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P R P F A C E  

Thir  pamphlet is ieeued f o r  t h e  b e n e f i t  of t he  
W e r t e r n ~ E l e c t r i c  I n s t a l l e r  and desc r ibes  i n  a gen- 
e r a l  vny t h e  fundamental p r inc ip l e s  and character-  
i r t i o a  of t he  step-by-step d i a l  syetem. 

e The contents  a r e  taken from ma te r i a l  which has 
been prepared by Bell  Telephone Labo-zlatories, Inc.,  

r f o r  t r a i n i n 6  purpoeee. 

! Although p a r t i c u l a r  types of apparatus a r e  d i s -  
c cursed, it ir not  intendrd t h a t  t h i s  publ ica t ion  

rhould be ured f o r  o p e c t f i c  descr ip t ions .  The pam- 
i p h l r t  w i l l  .not  be kept up t o  d a t e  with cu r r en t  

changer i n  t h e  equipment. 

j The oontent r  of t h i s  pamphlet a r e  of a purely 
d e r o r i p t i v e  nature and a r e  not designed t o  p re rc r ibe  
methodr o r  i n r t r u o t i o n r  f o r  t h e  i n s t a l l a t i o n  of cen- 
t ral  o f f  i o r  equipment. 

- 
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ST=-BY-8Te DIAL SYSTEM 

Issued By 

O E N W  INSTALLATIOIO g108IIQEEW 

b 
L 

Sa;cTSW 1 
iw WAMBNTAL MBntODS OF OPERATION 
t - -. 

P" mere  are  two nwtho&s of automatically the switchhook the  o i rcu i t  is completed 
corapletin telephone cral'ls in  general use in through the switchhook contacts in %cries with 

5 the B I l l  &tern l.Ma$ . Of these two, the a relay in  the central  off ice,  a s  shown in  
: step-by-step s at.rrtma t h e  first, t o  beuse& Fig. 1. One of the funcblcnts of the  sub- The term *.tap-&-step? is descriptive of the scr iber 's  d i a l  w i t h  t h e  r eoehe r  off the 

manner i n  which the c a l l  progresses, each witohhook is t o  o en t h i s  c i r cu i t  a specified 

a ra t e  nuchanlsm t o  funation t o  advance the 
S d i g i t  dialeel by the subscriber causing a sap- number of times a by man8 of these open 

c i r cu i t s  or  mpulaesn to  give We aut9ssa.tic 
I 
E calf  -0 the various *step8* 'necessary "t" equipment the proper in$onnation. 'fhd d i a l  
I '&W 

for  aoaeg;s ion. is provided wi th  a se r i e s  of flnger holes, 
f each of which is numberad, m e  euBscriber 
L The skp- -step syakm is qui te  f lexible  places h i 8  finger i n  one of these holes and \ 

i n  that it nwg 3 e aeed f a r  croaa~urities re- carr ies  it to  the  back stop, a f t e r  which the \ 

L- qui r i ry  1ma than 100 l ines  o r  for  c m t r p l  d i a l  restores  to normal under t be  influence ' 
C oNl;en re#uiring 10,000 l ines  o r  more. In of a overnor which regulaba  it8 #peed. A s  
i tbl. ~ a p e c t .  the s t e p  -*tep ys(em 18 the the d fa l  restores  t o  'normal it 0- the c i w  
k *, . DIE)= ecsoboralcal fo r  rura t o m  o r  commnities cu i t  a number ab t i m n  eqml  t o  the nmber on 
P-" 

7 
ef *oe~age airre and fo r  larger  mtropol t tan  the f in~ re r  hole which vrur saleil~tod )3Y the  
area# rhrr~ trunk problem is not too "r suesorrear. Ttrurr, dialing own$ tB. cir- 
aoxaplex. ?he panel W8 , ir  mop*. .dvsnta- c u i t  twice; d ie l ing  *5* opens it i tve   ti^^.. 

k ~ P U  i n  16114e ~ ~ ~ t r o p o l k t f r a ~  areas Vhdre OOPB; I t  should be notlaed am that aia-rr&g *seroW , 
k p k i a a t d  intcrraffice t n u r L i q  is necessary, open8 the c i r cu i t  ten times. The openiqg 

and c l o s i ~ ~  of t h e  c i r cu i t  a l ternatef  o p e  . 
it al!uu& raks and releaaes a raluy whi* hM, ren 
C placed i n  eer ie r  wi th  the 0itBsstiber~r 1 % ~ .  . 

T I n  only diifercmco betureh suto~orrtic and r manual e uipmont a pafant k, t;bs suarcrcibe~ A p u l ~ e  w a l e  war;$ .b qf the t iaw ro- 
i pmniirer. is the d b l  ~t 1ocat.E ir fo r  a t  this the rearon i n . t l l ~ n t  that auto- on h i s  qutrac~ o i r cu i t  for  in  OW the .open eerierb b i . d i t  oc ptt~rcss a one wat closed out as 
E matie opstema a re  un ive r sa l4  knova a8 *dia ln  the d i a l  restores to ao 1 Tho o m cir-  

ly8t4r~.. Phe & R W ~ Q S ~  of the dir l  i8, of owit 18 a p p ~ ~ i l t ~ w  &i th. &I 
OOUPM, to  enab&e a u~bsgl ' iber 20 ~ 0 n t r o 1  the pulsillg time. . mist is ts tWuru tbo positive 

, auWmatic e uipment s o  that a connection w i l l  release of the pulsing -lay in  t he  automat& 
be complete8 to th. n u b e r  tw is eallin&. equipment a t  the cmtral offLee. L 

Uhen the sub8uriBbl. rmaoves h i s  receiver from 



Rigurs 2, gives a schematic of a sub- 
s c r i b e r ' s  s t a t i o n  circu2.t containing a d i a l .  
Here the d i a l  i a  Sbwn i n  its normal posi t ion.  
The receiver  c i r c u i t  is closed through the 
coirtacts shown ss aof f  normal contactsn .  
AS soan a s  t h e  subscriber moves the  d i a l  *off 
normalD, tfr'e o f f  normal contacts  change po- 
s i t i o n  so t h a t  t h s  C8i3sivt3r c i r c u i t  is opened 
to  prevent t h e  anwyance of a s e r i e s  of sharp 
c l i c k s  i n  the  s u b s c r i b r l s  ea r  and a shor t  
c i r c u i t  is placed around the t r ansmi t t e r  t o  
remove its var iab le  r es i s t ance  from the  
d i a l i n g  c i r c u i t .  Tke o f f  normal contacts  
remain i n  t h i s  condit ion from the  time t h e .  
subsc r ibe r ' s  d i a l  f i r s t  moves off  normal 
u n t i l  it has res tored under the  influence of 
a governor. Tha contgcte labeled npulse  con- 
t ac t s " ,  however, open and c lose  only while 
the  d i a l  is res to r ing  t o  normal a t  a  constant  
speed determined by the governor. 

QWITCHINO MECHANISM8 

The 8WitcBing mechanism employed in  the  
atep-by-step system is i l l u s t r a t e d  i o  Figs. 
3, '4,. and 5 and is arranged to  take ten  ver- 
t i c a l  s t e p s  and t e n  hor izonta l  s t e  s, thus 
formin6 a switch having access t o  PO0 s e t s  
of  terminals.  Variat ions of t h i s .  fundamental 
mechanism a r e  ernployed f o r  the d i f f e r e n t  
functions r e  uired.  One switch of % h i s  type,  
known as a 'fine f  inderN,  is used t o  f ind the 
c a l l i n g  s u b s g ~ i b e r ' s  l i n e ,  thus performing 
the  same functioRs f o r  t h e  automatic equip- 
ment t h a t  the  *Aw board operator does i n  the  
manual sys'tem by i n s e r t i n g  an answering cord 
i n  the  answering jack of the c a l l i n g  sub- 
s c r i b e r ' s  l i n e .  One o r  more of these wecha- 
n i s m  known as Use lec to r sn  a r e  r e  u i red  t o  
s e l e c t  a trunk to - the d i s t a n t  o f f h e  An- 
other  s e l e c t o r  determines i n  which 1600 l i n e s  
the ca l l ed  l i n e  appears. Another s e l e c t o r  
picks the p a r t i c u l a r  100 l i n e s  i n  which the 
c a l l  is t o  be cotnpleted, and f i n a l l y  a s i m i -  
l a r  mechanism known as a %omector  is re- 
quired t o  coropleta the c a l l  t o  t h e  number 
which has bean dia led .  Such. uses of the step- 

by-step switch w i l l  be described i n  g r e a t e r  
d e t a i l  in  the sec t ions  t h a t  follow. 

BANKS 
The banks t o  which the  switch has access,  

a r e  shown i n  Fig. 6. The step-by-stet system 
borrows the fami l i a r  terms " t i p n  and ring" 
t o  r e f e r  t o  the conductors of the  subsc r ibe r ' s  
l i n e  o r  t o  the conductors of a trunk and the 
term "sleeve" t o  r e f e r  to  the  supervisory 
lead r e  u i red  i n  the  c e n t r a l  o f f i c e .  The 
banks i q l u s t r a t e d  a r e  so a r r a n g d  t h a t  the  
switch has access t o  100 . t ips  and 100 r ings  
i n  the lower bank and t o  100 s leeves  i n  t h e  
upper bank, The swf tch . sha f t  has brushes 
mounted on its lower end which a r e  so spaced 
as t o  have access t o  the banks. The lower 
brush mounted on the s e l e c t o r  rod, therefore.  
makes contact  With two terminals and the  
upper with one terminal .  Variat ions of t h i s  - 
a r e  found at.tcixpes where a s e c ~ n 4  contact  
may be made i n  the  upper bank giving a t o t a l  
of four instead of three ,  and i n  the case of 
the  200 point  l i n n  f inders  where t.hrea  hank^ 
a r e  employes. The brusnes mounted on the  rod 
a r e  wired through f l e x i b l e  cords t o  the  re lay  
equipment on the switch, access into the w i t c h  
being by means of a f l e x i b l e  plug and jack 
arrangement a t  the  back of  the  switch rend 
access o u t  of the  switch bding through the  
bank tei?ihals. 

