
Chapter 7 

No. 5 Crossbar 

Even though the technological trend after World War II was toward 
crossbar switching, step-by-step remained a formidable economic competitor 
in suburban areas. The answer was No. 5 crossbar, for which development 
began in 1945 and which first saw commercial service in Media, Pennsyl
vania in 1948. The No. 5 system incorporated a marker containing more 
than 1500 relays-one of the most complex relay logic circuits ever 
designed. Gradually the system proved its worth because of the flexibility 
provided by its complexity. Since the initial No. 5 concept called for 
accepting additional digits dialed by customers, this system was used for 
the introduction of direct distance dialing in 1951. 

I. THE INNOVATION 

As indicated earlier, Bell Laboratories engineers for many years 
had been trying to find an economic application of common-control 
principles to smaller offices. Crossbar systems such as the No. 380 
and No. 2 crossbar were designed and built, and systems like the 
"43" system (see Chapter 4, section 2.4) were studied intensively. 
As World War II drew to a close, there were even stronger motiva
tions for developing a new crossbar system. In particular there was 
a need for a system with the advantages of crossbar for growth in 
large cities served by the step-by-step system, such as Los Angeles. 
Also, the suburbs of metropolitan areas served by panel, crossbar, 
or step-by-step systems were expected to grow, requiring a system 
that would provide for calling to fringe areas, including community 
dial offices and around the large cities, as well as into the cities. It 
might, like the step-by-step system, be expected to act as a local, 
tandem, or toll office with unique features for each. 

Exploration was started for a system to meet these objectives. 
Such a system needed a form of charge recording to care for many 
short haul calls between suburbs, cities, and rural areas, and needed 
to operate with the many different forms of interoffice pulsing, such 
as dial, revertive, panel call indicator, and possibly multifrequency, 
that might be encountered in different applications. 
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One proposal on which development was started was the No. 1S 
crossbar system. 1 The "S" indicated interworking with step-by-step. 
This system had an arrangement for registering some of the dial 
pulse digits received in the incoming trunks and for forwarding 
them to a special group of terminating senders. Similarly, outgoing 
dial pulsing capability was to be added to the originating senders. 
Since automatic message accounting (AMA) was to be added to 
No. 1 crossbar, this would have provided the basic capability 
needed to meet the objecitive. However, the arrangement proved 
too costly, particularly since all originating senders had to provide 
for all typ•~s of pulsing, regardless of how often they were needed. 
For this projected office application, AMA was required for only a 
small portion of the calls. The No. 1 crossbar system required all 
district junctors to be equipped for AMA. This also proved costly. 

In March 1945, vice president A. B. Clark set down objectives for 
new local switching systems with the expectation of a crossbar sys
tem to compete favorably with step-by-step on a first-cost basis. 
After re-examining the "43" plan, A. J. Busch in April 1945 pro
posed a new system particularly adaptable to serve calls with many 
possible variations, especially in signaling and trunk feature 
requirements. The advantages of this system were recognized 
quickly, and studies showed it would be economically competitive 
with the planned systems, such as the No. 2 crossbar and the 
No. 43 plan, or with modification of existing systems such as 
No. 1S crossbar. It was decided to proceed with its development, 
and the system was identified as the No. 5 crossbar system. 

No. 5 crossbar,2 besides signaling and trunking flexibility, has 
only a single set of switch frames, the line and trunk link frames, 
and, as shown in Fig. 7-1,. only one group of markers to set up ori
ginating and terminating calls. A unique characteristic of this sys- .. 
tern is that the same network is used for both call completions and 
originating register access. This means that, on every originating 
call, the marker is used on two separate occasions, once to establish 
the connection and a second time for the "call back" when the regis
ter connection is released and a trunk connection is established. A 
similar proposal was made earlier by C. E. Brooks. 

Because of the call-back operation, all digits must be registered 
from the calling line before the marker may act on the second con
nection. To know when sufficient digits have been received, the ori
ginating register connects to a "pretranslator" after three digits 
have been received. The pretranslator indicates the number of 
digits to be expected. 3 

The first connection is known as the "dial tone" connection since 
the calling line is connected through the regular switch frames to the 
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Fig. 7-1. Block diagram of the No. 5 crossbar system, showing use of 
single group of markers and single set of line and trunk link frames. 

originating register to receive dial tone. On the basis of the results 
of the KRF machine throwdowns (see Chapter 5, section 3.4.2), a 
priority was established in cases of simultaneous requests for mark
ers to establish dial tone or ''completing'' calls. 

