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1. INTRODUCTION 

(A) General 

1.01 This section describes the No. 4A 

113 

toll switching system. The 4A system 
performs the switching functions required 
at important switching centers under the 
operator nationwide toll dialing plan. 

1.02 This ,section includes six parts as 
follows: 

1. INTRODUCTION 

2. SWITCHING PRINCIPLES 

3. FUNCTIONS OF PRINCIPAL EQUIPMENT 
ELEMENTS 

4. METHOD OF OPERATION ON TYPICAL 
CALLS 

5. MAINTENANCE FEATURES 

6. EQUIPMENT 

1.03 Detailed description~ are covered ir. 
several sections with·. the base number 

A828.121. Detailed enginee ~ng information 
will be covered in sections tn the AA400 
series. 

1.04 The INTRODUCTION is covered in five 
broad divisions: 

(1) (B) Automatic Toll Switching: A 
short discussion of the beginnings 

of automatic toll switching, and the 
limitations of the early~ stems. 

I 

\ 
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(2) (C) No. 4A Toll Switching System -
Nationwide Operator Toll Dialing:A 

highlight picture of the 4A system, 
which includes a partial story of the 
numbering plan used in nationwide toll 
dialing. 

(3) (D) Existing Toll Systems: Features 
of toll systems in use prior to 

the introduction of the 4A system. A 
typical call is traced through each of 
these systems. 

(4) (E) No. A4A Toll Switching Svs-
tem: A broad description of the 

A4A system, (the advance model of the 
·4A system) , which includes a more com­
plete story on the nationwide number­
ing plan. 

(5) (F) No. 4A Toll Switching sr5-
~: A description of the 4 sys­

tem in more specific terms, with typi­
aal calls. 

(B) Automatic Toll Switching 

1.05 The benefits realized from applying 
dial operation to the toll system 

are of the same nature as those obtained 
from dial operation of the local exchange 
plant. Broadly, these benefits are real­
ized in improved service, due to greater 
speed and accuracy, and in reduced cost of 
providing service. 

1.06 Many of the problems encountered in 
introducing dial operation on toll 

calls and on local calls are similar. 
However, the toll problems are more exten­
sive, some of the principal ones being: 

(a) Numbering plan. The number of 
digits used to reach any of the 

approximately forty million telephones 
in the nationwide system should be 
held to a minimum (not more than 
eleven). 

(b) Adaptability. Must be able to in-
troduce the new switching units 

without major modifications in exist­
ing systems. Also must make efficient 
use of the existing toll network. 

(c) Supervision and signaling range. 
The system must have the equivalent 

of local common battery supervision, 
(switchhook supervision from calling 
and called subscribers), and have a 
range equal to the ringdown system used 
in manual toll switching. 

(d) Transmission. The system must be 
able to automatically provide the 

proper transmission levels on differ­
ent types of connections. 

1.07 The first step in the direction of 
automatic toll switching was the 

provision of dial intertoll trunks from one 
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toll center to another toll center with 
~tep-ba-step equipment. This enables an 
outwar operator in one toll center area to 
dial a called subscriber's number in 
another toll center area and complete the 
call without the aid of an inward operator. 
The composite or simplex signaling cir­
cuits used on tneh::a::ml:~~1.0&fil'toll trunks 
:_ __ eiJ.s __ u_1_ t_-_~r:? ___ ·~_=~_; __ e_ -- __ a_ I __ P_E_ ;~t~r§l:L_l __ Jm_ 1 t_a_ t_ i_~_o __ n of19_Q m es in 1.,ue ___ e.n~L.LO •O~the. trunks. · his 
restrictecf'the- number of toll' centers 
which could be dialed directly from any 
particul·ar toll center. Most traffic was 
limited to calls direct from the outward 
operator to the switches in the dista~~ 
city, and there was little through switch­
ing. 

1.08 The advent of the crossbar switch 
led to the study of common control 

systems for toll dialing and this resulted 
in the development of the No. 4 Toll· 
Switching System. This system introduced 
several important improvements into the 
toll network. It is the first system 
capable of switching a four-wire talking 
connection. It is also the first to use 
mul t Hre-que IlCy 1:n.iis in.g which ,_qp~3:d~ic1.b_ly ---
'Sfiortens~ne~t:t~~-requ~red _ for transmitt:Lng 
'the-purse-~- "wh~-cff-cbntrol the __ switching -
e{lufpillEfnt"-_--o-E.ei_ngji_ £QD1mQ!l__ COIJ_t!'_Q_l _§!y~~eill, 
!t grea1?ly _ en~a.rgE!d Jhe sc9pe __ of a1.1t9m_.a:tJc 
toll switcliirig over. tnat-provra-ed -by step-
by-step toll dialing, because it macie ,to-11 
4Jaling benefits availal:>l~ _t,fJ;,_ne __ l\9-:r:-ge __ 
metrotol;-t.ah areas _YJh~~--Iia,_ne_l and crossbar 
equipment· -is installed. 

1.09 The i9troduction of the No. 4 system 
and the extension of the range of 

the step-by-step toll dialing system, (by 
use of single-frequency signaling), brought 
many be r1~ fl t::i l!JJ.Ft'll:S:-t"~+T~sf~~em:----·~1r<:rw=-=,-, 
ever, these systems do--i:fot nave· --t:ne fea­
tures ·necessary for full nationwide diar.:­
ing. 

1.10 The basic reason for the ;~ade~uacy 
of these systems is tbrt __ ch_ 9_£ ., 

them ~~r:at_e,.a,_,Qn_.a __ tr.unk~--d:rut=~-~~?-s is ra th~ 
than on a de:S~Jn?tio_n ___ b~si!t• Thrn-·-is~ 
say=that-on a toll call that is switched 
through several _ toll centerg>, ~-~<?h t_<?l:b--­
center knows only the ro\lte J;,Q _tne .. J),g..Zt-~­
one in Tine"--~~~n~doesn'~t° know the destin_a~, 
tion o.f._-ttfe.-c~ll_~_~4:'h~rr--ei'ore, -a d-irecting _, 
·codec is required 1or every swit~hin~J~_olnt -c 

~l'f!-rrt:t"or1: -C Fo:r--t:rxampIEf ,--on a call 
f_rc:>ttl Cleve I_a.,~f:~e>~--~e_w _C_~_?_!;J._e_,_J)e_lc1"'?t~_, 
the call ,is r_C)ute<!_ tri_r_ough_~~9J.J __ f:~t11&~~ _in , 
_9-~~~e:l.and, PJ;i;\~5!~,_!p_hia; ~nd Wil_lll_ing.tAn. 
Eight code digits ti:r-e required~ in addition 
to-tne 'subscr16er''s- te re-phone· number. . Code 
~is the trunk group code from .c;;1eve laiia 
~o Philadelphia, ~is the cod-a from 
Philadelphia to Wilmington and .ll.. is the 
trunk group code from Wilmin~o New 
G~e:--TliereTore -; to ·re·acn a subscriber 
in New Castle, whose telephone number is 
2345, the originating toll operator must 
dial 215-302-17-2345 ■ Obviously systems 

- - --=...._____. 
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using such unwieldy digit combinations are 
not suitable for full nationwide dialing, 
and a different system was required. 

1.11 The first s~ _in design;bA&.,3~:Jt~a.de-
q~_~te ~ystem . "!8:~.J~J}EL da~~d . ., . 

. ci .. .!1~-~_!()f!Wfge_. _-.fii@Jie:r ing.=p,lans-r.e~q.uir~ca, ... -
max imum of ten gigits., plus an, added digit 
for -p·arty".Tiries, to route a--can="'f:cf·aey·~-.._, 
subscriber in the nation. Irie 4A syst€it! 
i's--btrli~ouna such a numbering plan. 
WJtp~t;!.1.!~~J.an all of the. ~A sll,l~JJ\~.J,n~­
bu1:I t-up conrlec'e'i"'ofi~Rfiow tne}le f3t inat. ion 
or-tfi~~~II~ 'rfierefore,- on a ~8:ll~siiqJi]!§__,~~· 
tire-one just de~cuJ~~~a, . on'r·r one_~J-digit 
~irneeded ill adcfiticfp to The _ calle~__'­
subscr-ilrerTs ·te)~gh9ne. number :~·~,-~urth~r'."'~:. 
more- th-±s•··rs a.11 that is required !,_o _r_9ute 
a call to any po-int in·-u1e· •na:tfoii, Tspme_ ~­
ca:1~~be·-rou:tect·-e1ir'ou~h:as-rrra:ny as 'ff yen N.Q. 41\ instaUa.tion;i). The . orJ-~-
ng toll_.2Rerf.l..tor.!.fJ._ .. j.!th...~i§_ considerably 

simp!.ified because no-1ll.atter hQw many _ 
switching poinA are .. used on a call, sh.L­
prefixes· only one three-digit code to the 
callea·-s1:nnscqb~rr~Ltelej~hQne numneT~~­
the c::9g.e_.~0L..the._n.umbed.ng_.p~lan.-AI:e a whe r~ 
the call terminates, 

1.12 One other point should be mentioned. 
The development of single-frequency 

signaling removed the JOO-mile limitation 
on the length of intertoll trunks by em­
ploying voice frequencies. This had to be 
done before nationwide dialing could be 
accomplished. Since single-frequency 
signaling does not directly affect the 
switching equipment it is not covered in 
this Section. 

(C) No. 4A Toll Switching System - Nation~ 
wide Operator Toll Dialirii · 

1.13 The No. 4A system is a part of tile 
long range Nationwide Toll Pialing 

Plan which has for its ultimate g9al ,~~ 
tensive application of customer diAling 
of toll calls. Nationwide Ope.ra._tor '1'9ll 
Dialing is the first step in this·-1ong 
range plan. At this stage of the plan 
long distance operators dial or key the i:ri­
formation for routing a call into the 
switching equipment which then automatical~ 
ly completes the call without fiwther 9P~ 
erator assistance. The customers. ~tiil 
place their toll calls with an operato~ a~ 
they do noww Ultim~tely, a customer will 
dial his toll calls the §a.me as he n9w 
dials local calls wherever locd offj.Ge 
facilities can be economically provide~ tp 
enable him to do so. 

1.14 Fig. 1 shows how the 4A toll switch~ 
ing system fits into the genera~ -

over-all toll switching plan. -

1.15 As shown in this figure, the 4A 
system starts with the trunk rel~y 

equipment on an incoming intertoll or toll 
tandem trunk and ends with the trunk r@l~y 
equipment on an outgoing intertoll or t~ll 
switching trunk. 

1.16 (The primary purpose of this section 
is to tell how the 4A switching sys­

tem works. However, to aid in presenting 
this story, selected general material i~ 
also included on the workings of the whole 
crossbar toll system.) 

TOLL OFFICE 
I 
I 

TOLL OFFICE r 
MANUAL OR INTER- I 

4A TOLL SWITCHING SYSTEM 7 
S XS TOLL 

N0.4, A4A, 4A TRUNK *TOLL 
-1-N-CO_M_IN_G_____ SWITCHING OUTGOING I 

(AUTOMATIC) 1--•--1---- ..... TERMINAL TRUNK _gq_Ul.fM_E~ TRUNK 

TOLL EQP~ I 
SWITCHING 

RELAY 
EQUIPMENT 

SYSTEM I 

I ~~CAL 
LfflCE 

OUTWARD 
SWITCHBOARD I 

INCOMING 
TOLL TRUNK 
ANDEMI RELAY 

TRU NKI E QlJ I PM ENT 

L ___ _ 

' 
RELAY 

EQUIPMENT 

OUTGOING 
iRUNI< 
RELAY 

EQUIPMENT 

- - - - _ _J 

6 LOCAL 
OFFICE 1 S IGNALING AND TRANS MISSION EQUIPMENT 

SUBSCRIBER ----- TOLL OFFICE ALSO INCLUDES SWITCHBOARDS, 

'TES'T BOARDS AND PATCHING BAYS. 

SUBSCRIBER 

I TOL.l. OfFIC~ 
INTER~ I 
TOLL MANUAL OR 

lf-TOLL · TRUNK SXS 
TERMINAL....,. ___ __.,..,.. NO'!! A4A, 4 ... "' 

EQPT. (AU I OMATIC) 

TOLL 
SWITCHING! 

TRUNK 

I 
I 
I 

LOCAL I 
OFFICE I 

I 
I 
I 

SUBSCRIBER 

SWITCH I NO 
SYSTEM 

LOCAL 
OFFICE 

SUBSCRIBER 

FIG. I - RELATIONSHIP or 4A TOLL SWITCHING SYSTEM TO 
GENERAL TOLL SWITCHING PLAN. 

Page 6 

( 

C 



/ 

( 

0 

( 

1.17 Toll calls come into the 4A toll 
switching system on toll tandem or 

intertoll trunks and are automatically 
switched to intertoll trunks or toll 
switching trunks going out of the system. 
These calls can come from local offices 
(on toll tandem trunks) and be routed to 
a toll office. Or they can come from a 
toll office (on intertoll trunks) and be 
routed to another toll office, or be com­
pleted to a local office (on toll switch­
ing trunks ) • 

Nationwide Numbering Plan 

1.18 An important requirement for a 
nationwide toll dialing system is an 

adequate numbering plan. This plan should 
be suitable for initial use with operator 
toll dialing, and should anticipate cus­
tomer dialing of toll calls so that little 
or no changes will be necessary in it when 
the ultimate nationwide toll dialing sys­
tem is introduced. 

1.19 The plan must also meet other im­
portant requirements. Some of these 

are: 

(a) Every one of the telephones in the 
system·, which includes all of the 

United States and parts of Canada, 
must have a distinctive nationwide 
telephone number, different from every 
other telephone. ( There are now about 
42,000,000 telephones in this area.) 

(b) The total number of digits in these 
numbers must be kept as small as 

possible (not more than 11), and the 
digits should fall into some easily 
recognized pattern. 

(c) Wherever practicable, existing 
telephone numbers should be re­

tained for making local calls. 

1.20 The 2-5 numbering plan is used for 
local dialing in the numbering areas 

of most of the large cities and its use 
will be extended to many other areas. For 
nationwide dialing purposes, ultimately it 
will form the basis for numbering all tele­
phones. The telephone numbers in this plan 
are made up of an office code with two 
letters and a single-digit number, plus 
four or five numericals. This provides a 
maximum of about 500 non-conflicting, 
suitable office codes. Suitable means 
that the letters in each of the codes are 
part of a pronounceable name with reason­
able spelling. No local numbering area 
has used more than 400 office codes. The 
problem of the nationwide numbering plan is 
to retain these codes for local calls and 
also to use them in the nationwide plan 
for toll calls. 

1.21 This objective is reached in the fol­
lowing way. The United States and 

parts of Canada are divided into gg 
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geographical subdivisions, called Basic 
Numbering Plan Areas. (See Fig. 2, at-:-. 
tached.) Within each of these areas all 
conflicts between office codes are.elimina­
ted. Some of the areas cover as muc·h as 
an entire state, while one covers a single 
city, New York. The size of an area is 
restricted to about 500 offices, be.cause 
of the limitation in the number of suitable 
office codes, which has been discussed. 
Each basic numbering plan area is assigned 
a different 3-digit "area code". 

1.22 In areas with the 2-5 numbering plan, 
the subscriber's local office code,. 

in the great majority of cases, becomes his 
"national office code" as well. The area 
code is prefixed to this national office 
code and the numericals, and the result is 
the subscriber's "nationwide telephone 
number". 

1.23 For example, a local telephone number 
in New York City may be_ MAin 2-1234. 

The national office code is MA2. The area 
code for the geographical subdivision that 
includes New York City is 212. Therefore 
the nationwide telephone number is 212-MA2-
12J4. This is the number that toll opera­
tors, (and ultimately customers), in dis­
tant cities will dial. 

1.24 With this numbering plan, a maximum 
of 10 digits, plus a party digit, 

will be dialed by the outward operator who 
handles the call, to reach any subscriber 
in the United States and parts of Canada. 
These consist of three digits for the area 
code, three for the national office code 
and four or five numericals. No more 
digits are required even though the call 
may progress through several )+A switching 
systems on the way to its destination. 

1.25 As has been indicated, the national 
office code is the existing office 

code in the great majority of ca·ses. In 
some instances a new national office code 
is assigned for receiving toll calls and 
the present code will be retained for 
local calls. 

1.26 A more complete discussion of the 
numbering plan is included later 

under the discussion of the No. A4A toll 
switching system. 

Six-Digit Translation 

1.27 Nationwide dialing requires that 
calls be switched on a destination 

basis rather than on a trunk route basis. 
(See paragraph 1.10.) This means that all 
of the toll,switching systems through 
which a call progresses must know the 
destination of the call. To route calls 
on a destination basis with the nationwide 
numbering plan requires that the 4A system 
be able to examine and use (or translate) 
six digits. The No. 4A system is the first 
system capable of translating six digits. 
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All previous common control systems are 
limited to 3-digit translation which was 
adequate until the advent of nationwide 
dialing. 

Automatic Alternate Routing 

1.28 With manual toll switching, if a 
toll operator finds all the trunks 

busy on a given route to a distant city 
she can select other, alternate routes 
over which to complete the call. Alternate 
routing is done automatically in the No. 
4A system. This system has the ability to 
rapidly make a choice from several alter­
nate routes in its attempts to establish a 
connection. 

Transition Period 

1.29 Systemwide usage of the basic number-
ing plan, and the benefits of 4A op­

eration will be realized gradually as new 
4A offices are added to the toll network 
and as the existing toll crossbar installa­
tions are modified for full 4A operation. 

1.30 The operating methods used will be 
continually changing as more and more 

4A installations are placed in service. 
Therefore the numbering plan used during 
this period will undergo a gradual transi­
tion from the plans in use today in the 
various toll dialing networks to the ul­
timate plan for nationwide dialing. 

1.31 During the transition period, of 
course, the 4A toll switching offices 

will be operating with all the existing 
types of toll offices. However, for sim­
plicity the following general description 
of a call assumes that the full complement 
of No. 4A systems have been installed. A 
more complete description of a toll call 
through the system is given later in this 
part in the more detailed discussion of the 
No. 4A Toll Switching System. 

Toll Call - 4A System 

1.32 The calling subscriber reaches a 
long distance operator through 

switching facilities in his local office 
and gives her his own telephone number and 
the called subscriber's name and city, or 
telephone number and city. The operator 
obtains from her routing instructions, the 
3-digit area code of the basic numbering 
plan area in which the called subscriber 
lives and adds it to his national office 
code and numericals, which usually is his 
local telephone number. The resulting 10-
or 11-digit number is the called subscri­
ber's national telephone number. 

1.33 The No. 4A switching equipment ap-
pears before the outward operator 

as a group of jack-ended trunks. She 
picks out an idle trunk in this group and 
plugs a cord into it. She then keys the 
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called subscriber's national telephone 
number. 

1.34 When the number has been keyed, the 
No. 4A network takes over, selects 

a route to the terminating local office, 
transmits the routing information, (through 
one or more intermediate toll offices where 
indicated), and follows the call to comple­
tion. The outward operator can work on 
other calls while this call is being set 
up because she has visual called party 
supervision. Where one route is busy, the 
4A equipment automatically tries one or 
more other routes,. until it finds an idle 
one. 

1.35 The outward operator observes whether 
the connection is completed and takes 

care of timing and charging for the call. 

(D) Existing Toll Switching Systems 

1.36 As has been indicated, during the 
period of transition to full 4A op­

eration, the 4A system will be operating 
with all of the existing types of toll 
switching systems. Therefore a brief des­
cription of these systems is given and a 
typical call is traced through each of 
them. 

1.37 It should be understood that these 
typical calls are selected toil­

lustrate a general operating procedure. 
In practice, the particular call chosen 
may not be completed in the exact manner 
described here. 

Manual Toll Switching System 

1.38 With manual operation of the toll 
system there is no need for a nation­

wide numbering plan. All the switching is 
done by operators and the toll offices are 
designated by the names of the cities in 
which they are located. There is, ho"1ever, 
a systematic classification of toll offices 
to meet traffic and transmission require­
ments. 

1.39 The offices in the manual toll sys­
tem are classified as follows: 

(a) Toll Center (TC). A toll center 
is a toll office which switches 

toll calls between a group of local 
exchanges located in nearby cities and 
towns, and the long distance network. 
It also is the original toll switching 
point for calls going outside the area 
and the final toll switching point for 
calls from outside toll areas. It is 
the basic switching unit in the toll 
system. There are about 2300 toll 
centers. 

(b) Primary Outlet (PO). A primary 
outlet is the next larger switch­

ing unit; larger in this sense means 
that it serves a more extensive area. 
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It is a toll center which switches 
calls between groups of toll centers. 
Because calls pass through it going 
from one toll center to another, it 
includes facilities for raising the 
transmission·level on those connec­
tions which require it. In addition 
it acts as a toll center to its own 
group of local exchanges located in 
nearby q~ties an~ towns. There are 
approximately 150 Primary Outlets. 
Newark, New Jersey and Kansas City, 
Missouri are examples of PO's. 

(c) Regional Center (RC). A regional 
center is the most extensive of 

the switching units. It is a toll 
center which switches calls between a 
group of PO's. Like the PO's it in­
cludes facilities for raising the 
transmission level on connections 
which require it. It also acts as a 
toll center to its own group of local 
exchanges in nearby ·cities and towns. 
There are 8 Regional Centers. For 
example, New York City and Oakland, 
California are RC's. 

1.40 Figure J shows an elementary (TC), 
(PO) and (RC) network. The circuits 

between these centers are called intertoll 
trunks. In examining the network it should 
be understood that if traffic volume war­
rants it, any office may have direct cir­
cuits to any other office. 

1.41 Some calls are routed through a 
number of switching points (RC, PO, 

or TC) to reach the called subscriber, 
while others may go through one inter­
mediate toll center, or be completed di­
rectly from one to another. 

Typical Manual Toll Call 

1.42 The calling subscriber places his 
call with an outward operator. If 

the call is completed directly from one 

~ 

SECTION A828.101 

toll center to.another, the outward opera­
tor signals an inward oi:erator at the dis­
tant toll center by ringing over the toll 
line. She passes the called number to 
this operator, who completes the call. 

1.43 On a typical built-up connection, 
that is, one in which there are one 

or more through, (intermediate), toll 
centers, the outward operator may consult 
her bulletin or a route operator fo'r rout­
ing instructions. From one of these 
sources she obtains the names of the first 
through.toll center and the terminating 
toll center. She rings the first through 
toll center and tells the through operator 
the name of the terminating toll center. 
This operator sets up a connection to the 
next through toll center, if there is one, 
or to the terminating toll center. She 
rings and then leaves the connection. 
Where there is more than one through toll 
center the procedure is the same at each 
center. When the terminating toll center 
is reached the originating operator gives 
the called number to the inward operator, 
who completes the call to the local office. 

1.44 The originating operator follows the 
call through each toll center and 

remains on the connection until the called 
subscriber answers, then she takes care of 
timing and ticketing the call. 

1.45 Figure 4 shows a typical built-up 
connection between a subscriber in 

Oakland, California and a subscriber in. 
Cleveland, by way qf Chicago, as it would 
be handled in the .rirhnual toll switching 
system. (This same call is described 
later, as it would be handled in the No. 4, 
No. A4A and No. 4A systems.) 

1.46 Subscribe,.· A reaches the outward op-
erator in the Oakland toll office 

through switching facilities in the local 
central office. The outward operator ob­
tains from the calling subscriber his own 

LEGEND 

[:] REGIONAL 
CENTER 
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OUTLET 

~ TOLL 
CENTER 
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OFFICE 

FIG.3 - MANUAL TOLL SWITCHING - LAYOUT AND CLASSIFICATION OF TOLL OFFICES 
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FIG. 4 - MANUAL TOLL SWITCHING 

telephone number and the name or telephone 
number of subscriber Bin Cleveland. (If 
the name is given, the distant information 
operator supplies the telephone number.) 
She then determines the routing of the 
call from her position bulletin or from a 
route operator. Part of this information 
tells her whether she must signal the 
next office manually, or whether it will 
be done automatically. 

lr+ 7 The operator finds that she must 
route the call through Chicago be­

cause there are no direct trunks to 
Cleveland. 

1.48 She selects an idle intertoll trunk 
to Chicago, whiGh terminates on the 

inward switchboard at Chicago, and rings. 
The Chicago inward operator challenges and 
is told by the Oakland operator that th:i.s 
call is to Cleveland. The Chicago inward 
operator transfers the call to the Chicago 
through operator who then selects an idle 
intertoll trunk to the Cleveland toll of-

__ Jice and rings. 

1.49 The Cleveland inward oper~tor chal-
lenges and the Oakland operator gives 

her the called subscriber's telephone num­
ber. The Cleveland operator completes the 
call to subscriber B over a toll switching 
trunk and the facilities in the local of­
f~ce in Cleveland. The Oakland operator 
remains on the call until the called sub­
scriber answers and takes care of timing 
and ticketing the call. 

1.50 When subscriber A replaces the re-
ceiver on the switchhook upon com­

pletion of the call, the Oakland operator 
signals the Chicago operator to take down 
her cords and then takes down her own. 
When subscriber B disconnects, the Clevell!nd 
operator takes down her cords. The trunks 
and switch;ng equipment are now available 
for other calls. 

1.51 In small toll offices the inward 
functions and the through functions 

may be handled at the same switchboard in 
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which case they are performed by the same 
operator. 

Automatic Toll Switching - Types of 
Connections 

1.52 There are three general types of 
toll connections in automatic toll 

switching. Since these connections are 
referred to in this section they are des­
cribed now. 

1.53 In a terminal connection, a call is 
completed from an outward position 

of a toll switchboard over a direct cir­
cuit to automatic switching equipment in 
the distant city where the called subscri­
Qer is located. The call may go directly 
from the outward position or it may go 
through automatic switching equipment, or 
through a manual toll tandem switchboard 
located in the originating toll center. 

1.54, In a sin le switch connection there 
is one through or intermediate) 

toll center between the originating toll 
. center and the completing toll center in 

the distant city. 

1.55 As the name implies, on a multi-
switch connection there are more 

than one through toll centers between the 
originating toll center and the terminat­
ing toll center. 

Step-by-Step Operator Toll Dialing 

1.56 This is the earliest of the toll 
dialing $ystems. Most of the calls 

are terminal connections on which the op­
erator dials from 4 to 8 digits, depending 
on the numbering plan in use in the dis­
tant city. The calls enter the toll center 
in the distant city on the step-by-step 
intertoll switches. These switches dis­
tribute the calls to the proper local of­
fices. 

1.57 On single switch connections the out­
ward operator picks a group of trunks 

to the through toll center and dials a 
maximum of 10 digits (or 11 for party lines) 

l,j 
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~~pending on ~ne number of digits required 
to ~~lect a trun~ at the through toll 
ce~~er, as -well as on the numbering plan 
used in the distant city. The number of 
digits used in the through toll center may 
be two or three; generally, it is three. 
Where the originating toll center has a 
No. 4 installation (described later) the 
outgoing calls may pass through this equip­
ment on their way to the through toll 
9enter, in which case the operator may 
di~+ three more digits qr a total of as 
many as 13 or 14 digits. 

1.58 There are few multiswitch connec-
tions in this system because the 

number of digits require.~ to go through 
more than one through toll center becomes 
too larg~ and unwieldy to permit efficient 
operation, 

Typical Toll Call - Step-by-Step Operator 
Tol,l Dialing 

1.59 Figure 5 shows a single switch con-
nection from Richmond, Virginia, to 

Allentown, Pennsylvania, via Harrisburg, 
Pennsylvania. 

1.60 Subscriber A in Richmond, reaches 
the outward toll operator through 

facilities in the local office and gives 
his own telephone number and the name or 
telephone number of subscriber Bin 
Allentown. B's telephone number is 2-1234. 
The outward operator finds from her rout­
ing information that there are no direct 
trunks to Allentown and that she must route 
the caJ:l through Harrisburg. It also tells 
her that she must dial 053 to get from 
Harrisburg to the Allentown intertoll 
switches, 

RICHMOND, VA. I 
TOLL CENTER - I 

CALLING LOCAL OFFICE 
OUTWARD I 
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1.61 She plugs into the Harrisburg group 
of trunks and dials 053, followed 

by B's telephone number, 2-1234. The 
first three digits, 053, pick a trunk out 
of Harrisburg to Allentown. At Allentown 
the digit 2 directs the intertoll switches 
to local office 2. The remaining digits, 
1234, direct the switches in the local of­
fice to B's telephone. 

1.62 When the subscribers replace their 
receivers on the switchhooks, the 

ijichmonq outward operator rem.oves her cords. 
The switching equipment then restores 
automatically and is available for other 
calls. 

1.63 Timing and ticketing are handled by 
the Richmond operator. 

o,erator Toll Dialing Through Crossbar 
andem 

1.64 Crossbar tandem serves a purpose in 
toll dialing similar to that of 

step-by-step toll dialing equipment. 
Crossbar tandems are installed in large 
cities because of the economies which re­
sult in the local s-witching plant. They 
also find important use in the toll dial­
ing plan because they permit toll dialing 
into .these large cities. However, exist­
ing crossbar tandem systems, unlike step­
by-step, are not used as through centers 
on single or multiswitch calls. 

Typical Toll Call - Operator Toi°l Dialing 
Through Crossbar Tandem 

1.65 Figure 6 shows how subscriber A in 
Miami, Florida, is connected to sub­

scriber Bin New York City via Gotham 
crossbar tandem in New York City. 
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1.66 Subscriber A reaches the Miami out-
ward operator in the usual way and 

places a call for subscriber B, whose tele­
phone number is MUrray Hill 2-1234. There 
are direct intertoll trunks between the 
outwar.d switchboard in Miami and Gotham 
tandem. The operator plugs into one of 
these trunks and dials MU 2-12)4.-

1.67 The automatic switching equipment in 
Gotham tandem examines and uses the 

first three digits, 682 (MU2 = 682), to 
select a trunk to the desired local office, 
MUrray Hill 2. The remaining digits, 1234, 
are sent by Gotham tandem to MUrray Hill 2, 
where the local switches direct the call 
to B's telephone. 

1.68 When the subscribers disconnect, 
, the Miami operator removes her cords 

and the switching equipment restores to 
normal automatically. Timing and ticket­
ing are done by the Miami operator. 

1.69 Step-by-step and crossbar tandem op-
erator toll dialing are not suitable 

by themselves for any nationwide toll dial­
ing plan. However, both of these facili­
ties will be used to supplement the 4A 
Nationwide Operator Toll Dialing systems 
wherever they are economical. 

No. 4 Toll Switching System 

L70 The No. 4 toll switching system was 
developed primarily to bring the 

economic and service advantages of opera­
tor toll dialing to the large multioffice 
areas like New York City. Its use con­
siderably increases the scope of toll dial­
ing. 

Common Control 

1.71 The No. 4 System is a marker type of 
common control system, and uses 

crossbar switches for all switching opera­
tions. "Common control" means that the 
switches in the talking connections are set 
up by certain equipment units which are 
common to all the switching frames in the 
office. A common control system has the 
ability to store and reuse digits which are 
pulsed into it by a dial or keyset. The 
marker is the major control unit of the 
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common control equipment. One of its im­
portant functions is to make sure that 
there is an idle outgoing trunk available 
before attempting to set up a talking con­
nection. The common control equipment is 
used on each call only long enough to set 
up a talking connection, after which it 
releases and is ready to serve another 
call. 

_Four-Wire Switching 

1.72 In addition to being a marker type of 
common control system, the. No. 4 sys­

tem also differs from previous manual and 
automatic toll switching systems in that 
it is a 4-wire system. This means that two 
voice paths per trunk are provided through 
the switches - one fo~ each direction of 
voice transmission. Prior to the develop­
ment of the No. 4 system, toll switching 
systems -were on a 2~wire basis the same as 
the local systems. 

1.73 Before repeaters were developed, 
large gauge conductors and loading 

coils were used in outside toll plant to 
maintain proper transmission levels. A 
cheaper method of maintaining transmission 
levels was provided with the introduction 
of the vacuum tube repeater. The use of 
repeaters makes it possible to use.smaller 
gauge conductors, and also economically 
extends the range of long distant telephone 
communication, but, as will be pointed out, 
four wires are required to get through the 
repeaters. 

1.74 Ho~ver, while the introduction of 
repeaters into the toll system brought 

many benefits, it introduced several prob­
lems and made necessary some changes in the 
existing toll systems. It is beyond the 
scope of this section to go into the de­
tails. However, the following discussion 
gives a general picture of the reasons for 
using 4-wire switching circuits and the ad­
vantages which result. 

1.75 Because a vacuum tube amplifies in 
one direction only, repeaters are 

4-wire circuits. Therefore, in 2-wire 
switching systems, when repeaters are used 
on a 2-wire trunk, the trunk must be con­
nected to four wires where it enters the 
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repeater and then back to two wires where 
it leaves the repeater. This conversion 
must be made at every repeater point. 

1.76 These conversions from two wires to 
four wires and back again introduce 

certain undesirable transmission effects 
which limit the number of repeaters· that 
can be provid~d on a toll line. It also 
limits the gain of each repeater. 

1.77 The use of' 4-wire trunks (or carrier), 
between toll offices eliminates these 

conversions with their undesirable effects. 
However, in 2-wire switching systems, con­
version from four wires to two wires is 
still required at the ends of the 4-wire 
trunks where they enter and leave the 
switching equipment. Therefore, although 
4·-wire trunks eliminated the intermediate 
conversion points which are required when­
·ever a 2-wire trunk goes through a re­
pea~er, conversions were still numerous 
when· severa.l 4-wire . trunks -were connected 
in tandem through 2-wire switching systems 
such as the manual and early toll dialing 
systems. 

i.78 The four-wire switching feature ;f' 
the No~ 4 system eliminated many of 

these conversion points because four wires 
are provided through the switches. It is 
only necessary to convert the 4-wire trunks 
to two wires at the originating and ter­
minating ends of the toll connection, so 
that they can be switched through the 
originating toll switchboard and the ter­
minating local office. These are the only 
conversion points no matter how many 
switching offices and trunks are used to 
establish a connection. 

Routing Plan and Code System 

1.79 The routing plan used in the No. 4 
system follows the general manual 

toll switching plan in which the basic 
unit is the toll center. As in the manual 
system, there is no nationwide numbering 
plan. 

1.80 In the manual system, toll of.fices 
are designated by names. In the No. 

4 system, arbitrary 3-digit codes are as­
signed to the intertoll trunk groups out­
going to other toll centers. 

1.81 There are about 2300 toll centers in 
the United States and a 3-digit code 

system provides a maximum of only 1000 
codes. Therefore some of these 3-digit 
codes must be repeated in the national 
network. However no repetitions occur in 
any of the toll centers reached by direct 
trunks from a particular No. 4 system. In 
other words, looking out from a given No. 4 
installation, there are no conflicts in the 
codes of any of the trunk groups going 
directly to other ·toll centers. However, 
other toll centers may use the same codes 
for reaching their own trunk groups. 
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1.82 The No. 4 system does not have the 
ability to "spill" code digits for­

ward. Therefore a separate set of code 
digits is required for each toll switch­
ing center in a built-up connection. For 
this reason the No. 4 system operates on 
a trunk route basis rather than on a des­
tination basis. (See par. 1.10.) 

1.83 The No. 4 system can register as 
many as fourteen digits. The first 

three digits received by a No. 4 office 
are used to select an outgoing trunk to tht3 
next office. The remaining digits are 
"spilled" forward"' The second set of three 
digits are then used at the· second office 
to find a trunk to the third office. The 
third set of three digits is used to select 
a trunk from this office to the local of­
fice in which the call terminates. The 
numericals are then spilled forward to 
this local office. 

1.84 Three digi.ts are used up or absorbed 
at each No., 4 office· therefore, 

using a maximum of 14 digits (three sets 
of )-digit codes and 5 numericals~ the 
number of toll switching points in a con­
nection is limited to thre·e .__ (The mechani­
cal process of determining, from each- of 
these sets of three digits, the equipment 
location of their associated groups of 
trunks is called 3-digit translation. 
Translation is one of the important fea­
tures of common control systems~) 

1.85 An automatic alternate routing fea-
ture is not included in this syste& 

Instead, alternate routing is under con­
trol of the outward operator. Where the 
preferred route is busy at any switching 
point, (except the trunks to the local 
office), she selects an alternate route if 
one is indicated on her routing information. 
Of course, a different set of digits are 
dialed to select the chosen alternate 
route •. 

1.86 The No. 4 system considerably in-
creased the scope of toll dialing and 

introduced many worthwhile features in the 
toll system. In addition to the important 
advantages of 4-wire switching and multi­
frequency pulsing, the No. 4 system has 
the advantages of high speed switching, 
self-checking circuits, precious metal 
contacts in all talking paths, and the 
ability to make more than one attempt to 
set up a call, (second trial feature). It 
has the further advantage or· flexibility 
in assigning trunks and in changing the 
size of trunk groups. All these features 
were carried into the A4A and 4A systems. 

le87 Six No. 4 toll switching systems have 
been installed, located in Phila­

delphia, New York, Chicago, Boston, 
Cleveland and Oakland, California. It is 
planned to modify all these systems to the 
equivalent of the 4A system. 
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Typical No. 4 Toll Call 

1.88 The manual call described earlier is 
completed on a fully automatic basis 

in the No. 4 system. Figure 7 shows how 
this call is handled by the No. 4 system 
when subscriber A in Oakland, California 
calls subscriber B whose telephone number 
is MAin 2-1234, in Cleveland. There are 
no direct trunks to Cleveland, so the call 
is completed via Chicago. 

1.89 Subscriber A reaches the Oakland out-
ward operator through switching _ 

facilities in the local office, and places 
the call with her. The outward operator 
obtains the routing information which tells 
her to add 312-216 to B's telephone number. 
She plugs into a trunk to the Oakland No. 
4 system and keys Jl2-216-MA2-12J4. 

1.90 The first three digits, (312). are 
translated (examined and usedf, in 

the Oakland No. 4 system to select an 
intertoll trunk to the Chicago No. 4 toal 
system. The Oakland No. 4 system then 
spills forward the remaining digits, 
216-622-1234 (MA2=622)~ The Chicago No. 4 
system translates 216 to select an inter­
toll trunk to the Cleveland No. 4 toll 
system and spills forward 622-1234. The 
Cleveland No. 4 system translates 622 to 
select a trunk to the called local office, 
MAin 2, and spills forward 1234. The local 
(dial) office uses these digits to connect 
to subscriber B's telephone. The outward 
operator at Oakland times and tickets the 
call. 

1.91 When the subscribers disconnect, the 
Oakland outward operator takes down 

her cords and the equipment returns to 
normal. 

(E) No. A4A Toll Switching System 

General 

1.92 The toll dialing methods used in the 
systems just described require a 

3-digit code to select a trunk group out of 
each switGhing point~ As the number of 
switching points increases for a particular 
call• the string of digits keyed by the 
outward operator becomes unwieldy. 

A 

CALLING 
SUBS. 
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OAKLAND 1 CAL. 

OUTWARD N0.4 TOLL 
SWITCHBOARD SYSTEM 

312 -21& 
622 -12 34 

216-622 
1234 

1.93 In addition, the code for a trunk 
route to a given switching point 

varies with the points of origin, and the 
use of automatic alternate routing, which 
is a must for nationwide dialing, would 
further multiply the number of codes which 
must be known to route a call. All of 
these codes, which are arbitrary, and have 
no significance in themselves, must be 
posted and kept up to date. 

1.94 Altogether, the large number of 
digits required and the amount of in­

formation which must be posted make full 
nationwide dialing impossible with pre­
vious toll dialing methods. 

1.95 It has been pointed out that to be 
suitable for nationwide toll dialing, 

a system should use a minimum number of 
digits and should not require more than 
ten or eleven digits to complete any toll 
call. Also the codes used in the number­
ing plan should have universal meaning, 
that is, the same code should be used to 
reach a given destination, regardless of 
where the call originates. This is neces­
sary to keep the amount of routing infor­
mation required by the outward operators 
at a minimum. 

1.96 As has been indicated, the 4A system 
was specifically designed for opera­

tor nationwide toll dialing and anticipates 
future conversion to nationwide customer 
toll dialing. The A4A system. which is an 
advance 4A system, is the ini~ia1 _ _$_~~p i_!L_. 
the general_ 2_rogram · Iofnationwide dfaTing. 
It has some -of the 4A feature·s ·in a·1rmited _ . _ 
form, ana~irf ·order to real1~~--·pie~·oe·ne_flts-- ==­
orthe-S"e--features as_ s~e>ri as J'<:>.~~p;i.~.,_-~-_ 
se-ve-rcrl--uf'-t-l'fErse·advance · systems were in­
stalled while development of the 4A system 
was being completed. Since all A4~§ystems _ 
will ultimately be changed to 4A systems .. , ... __ 
tner-kJ+A--dlfsrgn·· includes -features which 
s'l.mpl"i~y-·the· modif icatiori. 

