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Figure 1. Typical single-frequency local connector. 



THE CONNECTOR 

1. WHAT THE CONNECTOR DOES 

The connector is the  only switch which can do 
near ly  e v e r y  job in  es tabl i sh ing a telephone 
connection. It is just about the most important 
switch in a switchtrain. 

The connector is analogous to a manual-switch- 
board operator's arm, front plug, ringing key, etc. 

Typically, the connector has access to 100 lines, 
and the last 2 digits the caller dials control the 
connector. 

Because automatic switchboards a r e  inherently 
"multiple " switchboards, the connector tes ts  
whether the  called line is busy. If the called 
line is idle, the connector rings out on the line. 

When the called party answers ,  the connector 
cuts off the ringing, and supplies t ransmit ter  
current to both the calling and the called parties. 

When both parties hang up, the connector releases 
itself and  o t h e r  equipment  u s e d  dur ing  the 
conversation. 

The connector ,  supplying busy tone, ringing 
current, transmitter current, disconnect control, 
etc., is virtually a self-sufficient switch. If the 
exchange has  l e s s  than 100 l ines and does not 
require selectors, a complete central offike can 
be built  of just l inefinders and connectors.* 

2. SCOPE OF BULLETIN 807; BIBLIOGFLAPHY 

This  bulletin 807 descr ibes  a typical 8- re lay  
connector in i ts  simplest fo rm ... but complete 
with everything necessary to serve  individual*" 
line s . 

*P lus  outside-l ine p ro t ec tn r s ,  power equipment, etc. 

**Also, in a terminal-per-station cent ra l  office, 

(a) it can  s e r v e  2 -par ty  divided-ringing pa r ty  l ines.  

(b) with single-frequency semi - se l ec t ive  ringing on 
4-party l i ne s ,  i t  can s e r v e  "1-ring" pa r t i e s .  

(c) with ha rmon ic  r inging,  i t  can s e r v e  p a r t y  l ines  
on the "frequency-per -shelf1' basis .  

A u t o m a t i c  E l e c t r i c  Company  m a k e s  many 
connectors, all  slightly different, to meet local 
needs. Other publications*** describe features 
of some of these. 

3. TYPICAL CONNECTOR (figure 1) 

The operating elements of this connector a r e  
eight r e l a y s ,  a shaft with ratchet  mechanism 
and wipers ,  magnets  to r a i s e  and ro ta te  the 
shaft, vert ical-off-normal springs,  a magnet 
to r e l e a s e  the  shaf t ,  and a he l i ca l  sp r ing  t o  
res tore  the shaft. 

Each connector is mounted above two contact 
banks  which a r e  p a r t  of the shel f  on which 
connectors a r e  mounted. As shown in figures 1 
and 4 ,  t h e  con tac t  banks  a r e  bol ted  to  the 
connector. 

In response to signals f rom the ca l l e r ' s  dial, 
the c o n n e c t o r  r a i s e s  i t s  sha f t  t o  the l eve l  
corresponding to one dialed digit, and rotates 
the sha f t  unt i l  t he  w i p e r s  r e a c h  the  r o t a r y  
position corresponding to the next dialed digit. 
Thus the wipers come to r e s t  on bank contacts 
connected to the called party 's  telephone line. 

4. CONTACT BANKS (figure 2 )  

Each connector h a s  one upper and one lower 
bank (figure 2). 

In the lower bank ("line bankJJ)  a r e  200 b r a s s  
contacts ... 100 p a i r s  ... t e r m i n a l s  f o r  the 
wires of 100 telephone lines. 

***For example: 

Terminal-per-line party-line connectors . . Bulletin 813 
Trunk-hunting connectors . . . . . . . . . .  Bulletin 813 
Level-hunting connectors . . . . . . . . . .  Bulletin 81 3 
Test  connectors . . . . . . . . . . . . . . .  Bulletin 815 
Toll connectors . . . . . . . . . . . . . . .  Bulletin 81 6 
Terminal-per-station plan . . . .  Engineering notes 2030 
Individual ringing control . . . .  Engineering notes 2037 

Engineering notes 2037 is based on a terminal-per-station 
connector with 4-conductor banks (+, -, C, and EC for  each 
station), sometimes called the "frequency-per-terminal" 
system. 



Figure 2. Banics and wipers. 

In t h e  u p p e r  bank  ("cont ro l  bank") a r e  100 
s i n g l e  c o n t a c t s ,  t e r m i n a l s  of a t h i r d  w i r e ,  
control  lead  C, for  each  line.  Control  lead  C 
(analogous to the manual- switchboard ' 'sleeve " ) 
i s  a n  intra-off ice wire;  i t  does not go outside 
the central-  office building. The connector uses  
lead C: 

(a) T o  t e s t  whe the r  the ca l led  l ine  is busy. 

(b) T o  cut off (during a call  to the l ine)  equip- 
ment  u s e d  when the s u b s c r i b e r  m a k e s  a 
call  f r o m  h i s  telephone. 

(c )  To  m a r k  the called line "busy". 

The positions of the contacts of each  bank a r e  
numbered with 2-digit numbers.  The  tens digit 
r ep re sen t s  the level in which the contact l i es ;  
the uni ts  digit r e p r e s e n t s  the r o t a r y  position 
of the contact in  the level. When i t  occurs  as a 
tens  digit (e.g., 03), ''0" represents the tenth o r  
top level ,  and  when i t  o c c u r s  a s  a uni ts  digit 
(e.g., 30) "0" represents the tenth o r  last  rotary 
position. The f i r s t  level 's  f i r s t  ro ta ry  position 
i s  p o s i t i o n  1 1 ;  the f i r s t  l e v e l ' s  l a s t  r o t a r y  
position is position 10. Figure 3 shows position 
numbering as seen  f rom the front  of a contact 
bank. The number assigned to each position i s  
the n u m b e r  tha t  m u s t  be  d ia led  to  br ing  the  
connector wipers  to that position. 

5. A CONNECTOR SHELF (figure 4 )  

100 te lephones  a r e  s e r v e d  by a shelf  of con-  
n e c t o r s .  T h e  n u m b e r  of connec to r s  on the 
shelf will  be  the  maximum number  of s imu l -  
taneous ca l l s  expected to  b e  made  often to the 

Figure 3.  Bank-contact posit ion numbering. 

100 telephones. Shelves a r e  made  in s eve ra l  
sizes, to hold 11, 16, o r  21 connectors. One is a 
tes t  connector, not available for  subscriber calls. 

Figure 4 shows a shelf of nine connectors with 
room for expansion* to eleven connectors. The 
connector on the left, with only three relays,  is 
the test  connector. 

The wires  of all 100 l ines  appear  in  the banks 
below each connector.  A l l  banks on the shelf 
a r e  "multipled" together, and then the 300 wires 
from the banks come to the terminal block at the 
right-hand end of the shelf. T h e r e  the switch- 
board instal ler  solders  cables which c a r r y  the 
wires thru other central-office equipment (line- 
f inder  shelf ,  d i s t r ibu t ing  f r a m e ( s ) ,  e tc . )  and 
finally (2 w i r e s  only) to the subsc r ibe r  l ines.  