SWITCHING ACTION 

An i n t e r g s l  pa r t  of the switch s h a f t  is 
a s e r i e s  of t e e t h ,  t en  f o r  moving t h e  s h a f t  
upward and t en  f o r  r o t s t i n  it. The ver- 
t i c a l  t e e t h  a r e  arranged afong the s h a f t  and 
a r e  control led  by means of a u v e r t i c a l  pawl* 
and a v e r t i c a l  magnet. The r o t a r y  o r  hor- 
i zon ta l  t e e t h  a r e  asranged around the  s h a f t  
and, ape con t ro l l& by a " ro ta ry  pawl* and a .  
ro ta ry  magnet. The v e r t i c a l  . a m  of t h e  
*double dog", s l i d e s  over t h e  v e r t i c a l  t e e t h  
as the switch r i s e s  and prevents its f a l l i n g  
back t o  normal. A s  soop as the switch begins 
t o  r o t a t e  the " s t a t ionary  dog* enga e s  one f of the  x e r t i c a l  t e e t h  and p r e v e n t s  tr re- 
s t o r i n g  t o  normal while the  ro ta ry  arm of the 
"double dog" ' s l i d e s  over the  ro ta ry  t e e t h  and 
prevents its res to r ing  i n  a hor izonta l  d i -  
r ec t ion  u n t i l  a f t e r  tbe  switch has been re- 

. l e a s e d  upon conclusion of the c a l l .  The 
v e r t i c a l  and ro ta ry  stepping mechanism is 
i l l u s t r a t e d  i n  Figures 7 t o  10. 

The f i r s t  s e r i e s  of pulses which come 
t.hrou,~h f porn the  subscr iber ' s  -dial causes 
the  pulsine; r e l ay  i n  the swiscn t o  operate 
and r e l e a s e  i n  synchronism with the  pulses 
and i n  turn  operate and re lease  the v e r t f c a l  
magnet. Under the  influence of the v e r t i c a l  
pawl the switch r i s e s  u n t i l  the brushes a r e  
opposite the  l eve l  determined by the  number 
of pulses s e n t  from t h e  d i a l .  I f  the  switch 
is a"se lec to rn  it  will now r o t a t e  automatic- 
a l l y  under the  influence of the r o t a r y  ma 
and pawl u n t i l  an  i d l e  trunk on t h a t  l e v e r e t  
is rqached. I f  it i a  a"connectorn it w i l l  
wai t  f o r  the subscr iber  t o  d i a l  another 
d i g i t ,  i n  which case it w i l l  r o t a t e  under . 
t h e  influence of the  d i a l  pulses u n t i l  it 
recCc2ies the p a r t i c u l a r  s e t  of terminals 
determined by the  l a s t  d i g i t .  



F I G .  3 STEP-BY-STEP SELECTOR SWITCH 

\t%-r 
F I G .  4 STEP-BY-STEP CONNECTOR SWITCH 

FIG. 5 STEP-BY-STZP CONNECTOR SWITCH REAR 
VIEW WITH COVER PLATE OPEN 

FIG. 6 STEP-EY-5Tkr : . I U L ~ I P L Z  BAXKS 
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PIG. 11. 100 LINE STEP-BY-STEP DIAL SYSTEM I 

t h e  switch is now held i n  its rota ted . In order t o  handle more than one c a l l  I 

posi t ion by the  double dog and held i n  its a t  a time, the system i l l w . t r a t e d  might have 1 
v e r t i c a l  posi t ion by the fixed dog. Upon ten l i n e  f inders  and t en  connectors f o r  a 
re lease  o f  the w i t c h  9 magnet is operated group of 100 l ines .  In t h i s  case esch l i n e  
(known as t h e  "release magnet*) which re- f inder  is wired t o  a connector. The %nks 
moves the double dog from engaging the of a l l  l i n e  f inders  a r e  multipled together 
ro ta ry  t ee th  allowing the switch t o  res to re  and t h e  banks of a l l  connectors a r e  multipl-  
horizontally under the  act ion of a coiled ed. This means t h a t  ten  paths a r e  provided 
spr ing i n  the spr ing cup. When the hor- f o r  the completion of ca l l s .  I f  t h e  call% 
izonta l  r es to ra t ion  is complete the fixed r a t e  is very h i  b more paths may be p r o v i d g .  
doe aise- e s  the  v e r t i c a l  t e e t h  because oi xn pract ice ,  s u f f i c i e n t  l i n e  finder* and con- 
the ve r t i ca f  s l o t  and the  s h a f t  restore's t o  nectors would be provided t o  handle the  
normal in a v e r t i c a l  d i rec t ion  by means of normal t r a f f i c  but not qu i t e  enough f f i t a h s a  
g rav i ty  . t o  handle the  extreme peak load condit ion 

which would probably occur only during a 
THB FUNliAMHTAL STEP-BY-STEP SYSTW shor t  period of the bay. I t  would. of course, 

be possi&le f o r  a l l  paths t o  be ~ u e y  and. i n  
A simple 100 l i n e  step-by-step system t h a t  case a c a l l i n g  subscr iber  would not re- 

ls i l l u s t r a t e d  i n  F igwe  11, Each sub- ceiva d i a l  tone u n t i l  a f t e r  a l i n e  f inder  and 
a c r i b e r t s  l i n e  terminates on t h e  bank o r  a its associated conneptor became idle .  
oonnecuWr and is multipled t o  t h e  banks of a 
lib 'Ifodrr. The l i n e  f inder  a c t s  as an an- A s  we s h a l l  see  l a t e r  the  systetn ill- 
swsriag. cord in  t h a t  it maker connection t o  us t ra ted i n  Fig. 11 is the b a s i s  f o r  a l n o s t  
the  c a f l i n g  l i n e  and extends t h a t  l i n e  t o  a a l l  s t e p b y - s t e p  systems. By adding s ~ i t e h e s  
connector. The subscr iber  rec-eives d i a l  between the  l i n e  f inders  and connectors s o  
tone Irom the  conrlector ana a l a l s  tne cal led  t h a t  each a a l l  i e  completed through a " t ra in* 
number, %ha connector having aocess t o  a l l  of switches, the  s i z e  of t h e  o f f i c e   ma^ be ex- 
the  100 l ines .  tended t o  1090 o r  t o  10,000 o r  mope liws. 

, . _  

I 



SECTION 2 

LINE CIRCUITS AND LINE FINDERS 

I n  the  manual system, subsc r ibe r s '  l i n e s  
a r e  answered by an *AU board ope ra to r  who is 
respons ib le  f,or a l l  of t he  subsc r ibe r  l i n e s  
appearing a s  answering jacks i n  her  pos i t i on .  
In o rde r  t o  e s t a b l i s h  con tac t  wi th  r c a l l i n g  
subsc r ibe r  who has removed t h e  r e c e i v e r  from 
t h e  switchhook, an answering cord is placed 
i n  t h e  requi red  answering jack a s  i nd i ca t ed  
by the  l i g h t e d  l i n e  l a n ~ p .  I n  t he  step-bf- 
s t e p  system t h e  answering cord of t h e  "A 
board ope ra to r  i n  t h e  manual system is re-  
placed by a  s tep-by-step swi tch  known a s  a  
l i n e  f i n d e r .  The func t ion  of. t he  * l i n e  f ind-  
e r  is t o  make con tac t  wi th  any c a l l i n g  l i n e  
i n  a  p a r t i c u l a r  group and extend 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  connector  i n  t he  
100 l i n e  system previous ly  d e s c r i b e d ) ,  t h e  
f i r s t  s e l e c t o r  g iv ing  t h e  subsc r ibe r  d i a l  
tone and r ece iv ing  t h e  f i r s t  d i g i t  d i a l e d  
by t h e  subsc r ibe r .  

I n  t he  manual system, t he  number of . 
answering jacKs appearing i n  each "An  board 
p o s i t i o n  is dependent upon t h e  c a l l i n g  r a t e  
of t he  l i n e s  involved and t h e  load which t h e  
# A n  board ope ra to r  is a b l e  t o  ca r ry .  In t h e  
s tep-by-step system, l i n e s  a r e  i n  most cases  
arranged i n  groups of 200, t h e  number of  
l i n e  f i n d e r s  having access  t o  t h i s  group of 
l i n e s  varying wi th  t h e  c a l l i n g  r a t e .  

POINT LINE FINDER 

A l i n e  f i n d e r  arranged t o  s e rve  a  200 
l i n e  group is i l l u s t r a t e d  i n  Fig. 13, and is 
known a s  a  "200 po in tU  l i n e  f i n d e r .  Each 
l i n e  f i n d e r  has acces s  t o  3 banks of 200 
t e rmina l s  each. The lowest bank con ta in s  
t he  t i p s  and r i n g s  of 100 l i n e s  numbered 11, 
12, 13, 14, .19, 10 on t h e  bottom l e v e l  and 
01 t o  00 on the  t op  l e v e l  ( s ee .  Fig.  12 ) .  
I t  should be not iced  t h a t  t h e  t e n t h  te rmina l  
on the  t o p ' l e v e l  is numbered "00" because 
t he  swi tch  s t e p s  v e r t i c a l l y  t e n  t imes and 
h o r i z o n t a l l y  t e n  t imes t o  reach  it. The 
middle bank c a r r i e s  a  second 100 l i n e s  t he  
te rmina ls  of  which a r e  numbered 111 t o  110 
on t h e  bottom l e v e l  and 101 t o  100 on the  
top  l e v e l .  The top  bank c a r r i e s  t h e  s l e e v e  
te rmina ls  of  t he  e n t i r e  group of 200 l i n e s ,  
t he  s l e e v e s  11 t o  10 and 101 t o .  110 being 
arranged on the  bottom l e v e l  and 01  t o  00 
and 101 t o  100 on t h e  t op  l e v e l .  The 
purpose of  t he  s l e e v e  bank is t o  permit  t h e  
l i n e  r e l a y  of a c a l l i n g  l i n e  t o  put  b a t t e r y  
on its corresponding s l eeve  te rmina l  t o  
s t o p  the  l i n e  f i n d e r  a s  it sweeps ac ros s  t h e  
row of te rmina ls .  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  of brushes ,  one t o  make. 
con tac t  i n  each bank. 

