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Foreword

Very soon after Alexander Graham Bell invented the telephone, it
became obvious that it would be impractical to extend wires from
every telephone to all other telephones. To conserve copper and
dollars, wires had to converge on central points where individual
telephone-to-telephone connections would be made. That is, calls
had to be switched. Moreover, another basic concept of telephony
also quickly emerged—namely, the trade-off between switching and
transmission. The transmission costs of wire, cable, and associated
plant could be optimized by having switching offices distributed to
serve centers of population. The number of switching offices could
be adjusted with changes in transmission costs. A classic and
continuing problem of switching, therefore, is to design switching
systems with capabilities that enable them to be sited at demograph-
ically advantageous points, so that total network costs are kept as
low as possible. Also, for public telephony the need for compatibil-
ity in the presence of technological growth was established very
early. Every item of equipment must function accurately and reli-
ably with every other item of equipment in a network, no matter
how spread out nationally or internationally. In addition, the net-
work must absorb a continuous stream of innovations so as to bring
the benefits of technology to its users as rapidly as possible.

In this book we see how these principles were applied during a
significant period of technological change in Bell System history.
The account begins in 1925, when various engineering and research
groups of the Bell System were reorganized as Bell Telephone
Laboratories. The nominal end point is 1975, which rounded out
the first century of telephony.

As it turns out, however, 1975 is a reasonably good year to mark
the end of one era of telephone switching and the beginning of
another: the rapidly emerging new era of a digital, stored-program-
controlled network. So, although we here concentrate primarily on
the years 1925-1975, we have not hesitated to cover certain post-
1975 developments started prior to 1976, when we knew them to be
significant to current trends.

I1X
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X Engineering and Science in the Bell System

An earlier volume of this series (A History of Engineering and Science
in the Bell System: The Early Years, 1875-1925), describes how tech-
niques born of necessity changed the telephone from a novelty to a
useful instrument of personal communication and of commerce.
Switching technology during this period was characterized by the
introduction and improvements in manual switchboards. In the
years covered by this volume, we see switching technology change
from the final refinements in manual switching to work leading
toward the introduction and complete take-over of automatic
switching. In the process, the technology went through four succes-
sive phases: (1)indirect control, with switches requiring large
mechanical motions, (2)common control, with switches requiring
only very small motions, (3) stored-program control electronic switch-
ing, and, now (4) time division digital switching. At Bell Labs, each of
these technologies moved from concepts to innovations, and the
innovations were introduced to provide improved and expanded
resources for the administration and operation of switching offices.
The result has been high-quality and constantly improving tele-
phone service and features, not only in the United States where the
innovations were first employed, but throughout the world as these
concepts were widely emulated.

The first practical automatic switching system was the step-by-
step system, so-called because the switches move in step with, and
under the direct control of, the telephone dial. With step-by-step,
switch motions are limited by how fast (or slow) the customer dials,
by how long it takes for the pulses representing each digit to be
received and detected in the central office and, of course, by
mechanical inertia. Switching innovation progressed to the first or
indirect control phase, the panel system, separating the control of
switch mechanisms from the dialing process. With panel, non-
decimal power-driven switches of large capacity were introduced,
and the independence of dial and switches permitted translation
between the information dialed by the customer and the control
needs of the system.

In the second phase, crossbar systems were designed and com-
mon control was first introduced. With common control the call-
handling control was separated from the interconnection network
and great improvements in flexibility were provided. Translations
allowed complete flexibility in the assignment of lines and trunks,
numbering plan and routing flexibility was provided, and the trunk
network became more efficient and service again improved. In
addition, the crossbar switches themselves introduced precious
metal (platinum alloy) contacts into telephony which improved
transmission performance. These relay-like contacts operated with
very small motions and therefore with increased speed; this blended
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Foreword xi

nicely with the common control equipment that controlled their
operation.

After World War 1I, the transistor and bulk electronic memory
created tremendous new potentials for switching, and many
exploratory developments were undertaken at Bell Labs to convert
them into realities. The result was the third and entirely new
approach to switching systems design—stored-program control—
and switching took its place at the frontiers of the new electronic
technology in terms of sophisticated hardware and software, sys-
tems architectures, complexity and size. The relationship to com-
puters is obvious, but the switching system designs were unique. In
real time, electronic switching systems process telephone calls with
an objective of two hours downtime in 40 years, or about
one-thousandth of one percent, compared to the one percent
performance of a typical commercial computer. Now more than
50 percent of Bell System calls are switched using stored-program
techniques.

The fourth era of switching technology, and the one currently in
progress, is a period of further extending digital techniques into
switching to encompass the interface with transmission as well and,
indeed, to require the engineering of switching systems and
transmission terminals carrying digital signals as single, integrated
entities. The Bell System was the first to combine stored-program
control and time division digital switching. Furthermore, a new
high-speed digital signaling technique, known as common channel
interoffice signaling (CCIS), was introduced in 1976 and soon will be
serving 50 percent of all toll calls.

Thus the foundation for future high-efficiency, low-cost telecom-
munications has been established. The new era of integrated digital
switching and transmission will continue to extend service beyond
the telephone to include more complex terminals and all forms of
information—voice, data, and video. The advantages are greatly
expanded services, new services, new and more powerful opera-
tional and management techniques, and sophisticated measurement
and maintenance arrangements. And the network will continue to
grow, both domestically with the cooperation of the independent
telephone manufacturing and operating companies and internation-
ally with the cooperation of foreign administrations.

In all probability, the next fifty years will see changes take place
even more rapidly than those of the first fifty years of Bell Labora-
tories and the first 100 years of the telephone. While telecommuni-
cation switching technology and its application will continue to play
important roles, the technical and managerial expertise of Bell Sys-
tem people will be the most important ingredient in insuring this

progress.

TCI Library: www.telephonecollectors.info



xii Engineering and Science in the Bell System

The contributions of many Bell System people are acknowledged
in this book, but it is important to recognize that, as the technology
has become more sophisticated, it has taken ever larger teams of
designers and managers to convert inventions into developed and
engineerable systems and, therefore, individual contributions are
not as easily identified. This book is dedicated to the generations of
engineers who made these accomplishments possible.

On a personal note, it has been my pleasure to share with many
colleagues in this, one of the great technological adventures of the
twentieth century. By whatever measure—complexity, numbers of
people, development costs, investment, or telephone traffic
processed—this adventure is a huge one. The greatest satisfactions,
however, come not from designing something big but from seeing
the human achievements involved when individuals tackle and
solve some of engineering’s most challenging problems.

W. O. Fleckenstein
Vice President, Switching Systems
April 1982
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xiv Engineering and Science in the Bell System

Over many years, during which colleagues have provided insight
into the developments with which they were engaged, 1 was
privileged to observe their progress, reflect on these activities, and
now to record in this volume the events as I recall them. The sub-
jects covered have been chosen from a larger set. There are always
questions of history that one cannot anticipate even in a most
comprehensive volume. I hope readers will find the material
included here interesting to peruse and useful for reference. A
thorough reading should provide an understanding of how the
research and development activities of Bell Laboratories during its
first 50 years have made available the switching techniques and
technology for serving the nationwide network during a critical
period of its growth.

Amos E. Joel, Jr.
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The Mulberry office switchboards (originating in the background and terminat-
ing in the foreground) used with the first panel switching equipment in Newark,
New Jersey in 1915. Although manual and semiautomatic switching were to
remain in use for many years, it became apparent that full qutomatic switching
and high-capacity transmission systems were the path to more and better telephone
services. To reach that goal, manual systems had to be adapted to work compatibly
with the new automatic systems. Moreover, telephone devices, logic circuits,
numbering and routing plans, and administration and maintenance techniques all
grew in complexity and ability to handle large amounts of local and toll traffic.
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Chapter 1

Setting and Scope

By 1925, Bell System engineers had built a large body of knowledge con-
cerning complex logic circuits and had begun to apply this knowledge to the
design of automatic switching machines, and, subsequently, to the design of
computers. Fifty years later, in 1975, a huge nationwide automated net-
work was in place and working. The soundness of common-control princi-
ples and of stored-program control had been repeatedly demonstrated, and
customers could look forward to a network of ever-greater machine intelli-
gence and utility.

I. THE SETTING

If one were to attempt a list of the major technological achieve-
ments in telephony to date, three of them would surely be analog
and digital multiplex transmission, common-control switching, and
stored-program control (SPC) switching. Multiplex transmission
greatly improves transmission efficiency by sending more than one
signal (sometimes thousands or even tens of thousands) over a sin-
gle transmission medium. Common-control switching and SPC,
though less well known outside of engineering communities, are at
least of equal importance in terms of economics and technical
sophistication.

Common-control switching and SPC are analogous to multiplex
transmission in the sense that they greatly improve efficiency.
Older systems tied up expensive equipment during the time of a
telephone call, but common-control systems segregate equipment
into a switching network and the control units. The switching net-
work consists of paths for voice signals that of necessity have to be
assigned for continuous use during calls because they carry instan-
taneous two-way telephone conversations. But the common-control
units quickly “jump in and out of”’ the various stages of setting up
and taking down a telephone connection, and so work quickly and
with great efficiency. And SPC has added new dimensions of flexi-
bility and speed. From these concepts and their application in many
intricate ways throughout the Bell System, there have flowed enor-

1
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2 Engineering and Science in the Bell System

mous benefits to customers in terms of good service and new serv-
ices at attractive costs.

II. SCOPE

A previous volume of this series, titled A History of Engineering and
Science in the Bell System: The Early Years (1875-1925), covers impor-
tant Bell System innovations in manual switching and also covers
the beginnings of attempts to assist operators or to substitute for
operators through the use of switching machines.

From the earliest experiments with automatic switching, and
extending for almost a quarter century, the precise directions the
new switching arts should take were not entirely clear. Basic prob-
lems of the configuration and design of central office systems had to
be solved. With time it was appreciated that large cities required
switching capabilities different from those of less densely populated
areas. Large local networks were put in service with manual tech-
niques. Tandem offices (switching offices that serve other switching
offices) afforded opportunities in these networks to try some of the
new technologies of automated switching later to be applied more
generally throughout the Bell System. The new techniques helped
put to rest beliefs that semiautomatic techniques might be superior
to fully automatic switching. On the other hand, the new tech-
niques also showed the need to develop arrangements to handle
calls between manual and automatic offices during the transition
period.

By 1925 the designers of switching systems had become most
adept in devising complex logic circuits using general-purpose elec-
tromagnetic relays of telephone quality. Some of these circuits were
the forerunners of those used by designers of computers, who
began their work about 25 years later. Indeed, telephone engineers
at Bell Laboratories applied their art to the early relay computers
(see A History of Engineering and Science in the Bell System: National
Service in War and Peace: 1925-1975, pages 133 through 174).

During the second 50 years of telephone sw1tch1ng, covered by
this volume, manual switching was extended by using and improv-
ing upon many of the successful techniques invented and applied by
the pre-1925 pioneers. Long distance calling became possible
without the delay caused by the awkward procedure of having the
customer reach a second (toll) operator, hang up, and wait to be
called back.

The bulk of this volume, however, will of necessity be devoted to
a comprehensive account of Bell System developments in automatic
central office switching and in the types of switching used in private
branch exchanges (PBXs) and key telephones—the latter two
categories often characterized as customer-premises switching.
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Setting and Scope 3

The period covered, 1925 to 1975, is an especially important one
since these 50 years saw the integration, automation, and great
expansion of a nationwide telecommunications network. As men-
tioned above, this period is also characterized by the two pioneering
achievements of first introducing common-control electronic switch-
ing and, later, stored-program control electronic switching. In the
area of customer-premises switching, automated PBXs and key tele-
phone systems were gradually and ubiquitously introduced.

Complex logic circuits, and particularly the skill with which they
were applied to insure reliable service, were keystones to the
development and expansion of the concepts of common-control
switching. Prior to the adoption of these principles, system intelli-
gence was in the logic circuits associated with the individual switch-
ing mechanisms that progressively established a connection. These
circuits could not be reused until the switches became available for
use on another call.

Innovative techniques, however, were applied with increasing
capability and skill by Bell Laboratories engineers, which meant that
the logic circuits could gather facts and make the decisions needed
to complete connections, and could do so “in common” for many
calls in sequence without awaiting the completion of any one call.
Furthermore, the decisions made by these control circuits could be
based upon the prior knowledge of the status of connections already
established. In a word, the systems were acquiring a form of
machine intelligence.