Sometimes another  s m a l l e r  te rmina l  block is 
used for leads into the shelf; i t  would be mounted 
on the end opposite the bank te rmina l  block. If 
(as in figure 4) there i s  no such terminal block, 
the cables bringing leads into the connectors a r e  
soldered direct ly  to the shelf jacks. 

On the fuse panel a r e  2 supervisory lamps, the 
r e l e a s e - a l a r m  l amp ,  t he  f u s e - a l a r m  l amp ,  
and a fuse f o r  each connector.  If e i ther  par ty  
fails to hang up af te r  a ca l l  is completed, one 
of the white supervisory l amps  will light. If a 
connector release magnet drew current too long, 

*When the t ime comes to do so,  i t  is a s imple  m a t t e r  t o  
add a connector in one of the vacant positions on tae shelf: 
Just jack the connector into the shelf, bolt i t s  banks (already 
on the shelf) to  the connector, check the wipers for alignment 
with the banks, and add a fuse  t o  the fuse panel. 



Local connectors Combination 

Figure 4. Connector shelf. 

indicating the shaft  had fai led to r e s to re ,  the 
green release-alarm lamp would light. If trouble 
in any switch on the shelf blew a fuse, the r e d  
fuse-a la rm lamp would light. 

Immedia te ly  t o  the r igh t  of the fuse  panel  in  
figure 4 a r e  toggle switches for  the leads f rom 
the r ing ing  mach ine  a n d  the tone  equipment .  
Below the toggle switches a r e  the release-alarm 
relay and the busy-tone capacitor,  which se rve  
a l l  switches on the shelf. On different shelves, 
these s h e l f  a c c e s s o r i e s  m a y  b e  a r r a n g e d  
differently. 

The f i r s t  f ive connec to r s  on the  r igh t  of the 
t e s t  connec tor  in  f i gu re  4 a r e  the l o c a l  type 
described in this bulletin. The three connectors 
a t  the  r igh t  of the  vacant  posi t ions can s e r v e  
toll c a l l s  a s  wel l  a s  l oca l  ca l l s ,  and have an  
extra  relay in their circuit. Local cal ls  choose 
f i r s t  the local connectors;  when a l l  local con- 
n e c t o r s  a r e  i n  u s e ,  l o c a l  c a l l s  c a n  u s e  the 
combination connectors.  

Tol l  cal ls  can u s e  only the  combination local-  
and-toll connectors, however. Thus, five local 
and t h r e e  tol l  ca l l s ,  e ight  l oca l  calls,, o r  any 
intermediate combination can be handled simul- 
taneously by the connector shelf shown in figure 4. 

Each connector has i t s  own 3-terminal* position 
in the local-selector-shelf contact banks. Thus, 
a shelf of 10 connectors requi res  30 leads f rom 
local selector shelves, plus a few other leads for 
battery, ground, ringing current,  busy tone, etc. 

"ombination 'connectors require 4 terminals in  the toll 
selector banks. 

6. MECHANICAL OPERATION 

The dial  breaks and quickly r e - c loses  the line 
circuit. Each number on the dial breaks the Line 
circui t  that number of t imes ,  except of course  
"O", which interrupts the line 10 t imes .  After 
previous digits have operated o ther  equipment 
to find an  idle connector, the tens-digit pulses 
cont ro l  the  connec tor  v e r t i c a l  magnet .  T h e  
vertical magnet operates the ratchet mechanism 
to r a i s e  the shaft one s tep for  each pulse. The 
pause between the tens digit and the units digit 
allows a relay to t r ans fe r  the stepping circui t  
f r o m  the  ve r t i ca l  to the  r o t a r y  magnet .  The 
pulses from the units digit then cause the shaft 
to b e  ro ta ted ,  one s t ep  f o r  each  pulse ,  to the 
des i r ed  posi t ion in the contact  banks .  After  
rotation, the shaft r e s t s  on a fixed detent to the 
left of the shaft, called the stationary dog, and the 
rotary tooth of a detent called the "double dogJ' 
holds it in  position with the wipers on the called- 
line contacts. If the line is not busy, connection 
will be made  and the called l ine will  be rung. 

At the end of a call, the release magnet operates 
an a r m a t u r e  which disengages the  double-dog 
and releases the shaft. The stationary dog holds 
the shaft on the level while the restor ing spring 
at the top of the shaft rotates the shaft to remove 
the wipers from the contact banks; then the shaft 
falls by i t s  own weight. 

At t6e f i r s t  ve r t i ca l  s tep ,  the connector  shaft 
re leases  a lever  which allows the vertical-off- 
normal springs to restore.  When the connector 
releases and the shaft falls, the lever is depressed 
and reoperates the vertical-off-normal springs. 
Th i s  o p e n s  the  r e l e a s e - m a g n e t  c i r c u i t  and 
p r e p a r e s  t h e  c o n n e c t o r  f o r  t h e  next  cal l .  



7. CONNECTOR RELAYS 

Interaction of the connector's 8 relays direct i t s  
operat ions.  Relays A, D, and G a r e  ordinary 
fas t -ac t ing  re l ays .  Relay A,  often called the 
pulsing relay, supplies t ransmit ter  current  t o  
the caller, and receives dial pulses and transmits 
them to  o ther  relays and to the  ver t ica l  o r  the 
rotary magnet. Relay D, the back-bridge relay, 
is s o  ca l l ed  because  i t  provides t r a n s m i t t e r  
current  to the called party bridged a c r o s s  the 
"back" end of the connection. Relay G is the 
busy-test relay. 

Relays  B, C ,  and E a l l  have copper s l eeves  
around their cores to make them slow to release.* 
Holding-relay B grounds the connector's control 
lead t o  m a r k  tha t  s q i t c h  b u s y  and hold a l l  
p reced ing  s w i t c h e s  in the t r a i n .  It  is slow 
to r e l e a s e  s o  tha t  i t  wi l l  not  r e l e a s e  while 
re lay  A momenta r i ly  in te r rup t s  the r e l ay  B 
c i rcui t  to  send pulses to the  magnets.  Thus, 
relay B can dis!inguish between a short duration 
b reak  in the  loop circuit  a t  the dial  spr ings ,  
and a longer  b reak  a t  the  hookswitch caused 
by hanging up. 

Relays C and E ,  the v e r t i c a l  sequence re lay  
and the  r o t a r y  sequence re lay ,  a r e  s l sw-to-  
release so  that they will remain operated during 
a s e r i e s  of pulses from relay A. These relays 
distinguish the separately dialed digits, remaining 
operated when relay A b reaks  their  circuit in 
short rapid sequence duririg a digit, and releasing 
when relay A breaks their circuit for  the longer 
interval between two separate digits. Relay C 
is operated during vert ical  stepping, and then 
releases to prepare the rotary stepping circuit. 
During rotary stepping, relay E operates; af ter  
the w i p e r s  r e a c h  the  cal led l ine,  during the  
relay E re lease  delay, the line is busy-tested. 