A v e r t i c a l  commutator c o n s i s t i n g  of 10 
segments is arranged a t  t h e  s i d e  of t h e  l i n e  
f i n d e r  s h a f t  sq  t h a t  a s  t h e  s h a f t  r i s e s  a  
comr~~utator brush makes con tac t  with t h e  f irst  
segment when the  l i n  f i n d e r  brashes  a r e  
oppos i te  t h e  f i r s t  l i v e 1  of t he  banks, t he  
second segment when they a r e  oppos i te  t h e  
second l e v e l ,  e t c .  The l i n e  f i n d e r  c i r c u i t  
is so  arrsnged t h a t ,  a s  soon a s  any l i n e  
r e l a y  i n  t h e  group of 200 l i n e s  is operated.  
3ne o f  the  i i n e  f indegs  s e rv ing  the  group 

w i l l  comence t o  s t e p  up and w i l l  cont inue 
s t epp ing  up u n t i l  it meets a  commutator seg- 
ment t h a t  is grounded. There a r e  20 l i n e s  on 
each l e v e l  and each "sub-group" of  20 l i n e s  
has  acces s  t o  a  common sub-group r e l a y  which 
may be operated by any l i n e  r e l a y  i n  t h e  sub- 
group. The ope ra t ion  of t h i s  sub-group r e l a y  
grounds t h e  commutator segment corresponding 
t o  t h e  l e v e l  on which these  20 l i n e s  appear. 
This  w i l l  cause t h e  l i n e  f i n d e r  t o  s t o p  its 
v e r t i c a l  motion a t  the  l e v e l  on which t h e  
c a l l i n g  l i n e  appears .  

Af te r  t he  l i n e  f i n d e r  has stepped up t o  
t h e  proper  l e v e l  it w i l l ,  of i ts  own accord,  
begin t o  s t e p  over  the  t e rmina l s  of  t h a t  
l e v e l ,  t e s t i n g  t h e  s l eeve  te rmina ls  i n  t h e  
t op  bank, two a t  a  time, a s  it goes along.  
A s  soon as- Rn-ds a  s l eeve  te rmina l  wi th  
b a t t e r y  on it from the  operated l i n e  r e l a y  
it w i l l  s t o p  wi th  its t i p  and r i n g  brushes on 
the  t i p  and r i n g  of t h a t  l i n e  i n  o rde r  t o  
extend 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  12 is c a l l i n g  commutator segment ' l  
w i l l  be grounded and the  l i n e  f i n d e r  w i l l  
s t e p  up t o  t he  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  second te rmina l .  Af t e r  the l i n e  
f i n d e r  has stopped on a  given s e t  of te rmina ls  
i t  connects  t h e  brushes i n  t he  bottom bank o r  
i n  t h e  middle bank t o  a  f i r s t  s e l e c t o r ,  i n  
accordance wi th  which of t h e  two s l eeves  i n  
t h e  upper bank has  t he  b a t t e r y  condit ion.  

SLIP WIRING OF LINE FINDER BANKS AND 
s ; o m u m  

Obviously i t  t akes  a c e r t a i n  amount of 
time f o r  a  l i n e  f i n d e r  t o  r i s e  t o  t he  h igher  
l e v e l s  of i ts banks and c u t  i n t ~  those  l e v e l s  
u n t i l  it f i n d s  t h e  t e rmina l s  of t h e  c a l l i n g  
l i n e .  The i d e a l  condi t ion  would be  t o  have 
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  of t h e  
l i n e  f i n d e r  bank i n  every ca se ,  s o  t h a t  t h e  
Line f i n d e r  would have t o  s t e p  up only one 
l e v e l  and then c u t  i n t o  t h a t  l e v e l  t o  f i n d  
the  c a l l i n g  l i n e .  This  would mean t h a t  t h e  
subsc r ibe r  would r ece ive  d i a l  tone from t h e  
f i r s t  s e l e c t o r  w i th  a  minimum amount of wait- 
ing.  I t  is not  pos s ib l e  t o  achieve  t h i s  
i d e a l  condi t ion  f o r  every c a l l ,  b u t  t he  hunt- 
i ng  time f o r  l i n e  f i n d e r s  is cons iderably  ae- 
c reased  by ns l i pp ing" the  l i n e  f i n d e r  multi- 
p l e  a s  s h o w  on Fig .  12. 

Suppose t h a t  a group of  200 l i n e s  is 
served by 20  l i n e  f i n d e r s .  In  t h i s  ca se  l i n e r  
11 t o  10 appear  on the  f i r s t  l e v e l  o f  t h e  
lower bank of  t h e  f i r s t  l i n e  f i n d e r  of sub- 
group 1, and l i n e s  111 t o  110 on the  bottom 
l e v e l  of  t h e  middle bank of  t h i s  l i n e  f i nde r .  
However, t he se  l i n e s  a r e  wired t o  t h e  t o p  
( o r  t e n t h )  i e v e l s  of  t h e  banks on t h e  f i r s t  
l i n e  f i n d e r  of sub-group 2  and t o  t h e  n i n t h  
l e v e l s  of  t h e  f i r s t  l i n e  f i n d e r  of  sub-group 
3, t h e  e i g h t h  l e v e l s  of t h e  f i r s t  l i n e  f ind-  
e r  of sub-group U, e t c . ,  and appear  aga in  on 
t h e  f i r s t  l e v e l s  o f  t h e  second l i n e  f i n d e r  
of sub-group 1. This  means t h a t  t h e  f i r s t  
and second l i n e  f i n d e r s  of sub-group 1, a r e  
"first c h o i c e V o r  t h e  use  o f  l i n e s  11 t o  10 
and 111 t o  110 s i n c e  these  two l i n e r f i n d e r s  
hare  t h i s  group of 20 l i n e s  on t h Q i r  f i r s t  



l e v e l s .  Likewise the f i r s t  and second l i n e  
f inders  of sub-group 2 a r e  f i r s t  choice t o  
l i n e s  21 to  20 and 121 t o  120, and the f i r s t  
and second l i n e  f inders  of sub-group 3 f o r  
l i n e s  31 to 30 and 131 to  130. The wiring 
t o  the  corresponCing com~rutator segments 
is slLpped i n  a corresponding manner. 

ALLOTMENT OF LINE FINDERS 

Fig. l2 i l l u s t r a t e s  the method of 
a l l o t i n g  l i n e  f inder8.  The operation of the 
sub-group re lay  of a sub-group of 20 l i n e s  
does two things.  F i r s t ,  it placea a ground 
on the  commutator segment corresponding t o  
the l eve l  i n  which the group of 26 l i n e s  
appears on the l i n e  f inder  banks. Second, 
it grounds a s t a r t  l e a d  which opera tes  a 
" s t a r t n  r e lay  i n  the l i n e  f inder  t h a t  is t o  
be used f o r  the c a l l ,  causing it t o  s t e p  up 
and hunt f o r  the grounded commutator segment. 

Tracing the  start laad from the  sub- 
group re lay  i n  sub-group No. 1, tte ' a r r ive  a t  
t h e  back Contacts of the (D) re lay  i n  the  
f i r s t  l i n e  f inders  of the  8ub-group (which 
has t h e  l i n e s  i n  sub-group Ao. 1 on its f i r s t  
l e v e l )  aad thence on t o  t h e  winding of the  
a s t a r t *  r e l a y  (A) .  If, however, t h i s  l i n e  
f inder  is b w y  on a e a l l  the  (D) r e l a y  w i l l  
be operated and the  start lead w i l l  be 
extended t o  the  back.contacts of the (Dl 
re lay  of the second l i n e  f inder  of the  sub- 
group. I f  t h i s  l i n e  f i n d e r  is a l s o  busy 
the  (Dl re lay  w i l l  be operated and the  start 
lead w i l l  be extended t o  the  o the r  l i n e  
Cinders i n  sub-group No. 1. I f  a l l  f i n d e r s  
i n  the  sub-group a r e  busy the  a t a r t  lead is 
extended t o  the f i r s t  l i n e  f inder  i n  sub- 
group No. 10 s ince  the  l i n e  f inders  of t h i s  
group have l i n e s  11 t o  10 and 111 t o  110 
on t h e i r  second levela .  The process of 
al lotment thereupon continues a s  necessary 
through the  l i n e  f inders  i n  sub-group No. 10 
sub-group No. 9, etc.,  the l a s t  choice l i n e  
f inders  f o r  the  No: 1 sub-group of l i n e s  
being the l i n e  f inder  i n  sub-group No. 2, 
s ince  these l i n e  f inders  have sub-group No.1 
l i n e s  on h e i r  top l eve l s .  

By meano of t h i s  bank-to-bank s l i p  on 
l i n e  f inder  multiples', each group of 20 
l i n e s  is given equal preference in 'be ing  
chosen by l i n e  f inders .  I f  20 l i n e  f inders  
a r e  provided t o  serve  a group af  200 l i n e s  
the re  a r e  two f i r s t  choice l ind  f inders  per 
sub-group. I f  30 l i n e  f inders  serve the 
group of 200 l i n e s  the re  a r e  th ree  f i r s t  
choice l i n e  f inders  per sub-group, three  
second choice, th ree  t h i r d  choice, e t c .  
This insures  that; the  waitin.g time f o r  d i a l  
tone w i l l  be kept down t o  a minimum. 

I f  it should so happen t h a t  a l l  l i n e  
f inders  a r e  busy a t  the  time' s subscriber 
removes h i s  r ece ive r  from the switchhook, 
of course he w i l l  not  be conniGcted t o  a f i r s t  
s e l e c t o r ,  w i l l  not receive  d i a l  tone and w i l l  
not  be ab le  t o  make h i s  c a l l  u n t i l  s o m e l i n s  * 
f inder  becomes i d l e .  This is comparable t o  
the custom i n  manual o f f i c e s  of providing 
only t h a t  number of cord c i r c u i t s  i n  an "Ae  
board posi t ion which is required t o  handle 
j u s t  a  l i t t l e  l e s s  than the  rush hour load, 

The l i n e  and l i n e  f inder  e uipment 
required t o  serve a group of 208 l i n e s  is 
mounted together i n  one equipment un i t ,  a s  
i l l u s t r a t e d  i n  Fig. 14, consis t ing of the 
required number of l i n e  f inders  with t h e i r  
banks, commutators and jack wiring,  the 
l i n e  c i r c u i t s  with t h e i r  associated wiring,  
the sub-group c i r c u i t s  required f o r  eaoh 
group of 20 l i n e s  and the  re lays  required 
f o r  the common group of 200 l i n e s .  This 
equipment u n i t  is shop-wired and may be 
shipped from the  fac tory  ready to  be mounted 
upon a l i n e  f inder  frame. 







