION m o n i t o r .  

1. PURPOSE OF CIRCUIT 2 .06  Two s e p a r a t e  -48V b a t t e r y  s u p p l y  
f u s e s ,  TTA a n d  TTB, a r e  r e q u i r e d  

1 . 0 1  To p r o v i d e  d i a l  t o n e  f o r  TOUCH-TONE? t o  p r o v i d e  power t o  t h e  350 Hz f r e q u e n c y  
c a l l i n g  i n  c r o s s b a r ,  s t e p - b y - s t e p  and g e n e r a t o r  a n d  t k e  440 Hz f r e q u e n c y  gen-  

t h e  800A PBXs. e r a t o r  r e s p e c t i v e l y .  When d u p l i c a t e  
d i a l  t o n e  g e n e r a t o r s  are f u r n i s h e d  f i v e  

2 .  GENERAL DESCRIPTION OF OPERATION f u s e s  a r e  r e q u i r e d ;  two TTA f u s e s ,  two 
TTB f u s e s ,  and  one F3 f u s e  t o  p r o v i d e  

2 . 0 1  The  350 Hz f r e q u e n c y  g e n e r a t o r  i s  shown power  t o  t h e  t o n e  m o n i t o r s  a n d  t h e  t r a n s  
i n  FS 1. The v a r i o u s  b i a s  v o l t a g e s  r e -  f e r  c i r c u i t .  Each -48V b a t t e r y  l e a d  h a s  

q u i r e d  i n  t h e  f r e q u e n c y  g e n e r a t o r  a r e  p r o v i d e d  i t s  own g r o u n d  l e a d  p a i r e d  w i t h  i t .  
by t h e  s h u n t  v o l t a g e  r e g ; l a t o r  shown i n  FS 1. 
T h e r e f o r e ,  t h e  f r e q u e n c y  g e n e r a t o r  i s  a  com- 
p l e t e  e n t i t y ,  i n  t h a t  it p r o d u c e s  a  350 Hz 
s ine -wave  o u t p u t  f rom a -48V d c  i n p u t .  

2 .02  T h e  440 Hz f r e q u e n c y  g e n e r a t o r  i s  shown 
i n  FS 2 .  The v a r i o u s  b i a s  v o l t a g e s  

r e q u i r e d  i n  t h e  f r e q u e n c y  g e n e r a t o r  a r e  p ro -  
v i d e d  by t h e  s h u n t  v o l t a g e  r e g u l a t o r  shown 

SECTION I1 - DETAILED DESCRIPTION 

1. 350 Hz FREQUENCY GENERATOR - FS 1 

1 . 0 1  The -13V a n d  - 2 6 ~  v o l t a g e s  a r e  
d e r i v e d  f rom t h e  z e n e r  d i o d e  s h u n t  

v o l t a g e  r e g u l a t o r ,  c o n s i s t i n g  o f  CR1 a n d  
CR2 z e n e r  d i o d e s ,  R 1  s e r i e s  r e s i s t o r ,  
a n d  C2 a n d  C3 c a p a c i t o r s .  b h e  z e n e r  
d i o d e s  a r e  13V 25 p e r c e n t ,  s o  t h e  -13V 
w i l l  b e  i n  t h e  r a n g e  1 2 . 3  t o  13.7V a n d  
t h e  - 2 6 ~  w i l l  b e  i n  t h e  r a n g e  2 4 . 7  t o  
27.3V. 

P r i n t e d  i n  U .  S .  A .  Page  1 
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1 . 0 2  The a d j u s t a b l e  b i a s  v o l t a g e  which sup- 
p l i e s  t h e  b i a s  t o  t h e  Q1 and Q2 o s c i l -  

l a t o r  t r a n s i s t o r s  i s  a d j u s t e d  t o  p r o v i d e  ap- 
p r o x i m a t e l y  t h e  v o l t a g e  v a l u e  shown i n  FS 1, 
w i t h  r e s p e c t  t o  t h e  -13 v o l t  o u t p u t ,  depend- 
i n g  on t h e  o p t i o n  f u r n i s h e d .  T h i s  i s  accom- 
p l i s h e d  by a d j u s t i n g  t h e  BIAS ADJ 1 p o t e n t i o -  
m e t e r .  

1 . 0 3  The 81 and Q3 t r a n s i s t o r s  a r e  c o n n e c t e d  
i n  t h e  D a r l i n g t o n  compound c o n n e c t i o n  

f o r  t h e  p u r p g s e  o f  o b t a i n i n g  an e q i t i v a l e n t  
t r a n s i s t o r  h a v i n g  a  c u r r s n t  g a i n  a very c l o s e  
t o  u n i t y  (minimum combined a = 0.9996 f o r  min- 
imum i n d i v i d u a l  a = 0 . 9 8 ) .  The e q u i v a l e n t  
t r a n s i s t o r  t h e r e b y  d e r i v e d  i s  used  a s  t h e  
f i r s t  s t a g e  H a r t l e y  o s c i l l a t o r  t r a n s i s t o r .  
The o s c i l l a t o r  h a s  a second  s t a g e  c o n s i s t i n g  
o f  Q3 and Q4 t r a n s i s t o r s  connec ted  as a c l a s s  
B a m p l i f i e r .  P a r t  s f  t h e  out ; ;ut  o f  t h i s  am- 
p l i f i e r  i s  u s e d  t o  p r o v i d e  p o s i t l v e  feedback  
t h r o u g h  8 3  r e s i s t o r  t o  s u s t a i n  o s c i l l a t i o n s .  
The R 4  a n 3  35 r e s i s t o r s  p r o v i d e  t e m p e r a t u r e  
s t a b i l i z a t i o n  t o  compensate  f o r  t h e  e f f e c t s  