These fundamentals of indirect and common control brought
early, worldwide recognition to switching innovations of Bell
Laboratories people. Although others had proposed aspects of such
logic, Bell Labs engineers had devised the necessary and sufficient
conditions for their application in large systems. Most of the sys-
tems were perceived as being required to fill the expected growth of
the Bell System. These included switching systems not only for
small, large, and medium-size local serving areas, but for tandem
and toll service as well.

The success of development techniques and the deployment of
common control provided momentum towards allowing customers
to dial more and more of their own telephone calls. New develop-
ments in signaling and the recording of charges provided the tools.
Network plans first permitted operators to dial long distance calls,
then led to a transition period during which direct distance dialing
of long distance calls by customers became a reality. Important to
this work were devices, common-control circuit configurations, and
numbering and routing plans that today are integral to the nation-
wide network. At the end of this era, Bell engineers were able to
look back on the automated network of switching systems as the
largest distributed computer in the world.
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4 Engineering and Science in the Bell System

The application of common-control techniques approached a peak
in the 1950s with the maturing of developments for the No. 4A and
No. 5 crossbar systems. At the same time, and drawing on the large
base of electromechanical switching expertise, a new generation of
switching systems techniques emerged, using the new disciplines of
high-speed electronics as conceived and evolved in the research
efforts at Bell Laboratories. (These innovations are to be covered in
another volume of this series, dealing with research.) An explora-
tory development effort was started with the objective of applying
electronics for the logic and memory and in the network portions of
central office and PBX switching systems. The result was the subse-
quent development of the Morris (1960) space-division central office
electronic system, named for Morris, Illinois, the site of the first
field trial. This was followed in 1965 by No. 1 ESS (electronic
switching system), also a space-division central office electronic sys-
tem, and the No. 101 ESS (1963) time-division customer-premises
switching system.

The most important result of this exploratory effort was the emer-
gence of the concept of storing the logic of the system actions in
machine memory, a concept now widely recognized and used
worldwide as stored-program control (SPC). The Morris develop-
ment effort proved the effectiveness of the concept at its initial
implementation, and SPC subsequently ushered in a new era in
switching. Progress in SPC technology has now made it economical
to include SPC in the smaller switching and key telephone systems,
such as for community dial offices and customer premises.

The invention of SPC at Bell Laboratories was in part stimulated
by the growing capability required by common-control systems,
such as No. 5 crossbar, as described in Chapter 11 of this volume.
These many requirements for extending service beyond ““plain old
telephone service”” (POTS) made the switching systems of the grow-
ing network the locations for introducing many sophisticated
features that offered new services. Associated with this growth was
the realization of the need for many ancillary systems for traffic and
service measurement and evaluation, number services, network
management, and service maintenance. These adjuncts started
small, but as their need was proved by their development and
deployment, sometimes as small systems, they became a major class
of systems known as operation support systems (OSS).

This volume describes developments from the time when most
calls were handled manually, when the rudimentary long distance
network had just a few circuits, and when these circuits were avail-
able only after waiting in a queue. As the transmission art
developed and the network grew, larger groups of circuits were pro-
vided at lower cost. The switching challenge was to bring the calls
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Setting and Scope 5

to the network and to learn to serve them on demand, with essen-
tially no delay.

Recent developments in switching, described in Chapter 12, have
brought transmission and switching closer together technologically,
since each serves digital signals that represent the speech message
signals. Digital signals are switched using time-division tech-
niques—that is, the distinguishing feature of a signal is its
occurrence in a particular time slot, as distinct from space division,
in which a signal can be identified by its physical location in an array
of equipment. When the technology history of the next 50 years is
written, the digitization of the network will be a major theme.
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Panel dial system Laboratory, New York City 1930. The direction of switching
systemns development was influenced by the need for automatic equipment in the
large central offices served by the Bell System, and the panel system represented a
major effort of the years immediately preceding and following the establishment of
Bell Laboratories in 1925. Panel successfully divorced switch control from the
dial—a necessary prelude to modern switching efficiency and flexibility. The last
panel office in the Bell System was removed from service in 1982.
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Chapter 2

State of the Art in 1925

By 1925, the Bell System had taken a number of basic steps leading
toward full automatic switching. Engineers had developed interfaces with
manual systems, without which dial systems could not grow. The principle
of indirect control of switches, initially with register-senders, was an estab-
lished design concept. And experimenters probed the idea of a coordinate
switch to decrease mechanical switch motions and thus speed servicing of
telephone calls.

The first half century of the telephone! was dominated by manual
switching systems and equipment. Practical methods of operation
were devised, and apparatus was developed for high reliability so as
to keep maintenance costs low.

The methods for operating manual switching equipment for both
local and toll switching were constantly improved so that the least
amount of labor and shortest call-completion times could be real-
ized. Prior to 1925, manual toll switching was also improved to the
extent possible with the limited amount of toll transmission facilities
then available. This meant devising methods for dealing with large
numbers of calls whose completion had to be delayed while await-
ing the availability of transmission facilities. Long distance signal-
ing methods were complex but, by today’s standards, primitive.

In automatic switching, Bell System developments were quite
significant, although they started slowly. While the step-by-step
system was being sold throughout the world, Western Electric Com-
pany engineers were devising switching mechanisms of greater size
so as to provide better service for the larger central offices found in
the Bell System. Initially, the approach was to use electromechani-
cal switching as an aid to the operators in establishing connections
rather than as a means to allow customers to dial their own calls.
This semiautomatic method of operating was first thought to be a
better mix between the labor costs and maintenance and operation

IReferences are grouped at the end of each chapter.

7
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8 Engineering and Science in the Bell System

than full automatic operation. Several field trials of panel and
rotary equipment devised by Western Electric engineers were tried
in this country and abroad. (See discussions of these systems on
pages 580 to 600 in ref. 1, A History of Engineering and Science in the
Bell System: The Early Years, 1875-1925.)

The application of these “machine’”” switches brought forth many
new design concepts. Primary among these was the indirect control
of switches from register-senders. As a result, it was possible to
divorce the operation of the switches from the method used for plac-
ing information into the system and for making switch selections
required to reach the desired destination.

Another basic concept that accelerated the decision to accept full
automatic operation was the addition of letters as well as numerals
to the telephone dial (PENnsylvania 5000, etc.). As a result, there
was greater acceptance of the possibility that customers could accu-
rately dial six or seven digits, since the central office code, as well as
the numerical digits, could be dialed from memory. (As discussed
in Chapter 11, section 2.3, later human-factors studies showed that
there was no need for letters in the dialing sequence.)

To test the new switching systems in actual service meant that the
Western Electric designers had to solve the basic problems of inter-
connection between manual and automatic switching systems. As a
result, the call indicator—a method of displaying numbers on calls
from automatic systems to operators’ positions—was successfully
tried, improved, and made ready for introduction. Also developed
were switchboards allowing ogerators to originate calls to be com-
pleted by automatic systems.? These innovations were known as
“semimechanical” systems. Many of them were tried in a ““metro-
politan tandem” system introduced into New York in 1920.3

By 1919, the Bell System had taken the major steps to go to full
automatic switching. Both the panel and step-by-step systems were
standardized, and Western Electric engineers set out to develop
both systems for large-scale manufacture and installation. Thus, by
1925 the number of dial telephones in the Bell System exceeded the
number in the U.S. independent telephone industry, which had
started automation much earlier.

Almost unnoticed during this period were the seeds planted for
the next generation of automatic switching equipment (see Chap-
ter 4, section I). In 1913, patents were secured by Western Electric
on coordinate switching mechanisms—methods for closing electrical
contacts at points in an x-y coordinate array, rather than by moving
a contact over an appreciable distance to make (establish) a desired
connection. Over the next ten years, many improvements in coordi-
nate designs were proposed, the purpose being to replace the rotary
and Keith? line switches used in the panel and step-by-step systems
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State of the Art in 1925 9

and the large vertical-motion switches of the panel system (see next
Chapter, section I). As more laboratory experience with these coor-
dinate line switches was obtained, the designers proposed complete
coordinate systems as improvements over the panel system designs.
This work went forward until 1923, when a complete coordinate sys-
tem was designed and set up in the Western Electric laboratories at
463 West Street in New York City (see Chapter 4, section 1.1). In
1926, it was decided not to proceed with the further development of
this system since it could not compete economically with the panel
system, which was still being improved and reduced in cost.

REFERENCES, CHAPTER 2

1. Fagen, M. D., ed. A History of Engineering and Science in the Bell System: The Early
Years (1875-1925). Murray Hill, New Jersey: Bell Telephone Laboratories, Incor-
porated, 1975, Chapter 6, pp. 467-714.

. Ibid., p. 582.

. Tbid., p. 584.

. Smith, A. B., and Campbell, W. L. Automatic Telephony. New York: McGraw-Hill,
1914, p. 38.

w0 N

TCI Library: www.telephonecollectors.info



Incoming selector frames, panel office, Cortlandt Street, New York City, 1931.
Installed primarily in larqer cities, the panel system was the most sophisticated
automatic switching system of its day. Innovations incorporated by Bell Labora-
tories included a decoder using large multicontact relays, trouble indicators with
lamp or teletypewriter output, and line finders that removed the need for having
an individual switch for every telephone line. One version of panel included a
“call announcer”'—a system of announcing station-code numbers by converting
dialed digits into voice messages using strips of sound-on-film. By 1958, panel
served over 3.8 million telephone lines in the Bell System.
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Chapter 3

The Evolution of
Electromechanical and
Manual Switching
Technology
1925—1935

One of the first large switching jobs of the newly incorporated Bell Labora-
tories in 1925 was to make major improvements in the panel system—an
effort that by 1927 resulted in a 60 percent cost reduction. Panel sender
tandem was also developed and introduced into service in 1931. Another
major effort was a thorough redesign of step-by-step to incorporate many
innovations, especially changes to improve short-haul toll performance and
to enhance access to regional networks by toll operators. So successful were
these and later innovations that by 1973 step-by-step served over 24 million
telephone lines. Concurrently, many new switchboard designs and signal-
ing developments were undertaken to interface with the growing automation
of local service, and these led to systems, beginning in 1936, whereby opera-
tors could dial up long distance connections.

I. PANEL SYSTEM IMPROVEMENTS

As with all switching developments, one finds many vintages of
equipment and varieties of features required to meet current and
foreseen service needs. During the initial development of the panel
system, some of these needs were obvious. For example, in those
days the number of digits dialed on a call was limited to the require-
ments of the community in which the central office was located.
Thus, the first Bell System panel system, placed in service in
Omaha, Nebraska in 1921, was designed to interpret only two-digit
office codes. This process, known as “translation,” was provided
by using a separate power-driven rotary switch (see Fig. 3-1) in

11
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12 Engineering and Science in the Bell System

Fig. 3-1. Power-driven rotary switch used for translation in initial Bell
System panel switching system.

each sender with access to 44 terminals as code points. When the
panel system was extended to work with three-digit office codes
(first cut over in the PENnsylvania New York City office in 1922),
two panel selectors per sender were used! for this function
(see Fig. 3-2). This gave a capacity of 400 code points. At the time,
it was felt that the resultant 400 office codes would be sufficient for
the largest cities. With the 400 code points, however, the up-and-
down movement of panel selectors for translation was found to be
undesirably time-consuming.

From the development work on the coordinate system (see
Chapter 4, section 1.1), a new translation technology using mul-
ticontact relays (see Fig. 3-3) was explored. As a result, the panel
decoder was developed, the first major new improvement in the
panel system after Bell Laboratories was incorporated as a separate
company of the Bell System in 1925% (see Fig. 3-4). The decoder
development was the first to use large multicontact relays (based on
the flat-spring R relay design) and short holding time common con-
trols (less than three tenths of a second). As many as 300 senders
were connected to no more than five decoders, greatly concentrat-
ing this control function. A large number of leads passed between
the senders and decoders and were connected using the multicon-
tact relays that comprised the major elements of the decoder con-
nector. Also, a technique for checking the vast multiple wiring
through the decoder connector was developed to insure that dirty
contacts and crossed wires would not give false translation
information.? To make this arrangement practical, the stepping
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Fig. 3-2. Panel selector used for translation with later versions of the
panel system, beginning with the New York City PENnsylvania office in
1922. (New York Telephone Company, December 1926.)

switches used to register the called number in panel senders were
eliminated and replaced by relays.* Fig. 3-5 shows an “all-relay”
panel subscriber sender frame, and Fig. 3-6 shows a sender unit
with the doors open.