SECTION 3 
SELECTORS AND CONNECTORS 

In Sect ion  1 a step-by-step system 
employing only 100 poin t  l i n e  f i n d e r s  and 
connectors was de,scribed and it was shown 
t h a t  t h i s  was a bas i c  step-by-step system. 
Such a systern, modified by t h e  use of 

" se l ec to r  connectors" capable of  picking an 
i d l e  t runk on one o r  more l e v e l s  and l i n e s  
on the remaining l e v e l s  i n s t ead  of  t h e  con- 
nec to r s  descr ibed ,  is a c t u a l l y  i n  use f o r  
srnall d i a l  o f f i c e s  i n  r u r a l  comnunities. 
In t h i s  s e c t i o n  the  method of increas ing  t h e  
s i z e  of  s step-by-'step o f f i c e  beyond 100 
l i n e s  w i l l  be descr ibed .  This  is done by 
i n s e r t i n g  s e l e c t o r s  i n  t he  ' t r a i n u  of 
switches requi red  t o  complete a given c a l l .  

Figure 15 shows a method whereby the  
100 l i n e  scheme previously described may be 
expanded- t o  200 l i n e s  by the  use of se- 
l e c t o r s .  The 100 p a i n t  l i n e  f i n d e r s  of  t h e  
previous system a r e  cow replaced by a group 
of 200 po in t  l i n e  f i n d e r s  each l i n e  f i n d e r  
belng capable of s e l e c t i n g  any c a l l i n g  l i n e  
i n  a  group of 200. Bach l i n e  f i n d e r  is now 
wired t o  a  " s e l e c t o r n .  The chief  d i f f e rence  
between a s e l e c t o r  an4 a connector is t h a t  
the s e l e c t o r  w i l l  move up t o  the spec i f i ed  
l e v e l  under the influence of  t h e  customer's 
d i a l  and w i l l  then proceed t o  f ind  a n  i d l e  
trunK on t h a t  l eve l  o f  its own accord. The 
connector, s t e p s  up to ' t t i 6  c o r r e c t  l e v e l  
under t he  . inf luence  of the  custoroer's 
d i a l  and f inds  the  proper terminal  i n  t h i s  
l e v e l  i n  accordance wi th  a  second s e t  of 
pulses  from t h e  d i a l .  I n  a 201 l i n e  
system two groups of connectors  would be 
requi red ,  each having access  t o  100 l i n e s .  
Since it w i l l  be necessary f o r  the  cus- 
tonier t o  d i a l  two d i g i t s  i n  order  t o  con- 
t r o l  whatever connector is used on the c a l l ,  
an a d d i t i o n a l  d i g i t  must now be d i a l ed  t o  
aeterrnine i n  which group of connectors  t he  
c a l l  w i l l  be completed. The d i g i t  w i l l  be 
d i a l ed  i n t o  the  s e l e c t o r  t h a t  has been in- 
troduced i n t o  the  t r a i n .  In  order  t o  

cause t h e  s e l e c t o r  t o  choose the  r i g h t  group 
of connectors ,  ' the  connectors having access  
t o  one group of  100 l i n e s  g i l l  be wired t o  
one l e v e l  of  t h e  s e l e c t o r ,  say t h e  four th .  
and the  o t h e r  group of  connectors t o  another  
l e v e l  of t h e  s e l e c t o r ,  s the  e igh th .  Thus, 
i f  the  customer d i a J s  as% f i r s t  d i g i t  o 
four ,  t he  s e l e c t o r  w i l l  s t e p  up t o  its fou r th  
l e v e l  and w i l l  hunt a long .that '  l e v e l  f o r  an  
i d l e  connector having aocaos t o  t he  l i n e s  
400 t o  499. I f  h i s  f i r s t  d i g i t  is an e i g h t ,  
t h e  s e l e c t o r  w i l l  s t e p  up t o  the  e igh th  l eve l  
and w i l l  choose an i d l e  connector having 
acces s  t o  the  numbers 800 t o  €399. In 
add i t i gn ,  t runks  may be provided on the  t e n t h  
l e v e l  of t he  s e l e c t o r  t o  an a s s i s t a n c e  
opera tor  i f  requi red .  

The presence o f  the  one s e l e c t o ~  i n  
the  t r a i n  o f , s w i t c h e s  presents  t h e  p o s s i b i l i t y  
of  i nc reas ing  the  s i z e  of t h i s  step-by-step 
o f f i c e ' t o  1000 l i n e s ,  providing a s epa ra t e  
group of  connectors  is wired 'to .each l e v e l  
of t he  s e l e c t o r .  The number of s e l e c t o r s  
requi red  wi th  t h e i r  banks i n  mul t ip l e  w i l l  
be determined by t h e  number of l i n e  f i n d e r s  
requi red  t o  handle the  c a l l i n g  r a t e  from 
each group of 200 l i n e s .  For a  1000 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  be divided a s  
before  i n t o  groups of  200 l i n e s ,  each group 
of  l i n e s  being served by its own l i n e  f inde r s .  
The l i n e  f i n d e r s  of  a l l  groups w i l l ,  however, 
be wired t o  s e l e c t o r s  having t h e i r  banks i n  
mul t ip l e  so  t h a t  a  subsc r ibe r  i n  one group 
of  l i n e s ,  having gained access  t o  a s e l e c t o r  
by means of  l i n e  f i n d e r  a c t i o n ,  w i l l  have . 
access  t o  a c t u a l l y  the  same connectors as 
a ca l l i ng '  subscr iben  i n  any o the r  group, 

In t h e  event t h a t  any l e v e l  of  t h e  
s e l e c t o r  is requi red  f o r  t runks  t o  o t h e r  
than  connectors ,  t h e  t o t a l  number of l i n e s  
which it w i l l  be poss ib le  t o  serve  w i l l  be 
reduced by 100 f o r  each l e v e l  requi red  f o r  
t runks  t o  o t h e r  than  connectors. 



FIG. 16 STEP-BY-STEP 4 DIGIT OFFICE 7080 LPBJES EQUIPPED 

The add i t ion  of a second s e l e c t o r  i n  The f i r s t  s e l e c t o r  hunts f o r  an i 
the  t r a i n  of s w i t ~ h e s  required f o r  the trunk t o  the  8000 group of second s e l e c  
completion of each c a l l  errnits the s i z e  of of which there  a r e  ten on its eighth l e  
the o f f i c e  t o  .row beyon! 1000 l i n e s .  
Figure 16 i l l u s t r a t e s  the switches required The customer d i a l s  a 1 a s  h i s  s e ~  
t o  eerve a four-digit  o f f i c e  with 7000 ta r -  digi ' t  and the  second s e l e c t o r  s t e p s  up 
minalr equipped. This system makes use of its f i r s t  l eve l ,  
200 point  l i n e  f inders  a s  before, f i r s t  
s e l e c t o r s  t o  choose the  p a r t i c u l a r  1000 The second s e l e c t o r  hunts f o r  
l i n e s  i n  which the c a l l  is t o  be completed, connector i n  the 8100 group by t e s t i  
and second s e l e c t o r s  t o  choose t h e  part icu- terminals on its f i r s t  level .  
lar 100 l i n e s  ( o r  r a t h e r  the  p a r t i c u l a r  
group of connectors) i n  which the  c a l l  is The customer d i a l s  a 9 a s  h i s  
t o  be completed. d i g i t  and an i d l e  cormnector s t eps  up 

ninth  l eve l  under the  influence of 
Referring t o  Fi ure 16 assume t h a t  the pulses. 

number t o  which a c a l f  is t o  be completed 
is 8195. The method of completing the c a l l  The fourth and l a s t  d i g i t  d ia led  
w i l l  be a s  follows: the  customer is a 5 which causes the  co 

nector t o  s t e p  t o  the  f i f t h  terminal  on 
When the customer removes h i s  receiver  n inth  l eve l  which represents  t h e  t e m i a a  

from t h e  switchhook, aa i d l e  l i n e  f inder  in  of the  l i n e  8195. 
the group serving the  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  the c a l l i n g  l i n e  and exter~d The cal led  pa r ty ' s  b e l l  is rung 
it t o  the f i r s t  se lec to r .  connector u n t i l  the  m l l o d  papty answ 

The customer receives  d i a l  tone from Tbe l i n e  f inder ,  first s e l e c t o r ,  
the f i r s t  se lec tor .  secbnd s e l e c t o r  and connector chosen f o r  

c a l l  remain operated u n t i l  $he conclusto 
The  custorner d i a l s  8 a s  h i s  f i r s t  d i g i t ,  the conversation. 

and the  f i r s t  s e l e c t o r  s t e p s  up to the 
e ighth  l eve l .  



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  s t e p p e d  up  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  
r e s t o r  % t o  n o r m a l .  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  

SPECIAL SERVICE SWITCHES 

I n  ;he e v e n t  t h a t  a  c u s t o m e r  r e q u i r e s  
s p e c i a l  a s i s t a n c e  w i t h  h i s  c a l l ,  he  1s 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  as 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  up t o  i t s  t e n t h  l e v e l  
a n d  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  he  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  is 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 c 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  
code1#  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 n  f r o m  t h e  c u s t o m e r t 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  b) 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  t h e  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" a n d  t h e  f i r s t  s e l e c t o r  w i l l  b e  

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 n 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  u p  t o  t h e  
d e s i g n a t e d  l e v e l  a n d  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  o n  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  manner .  T h i s  i s  t r u e  
r e 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 ? 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  
is 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 j  c e ,  i n f o r m 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  
one  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 ,  is 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  b y  
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  b y  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  a n d  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  whose b a n k s  a r e  m u l t i p l -  
ed 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 .  