Relay K, the wiper-closing relay, h a s  a copper 
s lug  on i t s  a r m a t u r e  end to make i t  slow to  
operate.  Wiper-closing re lay  K connects the 
connector relays, etc., to the wipers resting on 
the called party's line-bank contacts. It is slow- 
to-operate s o  the called par ty ' s  cut-off re lay  
will have t ime  to remove the line equipment 
f rom the  called line before ringing current  is 
connected to the  line. 

Another r e l a y  with an a r m a t u r e - e n d  s lug  is 
ringing cut-off relay F in the path for  alternating 
current f rom the ringing machine to the called- 
telephone r inger .  It must  be  slow to operate 

*A slow re lay ' s  re lease  delay is only a fraction of a 
second . . . f o r  example a third 0f.a second for  re lay B, 
and a tenth of a second for relays C and E. If these sound 
like shor t  amounts of t ime about which to make a fuss, 
remember:  a c a m e r a  often does i t s  work in only 1/50 
second! Utilization of these delays of a tenth o r  a third 
of a second makes possible most of the marvels of dial- 
controlled telephone switching. 

so that  i t  wil l  not be operated by $ cycles  of 
a l t e rna t ing  ( r ing ing)  c u r r e n t .  B e s i d e s  the  
copper slug, relay F has a copper sleeve around 
i t s  c o r e  t o  l o w e r  i t s  inductive r eac tance  t o  
alternating current  f rom the ringing machine. 

The winding of relay C is connected some- 
what d i f f e ren t  f r o m  the  o rd ina ry ,  with 
battery rather than ground connected to the 
"inside " o r  start-of-winding terminals .  
This causes the magnetic fields of adjacent 
r e l ays  A and C to  augment one another. 
Thus, when relay A receives short pulses 
(and so sends long pulses to relay C )  from 
a high-resistance line, magnetic flux from 
relay C aids relay A. When relay A receives 
long pulses (and s o  sends short  pulses to 
relay C )  from a short low-resistance line, 
flux f r o m  r e l a y  A h e l p s  keep r e l a y  C 
operated between pulses. 

8. LINE EQUIPMENT 

Altho it is usually part of a linefinder shelf (see 
bulletin 821 especially [perhaps also bulletins 805 
and 8061 ) and is never part of the connector, line 
equipment affects and is affected by the connector. 
Line equipment serves a s  a gate thru which calls 
made from the line are  channeled differently than 
calls made @the line. A call from the line star ts  
a linefinder which picks up the call and routes i t  
to dial tone and to dial-controlled equipment. 
A cal l  to the l ine-requires  a c l ea r  path which 
will not s tar t  a linefinder nor bring in dial tone. 

Each line has  a line r e l ay  bridged a c r o s s  the 
line, and, on the control lead, a cut-off relay to 
disconnect the line relay. 

When a cal ler  lifts his  handset to make a call, 
the line relay brings in a linefinder and a selector 
(with dial tone). When the calling line has been 
found, ground on the control lead operates the 
cut-off relay, which disconnects the line relay, 
re leas ing i t  . . . t he reby  doing away with the 
"linefinder start" signal. Thus, once a calling 
line has been found, we want the line relay out 
of the  way s o  i t  won't t r y  to  s t a r t  any m o r e  
linefinders. F o r  th is  reason,,  a s  soon a s  the  
call is extended to the connector, the connector 
holds the ca l ler ' s  cut-off relay. 

Likewise, on a call the telephone-subscriber 
line, we want the line relay out of the way because 
we won't want i t  to s tar t  a linefinder. F o r  this 
reason, the connector operates the called line's 
cut -of£ re l ay ,  and i t  cu ts  off the  l ine r e l ay .  

The c o n t r o l - l e a d  ground which o p e r a t e s  a 
calling o r  called l ine 's  cut-off relay, appears  
on tha t  l i n e ' s  l e a d  C mul t ip led  thruout  the 
connector-shelf banks (f igure 4);and m a r k s  
the line."busy" in the banks of every connector 
which could have access  to it .  



9. SUMMARY OF  FUNCTIONS 

The connector is designed to: 

(a) hold the- preceding swi tches  in  the train 
operated 

(b) direct and connect the wipers to the terrni- 
nals of the called line 

(c) keep line wipers dis connected during rota- 
tion to prevent interference with other lines 

(d) apply a busy test  to the called line 

(e) if the line is busy, give the busy signal and 
prevent connection 

(f) if the line is idle, connect calling and called 
lines and m a r k  them busy to o ther  calls 

(g) c lear  the line equipment f r o m  the called 
line 

(h) connect ringing current  to the called line 
and supply  r ingback tone to  t h e  calling 
line 

(i) remove ringing current  and ringback tone 
when the called party answers 

(j) supply transmitter  current to both parties 

(k) r e l e a s e  a l l  s w i t c h e s  when t h e  c a l l  is 
concluded. 



LOCAL-COh NECTOR C 

10. SEIZURE (figure 5) 

When a c a l l e r  l i f t s  h i s  handse t ,  he  c lo ses  a 
c i rcu i t  to t h e  c e n t r a l  office and  ope ra t e s  h i s  
line equ ipmen t  to ca l l  f o r  a l inef inder .  The  
l inef inder  connec t s  h i m  to a s e l e c t o r  which 
provides dial tone. A s  the caller dials the f i rs t  
digits of the called party's number, one o r  more 
se lec tors  a r e  operated. The  las t  selector  will 
find and connect the ca l le r  to an idle connector 
having  a c c e s s  t o  t he  c a l l e d  l i ne .  E i t h e r  a 
ba t te ry-  s e a r c h i n g  o r  a n  absence-of-ground- 
searching selector could precede this connector. 

When a ba t te ry-searching  se l ec to r  br ings i t s  
w i p e r s  to  t h e  t e r m i n a l s  of l i n e s  t o  a n  id le  
connec tor  ( f igure  5), b a t t e r y  t h r u  connector  
relay C operates relay C and energizes selector 
relay F winding #1, closing relay F contacts X. 
Contacts X close a circuit thru relay F battery- 
connected winding #2, which operates al l  relay F 
contacts. Relay F now closes a circuit f rom the 
calling telephone thru the line wires to connector 
re lay  A, connec ts  toge ther  preceding-switch 
lead C with wiper C which res t s  on lead C of the 

connector ahead, and opens the circuit of selector 
slow-to-release relay B . Meanwhile, connector 
relay A closes contacts 2-3, operating connector 
relay B. Relay B contacts 8-9 ground lead C to 
hold s e l e c t o r  r e l a y  F and  o t h e r  p r e c e d i n g  
switches, and to mark this connector busy. Relay 
B contacts 4-5 and relay C contacts 2 - 3  prepare 
the circuit to the vertical magnet. The connector, 
marked busy to other selectors by the ground on 
lead C ,  is now r e a d y  to rece ive  pu l se s  f r o m  
the dial.  