The marker for this system4 contains more than 1500 relays and is 
one of the most complex relay logic circuits ever designed (see 
Fig. 7-2). It performs the combined functions of the line link con
trollers and originating and terminating markers of the No. 1 
crossbar system. To aid in understanding the marker operation and 
in manufacturing it, it is divided into functional units,5 an arrange
ment that had been previously used only for complex test frames. It 
makes extensive use of self-checking two-out-of-five circuits and 
serves as the transfer point or, in modern terminology, the "bus" 
for moving the called numbers from the registers to the senders and 
for moving the calling line equipment numbers from the registers to 
the transverters. 6 

It was realized early that economies could be obtained in larger 
offices by separating the dial tone from the completing functions of 
the marker. As a result, a separate dial tone marker was developed 
in 1950, primarily as a cost-reduction item. This circuit contained 
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Fig. 7-2. A No. 5 crossbar marker, containing more than 1500 relays. 

fewer relays to perform the simple function of connecting lines 
requesting service to idle originating registers. 

As in the No. 1 crossbar system, the lines could be placed on the 
line link frames without regard to directory number. In this way, 
the traffic load on the line link groups could be equalized 
throughout the office, thereby providing uniform and balanced 
service for all customers. The directory-to-equipment number 
translation was provided by a number group circuit, as in the No. 1 
crossbar system, except that for most lines the sleeve leads need not 
be cabled to the number group frames, thereby simplifying the 
installation of the system. 7 The No. 5 crossbar number group 
includes two cross-connections, each of which provides two pieces 
of information. 8 This was made possible by a marginal circuit using 
new mercury contact relays developed during World War II. 9 This 
arrangement reduced the number of marker connector contacts . 

Since the system included AMA, it required both directory-to
equipment number translation (the number group function) and 
equipment-to-directory number translation (the AMA translation 
function) . New proposals for two-way translation were made, but 
none were successfully introduced. ro 
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1.1 The Ring Translator 

A new invention for the AMA translator proved to be a great 
advance in memory functions, particularly considering the date 
1945. The inventor was T. L. Dimond, and it used solenoid wind
ings, called "rings," through which were threaded wires represent
ing the translations11 (see Fig. 7-3). It rapidly became known as the 
Dimond ring translator. Pulses were sent through the wires 
selected by a relay tree. The pulses were induced into the threaded 
rings and detected by gas tubes. The initial translator accommo
dated only 1000 translations. Later (1958) a more compact version 
for 2000 translations was developed. 12 The Dimond ring translator 
was also used later in the crossbar tandem system. This basic trans
lator principle has been used by many others, not only in crossbar 
systems but also in adapted form as the translation and program 

Fig. 7-3. A Dimond ring translator: gas tubes at left, "rings" at right. 
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memories in some electronic switching systems. 13 The separation of 
the register and sender functions and the development of No. 5 
crossbar stimulated many to estimate total memory requirements 
for switching, among them C. E. Shannon. 14 

1.2 Other Inventions 

Other new apparatus developed for the No. 5 crossbar system 
included a punched card trouble recorder in place of a trouble indica
tor15 (see Figs. 7-4a and 7'-4b). A recorder was considered necessary 
since it was planned that the system would provide service in smaller 
offices and would be unattended at nights and on weekends. This 
necessitated the automatic recording of successive trouble indications. 

Another unique feature was a simple one-stage crossbar link to 
connect trunks to the required type of ringing supfly for the called 
telephone and/or tone for the calling line or trunk. 1 

Fig. 7-4a. No. 5 crossbar trouble recorder in the left-hand bay of the 
maintenance center, Media. Pennsylvania. 
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In the panel and crossbar dial systems, many timed periods are 
required to permit certain circuit operations to be carried out, and to 
give an allarm if these operations are not completed by the end of the 
period. In the past, these time intervals were provided by power
driven, cam-actuated interrupters. With the introduction of the 
No. 5 crossbar system, however, the power-driven interrupters 
were replaced by circuits employing cold-cathode tubes. Time 
delays are obtained by using the time required to charge a capacitor 
in series with a high resistance. The potential on the capacitor is 
applied to the control anode of the tube, and when this potential 
builds up to a value sufficient to cause the tube to ionize, the relay 
in the tube circuit operatE!S. 