o f  IcboV The L1  i n d u c t o r  end C 4  c a p e c i t o r  
a r e  c o n n e c t e d  i n  p a r a l l e l  and r e p r e s e n t  t h e  
o s c i l l a t o r  t a n k  c i r c u i t  which i s  d e s i g n e d  t o  
o s c i l l a t e  a t  350 Hz. The a m p l i t u d e  l i m i t i n g  
and t h u s  t h e  magni tude  o f  o u t p u t  v o l t a g e  i s  
c o n t r o l l e d  by t h e  a d j u s t a b l e  b i a s  v o l t a g e  ap- 
p l i e d  t o  t h e  c o l l e c t o r s  o f  Q1 and Q2 t r a n s i s -  
t o r s .  The o u t p u t  o f  t h e  f r e q u e n c y  g e n e r a t o r  
i s  a 350 Hz sine-wave w i t h  a  t o t a l  harmonic 
d i s t o r t i o n  c o n t e n t  a t  l e a s t  45 dB down from 
t h e  f u n d a m e n t a l .  

2 .  440 Hz FREQUENCY GENERATOR - FS 2 

2 . 0 1  The d e s c r i p t i o n  o f  t h e  440 Hz f requency  
g e n e r a t o r  i s  i d e n t i c a l  t o  t h a t  g i v e n  

f o r  t h e  350 Hz f r e q u e n c y  e x c e p t  f o r  t h e  f r e -  
quency o f  o s c i l l a t i o n  440 Hz which i s  o b t a i n e d  
by u s i n g  a  l o w e r  i n d u c t a n c e  v a l u e  i n  t h e  t a n k  
c i r c u i t  i n d u c t o r ,  t h e  r e s i s t a n c e  v a l u e  o f  s e v -  
e r a l  r e s i s t o r s ,  and t h e  component d e s i g n a t i o n  
numbers. 

3 .  SUMMING CIRCUIT - FS 3  

3 .01  The s ine-wave o u t p u t s  from t h e  two f r e -  
quency  g e n e r a t o r s  d e s c r i b e d  above a r e  

f e d  i n t o  a summing c i r c u i t  FS 3  t o  produce 
t h e  d e s i r e d  TOUCH-TONE d i a l  t o n e  s i g n a l .  
The r e s u l t i n g  d i a l  t o n e  s i g n a l  wave form re -  
sembles  a n  a m p l i t u d e  modula ted  s i g n a l  b u t  
i n  f a c t  c o n t a i n s  no m o d u l a t i o n  p r o d u c t s ,  be- 
c a u s e  i t  i s  p r o d u c e d  by t h e  phenomena o f  b e a t -  
i n g  two f r e q u e n c i e s  w i t h  e a c h  o t h e r .  The 
a m p l i t u d e  o f  t h e  d i a l  t o n e  s i g n a l  v a r i e s  a s  
t h e  d i f f e r e n c e  f r e q u e n c y  and  b o t h  f r e q u e n c i e s  
a r e  p r e s e n t  w i t h i n  t h e  e n v e l o p e ,  however, 
t h e r e  a r e  no p r o d u c t  o r  sum f requency  compo- 
n e n t s .  The summing c i r c u i t  c o n s i s t s  o f  a  
t h r e e  winding  t r a n s f o r m e r  T1, C l O A  and C l O B  
b l o c k i n g  c a p a c i t o r s ,  a  Cg d i s t o r t i o n  r e d u c i n g  
c a p a c i t o r ,  and  a R6 r e s i s t o r .  The o u t p u t  o f  
t h e  350 Hz f r e q u e n c y  g e n e r a t o r  i s  f e d  i n t o  
t e r m i n a l  1 o f  p r i m a r y  winding  (1-2) o f  T1 
t r a n s f o r m e r ,  and  t h e  o u t p u t  o f  t h e  440 Hz, i s  

f e d  i n t o  t e r m i n a l  6 o f  p r imary  w i n d i n g  (5-6). 
Termina ls  2 and 5 a r e  a c  coupled  by two, 
2000 pF e l e ~ t r o l y t i c ,  b l o c k i n g  c a p a c i t o r s .  
T h e r e f o r e ,  under  normal o p e r a t i n g  c o n d i t i o n s ,  
t h e  o u t p u t  of  one f requency  g e n e r a t o r  p a s s e s  
th rough  a  p r imary  winding ,  two c a p a c i t o r s ,  
a  second  pr imary  winding  and t h e n  i n t o  t h e  
o t h e r  f r e q u e n c y  g e n e r a t o r  i n  o r d e r  t o  r e t u r n  
t o  ground and i n  t u r n  t o  i t s  own a c  ground 
-13V d c .  The R6 r e s i s t o r  h a s  no e f f e c t  on 
t h e  o u t p u t  v o l t a g e  produced under  normal 
o p e r a t i n g  c o n d i t i o n s  because  o f  i t s  r e l -  
a t i v e l y  h i g h  impedance t o  ground compared 
t o  t h e  ground r e t u r n  impedance p r e s e n t e d  
by t h e  o t h e r  f requency  g e n e r a t o r .  The C 9  
c a p a c i t o r  a l s o  h a s  no e f f e c t  on t h e  o u t p u t  
v o l t a q e  under  normal o p e r a t i n g  c o n d i t i o n s ,  . 
because i t s  impedance i s  r e l a t i v e l y  h i g h  
comparei  t o  t h e  p r imary  windings  of  T1 t r a n s -  
fo rmer  s n d  C l Q A  arid C l O B  c a p a c i t o r s .  The 
C9 c a p a c i t o r  r e d u c e s  t h e  harmonic d i s t o r t i o n  
produced b y  t h e  T1 t r a n s f o r m e r  b y  t u n i n q  out 
t h e  t r a n s f o r m e r  e x c i t a t i o n  c u r r e n t s .  How- 
e v e r ,  i n  t h e  e v e n t  o f  a  c i r c u i t  f a i l u r e  i n  
one o f  t h e  g e n e r a t o r s  s r  t r a n s f o r m e r  p r imary  
windings ,  t h e  impedance of t h e  ground r e t u r n  
f o r  t h e  o t h e r  g e n e r a t o r  would be a f f e c t e d  
and p o s s i b l y  become i n f i n i t e ,  t h e r e b y  t e n d i n g  
t o  cause  a  p a r t i a l  o r  comple te  d i a l '  t o n e  
f a i l u r e .  The R6 r e s i s t o r  s e r v e s  t o  a v o i d  a  
comple te  d i a l  t o n e  f a i l u r e .  This  i s  
accompl i shed  by p r o v i d i n g  a  r e l i a b l e  ground 
r e t u r n  t h r o u g h  R6 r e s i s t o r  f o r  t h e  s u r v i v i n g  
f requency  g e n e r a t o r .  

