
Chapter 8 

Direct Distance Dialing 

Direct distance dialing of calls nationwide by customers required a major 
investment in development by the Bell System. Automatic alternate rout
ing was incorporated into a multilevel hierarchy of switching centers, and a 
routing plan was developed to allow efficient choice of routes to a toll office 
in the region of the called telephone. No. 4 crossbar was adapted in several 
versions to take on the added functions of accepting more dialed digits from 
customers and of performing more code conversions or translations. The 
card translator solved the problem of handling the large amounts of infor
mation required to service calls nationwide, and the crossbar tandem sys
tem, despite its 2-wire design, was modified extensively for toll service and 
gave a good account of itself, with 213 toll systems in place by 1968. 
Crossbar tandem was, in addition, the first host system for centralized 
automatic message accounting, another important ingredient in making 
DDD available to all customers, regardless of the type of local office serving 
them. Selected No. 5 crossbar systems were modified, beginning in 1967, 
to inaugurate customer-dialing of calls overseas. 

I. NATIONWIDE PLANNING 

Initially, much of the equipment used by operators to complete 
toll calls was of the step-by-step variety, since this system was most 
suitable for the smaller-size trunk groups and was available, having 
been developed before World War II (see Chapter 3, section VI). 
Later, when there was a greater concentration of toll facilities, the 
No. 4 crossbar was available and was indeed adapted for the larger 
cities with five post-war installations in New York, Chicago, Boston, 
Cleveland, and Oakland (see Chapter 4, section III and Chapter 6, 
section 3.1). 

For shorter distance dialing, the crossbar tandem system rapidly 
became a most useful member of the toll switching family, although 
it required rather costly transmission balancing requirements, since 
it switched on a 2-wire basis. In short distance service crossbar tan
dem, like the No. 5 crossbar system, encountered a wide variety of 
pulsing needs, and perhaps no other system was provided with 
such a large array of sender capabilities. 1 While it had these capabili-
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ties, at that time it lacked a number of other features considered 
essential for the routing of nationwide customer-dialed calls. (Later 
many of those toll features were added. 2) 

As indicated in Chapter 6, the dialing of long distance calls 
directly by customers was part of a plan that formed the basis for 
most post-World War II switching developments. Recording of 
charge information details-including calling and called numbers, 
answer and disconnect time, and the type of call-was made possi
ble by the development of AMA for crossbar systems and the 
accounting centers that processed the perforated paper tape 
records. Signaling over long distances was made possible by the 
introduction of multifn!quency signaling of address information 
between most crossbar systems and by single-frequency signaling of 
supervisory information as well as dial pulsing. A transmission 
plan had evolved for manually switched long distance service but 
needed revision for operator distance dialing.3 

There remained two basic planning steps before nationwide dial
ing directly by the customer could be introduced. One was the 
development of the numbering plan (see Chapter 6, section 3.2) 
and the second was a network and routing plan. 

A general toll switching plan of the Bell System was devised in the 
late 1920s.4 It incorporated three levels called regional centers, pri
mary outlets, and toll centers. Eight regional centers (San Fran
cisco, Los Angeles, Dallas, Denver, Chicago, St. Louis, Atlanta, and 
New York) were completely interconnected by direct trunks. Pri
mary outlets generally served states and provided access to the net
work for toll centers that served communities and had direct trunks 
to one or more regional centers. (The term "supplementary offices" 
was also used to denote secondary outlets to provide alternate 
routes to regional centers and secondary switching points for intra
area toll switching. Also, the term "tributary'' was used to denote 
cities or towns where little or no toll switching was performed.) 

When customer dialing of toll calls was studied, the same network 
configuration was ascumed, although at one point more regions 
were considered. Bell System engineers proposed the disciplined 
use of multiple automatilc alternate routing to maximize the chance 
of completing calls in a network where toll facilities, at least ini
tially, might be sparse. Alternate routing is a concept that began in 
the Bell System with manual toll operation as early as 1926. 
Automatic alternate routing was proposed about the same time by 
W. W. Carpenter of Bell. Laboratories. Later another Bell pioneer, 
C. E. Brooks, proposed multiple automatic alternate routing. 

Early planning included "crank back" so that calls might be alter
nately routed in earlier offices if all desired paths at a distant office 
were found busy. The routing plan as it evolved made extensive use 
of alternate routing (but without crank back) and provided for more 
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intermediate switching centers. This increased the number of possi
ble intertolllinks from five to eight. The switching centers with the 
alternate routing and other capabilities that were later defined (see 
below) were to be known as "control switching points." 