Numbering Plan 

1.97 A brief story of the nationwide num­
bering plan has already been told. 

(Par. 1.18 anti fallowing paragraphs. ) 
Since the features of the 4A system,,and 

CHICAGO, ILL. 

N0.4 JOLL SYSTEM 
(312) 

CLE.VELAND 1 OHIO 

N0,4 TOLL 
SYSTEM 

1234 

LOCAL 
OFFICE 

MA-2 

B 

CALLE.D 
SUBS. 
1234 

FIG. 7 - CALL USING N0.4 TOLL SWITCHING SYSTEM 
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to some extent those of the A4A system are 
built around the numbering plan, the num­
bering plan story will now be completed 
before going into the features of these 
systems. 

1.98 As previously discussed, the United 
States and parts of Canada are 

divided into 88. basic numbering plan areas, 
each having a distinctive 3-digit area 
codes assigned to it. 

1.99 Within each of these areas every 
local office has a distinctive 3-

digit office code which is different from 
every other office code in the area. These 
are the national office codes and in 2-5 
numbering areas they are the existing 
office codes. However, where two or more 
central offices in a basic numbering plan 
area had the same office code, new office 
codes were assigned to all but one of 
them to eliminate the conflict. 

1.100 Also in some areas, new national 
office codes were assigned for re­

ceiving toll calls and the present tele­
phone numbers retained for local calls. 
These are the cases where 2- or one-digit 
office codes, or no office codes~are used, 
For example, Indianapolis, Indiana is a 
2-digit office code area. The 2-digit 
codes are retained for receiving local 
calls, but for toll calls they are expanded 
to three digits. PLaza 2468, for instance 
becomes PLAza 2468 for receiving toll 
calls. 

1.101 The three digits of the area code, 
together with the )-digit national 

office code and the four or five numericals 
constitute the subscriber's national tele­
phone number. These are the numbers which 
will be keyed by the outward operators to 
complete toll calls from one area to 
another when the full complement of 4A toll 
systems have been installed. {On calls 
completed within the same area, the area 
code is not used.) They are also the num­
bers that customers will dial in the ul-

.timate customer dialing plan. 

Nationwide Numbering Plan Codes 

1.102 Five types of codes are used in the 
nationwide numbering plan. 

1. National Office Codes 

2. Area Codes 

J. Service Codes 

4. Delayed Call Operator Codes 
(TX Codes) 

5·. Toll Center Codes (TC Codes) 

1.103 Figure 8, attached, shows the num­
bering plan for nationwide toll 
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dialing in chart form. Reference to this 
chart will simplify the following discus­
sion. 

1.104 National Office Codes: There are 
1000 possible J-digit codes, 000-999, 

The national office codes are taken from 
the so-called ABX block in this series, 
that is, the first two digits can be any 
number from 2 to 9 and the third any digit 
from Oto 9. This provides 640 codes 
(8x8xl0). Of these about 500 can be used 
for cod~s containing a practical office 
name, and this limits the size of a basic 
numbering plan area to roughly 500 codes. 

1.105 The remaining codes in the ABX block 
contain combinations which cannot 

be used to spell anything, or else spell 
names easily misunderstood. Some of these 
are used for TC codes, which are described 
in paragraph 1.112. 

1.106 Area Codes, {AOX,AlX), are taken 
from the AOX and AlX block which 

means that the first digit can be any num­
ber from 2 to 9, the middle digit O or 1 
and the last digit,.any number from Oto 9. 

1.107 The area codes have full significance 
only in the 4A system. In the A4A 

system they are used in the same way as the 
arbitrary 3-digit codes - they desig~ate a 
particular toll center. 

1.108 Service codes are special codes 
used to reach Information, Rate and 

Route, and other assistance operators~ 
They are in the lDl group where D means 
any digit except 1, for example, 131, 141, 
181, etc. These codes are the same in all 
toll offices. 

1.109 Dela ed Call O erator Codes TX are 
used by toll operators to compete 

toll calls which are delayed due to in­
ability to reach the called subscriber. 
They are the same as those used in the 
manual toll switching systems, and are used 
for the same purpose. 

1.110 TX codes may be one-digit E, 2-digit 
EX, or 3-digit EXX. The E means any 

digit from 1 to 9 and the X any digit from 
0 to 9. In the toll crossbar systems they 
are always preceded by dialing or keying a 
prefix 11. For example, a one-digit code 
might be lll, a 2-digit code 11~, and~ 
3-digit code llfil. 

1.111 A familiar example of the use of 
TX codes is on a ~rson-to-person 

call where someone else answers the tele­
phone and is asked to tell the called sub­
scr.iber to "call the Oakland, California 
long distance operator 375". The TX code 
is ill and with a prefixed 11 it is used 
by the toll operator in the called sub­
scriber's city to reach a team of TX opera­
tors in Oakland where the call originated. 
In Oakland there is a group of operators 
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which is divided into teams of 4 or less, 
each team having a TX number assigned to 
it. An operator in the team with TX No. 
375 completes the call to the calling sub­
scriber. 

1.112 A Toll Center Code (TC) is assigned 
to each toll center. With 4A op­

eration, most of these are taken from the 
ABX codes referred to under National Office 
Codes, (par. 1.104) which cannot be used 
for office codes (approximately 140). 
These codes are used by toll operators in 
one office who wish to reach an operator 
in another toll office. 

1.113 Since the service codes are the 
same in all toll offices, and TX 

codes will be repeated in some national 
numbering areas, a TC code is needed to 
select the particular toll office desired. 
This is then followed by an operator code. 
Calls to an assistance operator or to a 
service desk use the service codes, and 
calls to a TX operator use the TX codes 
just described. For example, the TC code 
for the Newark, N.J. toll office may be 
899. Therefore, the nationwide number to 
reach the 121 assistance operator in the 
Newark toll office is 201 lNew Jersey area 
code), 899 (TC code) and 121 (Service code), 
or 201-899-121. 

1.114 Toll center codes are not required 
u@.~r~-~l.A_..QR,e_~~tio_n_~fnce the . rout­

i_~~ c~de~ us~fL:wiU~~~l:w~~Aire ct,~~­
to t:lie . prgper tq_ll ,<;~Jlltu:,.~'°the,"°'s.ame -lll~_n.;. -~ 

- ner , for ·rea_ching operator-s, 0 -as 0 -f-o:r-,c-~reaching 
· subscribers. 

1.115 The arbitrary 3-digit systems codes 
used to identify toll centers in 

the A4A system are taken from the OXX, lXX, 
XOX and XlX group of codes. In addition 
to these systems codes, which have nation­
wide significance, there are other codes 
of .limited use taken from this block of 
numbers. These are listed only in routing 
information in the nearby, more important, 
toll switching points and they may be 
duplicated in several basic numbering plan 
areas. 

Classification of Offices 

1.116 The RC, PO and TC classifications 
used in previous toll switching 

systems are retained in the nationwide toll 
dialing plan (see paragraph 1.39). In 
addition there is a National Center, (NC) 
and a Sectional Center, (SC). The National 
Center will handle overflow traffic when 
the trunks between two Regional Centers 
reach their peak traffic load. Each Sec­
tional Center serves a group of Primary 
Outlets. SC's save outside plant by dis­
tributing traffic to their groups of PO's, 
which traffic otherwise whould have to 
go to an RC to be distributed. 
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1.117 The NC, all of the RC's and SC's 
and many of the existing PO's have 

been designated as key switc~1ing points in 
the nationwide dialing plan. Under 4A op­
eration these key points are called Control 
Switching Points (CSP's). Although the 
No. 4 and A4A systems are installed in 
these future CSP's, the term CSP has no 
significance until these systems are modi­
fied to 4A operation. 

1.118 With A4A o eration the mos 
portan .. ~ ,~l- . \!S'!l?_J,lj_ a CSP ) in each 

bas~.c rty:ml>~~ring plan are_a i~_ ~~~~!gned __ th,e__ 
area code. The remaining- future J;SP.' s -in...____ 
each-area, as well as other impor-tant tal.L, 
centers with the higher calling rates from 

, other "No-•. -4,. and. A4A syst-ems, are~ssigned 
, arbitrary 3-digit codes. These codes are 

the systems·~cod~-s-·referreci to in par. 1.115 
and they will be published in o1erators' ~ 
btrrJ:e tins, ( ro~ti_J!g ~~_nformation , through­
outc~-he ne tworlc. - There are no conflicts 
betwEre'fr=tnese(~codes·--anywnere In tlieriatTa·n­
wide network, and the.y identify the same 
destination regardless of whether they are 
dialed from a No. 4 or a No. A4A installa­
tion. 

.1.119 These arbitrary systems cbdes are 
required for to11·centers in the A4A 

system because this system can translate 
only J digits. The 4A system can translate 
6 digits and this is an important differ­
ence between the two systems. The necessity 
for arbitrary codes with J-digit transla­
tion is discussed later in 1.129, Three­
digit Translation. 

1.120 The systems codes will be discarded 
when the full complement of 4A in­

stallations are in service and existing 
No. 4 and A4A installations are modified 
for 4A operation. Then the area codes will 
take on their full significance of designat­
ing an entire basic numbering plan area. 

Switching Plan 

1.121 As has been indicated, the A4A sys-
tem has some of the 4A features in 

limited form. These features, which will 
be described shortly, permitted the im­
mediate introduction of the nationwide num­
bering plan, (with the addition of the 
temporary systems codes), and make it pos­
sible to realize the important advantages 
of using a maximum of only 10 or 11 digits 
to reach any subscriber in the nationwide 
network. 

1.122 However, the A4A system uses the 
manual toll switching plan with a 

limited amount of automatic alternate rout­
ing. Th~ switching plan used with the 4A 
system makes full use of the CSP's which 
permits a considerable increase in the ef­
ficiency of the intertoll trunks. This 
plus the full use of the nationwide 
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numbering plan requires all of the 4A sys­
tem features, such as 6-digit translation, 
extended automatic alternate routing, etc. 
This switching plan is discussed under ill 
No. 4A 'l'_oll . .S.wit.chi_ng .System. 

Nationwide Toll Dialing Features - A4A 
System 

1.123 · The A4A system includes in limited 
form some of the 4A features which 

are useful during the early stages of 
nationwide operator dialing. The follow­
ing is a description of these features, 
with typical calls illustrating them. 

Variable Spilling and Code Conversion 

1. 124 To meet :.the :t!S-q_tt4:-:re·me-nt-s~..e:f!-1-1a-t-i.o.n-...._ 
wide_q.i,~J,,ing_iL~essary on 

some caus· to d~j&J~~=gr,CJO c_llange the . area 
6r-nat-tt>1la:l""ofl'1ce code d1gits- keye~-~ 
the 0 -outwa._i:_d"_~ 9.R~t~~or_ 12~J 9!".if'_t.ne~ numl>er-i""S~=~_ 
S"pi1.j:Etff~_§=~h~·-.ne·xt-oi'flc(!;··,~Tnis- ... is~aQfie"""~"~=-­
oy--tne-use of tne vafla.l;>le _spiJii.11g.:,;~p.d_: __ :_ 
co11-e~-con.vers3:"orCfea,tures. _EHhe:r- 9ne_, or 
b'ot•h"-o-f'-t1jese··_ feLaJijr_~s')nay -b.~ l,lSecL on a -- -
given·~on call. ln the A4A system they 
are provided in limited form and are not 
s1lft.!l5le !'or the !£U _uM ~ ofnff]JJnwitte _ 012-
erator toll dialing; The~llmltations will 
-be.c.Qme-a-ppa·rent"1.~e t· on in -the des cri ~-!2.n 
of- the 4A system. 