3.02 The w o r s t  c a s e  o c c u r s  when t h e  c i r c u i t  
f a i l u r e  opens t h e  ground r e t u r n .  The 

summing c i r c u i t  t h e n  changes i t s  mode o f  
o p e r a t i o n  and t h e  o u t p u t  o f  t h e  s u r v i v i n g  
f requency  g e n e r a t o r  p a s s e s  th rough  o n l y  one 
pr imary  w i n d i n g ,  one b l o c k i n g  c a p a c i t o r  and 
R6 r e s i s t o r  i n  o r d e r  t o  r e t u r n  t o  g round .  
The o u t p u t  of  t h e  s u r v i v i n g  f r e q u e n c y  gener -  
a t o r  a l s o  p a s s e s  th rough  C 9  c a p a c i t o r ,  t h e  
o t h e r  p r imary  winding ,  t h e  o t h e r  b l o c k i n g  
c a p a c i t o r  and R6 r e s i s t o r  t o  ground.  T h i s  
s i g n a l  p a t h  c o n t r i b u t e s  a b o u t  12 p e r c e n t  o f  
t h e  o u t p u t  v o l t a g e .  

3 .03  Under t h e s e  c o n d i t i o n s  t h e  d i a l  t o n e  
c o n s i s t s  o f  one f requency  ( e i t h e r  350 

Hz o r  440 Hz) and t h e  t r a n s f o r m e r  t u r n s  r a t i o  
changes from a b o u t  3 . 2 : l  t o  1 . 6 : l .  The o u t -  
p u t  v o l t a g e  p r o v i d e d  under  t r o u b l e  c o n d i t i o n s  
i s  d e t e r m i n e d  by t h e  v a l u e  o f  R6 r e s i s t o r  and 
t h e  change i n  t h e  t r a n s f o r m e r  t u r n s  r a t i o .  
The R6 r e s i s t o r  and t h e  t r a n s f o r m e r  p r imary  
winding a s s o c i a t e d  w i t h  t h e  s u r v i v i n g  f r e -  
quency g e n e r a t o r  r e p r e s e n t  a v o l t a g e  d i v i d e r .  
T h e r e f o r e ,  under  t r o u b l e  c o n d i t i o n s  a  wide  
range  o f  ( s i n g l e  f r e q u e n c y )  o u t p u t  v o l t a g e  
l e v e l  may be  o b t a i n e d  by d e s i g n .  T h i s  i n -  
vo lves  c h o o s i n g  t h e  p r o p e r  r e s i s t a n c e  v a l u e  
f o r  R6 r e s i s t o r .  The d i a l  t o n e  s i g n a l  o u t p u t  
i s  s i n g l e - s i d e d  and unba lanced  w i t h  t h e  t o n e  
super imposed  on ground and a p p e a r s  a c r o s s  
t e r m i n a l s  7 and 8  of  T1 t r a n s f o r m e r .  

3.04 The t o n e  g e n e r a t o r  i s  s e l f - p r o t e c t i n g ,  
i n  t h a t ,  an a c c i d e n t a l  s h o r t  c i r c u i t  

a p p l i e d  a c r o s s  t e r m i n a l s  7 and 8  o f  T1 t r a n s -  
fo rmer  w i l l  n o t  r e s u l t  i n  any damage. 
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4. TONE MONITOR - FS 4  

