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SECTION 1. HISTORY AND DEVELOPmNT 

S h o r t l y  a f t e r  t h e  i n v e n t i o n  of t h e  t e lephone  by Alexander Graham B e l l  i n  
1876, many i n v e n t o r s  l a b o r e d  t o  d e s i g n  a  sys tem i n  which mechanical  equip-  
ment would r e p l a c e  t h e  o p e r a t o r s  i n  t h e  c e n t r a l  o f f i c e ,  whose f u n c t i o n  i t  
was t o  s w i t c h  c a l l s  manually from one l i n e  t o  a n o t h e r .  The first  success -  
f u l  sys tem which was t o  r e p l a c e  t h e  o p e r a t o r s  was t h e  i n v e n t i o n  of a  me- 
c h a n i c a l  s w i t c h i n g  d e v i c e  i n  1889 by A .  B.  S t rowger ,  a  Kansas C i t y  under- 
t a k e r .  

A s  e a r l y  a s  1879, Connolly and McTighe conceived t h e  i d e a  of having mechani- 
c a l  equipment perform t h e  e n t i r e  work of s w i t c h i n g  c a l l s  i n  a  c e n t r a l  of-  
f i c e .  I n  t h e i r  sys tem each s u b s c r i b e r  s t a t i o n  equipment was provided w i t h  
a  s w i t c h  by means of which t h e  l i n e  cou ld  be connected e i t h e r  t o  a  "make and 
break"  impulse send ing  d e v i c e  o r  t o  t h e  t e lephone  s e t  i t s e l f .  The sub- 
s c r i b e r ,  w i t h  t h e  s w i t c h  tu rned  s o  t h a t  t h e  "make and break"  d e v i c e  was con- 
nec ted  t o  t h e  l i n e ,  would cause  c u r r e n t  impulses  t o  be s e n t  ou t  on t h e  l i n e  
i n t o  t h e  c e n t r a l  o f f i c e  equipment,  where magnets a s s o c i a t e d  w i t h  h i s  l i n e  
would be o p e r a t e d ,  and t h e r e b y  c o n t r o l  t h e  o p e r a t i o n  of s tep-by-s tep switches, 
which i n  t u r n  would connect  h i s  l i n e  t o  o t h e r  l i n e s  t e r m i n a t i n g  i n  t h i s  of-  
f  i c e .  

While t h e  b a s i c  p l a n  of a u t o m a t i c a l l y  s w i t c h i n g  c a l l s  was p r a c t i c a l  f o r  
small a r e a s ,  many y e a r s  of development were r e q u i r e d  u n t i l  a  sys tem was de- 
s i g n e d  which would meet t h e  s e r v i c e  and t r a f f i c  requ i rements  of a  l a r g e  ex- 
change a r e a .  

One of t h e  most important  f e a t u r e s  of S t rowger ' s  work was t h a t  of s i m p l i f y -  
i n g  t h e  c o n t a c t  ar rangement  i n  t h e  c e n t r a l  o f f i c e ,  upon which t h e  d i f f e r e n t  
s u b s c r i b e r  l i n e  w i r e s  t e r m i n a t e d .  These c o n t a c t s  were a r r a n g e d  on curved 
s u r f a c e s  i n  a number of l e v e l s  o r  rows, one row above t h e  o t h e r .  T h i s  a r -  
rangement makes it n e c e s s a r y  f o r  t h e  a s s o c i a t e d  b r u s h e s  o r  wipers  t o  move 
f i rs t  i n  a v e r t i c a l  d i r e c t i o n ,  s e l e c t i n g  a  p a r t i c u l a r  l e v e l  of t e r m i n a l s ,  
and t h e n  r o t a t e  over  t h e  t e r m i n a l s  i n  t h a t  l e v e l  u n t i l  c o n t a c t  was made w i t h  
a  p a r t i c u l a r  s u b s c r i b e r  l i n e  t e r m i n a l .  T h i s  f e a t u r e ,  i n v o l v i n g  f i r s t  a  
v e r t i c a l  and t h e n  a r o t a r y  movement of t h e  wipers ,  c o n t r i b u t e d  a v e r y  im-  
p o r t a n t  i d e a  t o  t h e  a r t  of mechanical  t e lephony .  The wipers  which made con- 
n e c t i o n  w i t h  t h e  c o n t a c t s  were d i r e c t l y  under t h e  c o n t r o l  of t h e  s u b s c r i b e r  
c a l l i n g  d e v i c e  and t h e r e f o r e  cou ld  be made t o  move a c e r t a i n  number of s t e p s  
i n  e i t h e r  a v e r t i c a l  o r  h o r i z o n t a l  d i r e c t i o n  depending upon t h e  number of 
impulses  g e n e r a t e d  by t h e  c a l l i n g  d e v i c e .  The d e f e c t s  i n  t h i s  f i r s t  sys tem 
were many. F i v e  w i r e s  f rom each  s u b s c r i b e r  s t a t i o n  t o  t h e  c e n t r a l  o f f i c e  
were r e q u i r e d .  The commercial development of t h e  Strowger Automatic System 
began w i t h  a c e n t r a l  o f f i c e  i n s t a l l a t i o n  i n  LaPor te ,  Ind iana  i n  1892 and h a s  
c o n t i n u e d  more o r  l e s s  s t e a d i l y  s i n c e  t h a t  t ime.  

I n  1894, a  sys tem was produced by Kei th ,  Lundquis t ,  and Er ickson  which in -  
volved s e v e r a l  new f e a t u r e s .  A common b a t t e r y  was i n s t a l l e d  i n  t h e  c e n t r a l  
o f f i c e  which o p e r a t e d  s w i t c h  magnets similar t o  t h o s e  of S t r o w g e r f s .  The 
number of l i n e  w i r e s  r e q u i r e d  f o r  each s u b s c r i b e r  s t a t i o n  was reduced from 
f i v e  t o  two. T h i s  sys tem inc luded  a c a l l i n g  d e v i c e  l o c a t e d  a t  e a c h  sub- 
s c r i b e r  s t a t i o n  which c o n s i s t e d  g e n e r a l l y  of t h r e e  push b u t t o n  t y p e  keys  
l a b e l e d  "hundreds," " t e n s , "  and " u n i t s . "  I f  t h e  s u b s c r i b e r  wiehed t o  c a l l  
No. 125, f o r  example, he would push t h e  "hundreds" b u t t o n  once, t h e n  t h e  
" t e n s "  b u t t o n  t w i c e  and " u n i t s n  b u t t o n  f i v e  t imes .  By means of t h i s  ar- 
rangement a s u b s c r i b e r  was a s s u r e d  f a i r l y  good s e r v i c e ,  t h e  g r e a t e r  p e r c e n t -  
a g e  of e r r o r s  b e i n g  t r a c e a b l e  t o  t h e  s u b s c r i b e r  h i m s e l f ,  due t o  improper 
o p e r a t i o n  of t h e  push b u t t o n s  o r  n o t  ho ld ing  t h e  key l o n g  enough f o r  t h e  
s w i t c h e s  i n  t h e  c e n t r a l  o f f i c e  t o  f u n c t i o n .  A s  a r e s u l t  of t h e s e  s u b s c r i b e r  
e r r o r s ,  K e i t h  and  Er ickson  i n  1896 inven ted  t h e  f i r s t  d i a l .  

A s  a r e s u l t  of t h e s e  i n v e n t i o n s ,  t h e  mechanical  sys tem of s w i t c h i n g  c a l l s  
from one l i n e  t o  a n o t h e r  t h e n  became a r e a l  compet i to r  of t h e  manual system. 

S e v e r a l  semi-mechanical sys tems were a l s o  developed which were p a r t  manual 
and p a r t  mechanical  i n  o p e r a t i o n ,  and t h e  s w i t c h i n g  o p e r a t i o n s  r e q u i r e d  i n  
o r d e r  t o  complete  t h e  c a l l  were performed by a e c h a n i c a l  equipment under  t h e  
d i r e c t  c o n t r o l  of t h e  opera tor  who handled t h e  o r i g i n a t i n g  c a l l .  



Durlng t h e  f i r s t  World War, l a b o r  c o n d i t i o n s  over t h e  e n t i r e  c o u n t r y  reached  
such  a s t a g e  t h a t  t e l e p h o n e  companies found i t  a lmos t  imposs ib le  t o  o b t a i n  
a s u f f i c i e n t  number of g i r l s  t o  o p e r a t e  t h e  manual sys tem.  These c o n d i t i o n s  
l e d  t e l e p h o n e  companies t o  adopt  t h e  mechanical  sys tem on q u i t e  a l a r g e  
s c a l e .  

I n  1920 t h e  B e l l  System began t h e  i n s t a l l a t i o n  of t h e  Pane l  D i a l  System, 
developed p r i m a r i l y  f o r  l a r g e  c i t i e s .  However, t h e  demand f o r  a mechanical  
sys tem t o  s e r v e  s m a l l  and mediuh s i z e d  c i t i e s  l e d  t o  t h e  a d o p t i o n  of t h e  
Step-by-s tep  D i a l  System f o r  t h e s e  a r e a s .  I n  1925,  Hawthorne Works began 
t h e  manufacture  of Step-by-Step d i a l  equipment w i t h  a schedu le  of 25,000 
l i n e s .  By 1929 t h i s  had r i s e n  t o  approx imate ly  200,000 l i n e s  f o r  t h e  y e a r .  
During t h e  y e a r s  of t h e  d e p r e s s i o n  t h e  manufacture  of t h i s  equipment was 
d i s c o n t i n u e d  a t  Hawthorne, r e v e r t i n g  back t o  t h e  Automatic E l e c t r i c  Company 
which s u p p l i e d  t h e  small demand d u r i n g  t h a t  t ime .  I n  1936 t h e  demand f o r  
t h i s  equipment began t o  i n c r e a s e  and manufacture  was a g a i n  resumed a t  t h e  
Hawthorne Works. By 1941 p r o d u c t i o n  r o s e  t o  740,000 l i n e s .  

Durlng t h e  war y e a r s  t h e  ou tpu t  of a l l  t e l e p h o n e  equipment was a t  a  s t a n d -  
s t i l l  w i t h  manufacture be ing  resumed i n  1945. The p r e s e n t  schedu le  f o r  
t h e  manufacture  of Step-by-s tep  Equipment is 1 ,000,000 l i n e s  (1948) .  

F i g u r e  1 is a view of t y p i c a l  equipment i n s t a l l e d  i n  a Step-by-Step D i a l  
C e n t r a l  Of r i c e  today .  



Figure 1 

Stap-by-Step Dlal System Central Office Equipment 



SECTION 2. PRINCIPLES OF DIAL SWITCHING 

The function of any telephone system is to connect the lines of any two of 
its subscribers so thak they can talk over the electric circuit thus estab- 
lished. 

In a manual telephone system the subscriber orally 
transmits the number he desires to an operator who se- 
lects the number for him and connects his line to the 
line of that number; or who, in larger systems, con- 
nects the line with a trunk to a distant office and 
repeats the number desired to another operator who 
completes the connection to the called line. In a 
dial system the operator is entirely eliminated in so 
far as regular calls are concerned, but the sequence 
of operations is somewhat similar, with the operations 
being performed by electro-mechanical switches. 

2u Since an electro-mechanical switch cannot respond to 
the voice of the subscriber as an ope:ator can, each 
subscriber equipment includes a "dial (Fig. 2), by - means of which he transmits electrically the numberhe 
is calling. Actually, when the dial is operated by a 
calling subscriber, the electric circuit between the 

II - subscriber and the central office is opened and closed 
a certain number of times, depending on the digit or 

F ~ ~ G E R  WHEEL letter dialed. For example, if number 4 is dialed, 

@ the circuit is opened and closed 4 times, thus gener- 
ating 4 pulses, which transmit definite information 
to the mechanical equipment in the telephone office. 

The simplest form of a dial telephone system (Fig. 3) 
would be some form of an electro-mechanical switch 
electrically connected to the subscriber line, the 

F INGER STOP 
I n O Y T  O I  DIAL 

G O V E I H O I  PULSE 

Figure 2 Dial Figure 3 

selector arm of which, would, by means of an electro-magnet, be moved one 
step each time the circuit of the subscriber line was broken and made by the 
operation of the dial. This would enable the suscriber to connect his tele- 
phone to any one of a group of telephones by a single rotation of the dial. 
By dialing one (I), the telephone connected to the first contact of the 
switch would be selected; by dialing two (2), the telephone connected to the 
second contact would be selected. As many telephones could be selected at 
the one switch as there were digits on the dial. Zero is the tenth and last 
digit on the dial, and when the dial is rotated from the zero finger hole, 
ten dial pulses are sent out and the telphone connected to the tenth contact 
or the switch WQU~CI be selected. 

Uore telephones could be reached by the subscriber with the use of addi- 
tional switches arranged as in Fig. 4. Here the first rotation of the sub- 
scrlbar d i a l  sands out pulses  which cause the s e l ec tor  arm of the f l r s t  
switch to move and connect to a path, called a trunk, to a second switch. 
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A slow r e l e a s e  r e l a y  i s  employed t o  
i n s u r e  t h a t  a l l  t h e  d i g i r s  d i a l e d  
a r e  r e c e i v e d .  T h i s  r e l a y  i s  s o  slow 
t h a t  it w i l l  not  r e l e a s e  between t h e  
r a p i d  p u l s e s  produced by t h e  d i a l ,  
bu t  does  r e l e a s e  i n  t h e  pause which 
ensues  when t h e  s u b s c r i b e r  r e a c h e s  
f o r  t h e  second p u l l  of t h e  d i a l .  
T h i s  slow r e l e a s e  r e l a y  i n v o l v e s  a  
fundamental  p r i n c i p l e  of a l l  d i a l  
t e l e p h o n e  sys tems.  The second r o t a -  
t i o n  of t h e  d i a l  o p e r a t e s  t h e  s e l e c -  
t o r  arm of t h e  second s w i t c h  t o  
r e a c h  t h e  c a l l e d  s u b s c r i b e r  s t a t i o n .  

The two a r rangements  t h u s  f a r  des-  
c r i b e d  a l l o w  f o r  o n l y  one t e l e p h o n e  
t o  o r i g i n a t e  c a l l s  t o  any  of t h e  
o t h e r s .  I n  o r d e r  t h a t  t h e  o t h e r  
t e l e p h o n e s  may o r i g i n a t e  c a l l s  a l s o ,  
it i s  n e c e s s a r y  t o  equ ip  each t e l e -  
phone w i t h  a  s e l e c t o r  s w i t c h  of i t s  
own. During t h e  t ime  t h a t  t h e  sub- 
s c r i b e r  is  not  u s i n g  h i s  t e l e p h o n e  
t h i s  s w i t c h  of c o u r s e  would be i d l e .  

T h i s  c o n d i t i o n  c a n  be e l i m i n a t e d  by i n t r o d u c i n g  a  s w i t c h  known a s  a  " l i n e  
f  i n d e r . "  One or  more of t h e s e  s w i t c h e s  a r e  provided f o r  a group of sub- 
s c r i b e r  l i n e s ,  t h e  l i n e s  b e i n g  connected t o  t h e  t e r m i n a l s  of t h e  s w i t c h  
banks.  The s w i t c h e s  a r e  s o  des igned t h a t  when a s u b s c r i b e r  l i f t s  h i s  r e -  
c e i v e r ,  a  s e l e c t o r  arm a u t o m a t i c a l l y  r o t a t e s  and f i n d s  t h e  c a l l i n g  sub- 
s c r i b e r  l i n e  t e r m i n a l  i n  t h e  bank and makes c o n t a c t  w i t h  i t .  T h i s  con- 
n e c t s  t h e  s u b s c r i b e r  l i n e  t o  a n  a s s o c i a t e d  f i r s t  s e l e c t o r  s w i t c h ,  v i a  t h e  
l i n e  f i n d e r ,  and t h e  o p e r a t i o n  of t h e  d i a l  c a u s e s  t h e  c a l l e d  l i n e  t o  be 
s e l e c t e d  t h e  same a s  i n  t h e  sys tem d e s c r i b e d  above.  F i g .  5 r e p r e s e n t s  a  
complete  t e l e p h o n e  sys tem,  which o p e r a t e s  on t h i s  p r i n c i p l e .  The System 
i n c l u d e s  a l i n e  f i n d e r  s w i t c h  which c o n n e c t s  t h e  c a l l i n g  s u b s c r i b e r  l i n e  
i n  c i r c u i t  w i t h  one of t h e  f i r s t  s e l e c t o r  s w i t c h e s .  

OFFICE A I OFFICE B 

LINE FINDERS I& SELECTORS 
CONNECT CALLINO SELECT TRUNK m 

TELL?HONEb OFflGL WANTED 

TO SLLLCTIHO APPARATUS 

TRUNK K 

2 ~ 0  SELECTORS CONNECTORS 

SELECT IMOUP Of SELECT TELEPHONE 

I TELEPHONES WANTED WANTED 
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The first selector switches are shown connected by means of trunks, to sec- 
ond selector switches. After the line finder switch has connected the call- 
ing subscriber telephone to the selecting equipment, the first Selector, 
under control of the first dialing, selects a trunk to the office wanted (it 
may be the same office in which the calling subscriber line is connected). 
The trunk connects to a second switch, in the called office, which is con- 
trolled by the second dialing to select a trunk to the group of telephones 
wanted. This group of telephones is connected to a third switch known as a 
connector switch. The third dialing causes one of these lines to be con- 
nected to the selected trunk, completing the connection between the calling 
and the called telephones. 

An additional feature is illustrated in Fig, 5. It will be noted that there 
are two trunks between office "A" and office "B" and that these trunks are 
multipled to both the selector switches shown. Thus, two subscribers may at 
the same moment talk from office "A" to office "B", but this requires an ad- 
ditional feature in the selector switch. It must be so arranged that if it 
is moved by a subscriber dialing to a trunk which is already in use, it will 
automatically move to the next trunk. This feature is known as "trunk hunt- 
ing" and is characteristic of dial telephone systems of this type. In such 
systems, the number of trunks in any group over which a Selector can hunt is 
generally limited to ten by the mechanical limitations of the switch and the 
numerical system employed in dialing. Where more than ten trunks are re- 
quired, they must be divided into two or more groups, each of which does not 
exceed ten. 

The present Step-by-step Dial System operates much like that described and 
is based on a system of trunking using first, second or more selectors and 
connectors, as shown in Fig. 6, to build up the connection between any two 
lines, a section at a time. The number of selectors to be used (namely 
first, second, third, etc.) depends on the number of digits that must be 
dialed to reach all subscribers. 

,-* - - 
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Figure 6 
The Path of a Cn11 Thru the Step-by-step Dial System 



SECTION 3. EQUIPMENT AND FRAHES 

1. Line F i n d e r  Swi tch .  Uni t  and Fr&m 

The purpose  of t h e  l i n e  f i n d e r  s w i t c h  is t o  a u t o m a t i c a l l y  f i n d  t h e  c a l l i n g  
l i n e  when a  s u b s c r i b e r  removes h i s  r e c e i v e r ,  and t o  connect  t h e  l i n e  t h r o u g h  
t o  t h e  n e x t  p i e c e  of equipment t o  be used i n  complet ing t h e  c a l l .  The swi tch  
i s  t h e r e f o r e  a r r a n g e d  f o r  a u t o m a t i c  v e r t i c a l  and h o r i z o n t a l  s t e p p i n g  t o  t h e  
d e s i r e d  l e v e l  and bank c o n t a c t  t e r m i n a l  a s s o c i a t e d  w i t h  t h e  s u b s c r i b e r  l i n e .  
Each s u b s c r i b e r  l i n e  i s  r e p r e s e n t e d  by t h r e e  c o n t a c t  t e r m i n a l s  on t h e  l i n e  
f i n d e r  s w i t c h  banks  d e s i g n a t e d  a s  t i p  "T , "  r i n g  "R,"  and s l e e v e  "S." The 
t i p  and r i n g  c o n t a c t  t e r m i n a l s  a r e  connected t o  t h e  two s u b s c r i b e r  l i n e  
w i r e s  coming i n t o  t h e  c e n t r a l  o f f i c e  from h i s  s t a t i o n ,  whi le  t h e  s l e e v e  con- 
t a c t  t e r m i n a l  is  connected t o  a  c o n t r o l  l e a d  used w i t h i n  t h e  o f f i c e  i n  s e t -  
t i n g  up and s u p e r v i s i n g  t h e  c a l l .  

The l i n e  f i n d e r  s w i t c h  t o g e t h e r  w i t h  t h e  a s s o c i a t e d  banks is  shown i n  Fig .7 .  
The e s s e n t i a l  p a r t s  of a  l i n e  f i n d e r  s w i t c h  i n c l u d e  a  mounting p l a t e ,  lower  
cover  p l a t e ,  f rame,  r e l a y s ,  condense r ,  magnets,  s h a f t  and s h a f t  s p r i n g ,  
r a t c h e t s ,  w i p e r s ,  pawls ,  dogs,  commutator, t e s t  j ack ,  p l u g ,  f a n n i n g  s t r i p ,  
s p r i n g  a s s e m b l i e s ,  and a  cover .  

Normal Post 
-Spring CUP t--- 

200 P o i n t  Line F i n d e r  
~ e r t  view ~ i g h t  View 

F i g u r e  7  
Line F inder  Switch w i t h  Banks At tached  



The l i n e  f i n d e r  banks a r e  no t  c o n s i d e r e d  a s  p a r t  of t h e  l i n e  f i n d e r  s w i t c h  
s i n c e  t h e y  a r e  c o n t a i n e d  i n  t h e  bank m u l t i p l e  which is  manufactured a s  a 
s e p a r a t e  component. However, t h e  c l o s e  a s s o c i a t i o n  between t h e  l i n e  f i n d e r  
s w i t c h e s  and t h e  banks makes a n  e x p l a n a t i o n  of banks a d v i s a b l e  a t  t h i s  t ime .  

Banks a r e  of twontypes ;  namely, 
BANK CONTACT NO. I "100" p o i n t  and 200" p o i n t .  I n  t h e  

100 p o l n t  bank one hundred t e r m i n a l s  
a r e  assembled i n  t e n  h o r i z o n t a l  rows 
one above t h e  o t h e r .  Each row i s  
i n s u l a t e d  from t h e  nex t  and t h e  i n d i -  
v i d u a l  t e r m i n a l s  a r e  i n s u l a t e d  from 
each  o t h e r .  Each h o r i z o n t a l  row con- 
sists of t e n  b r a s s  t e r m i n a l s ,  a p -  
p rox imate ly  1" l o n g ,  one end of each  
t e r m i n a l  p r o j e c t i n g  o u t  on t h e  f r o n t  
of t h e  bank a s  a  c o n t a c t  and t h e  
o t h e r  p r o j e c t i n g  ou t  on t h e  r e a r  of 

s t h e  bank a s  a  w i r i n g  l u g .  A meta l  
s p a c e r  is  a l s o  p l a c e d  between each  
row, o r  l e v 5 1  of t h e  bank, t o  g i v e  
i t  r i g i d i t y .  The e n t i r e  bank assem- 
b l y  is  h e l d  t o g e t h e r  w i t h  f i v e  b o l t s  
a s  shown i n  F i g .  8. The 200 p o i n t  
bank is assembled i n  t h e  same man- 
n e r  a s  t h e  100 p o i n t  excep t  that  200 
t e r m i n a l s  a r e  now prov ided  w i t h  t e n  
" p a i r s "  of t e r m i n a l s  mounted i n  e a c h  
h o r i z o n t a l  row. I n  t h i s  t y p e  bank 

BANK CONTACT NO. 10 t h e  meta l  s p a c e r s  between t h e  rows 
a r e  s h o r t e d  t o g e t h e r  t o  e l i m i n a t e  

F i g .  8 - Top View of a 100 P o i n t  c r o s s  t a l k  a s  w e l l  as t o  g i v e  i t  
Switch Bank r i g i d i t y .  

BANK ROD ASSEMBLY Banks a r e  mounted on two 
LOCATING SHOULDER bank r o d s  by means of bank 

c o l l a r s .  The bank r o d s  a r e  
TENTH BANK LEVEL a t t a c h e d  t o  t h e  s w i t c h  

BANK ROD NUT frame th rough  h o l e s  i n  t h e  
lower cover  p l a t e .  Banks 
a r e  mounted on t h e  bank 
r o d s  i n  such a  way a s  t o  
a l l o w  wipers ,  which a r e  a t -  
t ached  t o  a  s h a f t ,  t o  make 
c o n t a c t  w i t h  t h e  bank t e r -  
mina l s  when t h e y  a r e  r a i s e d  
and r o t a t e d  (F ig .  9 ) .  
Wipers a r e  a s s o c i a t e d  w i t h  
t h e  f r o n t  p a r t  of t h e  bank 
t e r m i n a l s ,  whi le  t h e  bank 
m u l t i p l e  w i r i n g  is  con- 
nec ted  t o  t h e  r e a r  of t h e  
t e r m i n a l s .  