1.125 With variable ~illing all -~he code_ 
1g:tts can be spiried forward, or 

some of t em_ can _____ ~ e_ a an _ -
M+A system and the remainjJl_g...._g,,Qde di g1ts ,.. 
plus the m.unericals spilledfor.~r_d,. The _ -­
A1+-A-sye-1'em~n-sk±p~t~coae~a~_ ¾fie---~­
""'}r C ~ s __ kt i}➔ ee ot'_ a:rr:_. -A ·c:g;;r~~:~e:•h-re -.... n ~~~ . E _:.!,::;:-;-. . . - - -- -,_..,__._..~.,m -.!'~~ . ~p, -.. •· • 
ortn use o var~~fe_'""sJ?il.ling ~l~ Jn th.~=-
case- of a~-single-· ~oi:_ ~'!~~ts'!! tJ;:J1 .£!.!J,,,,._'-'"'"P -
w~e--'1:.-he---l-a-st'---througn 4E. or A4A switching 
system-reee-i-ve-s:.--~s-ix-,code"'•d"igit-s ,·-skips the .. , __ .,. 
ar~a code ( or systems code in A4.A) , which 
ts--no ~ longer re quired a:na_:Jui1.llL,t.~rd""--""' 
~~~uf!J:,nJ;_ng __ nat:ion~t oFfiC_f!,-~.9<Ul,-digRi:''-=' 
ana nume:ric~ls. ~--

1.126 The code conversion feature makes 
it poss i trre~fl>r"atcA=4Jl.~-,r:ryY~-

QQAYe rt lbe 3-ciigit national a~ code, 
which is the one keyed by the toll opera-

~~;-~~Ja~~ ~fi~-~at~~;bn~:gvt:~ffi~-c~~~~-1#~~ 
F':D[·-c1 ~ an example where tfi,?;S _ ty:~ ... 
code- converstt>rr-•is used. when trie lo cal 
telephone number has a 2-digit office code 
or--an=tm-sui-~a-ele=-3-d·ig-it=cude s~cicfl OJ>-_ -
e-rating-pra.-ctrg~:.:~:-must_~be.::I'.o.Ilo.\ea:.unfir===-~"'' 
the- !Jyst·em- is converted to 4A. -~ 

-- ---••·••a~ C-- .. ~.-~.~c~--~--• 
1.127 There is a limited amount .of-au:t.G>­

matic al~ernate routing in the A4A 
,§y;s.tem. '-T-h±s-li:ffl'i'ta'.t;'.t'·M n :errat on a dien_ 
call not more than four subgroups or a 
total of 160 outgoing trunks are avai!a61e. 

....,TJiis7:ncTua~ s _~ the __ pref~eLciiiita.J~~unlfa_ --~_,_ .. 
ana tfie'a~ternate route trunks. This is not 
·a serioU:ff limitation in the A4A system. ~-
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Typical Calls 

1.128 An important difference between the 
A4A and the 4A systems, 3-digit 

versus 6-digit translation, has already 
been mentioned. Typical calls illustrating 
3-digit translation are described below. 
(Similar types of calls are described in 
par. 1.152 and following paragraphs toil­
lustrate 6-digit translation.) These calls 
and others which follow also illustrate 
automatic alternate routing, variable spill­
ing and code conversion. The calls are 
described in nationwide numbering plan 
terms. However, it should be kept in mind 
that in completing these calls through the 
A4A system the area codes do not designate 
an entire basic numbering plan area. They 
perform the same limited functions as the 
arbitrary systems codes until the conver­
sion to 4A is made. These typical calls 
assume A4A installations, although some of 
the places mentioned actually have No. 4 
systems. 

1.129 Three-Digit Translation: Figure 9 
illustrates the operation of 3-digit 

translation on two calls from subscriber A 
in Oakland: one call to subscriber Bin the 
Cleveland toll center area whose number is 
MAin 2-1234, and the other to subscriber C 
in Canton, Ohio, whose number is MAin 3-1234. 
Both calls are routed through Chicago. 

1.130 Cleveland and Canton are in the same 
numbering area. The area code 216 

has been assigned to the more important 
Cleveland toll center and an arbitray sys­
tems code, 016, has been assigned to the 
Canton toll center. 

1.131 On the call to subscriber B, the 
Oakland outward operator keys 

216-MA2-1234 into the Oakland A4A system, 
which translates the 216 to select a trunk 
to Chicago and then spills forward the 
whole numb'er. The Chicago A4A translates 
the 216 to select a trunk to the Cleveland 
toll center. It spills forward only a 
portion of the digits, 622-1234, (MA2=622), 
skipping the Cleveland toll center code. 
This illustrates the variable spilling 
feature. 

1.132 The Cleveland toll center trans-
lates the 622 to select a trunk to 

local office, MAin 2, and spills forward 
the 1234 which the local office uses to 
reach subscriber B. 

1.133 On the call to subscriber C, the 
Oakland operator keys Ol6-MA3-1234. 

The Oakland A4A system translates the 016 
.and again selects a trunk to Chicago, 

spilling forward 016-623-1234. The 
Chicago A4A translates the 016 to select 
a trunk to the Canton toll center, and 
the call is completed to subscriber C like 
the Cleveland call described above. 
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OAKLAND, CAL. 
AREA 415 

CHICAGO, ILL. 
ARE:A 312 

CLEVE:LAND, OHIO. 

AREA 216 

LOCAL 
OFFICE 

NQA4A SYSTEM 

I 
I 

CLEVEL,.., I;) 
NO.A4A SYSTEM 

CODE 216 
LOCAL 

OFFICE 

A 

CALLING 
$UBSC.RIBER 

FIG. 9 - 3-DIGIT TRANSLATION 

'' I 

,0 l:L. ,o,0 !!:.o 
- lll:: lll::- ◄ 
0 Cl)OC\111)1\1 

I 016 1 I 216, L--:J L,; __ :.J 

3-DIGIT 
TRANSLATION 

622-,234 I 
623-12 34 I 

-VARIABLE 
SPILLING 

ff 

,, 
(\ !!: C\I 
(\ lll::l'\I 
\C II) ,0 

--::, 
L~~2_. 

3-DIGIT 
TRANSLATION 

MAIN 2(&22 

12_34 

B 

CALLED 
SUBSCRIBER 

--------- 12 34 

CANTON, OHIO . 

NO,A4A SYSTEM LOCAL 
SYSTEMS CODE 016 OFFICE 

Cfl~II) 
C\I :::ii:: 1\1 
,0 II) ,0 

I 62_3, 
L--:J 

3-DIGIT 
TRANSLATION 

MAIN 3-(623) 

1~34-

C 

CALLED 
SUBSCRIBER 

1234 

NO,A4A TOLL SWITCHING SYSTEM. 

1.134 Automatic Alternate Routin2: Figure 
10 illustrates the use of the auto­

matic alternate routing feature. Assume 
that on the typical call from Oakland, 
California to subscriber Bin Cleveland 
all the.trunks to Chicago are busy. In 
this case the Oakland A4A system may auto­
matically select an alternate route through 
St. Louis. The St. Louis A4A system re­
ceives all the digits, 216-622-1234, from 
Oakland and translates 216 to select a 
trunk to Cleveland. St. Louis then uses 
the variable spilling feature and spills 
622-1234 to Cleveland where the call is 
completed to subscriber B. This alternate 
routing does not require any action 9f the 
outward operator. ' 

\ 
1.135 Code Conversion: Figure 11 shows 

how the code conversion feature 
works on a call from subscriber A in 
Chicago to subscriber Bin Troy, New York. 
For the purposes of this illustration 
assume that Troy is a step-by-step area 
and that lo.cal calls in this area are com­
pleted by dialing five digits. Subscriber 
B's local telephone number is 2-1234, but 
for his national telephone number this is· 
changed to TRoy 2-1234, (872-1234). The 
Chicago outward operator frefixe! the 
Albany systems code 518, which happens to 
be the area code too) and keys 518-872-
1234. The Chicago A4I system translates 
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518 to select a trunk to Albany. The 
Albany A4A converts the 872 to a 2, se­
lects a trunk to the Troy intertoll step­
by-step switching train and spills 2-1234. 
The intertoll train uses the 2.to reach 
the local office switches which complete 
the call to subscriber B. 

(F) No. 4A Toll Switching System 

1.136 The two most important differences 
between the 4A and the A4A systems 

are the ability of the 4A system to trans­
late six digits, and the expansion of the 
automatic alternate routing feature in 
this system. 

1.137 Six-digit translation makes it pos-
sible to translate the combination 

of the area code and the national office 
code. This permits the 4A system to make 
a choice of more than one trunk route to a 
given basic numbering plan area, without 
requiring arbitrary systems codes for all 
but one of the route~. As indicated in 
pars. 1.128 to 1.133, with 3-digit trans­
lation, each trunk route to a given number­
ing plan area must have a different code. 

1.138 The expanded automatic alternate 
routing feature makes it possible 

for the 4A system to automatically check 
the preferred route and as many as five 

0 
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OAKLAND, CAL. CHICAGO, ILL. CLEVELAND, OHIO. 
AREA 415 AREA 312 AREA 216 

NO.A4A SYSTEM 

LOCAL OUTWARD 
OFFICE SWITCHBOARD 

216-622 
.1234 

REGULAR 
ROUTE. 

ALL I 
TRUNKS 

:r: 
\ I 

,1 
ALTERNATE ~ 

ROUTE 

NO.A4A 
SYSTE.M 

LOCAL OFFICE 
MAIN 2-1234 

~------~ 
ST. LOUIS MO, 

AREA 314 

VARIABLE I 
SPILLING 

FIG. 10 - AUTOMATIC ALTERNATE ROUTING 
NO. A4A TOLL SWITCHING SYSTEM. 

alternate routes in rapid succession in 
setting up a connection. 

1.139 These features are essential for 
the ultimate nationwide customer 

toll dialing plan, and without them exten­
sive use of operator toll dialing would be 
impractical. 

Six-Digit Translation - Card Translators 

1.140 Six-digit translation is accomplish-
ed by a device called a card trans­

lator._ Because the card translators used 
in making 6-digit translation are a very 
important part of the 4A syste~, a brief 
description of them is included here. 
They are described in more detail in Part 
J. 

LOCAL 
OFFICE 

CHICAGO, ILL. 

AREA 312 

OUTWARD 
SWITCHBOARD 

NO. A4A 
SYSTEM 

1.141 A given No. 4A system in one basic 
numbering plan area may have direct 

trunks to two or more toll centers located 
in'another basic numbering plan area. On 
a -.call to this numbering plan area the 
only routing information the No. 4A system 
receives is the-. area code, and the national 
office code and numericals. It does not 
receive any direct information as to the 
particular toll center in the area which 
serves the local office of the called 
customer. ln, order to switch the call to 
that particulJr toll center, the 4A system 
must be.able to do its translation from a 
combination of the 3-digit area code and 
the 3-digit. national office code. (This 
is 6-digit translation.) The area code 
determines the basie numbering plan area, 
and the combination<¥ this code plus the 

I 
I-

I 
I 
I 

NO. A4A 
SYSTEM 

ALBANY, N. Y. 

AREA 518 

TROY, N. Y. 
TOLL CENTER 

INTERTOLL 
SXS SWITCHES 

LOCAL 
OFFICE NO. 2 

A 

CALLING 
SUBS. 

518-872-1234 
872-1234 2- 12 34 1234 

f' IG. 11 

1 
VARIABLE 
SPILLING 

- CODE CONVERSION 
NO, A4A TOLL SWl'TCHING SYSTE~. 

1 
CONVERTED 

FROM 872 

CALLED 
SUBS. 
1234 
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national office code tells which of the 
trunk groups to that area must be used to 
reach the toll center and local office 
which serve. the called customer. 

1.142 The card translator, which trans-
lates the six digits, is an electro­

magnetic device and uses metal cards, 
vacuum tubes, phototransistors and trans­
istor amplifiers instead of relays, which 
are used in other types of translators. 

1.143 Every 4A installation has three or 
more card translators. Each trans­

lator has a capacity for one thousand and 
twenty metal cards. (This capacity will 
probably be increased.) These cards con­
tain the routing information for all the 
calls going through a 4A system. Each 
card contains the routing information 
which is used for switching a specific 
call from a 4A system to another toll 
switching center or to the local office 
where it terminates. 

1.144 Each card is mechanically coded to 
correspond to one particular area 

code, to a particular national office code, 
or to an area code plus a national office 
code. This coding is done by using dif­
ferent combinations of small metal tabs 
on the bottom of the metal cards. These 
tabs are used to select, or "drop" a card 
into the position where its routing infor­
mation can be read. 

1.145 When a given 4A system receives a 
call, it determines from the area 

code or from a combination of the area 
code and the national office code, the 
corresponding card which has the routing 
information for that call. It then se­
lects and drops this card. 

1.146 All of the card blanks from which 
the working cards are made have 118 

holes. The routing information for a work­
ing card is added to the blanks by enlarg­
ing some of these holes. That is, the 
routing information for switching a speci­
fic call is incorporated on a given card 
by enlarging certain of the holes in a 
definite pattern. This pattern is de­
ciphered in the following manner: 

1.147 When the translator cards are in the 
rack, awaiting a call, the 118 holes 

are all lined up to form tunnels through 
the cards. A light source on one side of 
the stack of cards shines through these 
tunnels and hits a group of phototransistors 
on the other side, lined up one in front 
of each tunnel. Nothing happens, however 
because the associated transistor ampli­
fiers are inactive. 

1.148 When a call comes in, the proper 
card drops about three-sixteenths of 

an inch. This closes all of the light 
tunnels except the ones corresponding to 
the enlarged holes in the dropped card. 
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At the same time the transistor amplifiers 
are activated and those opposite the open 
light tunnels are energized. The result­
ing amplified signals are used by the 4A 
system to switch the call. This process 
is described in more detail in Part 3. 

1.149 The card translator has many advan-
tages over the conventional re~ay 

type of t~anslator used in the No. 4 and 
No. A4A systems. Changes in routing in­
formation are made by simply replacing 
cards with the old information with cards 
having the changed routing information. 
New routings are added by inserting new 
cards. This eliminates the job of adding 
or changing numerous cross connections 
which is necessary with conventional relay 
translators. 

Typical Calls 

1.150 In paragraph 1.129 and following 
paragraphs, two typical calls are 

described, both to subscribers in the same 
numbering plan area but served by different 
toll centers. This is an example of 3-
digit translation, which requires arbitrary 
systems codes for all but one toll center, 
in those cases where there is more than one 
toll center in a basic numbering plan area. 

1.151 Figure 12 shows how these same calls 
would be completed in the 4A system 

with 6-digit translation which eliminates 
the necessity for arbitrary systems codes. 

1.152 The Oakland operator keys the area 
code, 216, follo\\ed by the appro­

priate national office code and numericals, 
to reach either subscriber B or C. The 
arbitrary systems code 016 is not required, 
the area code 216 now having its full 
significance of meaning an entire basic 
numbering plan area. 

1.153 On the call to subscriber B, in 
Cleveland Ohio, the Oakland toll 

operator keys 216-MA2-12J4. The Oakland 
toll office translates the first three 
digits to select a trunk to Chicago and 
spills forward 216-622-1234. 

1.154 

(one 
must 
this 

The Chicago 4A toll office has 
two trunk groups to the 216 area, 

to Cleveland and one to Canton), and 
determine which one shall be used on 
call. 

1.155 This is done with 6-digit transla-
tion as follows: The area code, 216, 

indicates that one of the trunk groups to 
the 216 area must be selected. The national 
office code MA2 (622) determines that this 
is the trunk group to Cleveland, since the 
MAin 2 office is in Cleveland. In this way 
the Chicago toll office translates the com­
bination of the ~rea code and the national 
office code to select the trunk group to 
the Cleveland toll center. 
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1.156 The Chicago toll center spills for-
ward 622-1234, skipping the area 

code. The area code is skipped when the 
call is on a trunk which terminates in the 
called numbering area. This again illus­
trates the variable spilling feature. The 
Cleveland toll center receives 622-1234 
and completes the call to subscriber B. 

1.157 On the call to Subscriber C in 
Canton, whose number is MAin 3-1234, 

the Oakland toll operator keys 216-623-
12)4. When the call arrives in Chicago 
the 4A system again translates the first 
six digits and this time selects a trunk 
to Canton, because the office with national 
office code MAin 3, (623), is in Canton. 
The call is then terminated in the same 
manner as in the previous examples. 

Variable Spilling and Code Conversion 

1.158 Along with 6-digit translation and 
the expansion of automatic alternate 

routing, more comprehensive variable spill­
ing and code conversion features are pro­
vided. 

1.159 The 4A system has the ability to 
skip three or six digits and spill 

the remainder of the number forward. In 
addition, one, two or three code digits 
can be prefixed as required before spill­
ing. 

1.160 This prefixing feature can be used, 
for example, on a connection be­

tween subscribers in the same basic number­
ing plan area but where the call is routed 
through a neighboring area. (The call is 
routed through a neighboring numbering 
plan area because there are no trunks from 
the toll office in the home numbering area 
to the called office, but there are trunks 
from the neighboring area to the called 
office.) On such a connection the outward 
operator does not key an area code. How­
ever, because the call is routed through a 
neighboring basic numbering plan area, the 
equipment automatically prefixes an area 
code (the home area code), and this directs 
the call through the neighboring area. A 
typical call illustrating this kind of op­
eration is described in Part 4, Method of 
Operation on Typical Calls. 

1.161 The code conversion feature is ex-
panded so that the national office 

code can be changed to any desired three, 
two or one digits, or can be dropped en­
tirely. Examples of such conversions are 
shown in Fig. 8. 
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1.162 In the 4A system this feature can 
be used to convert the 3-digit area 

code to any other three digits, or to any 
two or one digit. This could be used, for 
example to route a call through a step-by­
step toll center. 

1.163 With these new and broader features, 
full use is made of the national 

numbering plan, and outward operators can 
dial the subscriber's national telephone 
number on the majority of calls. The re­
sult is that in many cases such calls can 
be completed by using information received 
from the subscriber without referring to a 
large routing bulletin or to a routing op­
erator. 

Switching Plan 

1.164 The switching plan used in nation-
wide dialing employs a new system 

of routing toll calls in which intertoll 
trunks (the various types of intertoll 
trunks are discussed in Part 3) are util­
ized at very high efficiency and yet the 
chance of a call being delayed on account 
of finding all trunks busy is small. This 
is made possible by an alternate routing 
plan in which, on a given call, a preferred 
route and as many as six predetermined al­
ternate routes can be tried in rapid suc­
cession. In this way, the call can be ad­
vanced toward its destination over any one 
of several routes in which an idle trunk 
is available. 

1.165 The intertoll trunks are used at 
high efficiency because most of the 

trunk groups are engineered to carry only 
a part of the traffic load offered during 
peak, or near peak periods, the balance 
being overflowed successively to other 
groups, where it is combined•with similar 
overloads from other sources. These are 
t,he "high usage" trunk groups and they are 
the preferred routes. The small percentage 
of calls not disposed of on these trunk 
routes are overflowed to a "final" group 
where they are almost certain to find an 
idle path available. These final groups of 
trunks.are engineered on a liberal basis, 
that is', enough trunks are provided to make 
the probability small that any call will 
encounter an all trunks busy condition. 
The effect is to keep all the trunks in the 
network busy most of the time, while at the 
same time keeping the percentage· of calls 
encountering all trunks busy at a minimum. 

1.166 The traffic is distributed over 
these high usage and final trunk 

groups at the Control Switching Points. As 
indicated in par. 1.118, these CSP's are 
the most important traffic centers and they 
include the NC, all of the RC's and SC's, 
and some of the PO's. These centers re­
quire all of the features of the 4A system 
to do their switching jobs and therefore 
ultimately each will have a No. 4A instal­
lation. 
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1.167 All ordinary toll centers, (that is, 
other than CSP's), are limited to 

single switch calls and they may have step­
by-step, or common control dial equipment. 

1.168 Figure 13 is a schematic of the 
fundamental toll network showing the 

various classes of toll offices and the 
high usage and final trunk routes intercon­
necting them. 

1.169 Each TC has a final group of trunks 
to one particular CSP. This is its 

"home" CSP and it may be a PO , SC , RC or 
the NC. In a similar manner, there is a 
final group from each PO to its home SC, 
or RC; from each SC to its home RC; and 
from each RC to the NC. In addition, there 
are final groups between RC's in the nation­
wide toll network where traffic justifies 
it. These final groups of trunks are the 
final routes, and they comprise the back­
bone network of paths from any one toll 
center to any other toll center. 

1.170 In addition to this backbone network 
of final trunk routes, high usage 

trunk groups are provided between any two 
~oints, regardless of their categories, 
lthat is, whether PO, SC, etc.), where the 
traffic justifies it. The number of high 
usage groups greatly exceeds the number of 
final groups. 

1.171 The following discussion describes 
the possible routes which a call 

may take in going from a PO (A), to a TC 
(B). (See Fig. 13.) This figure shows 
seven switches, (PO-SC-RC-NC-RC-SC-PO), 
which is the maximum number required to 
switch a call between any two points in the 
nationwide network. Actually, a very 
minute percentage of calls will involve as 
many as seven switches, and a v&ry small 
percentage as many as five. 

1.172 In a great many cases not all of 
the high usage groups shown in the 

figure will be available because of insuf­
ficient traffic to justify a group. 

1.173 It will be noted from the following 
discussion, that a call is con­

tinuously passed from one CSP to the next 
in the chain in its search for an idle 
trunk. 

1.174 In the first switch, through home 
PO (A), there are five high usage 

trunk groups which can be used to get to 
TC (B). These are a, b, c, d, and e and 
they are tested in this order. (A high 
usage group could also be provided to NC 
but this is rarely used.) If no idle trunk 
is found in these groups, the call is 
switched over the final group of trunks, 
f, to the home SC. Here there are four 
high usage trunk groups available. These 
are tested as follows: Home SC to TC (B), 
and then in order to distant PO, distant 
SC and distant RC. If these are all busy, 
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FIG. 13 - FUNDAMENTAL TOLL NETWORK 

the call is switched over the final group 
of trunks to the home RC. Here there are 
three high usage trunk routes available. 
The call progresses in this manner until it 
gets to the final route between the dis­
tant PO and TC (B), which is the last one 
available. In this rather unlikely case, 
the call would be advanced to its destina­
tion, TC (B), entirely by final trunk 
groups. As indicated in this example, the 
order of rotation in testing the trunk 
groups is from far to near. That is, the 
first route tested is direct to the dis­
tant TC serving the called local office. 
Testing then proceeds in order to the 
distant PO, SC and RC, and finally to the 
home or near RC. 

1.175 The whole operation of checking the 
available routes is performed in a 

small fraction of a second. 

Vacant Code Routing 

1.176 Since the 4A systems are scattered 
all over the nation, the information 

on changed or added national office codes 
will not reach all CSP's at once. Even if 
they did, it is not practicable to make 
changes in all CSP's at exactly the same 
time. Therefore, a CSP in one area may 
have a call to an office in another basic 

numbering plan area which looks like a 
vacant code because the national office 
code of that office was recently changed 
and this information was not yet recorded. 

1.177 in order to handle such calls, a 
"principal city" CSP is assigned to 

each basic numbering plan area. National 
office code changes or additions affecting 
offices in any numbering plan area are re­
corded immediately in the principal city 
CSP for that area. 

1.178 All calls to vacant codes are routed 
to the principal city CSP's. This 

includes calls to actual vacant codes, 
(unassigned), as well as those that just 
look like vacant codes. Codes that look 
like vacant codes but which are actually 
assigned are completed by the principal 
city CSP. On the others the principal city 
returns reorder tone. 

1.179 As has been indicated, ultimately 
it is expected that customers will 

dial toll calls the same as they now dial 
local calls. The 4A system, being on a 
destin&tion basis, anticipates this because 
it does not care whether the call is 
dialed by an operator or by the customer. 
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2. SWITCHING PRINCIPLES 

(A) General 

2.01 The function of the 4A system is to 
switch toll calls received on incom­

ing trunks (incoming traffic) to various 
kinds of outgoing trunks ( outgoing traffic). 
Incoming traffic is received from outward 
operators at local and toll switchboards 
and from other toll centers. Outgoing 
traffic either goes to another toll office 
or it is terminated in local offices 
served by the 4A toll office. 

2.02 The switching principles used for 
handling this traffic are discussed 

here without taking into account specific 
trunking arrangements; these are covered 
in Part J. 

2.03 The 4A system is a crossbar system 
and therefore its basic element is a 

crossbar switch. A description of the 
switch'is given in this part because an 
understanding of its operation is essen­
tial to an understanding of the system as 
a whole. 

(B) The Crossbar Switch 

2.04 The crossbar switch is an ele~trical-
ly operated relay mechanism consist­

ing of ten horizontal paths and ten or 
twenty vertical paths. Any horizontal path 
can be connected to any vertical path by 
the operation of magnets. The points of 
connection are known as crosspoints. The 
switch with ten vertical paths has 100 
crosspoints and is called a 100-point 
switch; the one with twenty vertical paths 
has 200 crosspoints and is called a 200-
point switch. Figure 14, attached, shows 
a partial perspective view of a crossbar 
switch. 

2.05 Horizontal Paths: There are five 
selecting bars mounted horizontally 

across the face of each switch. These bars 
can be partially rotated either up or down, 
under control of select magnets, thus form­
ing two horizontal paths per bar, making a 
total of ten horizontal paths. 

2.06 Each selecting bar has flexible se­
lecting fingers attached to it, one 

finger for each vertical path. 

2.07 Vertical Paths: Ten or twenty verti-
cal units are mounted on the switch 

and each unit forms one vertical path. 
Each unit operates under control of a hold 
magnet and has ten groups of contacts (one 
for each horizontal path) associated with it. 

2.08 Each group of contacts may consist of 
three to six pairs of contact springs. 

A switch is classified according to the 
number of crosspoints and pairs of springs -
for example, a 200-point 5-wire crossbar 
switch. 
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2.09 Operation of the Crossbar Switch: The 
normal position of the selecting 

fingers is horizontal, lying between two 
groups of contacts. When a select magnet 
operates, the selecting bar is partially 
rotated either up or down and one of the 
horizontal paths available to this bar is 
chosen. The selecting fingers now lie in 
front of a group of contacts. 

2.10 The hold magnet of the vertical path 
to be connected to this horizontal 

path then operates its holding bar which, 
using the selecting finger as a wedge, 
causes the group of contacts beside the 
selecting finger to operate, thus connect­
ing the horizontal and vertical paths. 
Both the select and hold magnets must be 
operated in order to close a crosspoint. 
The other groups of contacts on this verti­
cal unit do not operate since there is no 
selecting finger between them and the 
holding bar. Figure 15, shows the action 
of the selecting mechanism. 

2.11 After the operation of the hold mag-
net the select magnet releases, re­

turning the horizontal bar to normal. How~ 
ever, the finger used to establish the 
connection, being flexible, remains wedged 
against the contacts by the holding bar and 
in this way keeps the contacts operated. 
When the hold magnet releases, the connec­
tion is released and the selecting finger 
returns to normal. 

2.12 Split Switches: A crossbar switch 
usually has each horizontal path 

strapped on the wiring side, thus making 
ten horizontal paths as shown on Fig. 16. 
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2.13 In a split switch this horizontal 
strapping is cut in order to provide 

more than ten horizontal paths. For ex­
ample, as shown on Fig. 17, a switch can 
be split between the tenth and eleventh 
verticals; this provides ten more horizon­
tal paths on the switch. 

2.14 Figure 18, attached, is a photograph 
of the apparatus sides of a 100-point 

and a 200-point switch. 
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(C) Switching Frames 

General 

2.15 As has been pointed out, the function 
of a 4A office is to switch toll 

calls coming into the office on incoming 
trunks, to outgoing trunks to other offices. 
The connections in the talking paths of 
these calls are established through cross­
bar switches located on two kinds of 
switching frames: incoming frames and out­
going frames. As the names indicate, the 
incoming trunks are located on crossbar 
switches on incoming frames and the out­
going trunks on crossbar switches on out­
going frames. Most offices have an equal 
number of incoming and outgoing frames, 
but in some offices certain conditi~ns may 
upset this balance and result in an un­
equal number. 

2.16 Figure 19 is a simple diagram of the 
talking path or "channel" between an 

incoming trunk and an outgoing trunk. Re­
ferring to this figure, the incoming trunks 
bring the toll calls to the incoming frame 
primary switches. The calls are extended 
from here to the incoming secondary switches 
over "incominf links" and from these to 
the outgoingrame primary switches over 
"junctors". The "outgoing ~" then ex­
tend the calls to the outgoing secondary 
switches on which the outgoing trunks are 
terminated. In this manner these groups 
of paths, or "channels", make every 
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outgoing trunk in an office accessible to 
each incoming trunk on each incoming frame 
in the office. 

2.17 This method of connecting incoming 
trunks to outgoing trunks is one of 

the main advantages of all crossbar systems. 
It makes these systems desirable for use 
in small offices as well as in the largest, 
and greatly reduces the extent of changes 
required when an office grows. 

Incoming Frames 

2.18 Each incoming frame is made up of 
primary switches and secondary 

switches. 

2.19 For simplicity the following discus-
sion is confined to an installation 

with provision for 200 trunks per incoming 
frame.' Later on under Method of Increasing 
Frame Capacity thereis an explanation as to 
how JOO trunks per incoming frame are pro­
vided. 

2.20 There are thirty 200-point crossbar 
switches on each frame. Twenty of 

these are primary switches and are mounted 
in pairs on two primary bays, ten switches 
in each bay. The other ten are secondary 
switches and are mounted on one secondary 
bay. 

2.21 The corresponding verticals of each 
of the ten pairs of primary switches 

are multipled so that each pair of switches 

OUT. F"RAME I 

OUT. 
TRKS. 

OUT. 
TRKS. 

F' I G. I 9 - PAT H OF CALL THROUGH IN C. AND OUT. FR AMES 
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has twenty verticals and twenty horizontals. 
(See Fig. 20A, attached.) The incoming 
trunks are terminated on the horizontals 
of these ten pairs of switches and there­
fore up to 200 incoming trunks can be lo­
cated on one frame. A group of trunks 
coming in from a given office is spread 
over as many incoming frames as feasible. 
Therefore the 200 trunks on each incoming 
frame consist of trunks from several of~ 
fices. 

2.22 The 200 pairs of verticals are con-
nected to the horizontals of the 

secondary switches by means of 200 incom­
ing links. Since in the case under dis­
cussion there are only ten secondary 
switches for the 200 links, the switches 
are split in half thus providing 20 hori­
zontals on each switch. 

2.23 These 200 incoming links from the 
verticals of the ten pairs of pri­

mary switches are distributed'over the 
horizontals of the ten split secondary 
swhtches in a fixed pattern, two links to 
each switch. Thus the links are arranged 
in a. vertical-horizontal spread. ( See 
Fig. 20A.) 

2.24 The verticals on the primary switches, 
as well as those on the secondary 

switches, are designated left and right, 
(OL to 91 and OR to 9R). The verticals of 
the primary left half switches terminate 
on the horizontals of the secondary left 
half switches. Similarly, the verticals 
of the primary right half switches ter­
minate on the horizontals of the secondary 
right half switches. The number of the 
primary vertical where the link or~ginates 
is the same as the number of the secondary 
switch on which the link terminates, and 
the primary switch number is the same as 
the secondary horizontal number. For 
example, a link on primary switch 8, left 
vertical 6 terminates on secondary switch 
6; left horizontal 8. _ 

2.25 The incoming ends pf 200 junctors 
are connected to the 200 verticals 

of the incoming secondary switches. (The 
outgoing ends connect to primary switches 
on outgoing frames as is described shortly.) 

,The vertical-horizontal spre~d of the in­
coming links makes every one of these 200 
junctors available to each of the 200 in­
coming trunks. 

2.26 As a matter of interest, the primary 
and secondary switches with- their 

interconnecting links on each incoming 
frame could be replaced by one large cross­
bar switch with 200 horizontals and 200 
verticals. Then each incoming trunk_ would 
have access to all of the 200 junctors the 
same as with the link arrangement, and 
theoretically there could be 200 simul­
taneous connections. However, such a switch 
would be difficult to build and would be 
prohibitive in cost and maintenance. 
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Furthermore, it would not be suitable for 
doing the many jobs in other parts of the 
telephone system which single small 
switches, or groups of the small switches 
can do. The links make it possible to get 
the same results using these small, rela­
tively inexpensive switches. 

Outgoing Frames 

2.27 The outgoing frame, like the in~om-
ing frame, is made up of primary and 

secondary switches. The incoming toll 
calls from the incoming frames are carried 
to the outgoing frames on junctors which 
interconnect the incoming frame secondary 
switches and the outgoing frame primary 
switches. They are exte~ded to the second­
ary switches, on which the outgoing trunks 
are located, over outgoing links. Outgoing 
links perform the same type of function as. 
the incoming links; they give each toll 
call coming into a frame over a junctor 
access to every outgoing trunk on the 
frame. 

2.2 8 The number and arrangement of the 
crossbar switches is the same as that 

on the incoming frame with one exception: 
there are ten primary switches and ten 
pairs of secondary switches which is just 
the reverse of the arrangement on the in­
coming frame. The link pattern (Fig. 20B, 
attached) is also the same except for the 
reversed position of the primary and 
secondary switches. The slmilarity is ap­
parent in Figs. 20A and 20B. 

2.29 The same kind of rule for tracing 
link connections applies here as it 

does on the incoming links: the number of 
the primary horizontal where the link ori­
ginates is the same as the number of the 
secondary switch on which the link ter­
minates, and the primary switch number is 
the same as the secondary vertical number. 
For example, a link on primary switch 8, 
left horizontal 6, terminates on secondary 
switch 6, left vertical 8. 

2.JO Up to 200 outgoing trunks are ter-
minated on the horizontals of the 

secondary switches. The outgoing trunks 
on one frame can connect to many different 
offices. As in the case of incoming trunks, 
the trunks to each office are spread over 
as many outgoing frames as feasible. The 
reason for this is brought out in the 
story on Control of Switching Functions. 

Method of Increasing Frame Capacity 

2.Jl Under Incoming Frames, only the ar-
rangement for 200 incoming trunks is 

described, to simplify the explanation of 
the switching principles. The two bays of 
primary switches, mentioned in para-
graph 2.20, on which these 200 trunks are 
terminated, are called the primary bay and 
primary extension bay. These two bays are 
always provided. Where it is desired to 
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increase the capacity to JOO incoming 
trunks, a third bay called a supplementary 
extension bay, may be furnished. The like 
verticals of all three bays are then mul­
tipled. The number of links and junctors 
remains the same. 

2.)2 Similarly, under Outgoing Frames, 
only the arrangement for 200 outgoing 

trunks was described, and for the same 
reason. Two secondary bays, the secondary 
and secondary extension bays, are always 
provided. A supplementary extension bay 
may be furnished where it is desired to 
increase the capacity to JOO outgoing 
trunks. As in the similar case of the in­
coming frame, like verticals of all three 
bays are multipled. 

J.D) Junctors 

2.33 As we have seen, links provide the 
traffic paths between the primary and 

secondary switches of individual incoming 
and outgoing frames. Junctors, on the 
other hand, provide the traffic paths from 
the secondary switches of each incoming 
frame to the primary switches of every 
outgoing frame in an office. 

2.34 Links are permanently connected in a 
fixed pattern which is the same for 

every frame on every job regardless of the 
size of an office. As contrasted to this, 
there are diff~rent junctor patterns for 
different sizes of offices. By pa~tern is 
meant the junctor distribution plan, that 
is, the incoming and outgoing frame ter­
minations of each junctor, without regard 
to whether the junctor is run directly or 
through a distributing frame. 

Junctor Patterns - General 

2.35 In order to understand junctor pat-
terns, it is necessary to have a 

picture of some of the traffic problems in­
volved in connecting incoming toll calls 
to outgoing trunks. 

2.36 In9oming trunks are assigned to the 
incoming frames in such a manner that 

each frame handles about the same amount of 
traffic. This traffic (from each frame) 
spreads equally over all the outgoing 
frames. Therefore the junctors from ea~n 
incoming frame are divided into as mah~ 
groups as there are outgoing frames. Each 
of these groups has the same number of 
junctors. (There are a few minor e·xcep­
tions in which some groups may have one 
more than others. The reason for this is 
given later in this part under :!:ntertoll or 
Combined Train) • 

2.37 A junctor joins a vertic~l of an in-
coming frame secondary ~ldtch to a 

ve:tical of an outgoing frame primary 
switch. There are 20 verticals on each of 
the ten incoming frame secondary switches 
and a like number on the ten outgoing 
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frame primary switches. Therefore, there 
is space for connecting a maximum of 200 
junctors on each of these frames. 

2.38 Since each incoming frame has room 
for not more than 200 junctors and 

there is a group of junctors to each out­
going frame, it follows that the more out­
going frames there are the smaller each 
group will be. (However, there is a mini­
mum number that can be provided in a group 
ip order that the group does not become so 
small as to be inefficient.) 

2.39 When an office grows, junctors have 
to be provided from each incoming 

frame to all of the new outgoing frames. 
In order to make room for the added trunks 
and still preserve the arrangement whereby 
the incoming trunks from each office are 
spread over several incoming frames, and 
the outgoing trunks to each office are 
spread over several outgoing frames, (see 
paragraphs ·2.21 and 2.JO), some of the 
existing trunks have to be reassigned. The 
result is that each incoming frame ends up 
with the same number of trunks, the same 
total number of junctors and the same 
amount of traffic. However, the traffic 
from any one incoming frame is now spread 
over more outgoing frames. Therefore the 
number of junctors to each outgoing frame 
can be reduced without impair,ing service. 

2.40 Because the number of junctor groups 
from each incoming frame is always 

equal to the number of outgoing frames, it 
is obvious that there will be different 
junctor patterns for different sizes of of­
fices. If an office did not grow, then 
junctors could all be cabled directlr and 
would be fixed (for each size office) like 
links. However, offices do grow and 
therefore provision must be made for chang­
ing the number of junctor groups, which, 
of course, also changes the sizes of the 
groups. 

2.41 Certain junctors are not affected by 
the growth of an office and these can 

be permanently connected from the incoming 
frames to the outgoing frames. The number 
that can be connected in this manner de­
pends on the number of frames provided in 
an office. The larger the installation, 
the greater the number of junctors that can 
be connected directly. The remaining in­
coming and outgoing frame verticals are 
cabled to a junctor grouping frame. Here 
the proper number are cross-connected to 
provide the additional number of junctors 
required for the particular size of office 
involved. 

2.42 The permanently connected junctors 
are in a symmetrical, easily recog­

nized pattern. This is illustrated in 
Table A, which shows an intertoll or com­
bined train office which has reached its 
ultimate size of 10 incoming frames and 
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10 outgoing frames and therefore all junc­
tors are permanently connected. 

TABLE A 
Junctor Distribution 

Intertoll or Combined Train Office 
10 Incoming Frames and 10 Outgoing Frames 
(Ultimate Size Office) (All Junctors from 
Incoming Frame Oto Outgoing Frames Oto 9 

are shown.) 

Inc. Out. 
No. Fr. Fr. 
of Inc. Out. Out. Inc. Sec. Pri. 

Juncts. Fr. . Ve rt • Fr. Ve rt • Sw. Sw. 

20 0 0 0 0 (01-91 01-91 
(OR-9R OR-9R 

20 0 0 1 1 " II 

20 0 0 2 2 " " 
20 0 0 3 3 " " 
20 0 0 4 4 " " 
20 0 0 5 5 " " 
20 0 0 6 6 " " 
20 0 0 7 7 " " 20 0 0 8 8 " " 
20 0 0 9 9 n " 

It can be seen from Table A that the 
junctors are in a symmetrical pattern in 
which: 

(a) Incoming frame number is the same 
as the number of the vertical on 

the outgoing frame primary switch. 
(Inc. Fr. No.• Out. Vert. No.) 

( b ). Outgoing frame number is the same 
as the number of the vertical on 

the incoming frame primary switch. 
(Out. Fr. No.= Inc. Vert. No.) 

(c) Incoming frame secondary switch 
number is the same as the number 

of the outgoing frame primary switch 
number. (Inc. Fr. Sec. Sw. No.= Out. 
Fr. Pri. Sw. No.) 

2.43 The cross-connected junctors do not 
fit into this symmetrical pattern. 

Their arrangement is arbitrarily set for 
each size of office. Because some of the 
cross-connections may be changed each time 
an office grows, these arrangements are 
designed for one purpose and that is to 
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minimize the amount of work required to go 
from one size office to another. Table C, 
(shown later, under Intertoll or Combined 
Train), illustrates this difference be­
tween the permanently connected junctors 
and the cross-connected ones. 

2.44 When the first addition to an office 
is made, some existing cross-connec­

tions are rearranged and some new ones are 
added. Also the cable leads from certain 
verticals of the existing and added incom­
ing and outgoing frames are tied together 
at the grouping frame to form additional 
permanently connected junctors. These 
junctors then become part of the sym.metri­
cal JR ttern. 

2.45 On the next addition, more cross-
connections are replaced and shifted 

in this manner and thus more junctors join 
the symmetrical pattern. 

2.46 When the ultimate size of an office 
is reached, all junctors are i:erman­

ently connected in a symmetrical pattern. 

Switching Trains 

2.47 There are two types of traffic handled 
in a toll office - intertoll and toll 

completing. As shown in Fig. 21, intertoll 
traffic is traffic from one toll office to 
another toll office and toll completing 
traffic is traffic from a toll office to a 
local office. There. are two types of 
"switching trains" corresponding to these 
two types of traffic. (A switching train 
is a group of incoming and outgoing frames 
interconnected by junctors.) In some of­
fices intertoll traffic is carried on 
"intertoll trains" and toll completing 
traffic on "toll completing trains". An 
office with this arrangement is a "separate 
train" office. In other "combined train" 
offices, both types of traffic are carried 
on a "combined train" as shown in Fig. 22. 

2.48 As stated earlier, there is a minimum 
size of junctor group to preserve 

group efficiency. Actually there are two 
minimum sizes, one· for intertoll or com­
bined trains and one for toll compJe ting 
trains. 

OUT. FRAM ES 

OUT, TO 
INTERTOLL TRAFFIC TRKS. O THE:R ~..,_ ____ TOLL 

INC. 
TRKS. 

TOLL COMPL. TRAFFIC 

FIG.21 - SEPARATE TRAIN OFFICE 

OF FICES 

OUT. 
TRKS, TO 

li--+-----LOCAL 
OFFICES 
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INC. FRAMES OUT.fRAMES INTER TOLL 

I M] ..-----..MJ TRAfFIC OTHE~OTOLL 
INC. : 

T_R_K_S•·•----i ----------t T !~Aw~ c" L. OF~~ES 

. _ _ ·--•----- LOCAL OFFICES 

flG.22 - COMBINED TRAIN OFFICE 

2.49 The minimum number of junctors in a 
group is 20 for intertoll or combined 

trains and 10 for toll completing trains. 
Because of these different minimums, there 
is a different set of junctor patterns for 
each of the two types of trains, even 
though they may have the same number of 
frames. For example, an office with 10 in­
coming and 10 outgoing frames in an inter­
toll or combined train has a different 
pattern from that of the same number of 
frames in a toll completing train. 

2.50 The reasons for the different mini­
mums for the two types of trains are 

explained under (E) Control of Switching 
Functions. 

Intertoll or Combined Train 

2.51 The minimum number of junctors in a 
group is 20 for the intertoll or com­

bined train. Table B shows the number of 
junctor groups and junctors from each in­
coming frame for offices with different 
numbers of outgoing frames up to an ulti­
mate size of 10 incoming and 10 outgoing 
frames. An even number of incoming frames 
and an even number of out.going frames are 
always provided. Generally there are the 
same number of incoming and outgoing frames. 
In Table B the number of incoming frames 
is not shown because all the data applies 
independently to each incoming frame re­
gardless of how many there are. In fact, 
the whole junctor story will be most easily 
understood if the pattern is visualized as 
it is seen looking from one incoming frame. 
This gives the whole picture because the 
junctors from all the other incoming frames 
follow the same pattern. 

TABLE B 
Intertoll or Combined Train 

Number of Junctors per Incoming Frame 
for Offices up to an Ultimate Size of 

10 Incoming and 10 Outgoing Frames 

From Each Incoming Frame 
No. of No. of No. of *Total 
Outgoing Junctor- Junctors No. of 
Frames Grou12s Per Gre. Junctors 

2 2 60 120 
4 4 40 160 
6 6 JO 180 
8 8 25 200 

10 10 20 200 

*A junctor joins a vertical of an incoming 
frame secondary switch to a vertical of an 
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outgoing frame primary switch. All unused 
incoming secondary and outgoing primary 
awitch verticals are cabled to the junctor 
grouping frame. These are not junctors -
they become junctors when they are joined. 

2.52 This table shows the total number of 
junctors provided per incoming frame 

as well as the number of jtinctors between 
any incoming frame and each outgoing frame. 
Since each incoming frame handles the same 
amount of traffic regardless of the size 
of an office, it follows that the traffic 
carried by each junctor group from a given 
incoming frame is e qua.l t o the total traf­
fic on that incoming frame divided by the 
number of outgoing frames. Thus, in an 
office with 4 outgoing frames, each junc­
tor group carries one fourth of the total 
traffic from an incoming frame, whereas in 
an office with ten outgoing frames each 
junctor group carries only one tenth of the 
total traffic. Therefore the size of the 
junctor groups must increase as the number 
of outgoing frames decreases. This is evi­
dent from Table B. 

2.5J It will be noted that in the smaller 
offices the full capacity of 200 

junctors for each incoming frame is not pro­
vided. For example, in an office with only 
2 outgoing frames, each incoming frame has 
only 120 junctors, (one group of 60 to each 
of the 2 outgoing frames} instead of the 
200 which could be provided. 

2. 54 There are several reasons why all the 