4.01 The t o n e  moni tor  c i r c u i t  i s  provided  
on ly  when d u p l i c a t e  d i a l  t o n e  genera-  

t o r s  a r e  f u r n i s h e d  i n  l a r g e  step-by-step PBXs, 
and  t h i s  combina t ion  of t one  g e n e r a t o r s  and 
mon i to r  c i r c u i t  coded a s  a  405A o r  4 0 5 ~  t o n e  
g e n e r a t o r .  Under t h i s  p r o v i s i o n  one t o n e  
v o l t a g e  mon i to r  i s  p rov ided  f o r  each  o f  t h e  
g e n e r a t o r s .  Both moni tors  a r e  i d e n t i c a l ,  
t h e r e f o r e ,  t h e  o p e r a t i o n  o f  only one o f  t h e  
mon i to r s  w i l l  Be g iven .  The t e s t  s i g n a l  TTb 
i s  f e d  i n  t h rough  t h e  HLV @V 1 p o t e n t i o m e t e r  
t o  a  v o l t a g e  d o u b l e r  r e c t i f i e r  made up o f  CR5 
and  CR6 d i o d e s  and CI.1 and C12 c a p a c i t o r s .  
The r e s u l t i n g  dc  s i g n a l ,  w i th  t h e  p o l a r i t y  
shown, i s  f e d  t o  t h e  b a s e  o f  Q9 t r a n s i s t o r ,  
which i s  t h e  s i g n a l  h a l f  o f  a  d i f f e r e n t i a l  
a m p l i f i e r .  The b a s e  t o  e m i t t e r  j u n c t i o n  o f  
Q9 i s  forward  b i a s e d  s o  t h a t  c o l l e c t o r  cur -  
r e n t  f lows  t h rough  R19 r e s i s t o r  t o  -25V. 
The baae  o f  Q10 t r a n s i s t o r  i s  clamped, w i t h  
r e s p e c t  t o  ground,  a t  about  1.6V by CR7 
z e n e r  d iode ,  and t h e  v o l t a g e  d i v i d e r  a c r o s s  
i t ,  made up o f  R16 r e s i s t o r  and t h e  HLV REF 
1 p o t e n t i o m e t e r .  Thus,  Q10 t r a n s i s t o r  i s  
a l s o  forward  b i a s e d ,  s o  c o l l e c t o r  c u r r e n t  
f l ows  t h rough  R20 r e s i s t o r  t o  -25V. A b r i d g e  
a r rangement  is  formed by Q9 and Q10 t r a n a i s -  
t o r s  and R19 and R20 r e s i s t o r s .  The H L V l  
r e l a y  winding  i s  connected  a c r o s s  t h e  b r i d g e .  
When t h e  d i a l  t one  s i g n a l  i s  a t  i t s  nominal  
l e v e l ,  t h e  r e l a y  winding  has  approximate ly  
2V a c r o s s  i t ,  w i t h  p o l a r i t y  p l u s  t o  minus 
from TP13 and TP14. Th i s  i n i t i a l  unbalance 
is  n e c e s s a r y  i n  o r d e r  t o  o b t a i n  a l a rm  l i m i t s  
t h a t  a r e  summet r i ca l  w i t h  t h e  nominal d i a l  
t o n e  l e v e l .  The c i r c u i t  unbalance i s  o b t a i n -  
e d  by a d j u s t i n g  t h e  ba se  d r i v e  t o  Q9 t r a n s i s -  
t o r  by means o f  t h e  HLV LEV 1 p o t e n t i o m e t e r .  

4.02 The .-25V is  d e r i v e d  f r o g  -48V by a  
z e n e r  d iode  shun t  v o l t a g e  r e g u l a t o r .  

The r e g u l a t o r  c o n s i s t s  o f  R22 r e s i s t o r ,  CR8 
z e n e r  d iode  and RV1 t h r u  RV3 v a r i s t o r s .  
The v a r i s t o r s  a r e  s t r a p p e d  o u t  as r e q u i r e d  
i n  o r d e r  t o  p r o v i d e  a  c l o s e r  t o l e r a n c e  on 
t h e  -25V t h a n  i s  p rov ided  by t h e  *5 p e r c e n t  
-24 v o l t  z e n e r  d i o d e .  

4.03 I f  t h e  TT4 v o l t a g e  shou ld  become h igh ,  
t h e  v o l t a g e  a c r o s s  C12 c a p a c i t o r  w i l l  

become h i g h e r ,  i n c r e a s i n g  t h e  b a s e  d r i v e  t o  
Q9 t ~ a n s i s t o r  and  t h u s ,  i n c r e a s i n g  i t s  co l -  
l e c t o r  c u r r e n t  and d e c r e a s i n g  i t s  c o l l e c t o r  
t o  e m i t t e r  v o l t a g e .  The i n c r e a s e  o f  99 t r a n -  
s i s t o r  c o l l e c t o r  c u r r e n t  w i l l  i n c r e a s e  t h e  
v o l t a g e  drop  a c r o s s  R18 r e s i s t o r .  Th i s  v o l t -  
age  i s  p l u s  t o  minus from ground t o  t h e  emlt-  
t e r  o f  Q10 t r a n s i s t o r .  The forward b i a s  f o r  
Q10 t r a n s i s t o r  w i l l  d e c r e a s e ,  due t o  t h e  
i n c r e a s e d  v o l t a g e  d rop  a c r o s s  R18 r e s i s t o r ,  
and t h e r e f o r e ,  declrease i t s  c o l l e c t o r  c u r r e n t  
and i n c r e a s e  i t s  c o l l e c t o r  t o  e m i t t e r  v o l t a g e .  
I f  t h e  c o l l e c t o r  t o  e m i t t e r  vo l t age  o f  Q9 
t r a n s i s t o r  d e c r e a s e s  and t h a t  o f  910 t r a n s i s -  
t o r  i n c r e a s e s ,  t h e r e  w i l l  be an  i n c r e a s e  i n  
t h e  v o l t a g e  unbalance  a c r o s s  t h e  HLVEll r e l a y .  
When t h e  unbalance  becomes g r e a t  enough, t h e  
HLVMl r e l a y  w i l l  o p e r a t e .  