Many other maintenance features were provided and concen
trated at a central location in the central office. This location 
included the "master test frame" and test circuits for the marker, 
registers, lines, and trunks. Several unique test circuits were intro
duced for the first time. One was the line insulation test frame that, 
in the early morning hours when the maximum dew was on the out
side distribution plant, tested the insulation of each line for leak
age.17 Another circuit connected in parallel with the originating 
registers one at a time while they served regular calls and checked 
that the :registration agreed with that reported to the marker. This 
was known as an "Automatic Monitor."18 Since it only sampled 
calls, it was later dropped from the office requirements. 

The No. 5 crossbar system also included many innovative 
developments in equipment practices. 19 In particular, for the first 
time the frames were formed from sheet metal (see Fig. 7-5) and 
established the pattern for all future central office equipment. 20 

Hinged plexiglass covers were also used. 

II. MEDIA, PA.-THE FIRST NO. 5 CROSSBAR 

Development of the No. 5 crossbar system began in October 
1945. The initial installation was in Media, Pennsylvania. It was cut 
over on July 11, 1948, only three years after development was 
started and at a cost of about $7 million ($5 million systems develop
ment). The Media installation was not only the first No. 5 crossbar 
system, it was the first commercial system to include the AMA 
feature. To process the AMA tapes, the first AMA center was estab
lished by the Bell Telephone Company of Pennsylvania in their 
downtown Philadelphia headquarters on Arch Street. This installa
tion was tested and placed in regular service coincident with the 
Media cutover (see Frontispiece to Chapter 6). 

Another feature made economically feasible by separating the 
originating registers from the senders in the No. 5 crossbar system 
was the ability to receive other than dial pulse signals from the cal
ling lines. A trial was held in this first office using early models of 
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Fig. 7-5. Typical No. 5 equipment arrangements with frames formed 
from sheet metal. 

pushbutton telephones (see Fig. 7-6). A separate set of originating 
registers was designed to receive multifrequency signals from these 
sets, which generated the tones from vibrating reeds that were 
plucked when the buttons were depressed. 21 The frequencies, used 
two-at-a-time, were the same as those used between offices (see 
Chapter 6, section IV). As compared with the use of this form of 
signaling by operators, the receivers here were connected to lines 
and hence were exposed to spurious speech or background 
transmissions from the customer while he or she used the pushbut
tons. Also, the plucked reeds were found not to be stable and 
rugged enough to maintain adjustment with constant usage in a sta
tion environment. 

III. ENGLEWOOD - THE FIRST ODD EQUIPPED LOCAL OFFICE 

Included as an option in the initial capability of the originating 
registers and senders of the No. 5 system was the ability to accept 
and store additional digits in preparation for nationwide customer 
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Fig. 7-6. Early (1948) pushbutton telephones used with No. 5 crossbar. 
Two frequencies from plucked reeds identified each digit. 

diaiing (see Chapter 6, section 3.2). The system included provision 
for operator distance dialing so that the key pulsing or dialing from 
operator "A" (assistance) switchboard positions associated with a 
collocated No. 5 office could, on operator calls, be "pulse con
verted" to whatever type of pulsing was required by the distant 
office. 22 

It was quite natural that a No. 5 crossbar office should be chosen 
for the trial of customer nationwide dialing or "direct distance dial
ing" (DOD), as it later was named. (The initial name for the service 
was "foreign area customer dialing" or FACD to distinguish it from 
the short distance intrastate "home area customer dialing" or 
HACD.) The Englewood, New Jersey office was equipped with 10-
digit originating registen; and in November 1951, DOD service was 
tested for the first time. 23 This service during the next twenty years 
was to become the accepted toll service of the Bell System network. 
Three-digit prefix codes identified the distant cities. Some codes 
were identical with those that eventually became "area codes" in 
the nationwide numbering plan. 

The multifrequency senders in this No. 5 crossbar were modified 
to include individual transistorized multifrequency generators. The 
transistors used in these generators were experimental and were the 
first to be employed in any commercial operation in the Bell 
System. 24 

IV. THE MATURING OF NO.5 CROSSBAR 

From a service standpoint the No. 5 crossbar system was a success 
from the moment of its introduction. Like most new switching sys
tems the initial installed price was higher than expected. Within the 
first four years a considerable joint effort of Western Electric and Bell 
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Laboratories greatly reduced the price difference between No. 5 
crossbar and the step-by-step system. More importantly, the advan
tages of the basic system architecture were gradually accepted by the 
operating telephone companies as a result of the addition of 
numerous features (see Chapter 11). These features demonstrated 
that the system architecture was flexible enough to be adapted for 
operation with a large variety of engineering and field environments. 