junctors are not provided on these 

small jobs. One is that the groups are 
larger, and therefore more efficient. The 
calculations required to determine the prop­
er number of junctors for each size of of­
fice are complicated and are beyond the 
scope of this section. These calculations 
have been made, and from them charts have 
been prepared which show the number of junc­
tors per group for each size of office. 

2.55 Figure 23, attached, shows the junctor 
pattern for an office with an ultimate 

size of 10 incoming and 10 outgoing frames 
but equipped initially with 2 incoming and 
2 outgoing frames. To simplify the diagram, 
only one incoming frame is shown. For the 
same reason only three switches O, 4 and 9 
are shown on both the incoming and outgoing 
frames. Directly cabled junctors and cross­
connected junctors are shown as well as the 
spare incoming and outgoing verticals which 
are cabled to the junctor grouping frame. 
As shown in this figure the junctors are 
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connected from the incoming left half 
switches to the correspondingly numbered 
outgoing left half switches. The incoming 
right half switches are connected in a 
similar manner to the outgoing right half 
switches. 

2.56 Figure 23 also shows how the perman-
ently connected junctors form a· sym­

metrical pattern while the cross-connected 
ones do not. This also is clearly shown in 
Table C. 

2.57 As discussed previously in connection 
with Table A, when the office has 

grown to its ultimate size of 10 incoming 
frames and 10 outgoing frames, all junctors 
will be permanently connected ·and in a sym­
metrical pattern for this type of office 
and: 

(a) Inc. Fr. No. Out. Vert. No. 

(b) Out. Fr. No.= Inc.'Vert. No. 

(c) Inc. Fr. Sec. Sw. No. =Out.Fr. 
Pri. Sw. No. 

2.58 While the cross-connected junctors do 
not have a symmetrical pattern, the 

numbers assigned to the incoming frame 
secondary vertical and outgoing frame pri­
mary vertical terminations of a junctor are 
the same, for example, 3 and 3, 6 and 6, 
etc. This simplifies the job of running 
the cross-connections. 

2.59 It was .. pointed otit in paragraph 2.51-
that the junctor story is most easily 
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under.stood by visualizing the pattern as it 
is seen from one incoming frame. With this 
in mind, Table D was made up. On this 
table two incoming frames are selected from 
an intertoll or combined train office with 
six incoming and six outgoing frames and 
the junctor pattern on each is shown sep­
arately. 

2 .60 The foregoing discussion of junctor 
patterns applies specifically to an 

intertoll or combined train installation 
with an ultimate size of ten incoming and 
ten outgoing frames. There are two other 
ultimate sizes for intertoll or combined 
train offices, to meet the requirements of 
various areas. The junctor i:atterns for 
these differ in detail but the same general 
philosophy applies to them, that is, there 
is a well def-ined symmetrical pattern for 
the permanently connected junctors. The 
minimum size junctor group is 20 for all 
three sizes of intertoll and combined train 
installations. 

Ultimate Sizes of Offices 

2.61 There are three ultimate sizes of 
intertoll or combined train instal­

lations as follows: 

(a) 10 incoming frames - 10 outgoing 
frames - (plan TA). 

(b) 10 incoming groups (20 frames) - 20 
outgoing frames - (plan TB). 

(c) 20 incoming groups (40 frames) -
20 outgoing _groups (40 frames) -

(plan TC). 

Junctor Distribution 
Intertoll or Combined Trai.n 

2 Incoming Frames - 2 Outgoing Frames 
(Ultimate Size Office, 10 Inc. - 10 Out.) 

(120 Junctors per Incoming Frame - 6 per Half Switch) 

No. Inc. Out. 
of Fr. Fr. 

June- Inc. Out. Out. Inc. Sec. Pri. 
tors Fr. Vert. Fr. Vert. Sws._ Sws. 

Symmetrical = Permanently ( 20 0 0 0 0 (01-91 01-91 
Pattern Connected ( ( OR-9R OR-9R 

(20 0 0 l 1 It " 
(20 0 9 0 9 It " 

Cross- ( 20 0 6 1 6 It It 

Connected (20 0 3 0 3 It " 
( 20 0 2 0 2 " " 

Symmetrical= Permanently (20 1 l 0 0 " " 
Pattern Connected (20 1 l 1 1 It " 

(20 l 2 0 2 It " 
Cross- (20 1 3 1 3 " " 
Connected ( 20 1 8 0 8 " " ( 20 1 9 1 9 It " 
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I 
N 
C. 

F 
R 
M. 
N 
o. 
0 

I 
N 
c. 
F 
R 
M. 
N 
o. 
2 

HALF NO. OF :rv 
SWITCH NOS. JUNCTORS NO. 

(A) OL TO 9L zo 0 
OR TO 9R 

(B) SEE 
NOTE 0.. 10 9 

SAME AS 20 I (A) 

(c) SEE 
10 9 NOTE b 

SAME AS zo z (A) 

SAME AS 10 7 
(B) 

SAME AS 
3 

(A) 
20 

SAME AS 
10 7 (c) 

SAME AS 
(A) 20 4 

SAME AS 10 8 
(B) 

SAME AS 
20 5 (A) 

SAME AS 10 8 
le) 

HALF NQOF IV 
SWITCH NOS. JUNCTORS NO. 

(A) 
OL TO 9 L 
OR TO 9R 20 0 

(B) SEE 
NOTE Q, 

10 8 

SAME AS 
20 I (A) 

(c) SEE 10 8 
NOTE b 

SAME AS 20 2 
(A) 

SAME AS 
(B) 10 9 

SAME AS 3 
(A) 

20 

SAME AS 
9 (c) 10 

SAME AS 
(A} 20 4 

SAME AS 
10 7 (B) 

SAME AS 20 5 
(A) 

SAME AS 
(c) 

10 7 

NOTE Q..: OLJIR, 2L,3R,4L, 5R,6L,7R,8L,9R 

NOTE b: OR,IL,2R~3L,4R,5L,6R,7L,8R,9L 

JUNCTORS OUT. OV_NO. NO.OF 
CONNECTED FRAME JC-NO. JUNCTORS NO. 

PERMANENT G 0 zo 
CROSS-

CONNECTED 
9 10 

PERMANENT [] 0 20 

CROSS-
CONNECTED 9 10 

PERMANENT 

G 
0 20 

CROSS- 7 10 
CONNECTED 

G 
PERMANENT 0 20 

CROSS-
7 10 

CONNECTED 

~ 
PERMANENT 0 20 

CROSS - 8 10 
CONNECTED 

PERMANENT 0 0 20 

CROSS- 8 I 0 
CONNECTED 

JUNCTORS OUT· OV NO. NO. OF 
CONNECTED: FRAME JC NO. J UNCTORS NO. 

GJ PERMANENT 2 20 

CROSS -
CONNECTED 8 10 

PERMANENT 

□ 
2 20 

CROSS- B 10 CONNECTED 

PERMANENT [] 2 20 

CROSS -
CONNECTED 9 10 

PERMANENT 

G 
2 20 

CROSS -
9 10 CONNECTED 

PERMANENT 8 7 20 

CROSS -
2 10 

CONNECTED 

PERMANENT G 7 20 

C RO s S-
2 10 

CONNECTED 

TABLED - JUNCTOR PATTERN FOR 6 INCOMING- 6 OUTGOING FRAME 
OFFICE AS SEEN FROM INCOMING FRAMES O AND 2, 
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HALF 
SWITCH NOS. 

(A) OL TO 9L 
OR TO 9R 

SEE 
(B) NOTE Q, 

SAME AS 
(A) 

) SEE (C NOTE b 

SAME AS 
(A) 

SAME AS 
(B) 

SAME AS 
(A) 

SAME AS 
(c) 

SAME AS 
(A) 

SAME AS 
(B) 

SAME AS 
(A) 

SAME AS 
(c) 

HALF 
SWITCH NOS. 

(A)0L TO 9L 
ORT09R 

SEE 
(B) NOTE 0, 

SAME AS 
(A) 

( ) SEE 
C NOTE b 

SAME AS 
(A) 

SAME AS 
(B) 

SAME AS 
(A) 

SAME AS 
(c) 

SAME AS 
(A) 

SAME AS 
(B) 

SAME AS 
(A) 

SAME AS 

(c} 
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2.62 Early in the engineering stages of 
each office a decision is made as to 

which of these ultimate sizes will be used. 
This decision affects the engineering, 
manufacture, and installation of the job. 
Here we are concerned with the effect of 
ultimate size on frame arrangements and 
junctor patterns. 

2.63 Junctor distribution charts have 
been prepared which cover the junc­

tor distribution for every size office for 
each of the ultimate sizes of installation. 
These are included in Section AA261.432. 

Grouping of Incoming Frames 

2.64 The 200 junctors per incoming frame 
are sufficient to provide the mini­

mum of 20 junctors per group for installa­
tions with an ultimate size of ten incom­
ing frames·and ten outgoing frames. In 
offioe,s with larger ultimate sizes, this 
mini~um group size is maintained by divid­
ing ~11 the incoming frames, or both the 
incoming and outgoing frames into "groups" 
of two frames each, which share their 
junctors. 

2.65 In the 10 Incoming Group - 20 Out-
going Frame size office the incoming 

frames are paired to form Incoming Groups: 
Incoming frames O and 1 are group O, frames 
2 and 3 are group 1, etc. This grouping 
is done even on the smallest initial size 
office, which is 2 incoming groups and 4 
outgoing frames. The 200 junctors from 
each frame of a group are combined into a 
pool of 400 which are shared by that group. 

SECTION A828.l01 

The outgoing frames are not grouped and 
therefore have a capacity for 200 junctors 
each (See Fig. 24, attached.) 

2.66 In order to provide space on each 
incoming frame of a group for the 

400 junctors shared by that group, a sec­
ondary extension bay is added to each 
frame. The verticals of the regular sec­
ondary and secondary extension bays of one 
frame are-multipled to like verticals on 
the regular secondary and secondary ex­
tension bays of the other frame of the 
group. Each incoming frame of the group 
still has its individual 200 links which 
are multipled to both bays. These two sets 
of 200 links are served in common by the 
400 junctors. 

2.67 It should be noted that in this ul-
timate size installation the incoming 

frame secondary switches are not split as 
they are in the 10 incoming - 10 outgoing 
frame office. From a junctor pattern 
viewpoint the regular secondary switch re­
places the left half switch and the exten­
sion secondary switch replace~ the right 
half switch of the incoming secondary 
switches of the 10 incoming - 10 outgoing 
frame pattern. 

2.68 Table E shows the number of junctor 
groups and junctors per Incoming 

Group for different numbers of outgoing 
frames in offices with an ultimate size of 
10 incoming groups~ 20 outgoing frames. 

TABLE E 

No. of 
Incoming 

Groups 

2 
3 
4 
5 
6 
7 
8 
9 

10 

Intertoll or Combined Train 
Number of Junctors per Incoming Frame for Offices 
Up to an Ultimate Size of 10 Incoming Groups and 

20 Outgoing Frames 

From Each Incoming GrouQ 
No. of No. of No. of Total 

Outgoing Junctor Jtinctors No. of 
Frames Groups Per Grou:12 Junctors 

4 4 60 240 
6 6 60 or (a) ( 40) 360 or (a) ( 240) 
8 8 40 320 

10 10 40 or (a)(JO) 400 or (a) ( 300) 
12 12 JO 360 
14 14 25 350 
16 16 25 400 
18 18 (b)22 or 23 400 
20 20 20 400 
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Notes: 
Ta1These are alternative arrangements 

which are as follows: 

2 Incoming Group - 4 Outgoing Frame, 
(2 IG - 4 OF), initial size always uses 
the next larger size - 3 IG - 6 OF pat­
tern. 

3 IG - 6 OF initial size may use this 
pattern or 5 IG - 10 OF pattern. 

4 IG - 8 OF initial size always uses 
the 5 IG - 10 OF pattern. 

5 IG - 10 OF initial size may use this 
pattern or the 6 IG - 12 OF pattern. 

7 IG - 14 OF initial size always uses 
the 8 IG - 16 OF pattern. 

Which arrangement is used in a given 
office depends upon the possibilities 
of growth in that office. For example, 
if initial requirements are for 3 in­
coming groups and 6 outgoing frames 
but studies indicate that the-office 
will soon grow to 5 incoming groups 
and 10 outgoing frames, the pattern 
for the 5 - 10 office can be installed 
initially and there will be 40 junctors 
per group instead of 60. This greatly 
reduces the installation effort when 
the office does grow. Of course until 
this happens the number of junctors per 
group will be smaller than in the regu­
lar arrangement, that is, the one with 
60 junctors per group. However, 40 

junctors per group provide service 
which meets Bell Systems standards for 
an installation of 3 incoming groups 
and 6 outgoing frames. 

(b) This means that certain incoming 
groups have 22 junctors to certain 

outgoing frames and 23 to others. 
Other incoming groups have 22 junctors 
to different sets of outgoing frames 
and 23 to the remaining frames. For 
example, incoming group O has 22 junc­
tors to each of outgoing frame 2 to 15, 
and 23 junctors to frames O, 1, 16 and 
17. This makes a total of 400. In­
coming group 7 has 22 junctors to each 
of outgoing frames Oto 11, 16 and 17, 
and 23 junctors to frames 12 to 15, 
also making a total of 400. 

2.69 The general similarity of Table E 
to Table Bis apparent. 

2.70 Figure 25, attached, is a simple dia-
gram of an office with an ultimate 

size of 20 Incoming Groups and 20 Outgoing 
Groups. In this type of office both the 
incoming and outgoing frames are grouped. 
Each incoming frame and outgoing frame 
still has an individual group of 200 links, 
but in this size office each Incoming 
Group shares 400 junctors and each Out­
going Group shares 400 junctors. 

2.71 Table F shows junctor arrangements 
for offices up to an ultimate size 

of 20 Incoming Groups and 20 Outgoing 
Groups. 

TABLE F 

No. of 
Incoming 

Grou:12s 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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Intertoll or Combined Train 
Number of Junctors per Incoming Frame for Offices Up 

To an Ultimate Size of 20 Incoming Groups and 
20 Outgoing Groups 

From Each Incoming Group 
No. of No. of No. of Total 

Outgoing Junctor Junctors No. of 
Groups Groups Per Grou12 Junctors 

4 4 60 240 
5 5 60 300 
6 6 60 or (a )(40) 360 or (a)(240) 
7 7 40 280 
8 8 40 320 
9 9 40 360 

10 10 40 or (a)( 3 0) 400 or (a) (JOO) 
11 11 30 330 
12 12 30 360 
13 13 JO 390 
14 14 25 350 
15 15 25 375 
16 16 25 400 
17 17 (b)22 or 23 400 
18 18 (b)22 or 23 400 
19 19 20 380 
20 20 20 400 

Notes: 
Tal'Al terna ti ve arrangements • See note (a) Table E. 
(b) See note (b) under Table E. 
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Toll Completing Train 

2.72 The general story on frame arrange-
ments and junctor distribution is 

much the same on the toll completing train 
as it is on the intertoll and combined 
trains. For example, even numbers of in­
coming frames and even numbers of out­
going frames are always provided, and 
generally there are the same number of each. 
There are different junctor distribution 
patterns for offices with different ulti­
mate sizes, and until these ultimate sizes 
are reached some of the junctors are per­
manently connected and some are cross­
connected. 

2.73 The minimum number of junctors in a 
group is ten for this type of train. 

The reason for the smaller number is ex­
plained under (E) Control of Switching 
Operations. The differences in frame ar­
rangements and ;junctor distr 1ibution pat­
terns are mostly due to this smaller mini­
m~ size of the junctor group. 

2.74 There are only two ultimate sizes of 
installations: 

20 incoming frames - 20 outgoing 
frames (plan LA) 

20 incoming groups - 40 outgoing 
frames (plan LB) 

The outgoing frames are never grouped be~ 
cause even in the larger size installations 
with 40 outgoing frames the minimum group 
size of ten junctors can be maintained with­
out grouping. (Because each incoming group 
shares 400 junctors, these are divided over 
the 40 outgoing frames, 10 junctors per 
group.) 

2.75 Table G shows the junctor distribu­
tion for different sizes of offices 

up to an ultimate size of 20 Incoming 
Frames and 20 Outgoing Frames. 

TABLE G 
· Toll Completing Train 

Number of Junctors per Incoming Frame for 
Offices up to an Ultimate Size of 20 Incoming 

and 20 Outgoing Frames 

From Each Incoming Frame 
No. of No. of No. of Total 

Outgoing Junctor Junctors No. of 
Frames Grou12s Per Grou:12 Junctors 

~ 4 30 (a) 120 
6 30 or ( a) ( 20) 180 or (a)(l20) 

g g 20 (a) 160 
10 10 20 200 
12 12 (b)l3 or U.(a) 160 
14 14 (b)l3 or 14 188 
16 16 (b)l2 or 13 200 
18 18 10 (a) 180 
20 20 10 200 
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~: 
\aT 'fable G shows that, (as in the _ 

intertoll or combined train offices), 
on some initial installations a pattern 
for a larger size office may be used: 

4 Incoming - 4 Outgoing Frame, (4 IF -
4 OF), initial size uses 6 IF - 6 OF 
pattern. 

6 IF - 6 OF initial size may use this 
pattern or the 10 IF - 10 OF pattern. 

g IF - 8 OF size uses the 10 IF - 10 OF 
pattern. 

12 IF - 12 OF size uses the 14 IF -
14 OF pattern. 

18 IF - 18 OF size use-s the 20 IF -
20 OF pattern. 

(b) See Note (b) under Table E. 

2.76 Figure 26, attached, shows the junc-
tor pattern for a 4 IF - 4 OF office, 

(ultimate size 20 IF - 20 OF), using the 
6 IF - 6 OF pattern. To simplify the dia­
gram, only switches O, 4 and 9 of one in­
coming frame are shown. Directly cabled 
junctors and cross-connected junctors are 
shown as well as the spare incoming and 
outgoing verticals which are cabled to the 
junctor .grouping frame. 

2.77 As with the intertoll or combined 
train, junctors are connected from 

incoming left half switches to correspond­
ingly numbered outgoing left half switches.· 
In a similar manner incoming right half 
switches are connected to outgoing right 
half switches. 

2.78 Table H graphically illustrates the 
symmetrical pattern of the permanent­

ly connected junctors in a 4 IF - 4 OF in­
stallation (ultimate size 20 IF - 20 OF). 

2.79 When the office has grown to its ul-
timate size of 20 incoming frames -

20 outgoing frames, all junctors are per­
manently connected and are in a symmetrical 
pattern for this type of office. In this 
pattern: 

(a) All Out. Fr. Vert. Nos. 0 connect 
tc>Inc. Fr. Nos. O+l 
All Out. Fr. Vert. Nos. 1 connect 
to Inc. Fr. Nos. 2+3 
All Out. Fr. Vert. Nos. 2 connect 
to Inc. Fr. Nos. 4+5 
etc. 

(b) All Inc. Fr. Vert. Nos. 0 connect 
to Out. Fr. Nos. O+l 
All Inc. Fr. Vert. Nos. 1 connect 
to Out. Fr. Nos. 2+3 
All Inc. Fr. Vert. Nos. 2 connect 
to Out. Fr. Nos. 4+5 
etc. 

(c) Incoming frame secondary switch num­
ber is the same as the outgoing 

frame primary switch number. 
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TABLE H 

Junctor Distribution 
Toll Completing Train 

4 Incoming Frames - 4 Outgoing Frames (6 IF - 6 OF Pattern) 
(120 Junctors per Incoming Frame - 6 per Half Switch) 

(Ultimate Size Office 20 Incoming Frames - 20 Outgoing Frames) 

,, 
Inc. Out. 
Fr. Fr. 

No. Sec. Pri. 
of Inc. Out. Out. Inc. 1/2 1/2 

Juncts. Fr. Vert. Fr. Vert. Sws. ~ 

( 10 0 0 0 0 (a) (a) 
( 10 0 0 1 0 (b) ( b) 
( 10 0 0 2 1 (a) (a) 
( 10 0 0 J 1 (b) ( b) 
( 10 1 0 0 0 (b) (b) 
( 10 1 0 1 0 (a) (a) 
( 10 1 0. 2. 1 ( b) (b) 

Symmetrical Permanently ( 10 1 0 J 1 (a) (a) 
Pattern Connected ( 10 2 1 0 0 (a) (a) 

( 10 2 1 1 0 ( b) (b) 
( 10 2 1 2 1 (a) (a) 
{ 10 2 1 J 1 {b) { b) 
( 10 J 1 0 0 {b) (b) 
( 10 J 1 1 0 (a) (a) 
( 10 J 1 2 1 (b) (b) 
( 10 J 1 J 1 (a) (a) 

{ 20 0 9 0 9 ( C) (c) 
( 20 0 g 1 g (c) (c) 
( 20 0 5 2 5 (c) (c) 
( 20 0 4 3 4 (c) (c) 
( 20 1 g 0 g (c) (c) 

~ 20 1 9 1 9 (c) (c) 
20 1 4 2 4 (c) ( C) 

Cross ( 20 1 5 J 5 ( C) ~c) 
Connected ( 20 2 7 0 7 ( C) c) 

( 20 2 6 1 6 (c) (c) 
( 20 2 9 2 9 (c) (c) 
( 20 2 g J g ( C) (c) 
( 20 3 6 0 6 (c) (c) 
( 20 J 7 1 7 (c) (c) 
( 20 3 8 2 g (c) (c) 
( 20 3 9 J 9 (c) (c) 

Notes: 

(a) OL, lR, 21, JR, 41, 
(10 half switches) 

5R, 61, 7R, 81, 9R. 

(b) OR, 11, 2R, 31, 4R, 51, 6R, 71, BR, 91. 
(10 half switches) 

( C) 01 to 91 and OR to 9R. ( 20 half 
switches) 

2.80 It will be noted that this pattern is 2.81 Table I shows junctor arrangements 
symmetrical but is different from the for offices up to an ultimate size 

symmetrical pattern for the intertoll train 
10 IF - 10 OF office on Table C. 

of 20 Incoming GrouEs and ~O Outgoing 
Frames. 
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-No. of 
Incoming 
Groups 

4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

TABLE I 

Toll Completing Train 
Number of Junctors per Incoming Frame for Offices 

Up to an Ultimate Size of 20 Incoming Groups and 
40 Outgoing Frames 

No. of 
Outgoing 
Frames 

From Each Incoming Group 
No. of No. of Total 

Junctor Junctors No. of 
Groups Per Group Junctors 

40 (a) 320 
40 400 
20 (a) 240 
20 (a) 280 
20 (a} 320 
20 (a) 360 
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8 
10 
12 
14 
16 
18 
20 

g 
10 
12 
14 
16 
18 
20 20 or (a) ( 13 400 or (a) 268 

22 
24 
26 
28 
JO 
32 
34 
36 
38 
40 

Notes: 

22 
24 
26 
28 
JO 
32 
34 
36 
38 
40 

(b)lJ 
( b)l3 
(b)l3 
(b) 13 
(b) 13 
(b)l2 

10 
10 
10 
10 

or 
or 
or 
or 
or 
or 

or 14) 

14 (a) 294 
14 (a) 320 
14 (a) 348 
14 (a) 374 
14 400 
13 400 
(a) 340 
(a) 360 
(a) 380 

400 

(a) On some initial installations a pat­
tern for a larger size office may be 

used. 

4 IG - 8 OF uses the 5 IG - 10 OF 
pattern. 

6 IG - 12 OF, to 9 IG - 18 OF offices 
use the 10 IG - 10 OF office size 
pattern. 

10 IG - 20 OF size office may use its 
own pattern or the 15 IG - JO OF size 
pattern. 

11 IG - 22 OF, to 15 IG - JO OF offices 
use the 15 IG - JO OF size pattern. 

17 IG - 34 OF, to 20 IG - 40 OF offices 
use the ultimate size pattern 20 IG -
40 OF. 

(b) See note (b) under Table E. 

(E} Control of Switching Operations 

2.82 The 4A System is a Common Control 
system. This means that a relative­

ly small number of circuits common to an 
office, (common control equipment), store 
the digits as they are received and then 
set up the talking connection on the 
switching train. The common control equip­
ment then releases and is ready to serve 

another call. This type of system is dis­
tinguished from the Direct Dial Control 
systems in which the switching train is set 
up directly from the digits as they are re­
ceived. 

2.83 Further, the 4A system is a Marker 
type of common control system. This 

means that when an incoming call has been 
recorded, the equipment called a marker 
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first makes sure there is an idle outgoing 
trunk to the called office. It then sets 
up a talking connection between the incom­
ing trunk and the outgoing trunk on the 
switching train. This is distinguished 
f'rom other, non-marker common control sys­
tems, which, after the call is recorded, 
set up the switching train between the in­
coming and outgoing trunks progressively, 
without first determining whether there is 
an idle outgoing trunk to the called of­
fice. 

2.84 Some of the common control circuits 
are: markers, senders, decoders, 

card translators, link controllers, and 
trunk block connectors. These are des­
cribed in Part 3, Functions of Principal 
Equipment Elements. 

2.85 There are several possible connec-
tions between each incoming and every 

outgoing trunk in an office. These are 
called channels. A channel is a combina­
tion of an incoming link, a junctor, and 
an outgoing link, that can be formed, (by 
crosspoint closures), into a chain that 
interconnects an incoming trunk and an out­
going trunk. (See Fig. 27, attached.) 

2.86 On each call, the part of the common 
control equipment called a marker 

receives the location of the incoming 
trunk which handles the call, and the lo­
cation of the called office. It then lo­
cates an idle outgoing trunk to the called 
office and proceeds to set up a channel 
between the incoming and outgoing frames. 
·Figure 28 shows this channel and the 

relationship between the common "Control 
equipment and the switching frames. 

2.87 The location of the incoming ·trunk 
is obtained by the marker in terms 

of the incoming link frame number. This 
number is given to the marker over the 
winding of the primary select magnet asso­
ciated with the incoming trunk. The marker 
then operates this select magnet and iden­
tifies the particular twenty links avail­
able to the incoming trunk - two to each 
of the incoming frame secondary switches 
on which one end of the junctors are ter­
minated. (See Fig. 20A.) Similarly, the 
outgoing link frame number is obtained by 
the marker over the winding of the second­
ary select magnet associated with the out-· 
going trunk. The marker then operates this 
magnet and identifies the twenty links 
available to the outgoing trunk - 2 links 
to each of the outgoing frame primary 
switches on which the other ends of the 
junctors are terminated. (See Fig. 20B.) 

2.88 (To simplify the story, the follow-
ing discussion applies to the inter­

toll or combined train. The story is the 
same for the toll completing train except 
for the number v; junctors in the groups.) 

2.89 While each incoming trunk and each 
outgoing trunk has twenty links 

which it can use, the total number of 
junctors which can interconnect these links 
to form channels varies from a minimum of 
20 for the ultimate size office to 60 for 
the smallest office. (See Tables B, E, 
and Funder Junctors.) 

SWITCH ING FRAMES 
(TRANSMISSION PATH) 

FR.OM INC- LINK FRAME OUT. LINK FRAME 

AT O(o~!L I NC. 
AND TO LL _T_RK_s_.■--4~ ......... """tcl-t­
SW BDS. AND 

OUT, LO~OAL 
-+---o.....,._....,...,._r_R_K_S. OFFICES A ND 

FROM OTHER 
TOLL 

C[ N TERS 
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INC. 
LINK 

IDENTIFY 
INC. TRK 

RECEIVE CALLED 
0 FFI CE NUMBER 

JU NC TOR 

SELECT IDLE CHANNEL, 
( INC, LINK,JUNCTOR, 

AND OU T. L I N K ) 
OPERATE SWITCHING 

DEVICES BE TWEEN 
INC.TAK.AND SEIZED 

OUT. TRK. 

COM MON CONTROL EQPT. 

SEIZE IDLE 
OUT. TRK. 

SEND CALLED 
OFrlCE NUMBER 

l"fCi. 28 - RELATIONSHIP BETWEEN COMMON CONTROL EQUIPMENT 
AND !WI re HIN c; FRAMES. 

TO TOLL 
OFFICES 
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2.9() It is the function of the marker to 
pick an idle channel between the in­

coming trunk handling the call and an out­
going trunk to the desired office. Twenty 
~ncoming trunks share a given twenty in­
coming links. Similarly, twenty outgoing 
trunks share a given twenty outgoing links. 
On the other hand, the group of junctors 
which interconnect these sets of twenty 
incoming links and twenty outgoing links 
are shared at the incoming frame end by 
the nine other sets of twenty incoming 
links. In other words, all ten sets of 
incoming links use the same group of junc­
tors to reach a given outgoing frame. 

2.91 Because of this sharing of links and 
junctors the marker has to select, or 

"match" an idle incoming link, junctor and 
outgoing link to form a transmission chan­
nel betwe~n the incoming trunk and the out­
going truhk. 

2.92 When there are more than twenty junc-
tors in a group, they are divided 

into subgroups of twenty. When the group 
is not an even multiple of twenty, there is 
one group of less than twenty. For example, 
in an office with two outgoing frames the 
60 junctors from the incoming frame to each 
outgoing frame are divided into three sub­
groups of twenty. In an office with six 
outgoing frames the JO junctors are divided 
into one subgroup of twenty and one of ten. 

2.93 The marker tests twenty channels at 
a time. In cases such as the above, 

where there are more than twenty junctors 
in a group, the marker can make several 
tests using a different subgroup of junc­
tors each time. However, the same twenty 
incoming and twenty outgoing links are used 
on each test because there are only twenty 
available to each incoming and outgoing 
trunk. 

2.94 As has been stated, for safety and 
traffic reasons, the outgoing trunks 

to a given office are spread over as many 
outgoing frames as feasible. If an idle 
channel to the first idle outgoing trunk 
seized by the common control equipment 
cannot be found, this trunk is released and 
the marker tries to find another. The 
marker tests in such a manner that the 
second outgoing trunk chosen is generally 
on a different outgoing frame. If a second 
idle trunk can be found, a new group of 
junctors and outgoing links will be used. 
Of course the incoming links are the same 
since the same incoming trunk still has the 
call. The marker can now test all the new 
junctors in the same way until an idle 
channel is found. If these tests fail, a 
busy or reorder is returned to the incoming 
trunk. 

Minimum Size Junctor Groups 

2.95 Now that the general method of pick­
ing an idle channel has bem discussed, 
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the reason for the different minimum sizes 
of junctor groups for Intertoll or Combined 
Trains and Toll Completing Trains can be 
explained. 

2.96 Toll completing trunks are less ex-
pensive than intertoll trunks and 

therefore are engineered more liberally. 
For this reason on a failure to match on a 
toll completing train, there is a good 
chance on second trial of finding an idle 
trunk on a different outgoing frame, and 
therefore a new group of junctors. 

2.97 As contrasted with this, on the inter-
toll or combined train, there is a 

good chance of finding the same idle trunk 
on second trial because it is likely to be 
the only idle trunk available. For this 
reason, enough junctors must be provided 
to match on the first trial. This is the 
reason behind the difference in the minimum 
groups of junctors provided for these two 
types of trains - ten for toll completing 
and twenty for intertoll or combined trains. 

3. FUNCTIONS OF PRINCIPAL EQUIPMENT ELEMENTS 

(A) General 

J.01 The basic circuit functions of the 
equipment elements (common control 

and switching equipment) are described here. 
In order to understand the functions of 
these individual equipment elements, it 
will help to see how they work together. 
For this reason, an over-all picture is 
presented first by taking a call through an 
office. This illustrates the part each 
equipment element plays in switching the 
call. The function of each element is 
briefly discussed but the primary purpose 
is to name the elements and point out the 
relationship between them. 

J.02 Two calls are discussed: one through 
a combined train office and the other 

through a separate train office. In this 
discussion, it is assumed that these calls 
do not encounter any irregularities or com­
petition from other calls. 

J.OJ After tracing these calls, the func-
tions of each equipment element are 

discussed more fully, emphasizing the how 
and why of these functions. 

(B) Calls 

Call Through a Combined Train Office 

J.04 A combined train office uses one 
switching train to handle both inter­

toll and toll completing traffic. 

J.05 The transmission path and the ele-
ments used in setting up the path for 

a call through a combined train No. 4A 
toll office are shown on Fig. 29, attached. 
In this example, it is assumed that the call 
requires J-digit translation and is switched 
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to a system which receives multifrequency 
pulsing. 

J.06 This call arrives at the 4A office 
over an incoming trunk and leaves 

over an outgoing trunk. The incoming trunk 
may be selected by an outward operator or 
it may be seized at a distant automatic 
toll office. ( The procedure in this l+A 
office is the same in either case.) 

3.07 As shown on Fig. 29, each incoming 
trunk has two major appearances in 

a 4A office: one on the incoming frame 
(used for the talking connection) and one 
on the sender link frame (used for passing 
information to the common control equip­
ment). The sender link frame appearance is 
used first. 

3. 08 The sender link frame consists of 
two sets of crossbar switches. The 

incoming trunks appear on one set of cross­
bar switches and the incoming senders on 
another. 

3.09 As soon as the incoming trunk is 
seized, it signals a sender link 

(connection 1) to connect an incoming 
sender for registering the incoming pulses. 
Then the sender link connector signals a 
controller connector to seize an idle link 
controller (-conn. 2). The link controller 
then tests for and seizes an idle incoming 
sender and closes the crosspoints between 
this sender and the incoming trunk at the 
sender link frame (conn.)). This com­
pletes the function of the link controller 
and controller connector so they release 
from the connection and serve other calls. 

J.10 As soon as the incoming sender is at-
tached, it signals either for the 

outward operator to begin pulsing or, if 
the call is from a distant automatic toll 
office using senders, for the sender in 
that office to begin pulsing. When the in­
coming sender in this office has received 
and registered three digits, it signals the 
decoder connector to seize an idle decoder 
( conn. 4). This decoder immediately con­
nects to its home translator (conn. 5), 
which contains all the J-digit code cards. 
(The foreign area translator is used on 
calls requiring 6-d~git translation.) Now 
the three code digits in the sender are 
transmitted through the.decoder to the home 
translator. Here a card coded to corres­
pond to these digits drops. This card con­
tains information for switching the call 
with J-digit translation. (Pretranslation 
and 6-digit translation are described later 
in this part under Decoder.) 

3.11 The decoder reads the card and signals 
a marker connector to seize an idle 

marker (conn. 6). When a marker is seized, 
the marker connector signals the decoder 
connector to connect the incoming sender to 
this marker (conn. 7 and 7a). (This 
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connection is necessary because the marker 
has to give certain information to the 
sender later after the decoder may have 
been released.) 

J.12 The marker obtains the locations of 
the outgoing trunks suitable for this 

call from the decoder and the dropped card. 
Guided by this information the marker se­
lects an· appropriate outgoing trunk through 
a trunk block connector (conn. 8). This 
trunk then registers its outgoing frame 
appearance in the marker. 

J.lJ The decoder and the card also tell 
the marker that the incoming sender 

should outpulse on a multifrequency basis 
for this call, and whether the digits 
should be outpulsed as received, or skipped, 
or converted. When the marker has re­
ceived all this information, it signals the 
decoder to release. 

J.14 Now-the marker proceeds to set up the 
talking path from the incoming trunk 

to the selected outgoing trunk. Through 
the outgoing frame connector, the marker 
gains access to the outgoing links and to 
the junctors · (conn. 9). At the same time, 
the marker gains access to the incoming 
links through the incoming frame connector 
(conn. 9). (The incoming trunk has already 
registered its incoming frame appearance to 
the marker over conn. 1, J, 4 and ?a.) The 
marker then tests the incoming and outgoing 
links and the junctors to find an idle 
channel between the incoming trunk and the 
outgoing trunk. It then closes the cross­
points to establish this channel (conn. 10). 

J.15 Now the marker passes the outpulsing 
information to the sender,and re­

leases from the connection. The sender 
outpulses the digits through the sender 
link over the transmission path to the out­
going trunk-and through to the called of­
fice; then the incoming sender and sender 
link release. 

J.16 The connections in the transmission 
path remain until a disconnect signal 

is received. Then all the· connections are 
released. 

Call Through a Separate Train Office 

J.17 A separate train office has one 
switching train that handles inter­

toll traffic, and another train that handles 
toll completing traffic. Each train has a 
separate set of incoming and outgoing 
frames, markers and trunk block connectors. 
Both trains share the same incoming senders 
(and outgoing senders, where required) 
sender links, link controllers and decoders. 

J.18 An incoming trunk in this office also 
has two major-appearances: one on the 

incoming frame, and one on the sender 11.nk 
frame. Incoming intertoll trunks that 

· .handle intertoll traffic as well as 
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pleting traffic have appearances on the 
.acoming frames of both the intertoll and 
toll completing trains. 

J.19 In the example in Fig. JO, attached, 
a call comes into a separate train 

office on an intertoll trunk from an out­
ward operator or a distant automatic toll 
office. It is· ·assumed that this call is 
to be switched through the intertoll train 
to another toll office that receives MF 
pulsing. This call is also completed using 
3-digit translation, and proceeds in the 
same way as the call just described in a 
combined train office, up to the point 
where the decoder selects a marker (con­
nections 1 through 5) •. 

3. 20 The de coder reads the card which was 
· dropped on this call and is directed 

to an outgoing intertoll trunk on the 
-intertoll train. Therefore the decoder 
signa·l.s a marker connector to seize an 
idle ,intertoll marker (conn. 6). When a 
mark~r is seized, the marker connector 
signals the decoder connector to connect 
the incoming sender to this marker (conn. 
7 and 7a). 

J.21 The marker obtains the locations of 
the outgoing trunks suitable for this 

call from the decoder and the card. Guided 
by this information, the marker selects an 
appropriate outgoing intertoll trunk through 
an intertoll trunk block connector (conn.8). 
This trunk then registers its outgoing 
frame appearance in the marker. 

J.22 The decoder and the card also tell 
the marker that the incoming sender 

should outpulse MF for this call, ~nd 
whether t~e digits should be outpulsed as 
received or skipped or converted. When the 
marker has received all this information, 
it signals the decoder to release. Again 
from this point on~ the call proceeds just 
as in the combined train office. 

J.2J As a further illustration of the op-
eration of a separate train office, 

if the call discussed above were a toll 
completing call, then the toll completing 
train appearance of the incoming trunk 
would be used. This call would proceed in 
the same manner as above up to the selec­
tion of a marker (see Fig. JO). Then a 
toll completing marker would be used. The 
call is completed on the toll completing 
train. 

Calls Requiring Outgoing Senders 

J.24 Outgoing senders are necessary for 
calls which are switched through a 

4A office to offices which receive rever­
tive or call indicator pulsing. This is 
because incoming senders can outpulse only 
MF and DP to distant offices. 

J.25 The outgoing trunks that connect to 
such offices have an appearance on 
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outgoing sender link frames. These frames 
are similar to incoming sender link frames. 

J.26 A call going to an office that re-
quires PCI or revertive pulsing needs 

two senders: an incoming sender to register 
the called number and an outgoing sender 
to out pulse_ the called number. 

3.27 When an outgoing trunk to an office 
requiring revertive or PCI pulsing 

is seized.at the 4A office, it signals the 
outgoing sender link that an outgoing 
sender is needed. The sender link seizes 
a link controller through a controller con­
nector. The link controller tests for an 
idle sender and attaches it to the outgoing 
trunk; the link controller and connector 
then release and are free to serve other 
calls. 

J.28 As soon as the outgoing sender is at-
tached, a signal is sent to the in~ 

coming sender telling it to pulse the 
called digits into the outgoing sender. 
(Incoming senders pulse d-c K-P into out­
going senders.) These digits are pulsed 
from the incoming sender through the in­
coming and outgoing frames, the outgoing 
trunk, the outgoing sender link and into 
the outgoing sender. The incoming sender 
and sender link then release from the con­
nection. Now the conne·ction consists of 
the transmission channel, the outgoing 
trunk, and the outgoing sender. The out­
going sender then outpulses the called 
digits over the outgoing trunk and releases 
from the connection. (See Fig. JO.) 

(C) Equipment Elements 

General 

3,29 The major eq~ipment elements are dis-
cussed in the order of their use 

during a call with the exception of the 
marker. The marker is discussed first be­
cause it controls most of the operations 
of the other elements. 

The Marker 

J.JO The marker is one of the major equip-
ment elements in the No. 4A toll 

switching system. It locates an idle out­
going trunk and identifies the incoming 
trunk handling a call. It then marks an 
idle path between them and establishes the 
transmission path. This path or channel 
between the incoming and outgoing trunk 
consists of an incoming link, a junctor, 
and an outgoing link. 

J.Jl One of the features of the marker is 
that if it encounters trouble during 

a call, it can make another attempt (second 
trial) to complete the call. The procedure 
for this is discussed under Second Trial 
Feature. 
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).32 The marker uses directive information 
_ supplied by the card translator and 

the decoder (see Fig. 31) to establish the 
transmission path of a call through the 
office. Some of this information is used 
by the marker to seize a suitable outgoing 
trunk. The marker stores other information 
supplied by the decoder and card translator 
and later transmits it to the sender. This 
information instructs the incoming sender 
how to outpulse the registered digits. 

DECODER 

FROM INCOMING 

SENDER >------i 

CARD 
TRANSLATOR 

MARKER MARKER 
CONNECTOR 

FIG, 31 - INFORMATION TO MARKER. 

3.33 There are three types of markers: 
intertoll, toll completing, and com­

bined. Intertoll and toll completing 
markers are provided in separate train of­
fices, combined markers in combined train 
offices. The operation of these markers 
is so similar that no distinction is made 
among them in.this discussion. 

Establishing the Transmission Path 

3.34 Seizing an Outgoing Trunk: In a 4A 
toll office, all the outgoing trunks, 

(a trunk group), going to a certain distant 
office are spread over as many outgoing 
frames as is practical. I'n order for the 
marker to select one of these trunks with­
out having to go to each frame, the test 
leads for a trunk group are gathered at the 
trunk block connector. This arrangement 
enables the marker to go to just one place 
to test for a.n idle trunk to a certain of­
fice. 

SEIZED 
OUT. TRUNK 

OUT TRUNKS 
TO THE 

.,...~•--+--SAME 
DISTANT 
OFFICE 

FIG, 32 - SEIZING AN OUTGOING TRUNK, 

f>age l+,2 

J .35 As shown on Fig. 32, information 
from the card translator and the de­

coder directs the marker to the proper 
trunk block connector which contains the 
leads of the desired group of trunks. Here 
the marker tests for an idle trunk and 
seizes the first one available. As soon 
as a trunk is seized, a signal is sent to 
the distant office telling it to expect a 
call on this trunk. 

.).J6 Identifying the Outgoing Frame: So 
far the marker knows it has an idle 

outgoing trunk but it does not know the 
number of the outgoing-frame on which this 
trunk appears. It must know this in order 
to establish the transmission path. The 
outgoing trunk supplies the outgoing frame 
number to the marker by sending the dis­
tinctive MF signal assigned to this frame 
over the select magnet lead associated with 
the trunk. This signal is extended to the 
marker through the trunk block connector 
(Fig. 33, conn. 2a). 

).37 Identifying the Incoming Frame: The 
marker also has to know the incoming 

frame number in order to establish the 
transmission path. Therefore the incoming 
trunk sends its distinctive MF signal iden­
tifying this number to the marker over the 
select magnet le ad associated with this 
trunk. This lead is extended to the marker 
through the sender link, the incoming sender 
and the decoder connector (Fig. 33, conn. 
2b). 

J.JS Testing Incoming and Outgoing Links: 
When the incoming and outgoing trunks 

have identified their respective frames, 
the marker reaches out to these incoming 
and outgoing frames by seizing their as­
sociated connectors: an incoming connector 
for the incoming frame and an outgoing con­
nector for the outgoing frame (Fig.)), 
conn. 1). Through these connector circuits, 
the marker gains access to the incoming 
links, outgoing links and junctors. 

J.39 The marker oparates the primary select 
magnet associated with the incoming 

trunk being served (conn. 2b). This opera­
tion signals, to the incoming connector, the 
number of the primary switch on which the 
incoming trunk appears (conn. J). The con­
nector then presents the test leads of the 
twenty incoming links which are between 
this primary switch and the ten secondary 
switches on the incoming frame to the 
marker ( conn. 4). · 

3.40 Similarly, the marker operates the 
secondary select magnet associated 

with the seized outgoing trunk (conn. 2a) 
and the secondary switch number is sig­
naled to the outgoing connector (conn. 5). 
The connector then presents the test leads 
of the twenty outgoing links between the 
secondary switch and the ten primary switches 
to the marker (conn. 6). 
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TRUNK 
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TRUNK 
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SECONDARY 
BAY 20 JUNCTORS 
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INCOMING FRAME 

TWENTY 
OUTGOING LINKS 

OUTGOING FRAME 

FIG. 33 - ESTABLISHING A CHANNEL. 

J.41 Access to Junctor Group: Before the 
marker can select the particular 

links to be used in the channel, it must 
gain access to the junctors. Since the 
marker knows which incoming and outgoing 
frames are being used on this call, it 
also knows which junctor group is between 
these frames. The outgoing frame connec­
tor extends the test leads for twenty 
junctors in this group to the marker (conn. 
7). 

3.42 Seizing an Idle Channel: The marker 
now has access to the test leads for 

the twenty incoming links, twenty junctors 
and twenty outgoing links that can be used 
to switch this call. 

3.43 The marker tests these links and 
junctors simultaneously and seizes 

the first channel that matches. Matching 
means that, starting with the primary 
switch which has the incoming trunk hand­
ling the call, the marker must seize: 

(a) An idle incoming link going to an 
incoming secondary switch which 

has: 

(b) An idle junctor to an outgoing 
primary switch which has, in 

turn: 

(c) An idle outgoing link to the out­
going secondary switch with the 

seized outgoing trunk. 

(See Fig. 33, conns. 4, 6 and?.) 

J.44 When the marker has seized the idle 
channel, the incoming secondary and 

outgoing primary select magnets and all 
of the hold magnets associated with this 
channel are operated. (It will be 

remembered that-the incoming primary and 
outgoing secondary select magnets were pre­
viously operated by the marker.) This 
establishes the transmission path between 
the incoming trunk with the call and the 
seized outgoing trunk. 

Junctor Subgroups 

J.45 The marker is arranged to test the 
minimum size junctor group in each 

type of train at one time: that is, twenty 
junctors in an intertoll or combined train 
and ten junctors in a toll completing 
train. When the junctor group has more 
than the minimum number of junctors, then 
the group is divided into subgroups. 

J.46 For example, a combined or intertoll 
train with four incoming groups 

(eight incoming frames and eight outgoing 
frames) has forty junctors. in each junctor 
group. Therefore each group is divided 
into two subgroups of twenty. When the 
marker is establishing the channel, it 
first tests one subgroup for an idle junc­
tor that matches the in~oming and outgoing 
links and if none is found, the marker 
"walks" to the other subgroup and repeats 
the test. Another example 0£ subgrouping 
is in an office where there are seven in­
coming groups and fourteen outgoing frames 
(combined or intertoll train). In this 
case 25 junctors are available in each 
group. These are divided into two sub­
groups, one subgroup with twenty junctors, 
the other subgroup with five. The marker 
first tests the subgroup of twenty junctors 
and if an idle junctor which matches the 
incoming and outgoing links cannot be found, 
it tests the second subgroup of five. 
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Junctor Pattern Feature 

J.47 On both toll completing and intertoll 
and combined trains, the marker, when 

matching, always extends twenty junctor 
test leads to the outgoing connector. The 
outgoing connector, in turn, always con­
nects the test leads from twenty junctors 
to these twenty test leads from the marker, 
even though these twenty junctors· may 
overlap more than one junctor group. In 
this case there is a junctor pattern fea­
ture in the marker which automatically makes 
busy the junctors which cannot be used in 
switching the call being served. This 
junctor pattern feature can be included in 
the marker because the junctor pattern for 
all junctor groups in one particular office 
is the same. The junctor pattern feature 
for intertoll or combined trains can be 
illustrated using the example above for an 
office with seven incoming groups and four­
teen outgoing frames (25 junctors in a 
group). The marker tests the first sub­
group of twenty junctors, then if they are 
all busy, it again extends the twenty test 
leads to the connector, which connects the 
test leads of the second subgroup of five 
junctors plus the test leads of fifteen 
junctors from some other group. Now only 
these five wanted junctors are made avail­
able for test, the other fifteen appear 
busy. 

3.48 Another example is found in a toll 
completing train office with twenty 

incoming and twenty outgoing frames. In 
such an office there are ten junctors in 
each group. When establishing a channel, 
the marker's twenty test leads are again 
connected to twenty junctors. The junctor 
pattern feature makes the ten junctors not 
wanted appear busy and leave the ten wanted 
junctors for matching with the incoming 
and outgoing links on the desired frames. 

Information to the Incoming Sender 

3.49 When the decoder and card translator 
send information to the marker, some 

of this information is used immediately 
and some is stored in the marker. This 
stored information is sent to the incoming 
sender when required. 

3.50 The stored information directs the 
incoming sender to outpulse the 

digits in such a way that the needs of the 
next office are met. For example, if the 
call is switched to a step-by-step office 
then the sender spills forward dial pulses 
to direct the step-by-step switches towa~d 
completion of the call. In another case, 
such as to another No. 4A toll office, the 
sender is directed to spill 'forward multi­