For nationwide toll dialing, complete connectivity is required for 
universal service. The switching plan for nationwide dialing had to 
restrict the maximum number of links to a specific number for 
transmission stability, uniformity, and efficiency. With manual toll 
switching, the maximum was four toll switching centers in series, 5 

but the loss could be as high as 20 decibels. With dial switching a 
plan, now known as the "hierarchical" plan, was devised that per
mitted as many as nine toll switching centers in tandem. To make 
this type of service viable, the demand basis for engineering trunks 
(no delay) was used. The higher number of possible switching 
centers in a connection resulted from the desire to make maximum 
use of every available trunk to reduce the possibility of giving the 
customer reorder. As shown in Fig. 8-1, two ranks of offices were 
added: one, the sectional centers between the primary and regional 
centers, and the other, a national center connecting to all regions. 6 

Within a region, calls may progress up a "ladder" from toll, to pri
mary, to sectional, and then to the regional center. They are inter
connected by trunk groups engineered for low probability of lost 
calls and are known as "final trunk groups." Other groups, known 
as "high-usage," are engineered on the basis of traffic volume and 
economics and interconnect centers out of the strict hierarchical 
order. Most intertoll trunks have been and continue to be two-way 
while those that connect with local (or end) offices are one-way. 
(This was due originally to the scarcity of facilities, but later efficien
cies continue to make them favorable, due in part to the differing 
traffic peaks in the different time zones in the United States.) The 
transmission plan that accompanied the switching plan called for 
adding essentially no loss if both ends of a connection were intertoll 
(known as "via net loss"), 2-decibels if only one end was intertoll, 
and 4 decibels if both ends terminated in toll connecting trunks 
(known as "terminal net loss"). The maximum loss has been held to 
13 decibels. The loss plan was implemented by the No. 4A crossbar 
switching system, which can add 2-decibel pads in the incoming and 
outgoing trunks and can also select trunks with the correct transmis
sion characteristics, depending on the call being switched. 

A national center was originally assumed at St. Louis, Missouri 
for connecting to all regions, but this was never implemented since 
adequate trunk facilities at lower levels kept pace with traffic 
demands. In the plan, all regions are fully interconnected, and final 
groups between them are provided if no facilities are available at 
lower orders. As the network and service have grown, the tendency 
has been for increasing numbers of high-usage groups to be formed 
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between major cities, thereby reducing the amount of traffic flowing 
at the higher levels of the hierarchy. 

The routing plan for use of the network was even more critical. It 
was based on the ability of the marker to select among multiple 
alternate routes. With the technology then available, it would have 
been difficult to indicah~ the route by which a call reached a given 
toll switching office. Therefore, to avoid the routing of calls back 
and forth or "ring around the rosey" (until all trunks are used), the 
routing plan specified a given order of alternate routes or routing 
sequence (see Fig. 8-1). First, all high-usage groups to the region of 
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'1•2•3• ETC. } ROUTING SEQUENCES 
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Fig. 8-1. Switching plan for nationwide toll dialing. With adequate 
numbers of trunks in the lower levels of this hierarchy, the national center 
did not have to be implemented. 
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the called office were tried in ascending order and then from the 
highest order down in the hierarchy (ladder) of the calling office. In 
this way, the higher-order trunks are used only as the lower-order 
ones are exhausted. The offices are given class numbers in descend
ing order to represent their function in the hierarchy, with class 5 
denoting an end office and class 1 a regional center. Also, in recent 
years there has developed a "principal city" toll center in each 
numbering plan area to which calls to that area may be directed as a 
last resort and for special services such as operator access and 
INWATS. 