If an absence-of-ground-searching selector  
is used with this connector, selector relay F 
will have only one winding, and will operate 
unless lead C is grounded and short-circuits 
relay F. Relay F operates a s  above, closes 
a c i r c u i t  t h r u  c o n n e c t o r  r e l a y  A ,  and  
connects preceding-switch lead C to lead C 
of the connector ahead. In this case, battery 
for  operation of relay F comes f rom within 
the selector, and connector relay C does not 
operate simultaneously with selector  relay 
F, bu t  is o p e r a t e d  by g r o u n d  f r o m  the 
selector immediately after relay F operates. 

I 
CALLING 1 PRECEOlNG BATTERY-SEARCHING SELECTOR ' I CONNECTOR 
TELEPHONE SWITCHES I I 

I 
I 
I 
I 
I 

I 
I 
I 

Figure 5 .  Seizure. 
Solid armatures show initial conditions when relay F contacts "2"' close. 

Dotted armatures show final conditions. 



CONNECTOR 

Figure 6. Vertical stepping. 

11. VERTICAL STEPPING (figure 6 )  

A s  the c a l l e r  dials  the t ens  digit of the called 
number,  h i s  dial  a l te rna te ly  opens and closes  
the c i r cu i t  of r e l a y  A.  T h e  number  of t i m e s  
the c i r cu i t  is in t e r rup ted  co r r e sponds  to the 
digit d i a l ed .  R e l a y  A r e l e a s e s  dur ing  e a c h  
i n t e r r u p t i o n ,  b u t  s l o w  - t o - r e l e a s e  r e l a y  B 
r e m a i n s  o p e r a t e d  cont inuously.  E a c h  t i m e  
r e l a y  A r e l e a s e s ,  i t s  c o n t a c t s  1 - 2  c l o s e  a 
circui t  th ru  the ver t ica l  magnet, operating the 
vert ical  magnet and rais ing the shaft  one step. 
Each t i m e  r e l a y  A re -ope ra t e s* ,  the ve r t i ca l  
magnet r e l e a s e s ,  p repar ing  i t s  a r m a t u r e  and 
pawl mechanism f o r  another  s tep.  During the 
f i r s t  s tep,  V.O.N. spr ings  3-4 open th.e c ircui t  

*Each time re lay  A contacts 1-2 open, the capacitor 
connected to relay B contact 5 charges, and tends to absorb 
the high voltage induced in the stepping magnet when the 
stepping-magnet c i rcui t  is opened. This  suppresses  
sparking a t  r e lay  A contacts 1-2.  Each t ime re lay A 
contacts 1-2 re-close,  the res i s to r  limits the capacitor 
discharge current, so there'll be no possibility that relay A 
contacts 1-2 might be spot-welded together. 

of r e l a y  C winding #2.** However ,  r e l ay  C 
winding #1, in parallel with the vert ical  magnet, 
e n e r g i z e s  du r ing  the  f i r s t  pu l se ,  and keeps  
slow-to-release re lay  C operated until  pulses  
f r o m  the  t e n s  d ig i t  s top .  T h e n  the  i n t e r v a l  
between the tens digit and the units digit will be 
so long that relay C will release. The dial pulse- 
spr ings a r e  closed, and re lay  A holds r e l ay  B 
dur ing  the  i n t e r v a l  b e t y e e n  t h e  two digi ts .  

12. ROTARY STEPPING (f igure 7) 

The release of relay C prepared the circuit  for  
the r o t a r y  m a g n e t .  When the  un i t s  d ig i t  i s  
dialed, re lay A again r e l ea ses  and reopera tes  
quickly several times, and a t  contacts 1-2 sends 
pulses to  the ro t a ry  magnet and r e l ay  E .  The 
rotary magnet rotates the shaft and wipers one 
s tep f o r  each pulse.  Slow-to-release r e l ay  E 

**Also uring the first step, the vertical magnet unlatches 
the "rele se link", which allows the double dog to drop into 1 
the shaft hub and hold the shaft a t  each level to which it 
i s  raised. (Compare the footnote on page 14.) 
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Figwe 7. Rotary stepping. 
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Figwe 8. R e  connector finds the called line i s  busy. 
Relay E i s  about to release. 

operates on the first  pulse and remains operated 
until af ter  pulsing stops. Relay E contacts 2-4 
connect wiper C to relay G to  prepare  f o r  the 
busy test .  Relay E contacts 5-6 prevent inter- 
ruption of the rotary-magnet circuit i f  wiper C 
sweeps  o v e r  a grounded (busy)  contact and 
momentarily operates relay G. 

13. TESTING THE CALLED LINE 

a moment, relay E (figure 8) releases, contacts 
5-6 prevent further stepping, contacts 3-4 make 
before contacts 2-4 break, permitting re lay  G 
to lock. Relay G contacts 3-4 prevent re lay  K 
opera t ing  i f  the called l ine were  to b e  f r e e d  
before the ca l ler  hangs up. Altho the wipers  
r e s t  on bank contacts of the called line, they 
stand "dead" at relay G contact 3 and at relay K 
contacts 7B and 5B; notice that there is really 
no connection to called line. 

13.1 C a l l e d  l ine busy  ( f igure  8) .  The  l a s t  13.2 Called line idle (figure 9). If the called line 
ro ta ry  s t ep  puts the wipers a t  the called line. is idle,  wiper C encounters ba t tery  f r o m  the 
At a busy line, wiper C finds ground from another called party 's  cut-off relay. Relay G does not 
connector ,  and r e l a y  G o p e r a t e s .  Relay G operate. After a moment, relay E releases, and 
contacts  4-5  p r e p a r e  a locking c i rcui t ,  and c loses  a c i rcui t  from bat tery  thru re lay  CO, 
contacts  6-  7 send the ca l ler  busy tone. (The wiper C, relay E contacts 2-1, relay K winding 
f irs t  selector has already started the busy-tone #1, relay G contacts 3-4 to relay B contacts 9-8 
generator-and-interrupter ,  f igure 11 .) After  and ground. 

Figure 9. f ie  connector finds the called line i s  idle. Relay E i s  about to release. 



Figwe 10. Seizure of the called line. Relay K winding # I  has just closed contacts "X". 