frequency pulses. If the call is switched 
to a manual office, the sencier is told not 
to spill forward any digits. 
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J.51 Other directives include the number 
of code digits to be outpulsed. For 

example, the next office may not require 
the area code therefore the incoming 
sender is instructed to skip these code 
digits when spilling forward. In other 
cases, the incoming sender is instructed 
to convert the code digits to fit the 
needs of the next office. This is done 
when the national office code keyed or 
dialed by the outward operator is not the 
same as the local office code used by 
local subscribers. In this case, the in­
coming sender is instructed to convert the 
registered national office code to the 
local office code required by the switches 
in the local office. Another important use 
of code conversion is to switch calls 
through step-by-step intertoll systems 
which use arbitrary route codes. 

Second Trial Feature 

J.52 The marker has a second trial fea-
ture for making a second attempt to 

complete a call. Second trial is made 
under various conditions: (a) if the 
marker encounters trouble, (b) if the 
marker cannot match a channel, and (c) if 
the marker is given a second trial rout­
ing instruction. 

(a) Second trial because of trouble 
conditions is performed in two 

slightly different ways depending on 
what phase of marker operation the 
trouble occurs. If the marker en­
counters trouble while the decoder is 
still connected, the decoder causes a 
trouble record to be taken by a piece 
of maintenance equipment called a 
trouble recorder. The decoder also 
signals the decoder connector that a 
second trial is to be made. Then the 
decoder releases itself I the marker 
connector, and the marker from the con­
nection. Now the call cycle starts 
again: the decoder connector selects a 
decoder which in turn selects a marker. 
This marker is given a second trial 
indication which causes it to change 
the direction of its trunk hunting and 
channel testing. In this way, if the 
trouble encountered on first trial was 
connected with the selection of a trunk 
or channel, testing the second time 
from the other end might avoid it. 

If this marker also encounters 
trouble in completing the call, the· 
above process is repeated. However, 
this time the marker does not test the 
outgoing trunks but routes the call 
directly to reorder. 

If the marker encounters trouble 
after the decoder has been released in 
the normal course of its functions, 
the marker causes a trouble record to 
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be taken. Then the marker sends a 
second trial indication to the decoder 
connector and releases itself and the 
marker connector. The call now pro­
ceeds in the same way as described 
above: A decoder and marker are again 
selected and another attempt is made 
to complete the call. 

(b) Failure to match: Second trial is 
made when the marker has seized an 

outgoing trunk but cannot establish a 
channel between the outgoing and in­
coming trunks. This condition is 
called failure to match and is usually 
caused by not finding junctors that 
match with the available links. The 
procedure for second trial in this case 
is exactly the same as those discussed 
above except in one detail: no trouble 
record is made. 

( c) On some calls, the marl:er is given 
a follow with second trial routing 

instruction by the dropped card. The 
marker uses this instruction if it 
finds~ all desired outgoing trunks busy 
on first trial. Then second trial is 
made the same way as described before 
except that no trouble record is made. 

3.53 A sketch of the marker frame is 
shown on Fig. 34. 

Switching Frames and Their Connectors 

Incoming and Outgoing Frames 

3.54 The incoming trunk appearances used 
in the talking connection are on the 

incoming frames. Similarly, the outgoing 
trunk appearances used in the talking con­
nection are on the outgoing frames. The 
trunk capacities of these frames and other 
features are described in Part 2. 

(INCOMING FRAME NO. o) 

INC. FR. CONN. 0 

p s 
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3.55 As discussed in Part 2, the primary 
and secondary switches of both the 

incoming frames and the outgoing frames are 
connected by links, and the incoming and 
outgoing frames are connected by junctors. 

3.56 The marker gains access to the incom-
.ing links for test purposes through 

an incoming connector mounted on the incom­
ing frame. It gains access to the outgoing 
lin~s and the junctors through an outgoing 
connector mounted on the outgoing frame. 
(See Fig. 33, conns. 1, 4, 6 and 7.) 

Home and Mate Operation of Frames 

3.57 The marker has dual access to each 
incoming and outgoing frame for 

testing links and junctors. For this pur­
pose the incoming, and also the outgoing, 
frames are paired into home and mate 
frames. This pairing is as follows: 0 and 
1, 2 and 3, etc. · (While it happens that a 
pair of frames is also a group of frames, 
where grouping is done, there is no re­
lationship between pairing and grouping. 
Frames are grouped into pairs to maintain 
the minimum number of junctors per group 
in large offices, as discussed in par. 2.64 
in Part 2. On the other hand, frames are 
paired with home and mate frames to prevent 
a frame being put out of service by failure 
of its connector.) 

3.58 Dual access is provided by enabling 
the connectors on home· and mate 

frames to reach both frames of the pair. 
Therefore the marker has two ways to reach 
each frame. Figure 35 shows how this home 
and mate arrangement works. 

3.59 The solid lines show how the marker 
uses the home connector. When a call 

comes in on an incoming trunk which appears 
on frame O, the marker gains access to the 
incoming links through incoming frame con­
nector O. Similarly, the marker, after 

(OUTGOING FRAME NO.O) 

OUT. FR. CONN. 0 

p 

20 JUNCTORS 

PAIRED N. I ~-7 
,___=--------,.5--' I 

I 0 L ______ _ 
PAIRE 

(INCOMING FRAME NO. 1) MARKER (OUTGOING FRAME NO.I) 

FIG, 35 - PAIRING SWITCHING FRAMES. (HOME AND MATE OPERATION) 
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seizing an outgoing trunk on frame O, gains 
access to the outgoing links and the junc­
tors through outgoing frame connector O. 

J.60 The dotted lines show how the marker 
can use the mate. connectors to raach 

the samP. links and junctors. For example, 
if the incoming frame connector O is not 
available for some reason_, the marker uses 
incoming frame connector 1 on mate frame 1 
to reach the links on incoming frame O. 

J.61 In the same manner, if outgoing con-
nector O is not available the marker 

gains access to the links and junctors on 
outgoing frame O thr_ough outgoing connector 
1. 

SECTION A828.101 

3.62 Sketches of the incoming and outgoing 
frames are shown in Figs. J6 and 37. 

Incoming Sender 

J.6J The major functions of the incoming 
sender are to register the incoming 

digits and to outpulse them {according to 
directions from the marker} to a connecting 
office or an outgoing sender. The incom­
ing senders are arranged to register and 
outpulse a minimum of three and a maximum 
of fourteen digits. 

3.64 The incoming senders in a 4A toll 
office are divided into two types 

according to the kind of pulses they 
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receive. Multifrequency senders register 
MF pulses f~om switchboards equipped with 
MF key sets or from senders in other auto­
matic offices which can transmit MF pulses. 
Dial pulse senders register digits from 
switchboards equipped with dials or from 
senders which transmit dial pulses. 

J.65 Although they register different 
kinds of pulses, these senders can 

outpulse both MF and DP in accordance with 
the needs of the next office. For example, 
a call switched to a step-by-step office 
requires the incoming sender to spill 
forward dial pulses. This same sender can 
be used on another call to spill forward MF 
pulses. 
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3 .66 Both types of incoming senders are 
also arranged to butpulse d-c key 

pulses when serving calls that require out­
going senders. Outgoing senders are used 
when the No. 4A toll systems switch calls 
directly to panei offices or No. 1 Crossbar 
systems which require revertive pulses, or 
to manual offices equipped with call indi­
cator positions which require PCI pulses. 
In such cases the incoming sender spills 
forward d-c key pulses to the outgoing 
sender. Then the outgoing sender converts 
these d-c pulses to revertive or panel call 
indicator (PCI) pulses and spills them 
forward to the local office over the out­
going trunk. 
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Seizure of the Incoming Sender 

3.67 ~pon receiving a signal from a sender 
in a distant office, or from an op­

erator, the incoming trunk in the 4A office 
signals the sender link to connect an in­
coming sender. (Incoming trunks that carry 
MF pulses have access to MF incoming 
senders only, while trunks that carry dial 
pulses have access to DP incoming senders 
only.) 
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SWBD. _...,_"""""' 
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SWBD. 

FROM ANOTHER 
NO, 4- .... -+-+-i 

TYPE OFFICE 

SENDER 
LINK FRAME 
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p s 

MF 
REC. 

MF 
REC. 
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FIG 38 - ACCESS TO INCOMING SENDERS. 

3.68 When the incoming sender is attached 
to the incoming trunk and is ready to 

receive pulses, it signals the operator or 
sender in the distant office to begin out­
pulsing. 

Registering the Pulses 

3.69 DP Incoming Sender: When an operator 
receives a signal from the sender, 

she dials the called number. For example, 
212-MU2-1234 is dialed by the operator and 
registered in a DP incoming sender in the 
4A office. On some calls, the decoder. and 
card translator tell the sender how many 
digits to expect. On other calls, the 
sender just waits a short time to make sure 
all the digits are received. 

3.70 MF Incoming Sender: When an operator 
at a switchboard equipped with MF 

keysets receives a signal, she keys KP 
212-MU2-1234 ST. (The same digits are 
pulsed when this call is outpulsed by an 
MF sender in a distant office instead of 
by an operator.) 

SECTION A828.1O1 

3.71 The KP pulse is a distinctive com-
bination of frequencies which pre­

pares the MF receiver associated with the 
incoming sender to receive and register 
the code digits 216-682, the numericals 
1234 and the ST pulse which follow. 

3.72 The ST pulse (start pulse) indicates 
to the sender that all the digits 

necessary for the control of switching the 
call have been sent. 

Outpulsing Instructions 

3.73 After the code digits and numericals 
are registered, the incoming sender 

must receive instructions on how to out­
pulse this called number. 

3.74 After the code digits are registered 
the incoming sender seizes a decoder 

and marker which instruct the sender how 
to outpulse the called number. These in­
structions tell the sender: 

( 1) The ki11d of pulses to be spilled. 
forward (MF or DP). 

(2) How many of the registered code 
digits are to be spilled forward. 

(3) Whether any of the code digits 
should be converted before spilling 

forward. 

(4) Whether any code digits should be 
prefixed before spilling forward. 

(5) Not to outpulse anything (for 
example, on a call to a manual 

office). 

Outpulsing the Digits 

3.75 The incoming sender prepares to out-
pulse the registered digits in ac­

cordance with these instructions. In the 
meantime the marker has established a chan­
nel between the incoming trunk and the 
outgoing trunk. The incoming sender waits 
for a signal from the distant office, or 
from an outgoing sender in the same office, 
that it is ready to receive pulses. Upon 
receipt of this signal, the incoming 
sender spills forward the digits, as in­
structed, via the sender link, incoming 
trunk circuit, incoming frame, outgoing 
frame and outgoing trunk circuit to the 
distant office or outgoing sender. 

3.76 At the end of outpulsing the incoming 
sender and sender link release, leav­

ing the transmission path through the in­
coming and outgoing frames. 

3.77 In case the call is to a manual office 
and no outpulsing is required, the 

sender simply checks that an outgoing trunk 
is attached and releases. 
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J.78 A sketch of the incoming sender frame 
is on Fig. 39. 

Sender Link Frame 

J.79 At the sender link frame, incoming 
senders are attached to incoming, 

trunks. One frame has appearances for 100 
trunks and 40 senders. Each sender link 
frame contains sixteen 100-point, 6-wire 
crossbar switches. Eight of these are 
primary switches and eight are secondary 
switches. (See Fig. 40, attached.) (From 
a circuit standpoint, eight 200-point 
switches could have been used. 100-point 
switches are used for equipment reasons.} 
Incoming trunks appear on the horizontals 
of the primary switches and incoming 
senders on the horizontals of the secondary 
switches. The primary and secondary switches 
are connected by links which are spread in 
a vertical-to-vertical pattern. This ar­
rangement permits any incoming trunk to 
reach any available sender on the same 
sender link frame. 

Trunk Appearances on Primary Switches 

J.80 As shown on Fig. 40, the eight pri-
mary switches are divided into two 

groups: four A switches and four B switches. 
The same trunks (a maximum of 100) appear 
on both the A and the B switches in order 
to give each trunk duplicate access to the 
senders. These trunks are connected to 
like numbered horizontals. Therefore, the 
A and B groups of primary switches on one 
sender link frame are symmetrical. 

J.81 The four switches in each group are 
arranged to accommodate 100 trunks. 

These 100 trunks require 200 horizontal 
terminations because each trunk has twelve 
leads and these are only six-wire switches. 
In order to get two horizontals for each 
trunk each switch is split after every 
second vertical (Fig. 40). This split 
divides the four A switches into twenty 
pairs of verticals with 200 horizontals. 
One group of ten trunks terminates on the 
twenty horizontals of two pairs of verti­
cals. 

J.82 Each trunk group has four sender 
links. The A switches provide two of 

these links, for example, links O and 1 for 
trunk group 0. The two additional links 
are provided by the B switches. As shown 
on Fig. 40, the trunk groups are multipled 
to the corresponding B switches, therefore 
trunk group O has links 0' and l' from the 
B switches. 

Sender Appearances on Secondary Switches 

J.SJ A maximum of forty incoming senders 
have appearances on the horizontals 

of the secondary switches. These senders 
are arranged in four groups of ten or fewer 
senders. Two of these groups appear on the 
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A switches and two on the B switches. As 
shown on Fig. 40, each group of ten senders 
is terminated on two switches (twenty hori­
zontals). Two horizontals (one on each of 
the two switches) are re4uired for each 
sender because the twelve leads from each 
trunk must, of course, be carried all the 
way from the trunk to the sender. 

Sender Links 

J.84 Each trunk group has four sender 
links: two from the A switches and 

two from the B switches. The sender links 
from trunk groups O and 9 are shown in 
Fig. 40. For example, trunk group O has 
links O and 1 from the A switches to the 
senders on the secondary switches. Link 
0 consists of twelve leads: six from verti­
cal O and the other six from vertical 0'. 
These leads go to the verticals of secondary 
switches OA and O'A (sender group AO to A9 
appears on these switches). Similarly link 
1 goes to secondary switches lA and l'A and 
gets access to sender group AlO to Al9. 

J.85 In the same way, the B switches pro-
vide the other two links to sender 

groups BO to B9 and BlO to Bl9 for trunk 
group O. 

J.86 The four links provide duplicate ac-
cess for each incoming trunk in case 

sender link equipment is removed from ser­
vice for any reason. Also, if either the 
A or B group cannot be used, two links are 
still available. 

Attaching the Sender 

J.87 When an {ncoming trunk signals for 
an incoming sender, the sender link 

connector signals a controller connector to 
seize an idle link controller. The link 
controller closes the crosspoints between 
the incoming trunk on a primary switch 
and the incoming sender on a secondary 
switch as described under Link Controller 
and Connector. 

J.88 When the connection is established 
between the incoming trunk and in­

coming sender, the sender link connector 
releases and is ready to serve other calls 
on its sender link frame. 

J.89 MF incoming senders and trunks ap-
pear on some sender link frames and 

DP incoming senders and trunks appear on 
other sender link frames as shown on 
Fig. J8. MF and DP senders and trunks do 
not appear on the same frames. 

J.90 A diagram of a sender link frame is 
shown on Fig. 41. 

Link Controller and Connector 

3. 91 The link controller o~ rates like 
a simple marker (see Fig. 42}. It 
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closes the crosspoints between an incom­
ing trunk and an idle incoming sender on 
a sender link frame. 
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FIG.42 - LINK CONTROLLER OPERATION 

3.92 Each sender link connector has access 
to two controller connectors (see A 

and Bon Fig. 42). When an incoming trunk 
signals for an incoming sender, the sender 
link connector signals one of the controller 
connectors (depending on which is available 
or, if both are available, which one is 
preferred at that time) to connect to a 
link controller. 

3.93 Test leads associated with the in-
coming trunks, the sender, links, and 

the incoming senders are closed through the 
sender link and controller connectors to 
the link controller. The link controller 
then tests for and selects an idle sender 
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and sender link and connects the incoming 
trunk to the sender. The controller then 
releases from the connection and is ready 
to serve other calls. 

J.94 The link controller and connector 
frame has space for two link con­

trollers and two controller connectors. 
Link controllers and controller connectors 
are usually .furnished in groups of six 
which are mounted on three frames. This 
group of controllers and connectors serves 
approximately twenty sender link frames. 
The number of sender link frames served by 
one group of six controllers is not fixed 
because traffic requirements vary in dif­
ferent offices. When the capacity of six 
controllers is reached, another group of 
six controllers and connectors is pro­
vided. 

3.95 Figure 43 shows the sender link 
access to controller connectors and 

link controllers when a group of six con­
trollers is used. 

J.96 Another arrangement is available 
where it can be definitely determined 

that four link controllers can meet ulti­
mate requirements. 

3.97 A diagram of the link controller and 
connector frame is shown on Fig. 44. 

Decoder 

General 

3.98 The decoder, together with the card 
translator, decodes the code digits 

registered in the incoming sender into in­
formation for switching the call. This 
1nformation is obtained from a card which 
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the decoder causes to be· dropped in the 
card translator. The decoder, like the 
marker, has second trial features. Because 
these are associated with a card failing 
to drop, they are discussed later in con­
nection with the card translator. 

Seizure of the Decoder 

3.99 When a decoder is seized by an in-
coming sender for the first time, it 

always sends the first three digits reg­
istered in that sender to the home trans­
lator. Here a card corresponding to these 
three digits is dropped. This proc~dure 
can be considered a starting point for ob­
taining a translation on every call. Any 
further action that the decoder _takes is 
determined by the information contained 
on this first card as follows. 

3,100 Three-digit Translation: If the 
first card indicates that it has 

enough information to switch the call, 
then the decoder signals a marker connector 
to seize an idle marker. The decoder then 
passes the information it obtains from the 
card to the marker. The call is then com­
pleted in the usual manner. 

J.101 Pretranslation: When more than 
three digits are required to obtain 

a translation, the first card dropped in­
dicates specifically how many digits are 
required. For example, one card indicates 
that four digits are necessary for acer­
tain call; another card indicates that 
five digits are required for another call; 
another card indicates that six digits are 
required for a particular call. In all 
these cases, the decoder action is the 
same. The decoder restores the card, sig­
nals the incoming sender that more digits 
are required, releases from the sen1, · r, and 
is available for serving other calls. 

J.102 Six-Digit Translation - Six Code 
Digits Available After Pretransla­

tion: (In this discussion, 6-digit trans­
lation is used as an example; the procedure 
is the same for 4- and 5-digit translation.) 
After pretranslation has taken place and 
the sender has the six digits available, 
it seizes an idle decoder through a de­
coder connector. Again the decoder drops 
an identical J-digit card in its home 
translator. At this point the sender sig­
nals the decoder that six digits are avail­
able. This card then directs the decoder 
to a card translator which has the card 
corresponding to the s~x code digits. The 
decoder restores the first card and reaches 
out to the proper card translator and drops 
the 6-digit card. The decoder reads and 
decodes the information on the card and 
signals for a marker. The marker then com­
pletes the call. 

SECTION A828.101 

J.103 Six-Digit Translation - Six Digits 
Available When the First Card 

Drops: If an incoming sender signals that 
it has six digits when the decoder drops 
the first 3-digit card, there is no pre­
translation. The decoder learns from the 
first card (3-digit card) the number of the 
card translator wl1ich contains the 6-digit 
card. The decoder then restores the 3-
digit card and reaches out to this trans­
lator and proceeds with the call. Unlike 
the procedure discussed in paragraph 3,101, 
in this case the decoder does not release 
after restoring the 3-digit card. 

3,104 As the traffic in an office builds 
up and incoming senders are waiting 

for decoders, there will be more instances 
when six digits are registered in the in­
coming sender when it first seizes a de­
coder. Therefore the number of separate 
attempts for pretranslation will be con­
siderably reduced. However, this is only 
true for calls requiring 6-digit transla­
tion; on calls requiring 4- or 5-digit 
translation, there is always pre.translation. 

Decoder Operation 

3,105 One important item of information 
that the decoder gets from the card 

and passes to the marker is the location 
of the outgoing trunks that can be used 
for a particular routing. The locations 
of a maximum of forty trunks can be ob­
tained from one card; if there are more 
than forty trunks for a particular routing, 
then two or more cards are necessary. 
(One card is limited to forty trunks be­
cause the marker can test a maximum of 
forty trunks at one time,) 

3,106 When there are two or more cards 
available, a decoder can operate in 

one of three different ways: card-to-card, 
relay-to-relay, or card-to-relay operation. 
In card-to-card operation, the decoder 
presents a series ·of cards to a marker and 
leaves it up to the marker ·to test for an 
idle trunk. In relay-to-relay operation, 
the decoder first checks for idJe trunks· 
and then presents the card corresponding to 
the subgroup containing one or more idle 
trunks to the marker. Card-to-relay opera­
tion contains certain features of both 
card-to-card and relay-to-re lay operation. 

(1) Card-to-Card Operation: In this 
type of operation, the decoder 

advances from one subgroup of forty 
trunks to another subgroup of trunks 
by presenting a series of cards (maxi­
mum four) to a marker which then tests 
for idle trunks in these subgroups. 

From a routing instruction on the 
3D card (or 6D card) that it drops, 
the de coder learns that this is card­
to-card operation. It passes this 
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information on to the marker by send­
ing a~hold signal (meaning more cards 
available) along with the location of 
the for~y trunks on the first card. 

If the marker finds an idle trunk 
on this JD (or 6D) card, it signals 
the decoder to release and proceeds 
with the call. If the marker finds 
the first forty trunks busy, it sig­
nals this to the decoder. Then the 
decoder restores the JD (or 6D) card 
and, from information supplied by 
this card, advances to another card 
(RAl card) which represents additional 
trunks. In this way a maximum of four 
cards, a JD (or 6D) card and three 
route advance cards (RAl, RA2 and RAJ) 
representing 160 trunks, can be pre­
sented to the marker. 

In order to dispose of the call, 
if there are no idle trunks available, 
the last card carries a routing in­
struction which directs the marker to 
connect the call to a reorder or 
overflpw trunk. 

This type of operation is generally 
used on outgoing trunks to local of­
fices. 

(2) Relay-to-Relay Operation: In this 
type of operation, unlike card-to­

card, the decoder does not present a 
series of cards to the marker for find­
ing an idle trunk. In relay-to-relay 
operation, the decoder first checks 
for the availability of trunks in both 
direct and alternate route trunk 
groups before it presents a card to 
the marker. However, the decoder does 
not actually drop each card but it 
learns from the JD or 6D card which 
trunks to check. It checks these 
trunks by means of a group of route 
relays known as a relay tree. Each 
route relay represents a group of 
(maximum) J..60 trunks. These relays 
are interconnected to provide a 
definite order of progression (a 
direct route progressing to success­
ive alternate routes) according to the 
basic switching plan. 

Each route relay is associated 
with a maximum of four group busy 
chain lead-circuits; one chain lead 
circuit for each subgroup of 40 trunks. 
The operation of a route relay permits 
the decoder to check the group busy 
chain leads and determine whether 
there are idle trunks in any of the 
subgroups. If there are no idle trunks 
the decoder operates the next route 
relay and so on. 

In order to dispose of the call if 
there are no trunks available, it al­
ways appears to the decoder that there 
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are idle trunks in the last subgroup. 
Therefore the decoder drops the card 
representing this subgroup and pre­
sents it to the marker. The marker 
then tests these trunks, finds them 
busy, and uses the routing instruction 
on the card to dis pose of the call. 

A maximum of 960 trunks can be 
checked by the decoder in relay-to­
relay operation. These 960 trunks 
are represented by 24 cards called 
alternate route (AR) cards. The de­
coder can drop any one of these cards 
which contains idle ~runks. 

(3) Card-to-Relay Operation: This is 
a combination of the above two 

types of operation. The first part 
of this operation is like card-to-card 
operation: the decoder presents up 
to a maximum of four cards to the 
marker. The second part is like 
~r_elay-to-relay operation: -the decoder 
goes to the relay tree and checks 
the alternate route trunks that can 
be used to switch the call. 

During the card-to-card part of 
this operation, the decoder presents 
a JD (or 6D) card and, if necessary, 
a series of route advance (RA) cards 
to the marker. If the marker finds 
an idle trunk on one of these cards, 
it uses this trunk to complete the 
call. 

However, if it is necessary to 
advance as far as the last RA card, 
the decoder starts the relay-to-relay 
part of card-to-relay operation. This 
last RA card carries the card-to­
relay routing instruction which tells 
the decoder to go to the relay tree. 

A maximum of 1120 trunks (160 in 
the card-to-card part and 960 in the 
relay-to-relay part) can be tested 
in this way. 

J.107 One of these three methods of opera-
tion is used by the decoder on every 

call for which there are more than forty 
trunks available. The decoder is told 
which method to use on a particular call 
by the routing instructions on the first 
JD or 6D card dropped. 

J.108 A diagram of the decoder frame is 
shown on Fig. 45. 

Card Translator 

General 

J.109 The card ·translator translates the 
code digits registered in the in­

coming sender into information which is 
used by the common control equipment to 
switch a call. The card translator gets 
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its name from the fact that metal cards 
are used in the translation process. This 
type of translator is new with the 4A 
system and is quite different from the con­
ventional relay-type translators used in 
other systems. 

3 .110 Each ca·rd translator contains metal 
cards which provide the switching 

information. As shown on Fig. 46, attached, 
each uncoded card has 40 tabs and 118 
holes. The tabs are used to mechanically 
code the card so that the proper card can 
be selected in the card translator. This 
is done by removing some of the tabs so 
that the remaining tabs are arranged in a 
definite pattern. The holes in the card 
are also coded; these correspond to the 
switching information needed for a particu­
lar called code. Each of these holes has 
a meaning and the switching information is 
put on the card by enlarging certain of 
the holes. 

Types of Translators 

J.111 There are four types of card trans-
lators: 

(1) Home Translators 

(2) Foreign Area Translators 

(3) Decoder Foreign Translators 

(4) Emergency Translator 

These translators are basically the same 
both from physical and electrical charac­
teristics. Their main difference is in 
the type of cards they contain, for ex­
ample, cards for )-digit _translation in 
home translators and cards for 6-digit 
translation in foreign area translators. 

J.112 The maximum number. of card trans-
lators in one 4A office is 40: 

10 home translators (one for each decoder), 
19 foreign area translators, 10 decoder 
foreign translators (one for each decoder) 
and one emergency translator. 

J.113 One home translator is directly as-
sociated with each decoder in the 

office (Fig. 47). On every call, once a 
decoder is seized, it drops a 3-digit card 
in its own home translator. It will be re­
membered from the discussion of the two 
calls in the beginning of this part, that 
any decoder can handle any call. Therefore 
all the home translators in the office con­
tain identical sets of cards. 

3.114 If a 3-digit card fails to drop, 
the decoder releases and gives a 

second trial indication to the decoder con­
nector. The connector selects another de­
coder and a second attempt is made to drop 
an identical card. If a card drops, the 
call goes to completion and the decoder 
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calls in the trouble recorder which re­
cords the failure to drop a card on the 
first attempt. However, if a card fails 
to drop on second trial, the decoder as­
sumes this is a blank code and routes the 
call to a reorder trunk. 

J.115 The home translator does two things: 

(1) Provides switching information 
for calls requiring 3-digit trans­

lation. 

(2) Directs decoders to foreign area 
translators for calls requiring 

4-, 5-, or 6-digit translation. 

3.116 Each foreign area translator con­
tains all the 6-digit cards re­

quired for completion of calls to several 
-particular foreign areas. For example, 
one translator may contain all the cards 
for three foreign areas and another for 
five foreign areas. Therefore, unlike 
home translators, a certain foreign trans­
lator must be used on each call. On a par­
ticular call the foreign area translators 
are available to all decoders through con­
nectors. The card dropped in the home 
translator directs the decoder to a speci­
fic foreign area translator. 

J.117 These foreign area translators can 
be arranged in two ways: ( 1.) they 

can be paired and nonpaired, or (2) they 
can all be nonpaired. 

J.118 Nonpaired translators contain 6-
digit cards for calls which, if 

routing is not obtained (no card drops, 
out of service, etc.) at the foreign area 
translator, can be routed by principal city 
routing from the home translator without 
second trial. (See Part 1, par. 1.176 
to 1.178.) 

J.119 If there is no principal city rout-
ing for certain calls, then some of 

the foreign area translators in an office 
are paired. Both members of a pair of 
translators have identical sets of cards. 

3 .120 If a 6-digit card fails to drop for 
any reason in one paired translator, 

the decoder releases and gives the decoder 
connector a second trial indication. This 
connector selects another decoder which 
goes to the other translator in the pair 
and attempts to drop a duplicate 6D card. 
If the card drops, the call goes to com­
pletion and the decoder calls in the 
trouble recorder which records the failure 
of the paired translator to drop a card on 
the first attempt. However, if a card 
fails to drop on second trial, the decoder 
assumes this is a blank code and routes the 
call to a reorder trunk. 

3.121 The number of paired and nonpaired 
foreign area translators depends on 
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the needs of an individual office. Each 
translator is numbered, starting with 01 
and going up to 19. 

).122 In some cases, the demand for 6-
/ digit translations to certain 

forelgn areas is so heavy that decoder 
foreign translators are needed. Like home 
translators, -these decoder foreign trans­
lators are directly associated with the de­
coders (Fig. 47), This avoids decoder 
delays in obtaining translations which 
might occur if the cards for these fre­
quently called foreign areas were in the 
common group of foreign translators. For 
example, New York may require decoder 
foreign translators containing cards for 
Washington and Philadelphia because of the 
heavy traffic to those areas. 

J.123 If a 6~digit card fails to drop in 
the decoder foreign translator, the 

action taken depends on whether a princi­
pal city route is available.for that par­
ticular call. If there is no principal 
city route 1 second trial is made. If there 
is a princ1pal city route, the decoder 
goes back to the home translator and com­
pletes the call from the principal city 
routing instruction on the )D card. 

3.124 Like the foreign area translators, 
these translators must contain all 

the cards for certain areas; however, be­
cause they are associated with decoders, 
the decoder foreign translators contain 
identical sets of cards. All decoder 
foreign translators are designated 00. 

J.125 One emergency translator is fur­
nishea in each office. This trans­

lator can, when necessary, .replace any 
translator in the office. 
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J.126 Whenever a translator has to be 
taken out of service, its cards are 

transferred to the emergency translator. 
Usually the emergency translator is fur­
nished with a set of home translator cards 
so that a home translator can be replaced 
very quickly. 

).127 In this discussion of the basic 
functions of the card translator, 

it is not necessary to distinguish be­
tween these four types. 

Operating Features 

J.128 One card translator contains a maxi-
mum of 1020 cards and each card has 

a different combination of tabs left on it 
so that one card provides a translation 
for one called code. One of the advantages 
of the card translator is that a transla­
tion change can be made quickly by replac­
ing one of these cards. 

J.129 In the translator the cards are 
stacked between a light source and 

a bank of phototransistors. There is one 
phototransistor for each hole in the card. 
Each phototransistor has an amplifier and 
detector circuits associated with it. The 
principle of the card translator is based 
on the activating of these light-sensitive 
phototransistors by beams of light. The 
phototransistors respond to these light 
beams by passing a signal on to the ampli­
fier and detector circuits. These cir­
cuits operate relays that correspond to 
the enlarged holes in the card and thus 
transmit information to the decoder. 

J.lJO When the card translator is unop-
erated the light has no effect on 

the amplifier and detector circuits. How­
ever, when tnetranslator is operated, 
that is, a card is dropped, these circuits 
are activated and then the light is ef­
fective. 

J.131 Dropping a Card: In the translator, 
the stack of cards rests on forty 

code bars which correspond to the forty 
code tabs. Figure 48A shows a card rest­
ing on these code bars when the card trans­
lator is unoperated. When the decoder 
connects to its card translator, it oper­
ates certain code bars in the card trans­
lator to drop the desired card. One card 
drops, all the rest remain in their ori­
ginal position. Figure 48B shows operated 
code bars and how the card with the corres­
ponding tabs drops. It can be seen by 
comparing Figs. 48A and 48B that the card 
with the corresponding tabs drops down to 
the operated code bars. Since each card 
in one card translator has a different com­
bination of code tabs, only one card drops 
at a time. 

J.1)2 There are two holes in each card 
(see Fig. 46) called index holes 

(INDl and IND2) which are used to indicate 
whether the cards are in the proper posi­
tion during both the operated and unoper­
a.ted periods. When the card translator is 
normal (unoperated), the light goes through 
all the holes on the card, including these 
INDl and 2 holes. If a card is dislocated 
and the light through either or both of the 

PORTION OF" CARD 

BARS UNOPERATED 

FIG, 4&A-CARD SUPPORT AND CODE BARS NORMAL 
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INDl and 2 holes is cut off, the card 
translator sounds an alarm. 

J.13) The INDl and 2 holes are never en-
larged, therefore when a card drops, 

the light channels through these holes are 
always cut off, The cutting err of these 
light channels signals the decoder that a 
card is in position to be read. ,However, 
if a card does not drop properly, and the 
light channels thr·ough either or both the 
INDl and 2 holes are open, the card trans­
lator sounds an alarm. 

3,134 Reading the, .Dropped Card: When a 
card drops there is a shutter ef­

fect on all the light channels except the 
ones in line with the enlarged holes on · 
the dropped card, Figure 49 shows a 
dropped card with light channels going 
through the enlarged holes and cut off 
£rem the other holes, When the card is in 
a position to be read, the amplifier and 
detector circuits associated with the 
phototransistors are energized and read 
the coded light channels, The translation 
information is then obtained by the de­
coder and the marker. ('rhe "gate" shown 
on Fig, 49 is the mounting for the photo­
trans is tors • ) 

3,1)5 It is important to note that when 
a card translator ie unoperated, 

the light shines through !ll the holes in 
the card, When a translator is operated 
ind a card is dropped, light passes only 
through the enlaraa holes on the dropped 
card. 
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Mechanical Sequence of Operation 

3,136 Figure 50 is a simple schematic 
showing the mechanical and optical 

elements or the card translator.. When a 
de~oder conn~cts to a card translator, the 
pull-up magnets are energized to lift the 
card stack about 3/16 0£ an inch f'rom the 
code bars, This magnetic action also ! 
tends to separate and straighten the cards 
in the stack, (To assist in lifting the 
stack of cards, the code bars under the 
card support tabs (CSl and 2, Fig. 46) 
also raise slightly. These tabs are al­
ways left on the card,) The latch support­
ing the code bars then operates, freeing 
the code bars for downward motion. 

3,137 As shown in the figure, there is a 
solenoid attached to both ends of 

each code bar, The solenoids on the code 
bars which correspond to the called code 
are activated by the decoder and pull down 
the desired bars and the CSl and 2 bars. 
Then the latch releases and holds the code 
bars down. The pull-up magnets are re­
leased and the pull-down magnets operate, 
All the cards now are back in their ori­
ginal position on the unoperated code bars 
while the s®lected card drops to the op­
erated code bars, 

3,138 When the card has dropped, the 
cutting off of the light channels 

through the INDl and 2 holes in the_£ace 
of the card signals the decoder that a 
card is in position to be read, The am­
plifier circuits associated with the, 

POATION or CAAD 
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phototransistors are then energized and 
the decqder and marker read the open chan­
nels to obtain the translation information. 

3.139 When the card translator is restored 
to normal, the latches are again 

operated. The pull-up magnets and the CSl 
and 2 code bars again lift the cards off 
the code bars which restore to their nor­
mal position. The latches also go back to 
their normal position, the pull-up magnets 
and the CSl and 2 code bars release and 
the card translator is normal. 

3.140 During periods of heavy traffic the 
card translator may be immediately 

reseized. To save time, the pull-up 
magnets remain operated a short time in 
order to permit releasing the latches im­
mediately upon reseizure. 

The Light System 

J.141 The light or optical system is ar-
ranged in the following way (see 

Fig. 50). A lamp is mounted between two 
slotted wheels (attached to a motor) that 
are constantly chopping the light at 400 
cycles a second. Mirrors A and B reflect 
the light to two lenses {C) which are 
mounted in front of the card stack. {Each 
lens covers half the card.) 

Equipment and Maintenance Features 

J.142 The card translator equipment is 
mounted in a shop-wired metal floor 

cabinet. This cabinet contains the de­
tectors, tubes, amplifiers and relay equip­
ment needed in the operation of the card 
translator. The card translator machine 
is mounted on top of this cabinet. (See 
Fig. 51.) The 1020 cards in the card 
translator are placed in 12 bins, each with 
a capacity of 85 cards. {The minimum num­
ber of cards in one bin is 60.) However, 
these cards are not in any particular order 
and any card may be placed in any bin. 

3.143 Provision is also made for removing 
or inserting cards in the transla­

tor. A card can be selected and removed 
by a mechanism in the translator wiich is 
activated by .some controlling keys on the 
test frames. Cards are added by manually 
inserting them in the bins (see Fig. 52). 

J.144 The code bars, latches and 
solenoids, which are the critical 

apparatus, are built into a unit which can 
be removed for maintenance purposes. The 
lenses are also easily removable for clean­
ing. The phototransistors can be reached 
by swinging out the gate on which they are 
mounted. 

J.145 Figure 53 is a photograph of the 
punching machine used for enlarging 

the holes and coding the tabs on each card. 
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The Translator Card 

3.146 A short discussion of the sort of 
information supplied by the trans­

lator card (see Fig. 4o) is given here. 
The complete story on how various coded 
cards are used is in the detailed Sec-
tion A828.121, No.4A Toll Switching Office. 

3.147 The information on a card is divided 
into two major categories: input 

information and output information. 

J.148 Input information is put into the 
translator by the decoder in order 

to drop a card. This information is put on 
the tabs at the bottom of the card. As 
mentioned before, the card is coded by 
using various combinations of these tabs. 
The arrangement of these tabs determines: 

(a) What kind of card this is - 3-
digit, 6-digit, alternate route, 

route advance. 

(b) Called code - area code, national 
office code, TX code, service code. 

(c) The grade of trunk to.be used in 
the connection. 

3.149 Looking at Fig. 46, the CG position 
identifies the kind of card. A 

combination of two tabs is used for each 
kind. For example, a 3-digit card retains. 
tabs 1 and 4, the other two tabs are re­
moved. 

J.150 The A through F positions are used 
for the various called codes. Using 

a 2-out-of-5 coding system, two tabs are 
left in each position to identify one digit. 
For example, a card for area 201 would re­
tain tabs O and 2 in the A position, 4 and 
7 in the B position, and O and 1 in the C 
position. The tabs in the D through F 
positions would be removed. 

J.151 The VO and NVO tabs identify the 
grade of trunk to be used in switch­

ing the call. The VO tab means Via Only 
trunk (hiBh grade transmission); the NVO 
tab means Non Via Only (low-grade trans­
mission). 

3.152 Output information, which is used 
for switching a call, is provided by 

the holes on the card. On Fig. 46, groups 
of holes are labeled according to the types 
of information they furnish. The enlarging 
of certain holes within each group gives 
the specific information. Not all groups 
of holes are used on every call. Various 
calls require different amounts and kinds 
of information. 

3.153 One of the most important pieces of 
information provided by the card is 

the location of the outgoing trunk to be 
used in the call. This is given by the OGT 
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appearance and the Trunk Block Connector 
groups of holes. The following are other 
examples of the sort of information that 
the card provides: 

card-to-card, relay-to-relay, card­
to-relay; follow with second trial, 
master busy, or overflow; and whether 
there is principal city routing. For 
example, a card-to-card routing in­
struction is shown by punching the 
RI4 and RI7 holes. 

(a} PRETRANSLATION - This tells 
whether pretranslation is needed 

and how many digits are required. 
For,example, when the CA6 hole is 
punched in the pretranslation group, 
it means that 6-digit translation is 
necessary and that the decoder should 
"come again" when it has received six 
digits. 

(c) VARIABLE SPILL CONTROL - This 
tells how many digits are to be 

spilled forward to the next office. 
For example, when a called code is to 
be spilled forward without any change, 
the NSK (no skip) hole is punched. 

(b) ROUTING INSTRUCTIONS - These in­
struct the decoder how to proceed: 

J.154 A list of the abbreviations for the 
various holes and their meanings 

is given below. 

Group 

PRETRANSLATION 

OGT APPEARANCE 

TRAFFIC SEPARATION 
PEG COUNT 

THROUGH TRAFFIC PEG 
COUNT 

TRUNK GROUP PEG 
COUNT AND 
OVERFLOW 

INDEX 

TRANSLATOR BOX 
NUMBER 

CLASS 

AREA CODE CONTROL 

ALTERNATE ROUTE 
PATTERN NUMBER 

ROUTING INSTRUCTIONS 
CONTINUITY AND DIGIT 

CONTROL 

CODE CONVERSION 

Designation 

NGA 
CA4-5-6 

IT 
TC 

ITC 

TS0-2 

TPC 

TP0-2 

INDl-2 

HB 
BT0-1 
BU0-7 
CLT0-1 
CLU0-7 
CDLC 
NAG 
AC 

AHA 

AFA 

ART0-7 

ARU0-7 

RI0-7 
CDC0-7 

CCHN 
CCTN 
CCUN 
CCH0-7 
CCT0-7 
CCU0-7 

Significance 

No come again 
Come again with 4, 5 or 6 digits 

Outgoing trunk appears on the intertoll train 
Outgoing trunk appears on the toll completing 

train 
Outgoing trunk appears on both trains. 
The de coder must determine the pro:r:e r train 
from the location of the incoming trunk. 

Outgoing traffic separation class (arbitrary 
numbers) peg count O through 6 

Through traffic peg count 

Trunk group peg count and overflow (arbitrary 
numbers} 0 through 7 

Index channels used for checking that card 
dropped properly 

Home box 
Foreign tr&nslator box tens digit O or l 
Foreign translator box units digit O through 9 
Class number tens digit O or l 
Class number units digit O through 9 
Cancel delayed loop closure 
No area code registered) used on regular 
Area code registered ) card 

Alternate route ter­
minates in home area 

Alternate route ter­
minates in foreign 
area 

used on alternate 
route card 

Alternate route pattern number tens digit 
0 through 9 

Alternate route pattern number units digit 
0 through 9 

Routing instruction number O through 9 
Continuity and digit control category 0 

through 9 

Code conversion hur,dreds digit none 
Code conversion tens digit none 
Code conversion units digit none 
Code conversion hundreds digit O through 9 
Code conversion tens digit O through 9 
Code conversion units digit O through 9 
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Group 

VARIABLE 3PILLING 
CONTROL 

TRUNK BLOCK CONNECTOR 

TRUNK BLOCK 

GROUP START (Arbitrary 
Numbers) 

GROUP END (Arbitrary 
Numbers) 

Trunk Block Connector 

Designation 

NSK 
SK3 

TCT0-2 

TCU0-7 

TB0-7 

GST0-1 
GSU0-7 

GET0-1 
GEU0-7 

3.155 As previously mentioned (par.-3.34), 
an outgoing trunk group is spread 

over at least two outgoing frames. In 
order to facilitate the checking of these 
trunks, leads from each of the outgoing 