F i g .  1 0  r e p r e s e n t s  t h e  bank 
numbering of a 200 p o i n t  
bank w i t h  t e r m i n a l s  numbered 
from 00 t o  99 i n s t e a d  of 1 
t o  100.  The f i r s t  row o r  
" l e v e l "  a s  i t  is  normal ly  
r e f e r r e d  t o ,  h a s  t e n  p a i r s  
of t e r m i n a l s ;  t h e  f i r s t  
p a i r  a t  t h e  l e f t  be ing  num- 
bered 11, t h e  second 1 2 ,  
e t c .  up t o  1 9  and t h e  t e n t h  

FIRST BANK LEVEL p a i r ,  10 .  The f i r s t  p a i r  
of t e r m i n a l s  of t h e  second 

Fig. 9 - Bank Assembly and Haunting "levelR is numbered 21 and 



the others respectively 22 t o  29 
and 20. The numbering of the 
other l e v e l s  f o l l o w s  t h e  same 
sequence; the first p a i r  of t e r -  
minals of each l e v e l  bslng euc- 
cessivelp 31, 41, e t c .  u p  to t h ~  
t e n t h  level which is numbered 
from 01 to  09 and 00. This l a  a 
general numberlng schema f o r  a l l  
bank8  and except  Tor unIfermity 
would not be r equ i r ed  on the 
l l n e  ilnder alnce t he  switch 

If I* 1 I  I8 I7 18 19 10 , ' & = - - - -  - - - -  - - - - - - -  shaft and wipers a re  ralsed and 
r o t a t e d  automaticalLy t o  find 

p i g .  10 - Line Bank Numbering the calling subscribers line. 
However, this numbering plan  is 

necessary In the case or se lectors  and connectors which are dial c o n t r o l l e d ,  
and must confarm to t h e  numbering plan f o l l o w e d  on the d i a l .  

RELAY MaAWIHG 
PLATE I 

WrrCH FRlYE 
SHAFT I 

\ 
PLATE 
C ~ L L A R  -J 

BANl RM) 

Flgure 11 - 200 P o i n t  Line Finder Switch and Bank8 



COMMlJTATOR CONTACT The two lower banks on a  
! 200 p o i n t  l i n e  f i n d e r  

BACKSTOP I i ( F i g .  11) a r e  d e s i g n a t e d  
as "lower" and "upper" 

SHAFT l i n e  banks and a r e - 2 0 0  
p o i n t  banks.  The sub- 
s c r  i b e r  l i n e  w i r e s  t i p  
"T" and r i n g  "R" a r e  
connected t o  t h e s e  l i n e  
bank t e r m i n a l s .  The 
lower l i n e  bank s e r v e s  
t h e  f i r s t  group of 100 
l i n e s  numbered 00 t o  99 
and t h e  upper l i n e  bank 
s e r v e s  t h e  second group 
of 100 l i n e s  numbered 
100 t o  199.  The t o p  

SET SCREW bank of t h e  200 p o i n t  
l i n e  f i n d e r  is  a l s o  of 
t h e  200 p o i n t  t y p e  w i t h  

COMMUTATOR WIPER each l e v e l  p r o v i d i n g  a  
t e r m i n a t i o n  f o r  20 sleeve 

F i g u r e  12 - Commutator and Commutator Wiper "Sn w i r e s  of 20 s u b s c r i -  
b e r  l i n e s .  I n  t h i s  case, 

t h e  lower bank t e r m i n a l s  of t h e  " p a i r s "  on l e v e l  1 a r e  connected ;o s l e e v e  
w i r e s  f o r  l i n e s  11 t o  10 .  The upper bank t e r m i n a l s  of t h e  " p a i r s  on l e v e l  
1 a r e  connected t o  t h e  s l e e v e  w i r e s  f o r  t h e  second hundred group o r  numbers 
111 t o  110.  Leve l s  2  t o  0  a r e  wired i n  l i k e  manner. The 100 p o i n t  l i n e  
f i n d e r ,  which is  no t  be ing  d i s c u s s e d  i n  t h i s  l e s s o n ,  c o n t a i n s  two b a n k s , t h e  
lower a 200 p o i n t  l i n e  bank and t h e  upper a  100 p o i n t  s l e e v e  bank. 

WIPER CORDS 

WIPER CORD 

CORD GUIDE 

CORD HOLDER 
(CORD GUIDE) 1 

r WIPER ASSEMBLY I 

CORD TIP 

NEW METHOD- MOUNTING WIPER 
ASSEMBLIES ON SHAFT 

Flgure 13 - Wlper Assemblies and Method of 
Loca t ing  them on t h e  S h a f t  



A commuta tor ,  mounted a t  t h e  r i g h t  of t h e  banks ,  c o n s i s t s  e s s e n t i s l l y  of 
e l e v e n  v e r t i c a l l y  mounted c o n t a c t  t e r m i n a l s  i n s u l a t e d  f rom e a c h  o t h e r .  I t ,  
t o g e t h e r  w i t h  a commutator wiper  which i s  mounted on t h e  s h a f t ,  p r o v i d e s  a 
means f o r  s t o p p i n g  t h e  v e r t i c a l  s t e p p i n g  of t h e  l i n e  f i n d e r  s h a f t  when t h e  
l e v e l  of t h e  c a l l i n g  s u b s c r i b e r  h a s  been  r e a c h e d .  The s h a f t  t h e n  r o t a t e s  
h o r i z o n t a l l y  t o  f i n d  t h e  "T,"  " R , "  and  "S"  c o n t a c t  t e r m i n a l s  of t h e  l i n e .  
The f i r s t  c o n t a c t  t e r m i n a l  of t h e  commutator s e r v e s  as  a r e s t  f o r  t h e  com- 
m u t a t o r  w ipe r  when t h e  s h a f t  is  normal and  t h e  r e m a i n i n g  t e n  r e p r e s e n t  t h e  
r e s p e c t i v e  l e v e l s  1 t o  0  of t h e  s w i t c h  banks  ( F i g s .  12 and  13).  

Four  wipe r  a s s e m b l i e s ,  s o  mounted on a s h a f t  t h a t  t h e y  a r e  suspended b e f o r e  
t h e  t h r e e  banks ,  a r e  used  t o  make c o n t a c t  w i t h  t h e  commutator and  bank con- 
t a c t  t e r m i n a l s  ( F i g .  13).  The commutator w i p e r ,  which i s  made up of a 
s i n g l e  phosphor  b r o n z e  s p r i n g ,  wipes  ove r  t h e  commutator c o n t a c t  t e r m i n a l s  
as  t h e  s h a f t  c a r r y i n g  i t  moves upward. The t h r e e  bank w i p e r s ,  e a c h  made up 
of two b r a s s  s p r i n g s  i n s u l a t e d  f rom e a c h  o t h e r ,  s e r v e  no pu rpose  d u r i n g  t h e  
v e r t i c a l  movement of t h e  s h a f t  b u t  wipe ove r  t h e  bank c o n t a c t  t e r m i n a l s  as  
t h e  s h a f t  c a r r y i n g  them moves i n  a r o t a r y  d i r e c t i o n .  F l e x i b l e  c o r d s  a r e  
s o l d e r e d  t o  t h e  l u g  end of e a c h  s p r i n g  on t h e  wipe r  a s sembly .  These  c o r d s  
a r e  a l s o  a t t a c h e d  t o  a t e s t  j ack  a s sembly  t h e r e b y  p r o v i d i n g  c o n n e c t i o n s  f rom 
t h e  w i p e r s  t o  t h e  s w i t c h  c i r c u i t s .  The lower  wipe r  i s  a s s o c i a t e d  w i t h  t h e  
l o w e r  l i n e  bank ,  t h e  midd le  wipe r  w i t h  t h e  uppe r  l i n e  bank and  t h e  uppe r  
w ipe r  w i t h  t h e  s l e e v e  bank ( F i g .  11). 

VERTICAL RATCHET 
SHOULDER 

OVERTHROW STOP 

VERTICAL PAWL 

VERTICAL RATCHET 

VERTICAL PAWL GUIDE 

ROTARY RATCHET 

F i g u r e  14 - V e r t i c a l  and  R o t a r y  
R a t c h e t s  

A s t e e l  r o d  a b o u t  10-1/2 i n c h e s  l o n g  and 3/8 i n c h e s  t h i c k  a t  e i t h e r  end  i s  
u s e d  as  t h e  s h a f t  f o r  c o n t r o l l i n g  wipe r  movement. I t  i s  s u p p o r t e d  i n  p r o p e r  
p o s i t i o n  by means of two s h a f t  b e a r i n g s  a t t a c h e d  t o  t h e  s w i t c h  f r ame .  Two 
b r o n z e  s l e e v e s  a r e  f o r c e d  and p inned  on t o  t h e  s h a f t .  Ten s l o t s  o r  t e e t h  
a r e  machined i n  t h e  upper  s l e e v e  t o  form t h e  v e r t i c a l  r a t c h e t  w h i l e  e i g h t e e n  
t e e t h  a r e  machined i n  t h e  lower  s l e e v e  t o  form t h e  r o t a r y  r a t c h e t .  These  
r a t c h e t s  p r o v i d e  f o r  v e r t i c a l  and  r o t a r y  movement of t h e - s h a f t .  ( F i g s .  14 
and  15. ) 

A s s o c i a t e d  w i t h  t h e  r a t c h e t s  a r e  two " d o g s , "  d e s i g n a t e d  a s  "doub le"  and  
" s t a t i o n a r y "  ( F i g .  15 ) .  These c o n s i s t  of b l anked  o u t  p i e c e s  of m e t a l  b e n t  
t o  p r o p e r  shape  t o  engage  t h e  r a t c h e t  t e e t h .  The doub le  dog i n  t u r n  h a s  
two p r o j e c t i o n s  c a l l e d  t h e  v e r t . i c a 1  and r o t a r y  dogs  which engage t h e  r a t c h e t  
t e e t h .  The v e r t i c a l  dog k e e p s  t h e  s h a f t  f rom d r o p p i n g  t o  normal d u r i n g  t h e  
v e r t i c a l  s t e p p i n g  w h i l e  t h e  r o t a r y  dog k e e p s  i t  f rom r e t u r n i n g  t o  t h e  r o t a r y  
normal p o s i t i o n  d u r i n g  t h e  r o t a r y  s t e p p i n g  of t h e  s w i t c h .  A t e n s i o n e d  
d o u b l e  dog s p r i n g  is u s e d  t o  f o r c e  t h e  doub le  dog i n t o  t h e  r a t c h e t  t e e t h .  



The s t a t i o n a r y  dog h a s  two p r o j e c t i o n s .  One of t h e s e  r i d e s  i n  a  v e r t l c a l  
s l o t  i n  t h e  v e r t i c a l  r a t c h e t  d u r i n g  t h e  v e r t i c a l  movement of t h e  s h a f t ,  and  
i n  one of t h e  t e e t h  on t h e  v e r t i c a l  r a t c h e t  when t h e  s h a f t  is  r o t a t i n g .  I t  
g e r f o s n s  no f u n c t i o n  d u r i n g  t h e  v e r t l c a l  s h a f t  movement, b u t  on t h e  r o t a r y  
movement i t  c a r r i e s  t h e  we igh t  of t h e  s h a f t .  The o t h e r  p r o j e c t i o n  o r  v e r t i -  
c a l  gawl g u i d e  a c t s  a s  a g u i d e  and  r e s t  f o r  t h e  v e r t i c a l  a r m a t u r e  gawl 
( F i g s .  14 end  15). 

VERTICAL RATCHET 

STATIONARY DOG 

VERTICAL PAWL GUIDE 

STATIQMARY BQG 
STATIONARY DOG DURING VERTICAL STEPPING 

VERTICAL DOG 

ROTARY DOG 

DOUBLE DO6 SPRING 

BEARING LOCKING COLLAR 

BEARING SET SGUEW 

DOUBLE DOG 
BEARING PIN 

DOUBLE 0 0 6  

ROTARY PAWL FRONT 
STOP 40JUSf IN8 SCREW 

ROTARY PAWL FRONT 
s l a p  bacK SCREW 

SHAFT SHQWIMQ DQUBLE DOG ENGAGED 
LOCATION OF DOGS WITH RATCHETS 

F i g u r e  15 - Dogs 



ROTARY PAWL GUIDE I----- 
ROTARY 

ARMATURE 

ROTARY PAWL 
FRONT STOP 

ROTARY 
ARMATUR E 

BACK STOP 

ROTARY TEETH 

LOCK ROTARY DOG 
N U T  

BEARING PIN 

i 
ROTARY ARMATURE 
REED SPRING - 

HEEL PIECE -- 

ADJUSTING 
SCREW 

I 
BEARING PIN 

F i g u r e  1 7  - Rota ry  Magnet and Assoc la ted  P a r t s  

- BUSHING 

ROTARY MAGNET 

The r e l e a s e  magnet a rmature  ( ~ i g .  18) h a s  a  r e l e a s e  a rmature  p i n  a t t a c h e d  
t o  i t s  lower end.  When normal,  t h e  a rmature  is  h e l d  a t  i t s  upper end by 
a r e l e a s e  a rmature  c o i l  s p r i n g .  When t h e  magnet i s  e n e r g i z e d ,  t h e  r e l e a s e  
a r m a t u r e  p i n  pushes  t h e  double  dog t h e r e b y  d i sengag ing  i t  from t h e  v e r t i c a l  
and r o t a r y  r a t c h e t s .  T h i s  w i l l  a l l o w  t h e  shaft to restore to Its normal 
D o s i t i o n .  



SHAFT SPRING 

\ 
RELEASE ARMATURE 

RETRACTILE SPRING 

UPPER SHAFT BEARING RELEASE ARMATURE 
ADJUSTING SCREW 

VERTICAL MAGNET COlL 

FELT WASHER HOL 

RELEASE MAGNET BRACKET 
MOUNTING SCREW 

RELEASE ARMATURE 

STATIONARY DOG - 
VERTICAL ARMATURE SPRING 

RELEASE ARMATURE PIN 

ROTARY MAGNET COlL 

CAM CLAMP PLATE CAM SPRING ASSEMBLY 
(ROTARY OFF- NORMAL 

SPRING ASSEMBLY) 

CAM COLLAR 

F l g u r e  18 - Release  Magnet and A s s o c i a t e d  P a r t s  

The s h a f t  s p r l n g  i s  of t h e  h e l i c a l  t y p e  ( F i g .  1 9 )  and 1s a t t a c h e d  t o  t h e  t o p  
of t h e  s h a f t  by a  clamp. The s p r l n g  winds up a s  t h e  s h a f t  moves i n  a  r o t a r y  
d i r e c t i o n  moving t h e  wipers  over  t h e  bank c o n t a c t  t e r m i n a l s .  T h i s  s p r l n g  
r e t u r n s  t h e  s h a f t  t o  i t s  r o t a r y  normal p o s l t l o n  a s  soon a s  t h e  s h a f t  1s r e -  
l e a s e d  by t h e  double  dog. The s h a f t  is  p reven ted  from swinging p a s t  i t s  ro-  
t a r y  normal p o s l t l o n  when a  normal p i n  a t t a c h e d  t o  s h a f t  by means of a  clamp 
h i t s  t h e  normal p o s t  a t t a c h e d  t o  t h e  s w i t c h  frame. 

SHAFT EXTENSION 
SLEEVE 

SHAFT SPRING CAP 

SHAFT SPRING 

SPRING CUP 

SHAFT SPRING 
BRACKET 

NORMAL PIN 
CLAMP - SHAFT 

HELICAL TYPE SPIRAL TYPE 
SHAFT SPRING (NEW) SHAFT SPRING (OLD) 

F i g u r e  1 9  - S h a f t  S p r i n g s  



Four s p r i n g  a s s e m b l i e s  a r e  p rov ided  on t h e  l i n e  f i n d e r  s w i t c h .  They a r e  
p p t u a t e d  by v e r t i c a l  o r  r o t a r y  a c t i o n  of t h e  s w i t c h  mechanism and s e r v e  a s  
c c c t r o l  e l ements  i n  t h e  s w i t c h  or  a s s o c i a t e d  c i r c u i t s .  Two of t h e s e ,  t h e  
v e r t i c a l  and r o t a r y  i n t e r r u p t e r  s p r i n g s ,  o p e r a t e  r e s p e c t i v e l y  when t h e  
v e r t i c a l  or  r o t a r y  magnets a r e  e n e r g i z e d .  V e r t i c a l  off -normal  s p r i n g s  
o p e r a t e  when t h e  s h a f t  moves v e r t i c a l l y  from i t s  normal p o s i t i o n .  The 
e l e v e n t h  r o t a r y  s t e p  s p r i n g s  a r e  o p e r a t e d  by a  cam, l o c a t e d  on t h e  s h a f t  
j u s t  below t h e  r a t c h e t s .  Cam and s p r i n g s  a r e  s o  a r r a n g e d  t h a t  when t h e  
wipers  s t e p  f rom t h e  t e n t h  s e t  of c o n t a c t  t e r m i n a l s  i n  a  bank l e v e l ,  t h e  
s p r i n g s  w i l l  be o p e r a t e d .  

The s w i t c h  mechanism and o t h e r  components of t h e  l i n e  f i n d e r  a r e  mounted on 
a  r e c t a n g u l a r  mounting p l a t e  ( F i g .  11). A lower cover p l a t e  a t t a c h e d  t o  
t h e  bot tom of t h e  mounting p l a t e  and s w i t c h  frame s e r v e s  a s  a  d u s t  cover  and 
s u p p o r t  f o r  t h e  s w i t c h  t e s t  jack and c a r d  h o l d e r .  

S i x  r e l a y s  f o r  c o n t r o l l i n g  t h e  o p e r a t i o n  of t h e  s w i t c h  mechanism and f o r  
s u p e r v i s i o n  a r e  mounted on t h e  upper p a r t  of t h e  mounting p l a t e .  

A s m a l l  me ta l  cover  i s  a t t a c h e d  t o  t h e  r e a r  of t h e  mounting p l a t e ,  and a c t  
a s  a  p r o t e c t i o n  f o r  t h e  w i r i n g  and a s  a  suppor t  f o r  a  condenser .  

A wood f a n n i n g  s t r i p  c o n t a i n i n g  t e n  s l o t s  i s  used t o  f a c i l i t a t e  w i r i n g  and 
is  a t t a c h e d  t o  t h e  r e a r  of t h e  mounting p l a t e  ( F i g .  2 0 ) .  

F i g u r e  20 - Fanning S t r i p  

D i r e c t l y  below t h e  f a n n i n g  s t r i p ,  t h e r e  is  a  p lug  c o n s i s t i n g  of a  wood b lock  
c o n t a i n i n g  a  number of s p r i n g s  i n s u l a t e d  from each o t h e r  (F ig .  2 1 ) .  Local  
s w i t c h  w i r i n g  is connected t o  t h e  t e r m i n a l  end of t h e  p l u g  s p r i n g s .  When 
t h e  s w i t c h  i s  mounted on a  s h e l f  framework, t h e  p l u g  s p r i n g s  make c o n t a c t  
w i t h  t h e  s p r i n g s  of a  j ack ,  which is  p a r t  of t h e  s h e l f  equipment,  and t o  
which t h e  s h e l f  w i r i n g  is  connected.  T h i s  p l u g  and j ack  arrangement  pro-  
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vicles a  means of removing a n  i n d i v i d u a l  s w i t c h  from a  s h e l f  wi thou t  d i scon-  
n e c t i n g  t h e  a s s o c i a t e d  w i r i n g ,  e i t h e r  l o c a l  o r  s h e l f .  P lug  s p r i n g s  a r e  
numbered from t h e  c e n t e r ,  odd numbers t o  t h e  r i g h t ,  and even numbers t o  t h e  
l e f t .  

A t e s t  jack c o a s i s t i n g  of two s p r i n g s  and s e v e r a l  s o l d e r i n g  t e r m i n a l s  i s  
mounted on t h e  u n d e r s i d e  and a t  t h e  r i g h t  of t h e  lower cover  p l a t e .  I t  pro- 
v i d e s  a  means of moni to r ing  on t h e  swi tch .  

The f o l l o w i n g  is  a  b r i e f  d e s c r i p t i o n  of l i n e  f i n d e r  s w i t c h  o p e r a t i o n .  A s  
p r e v i o u s l y  d e s c r i b e d ,  each s u b s c r i b e r  l i n e  i s  r e p r e s e n t e d  by t h r e e  c o n t a c t  
t e r m i n a l s  t i p  " T , "  r i n g  " R , "  and s l e e v e  "S" on t h e  l i n e  f i n d e r  s w i t c h  
banks .  When t h e  s u b s c r i b e r  removes or  l i f t s  h i s  h a n d s e t  t o  o r i g i n a t e  a  
c a l l ,  he s t a r t s  t h e  l i n e  f i n d e r  s h a f t  c a r r y i n g  t h e  wipers  s t e p p i n g  upward 
h u n t i n g  t h e  l e v e l  i n  t h e  banks i n  which h i s  s e t  of c o n t a c t  t e r m i n a l s  is  
l o c a t e d .  A s  t h e  s h a f t  moves upward, t h e  commutator wiper wipes  over  t h e  
c o n t a c t  t e r m i n a l s  of t h e  commutator. For each l e v e l  of s u b s c r i b e r  c o n t a c t  
t e r m i n a l s  t h e r e  i s  one commutator c o n t a c t  t e r m i n a l ,  and shou ld  any  of t h e  
s u b s c r i b e r s  remove t h e i r  handse t  a  ground p o t e n t i a l  i s  p l a c e d  on t h i s  con- 
t a c t  t e r m i n a l .  When t h e  commutator w i p e r  touches  t h e  grounded t e r m i n a l ,  
a  r e l a y  o p e r a t e s  p r e v e n t i n g  f u r t h e r  v e r t i c a l  s t e p p i n g  and s t a r t s  t h e  ro -  
t a r y  s t e p p i n g .  The s h a f t  now a u t o m a t i c a l l y  moves i n  a  r o t a r y  d i r e c t i o n  
c a r r y i n g  t h e  w i p e r s  from l e f t  t o  r i g h t  over t h e  s u b s c r i b e r s  c o n t a c t  t e r -  
m i n a l s  i n  t h a t  l e v e l .  The c a l l i n g  s u b s c r i b e r  l i n e  is marked by a  b a t t e r y  
p o t e n t i a l  on t h e  s l e e v e  c o n t a c t  t e r m i n a l .  When t h e  s l e e v e  wiper  makes 
c o n t a c t  w i t h  t h e  b a t t e r y  p o t e n t i a l  on t h e  s l e e v e  c o n t a c t  t e r m i n a l ,  a n o t h e r  
r e l a y  o p e r a t e s  and s t o p s  t h e  r o t a r y  s t e p p i n g .  Re lays  now o p e r a t e  t o  ex tend  
t h e  c a l l i n g  l i n e  t o  t h e  nex t  s w i t c h  which i s  u s u a l l y  a  s e l e c t o r .  

200 P o i n t  l i n e  f i n d e r  u n i t s  (F ig .  22)  a r e  f u r n i s h e d  i n  c a p a c i t i e s  of 1 6 ,  
20 ,  or  30 l i n e  f i n d e r  s w i t c h e s ,  each  u n i t  s e r v i n g  a  maximum of 200 sub- 
s c r i b e r  l i n e s .  The number of c a l l s  o r i g i n a t e d  a t  t h e  same t ime by a  
p a r t i c u l a r  group of 200 s u b s c r i b e r  l i n e s  w i l l  de te rmine  what c a p a c i t y  
l i n e  f i n d e r  u n i t  s h a l l  be s p e c i f i e d  f o r  t h e  p a r t i c u l a r  200 l i n e  group.  
L ine  f i n d e r  u n i t s  c o n s i s t  of a  r e c t a n g u l a r  s t e e l  framework, approx imate ly  
3-1/2 f e e t  h i g h  and from 7 t o  1 2  f e e t  l o n g ,  depending upon t h e  s w i t c h  
c a p a c i t y  of t h e  u n i t .  The u n i t  framework of any  c a p a c i t y  u n i t  i s  d i v i d e d  
i n t o  two bays  by u s i n g  a  middle u p r i g h t .  The r i g h t  bay ( f r o n t  view) pro- 
v i d e s  mounting space  f o r  r e l a y s ,  r e s i s t a n c e s ,  and t e r m i n a l  s t r i p s .  Line 
f i n d e r  s w i t c h e s ,  a  f u s e  and jack p a n e l ,  and a t e r m i n a l  s t r i p  a r e  mounted 
i n  t h e  l e f t  bay.  Line  f i n d e r  s w i t c h e s  a r e  mounted on two s t e e l  s h e l f  
frameworks,  t h e  number of s w i t c h e s  on each  s h e l f  be ing  one h a l f  t h e  capa- 
c i t y  of t h e  u n i t .  The s h e l f  framework c o n t a i n s  a  jack i n  each  s w i t c h  p o s i -  
t i o n ,  t o  which a l l  l o c a l  s h e l f  w i r i n g  is  connected.  When a  s w i t c h  is 
p l a c e d  i n  i t s  s h e l f  p o s i t i o n ,  t h e  p l u g  s p r i n g s  mounted on t h e  r e a r  of t h e  
s w i t c h  engage w i t h  t h e  s h e l f  jack s p r i n g s ,  p r o v i d i n g  a c o n n e c t i o n  from t h e  
l o c a l  s h e l f  w i r i n g  t o  t h e  l o c a l  s w i t c h  w i r i n g .  A l l  l i n e  f i n d e r  s w i t c h e s  i n  
a n y  u n i t  a r e  common t o  and may be used by any of t h e  200 s u b s c r i b e r  l i n e s  
connec ted  t o  t h e  u n i t .  