4.04 I n  a  s i m i l a r  manner i f  t h e  TTR v o l t a g e  
should  become low, Q9 t r a n s i s t o r  v i i l l  

s t a r t  t o  t u r n  o f f  ( i n c r e a s e  i t s  c o l l e c t o r  t o  
e m i t t e r  v o l t a g e ) .  With t h e  r e s u l t i n g  reduc- 
t i o n  i n  i t s  c o l l e c t o r  c u r r e n t ,  t h e  v o l t a g e  
drop  a c r o s s  R18 w i l l  become s m a l l e r .  The 
r e a u l t  i s  t h a t  t h e  forward b i a s  t o  Q10 W i l l  
i n c r e a s e .  The i n c r e a s e  o f  base  c u r r e n t  t o  
Q10 w i l l  i n c r e a s e  i t s  c o l l e c t o r  c u r r e n t  and 
dec rea se  i t s  c o l l e c t o r  t o  e m i t t e r  v o l t a g e .  
S i n c e  t h e  v o l t a g e  a c r o s s  Q9 i s  i n c r e a s i n g  . 
and t h a t  a c r o s s  Q10 i s  d e c r e a s i n g ,  t h e  r e s u l t  
i n g  unbalance o f  v o l t a g e  a c r o s s  t h e  HLVMl 
r e l a y  w i l l  cause it t o  o p e r a t e .  

4.05 When t h e  v o l t a g e  moni tor  HLVMl r e l a y  
o p e r a t e s ,  a  h o l d i n g  ground through t h e  

2-break c o n t a c t  on t h e  HLVMl r e l a y  i s  removed 
s o  t h a t  QT r e l a y  can o p e r a t e .  The 1-make 
c o n t a c t  c l o s e s  a  ground t o  HLW1 lamp which 
t h e n  l i g h t s .  When t h e  v o l t a g e  moni tor  HLVM2 
r e l a y  o p e r a t e ,  a  ho ld ing  ground through t h e  
2-break c o n t a c t  on t h e  HLVM2 r e l a y  i s  removed 
s o  t h a t  TF r e l a y  can o p e r a t e .  The 1-make con- 
t a c t  c l o s e s  a  ground t o  t h e  HLVM2 lamp which 
t h e n  l i g h t s .  

4.06 Under normal o p e r a t i n g  c o n d i t i o n s ,  
w i th  GEN 1 supp ly ing  t h e  l o a d ,  GT r e l a y  

i s  r e l e a s e d .  It i s  shun ted  down t o  ground 
through i t s  low 5-break c o n t a c t ,  t h e  "AUTO" 
p o s i t i o n  c o n t a c t  of  t h e  S1  TRFR s w i t c h  and 
t h e  number 2-break c o n t a c t  o f  HLVMl r e l a y .  
I f  HLVMl r e l a y  i n  moni tor  1 shou ld  o p e r a t e  
due t o  a  t r o u b l e  i n  t h e  QEN 1 r e g u l a r  gener-  
a t o r ,  t h e  h o l d i n g  ground w i l l  be  removed. 
The GT r e l a y  w i l l  t h e n  o p e r a t e  t h rough  GT 
r e s i s t o r  and t h e  RT1 t h e r m i s t o r .  The RT1 
t h e r m i s t o r  w i l l  de l ay  t h e  o p e r a t e  o f  t h e  QT 
r e l a y  about  2  seconds and t h e n  i t  i s  s h o r t e d  
o u t  by t h e  4-make c o n t a c t  on QT r e l a y  when 
QT r e l a y  o p e r a t e s .  When t h e  GT r e l a y  oper-  
a t e s ,  t h e  l e a d  t r a n s f e r s  t o  GEN 2 ,  t h e  QT 
lamp l i g h t s  and t h e  p a r a l l e l  h o l d i n g  ground 
f o r  t h e  TF r e l a y ,  provided  by t h e  GT r e l a y  
6-break c o n t a c t  i s  removed. Also t h e  GT 
r e l a y  l o c k s  up i n  t h e  ope ra t ed  p o s i t i o n  due 
t o  i t s  own 5-break c o n t a c t .  The TF r e l a y  
w i l l  o p e r a t e  through TF r e s i s t o r  and RT 2  
t h e r m i s t o r .  The RT2 t h e r m l a t o r  w i l l  de l ay  
t h e  o p e r a t e  o f  t h e  TF r e l a y  by about  2  s ec -  
onds and t h e n  i t  w i l l  be  s h o r t e d  o u t  by t h e  
4-make c o n t a c t  on t h e  TF r e l a y  when TF r e l a y  
o p e r a t e s .  When t h e  TF r e l a y  o p e r a t e s ,  i t  
p rov ides  a  ground, through i t s  3-make con- 
t a c t  over  t h e  "CAP" l e a d  t o  t h e  MISC ALM CKT 
t o  p rov ide  a  minor v i s u a l  a la rm.  It a l s o  
p rov ides  a  ground through i t s  2-make c o n t a c t  
o v e r  t h e  "F" l e a d  t o  t h e  a l a rm  c i r c u i t  t o  
p rov ide  a  minor a la rm.  A f t e r  t h e  t r o u b l e  
ha s  been c l e a r e d  t h e  c i r c u i t  can be r e s t o r e d  
by momentarily o p e r a t i n g  t h e  S2 RST s w i t c h ,  
which s h u n t s  down t h e  QT r e l a y  and p l a c e s  i t  
back under t h e  c o n t r o l  o f  t h e  moni tor  1 r e -  
l a y .  The l o a d  may be  manually t r a n s f e r r e d  
t o  QEN 2  by o p e r a t i n g  t h e  S1  TRFR swi t ch  and 
r e s t o r e d  by momentari ly o p e r a t i n g  t h e  S2 RST 
swi t ch .  Although t h e  6-break c o n t a c t  o f  t h e  
OT r e l a y  which s h u n t s  down t h e  TF r e l a y  i s  
removed by t h e  o p e r a t i o n  o f  t h e  S1 TRFR 
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s w i t c h .  No v i s u a l  o r  a u d i b l e  a l a r m  w i l l  oc- 
c u r  b e c a u s e  t h e  3 1  TRFR s w i t c h  p r o v i d e s  a  
s e t  o f  c o n t a c t s  Oo p a r a l l e l  t h e  6-break con- 
t a c t  o f  t h e  GT r e l a y .  However, when t h e  S 1  
TRFR s w i t c h  i s  p u t  back  t o  i t s  "NOR" p o s i -  
t i o n  t h e  GT r e l a y  r e m a i n s  o p e r a t e d ,  s o  no 
more t h a n  1 .5  t o  2 seconds  s h a l l  e l a p s e  be- 
f o r e  o p e r a t i n g  t h e  S2 RST s w i t c h ,  t o  r e s h u n t  
down t h e  GT r e l a y ,  which s h u n t s  down t h e  TF 
r e l a y  o r  e l s e  an a l a r m  w i l l  o c c u r .  