The ability to detect and locate troubles opened up a new era in
the maintenance of switching systems. Up to this time only routine
test sets were used to generate calls to check that the equipment was
functioning properly® (see Chapter 11, section 3.3). The use of con-
trols that could act on many calls in the busy hour opened the door
to new maintenance techniques. The panel senders were designed
to test the trunks over which pulsing took place. If trouble was
detected, the sender “stuck’”” or held the facility so that the trouble
could be traced to its source. The invention of the central decoder
with the self-checking of internal logic of the system brought forth
the development of the first centralized maintenance tool designed
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14 Engineering and Science in the Bell System

NN

TNT RN R RY

Fig. 3-3. Multicontact relay used for panel system translation. This
new technology led to the panel decoder, a major post-1925 improvement
in the panel system. (New York Telephone Company, December 1926.)

specifically to aid in locating troubles detected in processing calls.
This was known as the “trouble indicator,””® shown in Fig. 3-4. It
was used to record on lamps the identity of the particular combina-
tion of svstem elements involved in a given trouble. After leaving a
trouble record, the call was given a ““second trial” using, if possible,
a different decoder. For the first time, full advantage could be taken
of using memory to register and reuse the call information.

Prior to the panel system development, most systems used small
rotary switches per line to access the first stage of selection. These
were known as “line switches.” They were used in the first panel
system offices, and a version known as “Keith” or plunger line
switches was used in step-by-step offices manufactured by the
Automatic Electric Company. The Bell System pioneered in the con-
cept of the “line finder”” in the panel system and later in the step-
by-step system (see section II below). Associated with each first
selector were other panel selectors that could access lines. These
selectors were known as “line finders”” and avoided the need for an
individual selector switch per line.

The first line finder development for the panel system was begun
in March 1919. These line finders were designed to serve 300 lines
and were required to hunt for a line over as many as 50 terminals.
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Fig. 3-4. Panel decoder frame (left) and decoder trouble indicator and
test frame (right). (New York Telephone Company, December 1926.)

They were tried in Paterson, New Jersey in May 1922, and the first
standard installation was in Seattle, Washington in March 1923.
Where these were used, it was found that, for those lines at the top
of a multiple, the time to connect a line to a sender was too long.
Also, the floor space taken by these frames was greater than that
required for the rotary line switches used in the initial installations.
Finally, since the panel system could be engineered for offices in
residential areas in large cities, it was found that higher concentra-
tion ratios were more economical.

Therefore, by 1925, the first improved line finder was placed in
service.” This had a capacity of 400 lines with a maximum hunt over
40 lines and a multiple reversal such that the average hunt was only
ten lines (see Fig. 3-7). This line finder arrangement, first placed in
service in Philadelphia, Pennsylvania, became standard thereafter.
The line finder required new traffic engineering considerations, and
the first published line finder traffic tables were made available in
1924.
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Fig. 3-5. An “all relay” subscriber sender frame for the panel system.
(New York Telephone Company, December 1926.)
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Fig. 3-6. Two senders of type mounted on frame (see Fig.3-5) with
doors open.
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Fig. 3-7. Improved line finder placed in service in 1925 to allow more
economical concentration ratios. (Miller, Kempster B., Telephone Theory
and Practice, McGraw-Hill, 1930.)

The line finder and the decoder arrangements reduced the need
for individual 22-point electromechanical rotary switches, which
had proved difficult to maintain in adjustment. Another step
toward eliminating these switches from the panel system was taken
when they were removed from the sender finders.® Initially a two-
stage power rotary link had been used to improve the efficiency of
the access between district selectors and senders, which previously
were limited to 22 senders per district. These links were first placed
in service in 1926.7 In 1927, developments had proceeded to the
point where special panel link frames, shown in Fig. 3-8, had been
developed to replace the rotary switches. !

The major panel system developments—such as decoders, panel
links, 400-point line finders, etc.—were accompanied by many
detailed arrangements and improvements. For example, better
methods were developed for grading the multiple of the district and
incoming selector frames and for monitoring stuck senders at dial
system A" (DSA) switchboards.!! Constant effort was applied to
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18 Engineering and Science in the Bell System

Fig. 3-8. Special panel link frames, developed in 1927 to replace earlier
rotary switches. (Miller, Kempster B., Telephone Theory and Practice,
McGraw-Hill, 1930.)

the development of the panel system, resulting in cost reductions
amounting to over 60 percent in the three years from 1925 to 1927.
As a result, a whole new look was taken at the panel system and, as
with mary large switching projects, a new improved generation of
equipment was developed. (See Fig. 3-9 for a block diagram of the
revised system.) For convenience, this equipment is broadly identi-
fied as panel equipment with “battery cutoff”’—meaning battery on
the cutoff relay. By this time more than 600,000 lines of panel
equipment with “ground on the cutoff relay’” had been shipped and
installed by Western Electric.

Placing battery on the cutoff relay improved the circuit margins
and reduced the possibility of double connections when final selec-
tors were hunting over PBX trunk terminals. The Bell System elec-
tromechanical design standards required that apparatus connected
directly to central office battery be “self-protecting”; i.e., a direct
ground on a terminal opposite battery will not start a fire. By plac-
ing battery on the cutoff relay winding rather than c¢n a resistor in
the final selector circuit, lower sleeve resistance to battery resulted
and a greater busy-idle voltage differential could be obtained.
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Fig. 3-9. Block diagram of panel system of the “‘battery cutoff” type, as redesigned during the early years of Bell
Laboratories. In the panel system four or five switches, called selectors, are employed in series for each call. Each office
has selectors of all types but only the line finder, office selector, and district selector are shown here in the calling office,
and only the incoming and final selectors are shown in the called office. There were two types of tandem offices—2-wire
office’ tandem and sender tandem. Calls to manual offices could be completed using call indicator and later call
announcer. Calls from manual offices were distributed to operators at cordless positions with keysets at the sender tan-
dem or terminating panel offices.
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20 Engineering and Science in the Bell System

All panel selector circuits were improved in this redesign.!? The
first installation of this equipment was in Detroit, Michigan in 1929.
In particular, improvements were made in the supervisory arrange-
ments of panel incoming selectors, so that they could operate over
distances of as much as 25 miles.? Later extensions permitted them
to operate over more than double this range. In particular, panel
selectors were operated in Providence, Rhode Island, under control
of senders in panel tandem offices in Boston, a distance of some 60
miles.

The panel system was indeed an illustrious example of the type of
innovation of which the Bell System was most capable. Many new
concepts were introduced. By judicious effort based upon experi-
ence, costs were reduced to the original objectives. Methods used
for engineering and installation were constantly improved and com-
plexity overcome. Eventually (by 1958) more than 3,830,000 lines of
panel equipment had been produced and placed in service. The last
new office was installed in New York City (HYacinth-9) in 1950.
Although the panel system was designed to function for 30 years,
many systems served well over longer periods. Besides the continu-
ous changes and additions needed to make it a viable component to
meet the telephone demand in the post World War II years, the sys-
tem was modified to accommodate customer nationwide area code
dialing,'*15 changes in call charging methods (see Chapter 4, sec-
tion 2.2) and routing, and even the provision of TOUCH-TONE®
dialing.!® Many improvements were made in the apparatus such as
the sequence switch contacts!” and selector clutches.'®

Panel systems were installed primarily in the larger cities, such as
Boston, Chicago, New York City, Philadelphia, San Francisco, St.
Louis, and Washington, D. C., which formed the backbone of ser-
vice for the business communities. The planning and implementa-
tion of the electronic switching developments of the 1950s and 1960s
(see Chapter 9, section IV) evolved at a time when the panel offices
were reaching the end of their useful lives. In this way a new gen-
eration of switching equipment for use in large cities (beside the
No. 1 crossbar system introduced in 1938) was brought into service
at a time when business communities could benefit from the many
new features that electronic switching was able to provide.

The application of panel switches to local tandem operation had
been introduced with the semimechanical metropolitan tandem in
New York City in 1920." Initially this served to improve the effi-
ciency of manual tandems in an all-manual environment. A unique
feature of the panel system was the development of office selector
tandems that enabled more efficient gathering of traffic from a
number of originating offices to the same terminating offices.?
Since these office selectors operated over a trunk pair, they were
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Evolution of Electromechanical and Manual Switching Technology 21

known as "2-wire” office selectors as contrasted to the 3-wire
variety used within an originating office.

With improved panel equipment and growth of panel systems in
the larger cities where manual tandems were in operation, it was
natural that a full-mechanical panel tandem would be developed.
This system wused the latest decoders, all-relay senders, and
improved selectors. The 2-wire office selector tandems were limited
to selections among only 25 groups of trunks and could only work
on a revertive pulse basis. The “‘panel sender tandem,”’?! as the
new development was named, could receive the entire called
number (7 or 8 digits) by the same form of pulsing used to operate
with call indicators, known as “panel call indicator” or PCI puls-
ing.?? This is a form of direct current 4-bit binary signaling where
two bits of the code are positive or null and two bits a high or low
negative current flow. Digits can be transmitted interoffice at a rate
of about 3 digits per second.

The panel sender tandem could outpulse with revertive, dial, or
PCI pulsing, according to the dictates of the called office. In addi-
tion, it could serve “B” switchboards on a straightforward (noncall-
indicator) basis with calls from originating operators through the
panel sender tandem. The system also included call-distribution
operator positions so that manually originated calls, particularly
from the growing suburbs, could be routed and completed into ter-
minating panel units (see Fig. 3-10).

Fig. 3-10. Operator positions for the panel sender tandem system.
(Miller, Kempster B., Telephone Theory and Practice, McGraw-Hill, 1930.)
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22 Engineering and Science in the Bell System

As the number of dial offices in an area increased, and as the
phasing-out of manual offices could be foreseen, the economic via-
bility of adding call indicators to these offices diminished. In
response, an invention derived from the work of Bell Laboratories in
the sound-motion picture business filled the gap. It was known as
the “call announcer,””?* and was used to convert the station code
portion of dialed numbers into a voice announcement produced by
sound-on-film strips (see Fig. 3-11). This, then, constituted another
form of “outpulsing” made available to senders in these tandem
offices, making possible the more economical, simple, and easy
extension of dial-originated calling into the manual offices remain-
ing in metropolitan areas.

The decoder trouble indicator proved so successful in the local
panel offices that for the panel sender tandem a teletypewriter form
of trouble recorder was used.? This enabled the recording of more
successive troubles while the trouble indicator could store only one
indication at a time and had to be reset manually.

The first panel sender tandem, known as “suburban tandem,”
was placed in service in New York City in January 1931, and
included the call announcer feature. Five other panel sender tan-
dems were subsequently placed in service in Boston, Philadelphia,
and Chicago. All have now been retired.

Detailed improvements in panel apparatus continued well into the
1940s.% Also there was much experimentation to keep the bank and
sequence switch terminals clean to reduce noise introduced into the
connections by poor contacts.?® As new circuit and testing tech-
niques became available, particularly after the invention of the
transistor, many new maintenance techniques were applied to the
panel system, even in the 1960s.%

II. STEP-BY-STEP IMPROVEMENTS

Although the Bell System decided in 1919 to adopt the step-by-
step dial system for single and small multioffice exchange areas,
Western Electric did not begin production of step-by-step equip-
ment until 1926. During this period Western Electric installed
equipment manufactured by Automatic Electric.

Once the step-by-step system was standardized by the Bell Sys-
tem, the Western Electric engineering department and its successor,
Bell Laboratories, were engaged in an extensive program of improv-
ing the design and engineering of step-by-step equipment.?® The list
of improvements contributed by the Bell System is too long to dis-
cuss in detail. Fig. 3-12 shows some of the apparatus improvements
made between 1926 and 1948. The principal thrust was to improve
operation for short-haul toll dialing and to provide adequate inter-
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Fig. 3-11. Call announcer system using sound-on-film to pruduce voice
announcements of dialed numbers. Left to right: C. J. Beck, F. K. Low,
and C. C. Towne.

faces between the step-by-step dial offices and operator access to
the toll network.