The l i n e  f i n d e r  frame (F ig .  23)  c o n s i s t s  of v e r t i c a l  channe l  u p r i g h t s  
f a s t e n e d  t o  a  f l o o r  a n g l e  and h e l d  i n  p l a c e  by a u x i l i a r y  f raming and c a b l e  
r a c k s  p l a c e d  a c r o s s  t h e  t o p .  The s t a n d a r d  frame is 11-1/2 f e e t  h i g h ,  and 
p r o v i d e s  mounting space  f o r  t h r e e  l i n e  f i n d e r  u n i t s ,  l o c a t e d  one above t h e  
o t h e r .  The w i d t h  of t h e  frame depends on t h e  s w i t c h  c a p a c i t y  of t h e  t y p e  
u n i t  invo lved .  
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2. Selector Swftch, Shelf and Frame 

The next type of  s w i t c h  used i n  a c a l l  a r t e r  t h e  line finder has found the 
calling I l n e ,  l a  usually a se l ec tor  ( F i g .  24). As i t s  name implies, a 
s e l e c t o r  switch " s e l e c t s "  o r  picks one of a number 01 available paths each 
terminatln~ In a succeeding sn i t ch  which may be used t o  further the pro- 
qre s s  of t h e  call. 

r t r  TH ROTARY SPRlHG 

SHAFT 

Figure 24 - Belactar Swltch and Banks. 



I n  g e n e r a l ,  i t s  appearance  and p a r t s  a r e  s i m i l a r  t o  t h e  l i n e  f i n d e r  s w i t c h  
b u t  i t s  o p e r a t i o n  d i f f e r s  i n  t h a t  t h e  upward s t e p p i n g  of t h e  s h a l t  and 
a s s o c i a t e d  wipers  i s  under c o n t r o l  of t h e  d i a l  a t  t h e  s u b s c r i b e r  s t a t i o n .  
The r o t a r y  s t e p p i n g  i s  a u t o m a t i c ,  however, and a  f u n c t i o n  of t h e  s w i t c h  
i t s e l f .  

Two s e t s  of banks a r e  a s s o c i a t e d  w i t h  t h e  s e l e c t o r  swi tch .  The lower  o r  
" l i n e  bank" is  of t h e  200 p o i n t  t y p e ,  p r o v i d i n g  c o n n e c t i o n  t o  t h e  t i p  and 
r i n g  l e a d s  f o r  100  t r u n k s  t o  succeed ing  s w i t c h e s ,  whi le  t h e  upper 100  p o i n t  
bank " s l e e v e  bankn p r o v i d e s  connec t ion  t o  100 s l e e v e  l e a d s  f o r  t h e s e  t r u n k s .  

S i n c e  t h e s e  c o n t a c t  t e r m i n a l s  a r e  a r r a n g e d  i n  t e n ' l e v e l s ,  it i s  p o s s i b l e  t o  
connect  t o  t r u n k s  i n  any g i v e n  l e v e l  by d i a l i n g  t h e  number of t h a t  l e v e l ,  
t h e r e b y  e l e v a t i n g  t h e  s h a f t  and wipers  t o  t h a t  l e v e l .  When t h e  d i a l e d  l e v e l  
i s  r e a c h e d ,  t h e  s h a f t  s t a r t s  r o t a t i n g  moving t h e  a t t a c h e d  wipers  over  t h e  
c o n t a c t  t e r m i n a l s  i n  t h a t  l e v e l .  The r o t a r y  s t e p p i n g  of t h e  s w i t c h  f o l l o w s  
t h e  t e s t i n g  of t h e  t e n  s e t s  of c o n t a c t  t e r m i n a l s ,  each of which is  connected 
t o  a  succeed ing  s w i t c h ,  u n t i l  a  s e t  connected t o  a n  i d l e  succeed ing  s w i t c h  
I s  found.  During t h i s  t e s t i n g ,  t h e  wipers  r e s t  momentari ly on e a c h  s e t  of 
c o n t a c t  t e r m i n a l s  t o  de te rmine  whether t h e  a s s o c i a t e d  succeed ing  s w i t c h  is  
busy (ground p o t e n t i a l  on t h e  s l e e v e  c o n t a c t  t e r m i n a l )  or  i d l e  (no p o t e n t i a l  
on t h e  s l e e v e  c o n t a c t  t e r m i n a l ) .  I f  i t  i s  i d l e ,  t h e  r o t a r y  s t e p p i n g  c e a s e s ;  
i f  it is busy,  t h e  s t e p p i n g  c o n t i n u e s  u n t i l  a n  i d l e  s e t  of c o n t a c t  t e r m i n a l s  
i s  found.  I n  t h e  even t  a l l  t e n  s e t s  of c o n t a c t  t e r m i n a l s  on t h e  l e v e l  t e s t  
a r e  busy t h e  s h a f t  s t e p s  t o  t h e  e l e v e n t h  r o t a r y  p o s i t i o n .  

A cam on t h e  s h a f t  t h e n  engages and o p e r a t e s  a  s e t  of e l e v e n t h  r o t a r y  s t e p  
s p r i n g s  c l o s i n g  a n  a l l  t r u n k  busy tone  c i r c u i t  t o  t h e  c a l l i n g  s u b s c r i b e r .  

There  a r e  s e v e r a l  t y p e s  of s e l e c t o r  s w i t c h e s  used i n  t h e  Step-by-s tep  D i a l  
System a l l  c o n s t r u c t e d  a l o n g  t h e  same l i n e s  and f u n c t i o n i n g  i n  much t h e  same 
way. Some of t h e s e  s w i t c h e s  a r e  named t o  i n d i c a t e  t h e i r  f u n c t i o n  such  a s ;  
l o c a l  s e r v i c e ,  t o l l  s e r v i c e ,  d i g i t  a b s o r b i n g ,  e t c .  Other a r e  d e s i g n a t e d  t o  
i n d i c a t e  t h e i r  p o s i t i o n  i n  t h e  p a t h  of a  c a l l  such a s  f i r s t  s e l e c t o r s ,  
second s e l e c t o r s ,  t h i r d  s e l e c t o r s ,  e t c .  F i r s t  s e l e c t o r  s w i t c h e s  a r e  u s u a l l y  
connected d i r e c t l y  t o  l i n e  f i n d e r  s w i t c h e s ,  t h e  f u n c t i o n  of t h e  l i n e  f i n d e r  
s w i t c h  b e i n g  t o  connect  t h e  f i r s t  s e l e c t o r  s w i t c h  t o  t h e  c a l l i n g  s u b s c r i b e r  
l i n e .  The f i r s t  s e l e c t o r  s w i t c h  w i l l  s e l e c t  one of a  number of second se -  
l e c t o r  s w i t c h e s  and t h e  second s e l e c t o r  s w i t c h  one of a  number of t h i r d s ,  
e t c .  

S e l e c t o r  s h e l f  a s s e m b l i e s  may hold  e i t h e r  t e n  or  twenty  s e l e c t o r  s w i t c h e s .  
The t e n  s w i t c h  s e l e c t o r  s h e l f  i s ,  f o r  t h e  most p a r t ,  used i n  p r i v a t e  branch 
exchanges  and community d i a l  o f f i c e s  whi le  t h e  twenty  s e l e c t o r  s w i t c h  s h e l f  
h a s  been developed f o r  t h e  c e n t r a l  o f f i c e s .  The main e x c e p t i o n  t o  t h i s  is  
t e n  s w i t c h  t o l l  s e l e c t o r  s h e l v e s  used i n  c e n t r a l  o f f i c e s .  The 20 s e l e c t o r  
s w i t c h  s h e l f  w i l l  be d e s c r i b e d .  She l f  a s s e m b l i e s  a r e  made t o  mount 20 
s e l e c t o r  s w i t c h e s ,  a s s o c i a t e d  banks and t h e  m i S ~ e l l a n e 0 ~ S  s h e l f  equipment 
f o r  a l a r m s  and f u s i n g .  The banks a s s o c i a t e d  w i t h  each h a l f  s h e l f  of t e n  
s e l e c t o r  s w i t c h e s  a r e  m u l t i p l e d  t o g e t h e r  and connected t o  a  180 t y p e  t e r -  
mina l  s t r i p  ( F i g .  25).  S h e l v e s  a r e  a r r a n g e d  f o r  mounting on e i t h e r  t h e  
r i g h t  or  l e f t  bay of a  s e l e c t o r  frame ( F i g s .  26 and 2 7 ) .  





A ty_pical 11' 6" hlgh  s e l e c t o r  frame as shewn in Flgures 26 and 27 1s made 
up o f  t h r e e  bays - a l e f t  s e l a c t o r  bay and a r i g h t  s e l e c t o r  bay w i t h  a d f s -  
tributing terminal assembly bay in t h e  c en t e r  o f  t h o  two. These frame bays 
a r e  mde up of eight channel uprights on which t h e  s e l e c t o r  shelves and 
terminal strlps are mounted. 

Figure 26 - Selector  Frame 

The left bay contains eight shelves of selector switches or s i x t e e n  half 
shelves. Each of t h e s e  half shelves have thefr banks multlpled t o g e t h e r  
and wi red  to 180 typa terminal strips at the rLght slde o f  the a h e l f .  
The right selector bay a l s o  c o n t a i n s  e l g h t  she lves  of selector s w f t c h s s  or 
sixteen hair shelves. Each of t h e s e  half she lves  have their bank muLtSpled 
t o g e t h ~ r  and wfred to a 180 type t e rmina l  a t r i p  a t  the l e f t  side of t h e  
shelf. In  thls manner, t h e  thlrty-two 180 type termfnal strips associated 
with the t h i r t y - t w o  s e l e c t o r  s w i t c h  h a l f  ahelves are mounted on the frame, 
one above the other, in the center bay. T h l s  arrangement a l l o w s  for con- 
necting the bank levels of t h e  banks on t h e  var ious  s e l e c t o r  ha l f  shalves 
t o g e t h e r  as  necessary. 





3. Connector Swi tch .  She l f  and Frame 

The connec to r  s w i t c h  i s  t h e  l a s t  s w i t c h  used i n  a  c a l l  between two sub- 
s c r i b e r s  ( F i g .  2 8 ) .  The v e r t i c a l  and r o t a r y  s t e p p i n g  of t h e  s w i t c h  s h a f t  
a r e  b o t h  c o n t r o l l e d  by t h e  d i a l  p u l s e s ,  t h e r e b y  c a u s i n g  t h e  a  s o c i a t e d  e w i p e r s  t o  be e l e v a t e d  and r o t a t e d  t o  t h e  d e s i r e d  c a l l e d  l i n e  e r m i n a l s .  
T h i s  c a l l e d  l i n e ,  t o g e t h e r  w i t h  99 o t h e r  s u b s c r i b e r  l i n e s ,  a r e  each  con- 
n e c t e d  t o  a  s e t  of t i p ,  r i n g  and s , leeve c o n t a c t  t e r m i n a l s  on t h e  two banks 
a s s o c i a t e d  w i t h  each connec to r  s w i t c h .  These two banks,  a  l i n e  bank 
(200 p o i n t )  and a  s l e e v e  bank (100 p o i n t )  have t h e  100 s e t s  of s u b s c r i b e r  
c o n t a c t  t e r m i n a l s  a r r a n g e d  i n  1 0  l e v e l s  of 1 0  s e t s  of c o n t a c t  t e r m i n a l s  
e a c h .  

Connector s w i t c h e s  no t  on ly  connect  t o  t h e  c a l l e d  l i n e  b u t  t e s t  it t o  d e t e r -  
mine i f  i t  i s  busy o r  i d l e .  Should i t  be i d l e ,  t h e  connec to r  s w i t c h  p l a c e s  
a  ground p o t e n t i a l  on t h e  s l e e v e  c o n t a c t  t e r m i n a l  of t h e  l i n e  t o  p r e v e n t  i t  
b e i n g  s e i z e d  by o t h e r  connec to r  s w i t c h e s ,  p l a c e s  a  r i n g i n g  c u r r e n t  on t h e  
l i n e  t o  r i n g  t h e  c a l l e d  s u b s c r i b e r  b e l l ,  and a f t e r  he h a s  answered,  s u p p l i e s  
t a l k i n g  b a t t e r y  t o  b o t h  s u b s c r i b e r s  s o  t h e y  may t a l k .  Should t h e  c a l l e d  
l i n e  be busy,  t h e  connec to r  s w i t c h  w i l l  send a  busy s i g n a l  t o  t h e  c a l l i n g  
l i n e .  The connec to r  s w i t c h  r e q u i r e s  more r e l a y s  t h a n  t h e  s e l e c t o r  s w i t c h  
i n  o r d e r  t o  perform t h e  a d d i t i o n a l  f u n c t i o n s  l i s t e d  above and i s  t h e r e f o r e  
l a r g e r .  The p a r t s  t h a t  make up t h e  connec to r  s w i t c h  a r e  s i m i l a r  t o  t h o s e  
of t h e  l i n e  f i n d e r  and s e l e c t o r  s w i t c h e s .  

Many d i f f e r e n t  t y p e s  of connec to r  s w i t c h e s  have been developed t o  f u r n i s h  
r e q u i r e d  s e r v i c e  f e a t u r e s .  These i n c l u d e  l o c a l ,  t o l l ,  combinat ion l o c a l  
and t o l l ,  1 - r i n g ,  2 - r ing ,  8 - p a r t y ,  r o t a r y  h u n t i n g  and l e v e l  h u n t i n g  con- 
n e c t o r s .  

Connector s w i t c h e s  form t h e  main p a r t  of connec to r  s h e l f  equipment.  The 
s h e l f  assembly ( F i g .  29)  i s  made of two a n g l e s  abou t  6 f e e t  l o n g ,  w i t h  two 
8 i n c h  v e r t i c a l  b a r s  welded a c r o s s  t h e i r  ends .  Eleven o r  twe lve  v e r t i c a l  
b a r s  f o r  h o l d i n g  t h e  s w i t c h e s  a r e  r i v e t e d  t o  t h e  two a n g l e s .  A s h e l f  m y  
mount e i t h e r  t e n  o r  e l e v e n  s w i t c h e s .  The s w i t c h  i n  t h e  f i r s t  p o s i t i o n  t o  
t h e  l e f t  ( f r o n t  v iew)  on a n  e l e v e n  s w i t c h  p o s i t i o n  s h e l f  i s  known a s  a  t e s t  
c o n n e c t o r  and i s  used by a  t e s t  man or  o p e r a t o r  when t h e y  wish t o  connect  
t o  any l i n e  on t h e  s h e l f .  One t e r m i n a l  s t r i p  i s  p rov ided  on t h e  r i g h t  end 
of t h e  s h e l f  t o  t e r m i n a t e  t h e  connec to r  bank m u l t i p l e  w i r i n g .  The l e f t  
end of t h e  s h e l f  mounts a  f u s e  p a n e l ,  which p r o v i d e s  p r o t e c t i o n  f o r  t h e  
s h e l f  equipment ,  and a l s o  t h e  common a l a r m  equipment f o r  t h e  s h e l f .  Each 
of t h e  t e n  or  e l e v e n  s w i t c h  p o s i t i o n s  is  equipped w i t h  a  j ack ,  t h e  s p r i n g s  
of which engage w i t h  t h e  p lug  of t h e  connec to r  s w i t c h  when t h e  s w i t c h  i s  
mounted i n  i t s  p o s i t i o n .  

Connector f rames a r e  11' 6" h i g h .  They a r e  made up of seven  s h e l v e s  of 
connec to r  s w i t c h e s  suppor ted  on two channe l  u p r i g h t s .  The channe l  u p r i g h t s  
a r e  a t t a c h e d  a t  t h e  upper end t o  a  c a b l e  r a c k  or  a u x i l i a r y  f raming b a r s  and 
a r e  a t t a c h e d  a t  t h e  lower end t o  a  base  a n g l e .  A t y p i c a l  connec to r  frame 
w i t h  new u n i v e r s a l  type  s h e l v e s  is  shown i n  F i g u r e  30. 
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The m i n  D i s t r i b u t i n g  Frame HDF ( ~ i g .  31 a t  r i g h t ) ,  i s  a  two-sided s t e e l  
f rame made of v e r t i c a l  a n g l e s ,  channe l  t r a n s v e r s e  arms,  and base  and t o p  
a n g l e s .  The v e r t i c a l  a n g l e s  a r e  spaced 8 inches  a p a r t  h o r i z o n t a l l y  and t h e  
channe l  t r a n s v e r s e  arms a r e  spaced 1 0  i n c h e s  a p a r t  v e r t i c a l l y .  The channe l  
t r a n s v e r s e  arms ex tend  t o  t h e  r e a r  of t h e  frame forming s h e l v e s ,  e i t h e r  12 
o r  15 s h e l v e s  depending upon t h e  h e i g h t  of t h e  frame. Frames a r e  suppor ted  
by a t t a c h i n g  t h e  base  a n g l e  t o  t h e  f l o o r ,  and t h e  t o p  a n g l e  t o  t h e  aux- 
i l i a r y  f raming.  A d i s t r i b u t i n g  r i n g  is  provided a t  e v e r y  s h e l f  t o  keep a n  
o r d e r l y  ar rangement  of jumper w i s e s  (f lame-proof w i r e s ,  runn ing  from t h e  
h o r i z o n t a l  t o  t h e  v e r t i c a l  s i d e ) ,  and t o  p reven t  grounding of t h e  jumper 
w i r e s  t o  t h e  framework i f  i n s u l a t i o n  shou ld  be d e f e c t i v e .  The MDF mounts 
p r o t e c t o r s  v e r t i c a l l y  on one s i d e  and t e r m i n a l  s t r ip s  h o r i z o n t a l l y  on t h e  
o p p o s i t e  s i d e .  A l l  s u b s c r i b e r  l i n e s  and t r u n k s  coming i n t o  t h e  o f f i c e  c a b l e  
v a u l t  i n  l e a d  covered c a b l e  a r e  r u n  up th rough  t h e  f l o o r  and a r e  t e r m i n a t e d  
on v e r t i c a l  p r o t e c t o r s ,  from which p o i n t  t h e y  a r e  connected t o  t e r m i n a l  
s t r i p s  on t h e  h o r i z o n t a l  s l d e  of t h e  frame by means of jumper w i r e s .  
L i g h t n i n g  a r r e s t o r s  and h e a t  c o i l s  mounted i n  t h e  p r o t e c t o r s  p r e v e n t  exces-  
s i v e  v o l t a g e s  o r  c u r r e n t s  from g e t t i n g  i n t o  t h e  c e n t r a l  o f f i c e  equipment 
over  t h e  incoming l i n e s .  The MDF a l s o  p r o v i d e s  a  f l e x i b l e  means of c r o s s -  
c o n n e c t i n g  t h e  s u b s c r i b e r  equipment o r  t r u n k  equipment i n  t h e  o f f i c e  t o  any 
c a b l e  p a i r  e n t e r i n g  o r  l e a v i n g  t h e  o f f i c e .  T h i s  f e a t u r e  i s  e s p e c i a l l y  con- 
v e n i e n t  i f  a  s u b s c r i b e r  changes h i s  p l a c e  of r e s i d e n c e  w i t h i n  t h e  a r e a  
s e r v e d  by t h e  c e n t r a l  o f f i c e  and d e s i r e s  t o  keep h i s  same t e l e p h o n e  number. 
A l l  t h a t  i s  r e q u i r e d  is  t o  d i s c o n n e c t  t h e  two jumper w i r e s  from one c a b l e  
p a i r  and connect  them t o  a n o t h e r  c a b l e  p a i r  coming i n  from t h e  new l o c a t i o n  
on t h e  p r o t e c t o r  s i d e  of t h e  MDF. 

The I n t e r m e d i a t e  D i s t r i b u t i n g  Frame IDF (F ig .  31 a t  l e f t ) ,  is  much l i k e  t h e  
MDF i n  appearance ,  t h e  main d i f f e r e n c e  be ing  t h a t  t e r m i n a l  s t r ip s  a r e  
mounted on bo th  s i d e s ,  h o r i z o n t a l l y  on one and v e r t i c a l l y  on t h e  o t h e r .  
The IDF p r o v i d e s  a  f l e x i b l e  means of c r o s s - c o n n e c t i o n  t o  r o u t e  t r a f f i c  t h r u  
t h e  c e n t r a l  o f f i c e  e q u i ~ m e n t .  

There  a r e  s e v e r a l  ways of c a b l i n g  t o  t h e  IDF one of which i s  d e s c r i b e d  h e r e .  
The t e r m i n a l  s t r ips  on t h e  h o r i z o n t a l  s i d e  of t h e  IDF a r e  cab led  t o  t e r -  
minal  s t r i p s  on t h e  h o r i z o n t a l  s l d e  of t h e  MDF and a l s o  t o  connec to r  s h e l f  
bank t e r m i n a l  s t r i p s .  Termlnal  s t r ips  on t h e  v e r t i c a l  s i d e  of t h e  IDF a r e  
c a b l e d  t o  bank t e r m i n a l  s t r ip s  on t h e  l i n e  f i n d e r  u n i t s .  Jumper w i r e s  a r e  
used t o  connect  from t h e  h o r i z o n t a l  t o  t h e  v e r t i c a l  s i d e .  

Many c i r c u i t s  such a s  t r u n k s  between l i n e  f i n d e r s  and s e l e c t o r s ,  l i n e  f i n d e r  
and c o i n  box t rumks,  s e l e c t o r s  and r e p e a t e r s ,  e t c .  a r e  a l s o  c a l l e d  t o  t h e  
IBF. 

The t e l e p h o n e  t r a f f i c  depar tment  u s e s  t h e  v e r t i c a l  s i d e  of t h e  IDF f o r  a  
means of c o n n e c t i n g  t o  t h e  s u b s c r i b e r  l i n e s  when making s t u d i e s  of sub- 
s c r i b e r  d i a l i n g  t i m e ,  h o l d i n g  t ime of a  c a l l  and s e r v i c e .  T h i s  is  c a l l e d  
s e r v i c e  obse rv ing .  A clamp c a l l e d  a  shoe wired t o  a  l o n g  cord  hav ing  a  
p l u g  a t  t h e  o t h e r  end i s  used t o  connect  t o  t h e  l i n e .  The shoe is clamped 
on t h e  t e r m i n a l s  of t h e  l i n e  t o  be observed and t h e  p lug  a t  t h e  o t h e r  end of 
t h e  c o r d  is  i n s e r t e d  i n t o  a  jack i n  a  jackbox, l o c a t e d  h o r i z o n t a l l y  a t  t h e  
t o p  of t h e  frame. The l i n e s  from t h e  jackbox a r e  extended t o  a  s e r v i c e  
o b s e r v i n g  o p e r a t o r .  

Relay r a c k s  a r e  used t o  mount r e l a y s  and o t h e r  m i s c e l l a n e o u s  equipment which 
i s  no t  mounted on t h e  r e g u l a r  d i a l  f rames (F ig .  3 2 ) .  The r a c k  is s i n g l e -  
s i d e d  and t h e  equipment s o  a r ranged  a s  t o  be r e a d i l y  a c c e s s i b l e  f o r  a d j u s t -  
ment f rom t h e  f r o n t .  I-beam t y p e  r e l a y  r a c k s  c o n s i s t  of I-beam u p r i g h t s  
f a s t e n e d  t o  a  base  a n g l e  and a  t o p  a n g l e .  The base  a n g l e  i s  b o l t e d  t o  t h e  
f l o o r  and t h e  t o p  a n g l e  i s  a t t a c h e d  t o  t h e  a u x i l i a r y  f raming.  



Figure 32 - Relay Racks 
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SECTION 5.  METHOD OF OPERATION 

1. Genera l  

F i g u r e  33 shows s k e t c h e s  of t y p i c a l  l i n e  f i n d e r ,  s e l e c t o r  and connec to r  
s w i t c h e s  w i t h  t h e i r  a s s o c i a t e d  banks.  Opposi te  each is  a  s q u a r e  b lock  w i t h  
t e n  h o r i z o n t a l  l i n e s  under i t  t o  i n d i c a t e  t h e  c o n v e n t i o n a l  way t h e  s w i t c h e s  
and banks a r e  i n d i c a t e d  on drawings  showing t h e  p a t h  of a  c a l l  th rough  t h e  
equipment i n  a n  o f f  i c e .  