4 .07 The TF r e l a y  i s  normal ly  s h u n t e d  down 
t o  ground by t h e  2-break c o n t a c t  on 

t h e  HLVM2 r e l a y  i n  s e r i e s  w i t h  t h e  6-break 
c o n t a c t  on t h e  GT r e l a y .  I f  GEN 1 i s  oper-  
a t i n g  n o r m a l l y  and GEN 2  s h o u l d  f a i l ,  oper-  
a t i n g  t h e  HLVM2 r e l a y ,  TF r e l a y  w i l l  o p e r a t e  
and p r o v i d e  t h e  minor  a l a r m s  d e s c r i b e d  above 
i n  4 . 0 6 .  

5 .  ROUTINE VOLTAGE CHECKS 

G e n e r a t o r s  

I n s e r t  f u s e  d e s i g n a t i o n  F3. Remove t h e  TTA 
I n p u t  f u s e  f e e d i n g  t h e  350 Hz f r e q u e n c y  gen- 
e r a t o r  o f  t h e  r e g u l a r  g e n e r a t o r .  V e r i f y  t h a t  
t h e  HLVMl and GT lamp l i g h t s .  To v e r i f y  t h a t  
t h e  s p a r e  g e n e r a t o r  i s  now f e e d i n g  t h e  l o a d :  

( a )  Connect t h e  VOM meter  t o  t h e  t o n e  d i s -  
t r i b u t i n g  c i r c u i t  and v e r i f y  t h a t  t h e  

v o l t a g e  i s  between 2.05 and 2.30V. 

( b )  I n s t a l l  TTA i n p u t  f u s e  f e e d i n g  t h e  350 
Hz f requency  g e n e r a t o r .  

( c )  Opera te  t h e  S2 RST s w i t c h  t o  r e s t o r e  
t h e  c i r c u i t  t o  t h e  r e g u l a r  g e n e r a t o r .  

( d )  The HLVMl and GT lamps s h o u l d  e x t i n g u i s h .  

( e l  V e r i f y  t h a t  t h e  v o l t a g e  i s  between 2 .05  
and 2.30V. 

( f )  O p e r a t e  t h e  S1 GEN TRFR s w i t c h  t o  b r i n g  
i n  t h e  s p a r e  g e n e r a t o r .  

5  . O 1  These g e n e r a t o r s  a r e  f a c t o r y  a d j u s t e d  ( g )  Remove t h e  TTA i n p u t  f u s e  f e e d i n g  t h e  
and n o r m a l l y  s h o u l d  n o t  r e q u i r e  f i e l d  s p a r e  350 Hz f requency  g e n e r a t o r .  

a d j u s t m e n t .  The f o l l o w i n g  v o l t a g e  measure- 
ments  w i l l  v e r i f y  t h e  f a c t o r y  a d j u s t m e n t .  ( h )  V e r i f y  t h a t  t h e  HLVM2 lamp l i g h t s .  
The t e s t  equ ipment  r e q u i r e d  t o  per form t h e  
t e s t s  d e s c r i b e d  below a r e  a s  f o l l o w s :  ( I )  Opera te  t h e  52 RST s w i t c h  t o  r e s t o r e  

t h e  c i r c u i t  t o  t h e  r e g u l a r  g e n e r a t o r .  
( a )  One KS-14510, L1 vol t-ohm-mil l lammeter  

(VOM), 3V a c  s c a l e  o r  e q u i v a l e n t .  ( j )  The HLVM2 lamp s h o u l d  e x t i n g u i s h .  

( b )  Remove a l l  s u p p l y  and d i s c h a r g e  f u s e s .  6 .  ADJUSTMENTS 

( c )  I n s t a l l  TTA i n p u t  f u s e  f e e d i n g  t h e  
350 Hz f r e q u e n c y  g e n e r a t o r .  

( d )  V e r i f y  t h a t  1 .30  t o  1.55V " Z "  o p t i o n s  
and 1 . 6 0  t o  1.85V "Y" o p t i o n ,  e x i s t s  

between T P l l  and TP4 p i n  j a c k s .  

( e )  Remove t h e  TTA f u s e  f e e d i n g  t h e  350 Hz 
f r e q u e n c y  g e n e r a t o r  and i n s e r t  t h e  TTB 

f u s e  f e e d i n g  t h e  440 Hz f requency  g e n e r a t o r .  

( f )  V e r i f y  t h a t  0.95 t o  1.20V "Z" o  p t i o n  
and 1 . 6 0  t o  1.85V "Y"  o p t i o n ,  e x i s t s  

between T P l l  and T P ~   in S a c k s ,  

6 . 0 1  I f  t h e  g e n e r a t o r s  do n o t  meet t h e  v o l t -  
age  measurements a s  o u t l i n e d  i n  5 . 0 1 ,  

t h e n  t h e y  must be  a d j u s t e d  p e r  t h e  f o l l o w i n g  
p r o c e d u r e ;  

( a )  I n s e r t  a r e s i s t o r  i n  t h e  v i c i n i t y  o f  
35 kfi t o  50 kfi between T R ~  and TP10 p i n  

j a c k s .  