These features defined what was known in the routing plan as 
control switching points (CSPs) and included (1) three- or six-digit 
translation, (2) variable-digit sending-such as deletion if registered 
digits are not required for outpulsing (such as the deletion of the 
area code), (3) digit prefixing (the addition of new digits, particu
larly for completing calls through step-by-step intertoll offices), 
(4) code conversion (the combination of digit prefixing and deletion) 
(see Fig. 8-2), and (5) multialternate routing (most necessary to 
implement the hierarchical routing plan). 7 Six-digit translation can 
be provided in local offices. As shown in Fig. 8-3, it is used pri
marily to reach local offices in adjacent numbering plan areas to 
avoid the long distances, known as back haul, that might be 
involved in routing calls via a toll center. This feature is known as 
foreign area translation and is implemented by providing additional 
three-digit office code translators for a particular limited number of 
areas other than the home area at local offices. 8 

The numbering plan evolved as part of the nationwide operator 
dialing in the mid-1940s (see Chapter 6, section Ill). It was a simple 
plan, since the second digit, unlike office codes in the "2-5" plan, is 
a "0" or "1." The dialing procedure was a little different and is still 
not universal. 

Routing calls from step-by-step offices into the toll network on the 
basis of the area codes would have required very expensive modifi
cations, either in the form of the addition of register-senders (com
mon control) or the building out of switch trains to detect the dialing 
of area codes. Furthermore, in the latter situation, some means of 
identification would have been required to recover the digits dialed 
to reach a toll connecting trunk. For most step-by-step offices, 
therefore, major equipment changes were avoided by the simple 
expedient of dialing an initial "1" on toll calls (see Fig. 8-4). An 
exception was the elimination of preliminary pulse detection (see 
Chapter 3, section II), a feature that was abandoned with the 
obsolescence of the desk stand telephone. 

The "1" is known as a toll barrier prefix and is also used in some 
states to distinguish between extended area and toll calling within a 



MA 2-9970 

~ 
MA2-9970 

NO.5 
CROSSBAR 

LOCAL OFF!GF 
ADDS 125 

DELETESMA2 

N0.5 
CROSSBAR 

--
125-9970 

-OFFICE 
ADDS73 73-MA2- 9970 

I I 

l STEP-BY-STEP TANDEM OFFICE i 

..---: ~ ....-=: ::::::---... 
:-..; 

~ TRUNK TO 
7 s 3 TOLL OFFICE 

:::: 
~~I --: 

-
STEP-BY-STEP TANDEM OFFICE MA2-9970 

\(1 

=::::!!: -~ v~/ 9970 I OFFICE I 
MA 2-9970 

\r! 

-~ TOLL 
MAIN 2 -OFFICE 
LOCAL 

9970 OFFICE 

MA2-9970 

Fig. 8-2. Two examples of code conversion. Top: from a No. 5 office through a step-by-step tandem. Bottom: from a 

No. 5 office through a step-by-step tandem and a toll office (assumes no direct trunks). 

...... 
~ 

~ s· 
"' "' "' ~· 
1::1 
::t 
::.. 
{I) 

"' ... 
"' ::t 

"' "' s· 
s:. 
"' b:l 
~ 

~ 
1? 
;: 



Direct Distance Dialing 179 

CALLING 
TELEPHONE 

-

I 
NO.5 I (B) 

CROSSBAR Dl RECT ROUTE --.---......... CALLED OFFICE WITH 

l OFFICE FOREIGN AREA -TRANSLATION 
I 

............. I 
...... I 

t r 
...... I ...... I (A) I ...... 

I BACK HAUL/ ...... '1' ROUTE/ .....::----/ 
I~ N0.4A I ...._ 

SWITCHING NUMBERING AREA ___ -l 
CENTER DIVISION LINE I 

r--

CALLED 
TELEPHONE 

Fig. 8-3. Foreign area translator uses code conversion to pick route B 
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numbering plan area. Also, with the introduction of ODD it was 
necessary to provide codes in the numbering plan for operators, but 
not customers, to reach other operators in distant centers for assist
ance in reaching points not yet accessible by ODD, or for other 
forms of routing or special call-handling procedures. These codes, 
known as "TX," are of a form "OXX" and are blocked by the local 
switching equipment to which the calling customer had access. 
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Fig. 8-4. Diagram indicating the adding of a digit "1" (lower path) for 
step-by-step toll calls. 
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The interpretation of the dialed digits was the most important ele
ment in the design of switching systems for DDD. The changes in 
the step-by-step offices, just described, were relatively simple. For 
common-control local offices, register-sender capacity for the addi
tional three area code digits was needed. As mentioned earlier, this 
was relatively easy in No. 5 crossbar offices since No. 5 was 
designed initially with this new service in mind. But for panel and 
No. 1 crossbar offices, the task was more difficult and called for the 
design of an "auxiliary sender" (see this chapter, section IV). 