The s q u a r e  r e p r e s e n t s  t h e  s w i t c h  i t s e l f ,  t h e  t e n  h o r i z o n t a l  l i n e s  t h e  t e n  
l e v e l s  on t h e  a s s o c i a t e d  l i n e  and s l e e v e  banks.  Each h o r i z o n t a l  l i n e  a l s o  
r e p r e s e n t s  t e n  s e t s  of t i p ,  r i n g  and s l e e v e  t e r m i n a l s  on t h e  l e v e l .  T h i s  
a l s o  h o l d s  t r u e  f o r  t h e  l i n e  f i n d e r  s w i t c h  b u t  a s  i t  h a s  two l i n e  banks ,  
t h e  t e n  h o r i z o n t a l  l i n e s  may r e p r e s e n t  e i t h e r  t h e  100 s e t s  of t e r m i n a l s  i n  
t h e  lower o r  upper l i n e  banks .  

S k e t c h e s  one t o  t h i r t e e n  d e p i c t  t h e  v a r i o u s  s t a g e s  of c a l l s  made th rough  t h e  
s t e p - b y - s t e p  d i a l  t e l e p h o n e  system whi le  t h e  f o u r t e e n t h  s k e t c h  shows a l l  of 
t h e  s w i t c h e s  i n  sequence which a r e  r e q u i r e d  i n  complet ing t h e s e  c a l l s .  I n  
o r d e r  t h a t  t h e  r e a d e r  may c o n t i n u a l l y  have b e f o r e  him t h e  names of a l l  
s w i t c h e s  used ,  i t  i s  sugges ted  t h a t  t h e  page c o n t a i n i n g  s k e t c h  f o u r -  
t e e n ,  be l e f t  open i n  f o l l o w i n g  t h e  v a r i o u s  s t e p s .  

2 .  C a l l  Between Two S u b s c r i b e r s  

When one s u b s c r i b e r  wishes  t o  c a l l  a n o t h e r  i n  a  s t ep -by-s tep  d i a l  sys tem,  
i t  i s  n e c e s s a r y  t h a t  he remove t h e  h a n d s e t ,  w a i t  f o r  a  d i a l  t o n e  which 
t e l l a  him t h e  equipment is  ready t o  r e c e i v e  t h e  d i a l  p u l s e s ,  and t h e n  d i a l  
t h e  o f f i c e  and number of t h e  s u b s c r i b e r  wanted. Each p u l s e  c r e a t e d  by t h e  
d i a l  a s  i t  r e s t o r e s  t o  normal,  a c t s  d i r e c t l y  on e i t h e r  a  s e l e c t o r  o r  con- 
n e c t o r  s w i t c h ,  s t e p p i n g  i t  v e r t i c a l l y  i n  t h e  c a s e  of a  s e l e c t o r  s w i t c h  o r  
i n  b o t h  a  v e r t i c a l  and r o t a r y  d i r e c t i o n  i n  t h e  c a s e  of a  connec to r  s w i t c h  
u n t i l  t h e  c a l l e d  l i n e  is l o c a t e d .  I n  t h e  c a l l  h e r e i n a f t e r  d e s c r i b e d ,  i t  
is  assumed t h a t  t h e  c a l l e d  number is  2-1793. 

Ske tch  1 
C a l l i n g  S u b s c r i b e r  Removes Handset 

When t h e  c a l l i n g  s u b s c r i b e r  p i c k s  up t h e  h a n d s e t ,  a  l i n e  f i n d e r  s w i t c h  i m -  
m e d i a t e l y  s t e p s  v e r t i c a l l y  u n t i l  i t  r e a c h e s  t h e  l e v e l  on which t h e  t e r m i n a l s  
of t h e  c a l l i n g  s u b s c r i b e r ' s  l i n e  a p p e a r s  and t h e n  h u n t s  a c r o s s  t h e  l e v e l  
u n t i l  t h e s e  t e r m i n a l s  a r e  found.  The f i r s t  s e l e c t o r ,  which is  permanent ly  
connec ted  t o  t h e  l i n e  f i n d e r ,  t h e n  sends  back a  d i a l  t o n e  t o  t h e  s u b s c r i b e r  
a s  a  s i g n a l  f o r  him t o  d i a l .  
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Ske tch  2 
C a l l i n g  S u b s c r i b e r  D i a l s  t h e  O f f i c e  Code - 2  

Hear ing t h e  d i a l  t o n e ,  t h e  c a l l i n g  s u b s c r i b e r  p roceeds  t o  d i a l  t h e  sub- 
s c r i b e r  wanted 2-1793 ( o f f i c e  code 2, numerical  code 1793,  o r  i n  o t h e r  words 
c e n t r a l  o f f i c e  2, s u b s c r i b e r  number 1 7 9 3 ) .  I n  r e t u r n i n g  t o  normal on t h e  
f i r s t  d i g i t  t h e  d i a l  opens and c l o s e s  t h e  l i n e  loop  t w i c e  ( 2 )  c a u s i n g  t h e  
f i r s t  s e l e c t o r  s w i t c h  t o  t a k e  two v e r t i c a l  s t e p s  t o  l e v e l  two. The s w i t c h  
t h e n  h u n t s  a c r o s s  t h e  second l e v e l  f o r  a n  i d l e  p a t h  c a l l e d  a  t r u n k  t o  a  
second s e l e c t o r  s w i t c h .  

CALLING 
TELEPHONE 

I LINE 1 
FINDER SELECTOR SELECTOR 

Ske tch  3 
call in^ S u b s c r i b e r  D i a l s  t h e  F i r s t  D i g i t  of 

t h e  Numerical Code - 1 

On t h e  d i a l i n g  of t h e  next  d i g i t  ( I ) ,  t h e  second s e l e c t o r . s w i t c h  t a k e s  one 
v e r t i c a l  s t e p  and h u n t s  a c r o s s  t h e  f i r s t  l e v e l  f o r  a n  i d l e  t r u n k  t o  a  t h i r d  
s e l e c t o r  s w i t c h .  

Ske tch  4 
C a l l i n n  S u b s c r i b e r  D i a l s  t h e  Second D i n i t  of 

t h e  Numerical Code - 7 

The d i a l e d  d i g i t  seven  c a u s e s  t h e  t h i r d  s e l e c t o r  s w i t c h  t o  t a k e  seven  v e r t i -  
c a l  s t e p s  and t h e n  hunt  a c r o s s  t h e  s e v e n t h  l e v e l  f o r  a n  i d l e  t r u n k  t o  a con- 
n e c t o r  s w i t c h .  



TELEPHON - - 
S k e t c h  5 

C a l l i n g  S u b s c r i b e r  Dials t h e  T h i r d  and  F o u r t h  
D i g i t s  of t h e  Numer ica l  Code - 93  

T h i s  c o n n e c t o r  s w i t c h  h a s  been  chosen  by t h e  f i r s t  t h r e e  d i g i t s  as t h e  one 
h a v i n g  a c c e s s  t o  one hundred  t e r m i n a l s  of which  t h e  c a l l e d  s u b s c r i b e r  i s  
one .  The c a l l i n g  s u b s c r i b e r  n e x t  d i a l s  9.  The c o n n e c t o r  s w i t c h  s t e p s  
v e r t i c a l l y  j u s t  as  d o e s  a s e l e c t o r  s w i t c h ,  b u t  s i n c e  i t  is  now r e q u i r e d  t o  
s e i z e  t h e  t e r m i n a l s  of a p a r t i c u l a r  l i n e  on t h e  n i n t h  l e v e l  r a t h e r  t h a n  t o  
c h o o s e  a n  i d l e  t r u n k  f r o m  a g r o u p ,  it d o e s  n o t  h u n t  o v e r  t h i s  l e v e l .  A s  t h e  
s u b s c r i b e r  d i a l s  t h e  l a s t  d i g i t  3, t h e  c o n n e c t o r  s w i t c h  t a k e s  t h r e e  s t e p s  
i n  a  r o t a r y  d i r e c t i o n  t o  t h e  t e r m i n a l s  of t h e  c a l l e d  l i n e .  A l i n e  t e s t  i s  
made and  i f  t h e  l i n e  is  found  i d l e  t h e  c o n n e c t o r  s w i t c h  p l a c e s  r i n g l n g  c u r -  
r e n t  an t h e  c a l l e d  s u b s c r i b e r  l i n e .  I f  t h e  l i r i e  is  found  busy  t h e  c o n n e c t o r  
p l a c e s  a busy  t o n e  on t h e  c a l l i n g  s u b s c r i b e r  l i n e .  

- 
---- TELEPHONE - 

- - - P-1793 - 

S k e t c h  6 
S u b s c r i b e r  T a l k i n g  P a t h  

A s  soon  as t h e  c a l l e d  s u b s c r i b e r  a n s w e r s  by removing  t h e  h a n d s e t ,  t h e  t a l k -  
I n g  p a t h  i s  comple t ed  be tween t h e  c a l . l i n g  a n d  c a l l e d  l i n s s .  T a l k i n g  b a t t e r y  
i s  f u r n i s h e d  t o  b o t h  s u b s c r i b e r s  t h r o u g h  t h e  c o n n e c t o r  s w i t c h .  

When b o t h  s u b s c r i b e r s  r e p l a c e  t h e i r  h a n d s e t s ,  a l l  s w i t c h e s  u s e d  f o r  t h i s  
c a l l  r e t u r n  t o  t h e i r  normal  p o s i t i o n  r e a d y  t o  be  u sed  f o r  c o m p l e t i n g  a n o t h s r  
c a l l .  

3. C o u n t e r a c t i n g  a  P r e l i m i n a r y  P u l s e  

O c c a s i o n a l l y  i t  happens  t h a t  a  s u b s c r i b e r ,  a f t e r  removing t h e  h a n d s e t ,  un- 
i n t e n t i c n a l l y  s e n d s  what i s  know as a  p r e l i m i n a r y  p u l s e  b e f o r e  he  d i a l s  t h e  
number of t h e  s u b s c r i b e r  whom he w i s h e s  t o  c a l l .  T h i s  p r e l i m i n a r y  p u l s e  i s  
g e n e r a l l y  c a u s e d  by a n  a c c i d e n t a l  d e p r e s s i o n  of t h e  p l u n g e r  o r  s w i t c h  hook 
b e f o r e  t h e  number is  d i a l e d .  T h i s  momen ta r i l y  opens  and  c l o s e s  t h e  l i n e  
l o o p  once  c a u s i n g  t h e  f i r s t  s e l e c t o r  s w i t c h  i n  t h e  c e n t r a l  o f f i c e  t o  t a k e  
one v e r t i c a l  s t e p  and  p r e p a r e  t h e  c i r c u i t s  f o r  t h e  n e x t  d i g i t .  I f  n o t h i n g  
was done  t o  r e t r i e v e  t h i s  e r r o r ,  upon c o m p l e t i o n  of t h e  d i a l i n g ,  t h e  sub-  
s c r i b e r  would o b t a i n  a number b e g i n n i n g  w i t h  one (1) and  comple t ed  by a l l  
t h e  d i g i t s  e x c e p t  t h e  l a s t  number of t h e  c a l l e d  s u b s c r i b e r .  I f  a sub-  
s c r i b e r  s h o u l d  d e c i d e  t o  c a l l  t h e  number 2-1793 and  i n  p r e p a r i n g  t o  d i a l ,  
s e n d s  a p r e l i m i n a r y  p u l s e ,  he would i n  e f f e c t  d i a l  t h e  number 12-1793. 
The l a s t  d i g i t  (3) s h o u l d  p roduce  no r e s u l t s  s i n c e  t h e  c i r c u i t s  a r e  s o  ar-  
r a n g e d  t h a t  e x t r a  d i g i t s  a r e  i n e f f e c t i v e .  To p r e v e n t  e r r o r s  of t h i s  s o r t ,  
t h e  t r u n k s  f r o m  t h e  f i r s t  l e v e l  of t h e  f i r s t  s e l e c t o r  s w i t c h e s  a r e  t e r m i -  
n a t e d  i n  a u x i l i a r y  f i r s t  s e l e c t o r ' s  s w i t c h e s .  The t r u n k s  f r o m  a l l  l e v e l s  
of t h e  a u x i l i a r y  f i r s t  s e l e c t o r  s w i t c h e s ,  e x c e p t  t h e  f i r s t ,  a r e  m u l t i p l e d  
t o  t h e  t r u n k s  of t h e  c o r r e s p o n d i n g  l e v e l s  of t h e  f i r s t  s e l e c t o r  s w i t c h .  
Any d i g i t ,  e x c e p t  t h e  d i g i t  one ( I ) ,  d i a l e d  on t h e  a u x i l i a r y  f i r s t  s e l e c t o r  
s w i t c h  w i l l  r o u t e  t h e  c a l l  t o  a second  s e l e c t o r  s w i t c h  j u s t  a s  though  t h i s  
d i g i t  had  been  d i a l e d  on t h e  r e g u l a r  f i r s t  s e l e c t n r  s w i t c h .  T h i s  c a u s e s  
t h e  p r e l i m i n a r y  p u l s e  t o  be c o u n t e r a c t e d .  



Ske tch  7  
C a l l i n g  S u b s c r i b e r  U n i n t e n t i o n a l l y  Sends P r e l i m i n a r y  P u l s e  

I f  t h e  c a l l i n g  s u b s c r i b e r  d i a l s  2-1793 preceded by a  p r e l i m i n a r y  p u l s e ,  o r  
i n  o t h e r  words 12-1793, t h e  f i r s t  s e l e c t o r  s w i t c h  w i l l  respond t o  d i g i t  one 
(1) and s t e p  v e r t i c a l l y  one s t e p  and hunt  a c r o s s  t h e  l e v e l  t o  f i n d  a n  i d l e  
t r u n k  t o  a n  a u x i l i a r y  f i r s t  s e l e c t o r  s w i t c h .  

LINE FIRST 

FINDER SELECTOR 

- - 

Ske tch  8 
call in^ S u b s c r i b e r  D i a l s  t h e  O f f i c e  Code - 2 

When d i g i t  2 i s  d i a l e d  t h e  a u x i l i a r y  f i r s t  s e l e c t o r  s w i t c h  makes 2 v e r t i c a l  
s t e p s  and h u n t s  a c r o s s  t h e  l e v e l  t o  f i n d  a t r u n k  t o  a  second s e l e c t o r  
s w i t c h .  I t  w i l l  be noted t h a t  t h e  second l e v e l  of t h e  a u x i l i a r y  f i r s t  s e -  
l e c t o r  s w i t c h  is t h e  same a s  t h e  second l e v e l  of t h e  f i r s t  s e l e c t o r  s w i t c h  
because  t h e  t r u n k s  from t h e s e  l e v e l s  a r e  m u l t i p l e d ,  hence,  t h e  c a l l  i s  now 
a t  t h e  same p o i n t  i t  would have been i f  t h e  p r e l i m i n a r y  p u l s e  had no t  a c -  
c i d e n t a l l y  been s e n t .  



ChLLED - - TELEPHONE = - TELEPHONE - - t - I793 

j SELECTOR 

r= 
4- 

b--------- - 
Ske tch  9  

C a l l i n g  S u b s c r i b e r  D i a l s  t h e  Numerical Code (17931 

These f o u r  d i g i t s  when d i a l e d  w i l l  s t e p  a  second s e l e c t o r  s w i t c h  t o  t h e  
f i r s t  l e v e l ,  a  t h i r d  s e l e c t o r  s w i t c h  t o  t h e  s e v e n t h  l e v e l  and a  connec to r  
s w i t c h  t o  t h e  n i n t h  l e v e l  and t h i r d  t e r m i n a l  t o  t h e  same l i n e  a s  t h a t  which 
t h e  c o r r e c t l y  d i a l e d  number would have r o u t e d  i t ;  t h e  p r e l i m i n a r y  p u l s e  h a s  
i n  t h i s  way been c o u n t e r a c t e d .  

4 .  C a l l  t o  D i a l  System "A" Switchboard 

D i a l  sys tem "A" (DSA) swi tchboards  a r e  r e q u i r e d  i n  s t ep -by-s tep  c e n t r a l  
o f f i c e s  f o r  a l l  c a l l s  which r e q u i r e  t h e  s e r v i c e s  of a n  o p e r a t o r .  Some of 
t h e s e  r e a s o n s  f o r  hav ing  a n  o p e r a t o r  a lways  w i t h i n  r e a c h  of a  s u b s c r i b e r  
a r e  t o  hand le  emergency c a l l s  t o  d o c t o r s ,  h o s p i t a l s ,  p o l i c e  or  f i r e  s t a -  
t i o n s ,  and c a l l s  on which a s s i s t a n c e  is n e c e s s a r y  due t o  a  s u b s c r i b e r ' s  
i n a b i l i t y  t o  d i a l .  

Ske tch  1 0  
C a l l i n g  S u b s c r i b e r  D i a l s  f o r  ODerator - Q 

A s  i n  t h e  r e g u l a r  c a l l ,  t h e  removal of t h e  handse t  c a u s e s  a  l i n e  f i n d e r  t o  
s t e p  f i r s t  v e r t i c a l l y  and t h e n  h o r i z o n t a l l y  t o  f i n d  t h e  c a l l i n g  s u b s c r i b e r .  
When t h e  d i a l  tone 18 recelvee from t h e  associate f l r s t  selector s w l t c h  t h e  
s u b s c r i b e r  d i a l s  t h e  d i g i t  z e r o  ( 0 ) .  The f i r s t  s e l e c t o r  s w i t c h  makes 1 0  
v e r t i c a l  s t e p s  and t h e n  h u n t s  a c r o s s  t h e  t e n t h  l e v e l  f o r  an i d l e  t r u n k  
t o  t h e  d i a l  eyetem "A" swi tchboard .  The o p e r a t o r  w i l l  t h e n  hand le  t h e  
c a l l  t o  i t s  comple t ion .  37 



5. C a l l s  t o  T o l l  S w i t ~ c h b o a r d s .  Desks.  and S ~ e c i a l  
Equipment  u sed  i n  S t e ~ - b y - S t e p  O f f i c e s  

G e n e r a l  

The pu rpose  of t h e  s e r v i c e  code  s w i t c h e s  i s  t o  e n a b l e  t h e  c a l l i n g  sub-  
s c r i b e r  t o  g a i n  a c c e s s  t o  t h e  t o l l  boa rd ,  i n f o r m a t i o n  d e s k ,  r e p a i r  s e r -  
v i c e  d e s k ,  r e v e r t i n g  c a l l  equipment ,  e t c . ,  and t o  g i v e  a  t e l e p h o n e  
r e p a i r  man a c c e s s  t o  t h e  t e s t  d e s k  and r i n g e r  and d i a l  t e s t i n g  e q u i p -  
ment .  C a l l s  t o  t h e s e  p o i n t s  a y e  made by f i r s t  d i a l i n g  t h e  number 11 ' 

f o l l o w e d  by a  t h i r d  d i g i t  a s  f o l l o w s :  

113 P r o v i d e s  c o n n e c t i o n  t o  t h e  o p e r a t o r s  a t  t h e  i n f o r m a t i o n  d e s k ,  who w i l l  - 
f u r n i s h  i n f o r m a t i o n  on changed s u b s c r i b e r  numbers o r  new numbers n o t  
l i s t e d  i n  t h e  d i r e c t o r y .  

114  P r o v i d e s  c o n n e c t i o n  t o  t h e  r e p a i r  c l e r k  a t  t h e  r e p a i r  s e r v i c e  d e s k  t o  - 
whom t h e  s u b s c r i b e r  may r e p o r t  a t e l e p h o n e  o u t  of o r d e r ,  o r  make a n y  
s e r v i c e  c o m p l a i n t s .  

117  P r o v i d e s  a c o n n e c t i o n  whereby a r e p a i r  man c a n  c o n n e c t  t o  a  t e s t  man - 
a t  a  l o c a l  t e s t  d e s k  when r e p a i r i n g  t r o u b l e  on a  l i n e .  

118 P r o v i d e s  a c o n n e c t i o n  whereby a  r e p a i r  man a t  a  s u b s c r i b e r t s  s t a t i o n  
c a n  o b t a i n  a c c e s s  t o  d i a l  and  r i n g e r  t e s t i n g  equ ipmen t .  

1 1 9  P r o v i d e s  means f o r  c o m p l e t i n g  c a l l s  t o  a s u b s c r i b e r  on t h e  same p a r t y  - 
l i n e .  

1 1 0  P r o v i d e s  a c o n n e c t i o n  t o  t h e  t o l l  o p e r a t o r  a t  t h e  t o l l  b o a r d ,  who w i l l  - 
c o m p l e t e  a n y  c a l l  t h a t  must be h a n d l e d  on a  t o l l  c h a r g e  b a s i s .  

TELEPHONE = 
- I= 

F I R S T  

- 
I- - 

S k e t c h  11 
C a l l i n g  S u b s c r j b e r  Dials F i r s t  D i g i t  - 1 

A s  i n  a r e g u l a r  c a l l  t h e  removal  of t h e  h a n d s e t  c a u s e s  a. l i n e  f i n d e r  s w i t c h  
t o  s t e p  f i r s t  v e r t i c a l l y  and  t h e n  h o r i z o n t a l l y  t o  f i n d  t h e  c a l l i n g  sub-  
s c r i b e r  l i n e .  When t h e  d i a l  t o n e  is  r e c e i v e d  f r o m  t h e  a s s o c i a t e d  f i r s t  
s e l e c t o r  s w i t c h  t h e  s u b s c r i b e r  d i a l s  t h e  d i g i t  ( 1 ) .  The f i r s t  s e l e c t o r  
s w i t c h  makes one v e r t i c a l  s t e p  and  t h e n  h u n t s  a c r o s s  t h e  f i r s t  l e v e l  f o r  
a n  i d l e  t r u n k  t o  an  a u x i l i a r y  f i r s t  s e l e c t o r  s w i t c h .  



TELEPHONE = 
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Sketch 12 
Calling Subscriber Dials Second Digit - 1 

On the dialing of the second digit (I), the auxiliary first selector switch 
makes one vertical step and then hunts across the first level for an idle 
trunk to a service code selector switch. 

CALLING -. . . -. - . . . 
TELEPHONE = 

D E S K  D E S K  DESK 
113 114 117 

Sketch 13 
Callina Subscriber Dials Third Digit - 3,4,7,8.9, or 0 

The dialing of the third digit steps the service code selector switch to the 
level having trunks to the desks, switchboard or testing equipment to be 
connected to - 

3 - Information Desk 
4 - Repair Service Desk 
7 - Test Desk 
8 - Ringer and Dial Testing Equipment 
9 - Reverting Call Selector (Party Line Ringing) 
0 - Toll Board 

If a preliminary pulse is accidentally sent on a call to an operator or the 
s p e c i a l  e q u i p m e n t ,  t h e  number r e c o r d e d  would be 111 p l u s  3,4,7,8,9, or 0. 
This would route the call through the auxiliary service code selector switch 
to the proper destination. 



~";1 FINDER 

TELEPHIWE - 
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DESK DESU DESK 
113 114  117 

Sketch 14 
Switches, Switchboards, and Desks used in a 

Step-by-step Dial System 



SECTION 6. POWER 

The purpose  of t h e  t e l e p h o n e  power p l a n t  is t o  f u r n i s h  e l e c t r i c a l  ene rgy ,  of 
t h e  r e q u i r e d  c h a r a c t e r  and i n  p roper  amount, and a v a i l a b l e  one hundred p e r -  
c e n t  of t h e  t ime .  

I n  o r d e r  t o  meet t h e  v i t a l  need of eve r - ready  power, it  i s  n e c e s s a r y  i n  
t e l e p h o n e  power p l a n t s  t o  a r r a n g e  f o r  some pr imary  power s o u r c e  which is  
u s u a l l y  a commercial e l e c t r i c  s e r v i c e  from o u t s i d e .  The s e r v i c e s  a r e  i n -  
v e s t i g a t e d  w i t h  c a r e  t o  de te rmine  t h e i r  r e l i a b i l i t y  and i n  some c a s e s ,  two 
s e r v i c e s  f rom s e p a r a t e  power houses  a r e  brought  i n t o  t h e  t e l e p h o n e  b u i l d i n g .  
Where a s i n g l e  s e r v i c e  is  used,  a l o c a l  d i e s e l  eng ine  w i t h  a s s o c i a t e d  a l t e r -  
n a t o r  i s  p rov ided  a s  a  r e s e r v e .  