Also during this period, long-range development plans were
made for improving and extending the application of step-by-step
equipment. For the first time, prepaid coin service features and
message register arrangements were added to step-by-step systems.
By 1925 the Bell System design requirements information for all
step-by-step central office equipment had been established. These
were also adopted by Automatic Electric Company. Included in the
standard specification was the introduction of 11 foot, 6 inch high
frames to the step-by-step system as designed by Bell Labora-
tories.” Previously the Automatic Electric Company equipment was
arranged for 9 foot double-sided frames. In 1925, the first Western
Electric-engineered job wusing equipment manufactured by
Automatic Electric Company was completed (Champaign, Illinois).
The first job engineered and manufactured by Western Electric was
for Springfield, Massachusetts, and was completed in January 1927
(see Fig. 3-13).

Once Bell Laboratories engineers became thoroughly familiar with
the state of the art in step-by-step switching, they proceeded to
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LINE FINDER

Normal Post and Spring Assemblies
Four changes, 1928-1940: Redesigned
post, springs, and operating cam.
Results: 2,9,11.
Vertical Otf-Normal Spring Assemblies
Five changes, 1926-1948: Redesigned
lever and springs.
Results: 2,11,17,
. Rotary Armature

Nine changes, 1926-1946.
Results: 59,11.
Test Jack and Lower Cover Plate
Eight changes, 1926-1948: Redesigned
test jack; hinged number plate holder,
Results: 2,9,11.
. Wiper
Six changes, 1925-1947: Contour of tip;
improved assembly; detachable guide;
repiacement spring; noble metal tip.
Results. 2,6,11.
. Shaft Spring Assembly
Two changes, 1931-1946: Changed to

helical spring.
Results: 59,11,
Shaft

Three changes, 1928-1939: Reduced
varieties; improved construction.
Results: 2,10.

Interrupter Springs (Vertical and
Rotary)

Two changes, 1929-1942: Bell crank
design; improved design of spring.
Results: 5,910,

Commutator and Wiper

Five changes, 1927-1947: Redesigned
spring; changed terminal and mounting.
Results: 5,9,15.

Fig. 3-12

SELECTOR

“B'’ Position Relay

Five changes, 1926-1945: Redesigned
bearing; 1:1 ratio armature.

Results: 9,11,13.

Double Dogs

Three changes, 1931-1939: improved
bearing; cover guide added.

Results: 2,10,

Wiper Cords

Three changes, 1925-1929: Termination
at test jack; tinsel cords; solderless tips.
Results: 2,10.

Cam Springs

Three changes, 1926-1928: Eyelected
studs; redesigned cam and bracket.
Results: 9,11,

Relays

22 changes, 1928-1947: Improved

coil construction, bearings, and
mounting; redesigned armatures.
Results:2,4,8,9.

. Vertical Armature

Eight changes, 1926-1946.
Results: 5,9,11.

. Magnet Coils

Four changes, 1926-1940: Self
protecting windings; filled

coil construction,

Results: 3,7.

. Banks

Seven changes, 1928-1945: Radial-
sided contacts; mechanized
assembly; solderless terminals.
Results: 2,6.

. Release Mechanism

Three changes, 1929-1947: Redesigned
armature and spring; redesigned armature
and spring; redesigned release link.
Results:1,2,9.
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Mounting Plates and Covers

Nine changes, 1925-1948: Redesigned
front and rear covers and mounting
plates.

Results: 2,10,

Condensers and Networks

Three changes, 1938-1948:

Developed smaller units; included

in switch assembly.

Results: 2,12,16.

General Changes

Ten changes, 1928-1948: Improved
finishes and spring pileups;
lubrication; increased pulsing
range.

Results: 2,11.

Results: Legend

1. Easier Adjustment
2. Reduced Cost
3. Avoided Fire Hazard
4, |mproved Capability (Capacity)
5. lmproved Operation
6. Improved Service
7. 1mproved Stepping Capabilities
8. Improved Transmission
9. Longer Life
10. Easier Maintenance
11. Reduced Maintenance
12. Easier Rearrangements
13. Improved Release Time Capability
14. Improved Release Time
15. Easier Wiring
16. Simplified Wiring
17. Improved Operating Margin

. Improvements in step-by-step switching, 1926-1948.
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Fig. 3-13. Springfield, Massachusetts, 1927 installation of step-by-step
equipment, the first job engineered and manufactured by Western Electric.

apply their creativity and standards to many parts of the system.
From 1925 to 1927, most of the basic selector and connector circuits
were redesigned. Not only were connectors and other circuits
developed to provide for the superimposed selective ringing as used
by the Bell System to some party lines, but provision was also made
for automatic revertive calling on these lines. As shown in Fig. 3-14,
new types of selectors were developed which for the tirst time pro-
vided for digit absorption.* These were used with discriminating
selector repeaters in small offices, but later proved most useful
when the Bell System went to universal 7-digit dialing in the early
1950s (see Chapter 6, section 3.2).

Arrangements were developed to prevent wrong numbers due to
preliminary pulses which might be falsely generated at the start of a
call when the receiver is first taken off-hook.% This also resulted in
the standardization of “11X" service codes as compared with “X11"
for the panel system (see Fig. 3-15).
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Fig. 3-14. Two-digit, digit-absorbing step-by-step selector.

In 1926 Bell Labs engineers adapted from the panel system the
ideas of commutators and multiple reversals and applied them to
the basic step-by-step switching mechanism, so that this mechanism
could be used as a line finder to replace the individual or plunger
line switches that had been standard to that time* (see Fig. 3-16). A
simple arrangement was developed to allot idle finders with the
shortest travel distance to serve calls from each level.

Due to the limited access inherent in each level of the step-by-step
switch, much effort was expended to obtain efficient gradings“ (see
Chapter 5, section IlI). In addition, the concept of providing access
greater than 10 was adopted. This was done by introducing an addi-
tional stage of 22 terminal switches, known as rotary out-trunk
selectors (ROTS) to reduce the number of succeeding switches and
trunks. ¥

At the terminating end of the switch train, new level-hunting con-
nectors were developed that enabled the system to serve PBXs with
more than ten trunks without the grading of the connector multiple,
thereby obtaining better call completion.*® New dial long line cir-
cuits and improved relays increased the subscriber loop range of the
system.

The administrative and maintenance aspects of the step-by-step
system improved. Test trains and dial and ringer testers that could
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Fig. 3-16. Step-by-step switch adapted for use as a line finder.

be used by installers were added” (also for the panel system, as
shown in Fig. 3-17).

The Springfield, Massachusetts office cutover in January 1927,
was not only the first office completely engineered, manufactured,
and installed by Western Electric, but it also contained many of the
Bell Laboratories innovations to that date.

Early work on new applications of the step-by-step system to
intermediate (tandem) offices was started in 1924 with the rehabili-
tation of the Los Angeles plant that the Bell System had consoli-
dated in 1918. These changes, while not standardized, were placed
in service in 1926 and paved the way for new standard
developments for tandem and toll applications.®® Until these
improvements were made, all calls from within Los Angeles to the
suburbs were treated as toll calls and were passed to toll switch-
boards. The new arrangements permitted "“A” or dial system assist-
ance (DSA) as well as toll switchboard operators to dial these points
directly and complete the calls to distant offices. This method
became known as “A-B Toll” and was applied to dial and manual
completion.

These arrangements, which included improvements in signaling
as well as new selectors and connectors, provided for toll grade
transmission, improved pulsing range, and pulse repeating selec-
tors that could be located in intermediate offices (see Fig. 3-18).

TCI Library: www.telephonecollectors.info



USED IN STEP-BY-STEP AREAS

SPECIAL SPECIAL
LINE FIRST SECOND THIRD
FINDER SELECTOR SELECTOR SELECTOR

|

USED IN PANEL AREAS
LINE DISTRICT OFFICE
FINDER SELECTOR SELECTOR
FRAME FRAME FRAME
—_ = —="
Nrmml ramk r |
N S S
= [0

| |

| | f | | —
=

|

| | | e
1| I I I
=1 {3

|

=0 |
+——1 LY== L al

1

SENDER

SELECTOR

OR LINK

SENDER

|1

TO RINGING
MACHINE

51 TYPE DIAL

RELAYS FOR
CONNECTING

|
(
TESTER [
|
|
TOTONE SUPPLY | |

TO TONE
SUPPLY

RINGER TEST CIRCUIT
lr_ _______________
| | STEPPING SWiTCH RELAYS FOR
| | CONNECTING

ASSOCIATED TO RINGING
I APPARATUS SUPPLY
b —— -

ALARM
CIRCUIT
1 DIAL TESTER CIRCUIT
-
|
| [FINDER STEPPING PULSE COUNT
| SWITCH AND | | STEPPING SWITCH
| ASSOCIATED AND ASSOCIATED
I APPARATUS APPARATUS
|
L4l ]
LOCALTESTDESK

T 1
I TEST TRUNK !
} JACK AND
t LAMP |
| |
| 1 |
| | seconbary | | DiaLTEST |
| | TEST circUIT KEYS 1
- _

Fig. 3-17. Dial and ringer test circuits, applied to both step-by-step and panel systems.

TCI Library: www.telephonecollectors.info

0¢

wayshAg 1124 ayj uz 2ouaps puv SuriaaurSug



LOCAL OUTWARD INWARD
OFFICE TOLL ——— TOLL
SWITCHBOARD SWITCHBOARD
“A-B” TOLL “A-B" TOLL
“A" DIAL "B” TRANSMISSION TOLL
[——— PRECEDING TRANSMISSION INTERMEDIATE

SWITCHBOARD SWITCHBOARD SELECTOR SELECTOR SELECTOR SCLCCTOR CONNECTOR

_
—

TCI Library: www.telephonecollectors.info

Fig. 3-18. The A-B Toll system used to improve step-by-step dial services over extended distances.
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32 Engineering and Science in the Bell System

After a successful trial, the Los Angeles development was standard-
ized in 1931% after being applied in most of the state of Connecticut
in 1929,% and in Denver, Colorado, Albany, New York, and San
Diego, California.

Since the Bell System was using the panel system for automating
service in large cities, and since the 1919 decision assigned step-by-
step the task of automating service in smaller communities, Bell
Laboratories devoted some of its efforts to developing very small
step-by-step offices. Here the operator functions were located
remote from the switching office. The maintenance needs were so
infrequent that resident craftspeople were not necessary. Fig. 3-19
shows a general schematic of such an office, which became known
as unattended community dial offices (CDOs). The first one, later
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POST-PAY ALARMS ——EZ}
COIN
TELEPHONES Ez T
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J TRUNK o
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REVERTING
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Fig. 3-19. Schematic of a typical step-by-step community dial office
(CDO) with two-way dial and operator trunk group.

TCI Library: www.telephonecollectors.info



Evolution of Electromechanical and Manual Switching Technology 33

coded the 350A, was placed in service in San Clemente, California in
July 1927.41

A trial of this system was held in Sinking Springs, Pennsylvania in
1926. The 350A, which has a maximum capacity of 1500 lines, was
soon followed by the 360A with a capacity of only 500 lines*? and the
370A and B (1932) with very small capacity (fewer than 100 lines),
with selector connectors, and operating over two-way trunks®
(see Fig. 3-20). A network of 14 of these offices was placed in South-
ern California by the end of 1929.4

Since the contract with Automatic Electric Company guaranteed a
minimum production level, Western Electric suspended production
of step-by-step equipment during the depression from 1932 to 1936.
Community dial offices by Automatic Electric Company were intro-
duced, most notably the system identified as 35E97. (Others were
375A/B, 385, 386, 32A32, 32A44, and 36A1.)

The Bell System acquired through purchase of independent tele-
phone companies about 100,000 lines of step-by-step equipment of
Automatic Flectric Company manufacture prior to the 1919 agree-
ment. Under this agreement, another 2.3 million lines of Automatic
Electric Company manufactured equipment meeting Bell Labora-
tories specifications were placed in service in the Bell System. After

Fig. 3-20. Small-capacity 370B step-by-step office in Manakin, Virginia.
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World War II when the Automatic Electric Company could not meet
both the Bell System and independent telephone company needs,
Bell Labs designed and Western Electric manufactured step-by-step
equipment (initially manufactured by the Automatic Electric Com-
pany) for use as additions in Bell System offices.

The success of and demand for small offices after the depression
stimulated a new equipment design with uniform-size frames and
switch types that were packaged for easy engineering and installa-
tion. This system, developed by Bell Laboratories, was known as
the “355A”% (see Fig. 3-21). Among the features was a new com-
bined line and cutoff relay as well as a separate optional “line
lockout” relay for use of lines with a high incidence of line faults.