trunks are brought to trunk block con­
nectors and grouped according to destina­
tion. In this way, a marker goes to only 
one place to test trunks that may be spread 
over many outgoing frames. A marker seizes 
the proper trunk block connector in accord­
ance with the information obtained from a 
decoder and card translator. There a 
marker tests for an seizes an idle outgoing 
trunk. 

3.156 A trunk block connector contains 
the appearances of up to 400 out­

going trunks. These trunks are arranged 
in groups of forty which is the maximum 
number a marker can test at one time. 

3.157 A connector is made up of multi-
contact relays and is mounted on a 

2-bay frame called a block relay frame 
(Fig. 54). It is divided into two parts 
which are referred to as the even half­
connector (in the left bay) and the odd 
half-connector (in the right bay). These 
two half-connectors are exactly alike: 
the 400 trunks which are terminated on the 
even half-connector are multipled to cor­
responding contacts in the odd half­
connector. This is done in order to pro­
vide duplicate access for the markers to 
these .trunks. 

3.15s The 400 trunks appearing on each 
half trunk block connector are 

divided into two groups (0 and 1) of 200 
trunks each. When a marker seizes group 0 
in the even half-connector, all other 
markers are locked out of this connector 
and group O on the odd half-connector 
(since these are the same trunks). But 
another marker can seize group 1 in the 
odd half-connector. 
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Significance 

No skip (send as received) 
Skip the first 3 code digits 
Skip the first 6 code digits 

Trunk block connector number tens digit 0 
through 2 

Trunk block connector number units digit 0 
through 9 

Trunk block number 0 through 9 

Group start number tens digits O or 1 
Group start number units digits O through 

Group end tens number digits O or 1 
Group end number units digits O through 9 

9 

3.159 The preference for a particular 
trunk block connector depends on 

the number of the sender used in the call. 
A marker connected to an even-numbered 
sender prefers an even half-connector while 
a marker connected to an odd-numbered 
sender prefers an odd half-connector. 
However, if one of the connectors is busy, 
a marker will use the other one, regard­
less of preference. 

J.160 When a marker has selected an out-
going trunk, the trunk block con­

nector releases and is ready to serve 
another call. 

3.161 There are two trunk block connectors 
mounted on each block relay frame. 

As shown in Fig. 54, marker cut-in relays 
are also mounted on this frame. In sep­
arate train offices, each train has its 
own block relay frames. One such frame 
can serve ten markers. 

Connectors 

General 

3.162 The decoder, marker, and trans-
lator connectors are discussed here; 

the incoming frame, outgoing frame, sender 
link, and link controller connectors have 
already been discussed together with their 
respective frames. 

3.163 The function of the various con-
nector circuits is to temporarily 

join major circuits to each other during 
the process of serving a call. This is 
done by a group of multi-contact relays in 
a connector which cut through a number of 
leads between circuits. 

3,164 Connectors are equipped with a 
chain or preference circuit which 

checks for and selects an idle equipment 
element. For example, if a decoder signals 
a marker connector to seize an idle marker, 
the chain or preference circuit in the 
marker connector selects an idle marker and 
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then operates the multicontact relays to 
close certain leads between the decoder 
and the selected marker. 

3.165 An exception to using a preference 
chain for selecting is the transla­

tor connector because a decoder is in­
structed to connect to a specific card 
translator 1 in order to obtain the proper 
routing. ln case the desired card trans­
lator is busy, the decoder must wait to 
gain access to it. 

Decoder Connector 

3.166 This connector is used to connect 
an incoming sender to a decoder and 

later in the call (when the decoder seizes 
a marker) to connect· the incoming sender 
directly to that marker. 

3.167 A decoder connector can serve five 
incoming senders. These senders 

have access to all the decoders in the 
office. Each decoder connector can reach 
all the markers in the office. 

3.168 When an incoming sender signals 
for a decoder, a chain circuit in 

the selected decoder connector selects an 
idle decoder and cuts through the necessary 
leads by operating its multicontact relays. 
When this decoder signals a marker con­
nector to seize an idle marker, (for ex­
ample marker 0), the marker connector then 
signals the decoder connector to operate 
the multicontact relay associated with 
marker O. This ties the incoming sender 
to the marker used on this call. When the 
decoder is released, the incoming sender 
remains connected to the marker until the 
marker completes its functions. Then the 
marker and the decoder connector are re­
leased. 

3.169 Decoder connectors with different 
capacities are provided in combined 

and in separate train offices. A decoder 
connector in a combined train office 
(Fig. 55) can serve a maximum of ten de­
coders and ten markers in addition to five 
incoming senders. A decoder connector in 
a separate train office (Fig. 56) can serve 
a maximum of eighteen decoders, twenty 
markers (ten intertoll and ten toll com­
pleting), in addition to five incoming 
senders. 

Marker Connector 

3.170 This connector .cuts through a large 
number of leads between a decoder 

and a marker. In additio:r:i, the marker con­
nector also signals the decoder connector 
to cut through some leads between the in­
coming sender used on the call and the 
selected marker. 

3.171 Marker connectors used in a combined 
train office can serve a maximum of~ 
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ten combined markers. When a decoder 
signals a marker connector to seize an 
idle marker, the chain, or preference cir­
cuit, selects any idle marker (since they 
are all combined markers), and the marker 
connector operates the multicontact relays 
which cut through the leads from the de­
coder to the marker. Then the marker con­
nector signals the decoder connector to 
cut through the incoming sender used on the 
call to the selected marker. The marker 
connector releases when the decoder is re­
leased from the call. 

3.172 Fig. 57 shows a marker connector 
frame for a combined train office. 

3.173 Marker connectors used in a 
separate train office can ser~e a 

maximum of twenty markers: ten intertoll 
and ten toll completing markers. 

J.174 In order to select the proper kind 
of marker ( intertoll or toll com­

pleting), this connector is equipped with 
two chain or preference circuits. One 
chain for the intertoll markers and an­
other for the toll completing markers. 
When a decoder signals a marker connector 
for a marker, the decoder also tells the 
marker connector which kind of marker is 
required. If an intertoll marker is de­
sired, the intertoll chain relays are used. 
If a toll completing marker is desiredt 
then the toll completing chain is used. 
In this way the proper kind of marker is 
selected and seized. 

3.175 The other functions of the con-
nector are the same as those de­

scribed for the combined train office 
marker connector. 

3.176 Fig. 57 also shows a marker con-
nector frame for a separate train 

office. 

Foreign Translator Connector 

3.177 A foreign translator connector 
connects a decoder and a foreign 

area translator. Each foreign area trans­
lator has an associated connector to which. 
all decoders have access. 

3.178 Since a decoder must reach a 
specific foreign area translator 

to drop a card, if a particular foreign 
area translator is busy the decoder must 
wait its turn. 

3.179 A foreign translator connector in 
a combined train office (Fig. 58) 

can serve a maximum of ten· decoders. 

J.180 A foreign translator connector in 
a separate train office (Fig. 58) 

can serve a maximum of eighteen decoders. 
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Emergency Translator Connector 

J.181 The emergenc:r translator connector 
· (see Fig. -59) is associated with the 

emergency card translator. In a combined 
train office, this connector can serve the 
office maximum of ten decoders. In a 
sepa~ate train office, this connector can 
serve the office maximum of eighteen de­
coders. 

Outgoing Senders 

J.182 Outgoing senders are used to out-
pulse either revertive or POI 

pulses or both. This depends on the kind 
of local offices in the area served by the 
No. 4A toll office. Figure 60 shows an 
outgoing sender frame. 

J.183 Outgoing trunks to local offices 
that require revertive or POI 

pulses are connected to outgoing senders 
by an outgoing sender link and connector, 
controller connector and link controller. 
These connect the outgoing trunk to an 
outgoing sender in exactly the same way 

· as an incoming sender link and connector, 
controller connector and link controller 
connect an incoming trunk to an incoming 
sender. (See paragraphs 3.24 to J.28.) 

Multifreguency Pulsing Receiving Frame 

3.184 The receiving units on this frame 
receive and amplify MF pulsing 

signals. These signals are then repeated 
as d-c pulses and transmitted to the 
sender. 

3.185 One MF receiving frame mounts 
twelve receiving units. Each unit 

serves one MF sender, therefore one re­
ceiving frame is required for four MF in­
coming sender frames (one sender frame 
mounts three senders). 

Multifreguency Current Supply Frame 

).186 This frame mounts the oscillator 
units which generate the multi­

frequency current for MF outpulsing. Two 
supply frames are furnished in each office. 
( See Fig, 61.) 

Frame Identification Frequency Supply 
~ 

3,187 This frame mounts the oscillators 
which supply the frequencies for 

frame identification during marker opera­
tion. ·Figure 62 shows this single bay 
frame and the oscillators, amplifiers, 
and mixing resistances which are mounted 
on it. 

Alternate Route Traffic Control Frame 

J.188 Provision is made to deny alternate 
route traffic to CSP's that become 

SECTION A828.101 

congested. For example, office Bis used 
as an alternate route by office A in order 
to reach offices C and D. When office B 
becomes congested, office A is notified. 
Then, at office A, the key regulating al­
ternate route traffic via Bis operated. 
Now all alternate route traffic from of­
fice A, regardless of whether it goes to 
office C or D, is temporarily cut off from 
office B, As soon as office Bis able to 
handle alternate route traffic again, of­
fice A is notified and the traffic control 
key is restored. 

J.189 This type of operation applies only 
to alternate route traffic, direct 

traffic between office A and office Bis 
not affected by the alternate route traffic 
control keys. 

3,190 The traffic which is denied access 
to the trunk group to Bas an al­

ternate route is automatically transferred 
to master busy. 

3,191 The route transfer relays that are 
controlled by the operation of a 

traffic control key are located on the al­
ternate route traffic control frame (see 
Fig. 63). These relays are associated with 
the decoders in an office. In a particular 
CSP, there is one relay for each trunk 
group between this CSP and all the other 
CSP's it can reach. A CSP will not have 
trunk groups to more than 100 other CSP's, 
therefore a maximum of 100 route transfer 
relays is provided, There is one traffic 
control key and lamp for each route 
transfer relay. These keys and lamps are 
in the operating room of the traffic 
supervisory rac.k. 

Overflow Trunks and Trunk Group Busy 
Relays 

3,192 The outgoing intertoll trunk group 
busy relays and the overflow trunks 

and their control circuits are on the 
overflow trunk frame (see Fig. 64). These 
items are all concerned•with the overflow 
traffic in.the office. 

3.193 Overflow trunks are associated with 
certain trunk groups (usually out­

going intertoll trunks) in the 4A office. 
When these trunk groups are busy, calls 
are connected to overflow trunks. Then an 
overflow signal (JO IPM) is sent from that 
trunk to the outward operator. As soon as 
a trunk in the desired group becomes idle, 
a reorder signal (120 IPM) is substituted 
for the overflow signal by a control cir­
cuit. Then the originating operator again 
tries to complete her call. 

3,194 However, if a reorder signal is not 
sent back-within a short time, the 

outward operator releases the connection. 
Then she usually turns the call over to a 
delay through operator at a No. 5 switchboard 
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for completion. (In some installations a 
No. JCL switchboard will be used instead 
of a No. 5 switchboard.) 

J.195 If, at the originating toll office 
in the connection, not only the out­

going trunks .but also the overflow trunks 
in a group are busy, then the call is con­
nected to a master busy trunk. This trunk 
sends an irregular flashing signal to the 
calling operator indicating a fairly long 
delay. The operator can ring forward over 
this master busy trunk and reach the delay 
through operator at a No. 5 switchboard in 
the toll office because this trunk has a 
jack appearance at this board. The call­
ing operator can then leave the call with 
the delay through operator. 

3.196 When the all trunks busy condition 
is encountered at an intermediate 

toll office, a master busy signal is re­
turned immediately to the originating op­
erator. She then rings forward over this 
trunk and learns from the delay through 
operator where the all trunks busy condi­
tion has occurred. 

3.197 The trunk group busy relays are 
used to indicate the state of the 

trunk groups. There is one relay for each 
group of forty trunks. These relays are 
operated when there are any idle trunks in 
the group and released when all the trunks 
are busy. 

3.198 The group busy relays are connected 
with the overflow control circuits. 

They notify the control circuits that there 
is an idle trunk in the group and to sub­
stitute a reorder for an overflow signal. 
Leads from these relays also appear at 

·the No. 5 switchboard and, by means of 
lamps, inform the operator that there are 
idle trunks in certain trunk groups. 

3.199 These relays have another important 
use in connection with decoders. 

Chain leads from the trunk group busy re­
lays are used by decoders to check the 
availability of trunks during relay-to­
relay and card-to-relay operation. 

No. 5 Switchboard 

3.200 A No. 5 switchboard is provided in 
a 4A toll switching office for 

handling assistance traffic for originating 
operators. If an originating (outward) op­
erator encounters a trunks busy condition, 
she refers the call to a No. 5 operator. 

3.201 For inward assistance, the outward 
operator keys a 121 code to reach 

the inward No. 5 operator. The No. 5 op­
erator then attempts to complete the call 
when there are trunks available. 

J. 202 For through assistance, the out­
ward operator keys a 151 code and 
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reaches the No. 5 through operator. This 
operator attempts to complete the call 
when a circuit is available. 

3.203 A No. 5 operator can also be reached 
by ringing forward over a master 

busy signal. This is an important feature 
because when an outward operator gets 
master busy signal from a distant or 
through office (built-up connection), she 
does not know where this office is. There­
fore she rings forward over this signal 
and reaches the No. 5 operator at the of­
fice where the busy situation has occurred. 
The originating operator can then refer 
the call to the No. 5 operator located in 
her own toll center area. 

J .• 204 The No. 5 switchboard also has pro-
vision for informing originating op­

erators of the specific delay on their 
calls to a distant toll center. When such 
a situation occurs, the overflow trunks are 
patched to the proper delay quote trunks. 
The length of the delay is announced over 
these trunks. The delay quote trunks ap­
pear in the answering jack multiple on the 
No. 5 switchboard. For example, if there 
is a 2-hour delay on calls going through 
Chicago to St. Louis all these calls are 
put on the delay quote trunks. These 
trunks appear before a delay quote operator. 
This operator plugs into any lighted jack 
and quotes the delay to the originating 
operator. 

J.205 The No. 5 switchboard differs from 
the conventional type because it is 

equipped to switch calls by 4-wire switch­
ing. 

J.206 Trunks to the No. 5 switchboard 
terminate on twin jacks (4-wire) 

for use in switching calls. These twin 
jacks have double appearances in the 
multiple. They permit the operator to 
change cords, when necessary, and not 
lose the associated equipment such as the 
associated circuits on the incoming and 
outgoing frames. Each end of the cord 
circuits is equipped with four-wire twin 
plugs. 

J.207 Each No. 5 position (three per 
section of switchboard) is equipped 

with ten button keysets which are used to 
complete calls on an MF pulsing basis. 

Trunks and Trunk Relay Equipment 

General 

J.208 Two general types of trunks, inter-
toll trunks and toll connecting 

trunks carry traffic to and from a No. 4A 
toll switching system. An intertoll trunk, 
as the name implies, carries traffic be­
tween two toll offices. Examples of inter­
toll trunks are (1) trunks between two No. 
4A toll offices, (2) trunks between a No. 
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l+A office and a step-by-step toll office, 
(3) trunks between two manual toll offices. 
The toll offices .and intertoll trunks are 
referred to as the toll network·. 

3 .209 A toll connecting trunk! as this 
name implies, connects ocal of­

fices {and outward switchboards, etc.,) 
with the toll network. .Thus, this type of 
trunk carries traffic to or from a toll 
office. Examples of toll connecting trunks 
are (1) a trunk from a DSA switchboard to 
a No. 4A toll office, (2) a trunk from a 
No. 4A toll office to a No. l Crossbar 
office. 

J.210 There are several categories of 
intertoll and toll connecting 

trunks. These categories are discussed 
here together with the functions of trunk 
relay equipment. 

Intertoll Trunks 

3.211 Terminal, Via. and Common Grade 
Trunks: Intertoll trunks carry 

intertoll traffic which is defined as 
traffic from one toll center to another. 
They are divided, depending on their usage, 
into three · grades: •via grade , common grade , 
and terminal grade. These three grades · 
fall into two classes from the standpoint 
of quality of transmission, the via and 
common grades constituting one class and 
the terminal grade the other. 

3.212 A terminal grade trunk provides a 
transmission quality which is satis­

factory for connections in which only one 
intertoll trunk is required. Thus ter­
minal grade trunks carry intertoll traffic 
which originates in one toll center and is 
completed in a second to.11 center without 
intermediate switching. 

3 .213 ,. Via and common grade trunks have a 
higher transmission quality and are 

used when there are two or more intertoll 
trunks in the connection. These trunks 
carry intertoll traffic which originates 
in one toll center, is carried over two or 
more via or common grade intertoll trunks 
to a third {or fourth, etc.) toll center, 
and is completed in the third (or fourth, 
etc.) toll center. 

3.214 As indicated in par. J.211, the dif-
ference between common grade trunks 

and via grade trunks is one of usage. 
Whereas via grade trunks are used only when 
there are two or more intertoll trunks in 
a connection, common grade tx-unks are also 
used to carry overflow traffic from ter­
minal grade trunks {see par. J.212). 

3.215 There can be various combinations 
of these types of trunks between 

two toll offices: 

(1) Terminal and Via trunks 
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(2) Common trunks 

(J) Terminal, Via and Common trunks 

(4) Terminal and Common trunk~ 

In case (3), the traffic from both the ter­
minal and via trunks can·overflow to the 
common trunks; in case (4) the traffic from 
the terminal trunks can overflow to the 
common trunks. · 

J.216 Carrier trunks have transmission 
quality equivalent to common and 

via grade trunks. As more and more carrier 
systems are introduced and the_ conversion 
of voice frequency trunks to carrier trunks 
is made, an ever-increasing number of inter­
toll trunks will be of the same transmission 
quality and therefore less and less grading 
will be required. 

J.217 One-Way and Two-Way Trunks: Inter-
toll trunks are also classified ac­

cording to direction of traffic flow. An 
intertoll trunk that carries traffic in 
only one direction is called a one-way 
trunk. For example, a trunk that carries 
outgoing traffic from office A to office B 
is called a one-way outgoing trunk at of­
fice A and a one-way incoming trunk at · 
office B. 

3.218 Some intertoll trunks carry traffic 
in both directions. These are called 

two-way trunks because they carry incoming 
traffic to the office and outgoing traffic 
from the office • 

3.219 The type of intertoll trunk, from 
both the transmission and direction 

standpoint, {Le. one-.way or two-way) de­
termines its appearances on the incoming 
and outgoing switching frames of a No. 4A 
toll switching system. 

J.220 In a separate train system, a one-
way incoming via or common grade 

intertoll trunk has two appearances, one 
on an incoming frame of the intertoll train 
and the other on an incoming frame of the 
toll completing train. An appearance on 
each of the trains is needed because this 
type of trunk may be connected either to 
other intertoll trunks (th~ough the inter­
toll train) or to toll connecting trunks 
(through the toll completing train). 

J.221 A one-way incoming terminal grade 
intertoll trunk has only one appear­

ance which is on an, incoming frame of the 
toll completing train. Only one appearance 
is needed because this type of trunk can 
only be connected to a toll connecting 
trunk and never to another intertoll trunk. 

J.222 In general, a one-way outgoing inteI'-
toll trunk (terminal, via, or common 

grade) has ari appearance on an outgoing 
frame of the intertoll train. However, if 
there is a heavy load on the intertoll 



train, some of the one-way outgoing inter­
toll trunks may be associated with the 
toll completing train in order to spread 
this load. 

J.223 A two-way via or common grade inter-
toll trunk has three appearances on 

the frames of a separate train system. It 
has an appearance on an incoming frame of 
both trains for incoming traffic and on an 
outgoing frame of the intertoll train for 
outgoing traffic. However, in some cases 
in order to balance the traffic load, the 
outgoing appearance may be associated with 
the toll completing train. 

J.224 A two-way terminal grade trunk re-
quires only two appearances. It 

has an appearance on an incoming frame of 
the toll completing train and on an out­
going frame of the intertoll train. How­
ever, for the same reasons as mentioned 
above, a terminal grade trunk may have its 
outgoing appearance associated with the 
toll completing train. 

J.225 In combined train systems, an· inter-
toll trunk has an appearance that 

corresponds to its directional name. A 
one-way incoming (terminal, via, or common 
grade) trunk has an appearance on an in­
coming frame; a one-way outgoing trunk has 
an appearance on an outgoing frame; a two­
way trunk has appearances on both an incom­
ing and an outgoing frame. 

3 • 2 26 Dial , Mul tifre gue·ncy. R ingdown • and 
Automatic Operation: As discussed 

earlier in this part a No. 4A system can 
receive and send both dial and multifre­
quency pulses. Multifrequency pulse opera­
tion is used on intertoll trunks (both one-
way and two-way) between two No. 4A sys­
tems. Dial pulse operation is used on 
intertoll trunks (both for one-way and 
two-way). between a No. 4A system and a 
step-by-step intertoll system. In some 
cases, multifrequency is used from a. 
switchboard in a step-by-step toll office 
in one direction and dial pulse is used in 
the opposite direction. Either multifre­
quency or dial pulse operation is used on 
one-way trunks from a manual toll office 
to a No. 4A system. 

3.227 Many of the manual toll centers to 
which a No. 4A toll office will have 

trunks will not be equipped to receive and 
translate dial or multifrequency pulses 
tor some time to come. The intertoll 
trunks between the manual toll offices in 
these centers and a No. 4A toll office are 
usually two-way trunks using either ring­
down operat~on in both directions or auto­
matic operation in one direction.and multi­
frequency (or dial) operation in the other 
direction. 

3.228 Ringdown operation permits a No. 4A 
system to use existing ringdown 

intertoll trunks between the switchboards 

SECTION M28 .101 

at the No. 4A location and the switch­
boards at the distant manual toll office. 
A trunk of this type appears in the multi­
ple of the inward and through switchboard 
and in the multiple of the outward switch­
board at both locations. By means of a 
circuit known as a ringdown applique cir­
cuit, an appearance is also obtained on an 
outgoing frame of the No. 4A toll switching 
system. 

3.229 When the No. 4A toll system has a 
call for the distant manual office, 

it seizes the ringdown intertoll trunk.and 
a ringing signal is sent to the distant 
office. The inward operator responds to 
the signal and the originating operator 
passes the call on to her for completion. 

3 .230 When an operator at the distant 
manual toll office has a call, she 

seizes the trunk and rings toward the No. 
4A office. At the No. 4A office, the in­
ward operator answers the ring and is told 
the destination of the call. The inward 
operator then selects a trunk to the No. 
4A switching equipment and advances the 
call by keying the necessary routing infor­
mation. 

J.231 In the automatic type of operation, 
the intertoll trunk does not have 

an appearance on the inward or outward 
switchboard in the No. 4A office. Instead, 
it has an appearance on an incoming and an 
outgoing switching frane. When the No. 4A 
system has a call for the distant manual 
toll center, it seizes the outgoing frame 
appearance and a signal is automatically 
sent by a composite or single frequency 
signaling circuit to the distant end. The 
inward operator answers the signal and is 
verbally informed of the destination of 
the call. 

3.232 When the manual toll office has a 
call, the operator selects the trunk 

and a signal is sent to the No. 4A switch­
ing equipment. An incoming sender is then 
attached and the operator keys the required 
routing information. 

3.233 In some cases there will be one-way 
trunks carrying traffic from a No. 

4A system to a manual toll office. These 
will be operated on a ringdown or auto­
matic basis. In other cases there will ·be 
one-way trunks carrying traffic from the 
manual office to the No. 4A system, these 
will be operated on a dial or multifre­
quency pulse basis as already mentioned. 

Toll Connecting Trunks 

3.234 Trunks which connect a No. 4A toll 
office with local offices and with 

switchboards are called toll connecting 
trunks. These include the toll tandem and 
the toll switching trunks. 
J.235 Toll Tandem Trunks: Toll tandem 

trunks provide outward toll operators 
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at a No. 4A toll office and DSA operators 
at local offices with access to the No. 4A 
toll switching system. These trunks are 
one-way trunks which transmit MF or DP 
pulses and can only·be used to place calls 
through the No. 4A switching system. 

3.2;6 Because they are one-way trunks 
they appear on the incoming switch­

ing frames only. In a separate train of-. 
fice two arrangements are possible. In 
some cases a toll tandem trunk group has 
appearances on the incoming frames of both 
the intertoll and toll completing trains. 
This procedure is usually followed on 
trunk groups from the DSA switchboards at 
local offices. In other cases, usually 
when the switchboard is in the same build­
ing as the No. 4A equipment, two separate 
trunk groups are provided; one group has 
access to the intertoll train; the other 
group to the toll completing train. In 
these cases, an outward operator selects 
a tandem trunk with access to the required 
train since her instructions direct her to 
use one trunk group for certain calls and 
the second trunk group for other calls. 

J.237 Toll Switching Trunks: Toll sw~tch-
ing trunks are used to switch calls 

from a No. 4A office to local and community 
dial offices. They can be connected to in­
coming toll tandem trunks or incoming 
inte rt·oll trunks • 

).238 Toll switching trunks are one-way 
outgoing trunks and appear on the 

outgoing frames of an office. In a separ­
ate train office, they are usually on the 
toll completing train. 

J.239 These trunks are arranged for dial 
pulsing to step-by-step offices, 

multifrequency or revertive pulsing to 
crossbar offices, revertive pulsing to 
panel dial offices, and panel call indi­
cator to manual offices. 

Miscellaneous Trunks 

3.240 These trunks have appearances on 
the outgoing frames and are spread 

over the various trains according to the 
requirements of individual offices. 

3.241 TX Trunks carry delayed call traffic 
between the No. 4A toll switching 

system and TX operators. 

3.242 Service Trunks carry traffic be-
tween the No. 4A toll switching 

system and assistance operators and test­
boards. These include trunks to the in­
ward operator (code 121), delay operator 
(code 151) 1 testboard (code 101), and in­
formation \code 131). 

J.243 Reorder Trunks are used to send a 
reorder signal to the outward op­

erator. When the outward operator re­
ceives a reorder signal, she usually 
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rechecks her routing information and ori­
ginates the call again. 

3.244 Overflow Trunks are used to send an 
overflow signal to the outward op­

erator indicating that an all-intertoll­
trunks-busy condition has been encountered 
in the 4A toll office in the home toll 
center. 

3.245 Master Busy Trunks are used to send 
a master busy signal to the outward 

operator when an all~intertoll-trunks-buey 
and all-overflow-trunks-busy condition has 
been encountered ,at the No. 4A toll office 
where a connection is built up. These 
master busy trunks are arranged so the 
outward operator in the distant office can 
ring forward to r~ach an assistance op­
erator in the toll office where the all­
trunks-busy condition was encountered. 

Trunk Groups and Subgroups 

3.246 A trunk group is made up of all the 
trunks extending from one switching 

office to another. For example, all the 
trunks between two 4A toll offices like 
New York and Boston are a trunk group. 
Trunks are further identified by dividing 
a trunk group into subgroups according to 
the traffic usage and transmission char­
acteristics of the trunks in the group. 

3.247 In general, only the intertoll 
trunks are subgrouped on a traffic 

and transmission basis; therefore these are 
discussed here. As mentioned before, there 
are incoming, outgoing, and 2-way intertoll 
trunks which can be terminal, via or common 
grade. A subgroup is made up of trunks 
which have the same traffic and transmission 
characteristics. For example, in a group 
of outgoing trunks which contain terminal 
and common grade trunks, the terminal grade 
trunks form one subgroup and the common 
grade trunks form another. 

3.248 On a particular call, as discussed 
previously·- under the Marker and 

Trunk Block Connector, a marker is directed 
to a suitable trunk subgroup. If this sub­
group contains forty or fewer trunks, the 
marker can test them all at the same time. 
Ho-wever, if there are more than forty 
trunks, the marker tests a maximum of forty 
trunks at a time. For example, a trunk 
group of 80 trunks has one subgroup of 57 
common grade trunks and another subgroup of 
23 terminal grade trunks. When a marker is 
directed to the terminal grade trunk sub­
group, it tests all 23 trunks at one time. 
When a marker is directed to the common 
grade subgroup, it first tests forty trunks 
and, if these are busy, then tests the re­
maining thirteen. 

Pads 

3.249 In order to understand pads, which 
are used to introduce a transmission 



loss on certain trunks, it is necessary to 
understand some of the fundamental require­
ments of a good transmission system. 

3.250 Experience indicates that a tele-
phone user is generally neither 

aware of nor interested in the routing of 
his call, the number of switching points, 
etc. He is hoW3ver, concerned about 
whether he gets a good or bad talking con­
nection. He measures his satisfaction 
with a call by comparison with his ex­
periences on other calls. He is conscious 
of differences in tran~mission on calls he 
makes to different telephones and especial­
ly so on calls he makes at various times 
to the same telephone. 

3.251 One of the transmission objectives 
is to make these differences as 

small as practicable regardless of whether 
the call is routed over the preferred 
route or an alternate route or whether the 
call is a single switched or multiswitched 
call. To meet these objectives, the first 
step is to determine a re3sonable grade of 
transmission. The next step is to insure, 
insofar as practicable, that all connec­
tions have at least as good a grade of 
transmission as this. The effect of this 
is to reduce transmission differences on 
different calls between the same two tele­
phones as well as calls to different tele­
phones made from the same telephone. 

3.252 The following paragraphs discuss 
what is done to intertoll and toll 

connecting trunks in order to reach this 
objective. The intertoll trunks are dis­
cussed first. 

3.253 Obviously, if all the intertoll 
trunks in a connection had no trans­

mission loss the received volume on all 
connections (assuming the same talker and 
neglecting the effect of the toll connect­
ing trunks for the moment) would be the 
same regardless of the type or length of 
the connection. The reduction of trans­
mission loss to zero is not practicable 
for several reasons, one of which is that 
if repeater gains were set high enough to 
do this, "singing" would occur. 

3.254 However, by reducing the transmis-
sion loss of every intertoll trunk 

to a very low value (through the use of re­
peaters), the over-all loss for all practi­
cal purposes is about the same regardless 
of whether there is one or several inter­
toll trunks in the connection. 

3.255 The different intertoll trunks 
making up a group are composed of 

different elements. Some are composed of 
carrier facilities of various types, others 
are composed of voice-frequency facilities; 
some are open wire, others cable or coaxial 
conductors; some are loaded, others are not; 
some are equipped with echo suppressors, 
others are not. All of these factors af­
fect the loss of an intertoll trunk. 
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3.256 Regardless of the make-up of a 
trunk, repeater gains are set to 

levels high enough (with gain to spare) to 
give adequate transmission on the highest 
loss intertoll trunk plus a high loss toll 
connecting trunk in the connection. The 
spare gain is used to compensate for loss 
of toll connecting trunks as explained 
later in par. 3.260. 

3.257 It is not desirable to readjust re-
peater gains whenever an element is 

changed, added to, or removed from a trunk. 
Nor is it desirable to have at the toll 
testboard and the circuit patching bay of 
a particular office, appearances of trunks 
with various transmission levels. Uni­
formity of levels at the toll testboard 
and at the circuit patching bay facilitates 
maintenance, makes it convenient to patch 
one circuit in place of another and to 
.build up temporary circuits, etc. 

3 .258 This uniformity of levels is ob-
tained by the use of adjustable 

pads, called "·P" pads ( pads are artificial 
conductor losses). These pads are in­
serted between the testboard and the cir­
cuit patching bays in both the transmitting 
and receiving branches of every trunk. For 
each trunk, these pads are adjusted to a 
loss which when added to the loss caused 
by echo supporessors, signaling units, and 
office cable, etc. brings the transmission 
level of the particular·trunk into uni­
formity with the others appearing at the 
testboard and circuit patching bay. Thus, 
the loss introduced by "P" pads varies 
from trunk to trunk depending upon the 
make-up of the_ trunks. For each trunk the 
loss in the P pads remaimfixed unless a 
change is made in the office layout of 
such a nature as to change the office loss 
for example, removing an echo suppressor. 

3.259 The loss of a toll connecting trunk 
also affects the received volume. 

These trunks vary from very short to very 
long and the losses on them vary corres­
pondingly. It is not economical to use re­
peaters to bring all these trunks to the 
same grade of transmission as is done with 
intertoll trunks. Therefore, what is done 
is to divide all the toll connecting trunks 
into two classes, a high loss class and a 
low loss class and to treat these classes 
differently in order to offset the higher 
losses and thus bring both classes closer 
together. 

3.260 As discussed in par. J.256 spare 
gain is provided by repeaters on 

intertoll trunks to compensate for loss in 
toll connecting trunks. The use of this 
spare gain is controlled by inserting 
switchable "A" pads in the transmitting 
and receiving branches of the intertoll 
trunks. The loss introduced by the "A" 
pads offsets the spare gain until it is 
required and then the pad is switched out. 
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).261 Part or the whole of this pad is 
switched out depending upon the 

class of toll connecting trunk connected 
to the intertoll trunk.• When a high loss 
toll connecting trunk ,is connected to the 
intertoll trunk, the full "A" pad is 
switched out; when a low loss toll connect­
ing trunk is connected to the intertoll 
trunk, part of the "A" pad is switched out. 
This pad control is accomplished by the 
No. 4A system. 

J.262 The "A" pads are switched out only 
at the points where the intertoll 

trunk connects to the toll connecting 
trunks. Where intertoll trunks are con­
nected (for example, at an intermediate 4A 
office) the "A" pads stay in the connection. 

Trunk Relay Equipment 

J.263 Trunk relay equipment, as shown in 
Fig. 1, is associated with the in­

coming and outgoing ends of every trunk. 
This equipment performs both signaling and 
transmission functions. The signaling 
functions consist of receiving and forward­
ing supervisory signals exchanged by a call­
ing office and a called or intermediate of­
fice. The transmission functions include 
continuation of trunk conductors, connect­
ing 2-wire trunks to the four wires going 
to the switches, and passing information 
to the common control equipment. 

J.264 Signaling Functions: Incoming trunk 
. relay equipment receives supervisory 

signals, for example re-ring or disconnect, 
trom an originating switchboard or a pre­
ceding toll system. It passes these sig­
nals to outgoing trunk relay equipment 
which in turn passes them on to the next 
office. The outgoing trunk relay equipment 
also receives signals such as start dialing 
and off-hook which it passes back to the in­
coming trunk relay equipment. Then this 
equipment passes the signals back to the 
originating switchboard or the preceding 
toll system. 

3.265 Transmission Functions: Trunk re-
lay equipment provides a transmis­

sion path for the trunks to and from the 
4A switches. Intertoll trunks can be 
brought directly through the 4A switches 
without conversion. However, the toll 
tandem and toll switching trunks require 
conversion by the trunk relay equipment. 

J.266 Toll tandem trunks are 2-wire when 
they leave the DSA or outward switch­

boards. A trunk of this type is converted 
from 2-wire to 4-wire by a repeat coil hy­
brid in the incoming trunk relay circuit. 
This circuit also contains the balancing 
networks needed to balance a particular 
trunk. 

3.267 Toll switching trunks are outgoing 
to 2-wire local switching offices 

therefore the four wires from the No. 4A 
switches are converted to two wires in the 
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outgoing trunk relay circuits. These cir­
cuits also contain repeat coil hybrids and 
balancing networks. 

J.268 Passing Information to Common Con-
trol E1uipment: When a cal! arrives 

at a No.7;A o fice;-It is the trunk relay 
equipment which sends the signal to a link 
controller and tells the· controller that 
this trunk has a call and wants an incoming 
sender. After the sender is attached to 
the trunk through the sender link frame, 
the trunk relay equipment passes informa­
tion over the links to the sender (see Fig. 
40). ·Classmarks (VO or NVO) and how the 
pulses are being sent - by the loop or CX 
method ( if the s'ender is a dial pulse in­
coming sender) are typical of the type of 
information passed from a trunk relay cir­
cuit to an incoming sender. 

4. METHOD OF OPERATION ON TYPICAL CALLS 

(A) General 

4.01 This part describes the operation and 
some of the circuit features of the 

No. 4A toll switching system under specific 
call conditions. These calls are carried 
through one or more No. 4A toll offices and 
illustrate many of the various methodsof 
routing calls. The descriptions make refer­
ence to the functions and sequence of opera­
tions of the various equipment elements as 
the calls progress. 

4.02 However, the purpose of this part is 
to illustrate how the No. 4A toll 

switching system routes calls. Therefore, 
all the details concerning the operations 
and functions of the individual elements are 
not given since these are described in pre­
ceding parts of this section. Very little 
detail is given where the equipment element 
operates in a similar manner on every call. 
For example, an incoming sender receives and 
registers pulses on every call regardless of 
whether the call is to be completed in the 
area, sent to another area, etc. More de­
tail, however, is given of the decoder and 
card translator operations because of the 
many variations; for example, whether this 
is a call requirtng 3-digit translation or 
6-digit translatfon or whether this is a 
call requiring an intertoll or toll switch­
ing trunk. 

4.0J As discussed before, this type of in-
formation is obtained. from a card 

dropped in a translator. In order to show 
how the marker and decoder use this infor­
mation, the majority of the card holes (see 
Fig. 4o) are discussed. (A complete des­
cription of the functions of all the holes 
and the relays associated with them is 
given in Section A828.121.) 

4.04 The five typical calls described in 
this part illustrate some of the 

methodsused by the No. 4A toll switching 
system to route .calls. They are covered 
under the following headings: 

1. B Call Illustratin 
ranslation - Two 

to an Area. 



( 

2. (C) Call Illustrating Automatic 
Alternate Routing. 

3. (D) Call Illustrating Vacant Code 
Routing. 

4. (E) Call Illustrating Six-Digit 
Translation - Terminal and 

Common Grade Trunks. 

5. (F) Call Illustrating the Prefixing 
of an Area Code. 

As mentioned, these are typical calls and 
may not represent actual application in 
the toll network. 

4.05 To assist in studying these typical 
calls, Figs. 65 and 66 show the rela­

tive time that each equipment element in 
one No. 4A office is used as a call pro­
gresses. The relationship for the equip­
ment used to switch a call that requires 
)-digit translation is shown on Fig. 65; 
Fig. 66 shows this relationship for the 
equipment used to switch a call that re­
quires 6-digit translation. Each equipment 
element is shown as a block; the element 
used first is at the left and the one used 
last at the right. The height of a block 
indicates the relative holding time. The 
top of the block indicates the time of 
seizure; the bottom of the block the time 
of release. 

B Call Illustratin 
rea 

General 

4.06 As explained in Part 1, under nation-
wide dialing, calls are switched on a 

destination basis rather.than on a trunk 
route basis. This means that all of the 
No. 4A toll switching systems through which 
a call progresses know the basic numbering 
plan area in-which the call terminates. It 
was also explained in Part 1 that when a 
No. 4A toll office has trunk groups to two 
or more toll centers in another basic num­
bering plan area, 6-digit translation is 
necessary. A call illustrating this condi­
tion was briefly desc.ribed. In this part, 
a similar call is described but in more 
detail. 

4.07 Six-digit translation is illustrated 
in the following call from a sub­

scriber in New York City to a subscriber 
in Bar Harbor, Maine ( see Fig. 67, attached). 

4.08 It is assumed that at Bar Harbor 
there is a manual toll board and a 

manual local board. The Bar Harbor toll 
center receives traffic from New York via 
the Bangor No. 4A toll office. New York 
has direct trunks to the Bangor toll office 
and also to the Portland toll office which 
are both in basic numbering plan area 207 
(area 207 includes the whole state of Maine). 
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Therefore, when New York has a call for 
area 207, the No. 4A system in New York 
must determine (by making 6-digit transla­
tion) whether to route the call to Bangor 
or Portland for completion. 

4.09 In the following description of .the 
call, the operations necessary to 

perform 6-digit translation at New York 
are described. However, to give an. over­
all picture of a call, the description 
continues by taking this call through the 
Bangor and Bar Harbor offices. 

4.10 Figure 67, as the titles indicate, 
is also used to illustrate two other 

calls. The second and third callsdescribed 
later under (C) and (D), are also between 
the same two subscribers. For the second 
call, it is assumed that all the New York 
to Bangor trunks are busy. It is there­
fore necessary at New York to alternate 
route the call to Boston which has trunks 
to Bangor. For the third call, it is 
assumed that the Bar Harbor national office 
code appears as a vacant code at New York. 
Because of the vacant national office code 0 

it is impossible to make 6-digit transla­
tion at New York. Therefore this third 
call is routed via the principal city 
(Boston) for area 207. 

4.11 For all these calls, the following 
assumptions are made: 

(a) The outward switchbpard in New York 
is equipped with multifrequency 

key sets. 

(b) The No. 4A toll office in New York 
has separate-trains. This call 

uses the intertoll train. 

(c) The No. 4A toll office in Bangor 
has a combined train. 

(d) The called number is Bar Harbor 
6531. The national office code 

for the local office in Bar Harbor is 
227, an arbitrary number. 

(e) There is a high usage group of 
eight common grade intertoll trunks 

between New York and Bangor. 

(f) Bangor and Portland "home" on the 
Boston No. 4A toll office. (See 

Part 1, par. 1.169 for definition of 
"home".) 

(g) Boston homes on the New York No. 
4A toll office. 

(h) Boston is the principal city for 
New York traffic to the Maine area 

because both Bangor and Portland toll 
centers home on Boston. 

(i) In the discussion of the third call, 
227 is assumed to be a new code. 
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TOLL TANDEM . 
TRUNK SEIZED___. 

OUTWARD OPERATOR-+ 
RECEIVES START 
PULSING SIGNAL 
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OUTPULSING AS 
REQUIRED 

CALLED 
SUBSCRl&ER ANSWERS_. 

ON-HOOK SIGNAL D 
OPERATOR TAK'ES __. 

NO. 4A TOLL OFFICE 

DOWN CORDS 

FIG.65-PROGRESS DIAGRAM THREE-DIGIT TRANSLATION CALL 

Description of Operation 

4.12 The calling subscriber dials 211, 
reaches an outward toll operator in 

New York, and gives-her ·the called number, 
Bar Harbor 6531. The operator then se­
lect~ a toll tandem trunk which has access 
to ---tbe intertoll train in New York. Her 
kting instru·ctions direct her to key 207 
(area code for Maine) plus 227 (national 
office code for Bar Harbor). The numeri­
cals 6531 are not keyed because the outward 
operator has to pass Bar Harbor 6531 ver­
bally when the inward operator at the 
manual toll board in Bar Harbor is reached. 

4.13 At New York the incoming toll tandem 
trunk is connected to an MF incoming 

sender at the sender link frame by a con­
troller connector and link controller. 
After the sender is attached, the controller 
connector and link controller r~lease. 
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4.14 Then the No. 4A toll switching sys-
tem signals the outward operator 

that a sender is attached and that she 
should begin keying. She keys 207-227. 
Upon receipt of 207, the incoming sender 
signals a decoder connector to seize an 
idle decoder. The decoder then sends the 
code 207-3D to its home translator where 
t_he corresponding card drops. (On this 
particular call, it is assumed that pre­
translation takes place.) 