The above p r imary  s u p p l i e s  a r e  used t o  d r i v e  d i r e c t  coup led  A . C .  Motor - 
D . C .  Genera to r  S e t s  which p rov ide  t h e  b a s i c  v o l t a g e  f o r  t h e  48 v o l t  s u p p l y  
used t o  o p e r a t e  t h e  mechanical  s w i t c h e s ,  r e l a y s ,  e t c .  and a l s o  t o  f u r n i s h  
t h e  t a l k i n g  b a t t e r y  r e q u i r e d  i n  t h e  sys tem.  The o u t p u t  v o l t a g e  f rom t h e s e  
g e n e r a t o r  s e t s  i s  a l s o  used t o  charge  s t o r a g e  b a t t e r l e s  which a r e  c o n t i n u -  
o u s l y  connec ted  a c r o s s  t h e  power l e a d s  a c t i n g  a s  a b a l l a s t  o r  f i l t e r  d u r i n g  
normal o p e r a t i o n  and a s  a r e s e r v e  t o  o p e r a t e  t h e  t e l e p h o n e  equipment I n  c a s e  
of p r imary  v o l t a g e  f a i l u r e .  Common p r a c t i c e  and e x p e r i e n c e  have r e s u l t e d  i n  
b a t t e r i e s  of c e r t a i n  s i z e s  b e i n g  p rov ided ,  t h e s e  s i z e s  b e i n g  s u f f i c i e n t  t o  
c a r r y  t h e  exchange l o a d  f o r  i n t e r v a l s  r a n g i n g  from a  few hours  t o  s e v e r a l  
d a y s ,  depending upon c o n d i t i o n s .  These p r e s e n t  p r a c t i c e s  have been s u c c e s s -  
f u l  i n  m a i n t a i n i n g  c o n t i n u o u s  power s u p p l y ,  and c e n t r a l  o f f i c e s  g e n e r a l l y  
th roughout  t h e  c o u n t r y  have g i v e n  s e r v i c e  even d u r i n g  p e r i o d s  of s torm,  
f i r e  or  o t h e r  c a l a m i t i e s .  C e n t r a l  O f f i c e  b a t t e r l e s  may be  e i t h e r  t h e  l e a d  
l i n e d  wood t a n k ,  g l a s s  j a r  a s  shown i n  F i g u r e  34 or  r u b b e r  j a r  t y p e  used 
i n  t h e  l a t e s t  i n s t a l l a t i o n s .  

F i g u r e  34 - C e n t r a l  O f f i c e  B a t t e r i e s  

4 1 





F i g u r e  35 shows a  t y p i c a l  power p l a n t  as might  be  found i n  a n y  s t e p - b y - s t e p  
d i a l  o f f i c e .  Power p r o t e c t i o n  p a n e l s ,  w i t h  t h e i r  p r o t e c t i v e  d e v i c e s ,  a r e  
p r o v i d e d  when t h e  p r i m a r y  power is  s u p p l i e d  ove r  a e r i a l  l i n e s  and  t h e r e  i s  
a p o s s i b i l i t y  of s e r v i c e  i n t e r r u p t i o n s  due t o  l i g h t n i n g  o r  t r a n s f o r m e r  
breakdown. S a f t o - f u s e  c a b i n e t s  a r e  p r o v i d e d  t o  make a s h o c k  p roo f  s w i t c h  
c a b i n e t  when i t  is  n e c e s s a r y  t o  r e p l a c e  a  f u s e  o r  open a c i r c u i t  i n  t h e  
p r i m a r y  power s u p p l y  sys t em.  A . C .  Motors  and  D . C .  G e n e r a t o r  S e t s  a s  men- 
t i o n e d  i n  t h e  p r e c e d i n g  p a r a g r a p h  a r e  u sed  t o  f u r n i s h  t h e  48 v o l t  s u p p l y  
a n d  t o  c h a r g e  t h e  b a t t e r i e s .  Inasmuch as commerc ia l  g e n e r a t o r s  a r e  now 
b e i n g  u s e d  i t  i s  n e c e s s a r y  t o  f i l t e r  o u t  n o i s e s  c a u s e d  by t h e s e  machines  
and  p r e v e n t  t h e i r  g e t t i n g  t o  t h e  l i n e .  E l e c t r o l y t i c  c o n d e n s e r s  ( c a p a c i -  
t a n c e )  a n d  choke c o i l s  ( i n d u c t a n c e )  a r e  s u p p l i e d  f o r  t h i s  p u r p o s e .  Ring- 
i n g  and  c o i n  c o n t r o l  machines  r u n  by A C  o r  DC m o t o r s ,  a r e  p r o v i d e d  f o r  
s i g n a l l i n g  p u r p o s e s  a n d  t o  g e n e r a t e  t h e  t o n e s  u sed  i n  t h e  sys t em.  M e t e r s  
f o r  c h e c k i n g  t h e  c u r r e n t  and  v o l t a g e  a n d  s w i t c h e s  f o r  t r a n s f e r r i n g  t h e  b a t -  
t e r y  c i r c u i t s  and  r i n g i n g  machine c i r c u i t s  t o  t h e  t e l e p h o n e  s y s t e m  a r e  
mounted on t h e  power p a n e l s  ( F i g .  35). Tungar Copper Oxide o r  S e l e n i u m  
r e c t i f i e r s  a r e  u s u a l l y  s u p p l i e d  t o  c h a r g e  t h e  s m a l l e r  m i s c e l l a n e o u s  b a t -  
t e r i e s  u sed  i n  t h e  c e n t r a l  o f f i c e .  

The l a y o u t  of power equipment  i n  a  c e n t r a l  o f f i c e  i s  a r r a n g e d  t o  p r o v i d e  
e a s y  a c c e s s i b i l i t y  f o r  ma in t enance  and  t o  a l l o w  p r o p e r  f a c i l i t i e s  t o  c a r e  
f o r  f u t u r e  g rowth .  



SECTION 7 .  SXS CIRCUIT OPERATION 

1.  The D i a l  

The o n l y  d i f f e r e n c e  b e t w e e n  a u t o m a t i c  and manua l  e q u i p m e n t  a p p a r e n t  t o  t h e  s u b s c r i b e r  is 
t h e  d i a l  l o c a t e d  a t  t h e  i n s t r u m e n t  on  !is p r e m i s e s .  I t  is  f o r  t h i s  r e a s o n  t h a t  a u t o m a t i c  
s y s t e m s  a r e  u n i v e r s a l l y  known a s  " d i a l  s y s t e m s .  The p u r p o s e  o f  t h e  d i a l  is,  o f  c o u r s e ,  
t o  e n a b l e  a  s u b s c r i b e r  t o  c o n t r o l  t h e  a u t o m a t i c  e q u i p m e n t  s o  t h a t  a  c o n n e c t i o n  w i l l  b e  
c o m p l e t e d  t o  t h e  number h e  i s  c a l l i n g .  When t h e  s u b s c r i b e r  r e m o v e s  h i s  r e c e i v e r  f r o m  t h e  
s w i t c h h o o k  t h e  c i r c u i t  is c o m p l e t e d  t h r o u g h  t h e  s w i t c h h o o k  c o n t a c t s  i n  s e r i e s  w i t h  a r e l a y  
i n  t h e  c e n t r a l  o f f i c e ,  a s  shown i n  F i g .  A .  One o f  t h e  f u n c t i o n s  o f  t h e  s u b s c r i b e r ' s  d i a l  
w i t h  t h e  r e c e i v e r  o f f  t h e  s w i t c h h o o k  is  t o n o p e n  t h i s  c i r c u i t  a  s p e c i f i e d  number o f  t i m e s  a n d  
by means o f  t h e s e  o p e n  c i r c u i t s  o r  " p u l s e s  t o  g i v e  t h e  a u t o m a t i c  e q u i p m e n t  t h e  p r o p e r  i n -  
f o r m a t i o n .  The d i a l  is p r o v i d e d  w i t h  a  s e r i e s  o f  f i n g e r  h o l e s ,  e a c h  of  w h i c h  is numbered .  
The s u b s c r i b e r  p l a c e s  h i s  f i n g e r  i n  o n e  o f  t h e s e  h o l e s  a n d  c a r r i e s  i t  t o  t h e  b a c k  s t o p ,  
a f t e r  w h i c h  t h e  d i a l  r e s t o r e s  t o  n o r m a l  u n d e r  t h e  i n f l u e n c e  o f  a  g o v e r n o r  which  r e g u l a t e s  
i ts s p e e d .  A s  t h e  d i a l  r e s t o r e s  t o  n o r m a l  i t  o p e n s  t h e  c i r c u i t  a  number o f  t i m e s  e q u a l  t o  
t h e  number on  t h e  f i n g e r  h o i e  w h i c h  was s e l e c t e d  by t h e  s u b s c r i b e r .  T h u s ,  d i a l i n g  2 "  o p e n s  
t h e  c ; r c u i t  t w i c e ;  d i a l i n g  5"  o p e n s  i t  f i v e  t i m e s .  I t  s h o u l d  b e  n o t i c e d  a l s o  t h a t  d i a l i n g  
" z e r o  o p e n s  t h e  c i r c u i t  t e n  t i m e s .  The o p e n i n g  and  c l o s i n g  o f  t h e  c i r c u i t  a l t e r n a t e l y  
o p e r a t e s  and r e l e a s e s  a  r e l a y  w h i c h  h a s  b e e n  p l a c e d  i n  s e r i e s  w i t h  t h e  s u b s c r i b e r ' s  l i n e .  

A p u l s e  c y c l e  c o n s i s t s  o f  t h e  t i m e  r e q u i r e d  f o r  o n e  o p e n  c i r c u i t  a n d  o n e  c l o s e d  c i r c u i t  i n  
t h e  s e r i e s  o f  p u l s e s  s e n t  o u t  a s  t h e  d i a l  r e s t o r e s  t o  n o r m a l .  The o p e n  c i r c u i t  is a p p r o x i -  
m a t e l y  60% o f  t h e  t o t a l  p u l s i n g  time. T h i s  is t o  i n s u r e  t h e  p o s i t i v e  r e l e a s e  o f  t h e  p u l s i n g  
r e l a y  i n  t h e  a u t o m a t i c  e q u i p m e n t  a t  t h e  c e n t r a l  o f f i c e .  

! 

DIAL I I 1 

F i g u r e  A - S c h e m a t i c  Of P u l s i n g  C i r c u i t  S t e p - B y - S t e p  S y s t e m  

F i g u r e  B g i v e s  a  s c h e m a t i c  o f  a  s u b s c r i b e r ' s  s t a t i o n  c i r c u i t  c o n t a i n i n g  a  d i a l .  H e r e  t h e  
d i a l  is s!own i n  i t s  n o r m a l  p o y i t i o n .  The r e c e i v e r  c i r c u i t  is c l o s e d  t h r o u g h  t h e  con t :c t s  
shown a s  o f f  n o r m a l  c o n t a c t s .  A s  s o o n  a s  t h e  s u b s c r i b e r  moves t h e  d i a l  " o f f  n o r m a l ,  t h e  
o f f  n o r m a l  c o n t a c t s  c h a n g e  p o s i t i o n  s o  t h a t  t h e  r e c e i v e r  c i r c u i t  is opened  t o  p r e v e n t  t h e  
a n n o y a n c e  o f  a  s e r i e s  o f  s h a r p  c l i c k s  i n  t h e  s u b s c r i b e r ' s  e a r  and  a  s h o r t  c i r c u i t  is p l a c e d  
a r o u n d  t h e  t r a n s m i t t e r  t o  remove  i t s  v a r i a b l e  r e s i s t a n c e  f r o m  t h e  d i a l i n g  c i r c u i t .  The o f f  
n o r m a l  c o n t a c t s  r e m a i n  i n  t h i s  c o n d i t i o n  f r o m  t h e  t i m e  t h e  s u b s c r i b e r ' s  d i a l  f i r s t  moves 
$ f f  n o r m a l  u n t i l n i t  h a s  r e s t o r e d  u n d e r  t h e  i n f l u e n c e  o f  a  g o v e r n o r .  The c o n t a c t s  l a b e l e d  

p u l s e  c o n t a c t s ,  h o w e v e r ,  o p e n  and c l o s e  o n l y  w h i l e  t h e  d i a l  is  r e s t o r i n g  t o  n o r m a l  a t  a  
c o n s t a n t  s p e e d  d e t e r m i n e d  by t h e  g o v e r n o r .  

The f i r s t  s e r i e s  o f  p u l s e s  w h i c h  come t h r o u g h  f r o m  t h e  s u b s c r i b e r ' s  d i a l  c a u s e s  t h e  p u l s i n g  
r e l a y  i n  t h e  s w i t c h  t o  o p e r a t e  and  r e l e a s e  i n  s y n c h r o n i s m  w i t h  t h e  p u l s e s  and  i n  t u r n  o p e r -  
a t e  a n d  r e l e a s e  t h e  v e r t i c a l  m a g n e t .  Under t h e  i n f l u e n c e  o f  t h e  v e r t i c a l  pawl t h e  s w i t c h  
r i s e s  u n t i l  t h e  b r u s h e s  a r e  o p f o s i t e  th: l e v e l  d e t e r m i n e d  by t h e  number o f  p u l s e s  s e n t  f r o m  
t h e  d i a l .  I f  t h e  s w i t c h  i s  a  s e l e c t o r  i t  w i l l  now r o t a t e  a u t o m a t i c a l l y  u n d e r  t h e  i n f l u -  
e n c e  o f  t h e  5 o t a r y  magne t  and  pawl u n t i l  a n  i d l e  t r u n k  on  t h a t  l e v e l  is r e a c h e d .  I f  i t  is 
a  " c o n n e c t o r  i t  w i l l  w a i t  f o r  t h e  s u b s c r i b e r  t o  d i a l  a n o t h e r  d i g i t ,  i n  w h i c h  c a s e  i t  w i l l  
r o t a t e  u n d e r  t h e  i n f l u e n c e  o f  t h e  d i a l  p u l s e s  u n t i l  i t  r e a c h e s  t h e  p a r t i c u l a r  s e t  o f  Oermi-  
n a l s  d e t e r m i n e d  by t h e  ; a s t  d i g i t .  
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F i g u r e  B - D i a l  S u b s c r i b e r  S t a t i o n  C i r c u i t  

The  s w i t c h  is now h e l d  i n  i t s  r o t a t e d  p o s i t i o n  by t h e  d o u b l e  d o g  a n d  h e l d  i n  i ts v e r t i c a l  
o s i t i o n  by t h e  f i x e d  d o g .  Upon r e l e a s e  o f  t h e  s w i t c h  a  magne t  is o p e r a t e d  (known a s  t h e  

' r e l e a s e  m a g n e t " )  w h i c h  r e m o v e s  t h e  d o u b l e  d o g  f r o m  e n g a g i n g  t h e  r o t a r y  t e e t h  a l l o w i n g  t h e  
s w i t c h  t o  r e s t o r e  h o r i z o n t a l l y  u n d e r  t h e  a c t i o n  o f  a  c o i l e d  s p r i n g  i n  t h e  s p r i n g  c u p .  When 
t h e  h o r i z o n t a l  r e s t o r a t i o n  is c o m p l e t e  t h e  f i x e d  d o g  d i s e n g a g e s  t h e  v e r t i c a l  t e e t h  b e c a u s e  
o f  t h e  v e r t i c a l  s l o t  a n d  t h e  s h a f t  r e s t o r e s  t o  n o r m a l  i n  a  v e r t i c a l  d i r e c t i o n  by means o f  
g r a v i t y .  

2 .  L i n e  C i r c u i t s  and  L i n e  F i n d e r s  

I n  t h e  manual  s y s t e m ,  s u b s c r i b e r s 1  l i n e s  a r e  a n s w e r e d  by a n  " A "  b o a r d  o p e r a t o r  who is 
r e s p o n s i b l e  f o r  a l l  o f  t h e  s u b s c r i b e r  l i n e s  a p p e a r i n g  a s  a n s w e r i n g  j a c k s  i n  h e r  p o s i t i o n .  
I n  o r d e r  t o  e s t a b l i s h  c o n t a c t  w i t h  a  c a l l i n g  s u b s c r i b e r  who h a s  removed t h e  r e c e i v e r  f r o m  
t h e  s w i t c h h o o k ,  a n  a n s w e r i n g  c o r d  is  p l a c e d  i n  t h e  r e q u i r e d  a n s w e r i n g  j a c k  a s n i n d i c a t e d  by 
t h e  l i g h t e d  l i n e  l a m p .  I n  t h e  s t e p - b y - s t e p  s y s t e m  t h e  a n s w e r i n g  c o r d  o f  t h e  A "  b o a r d  
o p e r a t o r  i n  t h e  manua l  s y s t e m  is r e p l a c e d  by a  s t e p - b y ~ s t e p  s w i t c h  known a s  a  l i n e  f i n d e r .  
The f u n c t i o n  o f  t h e  l i n e  f i n d e r  is t o  make c o n t a c t  w i t h  a n y  c a l l i n g  l i n e  i n  a  p a r t i c u l a r  
g r o u p  a n d  e x t e n d  t h a t  l i n e  t o  a  f i r s t  s e l e c t o r  ( t o  a  c o n n e c t o r  i n  t h e  1 0 0  l i n e  s y s t e m  n o t  
d e s c r i b e d  h e r e i n ) ,  t h e  f i r s t  s e l e c t o r  g i v i n g  t h e  s u b s c r i b e r  d i a l  t o n e  a n d  r e c e i v i n g  t h e  
f i r s t  d i g i t  d i a l e d  by t h e  s u b s c r i b e r .  

I n  t h e  m a n u a l  s y s t e m ,  t h e  number o f  a n s w e r i n g  j a c k s  a p p e a r i n g  i n  e a c h  "A1 '  b o a r d  o s i t i o n  
is d e p e n d e n t  upon  t h e  c a l l i n g  r a t e  o f  t h e  l i n e s  i n v o l v e d  and  t h e  l o a d  w h i c h  t h e  'A' b o a r d  
o p e r a t o r  is a b l e  t o  c a r r y .  I n  t h e  s t e p - b y - s t e p  s y s t e m ,  l i n e s  a r e  i n  mos t  c a s e s  a r r a n g e d  
i n  g r o u p s  o f  2 0 0 ,  t h e  number o f  l i n e  f i n d e r s  h a v i n g  a c c e s s  t o  t h i s  g r o u p  o f  l i n e s  v a r y i n g  
w i t h  t h e  c a l l i n g  r a t e .  

2 . 1  2 0 0  P o i n t  L i n e  F i n d e r  

A i i n e  f i n d e ;  a r r a n g e d  t o  s e r v e  a  2 0 0  l i n e  g r o u p  is i l l u s t r a t e d  i n  F i g .  7 a n d  is known a s  
a  2 0 0  p o i n t  l i n e  f i n d e r .  Each l i n e  f i n d e r  h a s  a c c e s s  t o  3 b a n k s  o f  2 0 0  t e r m i n a l s  e a c h .  
The l o w e s t  b a n k  c o n t a i n s  t h e  t i p s  a n d  r i n g s  o f  100. l i n e s  numbered 11, 1 2 ,  13, 1 4 ,  . . 1 9 ,  
1 0  o n  t h e  b o t t o m  l e v e l  a n d  0 1  t o  0 0  o n  t h e  t o p  l e v e l  $see F i g .  C ) .  I t  s h o u l d  b e  n o t i c e d  
t h a t  t h e  t e n t h  t e r m i n a l  o n  t h e  t o p  l e v e l  i s  numbered . 0 0 "  b e c a u s e  t h e  s w i t c h  s t e p s  v e r t i -  
c a l l y  t e n  times and  h o r i z o n t a l l y  t e n  times t o  r e a c h  i t .  The m i d d l e  b a n k  c a r r i e s  a  s e c o n d  
1 0 0  l i n e s  t h e  t e r m i n a l s  o f  w h i c h  a r e  numbered 111 t o  1 1 0  o n  t h e  b o t t o m  l e v e l  a n d  1 0 1  t o  1 0 0  
o n  t h e  t o p  l e v e l .  The t o p  b a n k  c a r r i e s  t h e  s l e e v e  t e r m i n a l s  o f  t h e  e n t i r e  g r o u p  o f  2 0 0  
l i n e s ,  t h e  s l e e v e s  11 t o  1 0  a n d  1 0 1  t o  1 1 0  b e i n g  a r r a n g e d  o n  t h e  b o t t o m  l e v e l  a n d  0 1  t o  0 0  
and  1 0 1  t o  1 0 0  o n  t h e  t o p  l e v e l .  The p u r p o s e  o f  t h e  s l e e v e  b a n k  is t o  p e r m i t  t h e  l i n e  r e l a y  
o f  a  c a l l i n g  l i n e  t o  p u t  b a t t e r y  o n  i ts  c o r r e s p o n d i n g  s l e e v e  t e r m i n a l  t o  s t o p  t h e  l i n e  
f i n d e r  a s  i t  s w e e p s  a c r o s s  t h e  row o f  t e r m i n a l s .  The  l i n e  f i n d e r  s h a f t  c a r r i e s  t h r e e  s e t s  
o f  b r u s h e s ,  o n e  t o  make c o n t a c t  i n  e a c h  b a n k .  

A v e r t i c a l  c o m m u t a t o r  c o n s i s t i n g  o f  1 0  s e g m e n t s  is a r r a n g e d  a t  t h e  s i d e  o f  t h e  l i n e  f i n d e r  
s h a f t  s o  t h a t  a s  t h e  s h a f t  r i s e s  a  c o m m u t a t o r  b r u s h  makes c o n t a c t  w i t h  t h e  f i r s t  s e g m e n t  
when t h e  l i n e  f i n d e r  b r u s h e s  a r e  o p p o s i t e  t h e  f i r s t  l e v e l  o f  t h e  b a n k s ,  t h e  s e c o n d  s e g m e n t  
when t h e y  a r e  o p p o s i t e  t h e  s e c o n d  l e v e l ,  e t c .  'fhe l i n e  f i n d e r  c i r c u i t  is s o  a r r a n g e d  t h a t ,  
a s  s o o n  a s  a n y  l i n e  r e l a y  i n  t h e  g r o u p  o f  2 0 0  l i n e s  is o p e r a t e d ,  o n e  o f  t h e  l i n e  f i n d e r s  
s e r v i n g  t h e  g r o u p  w i l l  commence t o  s t e p  u p  a n d  w i l l  c o n t i n u e  s t e p p i n g  u p  u n t i l  i t  meets a 
c o m m u t a t o r  s e g m e n t  t h a t  i s  g r o u n d e d .  T h e r e  a r e  2 0  l i n e s  o n  e a c h  l e v e l  a n d  e a c h  " s u b - g r o u p "  
o f  2 0  l i n e s  h a s  a c c e s s  t o  a  common s u b - g r o u p  r e l a y  w h i c h  may b e  o p e r a t e d  by a n y  l i n e  r e l a y  
i n  t h e  s u b - g r o u p .  The o p e r a t i o n  o f  t h i s  s u b - g r o u p  r e l a y  g r o u n d s  t h e  c o m m u t a t o r  s e g m e n t  
c o r r e s p o n d i n g  t o  t h e  l e v e l  o n  w h i c h  t h e s e  2 0  l i n e s  a p p e a r .  T h i s  w i l l  c a u s e  t h e  l i n e  f i n d e r  
t o  s t o p  i t s  v e r t i c a l  m o t i o n  a t  t h e  l e v e l  o n  w h i c h  t h e  c a l l i n g  l i n e  a p p e a r s .  
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A f t e r  t h e  l i n e  f i n d e r  h a s  s t e p p e d  up  t o  t h e  p r o p e r  l e v e l  i t  w i l l ,  o f  i t s  own a c c o r d .  b e g i n  
t o  s t e p  o v e r  t h e  t e r m i n a l s  o f  t h a t  l e v e l ,  t e s t i n g  t h e  s l e e v e  t e r m i n a l s  i n  t h e  t o p  b a n k ,  
two a t  a  t i m e ,  a s  i t  g o e s  a l o n g .  . A s  s o o n  a s  i t  f i n d s  a  s l e e v e  t e r m i n a l  w i t h  b a t t e r y  o n  -- 
i t  f r o m  t h e  o p e r a t e d  l i n e  r e l a y  i t  w i l l  s t o p  w i t h  i t s  t i p  and r i n g  b r u s h e s  o n  t h e  t i p  a n d  
r i n g  o f  t h a t  l i n e  i n  o r d e r  t o  e x t e n d  t h a t  l i n e  t o  a  f i r s t  s e l e c t o r .  Thus i f  l i n e  1 2  is 
c a l l i n g  commuta tor  s e g m e n t  1 w i l l  b e  g r o u n d e d  and t h e  l i n e  f i n d e r  w i l l  s t e p  up t o  t h e  f i r s t  
l e v e l  and i n  on t h a t  l e v e l  t o  t h e  s e c o n d  t e r m i n a l .  A f t e r  t h e  l i n e  f i n d e r  h a s  s t o p p e d  on 
a  g i v e n  s e t  o f  t e r m i n a l s  i t  c o n n e c t s  t h e  b r u s h e s  i n  t h e  b o t t o m  b a n k  o r  i n  t h e  m i d d l e  b a n k  
t o  a  f i r s t  s e l e c t o r ,  i n  a c c o r d a n c e  w i t h  w h i c h  o f  t h e  two s l e e v e s  i n  t h e  u p p e r  b a n k  h a s  t h e  
b a t t e r y  c o n d i t i o n .  