( b )  Connect a  thermocouple  v o l t m e t e r  w i t h  
a  3 - v o l t  s c a l e  (Weston Model 622 o r  

e q u i v a l e n t ) ,  between T P l l  and TP4 p i n  
j a c k s  . 

- - 
( c )  Adjus t  t h e  BIAS A D J  1 p o t e n t i o m e t e r  

( g )  I n s t a l l  t h e  TTA f u s e  f e e d i n g  t h e  350 Hz t o  p r o v i d e  1 .41-vol t  r m s  f o r  t h e  " 2 "  
f r e q u e n c y  g e n e r a t o r .  o p t i o n  and 1 . 7 0 - v o l t  rms f o r  t h e  "Y" o p t i o n .  

( h )  V e r i f y  t h a t  1 .50 t o  1.75V " Z "  o p t i o n  ( d )  Remove t h e  r e s i s t o r  from TP8 and TPlO 
and 2 .05  t o  2.30V "Y" o p t i o n ,  e x i s t s  p i n  j a c k s  and i n s e r t  i t  between TP3 

between T P l l  and TP4 p i n  J a c k s .  and TP5 p i n  j a c k s .  

Note: I f  d u p l i c a t e  g e n e r a t o r s  a r e  ( e )  AdJust  BIAS A D J  2  p o t e n t i o m e t e r  t o  p ro-  
f u r n i s h e d ,  t h e  above t e s t s  s h o u l d  v i d e  1 .06-vol t  r m s  f o r  t h e  " Z "  o p t i o n  
be  p e r f o r m e d  on e a c h  u n i t .  and 1 . 7 0 - v o l t  rms f o r  t h e  ' l Y U  o p t i o n .  

M o n i t o r s  ( f )  Remove t h e  r e s i s t o r  from TP3 and TP5 
p i n  J a c k s .  

5 .02  These m o n i t o r s  a r e  f a c t o r y  a d J u s t e d  
and n o r m a l l y  s h o u l d  n o t  r e q u i r e  f i e l d  ( g )  The v o l t a g e  measured s h a l l  be 1 . 7 5  

a d j u s t m e n t .  The f o l l o w i n g  v o l t a g e  measure- k0 .01  v o l t  rms f o r  t h e  " Z "  o p t i o n  and 
ments  w i l l  v e r i f y  t h e  f a c t o r y  a d j u s t m e n t .  2.40 + 0 ,  -0.03 v o l t  r m s  f o r  t h e  "Y" o p t i o n .  
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6.02 I f  t h e  m o n i t o r s  d o  n o t  meet t h e  v o l t a g e  ( b )  e: 
measurements  o u t l i n e d  i n  5 .02 ,  t h e n  

t h e y  mus t  b e  a d j u s t e d  p e r  t h e  f o l l o w i n g  p ro-  350 Hz - 1.58V r m s  
c e d u r e  : 440 Hz - 1.58V rms 

Combined - 2.24V 29  p e r c e n t  r m s  
( a )  V e r i f y  t h a t  2.40 +0, -0.03 v o l t  r m s  Maximum l o a d  1 0 8  c o n n e c t i o n s  o f  

e x i s t s  be tween  T P l l  and TP4 p i n  j a c k s ,  Z - 330n -55" e a c h  
u s i n g  a t h e r m o c o u p l e  m e t e r  t h a t  i s  de- 
s c r i b e d  i n  6 .01 .  ( c )  TT1 & TT4 Frequency :  

( b )  A d j u s t  HLV E F  1 p o t e n t i o m e t e r  t o  p ro -  350 Hz  2 1  p e r c e n t  
v i d e  1 . 6 0 - v o l t  d c  between p i n  J a c k s .  440 Hz 

TP12 'I-" l e a d  and TP15 "+" l e a d  f o r  m o n i t o r  - -- - - --  -~ .- 

1, be tween  p i n  j a c k s ,  ~ ~ 1 6  "-" l e a d  and 1 . 0 3  Ambient T e m p e r a t u r e :  
TP15 "t" l e a d  f o r  m o n i t o r  2  ( u s e  KS-14510. 
~1 VOM o r  e q u i v a l e n t ,  s e t  on 3 ~  s c a l e ) :  a O 0  t o  6 0 ° c  

( c )  T u r n  HLV LEV 1 p o t e n t i o m e t e r  c o m p l e t e l y  1 .04  Harmonic D i s t o r t i o n :  T o t a l  ha rmonic  
c l o c k w i s e  and c o n n e c t  t h e  VOM ( s e t  on d i s t o r t i o n  c o n t e n t  40 dB down from t h e  

t h e  12V s c a l e )  be tween  TP13 and TP14  in fundamenta l  t o n e  l e v e l .  
j a c k s  f o r  m o n i t o r  1, and ~ P 1 7  and ~ ~ l b  f o r  
m o n i t o r  2 ,  o b s e r v i n g  t h a t  t h e  "+" l e a d  o f  2 .  FUNCTIONAL DESIGNATIONS 
t h e  VOM i s  i n s e r t e d  i n  TP13 o r  TP17 p i n  
j a c k .  None 

( d )  S l o w l y  t u r n  HLV LEV 1 p o t e n t i o m e t e r  3 .  FUNCTIONS 
c o u n t e r c l o c k w i s e  u n t i l  t h e  VOM r e a d s  

a p p r o x i m a t e l y  2.OV, t h e n  change m e t e r  t o  3 . 0 1  T h i s  c i r c u i t  i s  d e s i g n e d  t o  p e r f o r m  
3V s c a l e  f o r  a  f i n a l  r e a d i n g  o f  2.OV. t h e  f o l l o w i n g  f u n c t i o n s :  

( e )  R e v e r i f y  t h e  2 .40 +0,  -0 .03 v o l t  r m s  
r e a d i n g  be tween  T P l l  and TP4 p i n  j a c k  

w i t h  t h e  t h e r m o c o u p l e  v o l t m e t e r .  