The crossbar toll offices were to become the backbone of the DDD 
network. Features for the implementation of DDD service were 
assigned to these offices. 

Since nationwide planning involved the other partners in the mes
sage network, the independent telephone companies, an elaborate 
set of "Notes on Distance Dialing" was first issued in 1955. The 
notes served as a foundation for educating design, engineering, and 
administrative personnel in the broad method of operation and 
interface requirements for nationwide customer-dialing. These 
notes were periodically revised in 1956, 1961, 1968, and 1975.9 

II. NO. 4A CROSSBAR 

2.1 No. A4A and 4M Crossbar 

The process for accepting DDD calls directly from customers and 
for switching them automatically involved additional toll offices 
with new features. These were first applied to the 4-wire No. 4 
crossbar system. In parhcular, new senders were required to accept 
dialing from local offices and directly from local step-by-step office 
customers as well as operators. Provision was made for changing 
the digits outpulsed from those dialed (code conversion). More 
important and complex were modifications of the markers to meet 
the new translation and routing requirements. 1° Continued deploy
ment of the original No. 4 crossbar system was dictated by the need 
for operator nationwide dialing. The new version of the system for 
customer-dialing was coded 4A. While some of the new features 
could be designed in a short time, the translator developments in 
particular required more time. Therefore, new systems installed in 
the interim were partially modified, anticipating the new transla
tors, and were designated as "A4A crossbar"11 (see Fig. 8-5). The 
first A4A system was installed in Albany, New York in 1950. Later 
these systems were raised to full 4A status. The six original No. 4 
crossbar systems were also modified to contain 4A features and 
became known as "4M crossbar." The last 4A system was cut over in 
Madison, Wisconsin in April1976. It was the 182nd in the Bell Sys
tem. In addition, there are 10 in Canada, 2 in Alaska, and 8 pro
vided to independent companies. 
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2.2 Card Translator 

The nationwide numbering, transmission, and routing plans not 
only required the ability of local and toll offices to receive 10 digits, 
but also required the common control to interpret the six area and 
office code digits. 12 In general, this interpretation requires the 
simultaneous "translation" of these six digits. Needed were ways 
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Fig. 8-5. Block diagram of the control portion of the 4 or A4A crossbar 
system (top), introduced to permit customer dialing nationwide. When an 
office is converted to a 4A system (bottom), the marker connector becomes 
a decoder connector, the trouble indicator becomes a trouble recorder, and 
the marker route relays are replaced by a decoder, a decoder translator, 
and foreign area translators with associated equipment. 
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not only to select one out of more than 1,000,000 possibilities but 
also to provide more output information per translation than was 
economical when employing "route" relays as used in the existing 
translators. In all previous indirect control systems, translation was 
performed by combinations of relays and wired cross-connections. 13 

This technique, to encompass the entire North American numbering 
plan, would have required the equivalent of many local office trans
lators in each toll office. 

A new invention in the art of translation was required, and Bell 
Laboratories engineers came through with a most ingenious elec
tromechanical device, the card translator14 (see Fig. 8-6). Principal 
contributors were J. W. Gooderham, E. W. Gent, 0. Myers, E. D. 
Kingsbury, C. B. Brown, and F. A. Thiel. Before describing this 
device, however, we should note that a number of other technolo
gies were considered for solving the problem. In particular, men
tion should be made of the use of magnetic drums, a technique that 

Fig. 8-6 . A card translator, a development that filled the need to receive 
10 digits and translate 6. The card translator speeded nationwide direct 
distance dialing. 



Direct Distance Dialing 183 

was then being researched for a number of applications (see 
Chapter 9, section 4.3.3). 

The card translator consisted of at least one perforated metal card 
per translation (see Fig. 8-7). The digits representing the area and, 
in many cases, a particular office code were placed into the lower 
edge of the card by the omission of tangs representing the values of 
the digits on a two-out-of-five basis. As a minimum, one card was 
needed to represent an area, but usually cards representing combin
ations of area and office codes were required. A "box" of cards con
tained a maximum of about 1,000 cards. 

As shown in Fig. 8-8, the cards are punched by enlarging holes to 
represent coded routing information. A card is selected by notched 
bars that run under the cards in a box. The bars are moved verti
cally by electromagnets. A magnetic field is applied to press the 
metallic cards against the bars. When a card drops, the light passes 
through only the enlarged holes, thus providing the desired output 
translation. When the moved bars correspond to the missing tangs 
on the edge of a card, the card "drops" due to the magnetic pull. 
Light beams normally pass through all 118 holes in each card 
(see Fig. 8-9). 