The first installation was cut over in Batavia, Ohio in 1939. A total
of about 3500 offices serving about 4 million lines demonstrate the
success of this development. There is more of this code of switching
system manufactured and placed in service in the Bell System than
any other code at any time. After World War II an improved pack-
age known as the “356A” was developed but found limited success.
As late as 1957, new equipment designs were being made for the
still popular 355A CDO.%

Many individual innovations continued to be made in the step-
by-step system. For example, an arrangement was added to provide
for early detection and operator interception of permanent signals in
1963,% and also the timed disconnect of connectors when only the
called party goes on-hook so that he or she may originate a new call.

Other improvements to maintain the step-by-step system as a
viable member of the Bell System network are described elsewhere
in this chapter. The step-by-step system provided automatic service
for more Bell System lines than any other switching system when it
reached its peak of 24,440,000 lines in 1973. (Later the same year
the No. 5 crossbar system exceeded this number.)

III. APPARATUS AND EQUIPMENT

From its beginning, switching has depended upon the availability
of specific and unique apparatus designs that could perform with
high reliability. Moreover, until the introduction of digital time-
division electronic switching (see Chapter 12, section I), switching
required apparatus or devices that went hand-in-hand with switch-
ing developments and generally preceded the design of new sys-
tems. The relays and switches, as well as the improvements
referred to in the previous section, are examples of this close
partnership. Not only was new apparatus developed to accompany
system improvements, but existing apparatus in large-scale produc-
tion was modified to reduce cost*® and to improve performance.*
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Fig. 3-21. Line finder equipment of a small step-by-step office, 355A
design. This community dial office was produced in large numbers,
beginning in 1939.

Other partners in the development of systems were the equip-
ment designers. They had the knack of “putting it all together,” so
that the bits and pieces of a system were made into a whole when
placed in the hands of the operating telephone companies. They
also were responsible for documentation that described the general-
ities of the system before one plunged into its specific details. Dur-
ing the pre-World War II period at Bell Laboratories, many new sys-
tem concepts as well as improvements reached the point where field
testing or field trials were necessary. The Bell Labs equipment
engineering organization headed by H. H. Lowry had separate
departments for organizing, constructing, and implementing field
trials. It was through this organization that many young engineers
passed before becoming full-fledged equipment designers.

In the switching systems organization there was a similar depart-
ment devoted to the construction and testing of laboratory models
of systems. These system laboratories were established in separate
buildings at the West Street location of Bell Labs in New York City,
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where many young engineers learned about switching on the job.
This included learning firsthand about the construction of switching
equipment frames and the adjusting and testing of the apparatus.

The relays and switches used in the prewar systems all required
adjustments. Fig. 3-22 shows the array of tools required to adjust
step-by-step switches. A separate organization in the systems test-
ing department provided engineering information for the apparatus
codes for specific circuit applications of apparatus designed in the
switching apparatus organization. It was here, also, that many
young engineers learned the intricacies of switching circuit design.

A book covering switching technology during the electromechani-
cal era would not be complete without recognizing the contributions
made by Bell Laboratories apparatus engineers in understanding
and applying the principles of electromagnetics in relay technology.
Many designs were placed into production and continually
improved. These designs were necessary to meet the changing and
greater capabilities required by each succeeding generation of
switching systems. Much of this progress has been recorded in
ref. 50.

IV. SWITCHBOARD AND TESTBOARD IMPROVEMENTS

The development of manual switchboards peaked before 1925,
but many significant innovations were introduced after this date.
"’Straightforward operation”” of manual switchboards eliminated call
wire and provided “automatic listening”” at the “B” board, and was
introduced after 1925.51 Automatic listening required that only one
call at a time be connected to “B” operator positions. This was the
first among development requirements for a non-marginal relay
lockout or contention circuit.>? These circuits were among the most
complex ever introduced into manual switchboards. They paved
the way for understanding similar problems in circuits competing
for service within the crossbar systems when those systems were
designed a decade later.

Several new switchboards were developed and introduced during
the early years of Bell Labs. The most innovative was the No. 3 toll
switchboard shown in Fig. 3-23, introduced in 1927. Although it
was never used as a local central office switchboard, it was the most
successful manual switchboard ever introduced, accounting for
more than 50,000 positions over more than 35 years of production.
Previous switchboards such as Nos. 1 and 11 used different cord cir-
cuits for the particular type of traffic being served. The No. 3
switchboard represented a major change in design philosophy with
very simple cord circuits and the complexity of signaling and super-
vision being provided, as shown in Fig. 3-24, in the trunk circuits
mounted on separate relay racks away from the switchboard.>
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Fig. 3-23. No. 3 toll switchboard, high keyshelf type. Over 50,000 posi-
tions of the No. 3 were produced.
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Fig. 3-24. Relay racks designed to handle complexities of signaling and
supervision, thus simplifying the manual positicns of the No. 3 switch-
board. No. 3 equipment represented a major chang: in design philosophy.

Features included transmission pad switching and provision for
20-, 135- or 1000-hertz ringing, depending upon the origin and des-
tination of the call and the technical requirements of the trunk.

As trunk groups became larger, toll switchboard operation was
improved by providing magnetic drops in the multiple to indicate
the next idle trunk in the group.” Since at least one of these was
operated at each position for each trunk group, the use of lamps to
replace the drops created power distribution problems. A Bell Labs
innovation was the use of ac to power them.”

In 1940, a new version of the No. 3 switchboard including both
30-inch and 40-inch keyshelf heights, the No. 3C, was introduced to
serve as a combined toll and DSA switchboard.?® A packaged ver-
sion, the No. 3CF, was also introduced. A new design eliminating
platforms and high-type chairs with a low keyshelf (30 inches) was
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developed after World War II and became generally available in
1950. It was known as the 3CL switchboard, shown in Fig. 3-25, and
was used to replace the then standard 15-type DSA board as well as
to provide a new standard toll switchboard.

As the number of toll lines to large cities increased, it was no
longer possible to reach all of them from each toll switchboard posi-
tion. (The No. 3 switchboard provided for a maximum of 600 toll
trunks.) To provide for the outward switching of calls from local and
outlying combined line and recording (CLR) toll positions (see
further discussion of the CLR method later in this section),”” the toll
tandem switchboard, using the No. 3 switchboard principles, was
developed in 1930.°® These positions, with single-ended cords
(Figs. 3-26 and 3-27), could reach 3600 trunks. A 3B switchboard
was developed in 1937,% further improving on the concept of the
toll tandem. For inward calls, automatic distribution using the first
application of crossbar switches was developed in 1935.

In 1931, the No.12 manual switchboard® was developed
(see Fig. 3-28). It was a small-capacity system (640 to 2000 lines)
without line relays. Its primary function, in small communities, was
to replace switchboards used with magneto lines as they were con-
verted to common battery. It was one of the first applications of
solid state technology to switching since it used a varistor to reduce
lamp failures due to line voltage surges.®!

The physical and equipment aspects of switchboards were greatly
improved: keyshelf clocks,® keys, ticket handling and dispatching,
and operator chairs® (see Fig. 3-29). Throughout this early Bell
Labs period, many new ancillary switchboards and desks were
developed so that administrative personnel could conveniently
assist customers. Many new information (now “‘directory assist-
ance”’) desks were developed to accommodate the growth of tele-
phone service and the accompanying increase in directories and

Fig. 3-25. No. 3CL switchboard with low keyshelf.
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Fig. 3-26. The toll tandem switchboard, developed in 1930.

their size. The No. 1 and No. 2 information desks® were arranged
for operator call selection, while the No. 3 information desk was the
first to provide automatic call distribution using selector switches®
(see Fig. 3-30) and including call storage and call waiting indicatc:s.
New repair service desks for responding to trouble reports were
developed, including the popular 14-type local test desk (see Fig. 3-31)
introducedin1931.

To centralize the local test desk operation, particularly during
off-hours, an arrangement was developed in the early 1960s so that
lines could be tested remotely. Local test trunks included test dev-
ices that could be accessed and controlled from distant locations.®
By 1970 a new cordless local desk, shown in Fig.3-32, was
developed that also could be used in centralizec repair service
centers.®

Toll testboards were in‘roduced with the expansion of toll service.
Jacks ot “primary’” testboards permitted toll lines to be disconnected
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Fig. 3-27. Typical arrangement of trunks as used with a toll tandem
board, a design based on No. 3 switchboard principles.

Fig. 3-28. The No. 12 manual switchboard, developed in 1931 to serve
640 to 2000 lines without line relays.
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Fig. 3-29. Large switchkoard installation of the 1930s. Note operators
on roller skates.

from the toll switchboards, signaling, and other terminal equip-
ment. % Measurements then can be made on toll lines to isolate and
locate troubles.®” The Nos. 5, 16, and 16A are examples of early toll
testboard developments” (see Fig. 3-33). The No. 8 test and control
board was an attempt to extend the toll test function to include an
overview of service operations from both plant and traffic points of
view. As shown in Fig. 3-34, circuits could be plugged ““out-of-serv-
ice’” with lamps at control centers indicating this condition.”

This testboard also included ““patch jacks,”” later called “second-
ary jacks,” between the switching equipment and the terminal
equipment (see Fig. 3-25). These were to permit patching around
terminal equipment in trouble using spare or other facilities, or to
permit the use of toll facilities for rerouting.”?

A number of toll testboards and smaller toll test units later were
developed and became standard. Most notable are the 3A, 4A, 5A,
17B, and 17C types for secondary testing and the 1A, 2A, and 19B
types for primary testing. Also developed were many testboards for
special services such as private lines and government projects.

The first manual mass announcement and distribution system was
introduced in 1930, initially for time-of-day announcements”
(see Fig. 3-36). In 1939, after public use at the New York World Fair,
Bell Laboratories developed the first commercial use of magnetic
tape recording, applying it to weather announcing.”* For the more
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difficult time announcements that change continuously, a com-
pletely automatic system was introduced in 1953.7> Each of these
service offerings required trunk circuits designed for each switching
system so as to synchronize charging with the announcement and to
prevent excessive holding time. More specific recorded announce-
ments to inform customers about service situations were introduced
in 1958.

As electromechanical switching took hold, greater emphasis was
placed on efficient interconnection between automatic and manual
switching offices. New cordless call distributing “B” switchboards,
known as dial system “B” or DSB switchboards, were devel-
oped.”®”” They were of importance particularly for the step-by-step
system where pulsing to the manual office required considerable
time, making it advantageous to use registers that were indepen-
dent of the positions.” Included were centralized call distributing
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Fig. 3-30. Main switching steps (simplified) showing call distribution
system for the No. 3 information desk.
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Fig. 3-32. The No. 16 cordless local test desk, introduced in 1970. .
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arrangements that could serve terminating dial equipment in several
buildings.” This need arose as more and more switching was fully
automated. Among other DSB functions, centralization required
special provision for holding and reringing on calls from a distant
office. As the incidence of manual into automatic calling decreased,
centralization enabled more efficient operator grouping.

Where the panel sender tandem system was used to complete
calls to manual offices, the innovation of automatic call announcing
made it possible for the first time to automate calls to operators at
cord switchboards without adding call indicators at “B” positions
(see Section I above). Nevertheless, for areas where panel sender
tandem could not be economically applied, a small call indicator was
developed which took the place of several cord circuits.™ Call indi-
cators originally arranged to display when a key was depressed
(KDCI)®! were redesigned and modified for automatic display
(ADCI).# Many types of local switchboard designs were involved.

Early in the deployment of dial systems, it became Bell System
policy that customers served by dial offices could reach operators for
assistance. This required the development of dial system “A” or
DSA switchboards.® These switchboards were also convenient for
monitoring dial system alarms, “stuck sender”” conditions, overtime
and stuck coin conditions on coin telephone calls, and for line-busy
verification. As the public became more accustomed to dial opera-
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Fig. 3-33. No.5 toll testboard, an example of early toll testboard
developments.
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Fig. 3-36. Schematic of 1930 system of distributing time-of-day
announcements.

tion, the traffic handled by these operators decreased, and these
switchboards were centralized® in large cities or combined with the
toll switching boards in smaller cities. Many types of DSA boards
were developed for application with different dial systems.® The
DSB function diminished along with manual service and, as
described above, was either centralized for a number of offices®® or
added to DSA boards.