14. SEIZURE OF THE CALLED LINE (figure 10) 

The cur ren t  th ru  winding #1 energ izes  r e l ay  K 
enough to close only "X" contacts IT-2T.  F o r  
just a moment, they connect relay K winding #2 
in p a r a l l e l  with r e l a y  CO and in  s e r i e s  with 
relay K winding # l .  The circuit . . . i n  figure 10 
the h e a v y  l i n e  . . . is f r o m  b a t t e r y  t h r u  the  
ro ta ry  magnet, re lay K winding #2 and contacts 
2T-IT, re lay  B contacts 7-6, re lay  E contacts 
2- 1, re lay  K winding #I., r e l ay  G contacts  3-4, 
and r e l ay  B contacts 9-8, to ground. The  high 
res i s tance  of re lay  K winding # 2  allows only a 
s m a l l  cu r r en t  flow th ru  the ro t a ry  magnet; the 
r o t a r y  m a g n e t  does  not ope ra t e .  Winding #2 
operates relay K fully, and contacts 5T-6T short- 
c i rcui t  winding #1  and connect sol id  ground to 
winding #2 and re lay  CO. 

15. RINGING 

If t h i s  connec tor  is in a s m a l l  c e n t r a l  office 
where the ringing machine does not run continu- 
ously, re lay K (figure 12) contacts 7T-8T s t a r t  
the ringing machine. 

F i g u r e  11 shows  a t yp ica l  s ing le - f r equency  
ringing machine. It consis ts  of duplicate s e t s  
of equ ipmen t ,  s o  t h e r e ' l l  a lways  be a s p a r e  
f o r  e m e r g e n c i e s .  The  moto r -d r iven  r ~ n g i n g  
generator to the left produces alternating current 
of about 90 vol ts  and 20%. 

You recall from your own experience, a telephone 
bell o r  "ringer" does not ring continuously, but 
r a t h e r  b r i e f l y ,  with a f ew  s g c o n d s '  s i l e n c e  
between rings.  This  is timed by an interrupter .  
The i n t e r m p t e r  may be a group of slow-acting 
r e l ays ,  etc., o r  i t  may b e  motor -dr iven  as in 
f igure  11 lower  r ight  c o r n e r .  Typical ly ,  the  
ringing in t e r rup te r  might work  on a 6-second 
cycle, ringing 1.2 seconds, silent 4.8 seconds.  

Relay K contacts  5B-6B and 7B-8B s e t  up the 
ringing circui t  . . . in f igure 12 the heavy line. 

About 1.2 seconds out of 6, the r inging-inter-  
rup ter  cam connects  the r inging gene ra to r  to 
the ca l led  l ine  as shown by f igu re  12 heavy 
line, and rings the r inger  (bell). The capacitor 
in ser ies  with the called-telephone r inger  allows 
only al ternat ing cu r ren t  t o  flow th ru  r e l a y  F. 
Relay F is slow to operate s o  that it will not be 
operated by alternating cur ren t .  

Figure 11. Ty ical single-frequency ringing machine. 
h the lower !!eft comer i s  a 20-rin ing generator, 

driven by the 60-a-c motor a%ove it. 
The machine in the lower right corner generates dial tone, 

interrupts dial tone into busy tone, 
interrupts ringing current to provide the silent periods, etc. 

The 2 up er right machines are s t a d b y  units to operate 
rom centrueoffice battery during commercial- ower failures. 

d t  the upper left is an isolating transformer w l i c h  keeps the 
trip-battery d.c ,  (51 9.1) out of the ringing-generator windings. 
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---- -.--I Figure 12. Ringing and ringback-tone circuits. 

Relay K contacts 9T- 10T close the ringback-tone capacitor blocks the battery d.c., no d.c. flows, 
c i r c u i t .  Ringback tone is t apped  f r o m  the and slow-to-operate relay F cannot operate.  
r inging-current  circuit ,  taken th ru  a smal l -  
capacitance capacitor, sent thru the calling tele- 16. CALLED PARTY ANSWERS; 
phone, and returned thru relay A, etc., to ground. RINGING CUT OFF 

In f i g u r e  1 2 ,  a t  the r inging i n t e r r u p t e r ,  the  When the called party answers (figure 13), his 
central-office battery voltage is offered out on hookswitch removes the a-c  path thru capacitor 
the l ine ,  both  d u r i n g  the  r ing ing  i n t e r v a l s  and ringer, and replaces it with a direct-current 
(thru the generator and relay F), and during the circuit thru transmitter, induction coil, etc., for 
s i lent  in te rva l s  ( thru  re lay  F). In f igure  12, relay F winding #l. Relay F winding #1 closes 
with the called telephone on the hook, the ringer "X" c o n t a c t s  1-2,  energiz ing winding #2. 

F CALLED 
TELEPHONE 

3 4: 
- t6 

--------+I' 

1 Thru r~nging Interrupter 

IIHII~---- 

+ 9 

eP+ 

= GRD 1 
Figure 13. Called party answers. Relay  F has just closed contacts 'cX". 
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Figure 14. Relay F has operated fully. Ringing cut off. 

Relay F o p e r a t e s  fully (f igure 14);  contacts  
3-4 - 5- 6 cut off ringing cur ren t  and ringback 
tone, and complete one side of the transmission 
line; contacts 7-8- 9 disconnect generator ground 
and complete the o ther  side of the  t r ansmis -  
sion line; and contacts 10-1  1 stop the ringing 
ma chine. 

The ca l led  p a r t y  d raws  t r a n s m i t t e r  cu r ren t  
thru r e l a y  D ( f igure  14).  Relay D opera tes ,  
and (figure 15) i ts  make-before-break contacts 
8-9-10 and 11- 12 -13 reve r se  the polarity* of 

the transmitter current which relay A supplies 
toward the caller.  

*For most calls, this battery reversal is of no significance. 
It has a useful function in these cases: 

(1) If the call i s  from a paystation, i t  results in collection 
of the charge for the call. 

(2)  In a measured-service o r  message-rate exchange, it 
causes the completed call to be counted. 

( 3 )  If the call is from an operator, it gives her  "off-hook" 
(dark) supervision. 

Figwe 15. Caller's transmitter-current polarity reversed. 
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Figwe 16. Conversation thru local switch train in a 1000-line central office. 

17. CONVERSATION (figure 16) 

Figure 16 shows conditions during conversation, 
and s h o w s  t h e  pos i t ion  of t he  connec tor  i n  a 
typ ica l  10 00 - l i ne  s w i t c h  t r a i n .  C a p a c i t o r s  
(be tween r e l a y s  A a n d  D )  couple c a l l e r  and  
cal led p a r t y  f o r  voice t r a n s m i s s i o n .  Notice 
that c o n n e c t o r  r e l a y s  A a n d  D a r e  t h e  only  
relays connected a c r o s s  the t ransmission path. 

Re lay  A s u p p l i e s  t r a n s m i t t e r  c u r r e n t  t o  the 
caller,  and relay D supplies t ransmit ter  current  

to t h e  ca l l ed  p a r t y .  Re lay  A holds  r e l a y  B, 
which keeps  ground on control  lead C to  hold: 

The ca l l e r ' s  line-equipment cut -off re lay  

Linefinder 

and to m a r k  the ca l l e r ' s  line busy a t  the banks 
of a l l  connectors on the shelf which s e r v e s  his  
100-line group. 

From 
preceding 
switches c - - ~ - - I / t H I ~  

Busy 

I I , -:?I- 
Figure 17. Control lead and connector relays held during conversation. 
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Figure 18. Connector circuits for dropping preceding switches. 