To detect the light, a phototransistor was used. The phototransis
tor outputs passed through transistor amplifiers and triggered gas 
tubes to operate output relays. This was the first commercial appli
cation of transistors in the Bell System. 15 The output information 
represents all that is needed for one route selection. Additional 
cards may be selected or "dropped" if all trunks on the preferred 
route are busy, as indicated by the alternate route pattern of the ini
tially selected card. 

The No. 4 crossbar system control was modified to include access 
to at least one box of translator cards. This box, known as the 
"home" box, was part of the decoder portion of each marker. In 
addition, a number of other "foreign area" boxes of cards and a spare 
"home" box were usually provided to include the remainder of the 
translations and were accessible by all markers (see Fig. 8-10). 

The first card translator was placed in service in Pittsburgh on 
March 29, 1953. Before they were replaced by stored program elec
tronic translators in 1969, some 1700 card translators were built and 
used as the basis for routing all calls through the 4A crossbar control 
switching points (CSPs). The electronic translator was one of the 
latest in a long list of features developed for 4A crossbar (see 
Chapter 10, section II). 

From the beginning, the No. 4 crossbar included two separate 
switching networks. Originally, these were for inward and outward 
traffic. With the 4A development, they were given the names 
"intertoll' and "toll connecting." The office size capability was 
increased from 20 to 40 sets of frames for each train. 16 
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2.3 Cost Reduction and Capacity Improvements 

The frames of 4A crossbar were also extended in capacity to pro
vide more terminations. 17 This was needed as the offices served 
larger areas as the entry points to the toll network. The trunks had 
lower occupancy since they were in smaller groups and since the 
traffic from a more dispersed area was less coincidental. 

As DDD and intertoll facilities grew, and new technology such as 
the wire spring relay and electronic components became available, 
the No. 4A system was modified to take advantage of them. A 
major cost reduction development effort was started in the 1960s.18 

New features were developed, and call-carrying capacity was 
increased well into the 1970s. As mentioned above, stored-program 
control was added (see Chapter 10, section II). As described for the 
CAMA feature (see Chapter 6, section V), dial pulse reception from 
customer-dialed traffic is slow, and for the 4A system expensive 
senders had long holding times. To improve this situation, separate 
dial pulse registers were developed that retransmitted the called 
number in multifrequency form after all digits were received. 
Access to these senders was through a link that provided rapid 
"bylink" access so that a second dial tone was not required on calls 
from step-by-step offices. Improved automatic trunk test circuits 
were introduced. Furthermore, the system has been kept up to date 
by the use of plug-in trunk circuits,19 unified facilities terminals and 
cross-connect bays, 20 the addition of common channel interoffice 
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signaling (see Chapter 12, section III), and the provision of features 
for operation as a gateway for international traffic. In particular, for 
operator-originated traffic to overseas points, a reentrant plan using 
a regular and a newly developed "overseas" sender was devised 
and used, starting in 1964.21 

III. THE FULL STATURE OF CROSSBAR TANDEM 

While the 4A crossbar system was designed specifically to imple
ment the control switching point function needed for nationwide 
toll dialing (see this chapter, section I), the crossbar tandem system 
was developed initially as a local tandem. However, like the panel 
sender tandem system (see Chapter 3, section I), it was used to 
extend calls within a metropolitan area and short haul toll calls to 
contiguous areas. The quality of service offered by the crossbar tan
dem system had already made it popular as a switching vehicle in 
the local tandem operation. In fact, it was not unusual for calls 
crossing large areas to pass through two crossbar tandems using 
two successive office selections for revertive pulsing. 22 

The signaling capacity was extended to send dial pulses as well as 
to receive them. 23 In fact the signaling capabilities of the crossbar 
tandem system were the most extensive of any switching system 
(see Chapter 4, Fig. 4-13). It could be used, therefore, as a point of 
signaling language conversion and, like the No. 5 crossbar system, 
to interconnect the more sophisticated central city systems with the 
suburban or rural systems. 

Later, when services like Centrex, mobile radio, centralized pag
ing, and wide area telephone service (WATS) were developed, the 
crossbar tandem system was used to serve these special service lines 
directly-a function it coulld perform since it could receive and send 
dial pulses. 