Training proved somewhat of a stumbling block, since a more 
complex system was being introduced into areas that to that time 
had been exposed only to the simplicity of the step-by-step system. 
As a result, Bell Laboratories, for the first time, organized and pro
vided instructors for a school for telephone company instructors. 
New documentation was devised to simplify the understanding of 
the complex circuits. Detached-contact schematics (see Chapter 5, 
section VII), were adopted for the first time for this system. While 
they were an improvement over the attached-contact schematics, 
they did not go far enough. In particular, the circuit paths were not 
shown adequately across functional circuit boundaries. This defi
ciency was corrected by the introduction of detached schematics 
(functional schematics) that crossed the boundaries. A complete 
and standard set of flow charts and diagrams was produced, 25 a 
function previously carried out by each individual telephone 
company school. The success of this school was a precursor to other 
joint Bell Labs-operating telephone company educational ventures, 
including the Operating Engineers Training Program (OETP), the 
No. 1 ESS training school, and more recently the Operating Com
pany Associate Program (OCAP). 

Beside the specific efforts to reduce the cost of the No. 5 crossbar 
system as it was designed initially, the program to design an 
improved general-purpose relay was moving from exploratory to 
the final development stage. Several versions of this generation of 
so-called "wire spring" relays competed for eventual commitment 
to production. 26 These relays offered many advantages. Principal 
among them were semiautomated production, ease of obtaining 
various spring combinations with card actuation of the springs, and 
pretensioned springs to eliminate manual adjustment of assembled 
relays in the factory and in the field. 

The adoption of the wire spring relay required new equipment 
designs since the mounting centers were generally different. Also 
the greater capacity of the relays meant that fewer were required. 
Wire spring multicontact relays were also designed. 27 New equip
ment arrangements, more efficient in the use of space, were 
designed. Moreover, this redesign gave the circuit designers an 
opportunity to introduce improvements that could not otherwise be 
justified on their own merits. The result was that, gradually, a new 
version of the No. 5 crossbar system, the wire spring version, 
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replaced the "flat spring" (U and Y type) relay original version, 
starting with the trunk circuits in 1953 and the marker and other 
control drcuits in 1954. 

To save space in No. 5 crossbar offices and to increase trunk 
capacity, system development based on a smaller crossbar switch 
was started in 1966. An initial installation of sample switches in 1968 
in the Blue Island, Illinois office started the modification of the No. 5 
crossbar system to take advantage of this development. In particu
lar, the new switch increased the maximum number of trunk termi
nations per frame from 160 to 200 since the switches had 12 instead 
of 10 levels. 28 The first c:omplete trunk link frame was installed in 
Port Huron, Michigan in 1970. Other switching system develop
ments to use this switch followed rapidly: No. 5 crossbar call waiting 
(1971) (not standardized), SA crossbar (1972), No. 4A crossbar 
frames (1973), 2B automatic call distributor (1972), subscriber loop 
multiplexer (1972), 812A PBX (1972) (see Chapter 13, section 2.5), 
switched maintenance access system No. 3 (1973), the 300 special 
switching system (1973)_. and the Traffic Service Position System
Remote Trunk Arrangement (1976) (see Chapter 10, section 1.8). 29 

As indicated earlier, the architecture of No. 5 crossbar was flexi
ble in providing trunking and pulsing features, and also provided 
AMA charging flexibility. It therefore is understandable that the 
No. 5 crossbar system was modified for a variety of applications 
including the addition of a large number of features and more new 
services than any previous system. Many of the added features and 
services are described in Chapter 11. The No. 5 crossbar system 
was in the vanguard of economically providing many of these ser
vices and features. 

V. PACKAGES AND SMALLER VERSIONS 

The increasing number of features gave telephone company 
engineers many choices in deciding how to provide automatic 
switching when replacing manual offices and for growth. While 
No. 5 was most popular for these applications, it could not compete 
in price with step-by-step for the very simple, small offices. 