Relay K keeps  ground on wiper  C t o  hold the  
ca l led  l i n e ' s  cut-off r e l a y ,  and to m a r k  the  
ca l led  l i n e  b u s y .  

Figure 17 shows holding-circuit detai ls  within 
the connec to r  i t se l f .  Relay  A holds r e l a y  B. 
Thru r e l a y  K c o n t a c t s  5 T - 6 T  and  r e l a y  B 
contacts 6-7, the c a l l e r  holds r e l ays  F and K 
to keep the transmission path closed thru. This, 
like most connectors, is a '"last-party- release '  ' 
connector:  t h ru  r e l a y  K contacts  7T -8T  and  
r e l a y  D c o n t a c t s  4-5 ,  t he  ca l led  p a r t y ,  too, 
holds re lays  F and K to  keep the t ransmiss ion  

; path c l o s e d  th ru .  T h u s ,  the two c o n v e r s i n g  
p a r t i e s  h a v e  joint c o n t r o l  of the  connec to r .  
Ei ther  o r  both can hold it .  I t  holds i t s  wipers  
a t  the called line until  the las t  of the 2 par t ies  
to hang up has  hung up. 

18. RELEASE 

18.1 If ca l le r  hangs up f i r s t .  The  ca l l e r  may 
have called about more than one thing, so, to be 
s u r e  he can  complete a l l  purposes  of h i s  call, 
e t ique t te  r e c o m m e n d s  t h a t  the  ca l l ed  p a r t y  
should wait and allow the ca l l e r  t o  be  the f i r s t  
to hang up. 

When the  c a l l e r  h a n g s  up ,  h i s  hookswi tch  
(figure 16) opens the circui t  of re lay  A (figure 
18).  R e l a y  A r e l e a s e s ,  opens  the  c i r c u i t  of 
slow-to-release relay B, and operates  relay E. 
When relay B releases,  i t  removes ground from 
lead C ,  and opens the c i r cu i t  of s low- re l ease  
relay E. The preceding switches release. Slow- 
to-release relay E remains operated a moment. 
Then i t  releases, and connects ground from relay 

Busy 
Tone 

2 
-1 - - ---/I, 

RLS. 
V.O.N. F-- G RD. 

- 
Figure 19. Release from a call to a busy line. 
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Figure 20. Release-magnet circuit open dwing conversation. 

K con tac t s  5T-6T thru  r e l a y  E contacts  2-1, r e l a y  F wi l l  not have  o p e r a t e d .  R e l e a s e  of 
r e l a y  K l o w - r e s i s t a n c e  (12 5 a )  winding #1, r e l a y  K opens  the  r ing ing  c i r cu i t ,  s t ops  the 
(and [figure 251 relay G contacts 3-4), to lead C ringing i n a c h i n e ,  o p e n s  the  r ingback- tone  
to m a r k  the connector "busy" . . . not able  yet circuit ,  a n d  o p e r a t e s  t h e  r e l e a s e  magne t .  
to accept  another  call. See S18.5. 

Next, t he  c a l l e d  p a r t y  h a n g s  up,  r e l e a s i n g  
relay D. Relay D contacts 4-5 (figure 17) release 
re lays  F and K.  Relay K opens the wipers ( so  
tha t  du r ing  r e l e a s e  they wi l l  b e  e l e c t r i c a l l y  
"dead" when they rotate over  other l ines),  and 
r e l a y  K c o n t a c t s  3B-4B o p e r a t e  the r e l e a s e  
magnet. See $18.5. 

18.2 If c a l l e d  p a r t y  hangs  up f i r s t ,  r e l a y  D 
r e l e a s e s ,  opening i t s  contacts  4-5  (f igure 17) 
a s  in  t h e  p a r a g r a p h  above  .. . . but t h i s  t i m e  
r e l ay  B con tac t s  6-7 continue to hold r e l a y s  
F and  K. T h e r e  is no f u r t h e r  action unt i l  the 
ca l l e r  hangs  up ,  r e s t o r i n g  r e l ay  A. Relay  E 
ope ra t e s  again, but h a s  no function. Relay B 
re l eases ,  r e m o v e s  g r o u n d  f r o m  l e a d  C to  
release the switch t rain,  and opens the circui ts  
of re lays  E, K, and F. Relay K disconnects the 
w i p e r s ,  a n d  ( f igure  25) o p e r a t e s  the r e l e a s e  
magnet. See $18.5. 

18.3 Release after calling a busy line (figure 19). 
If the called line was busy, r e l ays  K, F, and D 
did not operate, so only relays A,. B, and G must 
be released (figure 19). When the cgl ler  hangs 
up, re lay  A r e l eases ,  opening the c i rcu i t  t h ru  
relay B. Relay B removes ground f rom lead C 
to r e l e a s e  the  p reced ing  swi t ches ,  r e l e a s e s  
re lay  G ,  a n d  o p e r a t e s  t he  r e l e a s e  m a g n e t .  
See S18.5. 

18.4 Release  f r o m  a n  unanswered cal l .  If the 
call  is unanswered, release is the same a s  when 
the c a l l e r  h a n g s  u p  l a s t  ($1  8.2), except  tha t  

18.5 Mechan ica l  r e s t o r a t i o n .  R e f e r r i n g  to  
f igure 2 0 ,  when the c a l l e r ' s  phone "on hook" 
hLs released relay B, the called phone "on hookJ' 
has  r e l e a s e d  r e l a y  D,  both "on hook" have  
released relay K, and relay K has  disconnected 
the wipers ,  the r e l ea se  magnet  withdraws the 
"double dog", and latches it under the "release 
link ' '* . 
T e n s i o n  in  t he  h e l i c a l  s p r i n g  a top  the  shaf t  
ro t a t e s  shaft  and wipers  t o  the left and off the 
banks. Then gravi ty takes  over ,  and pulls the 
shaft down t o  i t s  normal  position. 

When t h e  s w i t c h  s h a f t  d r o p s  t o  i t s  n o r m a l  
position, it operates vertical off-normal springs 
V.0 .N .: spr ings  1 -2  open the  release-magnet  
c i rcu i t ,  and sp r ings  3-4 connect ba t t e ry  thru  
relay C 500S2 winding  #2 t o  l e a d  C t o  t e l l  
ba t te ry-searching  se l ec to r s  th i s  connector is 
ready to handle another  call. 

*When the connector is preceded 
by absence-of  -ground-searching 
se lectors ,  af ter  figure 20  release- 
magnet  c i rcui t  is closed, i t  i s  not 
i m p o s s i b l e  that  a new cal l  might 
se ize  the connector, operate relay 
B ,  and  open the re l ease -magne t  
circuit before the shaft has restored 
to n o r m a l .  With r e l e a s e  link R L  
having latched double dog DD, the 
shaft will restore completely never- 
theless.  (Compare the fobtnote on 
page 7) .  