FIG. 1 7  TYPICAL CON:4PCTOR FRAME 
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CONNECTOM of 100 l i n e s .  The connector frhme i l l u s t r @ t -  
ed is equipped with e i g h t  connectors f o r  each 

Figures 4 and 5 i l l u s t r a t e  a t y p i c a l  109 l i n e s .  The f i r s t  is wired 88 a t e s t  Con- 
connector switch.  There is l i t t l e  t o  nec tor  and is used by the  maintenance fo rces  
d i s t i n g u i s h  t h i s  switch i n  appearance from f o r  t e s t i n g  l i n e s .  The remaining seven conf 

- o t h e r  step-by-step switches.  I t  has a l a r g e r  nec to r s  a r e  used f o r  completing c s l l s  by 
number of  r e l a y s  a s soc ta t ed  w i t h  it than does subsc r ibe r s ,  and on the  frame i l l u s t r a t e d  
a s e l e c t o r  because it has more d u t i e s  t o  seven such c a l l s  can be corn l e t ed  skraultane- 
p e r f o m  oh a given all. F i r s t  of a l l ,  t he  ous ly  i n  each group of 100 ! ines .  UndeP 
connector is required t o  s t e p  both v e r t i c a l l y  heavier  t r a f f i c  condi t ions  more connectors  
and ho r i zon ta l ly  under t he  influence of t he  would be provided. The t~ximurn number of  
subscriber's d i a l  i n  o rde r  t o  a e l e c t  a connectors  per  s h e l f  is eleven including the  
p a r t i c u l a r  te rminal  r ep resen t ing .  the l i n e  t e s t  connector. Where mqre than ten  %re  re- 
being c a l l e d .  In add i t i on ,  it must r i n g  t h e  quired f o r  subsc r ibe r  t r a f f i c  t o  a group d t  
c a l l e d  s u b s c r i b e r ' s  b e l l ,  maintain supervis ion  100 l i n e s ,  two o r  Inore she lves  [nay be 
over the  c a l l  i n  o rde r  t o  s i g n a l  the  o the r  mult ipled together ,  providing an a d d i t j a n a l  
swi tches  i n  t he  t r a i n  when both subscr iberd  5 o r  10 connectors per 100 l i n e s .  
have hung up and, on a l o c a l  c a l l ,  supply 
t a l k i n g  b a t t e r y  t o  both subsc r ibe r s .  Figure 18 i l l u s t r a t e s  how the  vkaiauar 

frames a r e  cabled together .  The subscr ibsr*f ,  
In the event t h a t  a connector' f i n d s  l i n e s  a r e  wired $0 t h e  banks of  both l i n e  

the  c a l l e d  l i n e  busy, t h e r e  w i l l  be a ground f i n d e r s  and connecgors. The jacks of l i n e  
on t h e  s l eeve  te rwinal .  This w i l l  s e t  up a f i n d e r s  a r e  wired t o  - the  jacks of f i r s t i  se- 
c i r c u i t  condi t ion  which w i l i  cause a busy l e c t o r s ,  the  connections, however, going 
tone t o  be re turned  t o  the  c a l l i n g  subscr iber .  through the  I.D.F. providing f l e x i b i l i t y  foe 

t h e  changing of the  p a r t i c u l a r  f i r s t  selec?t&r 
Figure 17  shows 8 t y p i c a l  connector wired t o  a given l i n e  f i n d e r ,  The banks o f  

frame: Each "she l f"  of  connectors  on the  first s e l e c t o r s  a r e  wired t o  the  jacks o f  
frame is arranged t o  se rve  a separatie group second s e l e c t o r s ,  and the  banks of second 

s e l e c t o r s  a r e  wired t o  t h e  jacks of connectors 

- - 
18 CABLING 3CXEPlATIC OF REGULAR SWITCH TRAIN 
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SECTION 4 
TRUNKIlYG PROBLEMS IN STEP-BY-STEP OFFICZS 

The discussion i n  Section 3 i n  con- therefore determine whether the c a l l  is t o  
nection with t h e  4 d i g i t  o f f i c e  with 7000 be completed i n  h i s  own o f f i c e  through loca$ 
terminals equipped assumed t h a t  no o the r  second s e l e c t o r s  o r  i n  some other  o f f i c e  
o f f i c e s  were required i n  the a rea ,  In cer- over i n t e r o f f i c e  trunks. I f  the  c a l l  is t o  
t a i n  a reas  where more than one cen t ra l  o f f i c e  be completed i n  h i s  own o f f i c e  the f i r s t  
is required,  the  i n t e r o f f i c e  trunking pro- s e l e c t o r  w i l l  choose a trunk t o  a loca l  
blems nray become qu i t e  complex. This sect ion second se lec to r .  The secoxy3 d i g i t  d ia led  
w i l l  o u t l i n e  methods of us in  se lec to r  l eve l s  by the  customer (which w i l l  cause a secorid 
t o  provide trunks t o  o ther  o f f i c e s  i n  ex- se lec to r  t o  s t e p  up t o  .the r ~ q u i r e d  l eve l )  
change a reas  wi th  i n t e r o f f i c e  trunking pro- w i l l  choose the proper t h i r d  s e l e c t o r  and 
blems of varying complexity. thus determine in which 1000 numbers the  

c a l l  is to  be completed. Trunks incoming 
5 DIGIT OPERATION from other  step-by-step o f f i c e s  i n  the area  

w i l l  terminate on incoming second s e l e c t o r s  
In exchange a reas  where there  a r e  few whose banks a r e  multipled w i t h  those of the 

centpal  o f f i c e s ,  say 3 o r  4, the trunks t o  loca l  second se lec to r s .  
o ther  o f f i c e s  may be reached d i r e c t l y  from 
the banks of the f i r s t  se lec to r s .  In a case 6 DIGIT OPERATION 
of t h i s  kind the  f i r s t  se lec to r  bank t e r -  
minals w i l l  correspond d i r e e t l y  t o  the out  Where the  nuhber of c e n t r a l  o f f i c e s  
trunk multiple found on the "A" board i n  i n  an exchange a rea  is g rea te r  than t h e .  
manual o f f i ces .  The subscr iber  w i l l  be re- number of avai lable  l eve l s  on f i r s t  se lec t -  

uired t o  d i a l  only one d i g i t  t o  determine o r s ,  two d i g i t s  must be d ia led  by the 
?II which o f f i c e  hi. 0.11 is t o  be comp1et.d. customer t o  determine in  which o f f i c e  h i s  
One l eve l  of a l l  f i r s t  s e l e c t o r s  w i l l  be re- c a l l  w i l l  be completed- This condition is 
quired f o r  each o f f i c e  t o  which trunks a r e  i l l u s t r a t e d  by Figure 20. In  t h i s  casa trunks 
t o  be provided. This condition is i l l u s t r a t -  Other  be the 

by ~ i g u r e  19 shows trunks to o the r  of second s e l e c t o r s ,  trunks t o  a l l  o f f i c e s  
o f f i c e s  on l eve l s  5 and 7 of the f i r s t  ae- having the f i r s t  d i g i t  i n  common being taken 
l ec to r s .  Since it is customary t o  require off  the various l eve l s  of the same group of 

customer to. in order to obtain a second s e l e c t o r s .  In t h i s  case, t h i r d ' s e -  
spec ia l  service  operator,  the tenth  l eve l  of ~~~~~~~1~ i::!. ~ ~ r ~ ~ ~ ~ ~ ~ ~ e l ~ ~ ~ h ~ ~ ~ i ~ ~ O ~ s  the f i r s t  se lec tor$  w i l l  be required f o r  
trunks t o  an ~ s s i s t a n o e  operator.  he f i r s t  ~~h~~ ~ ~ ~ f ~ : ~ $ i ~ ; d t : : ~ ~ ~ ~ ~  ~ ~ q $ o ~ ~  leve l  w i l l  be wired t o  aux i l i a ry  f i r s t  se- 
l e c t o r s  i n  order t o  guard aga ins t  preliminary t h i r d  s e l e c t o r s  with t h e i r  banks i n  mult iple 
Impulses and t o  provide access t o  the  service  with O f '  the l o c a L  third 
code switches. 

Figure 19 indicates  t h a t ,  i n  a 5-digi t  
system, trunks t o  loca l  second s e l e c t o r s  a r e  
a l s o  taken off  one of the  l eve l s  of the f i r s t  
se lec to r s ,  the l eve l  being determined by the - 
f i r s t  l e t t e r  of the loca l  o f f i c e  code. The 

. f i r s t  d i g i t  d ia led  by the  customer w i l l  
= - - = = - 
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Trunks  t o  0 o p e r a t o r  snd  t o  s 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  be taKen o f f  t h e  t e n t h  
and 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 h r s  a s  
b e f o r e .  

GRADED MULTIPLE 

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  
and 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 any g i v e n  l e v e l ,  
i t s  c h o i c e  o f  t r u n k s  on t h a t  l e v e l  is l i m i t -  
ed 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 ~  g roup  t o  which  any g i v e n  s e l e c t o r  h a s  
a c c e s s  p r e s e n t s  a d i f f e r e n t  problem t h a n  
d 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  
manual " A "  b o a r d .  Any g i v e n  " A t t  o p e r a t o <  on 
a n  " A "  boa rd  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  group.  I n  s t e p - b y - s t e p  o p e r a t i o n ,  
however,  where  a  t r u n k  g roup  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 roup  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 s  must  be  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 done  
i n  p a r t  by what  is known a s  "Graded P l u l t i p l e "  
Wi thou t  g raded  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 lways  have  t o  be 
s u p p l i e d  i n  m u l t i p l e s  of  t e n  which  migh t  b e  
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uneconomica l .  With g raded  m u l t i p l e ,  however,  
4 0  s e l e c t o r s  c a n  b e  made t o  u s e ,  s a y ,  13 
t r u n k s  e f f e c t i v e l y .  