In 1961, after being recommended by a joint Bell Labs-Western 
Electric Committee, a limited set of features and a fixed number of 
traffic-engineered circuits were incorporated into packages of 990, 
1690, and 2190 lines with fixed prices. 30 Since the offices were gen
erally unattended, maintenance facilities were modified and mini
mized by replacing the master test frame with an office test frame. 
The price was also attractive since it eliminated complex and costly 
engineering and installation variables. To gain experience with the 
"packaged" installation,, the first office was placed in service in 
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Portland, Connecticut in the later part of 1960. Subsequently, the 
committee developed standard package features. While more than 
400 of these offices were manufactured and installed by Western 
Electric, they did not satisfy their objectives since most orders were 
supplemented with changes and additions, thereby practically 
defeating the original intentions. 

The demand for these systems was gradually reduced. Later sys
tems developed in Canada and Japan and attractively priced were 
purchased by some companies. About 80 foreign systems were pur
chased after Bell Labs made technical evaluation of the systems for 
AT&T on behalf of the operating companies. 

In 1971 a joint development project with Western Electric was 
started on a reduced-cost version of the system, to be known as the 
No. SA crossbar system. 31 This system was mounted in precabled 
and shop-tested modules. 32 The system could be assembled and 
tested in the factory and transported to the central office site ready 
for service. One module served 980 lines; an additional module 
could be ordered to serve 1960 lines, all with a traffic capacity of 
over 300 call-seconds per line. The equipment was redesigned for 
7-foot frames while trunks, registers, and senders were plug-ended 
to facilitate the making of additions. The new, smaller-size crossbar 
switch helped make possible this size reduction. The first of a total 
of about 2S installations was cut over in Portville, New York on 
August 20, 1972-67 days after a flood destroyed the step-by-step 
office .there. 

Later in 1973, a version of the No. SA crossbar system was 
developed by reducing the size of the network to three stages so 
that it could be ordered in sizes of 300 to 600 lines. (Later in 197S 
this capability was extended to 1200 lines.) This system was known 
as the "No. 3 crossbar system. " 33 The first installation was placed 
in service in Howells, Nebraska in June 1974, and 23 were eventu
ally placed in service. 

While the No. 1 crossbar system with its new switching principles 
attracted worldwide attention, it was not until the successful intro
duction of the No. S system that other manufacturers in the United 
States, Canada, Japan, Great Britain, Belgium, France, and else
where started to develop comparable systems. This was quite 
natural since the No. S system was intended for smaller offices than 
No. 1, the kind that at that time were more prevalent in world 
markets. Even years later, while electronic switching systems are 
being introduced around the world, new crossbar systems patterned 
after No. S crossbar are still being sold in significant numbers. The 
last Western Electric manufactured No. S crossbar system was for 
Birmingham, Alabama in early 1976. More than 2700 entities were 
provided by Western Electric (688 of the flat spring variety). By the 
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end of 1976 close to 27 million lines in the Bell System were served 
by No. 5 crossbar. Extensions to existing systems were still being 
installed, and a peak of 2:8.5 million customer lines was reached in 
October 1978. 

VI. NON-NEW JERSEY LOCATIONS FOR SWITCHING 
DEVELOPMENT 

In the late 1940s Bell Laboratories established branch laboratories 
for the purpose of facilitating the transfer of technology from 
developer to manufacturer. The Allentown, Pennsylvania labora
tory was established for device development in 1947. In June 1959, 
the first switching system branch laboratory was established at 
Columbus, Ohio. Here all local crossbar development and later 
(1964) all crossbar systems development were collocated with those 
responsible for Western Electric standards engineering. 

The success of the crossbar branch laboratories led in 1966 to the 
establishment of a new laboratory in Naperville, Illinois. It is 
known as the Indian Hill laboratory. It was established there, as a 
center for electronic switching developments, to be close to the 
Hawthorne Works of Western Electric, which at that time was the 
product engineering control center (PECC) headquarters for elec
tronic switching. Since then the PECC for electronic switching has 
been moved to Lisle, Illinois, and it is known as the "Northern 
Illinois Works." 

The branch laboratory concept is also used for customer switching 
equipment at a laboratory collocated with the Western Electric Com
pany in Denver, Colorado. This laboratory location, established in 
1971, also includes AT&T groups responsible for these products. 
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Laboratory installation of card translators , about 1952. A key system element in 
the growth of l!atiollwide dialing by customers, the card translator interpreted the 
six digits of the area code and office code of a called telephone number. These digits 
caused one metal card to drop down from a stack of about 1000 cards. According to 
which holes in the cards were or were not mlarged, light passed through to photo
detectors to specify the information needed to select a route for a long distance call . 