Also, as local switching for more of the metropolitan areas became
automated, it was necessary to introduce into them new features
accessible from switchboards that would give the operators and
craft personnel the same capabilities that had been available to them
with manual operation. One of these was the provision of no-test
access to lines from test desks and from dial system ““A” switch-
boards. With no-test trunks, it was possible to verify that lines
found repeatedly busy or engaged in conversation could be inter-
rupted for emergencies.

The combined line and recording (CLR) method of toll operation
became widespread to provide toll service without requiring the
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calling customer to hang up and be called back. It then became
necessary to verify or check the number of the calling customer as it
was given to the recording operator. Number-checking directly
from CLR switchboards or through the services of the DSA switch-
board was developed for the panel and step-by-step systems. In
large city offices the DSA switchboards were equipped with a spe-
cial compact single-conductor multiple field of line jacks,% as shown
in Fig. 3-37. By touching the tip of a number-checking cord to the
line identified by the customer, the operator could hear a tone if the
correct number was as given. Although toll calling was initially less
frequent in step-by-step areas, a number-checking switchtrain
was developed for this system but abandoned for lack of economic
justification.

To reduce operator work time in handling calls, arrangements
were developed for manual switchboards so that in place of dials the
more efficient keysets could be provided.® These keysets sent dc
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Fig. 3-37. Special compact field of line jacks, developed for verifying the
calling line number. (New York Telephone Company, December 1926.)
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signals similar to those used in the panel system between senders
and call indicators. The signals were sent, over the tip and ring of
the cord (2-wire method) with which the keyset was associated, to
special senders that were attached to the trunk circuit to which the
cord had been connected by the operator (see Fig. 3-38). The sender
generated the type of pulsing required by the trunk: dial pulses in
step-by-step areas and revertive pulses in panel areas. In dial
offices, a 3-wire method of signaling was used between the keysets
of DSB operators with special senders that controlled the terminat-
ing switches.® Fig. 3-39 shows a switchboard position with a keyset
in place of a dial.

This type of switchboard sender was installed first in Detroit,
Michigan in 1930 and greatly increased the efficiency of operators
completing calls into local as well as more distant dial systems, since
the time required to key a number was much less than that required
to dial a number.

V. SIGNALING

Initially, the only type of signaling used over toll lines was ring-
ing. This started as high-power 16-2/3 hertz (later 20), then 135
hertz, and finally 1000 hertz (modulated at 20 hertz) so that it could
be transmitted through repeaters over the same long distances as
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Fig. 3-38. Keypulse sender arrangement.
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Fig. 3-39. Switchboard position with keyset.

voice.™ “Ring down’’ became the standard manual toll method for
call origination and disconnect. With non-hang up manual service,
automatic supervision and, eventually, with the coming of the dial
system, dial pulsing over longer distances became a necessity. Ini-
tially opening and closing the direct current (dc) loop was reserved
for these functions. It was not until the late 1920s that improved cir-
cuits for extending the range of dc signaling were developed. These
were first applied commercially in the Seattle, Washington area in
1925 over distances up to 160 miles over open wire. The principal
technique employed was to use one or both sides of the line as a
simplex (SX) or composite (CX) circuit for signaling purposes using
initially positive and negative 120 volts.”! These signaling methods
used the metallic path as only one side of the signaling circuit, the
other side being ground return. Methods were developed for com-
pensating for ground potential difference between the two ends of
the circuit for CX signaling by using one of the signaling legs
together with a balancing network. In this way two pairs could pro-
vide three ground-compensated signaling circuits. To prevent sig-
naling noise from entering the talking circuits, composite “‘sets” or
high-pass, low-pass filters were used. Also, means were developed
for extending composite signaling around voice frequency
repeaters, since the range of this form of signaling could be as much
as 300 miles.

Composite and simplex signaling were not only used for supervis-
ing circuits between manual switchboards but were also developed
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so that dialing could be introduced over the circuits. This opened
the way for short haul toll dialing networks. Standard interfaces
were developed between composite signaling sets and the relay
equipment associated with switchboard and dial system trunk cir-
cuits. These interfaces used the letters of the alphabet to designate
the standard functional leads between circuits. Two of these desig-
nations, “E” and ““M,”” have become well known and are used to
this day as the interface between signaling and switching equip-
ment. They represent, on a local circuit dc basis, the outgoing and
incoming signals from the signaling circuit, respectively. Many dif-
ferent mnemonic names such as “Ear” and “Mouth” have been
‘added to these letters, but the choice of letters seems to have been
fortuitous.

A post-World War II development was duplex signaling (DX) for
short trunks providing ground compensation on one side and the
signal path on the other side of one composite circuit.®? DX signaling
has the advantage that it is provided on a “‘per trunk’” basis.”” Even-
tually, improved circuits were developed to operate on standard
negative 48 volts.

VI. START OF OPERATOR DISTANCE DIALING

With the availability of signaling systems that could satisfactorily
repeat dial pulses and supervision over distances greater than those
experienced with loop signaling, the dialing of short-haul toll calls
became feasible. During and immediately after World War I, experi-
ments and ad hoc arrangements were developed by Bell System
companies to dial from toll switchboards into independent step-by-
step local offices.

Formal development of composite signaling started after the early
trial installations in the Seattle area (see section V above). New
step-by-step selectors were developed at Bell Laboratories and,
together with composite signaling, these formed the backbone of a
step-by-step tandem network established in Los Angeles in May
1926. Although the distances here were relatively short, no greater
than 25 miles, still the volume of traffic handled over this short haul
network was rather large. Improvements in signaling and step-by-
step tandem operation, and the use of switchboard senders, made it
possible over the succeeding 15 years to establish short-distance AB
toll and tandem networks that covered states or portions of states,
the most notable being in Connecticut, Ohio, and Pennsylvania.

The idea of having recording-completing operators dial longer dis-
tance toll calls was pursued from 1921, first in connection with panel
system developments for Seattle, Washington, and then with the
step-by-step system. The panel equipment was tried in 1925 and
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1926 but was removed primarily due to signaling problems on the
rather poor open wire circuits that existed in the territory. Much
exploratory work was done to improve dial signaling over compos-
ite and simplex phantom legs of open wire and cable circuits.

Starting in 1935, general requirements were formulated for a sys-
tem whereby operators at toll switchboards could access toll trunks
and complete calls to distant toll centers, manual offices, and local
dial offices using step-by-step switching developed for tandem
short-haul applications.? Development of the step-by-step intertoll
(long distance) dial system started in 1936, based on studies in
Ohio. The system provided for accessing one- and two-way intertoll
trunks with toll-grade transmission including automatically
switched transmission loss pads, access to inward operators with
ring down, manual and automatic start of ringing, and reringing
from either end (see Fig. 3-40) using the selectors described in sec-
tion II above. This permitted the handling, among other things, of
person-to-person calls. The improved composite and simplex sig-
naling was used, and this accounted for much of the success of the
extended application of step-by-step switching. At its peak, as
many as 800 of these step-by-step intertoll switching systems were
in operation. Initially they served only toll operator-originated
traffic, but when customer direct distance dialing (DDD) was intro-
duced, they were modified so that they could also service this traffic
(see Chapter 6, section5.1).

Further operator distance dialing had to await the development of
crossbar switching and multifrequency pulsing.
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Local crossbar system laboratory, West Street Bell Labs location, New York
City, 1939. The crossbar switch ushered in a new era of switching development.
Because it could operate at high speed, with many electrical contacts per crosspoint
in a coordinate array, the crossbar switch allowed a small amount of complex
equipment, called markers, to control the networks over which the telephone con-
nections are established. Termed “‘common control” because the markers are used
in common for all connections, this principle greatly increased the efficiency of
switching systems. It also permitted a second-trial feature if a first attempt to
establish a connection failed, and made possible new and better forms of detecting
and locating troubles.
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Chapter 4

Introduction of Crossbar

From an early date switching engineers foresaw the potential of a switch
needing only a small number of magnets to operate a large number of relay
contacts at crosspoints in a coordinate array, and in which the contacts
operated with only a small mechanical motion. A patent for such a device
was issued to J. N. Reynolds of Western Electric in 1915. Subsequent
developments, including advances in Sweden, resulted in the highly effi-
cient crossbar switch, which formed the basis of the No. 1 crossbar local and
crossbar tandem systems, developed during the financial depression of the
1930s. Since the crossbar switch could accommodate a comparatively large
number of electrical contacts per crosspoint, even more sophisticated sys-
tems became possible. The result was toll crossbar, which first allowed
operators and, later, customers to dial long distance calls.

I. GENESIS OF CROSSBAR IN THE BELL SYSTEM

The basic idea of a crossbar switch—to provide a matrix of n by m
sets of contacts with only n + m actuators to select one of the n X msets
of contacts—was proposed early in the automation of sw1tch1ng

In 1913 a patent application was filed by Western Electrlc for]. N.
Reynolds for a crossbar switch, and the basic patent® was issued in
May 1915. The device was based on contact elements multipled in
one direction, as in a panel bank (see Fig. 4-1). An early suggested
use for this switch was in connection with an automatic private
branch exchange. Active development of the switch started in 1916,
directed toward its use as an “instantaneous’” line finder for the
step-by-step system, to replace the line switches then used in that
system. The crossbar switch that resulted from this work was
designed for 120 lines, 20 trunks. It was found, on analysis, to be
too costly to compete with existing equipment. Subsequently a new
design evolved providing for 100 lines and 12 trunks. The plan was
to complete the commercial development of this switch and to put it
into production, but activities were halted in late 1921 or early 1922,
due to the decision that a larger coordinate switch (see section 1.2
below) offered more attractive possibilities.

59
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J. N. REYNOLDS.
SELECTOR SWITCH,
APPLICATION FILED MAY 10, 1913. RENEWED MAR. 25, 1915.

1,139,722. Patented May 18, 1915.
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Fig. 4-1. Illustration from basic 1915 patent for the crossbar switch.
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From 1921 to 1926, only a small amount of effort was expended on
the crossbar switch, and this was discontinued in the latter year.
Studies showed that the apparatus would have been too expensive
when considered for use either as a customer line switch or as an
out trunk switch, especially since the overall costs would have
included the costs of complex associated circuits.

1.1 The Coordinate Switching System

Development work on a wire contact coordinate sw1tch invented
at Western Electric by C. L. Goodrum and J. N. Reynolds began in
the fall of 1921. The emphasis from the start was upon its use as a
selector in a new fully automatic system which could handle all
classes of traffic and work in conjunction with other systems in the
same exchange area. A partially equipped model was completed
early in 1922, and, by the spring of 1923, three fully equipped
models had been completed. The switch was 8 feet 4 inches by 4
feet 5 inches by 7% inches deep and consisted of 60 vertical rods and
from 45 to 70 horizontal rods, depending upon the number of con-
ductors per circuit (see Fig. 4-2). The horizontal grid wires were
made of copper with a silver-tin alloy, whereas the vertical comb
wires were made of phosphor-bronze. To establish a connection,
two vertical magnets and one horizontal magnet operated, with the
vertical magnets releasing after the selection process. Active
development of the switch continued during the next two years,
and the equipment designs underwent many changes to keep pace
with apparatus and changes in the system plan. These, together
with an increase in the size of the frames dictated by traffic require-
ments, made the final system considerably more expensive than ori-
ginally estimated. By the latter part of 1925, the work had reached a
stage where the system was about ready for commercial manufac-

ture. However, the cost studies completed in the following year
showed that the system did not produce sufficient savings over the
panel or step-by-step systems to warrant its commercial introduc-
tion, and work upon the coordinate development was discontinued
permanently. However, the system was an important step in the
development of common control and associated multicontact relays
as employed in the later standardized crossbar systems.

Principal among the ideas emerging from this work was the use of
complex relay circuits that acted for a short period during the estab-
lishment of each connection, thereby reducing the amount of
control equipment required to be held for the duration of each con-
nection. These system proposals became known as common-control
systems, with the switch control being common to either two stages
or several stages of coordinate switches. The controls were called
markers since, in establishing the connections, they placed electrical
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Fig. 4-2. The coordinate switch, an important early (1921-1925)
forerunner of subsequent common-control crossbar systems.

signals or “marked’” the terminals to be interconnected. (This was
not the first use of the word “marker,” it having been used earlier
by Betulander.”) When the marker acted across several stages of
switching, a new characteristic was introduced into the system. It
was then possible to “look ahead” to find a terminal to which it was
ultimately desired to establish a connection and then to provide con-
nections or “links” in successive intermediate stages between the
marked terminals. Instead of individual links, an entire “channel”
(sequence of links) was selected.