I n  o r d e r  t o  e x p l a i n  what  g raded  
m u l t i p l e  i s ,  i t  is f i r s t  n e c e s s a r y  t o  under-  
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  banks  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 I  o f f i c e s  e a c h  s e l e c t -  
o r  f r a ~ ~ e  is a r r a n g e d  t o  mount 16 s h e l v e s  of  
20 s e l e c t o r s  e a c h ,  making a  t o t a l  o f  320  
s e l e c t o r s  p e r  f r ame .  Each s e l e c t o r  f rame 
c o n s i s t s  o f  two b a y s ,  e a c h  mount ing  8 s h e l v e s  
o f  20 s e l e c t o r s  e a c h .  The 2 0  s e l e c t c r s  on 
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 roup  o f  
1 0  h a s  i t s  banks  m u l t i p l e d  d i r e c t l y  t o  t h e  
banks  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 roup .  
Each g roup  o f  10 s e l e c t o r s  i n  a d d i t i o n  h a s  
i t s  banks  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  
which is mounted i n  t h e  c e n t e r  o f  t h e  f rame 
be tween t h e  two bays  of  s e l e c t o r s .  ( S e e  
F i g u r e  2 1 ) .  S i n c e  t h e r e  a r e  32 g r o u p s  o f  13 
s e l e c t o r s  e a c h  mounted on t h e  f r ame ,  t h e r e  
a r e  32  o f  t h e s e  t e r m i n a l  s t r i p s  mounted one  
d i r e c t l y  be low 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 .  Bach 
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  1'73 
t e r m i n a l s  o f  10  s e l e c t o r s  r n u l t i p l e d  t o g e t h e r  
and  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 of  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 be  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  any  o r  a l l  g r o u p s  o f  1 0  s e l e c t o r s  on t h e  
f rame.  I t  i s  t h u s  ~ o s s i b l e  t o  m u l t i p l e  t h e  
banks  of  any  one g roup  o f  13 s e l e c t o r s  w i t h  
t h o s e  of  any  o t h e r  group 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  bank 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  assernbly  
bay  i n c l u d e s  two v e r t i c a l  rows o f  t e r m i n a l  
s t r i p s  on which 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 ames  i s  t e r m i n a t e d .  These  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 r n i n s l s  on t h e  
bank 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 lways  f o l l o w  t h a t  t h e  
number o f  t r u n k s  t o  be  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 .  For  
example ,  c a s e s  may o c c u r  where 4 0  s e l e c t o r s  
a r e  r e q u i r e d  t o  have a c c e s s  t o  a t o t a l  o f  13 
t r u n k s  on a  g i v e n  l e v e l .  I n  c a s e s  of  t h i s  
. t ype  g raded  m u l t i p l e  is u s e d .  I n  g raded  
m u l t i p l e  c e r t a i n  t r u n ~ s  a r e  termed f i r s t  
c h o i c e  t r u n k s  and  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 c 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 ,  on 13 t r u n k s ,  one t r u n k  
w i l l  be connec t ed  t o  t h e  f i r s t  te r r t l ina l  o f  
e a c h  g r o u p  and t h e s e  t e r m i n a l s  w i l l  n o t  b e  
rnu ' l t ip led  t o g e t h e r .  The r e m a i n i n g  9 terminals 
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  be' m u l t i p l e d  
t o g e t h e ?  and connec t ed  t o  .g t r u n k s .  Esch 
g r o u p  w i l l  t h e n  have  one t r u n k  which  i t  a l o n e  
u s e s  and n i n e  which  i t  u s e s  i n  common w i t h  
t h r e e  o t h e r  g r o u p s .  I n  g raded  m u l t i a l e  t e rms .  
t h e  f i r s t  t r u n k s  a r e  te rmed " 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 n  "commontt s i n c e  t h e y  a r e  o f f e r e d  
f 9 r  t h e  conlmon 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 educe  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  wes r  on s w i t c h e s ,  a  
r e v e r s a l  i s  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 -  
 in^. For  exarnple. assume 40 s e l e c t o r s  
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having access  t o  10 t runks  on s given l eve l .  
Four 'g rou-~s  of  10  s e l e c t o r s  each a r e  re- 
quired and the  f i ~ s t  2 groups w i l l  be multi- 
pled toge ther  s t r a i g h t  and t h e  l a s t  two 
groups w i l l  be mult ipled toge the r  s t r a i g h t  
w i t h  a cornplete r e v e r s a l  between the  second 
and thiFd groups f o r  t runks  1 t o  9. The 
t e n t h  te rmina l  is always niultipled 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  group f o r  l a s t  
t runk  busy r e g i s t r a t i o n .  

REPEATERS 

In  order  t o  e s t a b l i s h  connectio-n be- 
tween two step-.by-step o f f i c e s  no t  i n  t he  
same bu i ld ing  it is necessary t o  f u r n i s h  an 
a u x i l i a r y  c i r c u i t  known as an woutgoing re-  
?ea t e rw  i n  each t runk  c i r c u i t ,  a t  t he  
o r i g i n a t i n g  o f f i c e .  The purpose of t h i s  re- 
: )eater  is t o  connect t h e  t h r e e  wire  c i r c u i t  
Prom t h e  s e l e c t o r  banks t o  t he  two trunk 
. .sndyctors which run, between o f f  i c e s ;  t o  
repea t  t he  d i a l  pu lses  t o  t he  swi tches  i n  
t h e  d i s t a r l t  o f f i c e ;  t o  hoId t h 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  operated du r ing  the  
c a l l ;  t o  fu rn i sh  t a l k i n g  b a t t e r y  t o - t h e  
:ailing gubscr iber ;  and t o  enable t he  con- . 
nec to r  i n  the  d i s t a n t  o f f i c e  t o  superv ise  , 

t h e  c a l l i n g  l i n e .  I t  is a l s o  necessary t o  
f u r n i s h  a r e p e a t e r  of  the  same genera l  type 
!a each t runk  from step-by-step t o  manual 
o f f i c e s .  

The average outgoing r e p e a t e r  w i l l  no t  
re - t ransmi t  t h e  d i a l  pu lses  wi th  t h e  same 
p rec i s ion .  t h a t  a d i a l  g ives .  Usually t he  
swi tches  i n  t h e  d i s t a n t  o f f i c e  w i l l  ope ra t e  
s a t i s f a c t o r i l y  on t h e  repeated pulses .  

'Where a t runk  is very long however, the  
a i s t w t i o n  of t h e  pulses  w i l l  be increased 
t o  a pcr&t where €he d i s t a n t  swi tches  w i l l  
no loager  func t ion .  In t h i s  case ,  a s p e c i a l  
r e p j a t s r .  c a l l e d  a Upu l se  co r r ec t ingu  re- 

:@eater  is added a t  the  incoming end of t h e  
tp3wk. This  r epea t e r  r ep l aces  t h e  d i s t o r t e d  
incoming pu l se s  by new pulses  which w i l l  
ope ra t e  t h e  swi tches  s a t i s f a c t o r i l y .  

OUTW ING TRUNK PR'E~ZLECTORS 

Trunks t o  o t h e r  o f f i c e s  must be c a r r i e d  
i n  ou t s ide  p l a n t  and where t he  d i s t ance  is 
a t  a l l  (great it is h ighly  d e s i r a b l e  t o  keep 
t h e  number of t runks  between o f f i c e s  down t o  
a minimw. A 8  we have seen ,  t h e  p r i n c i p l e  
o f  graded mul t i p l e  a s s i s t s  i n  accomplishing 
t h i s  purpose. Another device  which Con- 
s i&eratr ly reduces t he  number of outgoing 
frunke provided from a. group of  s e l e c t o r s  is 
known as t h e  outgoPng t runk  p re se l ec to r .  
The fnechanisw used f o r  t h e  p re se l ec to r  is 
known as a 206 type  s e l e c t o r  and d i f f e r s  
- r a $ ~ c a l l y  grog  t h e  r egu la r  step-by-step 
wchaniam. This  s e l e c t o r  is B r o t a r y  swi tch  
wi th  brushes which have access  t o  22 s e t s  of  
te rmina ls  and are s o  arranged t h a t  as soon 
rs one s e t  of brushes leaves  t h e  l a s t  s e t  of 
texnlinals,  a s ~ o n d  s e t  of brushes reengages 
t h e  f i r s t  s e t  of t e n w n a l s .  The brushes 
a r e  mounted on a s h a l t  o r  r o t o r  which is 
d f i v e n  by a r a t c h e t  and pawl mechanism 
'actuated by a m g n e t .  A n y  t runk te rmina t ing  
ir, t he  brushes of such a swi tch  w i b l  there-  
gore  have access  t o  22 outgoing  t e r t i n a l s  

t runks.  Figure 22 i n d i c a t e s  how m e s e  
$ f r s a l e c t o r s  a r e  used. 

Uutgoing t runks  ' a r e  connected t o  t h e  
banks o f  t he se  switches and trunKs from the  
banks of step-by-step s e l e c t o r s  t o  t h e  
brushes.  The term *p rese l ec to r "  i n d i c a t e s  
t h a t  a t  any time when t h e  p r e s e l e c t o r  is not  
i n  use it w i l l  r o t a t e  t o  t he  te rmina ls  of  an  
i d l e  outgoing t runk  and r e s t  t h e r e  s o  t h a t  
i f  'the t runk  incoming t o  t he  switch is chosen 
by a s e l e c t o r ,  a n . i d l e  t runk  o u t  o f  t h e  pre- 
s e l e c t o r  w i l l  be immediately sva i l ab l e .  

I n  order  t o  i l l u s t r a t e  t h e  I s e  of  
p re se l ec to r s ,  ' assume t h a t  a grovp of t runks  
t o  a given o f f i c e  is  outgoing from a c e r t a i n  
l e v e l  of s eve ra l  groups of f i r s t  s e l e c t o r s .  
.wbUen out t runk  p r e s e l e c t o r s  a r e  used. f o r t y  
per  c e n t  of t h e s e  t runks  outgoing from the  
f i r s t  s e l e c t o r  l e v e l s  a r e  connected d i r e c t l y  
t o  t runks  outgoing t o  t h e  d i s t a n t  o f f i s e .  
T5ese " d i r e c t  accesb" t runks  w i l l  be located 
on t h e  lower numbered te rmina ls  of t h e  se- 
.l.ector l e v e l s  s o  t h a t  i f  a first s e l e c t o r  
f i ~ d s ' a n  i d l e  t runk  i n  the  lower numbered 
te rmina ls  of the l eve l  it w i l l  u s u a l l y  be 
one of t he se  d i r e c t  acces s  t runks .  The 
d i r e c t  acces s  t runks  w i l l  t he re fo re  ca r ry  a l l  
t h e  t r a f f i c  dur ing  t h e  li@t load o f  t h e  day, 

The remaining 60% of  t h e  t r u n l q  from 
seLector  l e v e l s  a r e  cabled d i r e c t  t o  t h e  
brushes o i  outgoing t runk  p re se l ec to r s .  A l i  
t runks  outgoing t o  t h e  o f f i c e  i n  ques t ion ,  
inc luding  the, d i r e c t  acces s  t runks ,  w i l l  be 
wired t o  t h e  outgoing t e rmina l s  of t h e  pre- 
s e l e c t o r s .  During t h e  peak load per iods  of 
t h e  day when t h e  d i r e c t  acces s  t r w k s  w i l l  
no longer  c a r r y  t h e  t r a f f i c  t h e  f i r s t  se-  
l e c t o r s  w i l l  choose t runks  t o  t h e  prese lec-  
t o r s  which w i l l  p rev ious ly  have chosen an  
i d l e  t runk t o  t h e  d i s t a n t  o f f i c e .  This  use 
of p r e s e l e c t o r s  r e s u l t s  i n  a very consider-  
ab l e  reduct ion  of  t h e  number of ou tgoihg  
t runks  required. '  

PRIVATE BRANCH EXCWOE TRUNKS 

Business houses r e  u i r i n g  p r i v a t e  
branch exchanges o r  smal! switchbwmks f o r  
handling t h e i r  own p r i v a t e  Aelephone bus iness  
u sua l ly  r e q u i r e  a number of  t runks  from con- 
nec tor  te rmina ls .  Usual ly t h e  connector  
terminals r ep re sen t ing  t h e  t runks  t o  var ious  
bus iness  houses w i l l  be segregated i n t o  one 
o r  more groups of  109 connector t e rmina l s  
and the '  connectors  s e rv ing  these  groups w i l l  
be " r o t a r y  hunting" i n  t h a t  they  w i l l  hunt 
over  a group of t runks  t o  a p r i v a t e  branch 
exchange it t h e  f i r s t  happens t o  be busy. 
The t runks  i n  each group must be arranged i n  
sequence s o  %ha% when t h e  l i s t e d  number is 
c a l l e d ,  i f  t he  f i r s t  t r unk  is busy t h e  con- 
nec to r  w i l l  automat ' ical ly hunt over  o t h e r  
t runks  t o  t h e  same P.B.X. on t h e  same l eve l  
Since t h e  c a l l i n g  rate  t o  busaness house 
l i n e s  is usua l ly  higher  than is normal f o r  
t h e  r e s t  of t he  o f i i c e ,  s p e c i a l  s i z e  group8 
of  connectors  w i l l  u sua l ly  be requi red  tQ 
serve  109 such l i n e s .  