4.15 This card has certain holes enlarged: 

1. PRETRANSLATION - CA6 - (come again 
with six digits) 

2. AREA CODE CONTROL - AC - (Area code 
registered in sender) 

J. TRANSLATOR BOX NUMBER - (Tens and 
units digits of foreign translator 

number) 



I 

( 

TOLL TANDEM 
TRUNK SEIZED---+ 

OPERATOR RECEIVES 
START PULSING SIGNAL_. 

ASSUME 6 DIGITS ---+ AVAILABLE 

INPULSING COMPLETED-. 

OUTPULSING AS 
REQUIRED 

I.!> 
Zlll::: 
-z 
:::!!:::, 
Oa:: 
~I-

ON-HOOK SIGNAL 0 
OPERATOR TAKES ----+ 

DOWN CORDS 

a: 
:t::o 
ZI- a: a: -u WO ...Jw 

...11- a: 
a: z w 
Wz 6U ...I 
oo a:W :(.c,5 
~u 1-z l.!>a: za: 
(/) ell zz JI- ~w 

D 
oo z ~o uu 0 oz 

□ 
u uw 

□ 
:Zif) 

a: 
a: "g 
0 We( 
I- 0...1 
c( 011) 
...I uz 
(/) w c( a: 

a::o z oa: 
WI-

c( a: I-a: a: ou w I- Oz ow 0 Wl!> uz 0 w 
wz u ~ ~w 
00 w 0 Oa: 

u 0 :c :co 
u.. 

D □ CJ D 

N0.4A TOLL OFFICE 

SECTION A828.101 

D 

w 
::Ea: 
<o 
a: I­
IL U 
l!>w 
Zz oz 
l!>O 
1-U 
:::, 
0 

w 
::E 
<" a:o 
u.. I-
C) ~ 
zz -z ~o Su 
z 

□□ 

FIG.SE>- PROGRES~ DIAGRAM SIX-DIGIT TRANSLATION CALL 

4. OGT APPEARANCE - IT - (Outgoing 
trunks appear on the intertoll 

train) 

5. TRUNK BLOCK CONNECTOR. TRUNK BLOCK, 
GROUP START, and GROUP END - (Tens 

and units digits which direct the 
marker to the outgoing trunk group and 
identify the trunks it should test 
first and last) 

6. CODE CONVERSION - CCHN, CCTN, CCUN­
(No code conversion of hundreds, 

tens or units digits required) 

7. VAR SPILL CONTROL - NSK - (Do not 
skip any digits when outpulsing) 

8. CLASS - (Tens and units digits of 
class number which gives informa­

tion concerning type of outpulsing 
required, in this case MF pulses) 

9. ROUTING INSTRUCTIONS - (Follow 
with overflow) 

Only the first three items are used to 
route this call; the others are used to 
route a vacant code call via a principal 
city (Boston) as explained later in (D) Call 
Illustrating Vacant Code Routing. 

4.16 When the 207-3D card drops, it tells 
the decoder that six code digits are 

required (pretranslation using the CA6 
hole) before a call can be switched to 
foreign area 207. If six code digits have 
not been registered in the incoming sender 
by the time the 207-JD card drops, the de­
coder, after advising the sender that six 
digits are needed, releases. The home 
translator also restores to normal and the 
decoder is available to serve other calls. 
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4.17 When the six digits (area code plus 
national office code) have been 

registered in the incoming sender, it 
again signals a.decoder connector to seize 
an available decoder. When a decoder (it 
may or may not be the. same · one ) is seized, 
it sends the code 207-JD to its home 
translator and an identical (or the same) 
card drops. By this time, the incoming 
sender has signaled the decoder that six 
digits are registered and the decoder pro­
ceeds with the call. 

4.18 From the TRANSLATOR BOX NUMBER holes 
on the 207-JD card, the decoder now 

learns which foreign area translator con­
tains the 207-227-6D card, the card which 
has the information for routing this call. 
The decoder then restores the first card 
(the 207-3D card) and signals a translator 
connector to connect to the particular 
foreign area translator containing the 
207-227-6D card. 

4.19 Now the decoder passes 207-227-6D to 
this foreign area translator and the 

corresponding card drops. This card, 
representing the eight intertoll trunks 
between New York and Bangor, has the fol­
lowing holes enlarged: 

1. ROUTING INSTRUCTIONS - (Relay-to-
relay routing) · 

2. ALTERNATE ROUTE PATTERN NUMBER -
(Tens and units digits of a route 

relay number) 

J. OGT APPEARANCE - IT 

4. TRUNK BLOCK CONNECTOR~ TRUNK BLOCK, 
GROUP START, AND GROU~ END 

5. CODE CONVERSION - CCHN, CCTN, CCUN 

6. VAR SPILL CONTROL - SKJ - (Skip the 
first three dig~ts when out pulsing) 

7. CLASS - (MF pulsing) 

4.20 With a relay-to-relay type of rout-
ing in~truction, the decoder first 

determines that there is an idle trunk 
among the eight high usage trunks between 
New York and Bangor or among those on some 
alternate route before it presents a card 
to the marker. Therefore, the decoder im­
mediately goes to the relay tree and op­
erates the route relay corresponding to 
the number in the ALTERNATE ROUTE PATTERN 
NUMBER holes. By the group busy chain 
lead method, the decoder checks these eight 
trunks and, in addition, the alternate 
route trunks via Boston. 

4.21 For this call, it is assumed that 
there is an idle trunk among the 

eight trunks to Bangor. (The next 
call (C) Call Illustrating Automatic Al­
ternate Routing, describes the method of 
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operation when the decoder does not find 
an idle trunk and must go to the Boston 
trunks.) 

4.22 When the decoder determines that 
there is an idle trunk among those 

represented by the 207-227-6D card, it 
uses the information on this card to switch 
the call. The IT hole on the card tells 
the decoder that these outgoing trunks are 
on the intertoll train and 'therefore the 
decoder signals for an idle intertoll 
marker. A marker is seized through a 
marker connector and is then connected to 
the incoming send~r through the decoder 
connector. 

4.23 Next, information is passed from the 
decoder and the dropped card to the 

marker, as follows: 

(a) Location of the outgoing trunks. 

(b) To follow with second trial in 
case the marker finds all trunks 

busy when it attempts to select one 
from the information supplied by the 
card. (When a decoder gets a relay-to­
relay routing instruction, it auto­
matically gives a follow with second 
trial indication to the marker. See 
par. J • 120. ) 

(c) No code conversion is required. 

(d) Skip three code digits when out-
pulsing. The area code (207) is 

skipped because these trunks terminate 
in that area. 

(e) To outpulse on a multifrequency 
basis. 

Items (c), (d), and (e) are transmitted 
to the incoming sender by the marker. 

4o24 The marker checks for receipt of 
all information and signals the 

decoder to release. At this point, the 
card is restored and the card translator 
is available for another call. 

4.25 The marker then seizes an idle out-
going intertoll trunk, establishes 

a channel between the incoming tandem trunk 
and this outgoing trunk, and releases. 

4.26 When the outgoing trunk is seized, 
it sends a signal to the Bangor No. 

4A toll office. Upon receipt of this 
signal at Bangor the trunk is connected to 
an MF incoming sender there. 

4.27 When a sehder is attached to the 
trunk, a signal is sent to the sender 

at New York. Then the New York sender 
outpulses 227 (Bar Harbor national office 
code) on a multifrequency basis. After 
the incoming sender at Bangor receives 227, 
it signals a decoder connector to seize 
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an idle decoder. The seized decoder sends 
the code 227-3D into its home translator 
and the corresponding card drops. 

4.28 The 227-3D card which drops in the 
home translator bas the following 

holes enlarged: 

1. PRETRANSLATION - NCA - (No come 
again, three code digits are suf­

ficient) 

2. AREA CODE CONTROL - NAG - (Not an 
area code, 227 is a national office 

code') 

3. TRUNK BLOCK CONNECTOR, TRUNK BLOCK, 
GROUP START, AND GROUP END 

4. CODE CONVERSION - CCHN, CCTN, CCUN 

5. VAR SPILL CONTROL - SKJ 

6. CLASS - (No outpulsing required -
manual class) 

7. ROUTING INSTRUCTIONS - (Follow with 
overflow) 

The NCA hole tells the decoder that three 
digits are sufficient to route this call, 
an example of )-digit translation. There­
fore the decoder proceeds with the call. 

4.29 The decoder signals a marker connec-
tor to seize a combined marker. 

After it is seized, the marker is connected 
to the incoming sender through the decoder 
connector. Thenthe decoder passes the 
following information to the marker: 

(a) Location of the desired outgoing 
trunks. 

(b) To follow with overflow~n case 
these are busy • 

(c) No code conversion is necessary. 

(d) No outpulsing is required because 
the call is to a manual toll office. 

The marker passes items (c) and (d) to the 
incoming sender and signals the decoder 
to release. 

4.JO The marker seizes an idle outgoing 
intertoll trunk, establishes a chan­

nel and releases. The incoming sender also 
releases because outpulsing is not required. 

4.31 At the same time, a signal is sent 
to the inward switchboard at Bar 

Harbor. The inward operator at this 
switchboard answers the signal and obtains 
the called number from the outward opera­
tor in New York. The call is then com­
pleted to the called subscriber. 
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(C) Call lllustrating Automatic Alternate 
Routing 

Gener-al 

4.32 Automatic alternate routing is neces-
sary for nationwide toll dialing. 

As described in Part l~ a No. 4A toll 
switching system can automatically examine 
and choose an alternate route for a call 
without requiring any.additional informa­
tion other than that furnished by the 
originating operator (or a preceding toll 
switching system). A second call made by 
the same subscriber in New York to the 
same subscriber in Bar Harbor ( see Fig. 67), 
which illustrates this method of routing 
is now described. It is assumed that the 
New York to Bangor route previously used 
is not available because all the trunks 
are·busy. 

Description of Operation 

4.33 This call progresses in the same 
manner as the previous ohe Up to 

the point where the New York decoder 
checks for idle trunks to Bangor among 
those represented by the 207-227-6D card. 
This time the decoder finds all the New 
York to Bangor trunks busy. 

4.34 The 207-227-6D card has a relay-to-
relay routing instruction, as des­

cribed in paragraph 4.20. This type of 
inst~uction tells the decoder to go to 
the relay tree and check for idle trunks 
among those in the .direct route and those 
in alternate routes. 

4.35 The ALTERNATE ROUTE·PATTERN NUMBER 
holes tell the decoder which route 

relay in the tree to operate. As discussed 
in Part 3, a route relay has associated 
with it a maximum of 4 cards, each having 
information on 40 trunks. These cards are 
also numbered in accordance with the route 
relay number. For example, route re lay 2-l 
has cards 210, 211, 212, and 213 associatea~~ 
with it. The decoder, from information 
supplied by group busy chain leads, se­
lects the first card with idle trunks. 
If there are no idle trunks on cards 210 
and 211, but there are idle trunks on 
card 212, the decoder presents the infor­
mation on this card to the marker as 
follows. 

4.36 The decoder restores the Bangor 
card (the 207-227-6D card) and re­

leases the foreign area translator and 
connector. Then it drops the 212 alter­
nate route card (212-AR) in its home 
translator. · This card is coded 212 in 
the A, B arid C positions and AR in the 
CG position. (Actually AR is indicated 
by a two out of four code in the CG group 
of holes.) 

4.37 The 212-AR card has the following 
holes enlarged: 
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1. AREA CODE CONTROL - AFA - (Alter-
nate route this call through a 

foreign area) 

2. OGT APPEARANCE - IT 

J. TRUNK BLOCK CONNECTORi TRUNK BLOCK, 
GROUP START, and GROU~ END 

4. CODE CONVERSION - (These holes 
are coded with area code 617, the 

area in which the trunks terminate. 
This code is used to provide variable 
spill information as described below.) 

5. CLASS - (MF pulsing) 

6. ROUTING INSTRUCTIONS - (Follow with 
second trial) 

4.J8 An intertoll marker is seized and 
then receives the following informa­

tion from the decoder and the dropped card: 

(a) Location of the desired outgoing 
trunks. 

(b) To follow with second trial. 

(c) To outpulse all digits registered 
in the incoming sender. This in­

formation cannot be provided by the 
variable spill control holes because 
an AR card furnishes information for 
various calls which require different 
spilling conditions. For example, the 
same AR card may be used to serve calls 
going both to Bangor and to Boston. 
The call to Bangor via Boston requires 
the area code digits to be forwarded 
(an NSK signal) while a call which 
terminates in the Boston area requires 
the area code to be skipped (an SKJ 
signal). 

Because both ind.ications cannot be 
put on the same card, the spilling in­
formation is provided by the code con­
version holes in an operation called 
code matching. These holes are coded 
with the area code of the area in which 
the group of outgoing trunks terminate. 
The decoder compares the area code on 
the card with the area code registered 
in the sender. If they match, an SKJ 
signal is given; if they do not match, 
an NSK signal is given. 

For this call, the decoder matches 
the 207 area code in the incoming sender 
with the area code 617 punched in the 
code conversion holes of the AR card. 
They do not match, therefore all the 
digits have to be outpulsed and an NSK 
signal is given. 

4.39 After a channel is established, the 
New York incoming sender spills for­

ward 207-227 to the Boston incoming sender. 
The Boston No. 4A toll office makes 6-digit 
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translation and then switches the call to 
the Bangor No. 4A toll office where the 
call is advanced to the manual toll and 
local offices as described previously. 

(D) Call Illustrating Vacant Code Routing 

General 

4.40 A third call between the same two 
subscribers can be used to illustrate 

vacant code routing. To illustrate this 
type of routing, it must be assumed that 
Bar Harbor is a new local office and that 
the 6-digit card (card 207-227-6D) repre­
senting Bar Harbor has not yet been made up 
at New York. Therefore the code 227 looks 
like a vacant code to New York and the call 
is routed to Boston, the principal city for 
area 207, by information obtained from the 
207-JD card. At Boston, where the code 227 
is recorded, the call is routed to Bangor. 

Description of Operation 

4.41 The call progresses as previously 
described until the decoder at New 

York attempts to drop the 207-227-6D card. 
No card drops, therefore the decoder as­
sumes that this is a vacant code and goes 
back to its home translator. There it 
drops the same 207-JD card that was ori­
ginally dropped under control of the first 
three digits (see par. 4.15). 

4.42 As was mentioned in connection with 
the first call, this card, in addi­

tion to referring the decoder to a 6D card, 
also has specific information concerning 
trunks to the principal city (Boston). 

4.43 A marker is seized and receives the 
following information from the de­

coder and the dropped card: 

(a) Location of the desired outgoing 
trunks. 

(b) To follow with overflow. 

(c). No code conversion is required. 

(d) To outpulse all digits. 

(e) To outpulse on a multifrequency 
basis. 

4.44 After the channel is established, the 
New York sender outpulses 207-227 to 

Boston. At Boston 6-digit translation is 
made and the call is switched to Bangor 
where it is advanced to Bar Harbor. 

(E) Call Illustrating Six-Digit Translation­
Terminal and Common Grade Trunks 

General 

4.45 To simplify the initial discussion 
of 6-digit translation, no reference 



was made to the grades of trunks used. In 
the description of the following call, the 
grade of trunk is considered. As explained 
in Part 3, there are three grades of inter­
toll trunks and a No. 4A switching system 
must make sure that it connects intertoll 
trunks of the proper grade. This call il­
lustrates the selection of the proper 
grade of trunk using 6-digit translation. 

4.46 Figure 68 shows that there are 65 
intertoll trunks between Pittsburgh, 

Pa. (area 412.) and Cleveland, Ohio (area 
216). Fifteen of these trunks are ter­
minal grade trunks: trunks which from a 
transmission standpoint are only satis­
factory for calls originating in Pittsburgh 
and terminating in Cleveland. These trunks 
are used when there is only one intertoll 
trunk in the established connection be­
tween the calling and called subscribers. 

4.47 The-other 50 truµks are common grade 
intertoll trunks. Common grade 

trunks are of better transmission quality 
than the terminal grade trunks and are 
used when there are two or more intertoll 
trunks in the connection between the call 1 
ing and called subscribers. For example, 
they can be used for calls originating in 
Pittsburgh and going through Cleveland to 
another toll center. 

4.48 In order to select the proper grade 
trunk for a call originating in the 

Pittsburgh area and going to area 216, the 
No. 4A system at Pittsburgh must determine 
whether the call is to terminate in 
Cleveland or is to go through Cleveland 
to another toll center. Using 6-digit 
translation, the Pittsburgh No. 4A system 
translates the national office code on 
every call to area 216 and determines 
whether this is the code of a local office 
in the Cleveland area (for which the ter­
minal grade t~unks are used). or is the 
code of a local office reached through 
still another toll center (for which the 
common grade trunks must be used}. 

4.49 Of course, if a call to area 216 
does not qriginate in the Pittsburgh 

area but comes into the Pittsburgh No. 4A 
office over an intertoll trunk, it is 
routed over a common grade trunk regard­
less of whether it terminates beyond 
Cleveland or in the .Cleveland area. 

4.50 In order to tell the Pittsburgh No. 
4A switching system how the call 

arrived - over a toll tandem trunk from 
a switchboard within the area or over an 
intertoll trunk from another toll switch­
ing system outside the Pittsburgh area -
each trun~ is equipped to give a signal 
(called a clas~ mark} to the incoming 
sender. A toll tandem trunk gives an NVO 
(Non Via Only} and an intertoll trunk a VO 
(Via Only} class mark. (Since common and 
via grade trunks have the same transmission 
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qualities, the VO class mark is used for 
both.} 

4.51 The following paragraphs describe 
the method of selecting the proper 

grade trunk for a call from a subscriber 
in the Pittsburgh area to a subscriber 
served by a No. l Crossbar office in the 
Cleveland area. For this call, the fol­
lowing assumptions are made: 

(a) The DSA switchboard at Pittsburgh 
is equipped with multifrequency 

keysets. 

(b) Both the Pittsburgh and Cleveland 
No. 4A toll offices have separate 

trains. This call uses the intertoll 
train ,at Pittsburgh and the toll com­
pleting train at Cleveland. 

(c} One intertoll trunk group between 
Pittsburgh and Cleveland has 15 

terminal grade trunks and another 50 
common grade trunks. 

(d} There are 50 toll switching trunks 
from the Cleveland 4A office to the 

No. 1 Crossbar office. 

(e} The No. 1 Crossbar office is 
equipped with multifrequency ter­

minating senders. 

(f} All six code digits have been 
registered in the sender when the 

decoder in Pittsburgh is seized the 
fi:rst time. 

{g) There is no principal city route 
. available for this call, therefore 

paired foreign area translators are re­
quired at Pittsburgh ( see Part 3, 
par • 3 .119} • 

Description of Operation 

4.52 The DSA operator at Pittsburgh re-
ceives the called number (Cleveland, 

Ohio LA 5-6328) from the cal.ling subscri­
ber. The operator then selects a toll tan­
dem trunk which has access to the intertoll 
train in the Pittsburgh No. 4A toll office. 
This toll tandem trunk is then connected to 

_ an incoming MF sender at the sender link 
frame. 

4.53 When the DSA operator receives a sig-
nal that the sender is connected, she 

keys 216-LA5-6328 into the incoming sender 
at Pittsburgh. The incoming sender also 
registers the NVO class mark of the incom­
ing tandem trunk. Upon receipt of 216, the 
sender signals a decoder connector to seize 
an available decoder. 

4.54 The decoder now transmits 216-NV0-3D 
to its home translator where a card 

coded 216-3D drops. Both the NVO and VO 
tabs have been removed from this card 
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because this same card drops whether a call 
comes in over an intertoll trunk (VO class 
mark) or over an incoming tandem trunk 
·(NVO class mark). This is true because the 
card merely tells the decoder that 6-digit 
translation is necessary and where to find 
the proper card. 

4.55 Because in this example it is assumed 
that there is no principal city route 

available and consequently a decoder would 
have no reason to come back to this card, 
no other information such as trunk block 
connector, trunk block, SK3, etc. is re­
quired. 

4.56 On this card, holes in only four 
groups are enlarged: 

1. PRETRANSLATION - CA6 

2. AREA CODE CONTROL - AC 

3. TRANSLATOR BOX NUMBER 

4. ROUTING INSTRUCTIONS - NPCR .. 
(No principal city route available 

for this call) 

4.57 Since six code digits are assumed 
to have been registered in the in­

coming sender by the time the 216-NVO-JD 
card dropped, pretranslation is not neces­
sary and the decoder proceeds with the 
call. From the card the decoder learns 
that the 6D card is in paired foreign area 
translator No. 05. The decoder signals 
translator connector No. 05 and tells it to 
connect to this translator. The .decoder 
then transmits 216-525-NV0-6D (525 = LA5) 
to the translator and the corresponding 
card drops. This card represents the 
fifteen terminal grade trunks to Cleveland 
and therefore retains the NVO tab. 

4.58 Actually, because of the two grades 
of trunks 1 two different 6D cards 

are provided in each of the paired transla­
tors at Pittsburgh for each local office in 
the Cleveland area. One 6D card has an 
NVO tab and represents the terminal grade 
trunks; this card is used on the call being 
described. Another 6D card has the VO tab 
and represents the conimon grade trunks; 
this card (coded 216-525-V0-60) is used if 
a call for the same local office comes into 
the Pittsburgh area over an intertoll trunk 
(VO class mark) from some other toll center. 

4.59 The NVO card represents the fifteen 
terminal grade trunks which can be 

used on this call. However, if all the 
terminal grade trunks between Pittsburgh 
and Cleveland are busy, one of the common 
grade trunks can be used. A common grade 
trunk can be used instead of a terminal 
grade trunk because it has a higher grade 
or transmission. However, a terminal grade 
trunk can never be used in place of a com­
mon grade trunk. 
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4.60 Therefore, in order to be able to 
use a common grade trunk if neces­

sary, the NVO card has a routing instruc­
tion which tells the decoder to check the 
common grade trunks also. Thus the NVO 
card has the following holes enlarged: 

1. ROUTING INSTRUCTIONS - (Card-to-
Relay) 

2. ALTERNATE ROUTE PATTERN NUMBER 

3. OGT APPEARANCE - IT 

4. TRUNK BLOCK CONNECTOR, TRUNK 
BLOCK, GROUP START, and GROUP END 

5. CODE CONVERSION - CCHN, 
CCUN 

CCTN, 

6. VAR SPILL CONTROL - SK3 

7. CLASS - (MF pulsing) 

4.61 The card-to-relay routing instruction 
tells the decoder to go to the relay 

tree and check the trunk subgroups to see 
if there are any idle common grade trunks 
at the same time that it is presenting this 
card (216-525-NV0-6D) to a marker and the 
marker is checking for an idle terminal 
grade trunk. 

4.62 If the alternate route pattern number. 
is 19 the decoder goes· to route relay 

19. This relay has two cards (190-AR and 
191-AR) associated with it; these cards 
contain the information concerning the 
fifty common grade trunks. 

4.63 Meanwhile, the decoder signals the 
marker connector to seize an inter­

toll marker. After the marker is seized, 
it receives the following information from 
the decoder and card: 

(a} Location of the outgoing trunks 

(b) No code conversion is required 

(c) To skip three digits 

(d) To outpulse on a multifrequency 
basis. 

The marker finds an idle terminal grade 
trunk and establishes a channel. It also 
passes items ( b) , ( c), and ( d) above to the 
incoming sender and releases. 

4·.64 When the intertoll trunk is seized, 
a connect signal is sent to the 

Cleveland No. 4A toll office. This trunk 
is then connected at Cleveland to an MF 
incoming sender at the sender link frame. 
When the Cleveland incoming sender is 
ready to receive the MF pulses, a signal 
is sent to the Pittsburgh sender which then 
spills forward 525-6328, skipping the area 
code. 
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4.65 When the incoming MF sender at 
Cleveland receives 525, it signals 

a decoder connector to seize an idle de­
coder. The decoder transmits 525-3D to 
its home translator and drops the corre­
sponding national office code card. 

4.66 The 525-3D card that drops has the 
following holes enlarged: 

1. PRETRANSLATION - NCA 

2. AREA CODE CONTROL - NAO 

J. ROUTING INSTRUCTIONS - (Card­
to-Card) 

4. OGT APPEARANCE - TC- (Toll Com­
pleting) 

5. TRUNK BLOCK CONNECTOR, TRUNK 
BLOCK, GROUP START, and GROUP END 

'6. CODE CONVERSION - CCHN, CCTN, CCUN 

7. VAR SPILL CONTROL - SKJ 

8. CLASS - (MF pulsing) 

4.67 The card-to-card routing instruction 
is used because there are 50 toll 

switching trunks between the Cleveland No. 
4A office and the No. 1 Crossbar Office 
and this, the first, card represents only 
40. The remaining trunks are on the second 
card, which is coded 525-RAl. (If the 
marker does not find an idle trunk on the 
first c.ard, the de coder restores that card 
and drops the second card. This card in­
cludes under ROUTING INSTRUCTIONS a "fol­
low with reorder" routing instruction. 
Therefore, if no idle trunks are found on 
the second card either, the decoder uses 
the follow with reorder instruction on 
this card to route the call to a reorder 
trunk.) 

4.68 When the first card (525-3D) drops, 
the decoder signals the marker con­

nector to seize an idle toll completing 
marker. Thi.s marker obtains the location 
of the toll switching trunks represented 
by the card and seizes an idle trunk. 

4.69 The marker passes the following 
information to the incoming sender: 

(a) No code conversion is required. 

(b) To outpulse on a multifrequency 
basis. 

(c) To skip three digits (national 
office code) when outpulsing. 

4.70 The marker then establishes a chan­
nel from the incoming intertoll trunk 

to the seized toll switching trunk. 

4.71 -When the toll switching trunk is 
seized, a signal is passed 
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to the local No. 1 Crossbar office. Here 
the trunk is connected to a multifrequency 
terminating sender. Then the sender in 
the Cleveland office outpulses 6J28 to the 
terminating sender. The No. 1 Crossbar 
office then switches the call to the called 
line. 

{F) Call Illustrating the Prefixing of an 
Area Code 

General 

4.72 As pointed out in Part 1, a No. 4A 
toll switching system has more compre­

hensive variable spilling and code conver­
sion features than the previous crossbar 
toll switching systems. One of these addi­
tional features is the ability to auto­
matically prefix the three digits of an 
area code to the digits registered in an 
incoming sender. Prefixing an area code 
is necessary when one subscriber calls 
another subscriber in the same area and the 
call must be routed through a foreign area 
and back to the home area. 

4.73 Figure 69 shows a case where the pre-
fixing of an area code is required. 

The Lambertville, New Jersey toll office is 
in area 201 but because there are no direct 
trunks between Lambertville and Newark, 
New Jersey it homes on the Philadelphia 
toll office in area 215. When a subscriber 
in Morristown, New Jersey calls a subscri­
ber in Lambertville, the call is routed 
through Newark in area 201, then out of 
area 201 to Philadelphia, and then back 
into area 201 to Lambertville. 

4.74 The following assumptions are made: 

(a) The outward toll switchboard at 
Morristown is equipped with multi­

frequency keysets. 

(b) The Newark and Philadelphia No. 4A 
toll systems are separate train 

systems. This call uses the intertoll 
trains. 

(c) Lambertville is a manual toll 
center. 

Description of Operation 

4.75 The outward operator in Morristown 
selects a toll tandem trunk and 

keys 536 (the national office code for 
Lambertville) into the incoming MF sender 
at Newark. (The area code is not keyed 
because the call is between subscribers in 
the same home area.) The sen~er in the 
Newark office. obtains a decoder. This 
decoder then sends 536-3D to the home 
translator where th~ corresponding card 
drops. 

4.76 This card represents the trunks to 
Philadelphia and has the following 

holes enlarged: 
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1. PRETRANSLATION - NCA 

2. AREA CODE CONTROL - NAC 

J. ROUTING INSTRUCTIONS - (Relay-to-
Relay) 

4. ALTERNATE ROUTE PATTERN NUMBER 

5. OGT APPEARANCE - IT 

6. TRUNK BLOCK CONNECTOR, TRUNK BLOCK, 
GROUP START, and GROUP END 

7. CODE CONVERSION - (Area 201 coded 
in these holes because this code 

must be prefixed as described below.) 

8. VAR SPILL CONTROL - NSK 

9. CLASS - (MF pulsing) 

4.77 Because this card has a relay-to-
relay routing instruction, the de­

coder immediately goes to the relay tree 
and tests for idle trunks among those 
represented on the card (the 536-JD card) 
and among those on any alternate route 
cards. Assuming there are idle trunks on 
the 536-JD card, the decoder signals for 
an intertoll marker and then passes the 
required information on to the marker. 

4.78 In addition to telling the marker 
the location of the outgoing trunks, 

the decoder also tells the marker that the 
sender must prefix area code 201. This 
information is furnished by putting area 
code 201 in the code conversion holes 
and enlarging the NAG and NSK holes. When­
ever a JD- card has an NSK hole and an NAG 
hole enlarged, the decoder knows that the 
code in the code conversion holes must be 
prefixed to the digits in the sender and 
then all digits spilled forward. 

4.79 After the marker performs its func-
tion of establishing a channel, the 

sender outpulses 201-536 to Philadelphia. 
At Philadelphia 6-digit translation is made 
and the call is routed to Lambertville. 

5. MAINTENANCE FEATURES 

. (A} General 

5.01 The maintenance of a toll crossbar 
system requires close coordination 

of toll line maintenance with maintenance 
of the switching equipment. Therefore, 
along with the description of the mainten­
ance facilities provided for the 4A system, 
facilities used for toll line maintenance 
are also included. 

5.02 Most of the maintenance elements used 
in the toll crossbar system with No. 

4A switching equipment are similar to those 
used with the No. 4 and No. A4A systems. 
The most important new component is the 
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Trouble Recorder Frame mich replaces the 
Trouble Indicator Frame used in the pre­
vious crossbar toll systems. 

5.0J This part gives a highlight descrip-
tion of all of the maintenance facil­

ities which were designed specifically for 
the Nos. 4, A4A and 4A toll switching sys­
tems. Miscellaneous testing equipment such 
as the 35F Relay Test Set, 2B Signaling 
Test Set, 40B Transmission Measuring Sys­
tem, etc. which have been in use in other 
systems for some time are not described. 

5.04 More detailed descriptions of the 
maintenance test frames, including 

block diagrams of typical test set-ups are 
covered in several Sections in the A700 
series. 

5.05 Maintenance facilities are located in 
two equipment areas, the toll test 

and terminal room and the No. 4A system 
switch rooms. 

5.06 The 4A switching system maintenance 
equipment is generally concentrated 

in a section of the floor called the 
"maintenance center" • 

5.07 To permit coordination of the activi-
ties in the toll test and terminal 

room and the maintenance center, intercom­
municating trunks are provided. Trunks re­
quired for communicating with other points 
are also provided in the toll test and ter­
minal room and in the maintenance center. 

5.08 Following is a summary of the main-
tenance components provided in the 

toll crossbar system which are described 
here. · 

Switching Maintenance Equipment 

Test Frames Located in Maintenance Center 

(a) Trouble Recorder Frame 

( b) Incoming Sender Test Frame 

( C) Outgoing Sender Test Frame 

(d) Sender Make Busy Frame 

(e) Automatic Outgoing Toll Connecting 
Trunk Test Frame 

(f) Manual Outgoing Toll Connecting 
Trunk Test Frame 

Toll Line Maintenance Eguipment 

Equipment Located in Toll Test and Terminal Roon: 

(a) 17c Toll Test Board 

(b) Patching Bays 

·(c) Automatic Outgoing Intertoll Trunk 
Test Frame 



Miscellaneous Test Sets - Portable. Semi­
Portable and Frame-Mounted 

Switching Maintenance 

(a) Incoming, Outgoing and Intertoll 
Trunk Test Set 

(b) Incoming Trunk Test Line 

(c) Frame Identification Frequency 
Test Set 

(d) lOOA Test Set 

Toll Line Maintenance 

(e) Test Line Circuit for Making Balance 
and Noise Tests 

(f) Test Line Circuit to Milliwatt 
Distributing Circuit 

(B) Switching Maintenance Equipment 

Trouble Recorder Frame 

General 

5.09 The primary functions of the circuits 
located on the Trouble Recorder Frame 

are: 

1. Production of card records on ser­
vice calls encountering trouble and 

test calls. 

2. Testing of decoders, markers, trans­
lators and link controllers. 

J. Electrical control of translator 
circuits to permit certain manual 

operations to be performed. · 

5 .10 This frame mounts the perforator test 
unit and is also a centra•l location 

for circuit busy indicating lamps, make 
busy jacks, alarm lamps and keys, and the 
jacks which are used to put the emergency 
translator in service in place of a regular 
translator. · 

5. 11 All of the functions listed in 1, 2 
and 3 are performed by two circuits: 

the Decoder-Marker Test and Trouble Re­
corder Circuit and the Link Controller Test 
Circuit. The miscellaneous lamps and jacks 
are included in the Miscellaneous Circuit 
for Trouble Recorder Frame. 

5.12 One trouble recorder frame (Fig. 70) 
is provided in each 4A installation. 

Production of Card Records on Service Calls 
and Te st Ca Us 

5.13 The trouble recorder mechanism which 
is located on the Trouble Recorder 

Frame perforates card records on service 
calls which encounter trouble as they are 
being set up by the common control equipment. 
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When desired, card records are also per­
forated on test calls. The same circuit 
and perforating mechanism is used to per­
forate both types of records. A single 
trouble recorder is mounted on the frame. 
It can perforate one card at a time. 

5.14 On service calls encountering trouble, 
the trouble recorder may be summoned 

by a decoder, a marker or a link controller, 
depending on where the failure occurred. 

5 .15 On test calls the trouble recorder 
may or may not be called in depending 

on the setting of keys on the test frames. 
When the keys are set to make card records 
on test calls, the test circuits compete 
with service calls for the use of thd 
trouble recorder. Whether it is seized by 
a service call or by a test call, it is 
made busy until the· record on that call is 
completed. 

5 .16 If a service call cannot get the re-
corder, the circuits in trouble are 

re leased without waiting to make a record. 
In such cases a "display lost" lamp is 
lighted, an alarm sounds, and a register 
counts the failure to make a record. 

5.17 While test calls compete with service 
calls for the recorder, the mainten­

ance force can control this competition. 
Test calls are set up one at a time by the 
test frame attendant. Therefore the number 
of test calls can be regulated so that 
interference with the demands for card 
records by service calls can be controlled. 

5 .18 As has been indicated when trouble is 
encountered in the common control 

equipment during the switching of a call, 
a decoder, a marker or a link controller 
puts in a bid for the trouble recorder 
(which one puts in the bid depends on how 
far the call had progressed when the fail­
ure occurred) • When the tro'uble recorder 
is seized, multicontact relays in these 
circuits operate and extend trouble indi­
cating leads to the recorder perforator 
circuit. In addition, multicontact relays 
are operated in the incoming sender, de­
coder connector, card translator and incom­
ing frame which also extend leads to the 
perforator so that a complete story on the 
failure can be recorded. These latter 
frames cannot summon the trouble recorder. 

5.19 The decoders, markers and link con-
trollers are equipped with timing cir­

cuits which permit reasonable intervals for 
completing certain functions or series of 
functions. If any of these intervals are 
exceeded, because of some circuit failure, 
the trouble recorder is summoned by the 
~ircuit involved. 

5.20 There are four stages in the setting 
up of a call during which the common 

control equipment may call for the trouble 
recorder. 
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5.21 The first, or controller stage, is 
when the link controller is connect­

ing the incoming trunk to an incoming 
sender. In this stage the link controller 
summons the trouble recorder. 

5.22 The second is the decoder stage, 
which is from the time the decoder 

is seized until a marker is connected. The 
third is the decoder-marker stage, which 
is the interval during which both the de­
coder and marker are engaged on the call. 
During these stages the decoder calls for 
the trouble recorder. 

5.23 The fourth, or marker stage, is when 
the decoder has released and the 

marker is connected to the incoming sender. 
The marker summons the trouble recorder at 
this stage. 

5.24 As previously noted, when the trouble 
recorder is seized during any of 

t~ese stages, other common control equip­
mertt may be called _in to complete the 
ti::-ouble record. 

5.25 A trouble record on a service calI or 
a test call includes the following 

typical kinds of information. 

1. The identity of the circuit which 
seized the trouble recorder, that 

is, the decoder, link controller, 
decoder-marker test circuit, etc. 

2. The identity of the major equipment 
units used on the call, for example, 

the decoder, marker, incoming sender, 
link freme, connector, etc. The iden­
tity of the switching channel is also 
recorded. · 

3. ·How far the decoder, marker and con-
troller- had progressed at the time 

of failure. Th.is is indicated by 
making a record of the relays which 
were operated at that time. 

Hor. Vert. 
Designation Row. Col. 

M SB 1 

TRl S8 8 

0 SB 20 

0 S6 0) 
0 s6 8) 

1 S6 19 

TO s5 15) 
uo S5 17) 
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4. The kind of trouble that caused 
the failure. For example, failure 

of the "2 out of 5" check, which is 
made when the number of the trunk 
block relay is transmitted to the 
marker .. 

5. The results of cross detecting and 
continuity tests which the decoder 

and marker make on certain leads. 

5.26 A card is always in position in the 
trouble recorder perforator, ready 

to receive a record. Figure 71, attached, 
shows a card blank and a card which has 
been perforated with a trouble record. 

5.27 It will be noted that the card is 
divided into 18 ·horizontal rows inter­

sected by 60 vertical columns. One inter­
'Section of a horizontal row with a vertical 
column is reserved on the card for each of 
the trouble indicating leads from the 
switching units which can be connected to 
the trouble recorder. Each of these inter­
sections has a number or letter, or a com­
bination of numbers and letters which tell 
what the trouble indicating lead has to 
say. For example, under "SOURCE OF RECORD", 
a perforation above D means that a decoder 
had seized the recorder, a punch above 3 
under "DECODER" indicates that it was- de­
coder number J. Similarly, a perforation 
above DCB on row Rl, vertical O under 
"DECODER PROGRESS", indicates that the DCB 
relay in the decoder was operated at the 
time of the failure. A perforation above 
FTD on row S8, vertical 52, under "DECODER 
TIME-OUT" indicates that the decoder had 
not been connected to a foreign,area trans­
lator in the time allowed for this job. 

5.2S The following tabulation gives a 
general idea of the information 

punched on the card shown in Fig. 71. The 
meanings of all of the designations on the 
card and several typical trouble records 
are discussed in detail in Section AS28.1Jl. 

Meaning 

Record was made during marker stage and 
therefore the marker seized the recorder. 

Record was made during marker first 
trial. 

Marker No. O. 

Sender frame No. 00. 

Dial pulse sender No. 1. 

Decoder connector frame No. 00. 

Page 99 



SECTION A828.101 

Designation 

co 

Hor. 
Row 

35 

Vert. 
Row 

27 

Perforations in horizontal rows 
SO? and R4 to R7 (verticals Oto 
29, 

Perforations in horizontal rows RO 
and Rl (verticals Oto 29) 

TMZ 38 58 

TO s6 JO) 
Ul 35 31) 

0 36 35) 
2 36 37) 

5 34 35 

0 31 31 

0 31 35 

CNO 31 40 

RTB RB 57 

5.29 The trouble recorder can perforate 
about thirty cards per minute. How­

ever, this rate might result in excessive 
decoder or marker holding time due to 
repetition of records on the same trouble. 
It might also rapidly exhaust the card bins. 
For this reason, a key is provided which 
can be. operated to limit the number of 
records that can be made in a given time. 
For example, the number of records taken 
in a minute can be reduced from thirty to 
as few as five. 

Test Circuits on Trouble Recorder Frame 

5.JO General: The te~t circuits on the 
trouble recorder frame are manual 

in the sense that they cannot automatically 
progress from one circuit unit under test 
to the next. The keys must be manually 
set for- eacl). unit t.o be tested. The circuit 
tests this unit, gives a visual indication 
as to whether the test was successful or 
not and if the test was successful it re­
leases. If the test encounters a failure 
the test circuit stops. 

5.31 Keys are provided in each test cir­
cuit by means of which card recor,d$ 
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Meaning 

Decoder connector No. 0. 

This is routing information received by 
the marker, either directly or in­
directly from the card translator. 

Show what relays were operated in the 
marker at the time the record was made. 

Indicates that too much time elapsed 
between connection of the marker to 
the incoming frame and the· release of 
the marker. (See par. 5.19.) 

Trunk block connector frame No. 01. 

Trunk block relay No. 2. 
"2 out of 5" indication. 

(This is a 
0+2 = 2.) 

Incoming frame group No. 5. (Includes 
incoming frame Nos. 10 and 11.) 

Odd incoming frame, therefore No. 11. 

Odd trunk block connector was con­
nected to the marker. 

Odd connector relay, (CNO) was oper­
ated in ma~ker. Therefore, odd 
connectors on trunk block, incoming 
and outgoing frames were tried 
first. 

Junctor walking circuit was in posi­
tion to test second subgroup of 
junctors when recording was made. 

can be made on all test calls, or only on 
those encountering trouble, or so that no 
card records will be made on any test calls. 

5.32 The decoder, marker and translator 
tests cannot be made simultaneously 

because they are made by the same test cir­
cuit (the decoder-marker test circuit) and 
some of the equipment and paths are used 
in common. 

5.33 On the other hand, the lihk control-
ler test circuit and the decoder­

marker test circuit can be operated at the 
same time, but with certain limitations. 
If the keys in both test circuits ar.e set 
up to make card records, they compete with 
each other and with service calls for the 
use of the trouble recorder. Under this 
condition, that is, where both test cir­
cuits are making card records, if·the re­
corder is busy on a test call, or on a 
service call, another test call cannot be 
started until the recorder is available 
to it. The test keys can be set up and 
the start key operated but the tests will 
not begin until the test circuit has seized 



the recorder. When it does, it holds the 
recorder busy until its tests are completed 
and a card record is made. 

5~34 Link controller tests can proceed at 
the same time that the decoder­

marker test circuit is working, provided 
that the key in the link controller test 
circuit is operated to cancel the card re­
cording feature. In this case, the link 
controller does not seize the trouble re­
corder circuit but operates independently 
of it and the results of the test are de­
termined solely'from the end result lamps. 

5.35 However, the reverse is not true, be-
cause even though the key in the 

decoder-marker test circuit is operated to 
cancel card records, this test circuit must 
still.seize the .recorder circuit before it 
can start a test call. This is because the 
leads by which the decoder-marker test cir­
cuit gains access to decoders and markers 
for testing are also used in making card 
records. 

5.36 Decoder. Marker and Translator Veri-
fication Tests - Manual Operations 

Control of Translator: Decoder, marker and 
translator verification tests are performed 
by one circuit - the Decoder-Marker Test 
and Trouble Recorder circuit. The setting 
of a three-position key on the trouble re­
corder frame determines which class of 
test is made. The decoder-marker test cir­
cuit has direct access for testing, to 
decoders, markers and card translators. 
This access is through 'the same re·lays that 
are used for trouble recording since most 
of the leads are used for both functions. 
For this reason, on test calls the decoder­
marker test circuit must obtain the trouble 
recorder before the test call can proceed, 
whether or not a card record is made. 

5.37 The test circuit simulates normal 
service sequences and operations. 

In all classes of tests a decoder is se­
lected and the test circuit primes it with 
information normally received on various 
types of service calls. The decoder can be 
made to pick a particular marker, or to 
select one on a service basis. 

(a) Decoder Test 

The test call is stopped after the 
marker has received all the information 
from the decoder and the decoder has 
released. This checks the operation of 
the decoder and card translators and 
verifies the successful transmission 
of information from decoders to markers. 

(b) Marker Test 

The test call proceeds until the 
marker completes all of its functions 
including the selection of an outgoing 
trunk. This test checks the marker's 
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functions, including connections to 
the trunk block connectors and to the 
incoming and outgoing frames. 

(c) Translator Verification Test 

The test call is interrupted at 
the point where the marker has checked 
the integrity of its information from 
the decoder. The card translator is 
held operated until a complete record 
of the information on the translator 
card is perforated by the trouble re­
corder. 

By operating the proper keys, the 
test circuit can pick any card in the 
translator and have the trouble re­
corder make a complete record of its 
information. This feature is useful 
when new translator cards are put into 
service. 

A test of all of the 116 output 
channels in the translator can be made 
simultaneously. This checks the opera­
tion of the phototransistors and trans­
lator amplifiers under worst circuit 
conditions. A lamp indicates that all 
116 channels are satisfactory. If the 
lamp fails to light, a card record can 
be made of the particular channel that 
failed on the test. 

(d) Manual Operations Control of 
Translator 

A circuit is provided on the trouble 
recorder frame which performs electri­
cal functions that are necessary when 

· translator cards are added or removed. 
This circuit is also used when certain 
types of maintenance jobs must be done, 
such as replacing a selector bar unit. 
Keys permit any one of the card trans­
lators to be selected. The selected 
translator is then made· busy and the 
emergency translator is substituted for 
it while the manual operations are being 
performed. 

No records are perforated in con­
nection with these operations. 

(e) End Result Lamps 

In addition to the perforated card 
records which give a complete record 
of test calls, the important end re­
sults of the tests are always recorded 
on locked-in "end result" lamps. The 
indications given by these lamps will 
make it feasible to dispense with card 
records on test calls when this is de­
sirable. 

5.38 Link Controller Tests: The link 
controller test circuit unlike the 

decoder-marker test circuit, busies only 
the actual circuit under test - the link 
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controller circuit. It can simulate any 
desired combination of incoming trunk, 
sender link and sender found in the office 
by means of keys located on the trouble 
recorder frame& The test circuit furnishes 
all the information the controller would 
normally receive thr~ugh the sender link. 

5.39 As in the case of ~he decoder-marker 
test circuit, certain end result 

lamps are provided which give some informa­
tion as to the results of the test. As 
has been noted, provision is made for mak­
ing card records on all test calls, only 
on test calls encountering trouble, or for 