The call information is first received, as in the panel system, by a
“sender.” The sender then connects to an idle one of a plurality of
markers, any one of which can establish the desired connection. An
important aspect of this type of common control is that if for any
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reason the marker should fail to establish the desired connection, a
second trial may be initiated by the sender, preferably using a dif-
ferent marker. Should the second trial fail, all of the information as
to the data used, and the progress made by the marker in establish-
ing the connection, is available to provide maintenance personnel
with a record of the call. In early systems this information was
recorded on trouble indicator lamp panels (see Chapter 3, section
I). Later, punched card recorders or teletypewriters were used, and
more recently computers have been employed to record and analyze
this information (see Chapter 11, section 3.3). (The coordinate sys-
tem was the first to use a teletypewriter, later standardized for
panel sender tandem.)

Other concepts arising from the work done on the coordinate sys-
tem have been described in connection with the improvements
made in the panel system by replacing code translators with all-
relay senders and decoders. Here, for the first time, switching
engineers learned the art of designing complex relay circuits and the
parallel transfer of digital information between functional system
blocks.

This work also provided a challenge to apparatus designers. First,
they had to develop relays that could carry many more pairs of con-
tacts. Secondly, as a result of the high degree of concentration of
calls through these common circuits, it was necessary to improve
the reliability of relays, due to the large number of anticipated
operations.

1.2 Resumption of Work on the Crossbar Switch

The cost reduction and improvement phase of the panel system
improvement program was almost completed by 1929. In July,
1930, W. H. Matthies, director of local switching development,
returned from a visit to the Telecommunications Administration of
Sweden, where he saw the crossbar SWltCh and system which they
were using in their very small rural offices.’ The outstanding feature
of this switch in comparison with the coordinate switch was that it
was built as a unit and with relay-type precious metal contacts.®
This switch contained only 100 crosspoints in a 10 X 10 array, and
five selecting bars were rotated by separate magnets in two direc-
tions to access 10 sets of crosspoints. This was in marked contrast to
the coordinate switch, which was 70 x 50 (120 bars and magnets)
and used phosphorus-bronze springs as crosspoints.

By December 1930, it was agreed that apparatus development
work would commence to produce a switch of this type. A study of
the Swedish crossbar switch indicated the need of modifications for
reasons of operation and manufacture. Briefly, these included (1) a
change in the frame structure, to make possible the removal of a sin-
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gle hold magnet unit of the switch without removing the entire
switch, (2) a change in the off-normal contact springs to place them
in a vertical plane (to reduce the possibility of dust accumulation),
(3) a change in magnet design to decrease power drain, and (4) the
use of double or bifurcated precious metal contacts. A switch
design considered satisfactory was obtained in the second half of
1932. Fig. 4-3 shows a laboratories installation and the early model
crossbar switches with round select bars (see Fig. 4-4).

Meanwhile, in October 1930, a study was started to develop a
sender link for the panel system, assuming the availability of a
“selective relay,” as the Bell Laboratories engineers then called the
crossbar switch. This application was selected, since in the panel
system it required six wires to be brought from the line
finder/district selector links to the senders. This had been difficult
to implement with panel selectors. Work was also started on the
application of the switch to panel and step-by-step line finders, for a
toll trunk concentrator, and for PBXs.

Other applications of the switch were also being suggested, many
of which looked quite attractive economically. By 1934, exploratory
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Fig. 4-3. Bell Labs experimental crossbar switching equipment, early in
the 1930s.
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Fig. 4-4. Early model crossbar switch. Actuating a vertical and a hor-
izontal magnet operates a crosspoint in the 10 X 10 array.

development, engineering studies, and apparatus development had
proceeded to a point where plans for the development and
manufacture of crossbar switches for various applications showed
much promise, and development work was started on several items.
The plans for the use of the switch in the panel and step-by-step
systems were abandoned, and attention focused upon the produc-
tion of an entirely separate local system (see section II below).
Paralleling its use in a local dial system, the switch was employed in
the toll plant as a concentrating switch for trunks to and from com-
bined line and recording (CLR) and tandem switchboards.

1.3 Switchboard Tandem Trunk Concentrator

The first commercial application of the initial crossbar switch
design was in November 1935 as a concentrator and call distributor
for incoming toll trunks from distant toll points for distributing calls
to inward and tandem manual toll switchboards’ (Fig. 4-5). Four
50-cord positions were served by the system. (The control for this
system was called a “discriminator,” a term also used in the 3B
switchboard.)® In this development, detached-contact schematics
(see Chapter 5, section VII) were used for the first time in the Bell
System. The system was placed in service at 32 Avenue of the
. Americas in New York City and, on the basis of this field experi-
ence, the switch design was modified, particularly to employ a
U-shaped channelized select bar so that the selecting fingers could
be adjusted individually.
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Fig. 4-5. Frames of crossbar equipment, 1935, used with toll switch-
boards as a concentrator and call distributor.

1.4 Other Apparatus Developments

In 1936, new relays to accompany crossbar switching were under
development, but for systems laboratory models, R-type relays
were used. To provide extra reliability, all contact spring sets were
duplicated and wired in multiple. Later, the new relays™'? called
the U and Y types emerged as the standard relay for use with
crossbar systems, since they could accommodate many more pairs
of flat contact springs, each of which contain bifurcated springs with
separate, and for all practical purposes, independent contacts. The
operating characteristics were also much improved. Also needed
were new multicontact relays. For these relays as well as for
crossbar switches, provision was made for bare-wire strapping or
multipling of one side of each contact to the corresponding contact
of other relays or verticals'' (see Fig. 4-6).
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II. LOCAL CROSSBAR

In 1933, exploratory work on the application of crossbar switching
to PBX, local, tandem, and toll switching systems was started, but
this work was low-keyed in view of the retrenching that had taken
place as a result of the economic depression. However, by the third
quarter of 1933 a rather complete description of a system for local
office application was available. Much of this work was resurrected
from the coordinate system designs.

Although the panel system had been providing excellent service
and meeting the needs of heavy traffic in large metropolitan offices,
a number of advantages that the marker-type crossbar system could
include were felt to be important to the future of providing service
economy and flexibility in large cities. (This was the start of the
services evolution made possible with common-control switching.)
By selecting trunks in the marker, it was not necessary to assign
trunks in fixed group patterns. They could be identified noncon-
secutively and spread over several switches or terminal groups.
This feature was particularly attractive for large trunk groups serv-
ing PBXs where terminations not identified by directory numbers
could be reached by “jump hunting” to other terminal groups. It
meant that traffic could be distributed evenly over the switches. For
the first time alternate routing (see Chapter 5, section 3.1) was pos-
sible so that tightly engineered direct trunk groups could be supple-

Fig. 4-6. For multipling switches, design changes permitted bare-wire
strapping of crossbar switches (shown here) and relays.
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mented by a common group of trunks to a tandem switching point.
The use of precious metal contacts would reduce or eliminate the
electrical noise in circuits caused by vibration created in the contact
brushes or wipers of panel and step-by-step selectors. By using
common control with crossbar switches in the network, one was no
longer tied to the characteristics of the switch in determining the
form of signaling to be employed; therefore, it was envisioned that
higher-speed signaling between new system offices and shorter call
completion times could be realized. An objective in designing the
network was to minimize the relay equipment required to be associ-
ated with a call throughout its duration and preferably to concen-
trate these relays in a so-called junctor relay circuit in a link or trunk
circuit. These capabilities were achieved from the very beginning in
the No. 1 crossbar system.

2.1 No. 1 Crossbar System

Funding to develop the No. 1 crossbar system was arranged in
late 1934. Work proceeded on this development throughout the
economic depression. Fig. 4-7 shows a block diagram of the system
with a brief description of the system’s operation included in the
caption. Bell Laboratories issued a reprint booklet on the series of
articles that appeared in the Bell Laboratories Record on this system.*
These are listed under refs. 12-22.

The first No. 1 crossbar office was placed in service in Troy Ave-
nue, Brooklyn in February 1938. It initially served 1400 telephones.
Prior to the cutover, more than 350,000 test calls were placed
through the system starting in September 1937. This installation
was unique since it was the only No. 1 crossbar system to be
installed without a line choice connector between the terminating
markers and the line link switches.

The basic network building blocks were “’link frames’ consisting
of twenty crossbar switches arranged in two stages, called primary
and secondary, with “links”” between them to obtain access to a
larger number of outputs than is available on a single switch, hence
providing greater selectivity (see Fig. 4-8). The initial plans for the
No. 1 crossbar system followed the organization of the panel sys-
tem, with completely separate terminating and originating
switchtrains. However, one of the important innovations of the
No. 1 crossbar system was that for the first time the line switches
serving both originating and terminating traffic were combined.
This was done by providing access from the incoming link frames

*Similar brochures were later issued for the No. 4 and No. 5 crossbar and AMA
systems. Later special issues of the Bell System Technical Journal (BST]) were produced
for the electronic switching developments.

" TCI Library: www.telephonecollectors.info



Introduction of Crossbar 69

directly to the line link secondary switches. In this way the line
links could be accessed by terminating traffic and also be used for
originating calls.

Experience with the first No. 1 crossbar system at Troy Avenue
showed that the traffic capacity of the terminating markers could be
improved by making a busy test and finding the desired idle termi-
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Fig. 4-7. Block diagram of the No. 1 crossbar system. The voice con-
nection traces from the calling telephone on the upper left through various
link frames to the called telephone on the middle right. Below this voice
path the originating marker, terminating marker, and associated subsys-
tems are the common control, which functions efficiently because it serves
all calls at high speed and is not held for the duration of any call. The
markers select the path through the links and frunks. The originating
marker also interprets (decodes) the central office code.
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nation before seizing a “’line choice connector’” that accessed a maxi-
mum of four line link frames. The result was the invention of the
“number group” (see article by J. W. Dehn listed in ref. 19), as
shown in Figs. 4-9 and 4-10. The number group not only accessed
the line sleeve leads to permit a line busy test and to operate the line
crosspoint (hold magnet), but also gave other information, such as

CUSTOMER LINE DISTRICT
LINES JUNCTORS JUNCTORS
FROM TO DISTRICT
- INCOMING JUNCTOR AND
LINK SWITCH SENDER LINKS

000000000000000000 10000000 d

0000

O

o

o

-0

O

-0
T T T T OANMMVMNANAX Y AN/ N/ T ————7—7 3
I | 1 |
R, | SO |
Fmmm 77771 AY\NAXRX/NY/\ ' T —7T7—777— |
| | ! )
- - _ U S U, 1
———————"7———7—"1 J /JAANA/N\/\ \ T T /7777 B
| ! I |
e e | - |
r—————"—"—""—"=—""" /J /J / XA\NN\N\N DT 77— 7——/7—/77 |
| 1 | |
L _ 1 S, _
T | T _1|
|
- __ _ e -
r—=1 J // NN\ \ 7 1
| | 1 |
- - - -
r—r————~~——""1// NN\ —""7""" 7
| | | |
- - - e 1
r . o B
- 1 e _
r--——————"———"™— T |
| | | |
S, - - 1

PRIMARY LINE LINK SECONDARY

{SERVES 100 TO 700 LINES, {HAS ACCESS TO 100 DISTRICT
DEPENDING ON TRAFFIC) JUNCTORS AND 100 LINE JUNCTORS}

Fig. 4-8. Arrangement of link frames. Any call incoming on a vertical
of a crossbar switch, as at upper left, can be switched to any of the 10
switches in the secondary. There, the connection can be extended to any
of 100 district junctors or 100 line junctors. Such designs greatly increase
the number of choices from which a connection may be selected.
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Fig. 4-10. Bays of number-group circuits, which improved the traffic-
handling capacity and flexibility of the No. 1 crossbar system.

line class, type of ringing, and line choice identification so that the
marker could connect to the indicated line choice. All succeeding
No. 1 crossbar installations included this feature.