I f  l e s s  than 10 t runks  a r e  requi red  t o  
a g ivsn  P.B.X. s e v e r a l  small groups of P.B.X. 
t runks  may be  placed on the.same connector 
l e v e l .  The l i s t e d  number w i l l  be d i a l e d  i n  
each case  and t h e  Codnector w i l l  s t e p  t o  t he  
f i r s t  t runk  of  a group under t h e  inf luence  
of t he  d i a l  and hunt over  only those  t runks  
on t h e  l e v e l  6e sea l a t ed  with t h e  p a r t i c u l a r  
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l i s t e d  number. I f  a l l  t runks  a r e  busy, a on t h e  f i r s t  and t h i r d  l e v e l s  with l i n e  
c i r c u i t  condi t ion  on the l a s t  terminal  of U121 to  4120 on the  second l e v e l .  
t h e  group cauaes the  connector t q  send back 
t h e  busy s i g n a l  i n  t he  usual  manner. The The number t h a t  w i l l  be d i a l e d  t o  
only r e s t r s c t i o n  is t h ~ t  t he  t runks i n  a ob ta in  any one of  
given group must have consecutive telephone If t h i s  c a l l  is t o  
numbers. f i r s t  group of con 

connector w i l l  s t e  
f n  the  e+ent  t h a t  the  rnmber of t runks  and w i l l  thereupon 

t o  a e iven  p r i v a t e  branch exchange exceeds 4110 f o r  an i d l e  t 
ten ,  var ious  methods have been devised t o  connector i n  the  a 
blue d ~ u a l  a c c e s s  t o  a l l  t runks  from con- the  c a l l ,  it w i l l  
hec tor  l e v e l s , .  Figure 23 i l l u s t r a t e s  cine and hunt over  l i n e  
arrrlsrgemsnt whereby t b i a  is made possible.  connector i n  t he  t h i r d  group i a  u se  

hunt  over t h e  lines Q131 t o  4156. 
nssulaing f o r  purpose8 o f  i l l u s t r a t i o n  manner access  is psovided t o  each 

that the P,B.X.  100 group is the  f ~ r W - f i r S t  t runks  i n  t he  group o f  t h e  p r l v a t  
hmdl~dd,  t he  bottom ro* of kerarinals on t h e  exchange. 
connector bank would normally be 1 i n e s  ,4111 
t o  b110, t he  l ines '  on the  second l e v e l  4121 A connector equipped 
t o  bl2O and on the  t h i r d  l e v e l  4131 t o  4130. group of P.B.X. $punks is 
Assume a l s o  t h a t  a l l  30 of these  connector hunting connectol.  The tr 
terraina&s a r e  requi red  t o  s e rve  a group o f .  t o  t h e  var ious  l e v e l s  aoqa 
tnurks t o  a p r i v a t e  branch exchange. The l i s t e d  number is t h e  f i r s t ;  
first group of connectors  w i l l  have the  f i r s t  l eve l .  This  type o t  
first th ree  l e v e l s  arrangQd as we have j u s t '  hunt completely o v e r a h e  f i  
s tq t ed .  The second group o f  connectors  w i l J  t o  normal. i f  t he re  is no i d  
have l i n e s  4121 t o  4120 on both t h e  f i r s t  1 r V ~ l  and then by 
and t h e  second l e v e l s  wi th  l i n e s  4131 t o  a "recording swi t c  
r l 3 0  on the  t h i r d  l eve l .  The t h i r d  group connector, w i l l  s t  
of connectors  w i l l  have l i n e s  4131 t o  4130 hunt over t h a t .  T 

var ious  l e v e l 9  u n t  
reached o r  u n t i l  a 
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USl-WO. 

FIG. 23 ''MULTIPLE SLIP ARRA~YGEMENT FOR CONHECTOR GROUPS SERVING PBX 
GROUPS OVER 10 TERMINALS 



19 
SECTION 5 

INTEfiCONNECTIOM OF STEP-BY-STEP 

WITH MANUAL SYSTiPlS 

Usual ly t h e r e  a r e  i n s t ances  i n  which i f  t he  "Be ope ra to r  is busy handl ing  o t h e r  
maaual and d i a l  o f f i c e s  e x i s t  t oge the r  i n  c a l l s .  
t h e  same a r e a .  Under t he se  circumstances 
it ie  necessary  t o  complete c a l l s  i n  a As-soon a s  t h e  "B" ope ra to r  is ready 
mbnual o f f i c e  which o r i g i n a t e  i n  a  d i a l  t o  handle a  c a l l  whi t ing  on a  c e r t a i n  t runk.  
o . f f ice  and v i c e  ve r sa .  Where t he  o r ig ina t -  she w i l l  e i t h e r  connect h e r s e l f  t o  it by 
ing  d i a l  o f f i c e  is atep-by-step, t h e  c a l l s  depress ing  t h e  d i s p l a y  key a s soc i a t ed  wi th  
arb completed through a s tep-by-step "Call t h a t  t runk  (Key Display Call I n d i c a t o r )  o r  
InUicatorn qU p o s i t i o n  i n  t h e  manual o f f i c e .  w i l l  au tomat ica l ly  be connected t o  it i n  t h e  
On t h e  o t h e r  hand, where a. c a l l  o r i g i n a t e s  proper sequence (Automatic Display Call 
i n  a m n u a l  o f f i c e  and must be completed t o  I n d i c a t o r ) .  The recorder  w i l l  then use t h e  
a step-by-step subsc r ibe r ,  t h e  u sua l  p r a c t i c e  s t o r e d  information t o  cause t h e  c o r r e c t  d i s -  i e  t o  equ ip  t h e  manual ope ra to r  pos i t i ons  p lay  on t h e  c a l l  i n d i c a t o r  screen.  A s  soon 
wi th  dials  and t o  provide d i a l i n g  o u t  t runks  t he  number has been &ispiwed,  t he  
h t r e c t  t o  t h e  step-by-step o f f i c e .  A few ope ra to r  w i l l  plug t h e  a s soc i a t ed  t runk  i n t o  
s tep-by-step o f f i c e s  were equipped w i t h  t he  mu l t i p l e  jack of t h e  c a l l e d  l i n e ,  i f  t h e  
*@all D i s t r i b u t i n g  '8'  Switchboards" t o  l i n e  is i d l e .  
complate c a l l s  of t h i s  type. However, t h i s  
type  of equipment is no longer  i n s t a l l e d  i n  TANDEM O P ~ R A T I O N  
new o f f i c e s .  

Under c e r t a i n  t r a f f i c  condi t ions  it is 
Each Step-bf-SteP o f f i c e  has acces s  t o  sometimes advantageous t o  use  tandem'trunk- 

a "Dial System ' A  Boardm f o r  t h e  handling ing  r a t h e r  t han  d i r e c t  t runking  i n  making 
of a s s i s t a n c e  c a l l s .  i n t e r c e p t i n g  s e r v i c e ,  in te rconnect ion  between o f f i c e s .  Such tandem 
and t h e  completion o f  "A" Board t o l l  c a l l s .  .networks may inc lude  s tep-by-step a s  we l l  aa 
This may be a l o c a l  OT c e n t r a l i z e d  "A' manual o f f  i c e s .  Where the. tandem po in t  is , 
Switchboard. a manual switchboard it w i l l  be necessary  

f o r  t h e  tandem ope ra to r  t o  r ece ive  t he  call 
ST!-BY-STEP CALL IN11 ICATOR over  a  t runk  from t h e  o r i g i n a t i n g  o f f i c e  and , pass  it forward ove r  another  t runk  t o  t h e  

Step-by-step Call I n d i c a t o r  9" comple t ing 'of f ice .  I f  t h e  in te rmedia te  , 
p o s i t i o n s  a r e  employed i n  manual o f f i c e s  po in t  is a stepdby-step o f f i c e ,  however, t h e  
t h a t  have enough t runks  incoming from step-  c a l l  w i l l  pass  through a switch o r  t r a i n  o f  
byes tep  o f f i c e s  t o  % j u s t i f y  t h e  provision of swi tches  i n  t h e  tandem o f f i c e  ( aee  Figure 251 
one o r  more compl&e *Bn p o s i t i o n s  f o r  t h e  i n  o rde r  t o  reach a t runk  t o  t h e  o f f i c e  re-  
exc lus ive  use  of  t he se  t runks .  F igure  24 qui red .  In  genera l ,  t he  equipment requioed 
shows a schematic  diagram of t h e  connection i n  t h e  tandem and te rmina l  o f f i c e s  t o  cow- 
which is s e t  up t o  handle such a c a l l .  The p l e t e  t h e  var ious  types  of in te rconnect ions  
d i a l  s u b s c r i b e r  w i l l  d i a l  t h e  number i n  w i l l  be obvious from w h a t  has  been s a i d  
e x a c t l y  t h e  same manner a8 if t h e  c a l l  were before .  However, t he re  a r e  s e v e r a l  f e a t u r e s  
to b* completed i n  a Step-by-fPte~ o f f i c e  and of n u f f i c i e n t  i n t e r e s t  t o  warran t  f u r t h e r  
t h e r e  w i l l  be no ind i ca t ion ,  s o  f a r  a s  he is discussion. 
concerned. of  any d i f f e r e n c e  i n  t h e  handling 
of fhe  two c a l l a .  Thus, i f  a  manual o f f i c e  is s e l e c t e d  