( f )  Leave t h e  t h e r m o c o u p l e  v o l t m e t e r  con- 
n e c t e d  and s l o w l y  t u r n  t h e  BIAS A D J  1 

p o t e n t i o m e t e r  c o u n t e r c l o c k w i s e  u n t i l  t h e  
HLVMl r e l a y  o p e r a t e s  and n o t e  t h e  o u t p u t  
v o l t a g e  r e a d i n g .  The r e l a y  s h a l l  o p e r a t e  
w i t h i n  t h e  l i m i t s  o f  1 . 8 5  t o  2.04V rms. 

( g )  S l o w l y  t u r n  t h e  BIAS ADJ 1 po ten t iom-  
e t e r  c l o c k w i s e  u n t i l  t h e  o u t p u t  v o l t a g e  

i s  2 . 4 0  +0,  -0 .03 v o l t  r m s .  The r e l a y  
s h o u l d  be  r e l e a s e d .  R e p e a t  t h i s  p r o c e d u r e  
f o r  m o n i t o r  2 .  

SECTION 111 - REFERENCE DATA 

1. W O R K I N G  LIMITS 

1 . 0 1  DC I n p u t :  

( a )  To p r o v i d e  d i a l  t o n e  f o r  s m a l l  PBXs 
( l e s s  t h a n  200 l i n e s )  f rom a s i n g l e  

d i a l  t o n e  g e n e r a t o r  w i t h  b u i l t  i n  redun-  
dancy f o r  improved r e l i a b i l i t y  w i t h  minimum 
e x p e n s e .  

( b )  To p r o v i d e  d i a l  t o n e  f o r  l a r g e  PBXs on 
a n  o p t i o n a l  b a s i s  e i t h e r  f rom a s i n g l e  

d i a l  t o n e  g e n e r a t o r  o r  f rom d u p l i c a t e  d i a l  
t o n e  g e n e r a t o r s  w i t h  p r o v i s i o n  f o r  a u t o m a t i c  
t r a n s f e r  t o  t h e  s p a r e  g e n e r a t o r  i n  c a s e  of  
f a i l u r e  o f  t h e  r e g u l a r  g e n e r a t o r .  

( c )  To p r o v i d e  a  high- low v o l t a g e ,  t o n e  
m o n i t o r  on t h e  o u t p u t  o f  e a c h  g e n e r -  

a t o r  ( o n l y  when d u p l i c a t e  g e n e r a t o r s  a r e  
f u r n i s h e d )  which  w i l l  I n i t i a t e  a n  a u t o m a t i c  
t r a n s f e r  f o r  t h e  r e g u l a r  g e n e r a t o r .  

( d )  To p r o v i d e  f o r  a  manual  t r a n s f e r  f rom 
t h e  r e g u l a r  g e n e r a t o r  t o  t h e  s p a r e  

g e n e r a t o r  by o p e r a t i n g  a  s w i t c h .  

-44 t o  -52.6V maximum c u r r e n t  d r a i n  ( e )  TO p r o v i d e  f o r  a manual  r e s e t  f rom t h e  
0 . 4 0  amperes .  s p a r e  g e n e r a t o r  t o  t h e  r e g u l a r  gener -  

a t o r  by o p e r a t i n g  a  s w i t c h .  
1 . 0 2  O u t p u t :  

( f )  To p r o v i d e  alarms i n d i c a t i n g  f a i l u r e  
( a )  m: o f  e i t h e r  r e g u l a r  o r  s p a r e  g e n e r a t o r  

( o n l y  when d u p l i c a t e  g e n e r a t o r s  a r e  f u r -  
350 Hz - 1.41V rms n i s h e d )  . 
440 Hz - 1.06V rms 
Combined - 1.75v3+12 p e r c e n t  rms 4.  CONNECTING CIRCUITS 
Maximum l o a d  24 c o n n e c t i o n s  o f  
Z = 8OOn -60' e a c h  None 
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SECTION I V  - REASONS FOR REISSUE 

B .  Changes  i n  A p p a r a t u s  

D. D e s - r i p t i o n  o f  Changes  

D .  1 The c h a n g e  i n  v a l u e  o f  t h e  GT a n d  TF 
r e s i s t o r s  u r o v i d e s  f o r  more r e l i a b l e  

0.1 Removed R e p l a c e d  By o p e r a t i o n  o f  t h k  GT a n d  TF r e l h y s  a t  - 4 4 V  
b a t t e r y  v o l t a g e .  

GT, TF R e s i s t o r s .  GT, TF R e s i s t o r s .  
~ ~ - 8 5 1 2 , ~ 3 ~ ,  - ~ ~ - 8 5 1 2 , ~ 4 ~ ,  D.2 The r e c o r d  o f  change  n o t e s  i n  CPS 1 t h r u  
1 2 0 0 ~  - FS 4 8 2 5 ~  - FS 4 CPS 4 have  b e e n  b r o u g h t  up t o  d a t e  f o r  
& A P P F I ~ .  4 & 6 & A P P F i g .  4 & 6  i s s u e  6 8 .  
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