2 . 2  S l i p  W i r i n g , o f  L i n e  F i n d e r  Banks  and Commuta tors  

O b v i o u s l y  i t  t a k e s  a  c e r t a i n  amount o f  t i m e  f o r  a  l i n e  f i n d e r  t o  r i s e  t o  t h e  h i g h e r  l e v e l s  
o f  i t s  b a n k s  and  c u t  i n t o  t h o s e  l e v e l s  u n t i l  i t  f i n d s  t h e  t e r m i n a l s  o f  t h e  c a l l i n g  l i n e .  
The i d e a l  c o n d i t i o n  would b e  t o  h a v e  t h e  c a l l i n g  l i n e  on t h e  f i r s t  l e v e l  o f  t h e  l i n e  f i n d e r  
bank  i n  e v e r y  c a s e ,  s o  t h a t  t h e  l i n e  f i n d e r  would h a v e  t o  s t e p  up  o n l y  o n e  l e v e l  a n d  t h e n  
c u t  i n t o  t h a t  l e v e l  t o  f i n d  t h e  c a l l i n g  l i n e .  T h i s  would mean t h a t  t h e  s u b s c r i b e r  would 
r e c e i v e  d i a l  t o n e  f r o m  t h e  f i r s t  s e l e c t o r  w i t h  a  minimum amount  o f  w a i t i n g .  I t  i s  n o t  
p o s s i b l e  t o  a c h i e v e  t h i s  i d e a l  c o n d i t i o n  f o r  e;ery c a l l ,  b u t  t h e  h u n t i n g  t i m e  f o r  l i n e  
f i n d e r s  is c o n s i d e r a b l y  d e c r e a s e d  by s l i p p i n g  t h e  1 5 i n e  f i n d e r  m u l t i p l e  a s  shown o n  F i g .  C .  

S u p p o s e  t h a t  a  g r o u p  o f  200 l i n e s  is s e r v e d  by 20  l i n e  f i n d e r s .  I n  t h i s  c a s e  l i n e s  11 t o  
1 0  a p p e a r  on  t h e  f i r s t  l e v e l  o f  t h e  l o w e r  bank  of  t h e  f i r s t  l i n e  f i n d e r  o f  s u b - g r o u p  1 ,  and  
l i n e s  111 t o  1 1 0  on  t h e  b o t t o m  l e v e l  of  t h e  m i d d l e  b a n k  o f  t h j s  l i n e  f i n d e r .  However ,  t h e s e  
l i n e s  a r e  w i r e d  t o  t h e  t o p  ( o r  t e n t h )  l e v e l s  of  t h e  b a n k s  on  t h e  f i r s t a l i n e  f i n d e r  o f  s u b -  
g r o u p  2  and t o  t h e  n i n t h  l e v e l s  o f t h e  f i r s t  l i n e  f i n d e r  o f  s u b - g r o u p  3 ,  t h e  e i g h t  l e v e l s  o f  
t h e  f i r s t  l i n e  f i n d e r  o f  s u b - g r o u p  4 ,  e t c . ,  and  a p p e a r  a g a i n  on  t h e  f i r s t  l e v e l s  o f  t h e  
s e c o n d  l i n e  f i n d e ;  o f  s u b - g r o u  T h i s  means t h a t  t h e  f i r s t  and s e c o n d  l i n e  f i n d e r s  of  
s u b - g r o u p  1 ,  a r e  f i r s t  c h o i c e g  :or t h e  u s e  o f  l i n e s  11 t o  1 0  and  111 t o  1 1 0  s i n c e  t h e s e  
two l i n e  f i n d e r s  h a v e  t h i s  g r o u p  o f  2 0  l i n e s  on t h e i r  f i r s t  l e v e l s .  L i k e w i s e  t h e  f i r s t  
and s e c o n d  l i n e  f i n d e r s  o f  s u b - g r o u p  2  a r e  f i r s t  c h o i c e  t o  l i n e s  2 1  t o  2 0  and  1 2 1  t o  1 2 0 ,  
and  t h e  f i r s t  and s e c o n d  l i n e  f i n d e r s  o f  s u b - g r o u p  3  f o r  l i n e s  3 1  t o  3 0  and  1 3 1  t o  1 3 0 .  
The w i r i n g  t o  t h e  c o r r e s p o n d i n g  c o m m u t a t o r  s e g m e n t s  is s l i p p e d  i n  a  c o r r e s p o n d i n g  m a n n e r .  

2 . 3  A l l o t m e n t  o f  L i n e  F i n d e r s  

F i g .  C  i l l u s t r a t e s  t h e  method o f  a l l o t i n g  l i n e  f i n d e r s .  The o p e r a t i o n  o f  t h e  s u b - g r o u p  
r e l a y  o f  a  s u b - g r o u p  o f  20 l i n e s  d o e s  two t h i n g s .  F i r s t ,  i t  p lace-s  a  g r o u n d  on  t h e  com- 
m u t a t o r  s e g m e n t  c o r r e s p o n d i n g  t o  t h e  l e v e l  i n  w h i c h  t h e  g r o u p  o f  2 0  l i n e s  a t p e a r s  o n  t h e  
l i n e  f i n d e r  b a n k s .  S e c o n d ,  i t  g r o u n d s  a  s t a r t  l e a d  w h i c h  o p e r a t e s  a  s t a r t  r e l a y  i n  t h e  
l i n e  f i n d e r  t h a t  is t o  b e  u s e d  f o r  t h e  c a l l ,  c a u s i n g  i t  t o  s t e p  up  and h u n t  f o r  t h e  g r o u n d e d  
commuta tor  s e g m e n t .  

T r a c i n g  t h e  s t a r t  l e a d  f rom t h e  s u b - g r o u p  r e l a y  i n  s u b - g r o u p  No. 1, we a r r i v e  a t  t h e  b a c k  
c o n t a c t s  o f  t h e  (D) r e l a y  i n  t h e  f i r s t  l i n e  f i n d e r s  o f  t h e  s u b - g r o u p  ( w h i c h  h a s  t h e  l i n e s  
i n  s u b - g r o u p  No. 1 on  i t s  f i r s t  l e v e l )  and t h e n c e  on t o  t h e  w i n d i n g  o f  t h e  " s t a r t 1 '  r e l a y  
( A ) .  I f ,  however ,  t h i s  l i n e  f i n d e r  is busy  on  a  c a l l  t h e  (D) r e l a y  w i l l  b e  o p e r a t e d  and 
t h e  s t a r t  l e a d  w i l l  b e  e x t e n d e d  t o  t h e  b a c k  c o n t a c t s  o f  t h e  (D) r e l a y  o f  t h e  s e c o n d  l i n e  
f i n d e r  o f  t h e  s u b - g r o u p .  I f  t h i s  l i n e  f i n d e r  i s  a l s o  busy  t h e  (D)  r e l a y  w i l l  be  o p e r a t e d  
and  t h e  s t a r t  l e a d  w i l l  b e  e x t e n d e d  t o  t h e  o t h e r  l i n e  f i n d e r s  i n  s u b - g r o u p  No. 1 I f  a l l  
f i n d e r s  i n  t h e  s u b - g r o u p  a r e  b u s y  t h e  s t a r t  l e a d  is e x t e n d e d  t o  t h e  f i r s t  l i n e  f i n d e r  i n .  
s u b - g r o u p  No. 1 0  s i n c e  t h e  l i n e  f i n d e r s  o f  t h i s  g r o u p  h a v e  l i n e s  11 t o  1 0  and  111 t o  1 1 0  
on t h e i r  s e c o n d  l e v e l s .  The p r o c e s s  o f  a l l o t m e n t  t h e r e u p o n  c o n t i n u e s  a s  n e c e s s a r y  t h r o u g h  
t h e  l i n e  f i n d e r s  i n  s u b - g r o u p  No. l 0 , s u b - g r o u p  No. 9 .  e t c . ,  t h e  l a s t  c h o i c e  l i n e  f i n d e r s  
f o r  t h e  No. 1 s u b - g r o u p  o f  l i n e s  b e i n g  t h e  l i n e  f i n d e r  i n  s u b - g r o u p  No. 2 ,  s i n c e  t h e s e  l i n e  
f i n d e r s  h a v e  s u b - g r o u p  No. 1 l i n e s  on  t h e i r  t o p  l e v e l s .  

By means o f  t h i s  b a n k - t o - b a n k  s l i p  o n  l i n e  f i n d e r  m u l t i p l e s ,  e a c h  g r o u p  o f  2 0  l i n e s  is 
g i v e n  e q u a l  p r e f e r e n c e  i n  b e i n g  c h o s e n  by l i n e  f i n d e r s .  I f  20  l i n e  f i n d e r s  a r e  p r o v i d e d  
t o  s e r v e  a  g r o u p  o f  200  l i n e s  t h e r e  ar 'e two f i r s t  c h o i c e  l i n e  f i n d e r s p e r  s u b - g r o u p .  I f  
3 0  l i n e  f i n d e r s  s e r v e  t h e  g r o u p  o f  200  l i n e s  t h e r e  a r e  t h r e e  f i r s t  c h o i c e  l i n e  f i n d e r s  p e r  
s u b - g r o u p ,  t h r e e  s e c o n d  c h o i c e ,  t h r e e  t h i r d  c h o i c e ,  e t c .  T h i s  i n s u r e s  t h a t  t h e  w a i t i n g  
t i m e  f o r  d i a l  t o n e  w i l l  be  k e p t  down t o  a  minimum. 

I f  i t  s h o u l d  s o  h a p p e n  t h a t  a l l  l i n e  f i n d e r s  a r e  b u s y  a t  t h e  t i m e  a  s u b s c r i b e r  r e m o v e s  h i s  
r e c e i v e r  f r o m  t h e  s w i t c h h o o k ,  o f  c o u r s e  he  w i l l  n o t  b e  c o n n e c t e d  t o  a  f i r s t  s e l e c t o r .  w i l l  
n o t  r e c e i v e  d i a l  t o n e  and w i l l  n o t  b e  a b l e  t o  make h i s  c a l l  u n t i l  some l i n e  f i n d e r  becomes  
i d l e .  T h i s  i s  compa$able  t o  t h e  c u s t o m  i n  manual  o f f i c e s  o f  p r o v i d i n g  o n l y  t h a t  number o f  
c o r d  c i r c u i t s  i n  a n  A "  b o a r d  p o s i t i o n  w h i c h  is r e q u i r e d  t o  h a n d l e  j u s t  a  l i t t l e  l e s s  t h a n  
t h e  r u s h  h o u r  l o a d .  

The l i n e  and  l i n e  f i n d e r  e q u i p m e n t  r e q u i r e d  t o  s e r v e  a  g r o u p  o f  200  l i n e s  is mounted 
t o g e t h e r  i n  o n e  e q u i p m e n t  u n i t ,  a s  i l l u s t r a t e d  i n  F i g .  2 2 ,  c o n s i s t i n g  o f  t h e  r e q u i r e d  
number o f  l i n e  f i n d e r s  w i t h  t h e i r  b a n k s ,  c o m m u t a t o r s  and j a c k  w i r i n g ,  t h e  l i n e  c i r c u i t s  
w i t h  t h e i r  a s s o c i a t e d  w i r i n g ,  t h e  s u b - g r o u p  c i r c u i t s  r e q u i r e d  f o r  e a c h  g r o u p  of  2 0  l i n e s  
and t h e  r e l a y s  r e q u i r e d  f o r  t h e  common g r o u p  o f  200  l i n e s .  T h i s  e q u i p m e n t  u n i t  is s h o p -  
w i r e d  and  may b e  s h i p p e d  f r o m  t h e  f a c t o r y  r e a d y  t o  b e  mounted upon a  l i n e  f i n d e r  f r a m e  a s  
shown i n  F i g .  2 3 .  



3 .  S e l e c t o r s  and C o n n e c t o r s  

F i g u r e  D s h o w s  a  2 0 0  l i n e  SxS s y s t e m  u s i n g  s e l e c t o r s .  Each  l i n e  f i n d e r  b e i n g  $ a p a b l e  o f n  
s e l e c t i n g  a n y  c a l l i n g  l i n e  i n  a  g r o u p  o f  2 0 0 .  Each  l i n e  f i n d e r  is w i r e d  t o  a  s e l e c t o r .  
The c h i e f  d i f f e r e n c e  b e t w e e n  a  s e l e c t o r  and a  c o n n e c t o r  is t h a t  t ,he  s e l e c t o r  w i l l  move u p  
t o  t h e  s p e c i f i e d  l e v e l  u n d e r  t h e  i n f l u e n c e  o f  t h e  c u s t o m e r ' s  d i a l  a n d  w i l l  t h e n  p r o c e e d  t o  
f i n d  a n  i d l e  t r u n k  on  t h a t  l e v e l  o f  i ts  own a c c o r d .  The c o n n e c t o r ,  s t e p s  u p  t o  t h e  c o r r e c t  
l e v e l  u n d e r  t h e  i n f l u e n c e  o f  t h e  c u s t o m e r l s  d i a l  and  f i n d s  t h e  p r o p e r  t e r m i n a l  i n  t h i s  
l e v e l  i n  a c c o r d a n c e  w i t h  a  s e c o n d  s e t  o f  p u l s e s  f r o m  t h e  d i a l .  I n  a  200 l i n e  s y s t e m  two 
g r o u p s  o f  c o n n e c t o r s  would b e  r e q u i r e d ,  e a c h  h a v i n g  a c c e s s  t o  1 0 0  l i n e s .  S i n c e  i t  w i l l  b e  
n e c e s s a r y  f o r  t h e  c u s t o m e r  t o  d i a l  two d i g i t s  i n  o r d e r  t o  c o n t r o l  w h a t e v e r  c o n n e c t o r  is 
u s e d  on  t h e  c a l l ,  a n  a d d i t i o n a l  d i g i t  must  b e  d i a l e d  t o  d e t e r m i n e  i n  w h i c h  g r o u p  o f  c o n -  
n e c t o r s  t h e  c a l l  w i l l  b e  c o m p l e t e d .  The d i g i t  w i l l  b e  d i a l e d  i n t o  t h e  s e l e c t o r .  I n  o r d e r  
t o  c a u s e  t h e  s e l e c t o r  t o  c h o o s e  t h e  r i g h t  g r o u p  o f  c o n n e c t o r s ,  t h e  c o n n e c t o r s  h a v i n g  a c c e s s  
t o  o n e  g r o u p  o f  1 0 0  l i n e s  w i l l  b e  w i r e d  t o  o n e  l e v e l  o f  t h e  s e l e c t o r ,  s a y  t h e  f o u r t h ,  and  
t h e  o t h e r  g r o u p  o f  c o n n e c t o r s  t o  a n o t h e r  l e v e l  o f  t h e  s e l e c t o r ,  s a y  t h e  e i g h t h .  T h u s ,  i f  
t h e  c u s t o m e r  d i a l s  a s  h i s  f i r s t  d i g i t  a  f o u r ,  t h e  s e l e c t o r  w i l l  s t e p  u p  t o  i t s  f o u r t h  l e v e l  
and w i l l  h u n t  a l o n g  t h a t  l e v e l  f o r  a n  i d l e  c o n n e c t o r  h a v i n g  a c c e s s  t o  t h e  l i n e s  400  t o  4 9 9 .  
I f  h i s  f i r s t  d i g i t  is a n  e i g h t ,  t h e  s e l e c t o r  w i l l  s t e p  u p  t o  t h e  e i g h t h  l e v e l  and w i l l  
c h o o s e  a n  i d l e  c o n n e c t o r  h a v i n g  a c c e s s  t o  t h e  numbers  800  t o  8 9 9 .  I n  a d d i t i o n ,  t r u n k s  may 
b e  p r o v i d e d  o n  t h e  t e n t h  l e v e l  o f  t h e  s e l e c t o r  t o  a n  a s s i s t a n c e  o p e r a t o r  i f  r e q u i r e d .  
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F i g u r e  D - 200  L i n e  S t e p - B y - S t e p  S y s t e m  

The p r e s e n c e  o f  t h e  o n e  s e l e c t o r  i n  t h e  t r a i n  o f  s w i t c h e s  p r e s e n t s  t h e  p o s s i b i l i t y  o f  i n -  
c r e a s i n g  t h e  s i z e  o f  t h i s  s t e p - b y - s t e p  o f f i c e  t o  1 0 0 0  l i n e s ,  p r o v i d i n g  a  s e p a r a t e  g r o u p  o f  
c o n n e c t o r s  is w i r e d  t o  e a c h  l e v e l  o f  t h e  s e l e c t o r .  The number o f  s e l e c t o r s  r e q u i r e d  wLth 
t h e i r  b a n k s  i n  m u l t i p l e  w i l l  b e  d e t e r m i n e d  by t h e  number o f  l i n e  f i n d e r s  r e q u i r e d  t o  h a n d l e  
t h e  c a l l i n g  r a t e  f r o m  e a c h  g r o u p  o f  2 0 0  l i n e s .  F o r  a  1 0 0 0  l i n e  o f f i c e  t h e  c a l l i n g  l i n e s  
w i l l  b e  d i v i d e d  a s  b e f o r e  i n t o  g r o u p s  o f  200  l i n e s ,  e a c h  g r o u p  o f  l i n e s  b e i n g  s e r v e d  by i ts  
own l i n e  f i n d e r s .  The l i n e  f i n d e r s  o f  a l l  g r o u p s  w i l l ,  h o w e v e r ,  b e  w i r e d  t o  s e l e c t o r s  
h a v i n g  t h e i r  b a n k s  i n  m u l t i p l e  s o  t h a t  a  s u b s c r i b e r  i n  o n e  g r o u p  o f  l i n e s ,  h a v i n g  g a i n e d  
a c c e s s  t o  a  s e l e c t o r  by means  o f  l i n e  f i n d e r  a c t i o n ,  w i l l  h a v e  a c c e s s  t o  a c t u a l l y  t h e  same 
c o n n e c t o r s  a s  a  c a l l i n g  s u b s c r i b e r  i n  any  o t h e r  g r o u p .  

I n  t h e  e v e n t  t h a t  a n y  l e v e l  o f  t h e  s e l e c t o r  is r e q u i r e d  f o r  t r u n k s  t o  o t h e r  t h a n  c o n n e c t o r s ,  
t h e  t o t a l  number o f  l i n e s  w h i c h  i t  w i l l  b e  p o s s i b l e  t o  s e r v e  w i l l  b e  r e d u c e d  by 1 0 0  f o r .  
e a c h  l e v e l  r e q u i r e d  f o r  t r u n k s  t o  o t h e r  t h a n  c o n n e c t o r s .  

The a d d i t i o n ' o f  a  s e c o n d  s e l e c t o r  i n  t h e  t r u n k  o f  s w i t c h e s  r e q u i r e d  f o r  t h e  c o m p l e t i o n  o f  
e a c h  c a l l  p e r m i t s  t h e  s i z e  o f  t h e  o f f i c e  t o  grow beyond  1 0 0 0  l i n e s .  F i g u r e  E i l l u s t r a t e s  
t h e  s w i t c h e s  r e q u i r e d  t o  s e r v e  a  f o u r - d i g i t  o f f i c e  w i t h  7000  t e r m i n a l s  e q u i p p e d .  T h i s  
s y s t e m  makes u s e  o f  2 0 0  p o i n t  l i n e  f i n d e r s  a s  b e f o r e , -  f i r s t  s e l e c t o r s  t o  c h o o s e  t h e  p a r t i c u -  
l a r  1 0 0 0  l i n e s  i n  w h i c h  t h e  c a l l  i s  t o  b e  c o m p l e t e d ,  and s e c o n d  s e l e c t o r s  t o  cho'ose t h e  
p a r t i c u l a r  1 0 0  l i n e s  ( o r  r a t h e r  t h e  p a r t i c u l a r  g r o u p  o f  c o n n e c t o r s )  i n  w h i c h  t h e  c a l l  is 
t o  b e  c o m p l e t e d .  

R e f e r r i n g  t o  F i g u r e  E a s s u m e  t h a t  t h e  number t o  w h i c h  a  c a l l  is t o  b e  c o m p l e t e d  is 8 1 9 5 .  
The method o f  c o m p l e t i n g  t h e  c a l l  w i l l  b e  a s  f o l l o w s :  

When t h e  c u s t o m e r  r e m o v e s  h i s  r e c e i v e r  f r o m  t h e  s w i t c h h o o k ,  a n  i d l e  l i n e  f i n d e r  i n  t h e  
g r o u p  s e r v i n g  t h e  p a r t i c u l a r  l i n e  w i l l  a t t a c h  i t s e l f  t o  t h e  c a l l i n g  l i n e  a n d  e x t e n d  i t  t o  
t h e  f i r s t  s e l e c t o r .  

The c u s t o m e r  r e c e i v e s  d i a l  t o n e  f r o m  t h e  f i r s t  s e l e c t o r .  

The c u s t o m e r  d i a l s  8  a s  h i s  f i r s t  d i g i t ,  and  t h e  f i r s t  s e l e c t o r  s t e p s  u p  t o  t h e  e i g h t h  
l e v e l .  





The f i r s t  s e l e c t o r  h u n t s  f o r  a n  i d l e  t r u n k  t o t h e 8 0 0 0  g r o u p  o f  s e c o n d  s e l e c t o r s ,  o f  w h i c h  
t h e r e  a r e  t e n  on i t s  e i g h t h  l e v e l .  

The c u s t o m e r  d i a l s  a  1 a s  h i s  s e c o n d  d i g i t  and  t h e  s e c o n d  s e l e c t o r  s t e p s  u p  t o  i t s  f i r s t  
l e v e l .  

The s e c o n d  s e l e c t o r  h u n t s  f o r  a n  i d l e  c o n n e c t o r  i n  t h e  8 1 0 0  g r o u p  by t e s t i n g ' t h e  t e r m i n a l s  
on i ts  f i r s t  l e v e l .  

The c u s t o m e r  d i a l s  a  9  a s  h i s  t h i r d  d i g i t  and  a n  i d l e  c o n n e c t o r  s t e p s  u p  t o  i ts  n i n t h  l e v e l  
u n d e r  t h e  i n f l u e n c e  o f  t h e  d i a l  p u l s e s .  

The f o u r t h  and  l a s t  d i g i t  d i a l e d  by t h e  c u s t o m e r  i s  a  5  w h i c h  c a u s e s  t h e  c o n n e c t o r  t o  s t e p  
t o  t h e  f i f t h  t e r m i n a l  on  i t s  n i n t h  l e v e l  w h i c h  r e p r e s e n t s  t h e  t e r m i n a l  o f  t h e  l i n e  8 1 9 5 .  . 

The c a l l e d  p a r t y ' s  b e l l  is r u n g  by t h e  c o n n e c t o r  u n t i l  t h e  c a l l e d  p a r t y  a n s w e r s .  

The l i n e  f i n d e r ,  f i r s t  s e l e c t o r ,  s e c d n d  s e l e c t o r  a n d  c o n n e c t o r  c h o s e n  f o r  t h e  c a l l  r e m a i n  
o p e r a t e d  u n t i l  t h e  c o n c l u s i o n  o f  t h e  c o n v e r s a t i o n .  

When b o t h  p a r t i e s  h a n g  u p  a l l  s w i t c h e s  r e s t o r e  t o  n o r m a l .  

3 . 1  S p e c i a l  S e r v i c e  S w i t c h e s  

I n  t h e  eyen: t h a t  a  c u t t o m e r  r e q u i r e s  s p e c i a l  a s s i s t a n c e  w i t h . h i s  c a l l ,  h e  is  i n s t r u c t e d  
t o  d i a l  0 .  I f  t h i s  0" is d i a l e d  a s  h i s  f i r s t  d i g i t  i t  w i l l  c a u s e  t h e  f i r s t  s e l e c t o r  
t o  s t e p  u p  t o  i t s  t e n t h  l e v e l  and h u n t  a n  i d l e  t r u n k  on t h i s  l e v e l  o v e r  w h i c h  h e  w i l l  b e  
a b l e  t o  r e a c h  a  s p e c i a l  s e r v i c e  o p e r a t o r .  