t o  a c t  a s  a tandem p o i n t  between s e v e r a l  
The d i g i t s  of t he  o f f i c e  code w i l l .  be s tep-by-step o f f i c e s ,  it is prdbable t h a t  

used, i n  t h e  u sua l  manner, t o  s e l e c t  a enough step-by-step switches would be loca ted  
t runk  t o  t h e  manual o f f i c e .  A s  soon as t h i s  i n  t h e  manual o f f i c e  t o  r e r o u t e  t he  step-by- 
ope ra t ion  has  been completed, howe.ver, he s t e p  c a l l s  coming through. A s  a mat te r  o f  
w i l l  cont inue  t o  d i a l ,  sending through t h e  a c t u a l  f a c t  it has been found advantageous 
pu l se s  which would, i n  a step-by-step o f f i c e  i n  some cases  t o  use step-by-step equiptnent 
cause t h e  swi tches  t o  func t ion  t o  f i n d  the  i n  manual tandem o f f  i c e s  t o  handle c a l l s  
c a l l e d  number. However, t h i s  c a l l  is t o  be between manual o f f i c e s .  In  t h i s  ca se ,  t h e  
completed i n  a manual o f f i c e  a t  a manual "B" ope ra to r  a t  t h e  o r i g i n a t i n g  "A" Board has a 
Board. and some provis ion  must be made t o  d i a l  t o  enable he r  t o  c o n t r o l  t h e  tandem 
rece ive  t h e  pu l se s  from the  d i a l  and t rans-  switches.  Af te r  a  t runk  t o  t h e  d i s t a n t  
l a t e  them i n t o  information r e a d i l y  in- o f f i c e  has been s e l e c t e d  by t h e  tandem sc- 
t e l l i g i b l e  t o  t he  Call I n d i c a t o r  "B" l e c t o r s ,  s h e  pas se s  the  c a l l  i n  the  usua l  
ope ra to r .  WeY 

This  is dons by prvvia ing ,  i n  t h e  I f  both the  o r i g i n a t i n g  o f f i c e  and t h e  
manual o f f i c e ,  what a r e  known as "recorders"  tandem'off ice happen t o  be s t e  -by-step and ' 

s e v e r a l  of which a r e  made a v a i l a b l e  t o  each t h e  completing o f f i c e  is manua ! , t h e  t runks  
Ca l l  I n d i c a t o r  "B" Pos i t i on .  The number of from t h e  banks of t h e  tandem swi tches  w i l l  
r e co rde r s  provided w i l l  depend upon t h e  appear  on a manual switchboard. This  rnanual 
number of  c a l l s  which a r e  l i k e l y  t o  be in- switchboard may be a  c a l l  i n d i c a t o r  pos i t i on ;  
coming a t  any time. The r eco rde r  w i l l  s t o r e  on t h e  o t h e r  hand, it may be  a s t ra igh%forwarb*  
up t h e ' d i a l  pu l se s  and hold t he  information t rudking  *Ba p o s i t i o n  o r  it may be a 8-11 
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magneto ( ~ r  oommon bat tury)  switchboard with 
t)ur t r d m  a p p a a r i ~ g  so jacks i n  its face. 
In e i t h e r  of  the  two l a t t e r  cases the  step- 
by-crtep subscriber would. be required t o  . 
d t a 1  saly those d i g i t s  necessary to  cause 
the o a r i ~ u s  switches t o  operate t o  s e l e c t  
t h e  trunk. After  t h e  trunk had been seized,  
it would be necessary f o r  him t o  t e l l  the 
d i s t a n t  opsra tor  the  number t o  which he 
wished ta be coanected. 

Some manual o f f i c e s  may not have 
s u f f i c i e n t  trunke incoming from step-by-step 
o f f i c e s  t o  r e a l l y  j u s t i f y  the  provision of 
even one Call Indicator  V* Posit ion.  Where 
t h i s  problem a r i s e s ,  there  a r e  several  
possible a l t e rna t ives ,  If these a r e  a 
number of ~aanual o f f i c e s  i n  the same area ,  
e w h  requir ing a small number of trunks from 
step-by-step o f f i ces .  a  Call Indicator  
Pmdem posi t ion may be jus t i f i ed .  In t h i s  
case the  step-by-step subscriber w i l l  d i a l  
M o f f i c e  code which w i l l  cause the step-by- 
s t e p  switches to  s e i z e  a trunk terminating 
on a cord i n  the key shel f  of the Call  
Indicatdr  Tandem posi t ion.  The recorders 
a s o c i a t e d  w i t h  the tandem posi t ion w i l l  
now be required t o  s t o r e  up the pulses re- 
gresenting not only the number of the  ca l led  
l i n s  but  a l s o  the o f f i c e  coda bf the manual 
o f f i c e  i n  which the c a l l  is to  be completed. 
The number t o  ethsi. w i t h  the o f f i c e  code 
w i l l  then be fieplayad on the  tandem opera- 
t o r ' s  screen. The trunks t o  manual o f f i c e s  
w i l l  appear as Jacks i n  the face of the 
board. She w i l l - s e l e c t  one o i  these trunks. 
i n  aacordance with the displayed o f f i c e  
code and then p a s s  the dipplayed number t o  
tbe dlaoual o w r a t o r ,  e i t h e r  over the trunk 
o r  .over a separa te  c a l l  wire. 

Where the  number of manual o f f i c e s  is 
i n s u f f i c i e n t  t o  j u s t i f y  the provision of a 
Call  Indioator Tandem posi t ion,  it may be 
necessary t o  provide a Call' Indicator  *BH 
Posi t ion i n  the  m n w l  o f f i c e ,  even though 
the  number of tpunks required . w i l l  not use 
the posi t ion e f f i c i en t ly .  This is part icu- 
l a r l y  tr e i f  it is expected t h a t  t h e  
Irmber o r  trunks from step-by-step o f f i c e s  
w i l l  be increased i n  the future.  

DIAL SY8TR4 *A* BOARD 

Assistance calls 
~ s s i s i a n c e  c k l l s  a r e  those originated 

by d i a l  .subscrib,era who. f o r  one reason o r  
another, cannot use t h e i r  d i a l s  i n  the 
no~mel  way. T h i s  m y  be due t o  blindness, 
the extinguishing of l i g h t s  o r  emergency. 
The subscr iber ,  i n  t h i s  case, d i a l s  zero and 
reaehea trunks to  the  *DSAn board through 
the t o p  l eve l  of a f i r s t  se lec to r .  A s  soon 
a s  t h e  se lec to r  has reached an i d l e  trunk, 
the lamp associated with t h a t  trunk l i g h t s  
on the "DSA" board and an audible r inging 
s i s n a l  is s e n t  back t o  the c a l l i n g  eubscriber.  
The Operator answers the c a l l  'with an an- 
swerha-g cord i n  the usual manner and com- 
p le tes  the cal'l w i t h  the corresponding 
c a l l i n g  cord i n  accordance w i t h  the  sub- 
s c r i b e r  la wishes. 

~ n t e r c e ~ t e d  Cal lq  

A 1 1  unused connector terminals 
wired t o  in tercept ing trunks usual ly  
minatlng on the "DSA" bawd. I f  the  
numbers a r e  ca l led ,  the  in tercept ing 
t o r  w i l l  advise the c a l l i n  par ty  as 
number cha es ,  d isconneog,  e tc .  
* c e n t r a l i ~ 3 ~  in tercept ing is emp 
in tercept ing trunks w i l l  terminat 
cen t ra l ly  located in tercept ing po 
handling intercepted c a l l s  f o r  a 
cen t ra l  o f f i ces  instead of on the 
board of the pa+icular o f f i ce .  

*A* Board Tol l  Calls 

An *An board t o l l  c a l l  is one t o  
outlying point ,  completed from the  "A" 
f o r  which the *An operator makes out  a 
t i c k e t  charging the customer f o r  the  ad 
a 1  service  over and above t h a t  to  whidh 
is e n t i t l e d  i n  making loca l  c a l l s .  In 
by-step offic'es, a  "DSA" operator perfo 
t h i s  function and the  step-by-step subs 
e r  d i a l s  @zerou i n  order to  obtain t h i s  
~ n w i  pa. 

In most ' s t epby-s tep  cen t r  
a l l  vacant s e l e c t o r  l eve l s  a r e  w i r  
*vacant l e v e l  tone" trunks. I f  a  
d i a l s  a number which d i r e c t s  a s e  
vacant l eve l  a tone is received s 
the  *busyatone. I f  through a d i r  
a number 18 l i s t e d  which w i l l  d i r  
l e c t o r  t o  a vacant l eve l ,  t h i s  l e  
t o  a vacant l e v e l  trunk terminati  
DSA board. The operator may ask 
s c r i b e r  t o  ,d ia l  again o r  may comp 
q o ~ r d .  t o l l  c a l l .  

KEY PULSING *DSkn BOARD 

A t  most 'DSA* boards the  ope 
complete c a l l s  t o  loca l  subscriber 
ing. The opera tor ' s  s e l e c t o r  w i l l  
t o  the loca l  t r a i n  of switches and 
t o  trunks t o  o ther  o f f i ces .  By mea 
d i a l  key she can associa te  her d i a l  
cord c i r c u i t  and thus .complete assi 
c a l l s .  This method of completing c 
considerable operating time but any 
t o  a f a s t e r  method could not be. jua 
s ince  the number of posi t ions  and'op 
required would not be mater ia l ly  d 

Where a "D3AN board is large,  
a decrease In the operating time req 
ass is tance  caf 1s may r e s u l t  in  inateria 
reducing the number of posi t ions  and 
necessary. I f  t h i s  is the  c?se a t a s t e  
more expensive method of control l ing th  
by-step switches may be j u s t i f i e d .  In 
cases,  the d i a l i n g  method of completin 
ass i s t ance  c a l l s  is replaced by a meth 
as "key pulsingu i l l u s t r a t e d  in Figure 
The trunk from S h e  UDSA'' board termi 
an opera tor ' s  se lec to r .  A key pulsing 
associa tea  an i d l e  sender w i t h  the t r u  
which the operator has se ized.  A key s 
provided on the "DSA* posi t ion,  upon wh 
the operator wr i t e s  up the number. Th 
r e g i s t e r s  the number aria the rea f t e r  