3.1 Centralized Automatic Message Accounting (CAMA) 
As mentioned in Chapter 4, section 2.2, the location of tandem 

offices also made them ideal to provide for the special charging 
needs of multimessage units for the longer distance calls across an 
area. And, with the introduction of the No. 5 crossbar system, it 
was possible to connect the suburbs with the central city. 
Automatic message accounting (AMA) in these local offices (LAMA) 
provided a means for recording charge details on these calls. But for 
calls from the older panel, step-by-step, and No. 1 crossbar offices, 
it was not always economically feasible to add LAMA for the smaller 
percentage of short haul calls requiring detailed billing. The concept 
of using crossbar tandem as a central point for charge recording 
using AMA was devised and called centralized AMA or CAMA (see 
Chapter 6, section 5.3). 
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The calling directory number was required to bill customers, and 
for this purpose the CAMA concept included access from the 
register-senders through crossbar switch links to operator posi
tions. 24 After the called number was received from the originating 
office, an idle operator position was connected to the sender, and 
the operator at that position verbally requested the calling number 
from the caller. The position contained a simple, cordless 12-button 
keyset. Calls were distributed to idle positions automatically. The 
operator keyed the calling number (four digits since the tandem 
office generally could determine the identity of the originating office 
by identifying the trunk group), which was recorded in the sender. 
This form of operation was known as operator number identification 
or ONI. For greater efficiency, provision was made for remoting the 
operator positions25 as automatic number identification (ANI) was 
introduced, and the need for these positions decreased. The traffic 
was then transferred to cord switchboards and later TSPS (see 
Chapter 10, section 1.4). ONI is still required for recording special 
billing numbers and the calling number when there are ANI failures 
or for multiparty (more than two) lines. 

Besides performing the regular call-processing functions, the 
sender now passed the calling and called number information to 
common AMA equipment, not unlike the equipment used in No. 1 
crossbar for LAMA. 26 The greatest differences between the two 
arrangements are those that relate to forming the correct calling 
office code from the incoming trunk and office identity digit from 
ANI, using them to determine the type of call billing and routing 
treatment. 

For serving customer dialing from step-by-step offices, CAMA 
originally included access to a three-digit register connected to the 
incoming trunk circun on a "bylink" basis. These digits were 
transferred on a de basis to the selected dial pulse sender once it was 
connected to the trunk circuit. Later, with TSP operation (see 
Chapter 10, section 1.3) all ten digits were transferred to a sender in 
this manner when dialing was completed. 

The first CAMA installation of any kind was placed in service in a 
crossbar tandem in Washington, D.C. in November 1953 and, 
within a short time, was serving 83 originating central offices in that 
city and in nearby Maryland and Virginia. Similar installations were 
rapidly placed in service in Detroit, New York, San Francisco, and 
Philadelphia. 

The concept was also applied to the No. 4A crossbar system (first 
cut over in Albuquerque, New Mexico in 1960) so that the charge 
recording for lortg distance calls could take place without LAMA 
equipment, thereby greatly expanding the opportunities for ODD. 27 

About the same time, the CAMA feature became available in the 
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No. 5 crossbar28 and step-by-step intertoll (Steubenville, Ohio, 
September 1961) systems. 29 

3.2 Toll Features30 

Crossbar tandem was first used for toll in 1947, when the Gotham 
tandem was installed in New York City to accept operator-dialed 
calls to cities in surrounding states. The availability of the more 
expensive 4-wire switching of the No. 4 crossbar system made the 
design~rs sensitive to the care with which transmission performance 
of 2-wire toll switching must be designed and engineered. Four
wire circuits must pass through hybrids to be switched on a 2-wire 
basis. Echoes are the bane of 2-wire switching. Echoes can be effec
tively reduced by providing a high degree of office balance and by 
using impedance compensators and fixed pads. 

The pulsing capabilities of the initially developed system included 
revertive and dial pulsing. A subclass (end-to-end) of revertive 
pulsing allowed panel call-indicator pulsing from the originating 
office to a distant tandem or terminating office through the crossbar 
tandem sender. In 1951, incoming multifrequency senders were 
added as well as providing for multifrequency outpulsing from all 
types of senders. 