The f i r s t  l e v e l  o f  t h e  f i r s t  s e l e c t o r  b a n k s  i s  r e s e r v e d ,  however ,  f o r  a c c e s s  t o  " a u x i l i a r y  
f i r s t  s e l e c t o r s .  A l l  l e v e l s  o f  t h e  a u x i l i a r y  f i r s t  s e l e c t o r s  a r e  m u l t i p l e d  t o  t h e  b a n k s  
o f  t h e  f i r s t  s e l e $ t o r s  e x c e p t  t h e  f i r s t  l e v e l .  The f i r s t  l e v e l  o f  t h e  a u x i l i a r y  f i r s t  
s e l e c t o r  g o e s  t o  s e r v i c e  c o d e "  s w i t c h e s .  One p u r p o s e  o f  t h e  a u x i l i a r y  f i r s t  s e l e c t o r s  is 
t o  n u l l i f y  t h e  e f f e c t  o f  " p r e l i m i n a r y  i m p u l s e s "  f r o m  t h e  c u s t o m e r ' s  d i a l .  I f  t h e  s u b -  
s c r i b e r  a c c i d e n t a l l y  o p e n s  t h e  c i r c u i t  o n c e  by t o u c h i n g  h i s  s w i t c h h o o k  a f t e r  tGe  l i n e  
f i n d e r  h a s  f o u n d  h i s  l i n e  t h i s  w i l l  h a v e  t h e  same e f f e c t  a s  d i a l i n g  t h e  d i g i t  1 "  and t h e  
f i r s t  s e l e c t o r  w i l l  b e  s t e p p e d  u p  t o  i t s  f i r s t  l e v e l  c o n n e c t i n g  t h e  c u s t o m e r ' s  l i n e  t h r o u g h  
t o  a n  a u x i l i a r y  f i r s t  s e l e c t o r .  I f  t h e  c u s t o m e r  now p r o c e e d s  t o  d i a l  t h e  f i r s t  d i g i t  o f  
h i s  number t h e  a u x i l i a r y  f i r s t  s e l e c t o r  w i l l  s t e p  up  t o  t h e  d e s i g n a t e d  l e v e l  and a n  i d l e  
t r u n k  w i l l  b e  s e l e c t e d  on  t h a t  l e v e l  , j u s t  a s  t h o u g h  t h e  d i g i t  had b e e n  d i a l e d  i n t o  t h e  
f i r s t  s e l e c t o r  i n  t h e  p r o p e r  m a n n e r .  T h i s  i s  t r u e  r : g a r d l e s s  o f  w h e t h e r  t h e  c u s t o m e r  d i a l s  
t h e  f i r s t  d i g i t  o f  a  l i n e  number o r w h e t h e r  h e  d i a l s  0 "  i n  o r d e r  t o  g a i n  a c c e s s  t o  a  
s p e c i a l  s e r v i c e  o p e r a t o r .  

The p u r p o s e  o f  t h e  s e r v i c e  c o d e  s w i t c h  i s  t o  e n a b l e  t h e  c u s t o m e r  t o  g a i n  a c c e s s  t o  l o n g  
d i s t a n c e ,  r e p a i r  s e r v i c e ,  i n f o r m a t i o n ,  e t c . ,  w h i c h  a r e  t o  b e  o b t a i n e d  by d i a l i n g  o n e  o f  
s e v e r a l  s p e c i a l  s e r v i c e  c o d e s .  Long d i s t a n c e ,  f o r  i n s t a n c e ,  i s  o b t a i n e d  by d i a l i n g  1 1 0 ,  
t h e  f i r s t  d i g i t  b e i n g  r e c o r d e d  by t h e  f i r s t  s e l e c t o r ,  t h e  s e c o n d  d i g i t  by t h e  a u x i l i a r y  
f i r s t ,  s e l e c t o r  and t h e  l a s t  d i g i t  by t h e  s e r v i c e  c o d e  s w i t c h .  I f  t h e  s u b s c r i b e r  i n a d v e r -  
t e n t l y  c a u s e s  a  p r e l i m i n a r y  i m p u l s e ,  t h e  c a l l  w i l l  b e  c o m p l e t e d  t o  o n e  o f  t h e  s e r v i c e  c o d e  
s w i t c h e s  whose b a n k s  a r e  m u l t i p l e d  w i t h  t h o s e  o f  t h e  r e g u l a r  s e r v i c e  s w i t c h e s .  

3 . 2  C o n n e c t o r s  

F i g u r e s  2 8  and 3 3  i l l u s t r a t e  a  t y p i c a l  c o n n e c t o r  s w i t c h .  T h e r e  is l i t t l e  t o  d i s t i n g u i s h  
t h i s  s w i t c h  i n  a p p e a r a n c e  f r o m  o t h e r  s t e p - b y - s t e p  s w i t c h e s .  I t  h a s  a  l a r g e r  number o f  
r e l a y s  a s s o c i a t e d  w i t h  i t  t h a n  d o e s  a  s e l e c t o r  b e c a u s e  i t  h a s  more d u t i e s  t o  p e r f o r m  on  a  
g i v e n  c a l l .  F i r s t  of  a l l ,  t h e  c o n n e c t o r  is r e q u i r e d  t o  s t e p  b o t h  v e r t i c a l l y  and h o r i z o n -  
t a l l y  u n d e r  t h e  i n f l u e n c e  o f  t h e  s u b s c r i b e r ' s  d i a l  i n  o r d e r  t o  s e l e c t  a  p a r t i c u l a r  t e r m i n a l  
r e p r e s e n t i n g  t h e  l i n e  b e i n g  c a l l e d .  I n  a d d i t i o n ,  i t  must  r i n g  t h e  c a l l e d  s u b s c r i b e r ' s  b e l l ,  
m a i n t a i n  s u p e r v i s i o n  o v e r  t h e  c a l l  i n  o r d e r  t o  s i g n a l  t h e  o t h e r  s w i t c h e s  i n r g h e  t r a i n  when 
b o t h  s u b s c r i b e r s  h a v e  hung  u p  a n d ,  on a  l o c a l  c a l l ,  s u p p l y  t a l k i n g  b a t t e r y  t o  b o t h  s u b -  
s c r  i b e r s  . 
I n  t h e  e v e n t  t h a t  a  c o n n e c t o r  f i n d s  t h e  c a l l e d  l i n e  b u s y ,  t h e r e  w i l l  b e  a  g r o u n d  on  t h e  
s l e e v e  t e r m i n a l .  T h i s  w i l l  s e t  u p  a  c i r c u i t  c o n d i t i o n  w h i c h  w i l l  c a u s e  a  b u s y  t o n e  t o  b e  
r e t u r n e d  t o  t h e  c a l l i n g  s u b s c r i b e r .  

F i g u r e s  29 and  3 0  show a  t y p i c a l  c o n n e c t o r  s h e l f  and f r a m e .  Each " s h e l f "  o f  c o n n e c t o r s  on 
t h e  f r a m e  is  a r r a n g e d  t o  s e r v e  a  s e p a r a t e  g r o u p  o f  1 0 0  l i n e s .  The c o n n e c t o r  f r a m e  i l l u s -  
t r a t e d  is e q u i p p e d  w i t h  f i v e  t o  t e n  c o n n e c t o r s  f o r  e a c h  1 0 0  l i n e s .  The f i r s t  is w i r e d  a s  
a  t e s t  c o n n e c t o r  and i s  u s e d  ny t h e  m a i n t e n a n c e  f o r c e s  f o r  t e s t i n g  l i n e s .  The r e m a i n i n g  
c o n n e c t o r s  a r e  u s e d  f o r  c o m p i e t i n g  c a l l s  by s u b s c r i b e r s ,  i n  e a c h  g r o u p  o f  1 0 0  l i n e s .  Under  
h e a v i e r  t r a f f i c  c o n d i t i o n s  more c o n n e c t o r s  would b e  p r o v i d e d .  The maximum number o f  c o n -  
n e c t o r s  p e r  s h e l f  is  e l e v e n  i n c l u d i n g  t h e  t e s t  c o n n e c t o r .  Where more t h a n  t e n  a r e  r e -  
q u i r e d  f o r  s u b s c r i b e r  t r a f f i c  t o  a  g r o u p  o f  1 0 0  l i n e s ,  two o r  more s h e l v e k  may b e  m u l t i p l e d  
t o g e t h e r ,  p r o v i d i n g  a n  a d d i t i o n a l  5 o r  1 0  c o n n e c t o r s  p e r  1 0 0  l i n e s .  
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F i g u r e  F  i l l u s t r a t e s  how t h e  v a r i o u s  f r a m e s  a r e  c a b l e d  t o g e t h e r .  The s u b s c r i b e r ' s  l i n e s  
a r e  w i r e d  t o  t h e  b a n k s  o f  b o t h  l i n e  f i n d e r s  and c o n n e c t o r s .  The j a c k s  o f  l i n e  f i n d e r s  
a r e  w i r e d  t o  t h e  j a c k s  o f  f i r s t  s e l e c t o r s ,  t h e  c o n n e c t i o n s ,  h o w e v e r ,  g o i n g  t h r o u g h  t h e  
I . D . F .  p r o v i d i n g  f l e x i b i l i t y  f o r  t h e  c h a n g i n g  o f  t h e  p a r t i c u l a r  f i r s t  s e l e c t o r  w i r e d  t o  a  
g i v e n  l i n e  f i n d e r .  The b a n k s  o f  f i r s t  s e l e c t o r s  a r e  w i r e d  t o  t h e  j a c k s  o f  s e c o n d  s e l e c t o r s ,  
a n d  t h e  b a n k s  o f  s e c o n d  s e l e c t o r s  a r e  w i r e d  t o  t h e  j a c k s  o f  c o n n e c t o r s .  

4 .  T r u n k i n g  P r o b l e m s  I n  S t e p - B y - S t e p  O f f i c e s  

The d i s c u s s i o n  i n  P a r a g r a p h  3 i n  c o n n e c t i o n  w i t h  t h e  4  d i g i t  o f f i c e  w i t h  7 0 0 0  t e r m i n a l s  
e q u i p p e d  assumed t h a t  no o t h e r  o f f i c e s  w e r e  r e q u i r e d  i n  t h e  a r e a .  I n  c e r t a i n  a r e a s  w h e r e  
more t h a n  o n e  c e n t r a l  o f f i c e  is  r e q u i r e d ,  t h e  i n t e r o f f i c e  t r u n k  p r o b l e m s  may become q u i t e  
c o m p l e x .  T h i s  s e c t i o n  w i l l  o u t l i n e  m e t h o d s  o f  u s i n g  s e l e c t o r  l e v e l s  t o  p r o v i d e  t r u n k s  t o  
o t h e r  o f f i c e s  i n  e x c h a n g e  a r e a s  w i t h  i n t e r o f f i c e  t r u n k i n g  p r o b l e m s  o f  v a r y i n g  c o m p l e x i t y .  

4 . 1  5 - D i g i t  O p e r a t i o n  

I n  e x c h a n g e  a r e a s  w h e r e  t h e r e  a r e  few c e n t r a l  o f f i c e s ,  s a y  3 o r  4 ,  t h e  t r u n k s  t o  o t h e r  
o f f i c e s  may b e  r e a c h e d  d i r e c t l y  f r o m  t h e  b a n k s  o f  t h e  f i r s t  s e l e c t o r s .  I n  a  c a s e  o f  t h i s  
k i n d  t h e  f i r s t  s e l e c t o r  b a n k  t e r m i n a l s  w i l l  c o r r e s p o n d  d i r e c t l y  t o  t h e  o u t  t r u n k  m u l t i p l e  
f o u n d  on t h e  A "  b o a r d  i n  manua l  o f f i c e s .  The s u b s c r i b e r  w i l l  b e  r e q u i r e d  t o  d i a l  o n l y  
o n e  d i g i t  t o  d e t e r m i n e  i n  w h i c h  o f f i c e  h i s  c a l l  is t o  b e  c o m p l e t e d .  One l e v e l  o f  a l l  f i r s t  
s e l e c t o r s  w i l l  be  r e q u i r e d  f o r  e a c h  o f f i c e  t o  w h i c h  t r u n k s  a r e  t o  b e  p r o v i d e d .  T h i s  c o n -  
d i t i o n  is i l l u s t r a t e d  by F i g u r e  G w h i c h  shows  t r u n k s  t o  o t h e r  o f f i c e s  on  l e v e l s  5  and 7 
o f  t h e  f i r s t  s e l e c t o r s .  S i n c e  i t  is c u s t o m a r y  t o  r e q u i r e  t h e  c u s t o m e r  t o  d i a l  0  i n  o r d e r  
t o  o b t a i n  a  s p e c i a l  s e r v i c e  o p e r a t o r ,  t h e  t e n t h  l e v e l  o f  t h e  f i r s t  s e l e c t o r s  w i l l  b e  r e -  
q u i r e d  f o r  t r u n k s  t o  a n  a s s i s t a n c e  o p e r a t o r .  The f i r s t  l e v e l  w i l l  b e  w i r e d  t o  a u x i l i a r y  
f i r s t  s e l e c t o r s  i n  o r d e r  t o  g u a r d  a g a i n s t  p r e l i m i n a r y  i m p u l s e s  and  t o  p r o v i d e  a c c e s s  t o  
t h e  s e r v i c e  c o d e  s w i t c h e s .  
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F i g u r e  G  - " S t e p - B y - S t e p  S y s t e m  5 D i g i t "  F i g u r e  H - " S t e p - B y - S t e p  S y s t e m  6  ~ i g i t "  

F i g u r e  G  i n d i c a t e s  t h a t ,  i n  a  5 - d i g i t  s y s t e m ,  t r u n k s  t o  l o c a l  s e c o n d  s e l e c t o r s  a r e  a l s o  
t a k e n  o f f  o n e  o f  t h e  l e v e l s  o f  t h e  f i r s t  s e l e c t o r s ,  t h e  l e v e l  b e i n g  d e t e r m i n e d  b y  t h e  f i r s t  
l e t t e r  o f  t h e  l o c a l  o f f i c e  c o d e .  The f i r s t  d i g i t  d i a l e d  by t h e  c u s t o m e r  w i l l  t h e r e f o r e  
d e t e r m i n e  w h e t h e r  t h e  c a l l  is t o  b e  c o m p l e t e d  i n  h i s  own o f f i c e  t h r o u g h  l o c a l  s e c o n d  
s e l e c t o r s  o r  i n  some o t h e r  o f f i c e  o v e r  i n t e r o f f i c e  t r u n k s .  I f  t h e  c a l l  is t o  b e  c o m p l e t e d  
i n  h i s  own o f f i c e  t h e  f i r s t  s e l e c t o r  w i l l  c h o o s e  a  t r u n k  t o  a  l o c a l  s e c o n d  s e l e c t o r .  The 
s e c o n d  d i g i t  d i a l e d  by t h e  c u s t o m e r  ( w h i c h  w i l l  c a u s e  a  s e c o n d  s e l e c t o r  t o  s t e p  u p  t o  t h e  
r e q u i r e d  l e v e l )  w i l l  c h o o s e  t h e  p r o p e r  t h i r d  s e l e c t o r  and  t h u s  d e t e r m i n e  i n  w h i c h  1 0 0 0  
n u m b e r s  t h e  c a l l  is t o  b e  c o m p l e t e d .  T r u n k s  i n c o m i n g  f r o m  o t h e r  s t e p - b y - s t e p  o f f i c e s  i n  
t h e  a r e a  w i l l  t e r m i n a t e  o n  i n c o m i n g  s e c o n d  s e l e c t o r s  whose  b a n k s  a r e  m u l t i p l e d  w i t h  t h o s e  
o f  t h e  l o c a l  s e c o n d  s e l e c t o r s .  

4 . 2  6 - D i g i t  O p e r a t i o n  

Where t h e  number o f  c e n t r a l  o f f i c e s  i n  a n  e x c h a n g e  a r e a  is g r e a t e r  t h a n  t h e  number o f  
a v a i l a b l e  l e v e l s  o n  f i r s t  s e l e c t o r s ,  two d i g i t s  mus t  b e  d i a l e d  by t h e  c u s t o m e r  t o  d e t e r m i n e  
i n  w h i c h  o f f i c e  h i s  c a l l  w i l l  b e  c o m p l e t e d .  T h i s  c o n d i t i o n  is i l l u s t r a t e d  by F i g u r e  H .  
I n  t h i s  c a s e  t r u n k s  t o  o t h e r  o f f i c e s  w i l l  b e  t a k e n  o f f  t h e  b a n k s  o f  s e c o n d  s e l e c t o r s ,  
t r u n k s  t o  a l l  o f f i c e s  h a v i n g  t h e  f i r s t  d i g i t  i n  common b e i n g  t a k e n  o f f  t h e  v a r i o u s  l e v e l s  
o f  t h e  same g r o u p  o f  s e c o n d  s e l e c t o r s .  I n  t h i s  c a s e ,  t h i r d  s e l e c t o r s  a r e  u s e d  t o  d e t e r -  
mine  i n  w h i c h  1 0 0 0  t e r m i n a l s  a  c a l l  t h r o u g h  t h e  l o c a l  o f f i c e  is t o  b e  c o m p l e t e d  a n d  i n -  
c o m i n g  t r u n k s  f r o m  o t h e r  o f f i c e s  w i l l  t e r m i n a t e  o n  i n c o m i n g  t h i r d  s e l e c t o r s  w i t h  t h e i r  
b a n k s  i n  m u l t i p l e  w i t h  t h o s e  o f  t h e  l o c a l  t h i r d  s e l e c t o r s .  

T r u n k s  t o  0  o p e r a t o r  a n d  t o  a u x i l i a r y  f i r s t  s e l e c t o r s  w i l l  b e  t a k e n  o f f  t h e  t e n t h  a n d  f i r s t  
l e v e l s  o f  t h e  f i r s t  s e l e c t o r s  a s  b e f o r e .  

4 . 3  G r a d e d  M u l t i p l e  

I n  p r e v i o u s  d i s c u s s i o n s  o f  s e l e c t o r s  a n d  s e l e c t o r  l e v e l s  i t  h a s  b e e n  p o i n t e d  o u t  t h a t  w h i l e  
t h e  s e l e c t o r  is r e s p o n s i b l e  f o r  f i n d i n g  a n  i d l e  t r u n k  upon  a n y  g i v e n  l e v e l ,  i ts  c h o i c e  of 
t r u n k s  o n  t h a t  l e v e l  is l i m i t e d  t o  1 0 .  T h i s  l i m i t a t i o n  i n  t h e  s i z e  o f  a  t r u n k  g r o u p  t o  
w h i c h  a n y  g i v e n  s e l e c t o r  h a s  t c c e s s  p r e s e n t s  a  d i f f ~ r e n t  p r o b l e m  t h a n  i o e s  t h e  o u t g o i n g  
t r u n k  m u l t i p l e  i n  t h e  m a n u a l  A "  b o a r d .  Any g i v e n  A "  o p e r a t o r  o n  a n  A "  b o a r d  h a s  a c c e s s  
t o  a l l  t r u n k s  t o  a n y  o t h e r  o f f i c e  r e g a r d l e s s  o f  t h e  s i z e  o f  t h e  t r u n k  g r o u p .  I n  s t e p - b y -  
s t e p  o p e r a t i o n ,  h o w e v e r ,  w h e r e  a  t r u n k  g r o u p  t o  a n o t h e r  o f f i c e  o r  t o  a  s u c c e e d i n g  g r o u p  o f  
s w i t c h e s  i n  t h e  l o c a l  o f f i c e  c o n s i s t s  o f  more t h a n  1 0  t r u n k s ,  o t h e r  p r o v i s i o n :  mus t  b e  made 
f o r  e f f i c i e n t  u s e  o f  t h o s e  t r u n k s .  T h i s  is d o n e  i n  p a r t  by w h a t  is known a s  G r a d e d  
M u l t i p l e .  W i t h o u t  g r a d e d  m u l t i p l e ,  t r u n k s  i n  t h e  s t e p - b y - s t e p  s y s t e m  would  a l w a y s  h a v e  t o  
b e  s u p p l i e d  i n  m u l t i p l e s  o f  t e n  w h i c h  m i g h t  b e  u n e c o n o m i c a l .  Wi th  g r a d e d  m u l t i p l e ,  h o w e v e r ,  
40  s e l e c t o r s  c a n  b e  made t o  u s e ,  s a y ,  1 3  t r u n k s  e f f e c t i v e l y .  

I n  o r d e r  to e x p l a i n  wha t  g r a d e d  m u l t i p l e  is, i t  is f i r s t  n e c e s s a r y  t o  u n d e r s t a n d  how 
s e l e c t o r s  a r e  a r r a n g e d  w i t h  r e s p e c t  t o  e a c h  o t h e r  and  how t h e i r  b a n k s  a r e  w i r e d .  I n  s t e p -  
b y - s t e p  c e n t r a l  o f f i c e s  e a c h  s e l e c t o r  f r a m e  is a r r a n g e d  t o  mount  1 6  s h e l v e s  o f  2 0  s e l e c t o r s  
e a c h ,  m a k i n g  a  t o t a l  o f  3 2 0  s e l e c t o r s  p e r  f r a m e .  Each s e l e c t o r  f r a m e  c o n s i s t s  o f  two b a y s ,  



e a c h  m o u n t i n g  8 s h e l v e s  o f  2 0  s e l e c t o r s  e a c h .  'The 2 0  s e l e c t o r s  o n  e a c h  s h e l f  a r e  a r r a n g e d  
i n  two g r o u p s  o f  1 0  s e l e c t o r s  e a c h .  Each  s e l e c t o r  i n  a  g r o u p  o f  1 0  h a s  i ts  b a n k s  m u l t i p l e d  
d i r e c t l y  t o  t h e  b a n k s  o f  e v e r y  o t h e r  s e l e c t o r  i n  t h e  g r o u p .  Each  g r o u p  o f  1 0  s e l e c t o r s  i n  
a d d i t i o n  h a s  i ts b a n k s  w i r e d  t o  a  l o n g  t e r m i n a l  s t r i p  w h i c h  is mounted i n  t h e  c e n t e r  o f  t h e  
f r a m e  b e t w e e n  t h e  two b a y s  o f  s e l e c t o r s .  ( S e e  F i g u r e s  2 5 ,  2 6  a n d  2 7 ) .  S i n c e  t h e r e  a r e  3 2  
g r o u p s  o f  1 0  s e l e c t o r s  e a c h  mounted o n  t h e  f r a m e ,  t h e r e  a r e  3 2  o f  t h e s e  t e r m i n a l  s t r i p s  
mounted o n e  d i r e c t l y  b e l o w  t h e  o t h e r  down t h e  c e n t e r  p o r t i o n  o f  a  f u l l y  e q u i p p e d  f r a m e .  
Each  t e r m i n a l  s t r i p  t h e r e f o r e  r e p r e s e n t s  t h e  1 0 0  t e r m i n a l s  o f  1 0  s e l e c t o r s  m u l t i p l e d  t o -  
g e t h e r  a n d  t h e s e  t e r m i n a l  s t r i p s  a r e  s o  a r r a n g e d  t h a t  e a c h  t e r m i n a l ,  by means  o f  a n  i n s u -  
l a t e d  v e r t i c a l  w i r e  s t r a p  may b e  w i r e d  t o  t h e  c o r r e s p o n d i n g  t e r m i n a l  o f  t h e  t e r m i n a l  s t r i p  
o f  a n y  o r  a l l  g r o u p s  o f  1 0  s e l e c t o r s  o n  t h e  f r a m e .  I t  is t h u s  p o s s i b l e  t o  m u l t i p l e  t h e  
b a n k s  o f  a n y  o n e  g r o u p  o f  1 0  s e l e c t o r s  w i t h  t h o s e  o f  a n y  o t h e r  g r o u p  o r  g r o u p s  a s  r e q u i r e d .  
I n  a d d i t i o n  t o  t h e  b a n k  t e r m i n a l  s t r i p s ,  t h e  d i s t r i b u t i n g  t e r m i n a l  a s s e m b l y  b a y  i n c l u d e s  
two v e r t i c a l  r o w s  o f  t e r m i n a l  s t r i p s  o n  w h i c h  s w i t c h b o a r d  c a b l e  t o  o t h e r  f r a m e s  is te r -  
m i n a t e d .  T h e s e  o u t g o i n g  c i r c u i t s  a r e  a s s o c i a t e d  w i t h  t e r m i n a g s  o n  t h e  b a n k  t e r m i n a l  s t r i p s  
by means o f  jumper  w i r e s .  