19. GENERATOR CONNE,CTIONS 

19.1 We need battery for ,  ringing cut-off. Page 
10 mentions the r i n ~ i n ~  c i rcu i t  needs cent ra l -  

0 0 

office b a t t e r y  t o  o p e r a t e  t h e  r ing ing  cut-off 
re lay .  T h e r e  a r e  2 ways  to connect cen t r a l -  
office bat tery into the ringing circui t .  

19.2 Battery-connected genera tor  is usua l  in  
u rban  a r e a s ,  w h e r e  m o s t  l i n e s  a r e  i n  cable .  
In f i g u r e s  12 and 21 the r inging gene ra to r  is 
connected directly to  the central-office battery. 

Advantages a r e  simplicity, and the fact that the 
r i ng ing  cu t  -off r e l a y ' s  i nduc tance  i m p e d e s  
higher-frequency harmonics and other ringing- 
machine e l e c t r i c a l  d i s turbances  s o  they t:nd 
to b e  kep t  out of t h e  cable .  T h i s  he lps  keep 
the cable-lines quiet. 

RINGING 
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I 

OPEN-WIRE I CALLED 

I Rlng~ng 
I LlNE I TELEPHONE 

I cut-Off 
relay 

I I 
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Both a.c and d.c. 
flow through relay : 
to ground leak. 
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Figwe 21. Battery-connected generator, 
showing a fault drawing a.c. A N D  d.c. thru ringing cut-off relay. 

If i t  were used extensively with open-wire lines, 
ba t te ry-  connected g e n e r a t o r  would have  one 
disadvantage. During bad weather  when damp 
foliage might touch line wires  and provide a d-c 
ground -leak path (figure 2 1 ), ringing- gene r a to r  
voltage (aiding the battery voltage half the t ime) 
might ,  a t  the  g e n e r a t o r - v o l t a g e  peak ,  s e n d  
enough cu r ren t  t h ru  the r inging cut-off r e l ay  
to operate  i t ,  and cut off the ringing before the 
called party had answered.  

19.3 Ground-connected generator  is preferable  
fo r  open-wire  l i n e s  common  i n  r u r a l  a r e a s .  
The central-office battery is connected directly to 
the connectors' r i n ~ n g  cut-off relays (figure 22). 

RINGING I CONNECTOR I OPEN-WIRE I CALLED 

I Rtngfng 
I L l N E  I TELEPHONE 

cut-Off 
I relay I I 

I 

I 

I I 

Figure 22. Ground-connected generator, 
showing a fault drawing only d.c. thru ringing cut-off relay. 

The  advan tage  is tha t  a ground l e a k  of high 
enough r e s i s t a n c e  that i t  doesn ' t  put a "per-  
manent" seizure on the line, a l so  cannot cause 
premature  ringing cut off. .In f igure 22 a -line 
ground leak draws thru the ringing cut- off relay 
current f rom the battery only, not peaked by the 
a - c  gene ra to r .  A +line ground leak  d raws  no 
cur ren t  th ru  the ringing cut-off re lay .  

Figure 22 shows each connector requires a 250Q 
15-watt r e s i s to r .  If there is a low-resis tance 
f au l t -g round  on  t h e  + l ine  n e a r  t h e  c e n t r a l  
office, t h e  250Q r e s i s t o r  l i m i t s  c u r r e n t  flow 
so the generator won't overheat. This  r e s i s to r  

' brings a b o u t  t h e  l e s s  f a v o r a b l e  a s p e c t s  of 
ground-connected genera tor :  one m o r e  pa r t  
per  connector, no inductance to suppress  noise- 
f requency  a . c . ,  a n d  a tendency  of t he  e x t r a  
resistance to lower the maximum loop resistance 
p e r m i s s i b l e  in  l i nes  the connec to r  s e r v e s .  

20. CALLING-PARTY RELEASE 

In certain cases, i t  is desirable fo r  the connector 
to re lease  when the caller hangs up ra ther  than 
when the last  party hangs up. Then we omit the 
w i r e  f o r  r e l a y  D s p r i n g  5.  R e l a y s  K and  F 
then a r e  held only by relay .B. Relay D will be 
released when the wiper-closing relay releases  
o r  when the called party hangs up, whichever 
happens f i r s t .  Thus ,  the c a l l e r  can  r e l e a s e  
re lays  A, B, I(, F, and D, opera te  the r e l ea se  
magnet, and re-connect the "off-hook" called 
p a r t y  to h i s  l i ne  equ ipmen t .  C a l l i ng -pa r ty  
r e l ea se  is not s o  usual  a s  l a s t -pa r ty  r e l ea se ,  
and will be  found only in the following 3 cases:  



(a)  Where all lines have "lock out" (see bulletin 
821), there is no reason to  hold a connector 
when t h e  ca l led  p a r t y  is slow to  hang up. 
Avoidance of prolonged unwarranted con- 
n e c t o r  holding is a g r e a t  advantage in  a 
s m a l l  c e n t r a l  o f f ice  with few swi t ches .  
When the  c a l l e r  hangs  up, t he  connector  
r e l e a s e s ,  a n d  r e  - c o n n e c t s  t h e  ca l led  
party's line equipment. This locks him out. 

"Lock out" prevents the called party 's  line 
equipment f rom bringing in a linefinder and 
a s e l e c t o r  whi le  h i s  t e l ephone  r e m a i n s  
"o f f -hook ' '  f r o m  t h e  c o n v e r s a t i o n  just 
concluded. Of course ,  when he hangs up, 
the "lock out" removes itself automatically. 

(b) In a cent ra l  office s o  s m a l l  i t  r equ i r e s  no 
selectors, and 2 -wire trunks f rom adjoining 
towns c o m e  d i r e c t l y  into incoming con- 
nec tors ,  the only place a t runk is marked  
busy in the distant office is a t  lead C in the 
banks  of s e l e c t o r s  having  a c c e s s  t o  the 
outgoing pulse repeaters. Since lead C is not 
extended between .central  offices,  a l a s t -  

par ty-release incoming connector, held by 
the called party in  the s m a l l  office, would 
not b e  marked busy at the outgoing end. A 
se l ec to r  s e r v i n g  a n o t h e r  d i s t a n t  pa r ty  
would not be p reven ted  f r o m  se i z ing  the 
held connector, and would connect the new 
ca l l e r  t o  the off -hook telephone. Calling- 
par ty  r e l e a s e  s o l v e s  t h i s  p r o b l e m  by 
enabling the cal ler  to r e l ea se  the switches 
in  both offices. 