making no cards at all. This test circuit 
is optional equipment. 

5.40 Miscellaneous Alarm and Make Busy 
Features: The trouble recorder frame 

is a central location for lamps, audible 
alarms, make busy jacks and plant regis­
ters associated with miscellaneous mainten­
ance features. Many of these have no direct 
association with the trouble recorder and 
test circuits on the trouble recorder 
frame. 

5.41 Some of the miscell~neous features 
are: 

1. Audible and visual alarms to indi-
cate 48~volt fuse operation, fail­

ure of perforator motor• seizur·e of 
trouble recorder due to a trouble on a 
service call, failure to obtain the 
trouble recorder on a se_rvice call, 
.e·tc. 

2. Make busy jacks for making trouble 
recorder busy to any one or all of 

the decoders, markers, and translators, 
for making link controllers busy, etc. 

J. Test battery supply jacks and ter-
minals, frame line jacks, jacks 

for putting emergency translator in 
place of any other translator, etc. 

4. "In use" lamps to show what de­
coders, markers, connectors, or 

link controllers are in use. 

5. Plant registers to count the number 
of "lost display" calls, the number 

of decoder and marker first trial calls 
and second trial calls, etc. 

6. Sender link delay lamps. 

Incoming Sender Test Frame 

5.42 The incoming sender test frame is used 
to make routine and trouble location 

tests of incoming senders. The sender is 
seized by the test frame and selected codes 
are transmitted to it on either a multi­
frequency or a dial pulse basis. The out­
put of the sender is then automatically 
checked against the input. Lamps are 
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provided to indicate the progress of the 
tests and to indicate any failure of the 
sender on specific tests. 

5.43 The test frame can be operated on an 
automatic progression basis or on a 

particular circuit basis. 

5 .'44 · This frame is shown on Figure 72. 

Automatic Tests 

5.45 When the frame is operated on an 
automatic basis, it automatically 

progresses from one sender to another until 
all .the incoming senders in the office have 
been tested, or, on certain tests, until 
all the senders of a class, that is, dial 
pulse or multifrequency, have been tested. 
If trouble is encountered the test frame 
stops and an alarm is operated. 

5.46 Senders that are busy may be passed 
over automatically. The sender under 

test is identified by lamps at the test 
frame. Lamps are also provided to indicate 
the progress of the variou~ tests, and on 
test failure to indicate the point of 
failure. 

5.47 The test frame can be operated so 
that it will automatically progress 

through all the MF senders and DP senders 
with one key setting. This is useful when 
no tests of features peculiar to MF or DP 
are desired. On this type of test the test 
frame simulates service calls which may be 
to any point, and-which are carried to 
completion. 

5.48 Where distinctive features peculiar 
to MF or DP operation are being 

tested the test frame· progresses through 
one class of sender and then stops. 

5 .49 Various combinations of input and '\ 
output conditions are checked, many , 

on a marginal basis. The test frame is 
equipped with a full keyset and a number 
of lever type keys for establishing the 
various test conditions. 

Manual Tests 

5.50 When desired, for example, for 
trouble location tests, a particular 

sender can be selected. This sender can 
then be tested under manual control, or 
repeated tests can be made automatically. 
The repeated test feature is of particular 
value in locating an intermittent -trouble 
condition or for insuring satisfactory op­
eration of a sender before returning it to 
service. 

5.51 The test circuit is arranged for re­
mote control from the sender loca­

tions so that the sender operation may be 
observed under controlled conditions. 
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Outgoing Sender Test Frame 

5.52 This test frame has general functions 
similar to those of the incoming 

sender test frame, that is, automatic pro­
gression over the outgoing senders, or in­
dividual circuit testing; comparison of 
input with output information, indicating 
lamps, etc. 

5.53 This frame is shown in Fig. 73. 

Sender Make Busy Frame 

5.54 There is a make busy jack on this 
frame for each incoming and outgoing 

sender in the office. These jacks are 
used to remove senders from service. Asso­
ciated with each make busy jack is a "can­
cel timed release" key, a stuck sender lamp 
and a priming jack. 

5.55 When a cancel timed release key is 
operated, it cancels the timed re­

lease feature in the associated sender and 
causes it to stick after it times out on 
the next trouble it encounters. This in 
turn causes an individual stuck sender lamp 
to light and an audible and visual alarm. 
A peg count register records the number of 
these stuck senders. If it is desired to 
free a stuck sender a make busy plug is 
momentarily inserted in the priming jack. 
This primes the sender and causes it to 
make a normal release. 

5.56 For each group of senders a group 
busy alarm lamp is provided which 

locks in and operates an alarm when all the 
senders of a group are busy. 

5.57 Also included on this frame is a peg 
count register which counts the num­

ber of times trouble occurs in any of the 
link controllers. 

5.58 A telephone circuit wi~h associated 
keys and lamps is prov;ided for con­

nection to intercommunicating trunks to 
other frames. 

5.59 The sender make busy frame is shown 
in Fig. 74. 

Automatic Outgoing Toll Connecting Trunk 
Test Frame 

5.60 This frame is used to make over-all 
circuit tests of toll switching trunks 

to local dial and manual offices, trunks to 
TX and other operators, and miscellaneous 
trunks and terminals such as master busy, 
overflow, reorder, information trunks, etc. 
(See Fig. 75.) Like other automatic test 
frames, it can be operated on an automatic 
progression, particular circuit or manual 
basis. 

5.61 Toll switching trunks to local dial 
offices and certain service trunks 
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such as reorder, master busy, etc., can 
be tested automatically or manually as de­
sired. 

5.62 Toll switching trunks to manual local 
offices as well as miscellaneous 

trunks which appear in front of an operator 
at the distant end are tested on a manual 
basis. 

5.63 A particular circuit feature on the 
test frame permits the attendant to 

select any toll switching trunk and make 
single tests or repeated tests as desired. 
A remote control feature is provided so 
that tests can be made from the position 
of the trunk relay circuits. 

5.64 The test frame obtains access to the 
outgoing trunks through the regular 

switching train. A service marker is used 
to route the call through the incoming·and 
outgoing links to the trunk. The marker 
is then released and the test frame goes 
ahead with the test. 

5.65 Lamps are provided on the test frame 
which indicate the progress of the 

tests. When a failure occurs on a trunk, 
lamps indicate the general nature of the 
trouble which caused it. 

Automatic Tests 

5.66 When the test frame is operated on an 
automatic basis, it progresses from 

one trunk to another in a predetermined 
sequence, testing every toll switching 
trunk to dial local offices and certain 
service trunks, s.topping only when it has 
tested all the trunks or when it encounters 
a trouble. 

5.67 On these automatic tests, the test 
frame directs the toll switching 

trunk to a test line or a busy line in the 
distant office (both of which appear as 
subscribers' numbers) by pulsing out the 
appropriate standard line number. No pro­
vision is made for changing these numbers 
during the course of the testing and there­
fore if the standard line number is not 
used at a given distant office the group 
of trunks to that office must be tested 
manually. 

5.68 When a test frame encounters a trunk 
to a manual office or any operator 

trunk it makes a simple continuity test of 
the four trunk wires as far as the trunk 
relay circuit and then steps to the next 
trunk. It does the same thing on trunks 
which cannot be automatically connected to 
a test line or to a busy line. 

5.69 By means of keys the test circuit can 
be set either to wait a predetermined 

interval for busy trunks to become idle, 
or to pass by them, as desired. 
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5.70 The test circuit transmits the trunk 
test line (or busy line) number to 

the incoming trunk or terminating sender 
in the distant office, which causes the 
distant incoming trunk to be connected to 
the proper one of these lines through the 
local switches. The tests are made by an 
exchange of signals between the test frame 
and the test line. 

5.71 Tests to a busy line include a con-
tinuity test and a test of the ability 

of the trunk supervisory relay to follow 
busy back flashes. 

5.72 Tests to a trunk test line are more 
complete and include tests of ring­

ing, tripping and supervisory features of 
the No. 4A outgoing trunk and the distant 
incoming trunk. 

Manual Tests 

5.73 A ten button MF keyset and a dial 
are provided at the test frame for 

making manual tests. The attendant operates 
the proper keys to select the trunk for 
test ·and then obtains the operator at the 
distant office on a straightforward basis 
or by dialing or key pulsing. The attend­
ant makes the test in cooperation with the 
operator. 

5.74 Manual tests can be made on toll 
switching trunks to local dial of­

fices as well as on trunks to manual of­
fi0~s. On such tests an outgoing trunk is 
sele·cted, automatically, or by the attend­
ant. Continuity and other tests proceed 
automatically up to the point where the 
trunk (SL) relay has been tested and the 
outgoing trunk is connected to the distant 
incoming trunk or terminating sender for 
pulsing. The test frame then stops and the 
attendant can dial or key pulse any desired 
subscriber number. When the off-hook con­
dition occurs at the called number, a lamp 
lights ~t.the test frame. This test can be 
used to check the supervisory and trans­
mission performance of the trunk. The at­
tendant manually releases the test frame. 
If it is set for automatic testing, it will 
immediately select the next trunk and go 
through the tests up to the test of the 
(SL) relay when it will again stop and wait 
for the attendant to complete the test. 

Transmission Measurements 

5.75 For making transmission measurements 
the outgoing trunk is connected to a 

test line, which provides a one milliwatt 
source of 1000-cyc le tone. ( See par. 5 .143 .) 
On trunks to _dial offices, the trunk can be 
directed to a transmission test line on a 
pre-set number basis. 

5.76 On trunks to manual offices, the 
test frame attendant obtains an at­

tendant at the distant office over the 
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outgoing trunk and requests him to connect 
it to a transmission test line. 

5.77 In either case, the control of the 
test frame and the transmission 

measurements are manually supervised. 

Miscellaneous Features 

5.78 A telephone circuit is provided for 
communication with operators when 

toll switching or miscellaneous trunks to 
operators or desks are being tested. 

5.79 When two outgoing test frames are 
provided in an office, the 8000 trunks 

associated with each test frame can be 
interchanged by means of a transfer arrange­
ment on the test frames so that either 
frame may have access to all of the trunks 
appearing on the other test frame. 

Manual Outgoing Toll Connecting Trunk Test 
Frame - Test and Make Busy Frames 

5.80 In addition to the test facilities of 
the automatic test frame just des­

cribed, a manual test frame is provided 
which has. facilities for making additional 
types of tests on outgoing trunks. For 
making these tests, the outgoing trunks 
are equipped with test and make busy jacks 
which can be used to patch the trunks to 
the test frame. These jacks appear on one 
or more test and make busy frames which are 
located adjacent to the outgoing toll con­
necting trunk frame. (See Fig. 76.) 

5.81 The test jacks are bridged to the 
cable side of the outgoing trunks, 

thus bypassing the outgoing trunk relay 
equipment. This permits voltmeter, trans­
mission and continuity tests to be.made 
directly out on the cables. This type of 
test is of considerable assistance in lo­
cating cable troubles. Other tests can be 
made which are of value in localizing trunk 
troubles, that is, determining whether they 
are in the 4A switching equipment or in the 
terminating office equipment. These in­
clude tests of the incoming trunk and se­
lector equipment in the distant office. 

5.82 The test circuit includes a voltmeter 
circuit, a telephone circuit and 

sender and supervisory features. Two trunks 
can be patched to the test frame at a time 
but only one of them can be set up for 
testing. The other trunk can then be used 
for communicating with an attendant at the 
distant office, or for making interference 
tests, by operating a hold key on the first 
trunk at the proper time. 

5.83 Each test and make busy frame has a 
capacity for 2000 jack circuits for 

2-wire trunks. It has smaller capacities. 
for different combinations of two-wire, 
three-wire and four-wire trunks. The jacks 
are arranged for cross-connection to the 
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outgoing trunks to permit grouping by of­
fice designations. As many jack bays as 
are required may be provided. Additional 
test frames may also be furnished. 

{C) Toll Line Maintenance Equipment 

5.g4 The toll test and terminal room 
equipment for testing and maintain­

ing the intertoll trunks which are part of 
the toll crossbar system is similar in 
general to that used in other toll systems 
with the exception of some changes that 
have been made to work with crossbar auto­
matic switching. 

No. 17C Toll Testboard 

5.85 The No. 17C toll testboard is the 
principal point of access for test­

ing intertoll trunks. From this testboard 
operational tests can be made on a complete 
incoming and outgoing trunk, from one end 
to the other. It serves to centralize the 
over-all maintenance of these trunks, to 
localize troubles in the toll circuits, and 
to expedite the restoration of service when 
failures occur. 

5.86 This testboard is also the central 
point in the toll crossbar system for 

receiving trouble reports from outward op­
erators and from maintenance personnel in 
this and other offices. For this purpose 
from four to six incoming trunks are pro­
vided from the switching equipment to the 
testboard. These are the code "101" trunks. 
These trunks are also used in connection 
with certain types of talking, transmission 
and supervisory tests on intertoll trunks. 

5.87 About the same number of outgoing 
trunks (i.e. four to six), are pro­

vided from the testboard to the switching 
equipment for the purpose of gaining access 
to the outgoing intertoll trunks. This 
access is on the same basis as a service 
call. These trunks are used for communi­
cation with other toll offices. A ten 
button keyset and dial are provided for 
pulsing the desired codes. 

5.88 All intertoll trunks have jack ap-
pearances at the testboard. There is 

a receiving and~ transmitting jack for 
each trunk since transmission is on a 
four-wire basis. The jacks are in multi­
ple with the link frame side of the trunk 
relay equipment. Talking, monitoring, 
signaling, transmission, noise and balance 
tests are made from these jacks. The test­
ing path is through the trunk relay equip­
ment, toll line equipment, the toll line 
itself, and through similar equipment at 
the far end to the testboard there. 

5.89 Outgoing intertoll trunks are made 
busy by plugging into the associated 

test jacks and operating a lockout key. A 
lamp associated with the •jack circuit lights 
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to indicate the busy condition. These 
lamps are also used in connection with 
trouble tracing, to identify outgoing inter­
toll trunks held through the switching 
train by an incoming intertoll or toll tan­
dem trunk. The operator who reports 
trouble on such a connection knows the 
number of the incoming trunk and she gives 
this number to the attendant at. the test­
board. 

5.90 If it is an intertoll trunk, the at-
tendant simply plugs•into the test 

jack associated with this trunk and oper­
ates a lockout key. This lights the lamp 
associated with the outgoing intertoll 
trunk and removes the trunk from service. 

5.91 Incoming tandem trunks do not have 
an appearance at the testboard. To 

identify an outgoing trunk held by one of 
these trunks, the attendant diaJsthe num­
ber of the tandem trunk which was reported 
by the operator into the Trouble Tracing 
Selector Equipment, using a dial located 
on the testboard. This is a selector ar­
rangement with the tips and rings of the 
tandem trunks' transmitting paths appearing 
on the banks of the second selectors. The 
selector equipment locates the outgoing 
intertoll trunk and causes the associated 
lamp at the testboard to light. It also 
operates a lockout feature which removes 
the outgoing trunk from service. 

Patching Bays 

General 

5.92 There are many types of patching bays 
in the toll test and terminal room 

of a crossbar toll switching office. These 
bays are used for building up toll lines 
from facilities located in the office, and 
for increasing the size of trunk groups or 
rearranging them, to care for emergencies 
or for changes in traffic requirements and 
to permit ready access for testing. They 
are also used for substituting spare out­
side plant cables, and inside plant equip­
ment, such as signaling circuits, repeaters, 
trunk relay circuits, etc., when failure 
occurs. 

5.93 Tests are made at these bays to 
localize troubles between the line 

and drop sides of the toll circuits and 
to determine the nature of such troubles. 

5.94 It is not within the scope of this 
section to go into any detail on the 

great variety of patches and tests which 
can be made using the jack facilities just 
mentioned. However, the following short 
descriptions will give a general idea as to 
their place in the toll system. 

5.95 Figure 77, attached, is a simple dia­
gram which shows a carrier cable 

entering a toll crossbar office. It shows 
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a voice frequency circuit derived from the 
carrier channels and the various inside 
plant facilities which may be used on a 
toll line through the office, including 
the 4A switching system. Carrier has been 
selected for this example because of its 
extensive use in the toll plant. 

5.96 The cable carrying the carrier fre-
quencies enters the toll crossbar 

office at cable terminals, such as the 
sealed test bay. (Voice frequency cables 
appear on jacks at the primary testboard.) 
Here jacks are provided for testing and 
for substituting spare carrier groups when 
a failure occurs. On its way to the high 
frequency patchipg bay, carrier elements 
such as repeaters, filters, equalizers, 
etc., are connected to the circuit. 

5.97 Jacks in the high frequency patching 
bay are provided for testing and for 

substituting spare carrier elements of the 
types just mentioned. 

5.98 From the high frequency patching bay 
the carrier circuit enters the chan­

nel bank equipment where the voice frequency 
circuits are derived from the carrier chan-
nels. · 

5.99 (It is necessary to change to voice 
frequency in the toll office for 

many reasons. One is that we must be able 
to terminate calls coming into the toll 
office on carrier to local offices in the 
area, or to switch or patch them to voice 
frequency circuits going to other toll of­
fices. Another reason is that many of the 
toll connections are switched through the 
4A system and it is impractical to switch 
carrier frequencies with standard switching 
equipment with its high unshielded capaci­
ties.) 

Four-Wire Voice Frequency Bays 

5.100 The derived voice frequency circuits 
are carried through series jacks in 

these bays. These jacks are provided for 
making tests on carrier channels between 
carrier terminal points. They are also 
used for patching in spare voice frequency 
channels to replace those in trouble. 

5.101 Spare pads are also terminated on 
this bay. Using one of these pads, 

the channels of two terminating circuits 
can be patched together to make a through 
circuit. (Pads are devices for adjusting 
transmission levels so that different level 
transmitting and receiving branches of a 
toll circuit can be connected together.) 

5.102 Jack-ended trunks are provided from 
these bays to the patching trunk 

bays and tandem patching trunk bays which 
are described later \on. 

SECTION AS28.101 

Circuit Patching Bays 

5.103 On its way to the circuit' patching 
bay the voice frequency circuit 

picks up a single frequency signaling cir­
cuit and a pad. 

5.104 The circuit patching bays (see 
Fig. 78, attached) are provided 

mainly for rerouting circuit groups, or for 
increasing groups to care for temporary 
traffic demands. They are also used for 
substituting drop circuits or replacing 
those on which trouble has occurred. lDrop 
circuits include the intertoll trunk relay 
equipment and the switching paths to the 
4A system incoming link frames.) The line 
and drop circuit transmitting anti receiving 
patching jacks, and the line and drop cir­
cuit signaling patching jacks appear in 
these bays. These jacks are in series be­
tween the line and drop circuit sides of 
the intertoll trunks. 

5.105 The patching jacks can also be used 
for trunk testing with the wagon 

type incoming,·outgoing and intertoll trunk 
test set and as an aid in sectionalizing 
troubles between the· line and drop circuit 
sides of the trunk. 

5.106 The signaling patching jacks are 
used for making signaling and super­

visory tests towards the drop circuits or 
towards the lines. 

5.107 These bays also include jacks for 
spare pads and relay type auxiliary 

pulse links. These jacks are used with 
the intertoll patching jacks for patching 
two intertoll trunks together to make a 
through connection. 

58108 Auxiliary pulse links are required 
when two composite signaling cir­

cuits, or a composite signaling circuit and 
a single frequency signaling circuit are 
connected in tandem. They are also re­
quired when a two-wire and a four-wire 
single frequency signaling circuit are con­
nected in tandem. If both are four-wire 
they can be patched at the voice frequency 
bay without using a pulse link. 

5.109 Local trunks to other maintenance 
points in the office and a telephone 

set are provided as required. Trunks are 
also provided to permit patching between 
the circuit patching bays and the patching 
trunk bays and the tandem patching trunk 
bays. 

Patching Trunk Bays 

5.110 The patching trunk bays contain 
jacks for terminating patching 

trunks to the various line facility bays, 
such as the voice frequency patching jacks 
of the carrier systems and the voice 
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frequency repeater jack bays. Jack-ended 
patching trunks are also run to the cir­
cuit patching bays. 

5.111 In addition to the jacks for patch-
ing trunks, jacks connected to 

spare equipment such as pads, signaling 
units and echo suppressors are located in 
the patching trunk bays. 

5.112 The patching trunks are used for 
substituting new outside plant and 

for rearranging line equipment to take care 
of outside plant changes. They are also 
used for connecting together two intertoll 
circuits (derived from widely separated 
line facilities) to form a through connec­
tion. 

5.113 New toll circuits can be made up by 
patching the jack-ended spare equip­

ment at the patching trunk bays to the 
patching trunks to the line facility and 
circuit patching bays. 

5.114 The patching trunk bays greatly re-
duce the number of interbay trunks 

required between the line facility and cir­
cuit patching bays and simplify patching 
procedures. 

5.115 Local communication trunks, order 
wire circuits and talking facilities 

are provided as required. 

Tandem Patching Trunk Bays 

5.116 Ordinarily, tandem patching trunk 
bays are provided only when there 

are more than two groups of patching trunk 
bays. In such cases tandem patching trunks 
are provided from the tandem patching trunk 
bay to each of the groups of patching trunk 
bays. 

5.117 These bays are similar to the patch-
ing trunk bays in many ways. Like 

them,. jack-ended spare equipment, local 
communication trunks, order wire circuits 
and talking facilities can be provided as 
required. The bays may also include patch­
ing trunks to various groups of widely 
separated line equipment facility bays and 
circuit patching bays. 

Trunk Assignment Patching Bays 

- 5.118 These bays (see Fig. 78) are pro-
vided for use in conjunction with 

the circuit patching bays, for temporarily 
increasing the size of outgoing intertoll 
trunk groups and for substituting or re­
placing trunk relay circuits when failures 
occur. 

5.119 For these purposes, as many working 
outgoing intertoll trunk relay cir­

cuits as desired are cross connected to 
jacks in the trunk assignment patching bays. 

_In addition, spare jack-ended trunk relay 
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circuits are provided. Both the working 
circuits and the spare circuits appear on 
two jacks each, a trunk block jack and an 
out trunk jack. 

5.120 Generally some of the spare trunk 
relay circuits are preassigned to 

each (or most) of the outgoing trunk groups. 
This is done by cross-connecting the trunk 
block jacks of the spare circuits to the 
trunk block relays of the desired outgoing 
intertoll trunk groups. Normally there are 
dummy plugs in the trunk block jacks of the 
spare trunk relay circuits and this causes 
them to test busy to the marker. When addi­
tional trunk relay circuits are required 
they are cut into service by patching them 
at the circuit patching bay to line equip­
ment connected to the proper distant office 
and then removing the dummy plugs. 

5.121 If desired, spare trunk block jacks 
without relay equipment can be pre­

assigned to some or all of the outgoing 
trunk groups. With this arrangement, any 
spare trunk relay circuit appearing on the 
trunk assignment patching bay can be 
patched to these jacks to increase the .size 
of the associated trunk groups. It is 
necessary, of course, to patch the spare 
trunk relay circuits to the proper line 
equipments at the circuit patching bay. 

5.122 Faulty trunk relay circuits in any 
outgoing trunk group can be re­

placed by patching in a spare trunk relay 
circuit, or by borrowing one from another 
group of trunks. 

Automatic Outgoing Intertoll Trunk Test 
Frame 

5.123 This test frame (see Fig. 79) is 
provided to make over-all tests of 

outgoing intertoll trunks and the outward 
paths of two-way intertoll trunks to other 
toll offices. The tests are made auto­
matically or manually, depending upon 
whether or not the trunks can be terminated 
on an intertoll trunk test line. 

5.124 The general operation and arrange-
ment of the test frame is similar 

to that of the automatic outgoing toll con­
necting trunk test frame which has already 
been described (par. 5.60 and following 
pars.). As on that frame, access to the 
outgoing trunks is through the regular 
switch train. The same general types of 
tests are made, with the exception that 
there is no equivalent of the test to a 
busy line in the distant office. 

Automatic Tests 

5.125 On automatic tests, a three-digit 
code 103, is pulsed forward to 

reach the intertoll trunk test line ter­
mination (see par. 5.135) at the distant 
office. No provision is made to change the 
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code during the course of the test cycle 
and therefore the test line termination 
must have the same code at all distant of­
fices. Where a distant office has no test 
line, or uses a non-standard code, auto­
matic tests cannot be made. 

Manual Tests 

5.126 A manual key is provided for test-
ing trunks to such offices and to 

care for intertoll trunks which appear in 
front of an operator at the distant office. 
On DP or MF trunks the attendant dials or 
keys the code to reach an operator or the 
distant toll testboard. On straightforward 
trunks he operates a key·to reach the 
distant operator. In either case the tests 
are made in cooperation w~th the operator 
or testboard attendant in the distant of­
fice. 

5.127 A particular trunk can be selected 
for test and tested repeatedly as 

many times as desired. This feature is 
of value in locating a trouble or in test­
ing a new trunk prior to putting it into 
service; 

5.128 Transmission tests are made manually, 
using the 40B transmission measuring 

system. 

5.129 The test circuit has been designed 
to anticipate the later addition of 

facilities for automatically making trans­
mission measurements. 

(D) Miscellaneous Test Lines and Test Sets -
Portable, Semi-Portable and Frame 
Mounted 

Incoming. Outgoing and Intertoll Trunk Test 
Set 

5.130 Reports of trouble encountered by 
operators in the use of tandem or 

intertoll trunks, or troubles picked up in 
intertoll trunk relay equipment as a result 
of tests made by the toll testboard men, 
may be referred to the switching mainten­
ance force for test and clearance. A port­
able trunk test set is provided in order 
that the trunk relay equipment may be 
tested under such conditions. The test set 
can also be used to test trunk circuits 
outgoing from the No. 5 toll switchboard. 

5.131 The test equipment consists of a tea 
wagon-type test set which works in 

conjunction with a relay rack unit and 
with patching and test line jack appearances 
at the trunk relay bays, the toll test and 
terminal room patch bays, and the 17C toll 
testboard. The test wagon may be used near 
the relay equipment, and after completing 
patches to the test lines and relay rack 
test unit, the functions of the trunk equip­
ment may be exercised and observed. The 
purpose of the relay rack mounted portion 
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of the test equipment is to provide the 
various forms of pulsing and signaling re­
quired to satisfy the trunks, and to work 
as a return test line, as mentioned later. 
In all cases the relay rack unit is re­
motely controlled by the test wagon, and 
its signal translations are returned to 
the test wagon for observation. The test 
wagon unit contains all operating keys, a 
keyset a dial lamps, and a precision 
timer {s1 type~ for measuring trunk timing 
intervals. A telephone set is also pro­
vided for talking on a two-or four-wire 
basis as required. 

5.132 Tandem trunks are equipped with 
jacks at the relay rack on the line 

side of the trunk into which the test unit 
may be patched. Operation of the test set 
causes the trunk to be connected through 
the regular switching train to a return 
test line, which is patched into the test 
set. Subsequent testing of the trunk is 
accomplished by an exchange of signals be­
tween the test set and the return test 
line. 

5.133 Incoming intertoll trunks are tested 
in a similar manner. However, access 

to the line side of the trunk is obtained 
over a system of test lines and patching 
trunks to the toll test and terminal room. 

5.134 Outgoing intertoll trunks are reached 
for test by the test set by gaining 

access to the drop (switch) side of the 
trunk via a test line to the l?C toll test­
board. At this point the test line is 
patched to the required trunk. The line 
side of the trunk is reached as described 
above for incoming trunks. 

Incoming Trunk Test Line 

5.135 A test line circuit is available 
for rapid testing of incoming tandem 

and intertoll trunks (see par. 5.125). The 
test line is similar in general functions 
to that used in local crossbar systems. 
Over-all tests may be originated at outward 
switchboards over tandem trunks to the 4A 
system, or from distant toll offices over 
intertoll trunks. The test call is directed 
to the test line by keying the three-digit 
universal code 103, and when the test line 
is reached a signal is returned to the 
originating test point. The tests are 
relatively simple and do not check all 
functions of the trun.tcs, but they have the 
advantages of being rapid and not requiring 
assistance at the terminating end, and 
they provide reasonable assurance that the 
switching, signaling and supervisory fea­
tures of the trunks are in operating con­
dition. 

Frame Identification Frequency Test Set 

5.136 A portable test set (box type) is 
provided to test the multifrequency 
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supply and distribution system used for 
link frame identification purposes and to 
facilitate the location of circuit troubles 
involving crosses or attenuated (lowered 
level) signals. The test set consists of 
eight filters corresponding to the frame 
identification frequencies, an amplifier, 
and a rectifying meter •. Keys are provided 
so that with a given input signal of one 
or more frequencies the meter may be asso­
ciated with any one of the filter circuits 
tbereby providing an indication of the 
magnitude and frequency components of the 
input signal. 

lOOA Test Set 

5.137 This portable test set is used to 
check the output of the phototrans­

istors and the transistor amplifiers in 
the card translators. 

5.138 In testing the phototransistors used 
on the "regular" channels { there are 

116 in each card translator) the plug-ended 
transistor amplifier associated with the 
channel under test is removed and the test 
set is plugged in its place. The test set 
applies a load on the phototransistor 
equivalent to the worst transistor ampli­
fier. The output of the phototransistor 
under this worst circuit condition can then 
be measured using a high impedance volt­
meter. 

5.139 In the test of the phototransistors 
used on the "index" channels { two 

in each card translator) the dummy plug 
normally in place in the channel under test 
is removed and the test set is plugged in 
its place. The output of the associated 
phototransistor can then be measured. 

5.140 A transistor amplifier is tested by 
removing the cold cathode tube in 

the channel under test and plugging in the 
test set in its place. The output of the 
transistor amplifier {that is, the voltage 
it delivers to the cold cathode tube) can 
then be measured. 

Test Line Circuit For Making Balance and 
Noise Tests 

5.141 This test line is used for terminat-
ing calls from intertoll trunks when 

balance and noise tests are being made. On 
trunks to dial offices the test call is 
directed to the test line by keying the 
three-digit universal code 100, and when 
the test line is connected a signal is re­
turned to the originating test point. The 
tests can be made from any of the test ap­
pearances of the outgoing or two-way inter­
toll trunks - for example, from the toll 
testboard or the outgoing trunk test frame. 

5.142 On trunks to manual offices the test 
frame attendant obtains an attendant 

at the distant office over the outgoing 
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trunk and requests him to connect it to the 
test line. 

Test Line to Milliwatt Distributing Circuit 

5.143 This test line provides a one milli-
watt source of 1000-cycle tone which 

is used for making transmission measurements 
on intertoll trunks. The test call is di­
rected. to this test line by means of a uni­
versal three-digit code 102, pre-set in the 
Automatic Outgoing Toll Connecting Trunk 
Test Frame in the distant office. The num­
ber can also be keyed from this frame. 

5.144 On trunks to manual offices the con-
nection to the test line is made 

manually in a manner similar to that just 
described in par. 5.142. 

Other Miscellaneous Test Sets 

5.145 In addition to the test lines and 
test sets just described, which were 

designed for toll crossbar switching sys­
tems, other test sets are provide·d for the 
4A system which have been in use for some 
time in other switching systems. These 
include: 

{a) Test Set for Testing 275 and 276 
Type Re lays • 

{b) Pulse Repeating Test Set 

{c) Pulse Checking Test Set for Check-
ing Pulsing Speed and Per Cent 

Break of Interrupters 

{d) Test Set for Timing Tests 

{e) Test Set for Testing 209FF, 209FK, 
209FL and 209FM Relays 

(f) Continuity Test Circuit 

Alarms 

5.146 Alarm features in addition to the 
trouble indicator previously des­

cribed are provided in a manner similar to 
other crossbar switching systems. These 
alarms consist of fuse alarms, time alarms 
for the sender link and control circuits, 
markers, marker connector, etc. Directing 
pilot lamps, namely frame aisle pilots, 
main aisle pilots, floor pilots and exit 
pilots are provided together with dis­
tinctive audible alarms. These lamps and 
signals are so arranged as to indicate 
audibly the severity of the alarm condi­
tion {major·, minor or power failure) and 
to show visually the type of failure (fuse, 
time alarm or test frame alarm) and the 
aisle location of the individual circuit 
alarm lamp. Arrangements are provided to 
extend the alarms from one floor to 
another. 
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6. EQUIPMENT 

(A) General 

6.01 As in every telephone office, the 
equipment in a No. 4A toll office is 

laid out for efficiency in the operation 
and maintenance of-the office. Of course, 
the actual arrangement of equipment may 
vary from office to office because the 
number of trunks and the kind of traffic 
an office handles determines the types and 
amount of equipment necessary. The shape 
of the building also influences the equip­
ment layout. 

(B) Frames 

6.02 The basic framework, the height and 
depth of the frames, is the same 

throughout the 4A toll switching system. 
The bays are 11-1/2 feet high, 10-1/2 
inches deep and their width varies from 22 
to 55 inches. Genera~ly, they are arranged 
with the apparatus sides of two lineups 
facing each other with a three-foot aisle 
between them. The wiring aisles between 
the backs of the frames are two feet wide. 
Protection against dust is provided by 
cabinet doors for the front and removable 
covers for the back of certain frames. 
A-c outlets are provided on some frames 
and are located so that all frames may be 
serviced from them. 

6.03 Aisle pilot lights for the alarm 
system are mounted on end guards at 

the main aisle end of a lineup. An end 
guard is a metal panel which is placed on 
the side of the frame at the end of a 
frame lineup. Frame distributing fuses 
are also mounted at the top of the end 
guard panel. 

6.04 ·To identify the frames in a lineup, 
the end guard has a card holder which 

contains frame.designation cards. Each 
card has the name and number of one of the 
frames in the lineup. Also, each frame is 
stamped with its name and number. 

6.05 Another type of card, a tracing 
designation card, is provided on in­

dividual frames to show their interconnec­
tion with other frames. This card is 
mounted on a particular frame and contains 
the designation of this frame and that of 
the frame to which it interconnects. If 
a frame has interconnections with several 
frames then other cards are provided. 
These cards provide information for trac­
ing a call or a trouble through an office. 

6.06 There are blank spaces for filling 
in various types of information 

such as the trunk numbers, link numbers, 
switch numbers, etc. at an individual 

aell Telephone Laboratories, Inc. 
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office. For example, each sender link 
frame has a designation card which contains 
the number of each incoming trunk that ap­
pears on this frame and the number of the 
switch and the number of horizontal where 
it appears. 

6.07 Distributing Frames: In addition to 
switching and common control frames, 

distributing frames are provided for making 
cross connections between frames where 
flexibility is re quired. 

6.08 The intermediate distributin frame 
(IDF provides means for cross con­

necting: 

(a) Toll terminal equipment with the 
circuit patching bay. 

(b) Intertoll trunk relay equipment 
with the circuit patching bay. 

(c) Toll connecting trunk relay equip­
ment with trunks to local offices. 

(d) No. 5 switchboard with incoming 
and outgoing frames. 

6.09 The trunk distributing frame (TDF) 
provides means for cross connecting: 

(a) Trunk relay equipment with incom­
ing and outgoing frames. 

(b) Intertoll trunk relay equipment 
with the 17C testboard. 

(c) Incoming toll tandem trunks with 
second trouble tracing selectors. 

6.10 The assi nment distributin frame 
(ADF provides means for cross con­

necting: 

(a) Outgoing frames and outgoing trunks 
with assignment patching jacks and 

trunk block relays. 

(b) Outgoing trunks with assignment 
patching jacks and overflow trunk 

circuits. 

(c) Outgoing trunks with test and make 
busy jacks. 

6.11 The junctor grouping frame, as des-
cribed in Part 2, provides means for 

making cross connections between some in­
coming and outgoing links (see Figs. 23 and 
24). 

6.12 The traffic register distributing 
frame provides means for cross con­

nectingr--

(a) The traffic registers with the 
traffic register relays. 

(b) The traffic register relays with the 
trunks requiring group busy regis­

trations. 
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NUMBERING PLAN FOR NATIONWIDE TOLL DIALING 

SUBSCRIBER'S NATIONAL TELEPHONE NUMBERS 

NUMBER OF DIGITS DIALED OR KEYED TO REACH CALLED SUBSCRtBER 
FROM ANOTHER NUMBERING AREA (NOTE 1) 

1 2 3 4 5 6 7 8 9 10 11 

AREA CODES NATIONAL OFFICE CODES NUMERICALS PARTY 
( NOTE 1) DIGIT 

0 To 9 
AOX or AlX ABX 0 To 9 or 

(NOTES 2 & 3) (NOTES 2 & 4) J(5),M(6), 
0 
z 

NOTES: 

R(7)or W(9) 

(1) When toll calls are completed within the same numbering area, 
the area code is not usually dialed. 

(2) Cc,de legend 

A, B, C - Any digit except 1 or 0 
D . Any digit except 1 
E - Any digit except 0 
X - Any digit 

(3) The O digit is not assigned as the 1st digit of the area code 
because it would interfere with the subscriber obtaining the 
zero operator when rustomer national toll dialing comes 
into effect. 

The 1 digit is not assigned as the 1st digit of the area code 
because the equipment recognizes this digit as the start of 
either a toll service code (1Dl) or a TX code (11EX). 

The digits from 2 to 9 inclusive are not assigned as the 2nd 
digit of the area code. The use of either O or 1 distinguishes 
it from a national office code. 

Digit O Indicates a single-area code, i.e., one numbering 
area covers the entire state area. 

Digit 1 Indicates a multiarea code, i.e., two or more 
numbering areas may be required to cover the 
state. 

CITY 

TYPICAL EXAMPLES OF NATIONAL OFFICE CODES 
BUILT UP FROM LOCAL DIRECTORY LISTINGS 

TOLL 
DIRECTORY 

LOCAL LOCAL LI ST I NG 
DIRECTORY CUSTOMER (NATIONAL 
LISTING WILL DIAL OFFICE CODE) 

TOLL 
OPERATOR 
Will DIAL 

Newerk,N.J. MA:rket 2-1234 MA2·1234 NA-2 MA2·1234 
Montclair,N.J. (S)UOntclair 2-10214 MO2·10214 MO-2 MO2-10214 
Salem, Ore. 5678 5678 (6) 72 5 725 - 5678 

Denver, Colo. TAbor -1234 TA -1234 TAB TAB-1234 
Spokane, Wash. Broadway -1234 B -1234 BRO BR0-1234 

Richmond, Va. 4 ·1234 4 -1234 RI-4 RI4-1234 

NOTES: (Contd.) 

FIG. 8 

(4) The digits O and 1 are not used as the first two digits of 
·office codes in 2-S numbering areas (two letters and 
5 numericals, UA2-1234). The national and the local office 
codes are identical for these offices. 

(5) This is a manual office whi~b will be straight 2-5 numbering 
when converted to dial. 

(6) This is a flexible type of code and may not necessarily bear 
any relationship to the letters of the city name since the 
codes will be furnished by bulletin or route operator, rather 
than secured from the number passed by the customer. 

NUMBERING PLAN FOR NATIONWIDE TOLL DIALING 

BELL TELEPHONE LABORATORIES, INC. FIG. 8 
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HORIZONTAL 
1

MULTIPLE SOLDERING TERMINALS 
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0 

0 0 0 0 0 0 

0 0 0 

VERTICAL UNIT 

SELECTING OFF-NORMAL SPRINGS 

FIG.14 
PARTIAL PERSPECTIVE VIEW OF 20 - VERTICAL UNIT CROSSBAR SWITCH ( 200 POINT) 

BELL TELEPHONE LABORATORIES, INC. FIG.14 
PRINTED IN u. S. A. 
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JUN CT OR DISTRIBUTION 
INTERTOLL OR COMBINED TRAIN 
10 INC. GROUPS-20 OUT. FRAMES 

(ULTIMATE SIZE) 

NO.OF INC. OUT, INC. OUT, INC. OUT. 
GROUP FR. 

JUNC TORS GROUP VERT. GROUP F'R. SEC. I PRI, VERT. SW. 2 SW, 
10 0 0 0 0 REG. 0-9 OL-9L 

10 0 0 0 0 EXT. o-q OR-9R 
10 0 0 I 2 REG. 0-9 OL-9L 
10 0 0 I 2 EXT. 0-'3 OR-9R 

10 0 0 2 4 REG,0-9 OL•9L 
10 0 0 2 4 EXT. 0-9 OR-9R 

60 0 0 3 T08 EVEN REG.0-9 OL-9L 
6T016 

60 0 0 3 TO 8 EVEN EXT. 0-9 OR-9R 6TO 16 

10 0 0 9 18 REG. 0-9 OL-9L 

!O 0 0 9 18 EXT. 0-9 OR-9R 
10 0 0 10 I REG. 0-9 OL-9 L 

10 0 0 10 I FXT. 0-9 OR-9'R 
10 0 0 11 3 REG, O- 9 OL-9 L 
10 0 0 11 3 EXT. 0-9 OR-9 R 

70 0 0 12TO 18 ODD REG.0-9 OL-9l 
5 TO 17 

70 0 0 12 TOl8 
ODD 

EXT. 0-9 OR-9R STO 11 

10 0 0 19 19 REG. 0-9 OL-9L 
10 0 0 19 19 EXT. 0-9 OR-9R 

TOTAL 400 

10 7 7 0 0 REG 0-9 OL-9L 
10 7 7 0 0 EXT. 0-9 OR-9R 

10 7 7 I 2 REG. 0-9 OL-9L 
10 7 7 I 2 EXT. 0-9 OR -9R 

80 7 7 2 TO 9 EVEN REG.0-9 OL-9L 2 TO 18 

80 7 7 zro 9 EVEN EXT. 0-9 OR -9R. 2TO 18 

10 7 7 10 I REG 0-9 OL-9L 
10 7 7 10 I EXT. 0-9 OR-9 R 
10 7 7 II 3 REG. 0- 9 OL-9L 

10 7 7 11 3 EXT, 0-9 OR -9R 

80 7 7 12TOl9 
ODD 

REG.0-9 0 L-9L 5 TO 19 

80 7 7 12TO 19 
ODD 

fXT. 0-9 OR-9R 5 ro 19 

TOTAL 4 00 

NOTES: 

(o.,) INC. GROUP REG. SE:C. BAY SW. NO.= OUT. FRAME PRI. 
BAY LEF'T HALF' SW. NO. 

INC. GROUP EXT. SEC. BAY SW, NO.= OUT. F'RAM£ PRI. 
BAY RIGHT HALF SW. NO. 

(c) INC. GROUP NO.= OUT. F' RAME VE.RT. NO. 

BELL TELEPHONE LABORATORIES.,INC. 

200 
I NC. LINKS 

ro PRI. 
SWITCHES 0-9 
ON INC. FRAME I 

200 
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( ,NCO MING FRAMl"S O AND I) 

FIG. 24 
PAIRfNG OF INCOMING FRAMES TO FORM GROUPS OF TWO WHICH SHARE 
400 JUNCTORS(!JLTIMATE SIZE OFFICE IOIG- 200F) 
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• L 

JUNCTOR DISTRIBUTION 
INTERTOLL OR COMBINED TRAIN 
20 INC, GROUPS- 20 OUT, GROUPS 

(ULTIMATE SIZE) 

OUT. INC, INC. OUT, 
NO. OF INC, OUT, GROUP GROUP 

JUNCTORS GROUP 
GROUP GROUP 

GROUP SEC. PRI. 
VERT. VERT. SW, SW, 

10 0 0 0 0 REG,0-9 EXT. 0-9 

10 0 0 0 0 EXT, 0-9 REG. 0-9 

10 0 0 I I REG. 0-9 EXT, 0-9 

10 0 0 I I EXT. 0-9 REG. 0-9 

10 0 0 2 2 REG,0-9 EXT. 0-9 

10 0 0 2 2. EXT. 0-9 REG.0-9 
170 0 0 3TOl9 3TOl9 REG. 0-9 EXT, 0-9 

170 0 0 3TO 19 3TO 19 EXT. 0-9 REG.0-9 

TOTAL 400 

10 7 T 0 0 REG. 0-9 EXT, 0-9 

10 7 7 0 0 EXT, 0-9 REG, 0-9 

10 7 7 I I REG.0-9 EXT. 0-9 

10 7 7 I I EXT, 0-9 REG.0-9 

10 7 7 2 2 REG, 0-9 EXT. 0-9 

10 7 7 2 2 EXT. 0-9 REG.0-9 

170 7 7 3TO 19 3TO 19 REG,0-9 EXT, 0-9 

170 7 7 3 TOIQ 3TO 19 EXT. 0-9 REG. 0-9 

TOTAL 400 

NOTES: 

. NO. (o.) INC,GR0 1JP REG. SEC, BA'f SW. NO.:::OUT,GROUP EXT. PRI, BAY SW. 

( b) INC. GROUP EXT. SEC. BAY SW. NQ=OUT. GROUP REG. PRI. BAYS W . NO. 

(c) INC. GROUP NO.: OUT. GROUP VERT. NO. 

( d) OUT. GROUP NO.=INC. GROUP VERT. NO, 

TELEPHONE: LABORATORIE'.S, INC • 

-
200 

INC, LINKS 
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SWITCHES 
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s 
200 
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-
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f"IG. 25 
PAIRING Of INCOMING fRAME.S AND Of OUTGOING FRAMES 

TO FORM GROUPS Of TWO WHICH SHARE: 400 JUNCTORS 
(ULTIMATE: SIZE: Of"F"ICE 20IG- 20 OG) 
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BELL 
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JUNCTOR DISTRIBUTION 
IN TERTOLL OR COMBINED TRAIN 
20 INC. GROUPS- 20 OUT, GROUPS 

(ULTIMATE SIZE) 

OUT. INC, INC. OUT, 
NO. OF INC, OUT. GROUP GROUP 

JUNCTORS GROUP 
GROUP GROUP 

GROUP SEC, PRI. 
VERT, VERT, sw. SW, 

10 0 0 0 0 REG,0-9 EXT. 0-9 
10 0 0 0 0 EXT. 0-9 REG. 0-9 
10 0 0 I I REG. 0-9 EXT, 0-9 

10 0 0 I I EXT. 0-9 REG. 0-9 

10 0 0 2 2 REG, 0-9 EXT. 0-9 
10 0 0 2 2 EXT. 0-9 REG.0-9 

170 0 0 3TOl9 3TOl9 REG,0-9 EXT. 0-9 
170 0 0 3TO 19 3TO 19 EXT. 0-9 REG.0-9 

TOTAL 40 0 

10 7 ., 0 0 REG.0-9 EXT, 0-9 
10 7 7 0 0 EXT, 0-9 REG, 0-9 
10 1 1 I I REG.0-9 EXT. 0-9 
10 1 1 I I EXT. 0-9 REG.0-9 
10 1 1 2 2 REG, 0-9 EXT. 0-9 

10 1 1 2 2 EXT. 0-9 REG,0-9 

170 7 7 3TO 19 3TO 19 REG,0-9 EXT, 0-9 

170 7 7 3TOl9 3TO 19 EXT, 0-9 REG. 0-9 

TOTAL 400 

NOTES: 

(a.) INC,GR0 1JP REG.SEC, BAY SW.NO.:OUT.GROUP EXT, PRl,BAYSW. NO. 

(b) INC. GROUP EXT. SEC. BAY SW, NO.=OUT,GROUP REG.PAI.BAY SW. NO. 

(c) INC, GROUP NO.= OUT. GROUP VERT. NO, 

( d) OUT. GROUP NO.=INC. GROUP VERT. NO, 

TE:LEPHONE. LABORATORIES, INC. 

200 
INC, LINKS 

TO PRI. -
SWITCHES 

0-9 

200 
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TO PRI, -
SWITCHES 

0-9 

PRINTED Ill U.S.A. 
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f"IG. 25 
PAIRING Of INCOMING fRAMES AND Of OUTGOING fRAMES 

TO FORM GROUPS Of TWO WHICH SHARE 400 JUNCTORS 
(ULTIMATE SIZE OFflCE 20IG-20OG) 
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