I t  d o e s  n o t  a l w a y s  f o l l o w  t h a t  t h e  number o f  t r u n k s  t o  b e  c o n s i d e r e d  i n  e s t i m a t i n g  t r a f f i c  
w i l l  b e  i n  m u l t i p l e s  o f  1 0 .  F o r  e x a m p l e ,  c a s e s  may o c c u r  w h e r e  40  s e l e c t o r s  a r e  r e q u i r e d  
t o  h a v e  a c c e s s  t o  a  t o t a l  o f  13 t r u n k s  o n  a  g i v e n  l e v e l .  I n  c a s e s  o f  t h i s  t y p e  g r a d e d  
m u l t i p l e  is u s e d .  I n  g r a d e d  m u l t i p l e  c e r t a i n  t r u n k s  a r e  t e r m e d  f i r s t  c h o i c e  t r u n k s  a n d  a r e  
n o t  m u l t i p l e d  t o g e t h e r  t h r o u g h  a l l  t h e  g r o u p s  o f  1 0  s e l e c t o r s .  I f  i t  is d e s i r a b l e  t o  
m u l t i p l e  t h e  t e n  t e r m i n a l s  o f  a  g i v e n  l e v e l  o f  f o u r  d i f f e r e n t  g r o u p s  o f  1 0  s e l e c t o r s  e a c h ,  
o n  1 3  t r u n k s ,  o n e  t r u n k  w i l l  b e  c o n n e c t e d  t o  t h e  f i r s t  t e r m i n a l  o f  e a c h  g r o u p  a n d  t h e s e  
t e r m i n a l s  w i l l  n o t  b e  m u l t i p l e d  t o g e t h e r .  The r e m a i n i n g  9 t e r m i n a l s  o f  e a c h  o f  t h e  f o u r  
g r o u p s  w i l l  b e  m u l t i p l e d  t o g e t h e r  a n d  c o n n e c t e d  t o  9 t r u n k s .  Each  g r o u p  w i l l  t h e n  h a v e  o n e  
t r u n k  w h i c h  i t  a l o n e  u s e s  and  n i n e  w h i c h  i t  u s e s  inncommon wit! t h r e e  o t h e r  g r o u p s .  I n  
g r a d e d  ~ u l t i p l e  terms, t h e n f i r s t  i r u n k s  a r e  t e r m e d  i n d i v i d u a l  t r u n k s ,  w h i l e  t h e  r e m a i n i n g  
t r u n k s  a r e  r e f e r r e d  t o  a s  common s i n c e  t h e y  a r e  o f f e r e d  f o r  t h e  common u s e  o f  a l l  t h e  
s e l e c t o r s  i n  a l l  f o u r  g r o u p s .  

I n  o r d e r  t o  r e d u c e  t h e  h u n t i n g  p e r i o d  and  a l s o  t o  r e d u c e  t h e  w e a r  o n  s w i t c h e s ,  a  r e v e r s a l  is 
u s u a l l y  i n t r o d u c e d  i n  t h e  s t r a p p i n g .  F o r  e x a m p l e ,  a s s u m e  40  s e l e c t o r s  h a v i n g  a c c e s s  t o  1 0  
t r u n k s  on a  g i v e n  l e v e l .  F o u r  g r o u p s  o f  1 0  s e l e c t o r s  e a c h  a r e  r e q u i r e d  a n d  t h e  f i r s t  2 
g r o u p s  w i l l  b e  m u l t i p l e d  t o g e t h e r  s t r a i g h t  and  t h e  l a s t  t w o  g r o u p s  w i l l  b e  m u l t i p l e d  
t o g e t h e r  s t r a i g h t  w i t h  a  c o m p l e t e  r e v e r s a l  b e t w e e n  t h e  s e c o n d  and  t h i r d  g r o u p s  f o r  t r u n k s  
1 t o  9 .  The t e n t h  t e r m i n a l  is a l w a y s  m u l t i p l e d  s t r a i g h t  f o r  a l l  d i v i s i o n s  i n  t h e  g r o u p  
f o r  l a s t  t r u n k  b u s y  r e g i s t r a t i o n .  

4 . 4  R e p e a t e r s  

I n  o r d e r  t o  e s t a b l i s h  c o n n e c t i o n  b e t w e e n  two s t e p - b y - s t e p  o f : i ces  n o t  i n  t h e  s$me b u i l d i n g  
i t  is n e c e s s a r y  t o  f u r n i s h  a n  a u x i l i a r y  c i r c u i t  known a s  a n  o u t g o i n g  r e p e a t e r  i n  e a c h  
t r u n k  c i r c u i t ,  a t  t h e  o r i g i n a t i n g  o f f i c e .  The p u r p o s e  o f  t h i s  r e p e a t e r  i s  t o  c o n n e c t  t h e  
t h r e e  w i r e  c i r c u i t  f r o m  t h e  s e l e c t o r  b a n k s  t o  t h e  two  t r u n k  c o n d u c t o r s  w h i c h  r u n  b e t w e e n  
o f f i c e s ;  t o  r e p e a t  t h e  d i a l  p u l s e s  t o  t h e  s w i t c h e s . i n  t h e  d i s t a n t  o f f i c e ;  t o  h o l d  t h e  

, s w i t c h e s  i n  t h e  o r i g i n a t i n g  o f f i c e  o p e r a t e d  d u r i n g  t h e  c a l l ;  t o  f u r n i s h  t a l k i n g  b a t t e r y  t o  
t h e  c a l l i n g  s u b s c r i b e r ,  and t o  e n a b l e  t h e  c o n n e c t o r  i n  t h e  d i s t a n t  o f f i c e  t o  s u p e r v i s e  
t h e  c a l l i n g  l i n e .  I t  is a l s o  n e c e s s a r y  t o  f u r n i s h  a  r e p e a t e r  o f  t h e ' s a m e  g e n e r a l  t y p e  i n  
e a c h  t r u n k  f r o m  s t e p - b y - s t e p  t o  m a n u a l  o f f i c e s .  

The a v e r a g e  o u t g o i n g  r e p e a t e r  w i l l  n o t  r e t r a n s m i t  t h e  d i a l  p u l s e s  w i t h  t h e  same p r e c i s i o n  
t h a t  a  d i a l  g i v e s .  U s u a l l y  t h e  s w i t c h e s  i n  t h e  d i s t a n t  o f f i c e  w i l l  o p e r a t e  s a t i s f a c t o r i l y  
on t h e  r e p e a t e d  p u l s e s .  Where a  t r u n k  is v e r y  l o n g  h o w e v e r ,  t h e  d i s t o r t i o n  o f  t h e  p u l s e s  
w i l l  b e  i n c r e a s e d  t o  a  p o i n t  w h e r e  t h e  d i s t a n t  s w i t c t e s  w i l l  n o  l o n g e r  f u n c t i o n .  I n  t h i s  
c a s e ,  a s p e c i a l  r e p e a t e r ,  c a l l e d  a  p u l s e  c o r r e c t i n g  r e p e a t e r  is a d d e d  a t  t h e  i n c o m i n g  
e n d  o f  t h e  t r u n k .  T h i s  r e p e a t e r  r e p l a c e s  t h e  d i s t o r t e d  i n c o m i n g  p u l s e s  by new p u l s e s  w h i c h  
w i l l  o p e r a t e  t h e  s w i t c h e s  s a t i s f a c t o r i l y .  

4 . 5  R o t a r y  Out  T r u n k  S w i t c h e s  

T r u n k s  to o t h e r  o f f i c e s  m u s t  b e  c a r r i e d  i n  o u t s i d e  p l a n t  a n d  w h e r e  t h e  d i s t a n c e  is a t  a l l  
g r e a t  i t  is  h i g h l y  d e s i r a b l e  t o  k e e p  t h e  number o f  t r u n k s  b e t w e e n  o f f i c e s  down t o  a  minimum. 
As we h a v e  s e e n ,  t h e  p r i n c i p l e  o f  g r a d e d  m u l t i p l e  a s s i s t s  i n  a c c o m p l i s h i n g  t h i s  p u r p o s e .  
A n o t h e r  d e v i c e  w h i c h  c o n s i d e r a b l y  r e d u c e s  t h e  number o f  o u t g o i n g  t r u n k s  p r o v i d e d  f r o m  a  
g r o u p  o f  s e l e c t o r s  is known a s  t h e  r o t a r y  o u t  t r u n k  s w i t c h .  The  m e c h a n i s m  u s e d  f o r  t h e  
p r e s e l e c t o r  is known a s  a  2 0 6  t y p e  s e l e c t o r  a n d  d i f f e r s  r a d i c a l l y  f r o m  t h e  r e g u l a r  s t e p -  
b y - s t e p  mechan ism.  T h i s  s e l e c t o r  is a  r o t a r y  s w i t c h  w i t h  b r u s h e s  w h i c h  h a v e  a c c e s s  t o  2 2  
s e t s  o f  t e r m i n a l s  a n d  a r e  s o  a r r a n g e d  t h a t  a s  s o o n  a s  o n e  s e t  o f  b r u s h e s  l e a v e s  t h e  l a s t  
s e t  o f  t e r m i n a l s ,  a  s e c o n d  s e t  o f  b r u s h e s  r e e n g a g e s  t h e  f i r s t  s e t  o f  t e r m i n a l s .  The b r u s h e s  
a r e  mounted  o n  a  s h a f t  o r  r o t o r  w h i c h  is d r i v e n  by a  r a t c h e t  and  p a w l  mechan ism a c t u a t e d  
by a  m a g n e t .  Any t r u n k  t e r m i n a t i n g  i n  t h e  b r u s h e s  o f  s u c h  a  s w i t c h  w i l l  t h e r e f o r e  h a v e  
a c c e s s  t o  2 2  o u t g o i n g  t e r m i n a l s  o r  t r u n k s .  F i g u r e  I i n d i c z t e s  how t h e s e  p r e s e l e c t i n g  
R . O . T . S . t s  a r e  u s e d .  
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GRP 1 
1 - 2 7  1 - 2 5  - 

1 2 7  TRKS 
-\-\ 1 2 7  TRUNKS TO R.O.T.S. 1 

1 1 0  TRUNKS TO 
OUTGOING REPEATERS 

I I \ \  TRUNKS TO WHICH D I R E C T  AND 
SECONDARY ACCESS I S  G I V E N  

I I TRUNKS TO WHICH SECONDARY 
H V ' ACCESS ONLY I S  G I V E N  

NOTE - 
D I R E C T  ACCESS TRUNKS ARE CROSS-CONNECTED D I R E C T  

TO REPEATERS. SECONDARY ACCESS TRUNKS ARE CROSS-CONNECTED 
TO ROTARY OUT TRUNK SWITCHES, THE RANKS OF WHICH ARE 
CABLED TO THE H l D F  AND CROSS-CONNECTED TO REPEATERS. 

I 1 2 1 2  1 1 1 0 1  
D I R E C T  TRKS TO R E P - 8 5  ( 4 0 %  OF 2 1 2 )  
TRKS TO R . 0 . T . S . - 1 2 7  ( 6 0 %  OF 2 1 2 )  
GROUPS-5 

F i g u r e  I - A p p l i c a t i o n  Of R o t a r y  Out  T r u n k  S w i t c h e s  

O u t g o i n g  t r u n k s  a r e  c o n n e c t e d  t o  t h e  b a n k s  o f  t h e s e  s w i t c h e s  a n d  t r u n k s  f r o m  t h e  b a n k s  o f  
s t e p - b y - s t e p  s e l e c t o r s  t o  t h e  b r u s h e s .  The t e r m  R . O . T . S .  i n d i c a t e s  t h a t  a t  a n y  time when 
t h e  s w i t c h  is n o t  i n  u s e  i t  w i l l  r o t a t e  t o  t h e  t e r m i n a l s  o f  a n  i d l e  o u t g o i n g  t r u n k  a n d  r e s t  
t h e r e  s o ' t h a t  i f  t h e  t r u n k  i n c o m i n g  t o  t h e  s w i t c h  is c h o s e n  by a  s e l e c t o r ,  a n  i d l e  t r u n k  
o u t  o f  t h e  s w i t c h  w i l l  b e  i m m e d i a t e l y  a v a i l a b l e .  

I n  o r d e r  t o  i l l u s t r a t e  t h e  u s e  o f  r o t a r y  o u t  t r u n k  s w i t c h e s ,  a s s u m e  t h a t  a  g r o u p  o f  t r u n k s  
t o  a  g i v e n  o f f i c e  is o u t g o i n g  f r o m  a  c e r t a i n  l e v e l  o f  s e v e r a l  g r o u p s  o f  f i r s t  s e l e c t o r s .  
When o u t t r u k k  s w i t c h e s  a r e  u s e d ,  f o r t y  p e r  c e n t  o f  t h e s e  t r u n k s  o u t g o i n g  f r o m  t h e  f i r s t  
: e l e c t o r  l e v e l :  a r e  c o n n e c t e d  d i r e c t l y  t o  t r u n k s  o u t g o i n g  t o  t h e  d i s t a n t  o f f i c e .  T h e s e  

d i r e c t  a c c e s s  t r u n k s  w i l l  b e  l o c a t e d  o n  t h e  l o w e r  numbered  t e r m i n a l s  o f  t h e  s e l e c t o r  
l e v e l s  s o  t h a t  i f  a  f i r s t  s e l e c t o r  f i n d s  a n  i d l e  t r u n k  i n  t h e  l o w e r  numbered t e r m i n a l s  o f  
t h e  l e v e l  i t  w i l l  u s u a l l y  b e  o n e  o f  t h e s e  d i r e c t  a c c e s s  t r u n k s .  The d i r e c t  a c c e s s  t r u n k s  
w i l l  t h e r e f o r e  c a r r y  a l l  t h e  t r a f f i c  d u r i n g  t h e  l i g h t  l o a d  o f  t h e  d a y .  

The  r e m a i n i n g  60% o f  t h e  t r u n k s  f r o m  s e l e c t o r  l e v e l s  a r e  c a b l e d  d i r e c t  t o  t h e  b r u s h e s  o f  
r o t a r y  o u t  t r u n k  s w i t c h e s .  A l l  t r u n k s  o u t g o i n g  t o  t h e  o f f i c e  i n  q u e s t i o n ,  i n c l u d i n g  t h e  
d i r e c t  a c c e s s  t r u n k s ,  w i l l  b e  w i r e d  t o  t h e  o u t g o i n g  t e r m i n a l s  o f  t h e  R .O.T .S .  D u r i n g  t h e  
p e a k  l o a d  p e r i o d s  o f  t h e  d a y  when t h e  d i r e c t  a c c e s s  t r u n k s  w i l l  n o  l o n g e r  c a r r y  t h e  t r a f f i c  
t h e  f i r s t  s e l e c t o r s  w i l l  c h o o s e  t r u n k s  t o  t h e  R . 0 . T . s . l ~  w h i c h  w i l l  p r e v i o u s l y  h a v e  c h o s e n  
a n  i d l e  t r u n k  t o  t h e  d i s t a n t  o f f i c e .  T h i s  u s e  o f  R . 0 . T . s . l ~  r e s u l t s  i n  a  v e r y  c o n s i d e r a b l e  
r e d u c t i o n  o f  t h e  number o f  o u t g o i n g  t r u n k s  r e q u i r e d .  

4 . 6  P r i v a t e  B r a n c h  Exhange  T r u n k s  

B u s i n e s s  h o u s e s  r e q u i r i n g  p r i v a t e  b r a n c h  e x c h a n g e s  o r  s m a l l  s w i t c h b o a r d s  f o r  h a n d l i n g  t h e i r  
own p r i v a t e  t e l e p h o n e  b u s i n e s s  u s u a l l y  r e q u i r e  a  number o f  t r u n k s  f r o m  c o n n e c t o r  t e r m i n a l s .  
U s u a l l y  t h e  c o n n e c t o r  t e r m i n a l s  r e p r e s e n t i n g  t h e  t r u n k s  t o  v a r i o u s  b u s i n e s s  h o u s e s  w i l l  b e  
s e g r e g a t e d  i n t o  o n e  :r more  g r o u p s  o f  1 0 0  c o n n e c t o r  t e r m i n a l s  a n d  t h e  c o n n e c t o r s  s e r v i n g  
t h e s e  g r o u p s  w i l l  b e  r o t a r y  h u n t i n g "  i n  t h a t  t h e y  w i l l  h u n t  o v e r  a  g r o u p  o f  t r u n k s  t o  a  
p r i v a t e  b r a n c h  e x c h a n g e  i f  t h e  f i r s t  h a p p e n s  t o  b e  b u s y .  The t r u n k s  i n  e a c h  g r o u p  mus t  b e  
a r r a n g e d  i n  s e q u e n c e  s o  t h a t  when t h e  l i s t e d  number is c a l l e d ,  i f  t h e  f i r s t  t r u n k  is b u s y  
t h e  c o n n e c t o r  w i l l  a u t o m a t i c a l l y  Hunt  o v e r  o t h e r  t r u n k s  t o  t h e  same P.B.X.  on t h e  same l e v e l .  
S i n c e  t h e  c a l l i n g  r a t e  t o  b u s i n e s s  h o u s e  l i n e s  is u s u a l l y  h i g h e r  t h a n  i s . n o r m a 1  f o r  t h e  rest 
o f  t h e  o f f i c e ,  s p e c i a l  s i z e  g r o u p s  o f  c o n n e c t o r s  w i l l  u s u a l l y  b e  r e q u i r e d  t o  s e r v e  1 0 0  s u c h  
l i n e s .  

I f  less t h a n  1 0  t r u n k s  a r e  r e q u i r e d  t o  a  g i v e n  P.B.X.  s e v e r a l  s m a l l  g r o u p s  o f  P .B .X.  t r u n k s  
may b e  p l a c e d  o n  t h e  same c o n n e c t o r  l e v e l .  The l i s t e d  number w i l l  b e  d i a l e d  i n  e a c h  c a s e  
a n d  t h e  c o n n e c t o r  w i l l  s t e p  t o  t h e  f i r s t  t r u n k  o f  a  g r o u p  u n d e r  t h e  i n f l u e n c e  o f  t h e  d i a l  
a n d  h u n t  o v e r  o n l y  t h o s e  t r u n k s  o n  t h e  l e v e l  a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  l i s t e d  n u m b e r .  
I f  a l l  t r u n k s  a r e  b u s y ,  a  c i r c u i t  c o n d i t i o n  on t h e  l a s t  t e r m i n a l  o f  t h e  g r o u p  c a u s e s  t h e  
c o n n e c t o r  t o  s e n d  b a c k  t h e  b u s y  s i g n a l  i n . t h e  u s u a l  m a n n e r .  The o n l y  r e s t r i c t i o n  is t h a t  
t h e  t r u n k s  i n  a  g i v e n  g r o u p  m u s t  h a v e  c o n s e c u t i v e  t e l e p h o n e  n u m b e r s .  



I n  t h e  e v e n t  t h a t  t h e  number o f  t r u n k s  t o  a  g i v e n  p r i v a t e  b r a n c h  e x c h a n g e  e x c e e d s  t e n ,  
v a r i o u s  m e t h o d s  h a v e  b e e n  d e v i s e d  t o  g i v e  e q u a l  a c c e s s  t o  a l l  t r u n k s  f r o m  c o n n e c t o r  l e v e l s .  
F i g u r e  J i l l u s t r a t e s  o n e  a r r a n g e m e n t  whereby  t h i s  is made p o s s i b l e .  

4000 GROUP OF "HUNDREDS" 
GROUP OF SELECTORS 

FLIllh4 T U F  f *i-E. "Ei. o-F 

%ous*WDs, 
AOUP OF & LECTORS 

TO fWE 42?'TO 1 9 9  
AND 40ru CONNECTOR 

"HUNDREDS" GROUPS 
EXCEPT ROTARY HUNTING 
WITH PBX's OVER 10 
BUT NOT OVER 3 0  LINES 
EACH. - I 

41V "HUNDREDS" GROUP OF CQNNECTORS-ROTARY HUNTING 
I 

NOTE - 
The number l i s ted  in the directow for the P.B.X. 

i e  4111. Calla for this  number which clear thro\yh 
eaiectar sub group 1 w i l l  terminate in the original 
59pearance eub group of the conneotor group and 
cannection wi l l  be made to  one of l ines  4111-4119, 
agsuming a l l  10 are not busy. Calls clearing through 
mb group 2 w i l l  terminate in the 2nd appearanoe 
sub group of connectors and w i l l  be c o ~ c t s d  t o  
one 0f . l ine8 1121-4120. Likewise, c a l l s  c l e u i n g  
through sub group 3 w i l l  terminate in l ines  
4131-4130. 

30 LINES To A PBX{ 'rEs :i '1 ( I 
SEE NOTE 

TO LINES 4141 TO 4199  AND 
4101TO4100 TO OTHER PBX 
GROUP OF LINES O F  10 TRUN 
EMU OR L E S S .  

F i g u r e  J - M u l t i p l e  S l i p  A r r a n g e m e n t  F o r  C o n n e c t o r  G r o u p s  S e r v i n g  
PBX G r o u p s  Over  1 0  T e r m i n a l s  

Assuming  f o r  p u r p o s e s  o f  i l l u s t r a t i o n  t h a t  t h e  P.B.X.  1 0 0  g r o u p  is t h e  f o r t y - f i r s t  h u n d r e d ,  
t h e  b o t t o m  row o f  t e r m i n a l s  o n  t h e  c o n n e c t o r  b a n k  would n o r m a l l y  b e  l i n e s  4 1 1 1  t o  4 1 1 0 ,  t h e  
l i n e s  on  t h e  s e c o n d  l e v e l  4121  t o  4120 and o n  t h e  t h i r d  l e v e l  4 1 3 1  t o  4 1 3 0 .  Assume a l s o  
t h a t  a l l  3 0  o f  t h e s e  c o n n e c t o r  t e r m i n a l s  a r e  r e q u i r e d  t o  s e r v e  a  g r o u p  o f  t r u n k s  t o  a  p r i -  
v a t e  b r a n c h  e x c h a n g e .  The f i r s t  g r o u p  o f  c o n n e c t o r s  w i l l  h a v e  t h e  f i r s t  t h r e e  l e v e l s  
a r r a n g e d  a s  we h a v e  j u s t  s t a t e d .  The s e c o n d  g r o u p  o f  c o n n e c t o r s  w i l l  h a v e  l i n e s  4121  t o  
4120 on  b o t h  t h e  f i r s t  and  t h e  s e c o n d  l e v e l s  w i t h  l i n e s  4131  t o  4130 o n  t h e  t h i r d  l e v e l .  
The t h i r d  g r o u p  o f  c o n n e c t o r s  w i l l  h a v e  l i n e s  4131  t o  4130  on  t h e  f i r s t  and  t h i r d  l e v e l s  
w i t h  l i n e s  4 1 2 1  t o  4120  on  t h e  s e c o n d  l e v e l .  

The number t h a t  w i l l  b e  d i a l e d  t o  o b t a i n  a n y  o n e  o f  t h e s e  t r u n k s  w i l l  b e  4 1 1 1 .  I f  t h i s  c a l l  
is t o  b e  c o m p l e t e d  t h r o u g h  t h e  f i r s t  g r o u p  o f  c o n n e c t o r s ,  t h e  p a r t i c u l a r  c o n n e c t o r  w i l l  s t e p  
up  t o  t h e  f i r s t  l e v e l  a n d  w i l l  t h e r e u p o n  h u n t  o v e r  l i n e s  4111  t o  4 1 1 0  f o r  a n  i d l e  t r u n k  t o  
t h e  P.B.X.  I f  a  c o n n e c t o r  i n  t h e  s e c o n d  g r o u p  is u s e d  f o r  t h e  c a l l ,  i t  w i l l  s t e p  u p  t o  t h e  
f i r s t  l e v e l  and  h u n t  o v e r  l i n e s  4121  t o  4120 and  i f  a  c o n n e c t o r  i n  t h e  t h i r d  g r o u p  is u s e d ,  
i t  w i l l  h u n t  o v e r  t h e  l i n e s  4131  t o  4 1 3 0 .  I n  t h i s  manner  a c c e s s  is p r o v i d e d  t o  e a c h  o f  t h e  
t r u n k s  i n  t h e  g r o u p  o f  t h e  p r i v a t e  b r a n c h  e x c h a n g e .  

A c o n n e c t o r  e q u i p p e d  t o  s e r v e  a  l a r g e r  g r o u p  o f  P .B.X.  t r u n k s  i s  known a s  a  l e v e l  h u n t i n g  
c o n n e c t o r .  The t r u n k s  a r e  c o n n e c t e d  t o  t h e  v a r i o u s  l e v e l s  c o n s e c u t i v e l y .  The l i s t e d  number 
is t h e  f i r s t  t e r m i n a l  o n  t h e  f i r s t  l e v e l .  T h i s  t y p e  o f  c o n n e c t o r  w i l l  h u n t  c o m p l e t e l y  o v e r  
t h e  f i r s t  l e v e l ,  r e s t o r e  t o  f o r m a l  i f  t h e r e  i s n n o  i d l e  t r u n k  o n  t h a t  l e v e l  and t h e n  by  
means o f  a  c o m m u t a t o r  and  a  r e c o r d i n g  s w i t c h ,  w h i c h  is mounted on  t h e  c o n n e c t o r ,  w i l l  s t e p  
t o  t h e  s e c o n d  l e v e l  a n d  h u n t  o v e r  t h a t .  T h i s  is c o n t i n u e d  o v e r  t h e  v a r i o u s  l e v e l s  u n t i l  a n  
i d l e  t e r m i n a l  is r e a c h e d  o r  u n t i l ' a l l  t r u n k s  h a v e  b e e n  t e s t e d .  

NOTE: t t e p - B y - S t e p  D i a l  S y s t e m  P a m p h l e t  No. 3 7  is c a n c e l e d n a n d  is r e p l a c e d  by 
L e s s o n  No. 3  The S t e p - B y - S t e p  D i a l  T e l e p h o n e  S y s t e m  a n d  t h i s  s e c t i o n  No. 7 .  
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