Examination of Fig. 4-13 in Chapter 4 shows the large number of 
pulsing combinations and conversions made possible with the 
crossbar tandem system. The system was able to interpret all of the 
over-the-channel signaling languages and required digit-handling 
capabilities, and was able to communicate with all of the switching 
systems. Only call anrtouncer (see Chapter 3, section I) was 
omitted, since manual switching was fast disappearing. To act in a 
limited manner as a toll office, it also included ten-digit sender capa
bility, increased al1ternate route capability, and six-digit translation 
for routing calls into five adjacent areas without routing to the prin
cipal city in the area. This was the first application of the Dimond 
ring translator (see Chapter 7, section 1.1) outside of the original 
No. 5 crossbar system application. 

The crossbar tandem system thereby serves as both a local tandem 
and an economical but flexible toll switching system. At its peak 
(1968) there were 34 crossbar tandem systems used in local service 
and 213 used in tolll applications. The last installation was in Twin 
Falls, Idaho in August 1974. 

IV. AUXILIARY SENDERS 

Implementing DOD required local offices to be arranged to reach 
points outside of their home numbering plan area. In the nonsend
erized step-by-step system, it would have been costly to expand the 
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selector stages to select and to send the dialed area code to a toll 
center. For this reason, in these systems a toll access code, "112," 
was initially introduced so that these calls would be directed toward 
a CAMA office. Later, after step-by-step service codes were 
changed from llX to X11, the toll access code was changed to "1." 
To avoid a second dial tone on these calls, a special group of rapidly 
accessible senders was developed for use with dial pulse trunks 
from step-by-step to crossbar tandem and 4A crossbar (see 
Chapter 6, section 5.3). The No. 5 crossbar system was developed 
with the anticipation of ODD so that the extra digit and translation 
capability was included in the original design as an option. Later, 
foreign area translation capability was added for the same reason as 
given above for the crossbar tandem system. 31 

The principal development challenge was the panel and No. 1 
crossbar local offices.' Extensive modifications appeared to be 
required for the subscriber senders of these systems. 

One of the first attractive applications for exploring electronic 
switching techniques was to provide a common parallel electronic 
memory for registering and sending the digits dialed into subscriber 
senders. While this arrangement, known as the "magnetic drum 
auxiliary sender" (MDAS), looked attractive as a result of explora
tory efforts, it was dropped so that increased effort could be 
devoted to electronic switching system development (see 
Chapter 9, section 4.3.4). 

A competitive conventional switching arrangement known as aux
iliary senders provided the extra digit capacity and also multifre
quency outpulsing capability for the smaller percentage of calls that 
used 00032 (see Fig. 8-11). When the regular sender detected that 
an area code was dialed, it connected to one of a small group of aux
iliary senders through a single-stage crossbar link. The auxiliary 
sender received all digits in excess of the eight that the regular 
sender could register. At the end of dialing the regular sender 
unloaded its eight digits (in two groups of four each) into the auxili
ary sender by panel call indicator pulsing. 33 The auxiliary sender 
outpulsed the multifrequency digits as fast as these digits were 
received. 

All panel and No. 1 crossbar system senders and offices were 
modified for this feature, starting in 1957. The links and auxiliary 
senders were mounted apart from the subscriber senders. After 
many other features were modified in the No. 1 crossbar system, a 
new subscriber sender incorporating all DOD and multifrequency 
features was developed to replace the original and much-modified 
senders in some offices. The design of these senders included the 
use of wire spring relays. The first installation was in New York 
City (30th Street) in March 1967. 
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V. INTERNATIONAL DDD (IDDD) 

As transmission facilities to overseas points grew in the 1960s as a 
result of submarine cables and, later, satellites, it became feasible to 
offer customer-dialed international calling, since service could be 
offered on a no-delay or retrial basis to points outside North Amer
ica. Operators at gateway switching centers have been dialing into 
overseas points since 1963. 34 

In 1967, trials were conducted with customer·dialed international 
calls using a No. 5 crossbar office in New York with special area 
codes representing Paris and London. 35 A small number of customer 
registers were modified for this trial, the modifications accounting 
for the difference between the London and United States telephone 
dials. This experiment was very successful despite the need for spe· 
cial dialing instrudions, the unfamiliar tones and signals encoun
tered, and the longer completion times. Consequently, in March 
1970, additional No. 5 crossbar offices were modified to permit dial-
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ing into the United Kingdom and later into 13 other countries in 
Europe and Asia. 