(c )  In a P-A-X of under 100 l ines  with fan-tail  
p lunger  l ineswi tches  (no  l i ne f inde r s  nor  
selectors) ,  calling-party r e l ea se  prevents  
a called pa r ty  who does  not hang  up f rom 
tying up the line of the party who just called 
him. If l as t -par ty  r e l ea se  were  used,  the 
cal led p a r t y ,  f a i l i n g  t o  h a n g  up, could 
continue to hold the connector. The ca l le r ' s  
l ineswitch (the only lineswitch not denied 
a c c e s s  t o  t he  ca l led  p a r t y ' s  connec tor )  
would r ema in  positioned t o  p r e s e l e c t  the 
connector held by the off-hook telephone, 
and would continue to connec t  the  c a l l e r  
to t h e  p a r t y  h e  h a d  p r e v i o u s l y  ca l led .  



ALARMS AND MiSCELLANEOUS 

Figure 23. Supervisory circuits of an idle connector. 

2 1 .  DISCONNECT -DELAY SUPERVISION 
( f igu re  23) 

The supervisory circuit will light a white lamp 
on the shelf fuse panel (figure 4) when a- conver- 
sation has been completed, but the party slower 

i to hang up holds the connector. The SUPY. 1 
! lamp can light when the caller is slower to  hang 

up; the SUPY. 2 lamp can light when the called 
party holds the connector. However, a l l  con- 
nector white SUPY lamp circuits normally a r e  
kept open at a central toggle switch, and will be 
closed only during slack periods . . . for example, 
at  night . . . as  a check fo r  "permanent" lines. 

If the calling party holds the line, the SUPY. 1 
c i rcu i t  (figure 23) is completed thru relay D 
contacts 3-4, relay F contacts 11 -12, and relay K 
contacts 7T-8T. 

If the called party holds the line, the SUPY. 2 
circuit  is completed thru relay D contacts 6-7, 
relay B contacts 3-4, and relay A contacts 1-2. 

Neither lamp will light if the call is not corn- 
pleted, since they require the operation of either 
relay D o r  relay F. Likewise, both supervisory 
c i rcu i t s  wil l  be held open during conversa- 
tion, SUPY. 1 by relay D, SUPY. 2 by relay A. 

22. RELEASE-ALARM CIRCUIT 

When a mechanical defect prevents a connector 
shaft f rom rotating o r  falling during release, the 
release magnet (figure 20) will remain operated 

.?and cause the green release-alarm lamp on the , 
shelf fuse panel (figure 4) to light a few seconds 
later. This is accomplished by supplying ground 

to the release magnet thru the low-resistance 
winding of the shelf release-alarm relay. This 
relay operates in series with any release magnet 
on the shelf, and connects the release-alarm 
lamp to a t i m e r  that will light the l amp  and 
sound an alarm (and perhaps light an aisle lamp 
and a centrally located re lease-a la rm lamp) 
to inform switchmen of the trouble. Typical 
timers for this purpose allow the release-alarm 
relay to be operated from 9 to 20 seconds before 
they close the alarm circuits. 

2 3. FUSE -ALARM CIRCUIT 

If trouble in one of the switches blows a fuse, 
the red lamp on fuse panel (figure 4) will light. 
Figure 24 shows a good fuse and a blown fuse. 
When the fuse wire  melts,  it r e l ea ses  2 leaf 
springs, one of which touches a bus bar on the 
fuse panel (figure 4), connected to the red lamp. 
The fuse-alarm circuit also sounds a general 
a larm and perhaps lights an  ais le  lamp and a 
centrally located fuse -alarm lamp. 

Figure 24. Alarm fuse. 
" A = good fuse. 

B = blown fase. 



24. BUSY KEY (figures 1, 16, and 17) 

Above the contact banks on the left s ide  of the 
connector is the busy key. This key will ground 
the control  lead  and  m a r k  the  connector  busy  
f o r  r e p a i r  work o r  testing. 

25. TEST JACK (figures 1, 15, and 17)  

The "test jack", opposite the busy key and above 
the wiper  t e r m i n a l s ,  h a s  2 p a i r s  of sp r ings .  

A c o n d u c t o r  (penny,  s c r e w d r i v e r  t ip ,  e t c . )  
i n se r t ed  be tween t e s t - j a c k  s p r i n g s  3-4  wil l  
ground the  con t ro l  l ead .  T o  " t r a c e '  ' a cal l ,  
ground lead C a t  tes t- jack spr ings  3-4 ( r a the r  
than a t  t h e  b u s y  key ,  which  would r e l e a s e  
preceding switches during the t rave l  t ime f rom 
one contact to the o ther ) .  

T e s t  equipment can be connected between springs 
1-2 for  monitoring o r  testing ac ros s  the t r ans -  
mission lines. The usual "test" is to dial "99' '. 
Normally the connector makes al l  9 steps up and 
all 9 steps around accurately . . . no steps lost, and 
no overstepping beyond 9 . . . showing that the 
switch pulsing elements a r e  in good adjustment. 

Often m o r e  than one t e s t  is made ,  one with a 
low-res i s tance  leaky l ine s imula ted ,  another  
with a high- resis tance line simulated. Usually 
these 2 pulsing tests a r e  made during the 2 ring- 
talk-busy t e s t  ca l l s  descr ibed in  $26. 

26. BAY T E S T  J A C K ;  ROUTINE T E S T S  

In add i t i on  t o  t h e  ind iv idua l - connec to r  t e s t  
jacks ($25) ,  e a c h  c o n n e c t o r  b a y  h a s  a p a i r  -- 

of tes t  jacks. To the bay test  jacks the installer 
wi res  battery and ground, and, multipled together, 
line "99" f r o m  e v e r y  connector  shelf i n  the 
bay. 

At i n t e r v a l s  (in a l a r g e  c e n t r a l  of.fice t h i s  is , I 
often a weekly rout ine) ,  a swi t chman  m a k e s  
operation tests of the connectors, using a portable 
tes t  s e t  o r  "tea wagon". 

The switchman puts the portable tes t  se t ' s  twin 
plug into the bay test  jacks. They supply battery 
and ground to operate  the tes t  se t ,  and connect 
to the test  set  line 99 of any and every connector 
in the  bay. 

The s w i t c h m a n  p u t s  t he  p o r t a b l e  t e s t  s e t ' s  
Strowger-switch-type test  plug into the tes t  jack 
($25) of t he  f i r s t  i d l e  connec to r .  Us ing  the  
portable  t e s t  s e t ' s  dial, the switchman makes  
2 cal ls  to  "99". 

F o r  the  f i r s t  ca l l  he u s e s  a por tab le- tes t - se t  
key t o  m a k e  99 "busy", a n d  h e  should h e a r  
busy tone. 

F o r  the second call ,  the switchman allows the 
connector to ring into the portable  t e s t  se t .  If 
the t e s t  s e t  has  a "false TRIP"  t e s t  key, the 
switchman operates i t  during a ringing interval; 
it should not cut off the ringing. Next, in a silent 
period, the swi tchman ope ra t e s  the ANS key, 
which should  o p e r a t e  t he  connec to r  r ing ing  
cut-off relay. Then he checks fo r  transmission, B 
bat tery r eve r sa l ,  etc.  8 

The swi tchman r epea t s  the t e s t s  f o r  a l l  con- 
nec tors  i n  the bay. 
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