Modifying all electromechanical switching offices and toll offices 
required to reach gateway offices would have resulted in IDDD 
being too expensive to implement, so a long-range plan was dev
ised. Essentially this plan called for all calls from electromechanical 
offices to be routed to overseas gateway offices via a Traffic Service 
Position System (TSPS) (see Chapter 10, section 1). Local electronic 
switching offices functioned in the same manner to advance calls to 
gateway offices. 36 The first ESS office so modified was in the New 
York World Trade Center in 1971. 

From nonsenderized step-by-step offices the TSPS receives the 
digits required for international calls. Extra digits are dialed for 
international access (01 for person-to-person and other special calls, 
or 011 for station-to-station calls and digits for the country code). 
The "0" is used for TSPS trunk selection but is absorbed and not 
sent forward. Senderized offices (panel, crossbar, and step-by-step) 
would require additional digit capacity. This option was available 
only for No. 5 crossbar offices. Additional register and sender digit 
capacity was not added to other offices. Customers in new ESS 
offices dial "0" and reach TSPS in most cases. Bell Laboratories 
engineers developed a two-stage outpulsing scheme so that modifi
cations were required only in gateway No. 4A crossbar toll offices. 37 

Upon recognizing one of these calls at TSPS and ESS, the two-stage 
pulsing arrangement acted by first sending digits to advance the call 
to a particular gateway office. At the gateway office the call is 
routed to a "loop-around" trunk which in turn is connected to one 
of a group of special "overseas" senders (see Fig. 8-12). When the 
sender is attached, it returns a "sender attached" wink signal to 
start the second stage of outpulsing from ESS or TSPS. 

These senders then accept the customer-dialed number that is 
sent during the second stage of pulsing and used to select a route to 
the called country. The overseas sender adds language codes on 
operator-assisted calls and also generates special multifrequency 
signals to operate with the Time Assignment Speech Interpolation 
(TASI) transmission system. 38 These senders also receive calls over 
international facilities transiting through or destined for the United 
States and provide the proper format for completing through the 
network. IDDD is a most popular feature, growing at the rate of 20 
percent per year (see Table 8-1) and reaching an ever-increasing list 
of countries (see Table 8-2). 
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Table 8-1. Progress in International Direct Distance Dialing (IDDD). 

Number of Percent IDDDs of 
Year Dialable Countries Total Out Messages 

1970 9 0.1 
1971 14 0.7 
1972 20 1.4 
1973 20 3.6 
1974 20 7.8 
1975 32 13.5 
1976 36 20.7 
1977 36 23.3 
1978 47 25.8 

Table 8-2. Countries Reached by International Direct Distance Dialing 
from the U.S. (circa 1977), with Country Code. 

27 South Africa 506 Costa Rica 
30 Greece 51 Peru 
31 Netherlands 55 Brazil 
32 Belgium 56 Chile 
33 France (includes 58 Venezuela 

Andorra, Monaco) 593 Ecuador 
34 Spain 61 Australia 

351 Portugal 63 Philippines 
352 Luxembourg 64 New Zealand 
353 Ireland 65 Singapore 
357 Cyprus 66 Thailand 
358 Finland 671 Guam 

39 Italy 675 Papua 
41 Switzerland 679 Fiji 

(includes Lichtenstein) 81 Japan 
43 Austria 82 Korea 
44 United Kingdom 86 China (Taipei) 
45 Denmark 965 Kuwait 
46 Sweden 971 UAE 
47 Norway (Five Emirates) 
49 West Germany 972 Israel 

502 Guatemala 978 UAE (Dudia) 
503 El Salvador 979 UAE (Abu Dhabi) 
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Newark, New Jersey electronic switching office, 1971. With ESS techniques, 
electronic scanning of telephone lines replaces the use of relays and switches to 
detect requests for service and incoming dial pulses, electronic memory substitutes 
for the earlier electromechanical registers and senders; and electronic logic circuits 
and electronic memory for storing programs replace the wired-in logic of elec
tromechanical systems. Although system memory and logic suggest analogies to 
computers, ESS systems are unique in their ability to provide virtually ~minter
rupted service 24 hours per day every day and to operate with many inputs in real 
time. Since the first commercial offering in 1963, electronic switching grew until, 
by the end of 1981, nearly 2700 local ESS systems served more than half of all Bell 

System lines. 