The second No. 1 crossbar office, and the first large installation,
was placed in service in July 1938, serving 16,000 telephones from
the East 30th Street telephone building in New York City. Here for
the first time the elaborate PBX features were introduced into the
system, for example those that permitted jump hunting and busy
testing of nonconsecutively numbered PBX trunks as part of the
same group. All of these features, plus reduced maintenance costs
together with the advantages enumerated earlier, proved to be quite
successful and demonstrated not only the increased flexibility of
crossbar switching over the panel machine-switching system, but
also its economic viability for use in large metropolitan offices.
Many features were later added to the No. 1 crossbar system,
including automatic message accounting (AMA), automatic number
identification (ANI), auxiliary senders, and even a new wire spring
version of the originating senders. An innovation first introduced
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into the No. 1 crossbar system incoming link frame was the concept
of the split crossbar switch vertical.22 Here a 6-wire 100-point
crossbar switch can be wired and controlled to act like a 3-wire 160
point switch (see Fig. 4-11).

Later, when the No. 1 electronic switching system was developed
(see Chapter 9), a primary application was to replace No. 1
crossbar offices. Replacement of the panel offices by No. 1/1A elec-
tronic switching systems was almost completed by 1976. About that
time, replacement of the No. 1 crossbar offices that served the
larger cities was begun. At the peak in April 1970, there were 325
terminating entities serving 7.25 million lines. The last new ter-
minating marker group was installed in Philadelphia in 1969, and
the last originating marker group in Chicago in 1970.

2.2 Crossbar Tandem

With the growing confidence in crossbar switching, many new
areas were examined for possible application of these principles.
One of the features of the panel system that had proved so successful
was the 2-wire office selector tandem. However, this tandem had
several limitations, among them that it could serve only 50 groups of
10 to 90 trunk terminals per group (each 10 trunks reduced by one the
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Fig. 4-11. Simplified schematic of a split crossbar switch. Rearrange-
ment of the two lower horizontal levels of crosspoints (0 and 1) allowed
choice of 160 crosspoints in what would otherwise be a 100-point switch.
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number of groups that could be served). It was proposed in 1934,
therefore, that a crossbar tandem arrangement be developed which
combined some of the better features of both the 2-wire office tan-
dems and sender tandems of the panel system. With crossbar switch-
ing it was possible to provide a crossbar switch link between the
incoming trunks and senders (registers) so that different senders
could be selected from different groups, depending upon the class of
service of the incoming trunk. This meant that the trunks could serve
panel, crossbar, and step-by-step offices each with the1r own type of
pulsing (revertive, multifrequency, and dial pulse).” The remainder
of the crossbar tandem system was almost a copy of the originating
switchtrain of the No. 1 crossbar system, except that the incoming
trunks took the place of the district junctors, and of course there were
no line link frames (see Fig. 4-12). For this reason it was considered a
part of the No. 1 crossbar development and not given a separate
code identity. The first crossbar tandem systems were placed in serv-
ice inlate 1941, in Detroit, Manhattan, and San Francisco.

For the first time it was possible to provide alternate routing in an
automatic tandem switching system. This was possible with the
crossbar tandem system since the sender was designed so that it
could send forward the entire called number, including the central
office code. If the marker found all direct trunks to a called office
busy, it could alternately select a route to another tandem, and the
sender would provide the proper digits. It was also planned in
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Fig. 4-12. Block diagram of the crossbar tandem system, almost a copy
of the No. 1 crossbar except that there are no district junctors or line link
frames. (AIEE Transactions, Vol. 69, 1950.)
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several large metropolitan areas to have double tandem operation.
This was most useful, providing large trunk groups between dif-
ferent sections of metropolitan areas. For example, it provided such
trunk groups between San Francisco and Oakland and between
Manhattan and Brooklyn. The flexibility of crossbar tandem from a
signaling and traffic standpoint is illustrated in Fig. 4-13.
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Fig. 4-13. Types of signaling from various types of offices that are possi-
ble with crossbar tandem. (AIEE Transactions, Vol. 75, 1956.)
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In some metropolitan areas, particularly New York City, individ-
ual message registers per line were provided for charging purposes.
Generally the register was scored once for each call. As the dialing
distances increased, complex district selector and junctor circuits
were developed for the panel and No. 1 crossbar systems that per-
mitted the multiple scoring of registers on the answering of the call,
as well as additional scorings at the beginning of each overtime
period. These circuits were complex, using rotary switches, and in
No. 1 crossbar used special timers. With the expansion of tandem
operation with crossbar tandem, this part of the charging function
was moved to the tandem location, through which most of these
calls would pass. Therefore, instead of providing costly district
selectors or junctors in each local office, it was possible to provide
the feature in incoming trunk c1rcu1ts at the tandem office that
would handle mostly this type of call.” This remote control (zone
registration or multiple) charging arrangement required only the
addition of a gas tube in each panel district selector or crossbar junc-
tor, and this tube was fired from the crossbar tandem on a simplex
basis over the tip and ring conductors to ground. The first (1941)
crossbar tandem in New York City, known as ““interzone,”” included
this feature. This was the beginning of centralized message charg-
ing (see Chapter 6, section 5.3).

2.3 No. 2 Crossbar System

As a result of the successful introduction of crossbar switching to
these large city applications, three less successful developments
were started, applying some of the techniques to smaller offices. In
1938, development was started on a modified version of No. 1
crossbar, known as the No. 2 crossbar system (see Fig. 4-14). This
system was developed to serve offices with a high percentage of
intraoffice calling, such as would occur in a single-office city, orin a
city with but a few offices. In those days the high community of
interest and rate structure in suburban offices also tended toward
high intraoffice calling. Development of this system, using many
frames developed for No. 1 crossbar, proceeded to the point where
a laboratory model was constructed by 1940. The system was
designed so that on intraoffice calls, only one sender and one
marker—the originating marker—was used. The call was routed
directly from a district link frame to a line link frame on which the
called line was located. One group of markers served all types of
calls. Price studies made as the design proceeded indicated that,
while the system was lower in first cost than No. 1 crossbar for this
type of traffic, it did not compete with a senderized version of the
step-by-step then being considered (see Chapter 5, section 2.2);
therefore, the No. 2 crossbar system was abandoned.
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Fig. 4-14. Block diagram of No. 2 crossbar, developed as a small crossbar office but never put in production.
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2.4 Early Crossbar CDOs and PBXs

In 1935, development was also started on a crossbar community
dial office (CDO). It was known as the No. 380 crossbar community
dial office and had a capacity of 400 lines (see Fig. 4-15). One instal-
lation of 80 lines was placed in service in Jonesville, New York in
1940. The system was not standardized since its design did not
include sufficient safeguards against double connections that might
occur due to crossed-wire troubles. This office gave a good account
of itself but was removed from service in 1946 when an addition was
necessary. A similarly designed PBX with only a single marker,
known as the 745A, was placed in service in the Sun Oil Company,
Philadelphia, and as a result of the poor performance it too was
removed from service and never standardized (see Chapter 13, sec-
tion 2.1}. Another plan for CDOs was known as the 43" system
(see Fig. 4-16). This identification came from a dash number associ-
ated with a planning case. The system was frequently used as a
basis for comparison in price studies because it made very efficient
use of crosspoints. It never competed favorably with step-by-step
CDO equipment, so development was not undertaken.

III. TOLL CROSSBAR

As discussed in Chapter 3, section VI, shortly after the beginning
of the development of operator toll dialing with step-by-step,
designers and planners were anxious to apply straightforward call
. supervisory techniques to toll switchboard operation, as was then
being used in local manual switching. This avoided the necessity of
ringdown operation. It would also be a step in reducing call com-
pletion time once toll circuits became more plentiful. These con-
cepts were advocated as early as 1928, and their consideration led to
a recommendation for a cordless switchboard with 4-wire switching.
The cordless switchboard made possible the divorcing of the opera-
tor functions from the switching means employed. Panel selector
banks and brushes plated with noble metal contacts were con-
sidered to overcome the noise inherent in their base metal contacts.
However, this arrangement did not prove feasible, since it was later
discovered that the silver migrated to short circuit the contacts.
Also, the indirectly controlled panel selectors were too slow, adding
from three to five seconds of valuable toll trunk call completion
time.

One of the principal advantages of crossbar switching was that
the number of wires that could be interconnected at a crosspoint
was much more flexible than in the panel and step-by-step switches,
where multiple wipers and brushes had to be employed. The
number of selectors that could be driven to the same selection point
was severely limited, so that to obtain 6-wire switching in panel
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Introduction of Crossbar 81

sender links, for example, only one out of 100 selections could be
made. Similarly, on a step-by-step selector, three 2-wire wipers
were generally the limit, so that a maximum of six wires could make
the one out of 100 selection.

With crossbar switches this limit was removed, so that for the first
time it was possible for the designers to conceive of very sophisti-
cated switching systems, particularly for toll application where
there was an advantage to separating the two directions of transmis-
sion. Toll required two sets of tip and ring wires and had the advan-
tage that it was not necessary when interconnecting two repeatered
or carrier channels to insert hybrids at both sides of the switching
system. With the freedom to introduce 4-wire switching, a serious
engineering study was started in 1936, looking toward a crossbar
toll switching system supporting a cordless switchboard. As
described in Chapter 3, section V, automation of calls of any appre-
ciable distance was restricted by the signaling range; therefore, the
initial studies of the application of crossbar switching of toll facilities
were oriented to assist operator toll calling. This required consider-
able operational, signaling, and transmission planning—which
required extensive, time-consuming development.

Although 4-wire crossbar switching for toll was first proposed in
1935, development of a cordless switchboard toll crossbar system
started in 1936 on a 2-wire basis. By 1938, the added cost of 4-wire
had been justified as a result of studies of the transmission benefits.
At that time the development direction was changed to 4-wire.

The system as well as the cordless switchboard became known as
the “No. 4 crossbar system” (the No. 3 was skipped to avoid confu-
sion with the No. 3 toll switchboard, since this system also included
a switchboard).?

The No. 4 crossbar system was arranged to complete both inward
and outward toll calls (see Fig. 4-17). Outward calls came from reg-
ular cord DSA or toll switchboards. For inward calls from distant
toll switchboards, a cordless position was connected to the trunk
(see Fig. 4-18). These trunks operated on either a ringdown or
straightforward supervisory signaling basis. The operator at the
cordless position would be connected through a link frame, answer
the call, and keypulse the desired called number into the crossbar
equipment through a sender. The call could be completed within
the area served by the toll center, or could access an outgoing dial or
ringdown toll line to some distant toll point.

In planning the system the developers saw that distant operators
with dials or key sets would be able to place calls into senders
equipped for the proper type of signaling without requiring an
operator at a No. 4 crossbar cordless position to be added to the
connection.
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Fig. 4-17. Arrangement of the No. 4 toll crossbar system.

Fig. 4-18. No. 4 cordless switchboard, which separated operator func-
tions from switching equipment.
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The first No. 4 crossbar toll system was Elaced in service in
October 1943, in Philadelphia, Pennsylvania.” Immediately after
World War II an additional five of these systems were placed in
service in Boston, New York City, Cleveland, Chicago, and Oak-
land, California. These offices, together with the step-by-step toll
switching systems (see Chapter 3, section VI), formed the backbone
of the nationwide operator toll dialing network that was placed into
service in the late 1940s.

In addition to the usual crossbar switching advantages, the No. 4
crossbar system could switch repeaters and transmission loss pads
into connections as well as provide traffic control tools for dealing
with unusual peaks in traffic destined for particular trunk groups
that could not always be served on a demand. For delayed calls, a
special 4-wire cord switchboard with twm plugs and J{ICkb was
developed. This was known as the No. 5 toll switchboard™ (see
Fig. 4-19). Versions of this switchboard with smaller plugs and
jacks (known as the 5C and 5D W\rltchbuaxds) were developed by
Bell Laboratories for the military in 1957.%

The No. 4 crossbar was the first system to make extensive use of
multifrequency pulsing (see Chapter 5, section I). Not only was it
possible to use multifrequency pulsing between offices, but mul-

Fig. 4-19. No. 5 toll switchboard—a special 4-wire cord switchboard for
delayed calls
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Fig. 4-20. Arrangement showing how No. 4 crossbar used multifre-
quency pulsing within offices to identify incoming and outgoing trunk
frames.

tifrequency signals were used within the office to identify to the
marker incoming and outgoing trunk frames to which it must con-
nect to establish a requested connection. This so-called frame iden-
tification arrangement used three out of eight frequencies to identify
40 frames, or to indicate the need for jump hunting™ (see Fig. 4-20).
Many sophisticated features of the No. 4 crossbar system, particu-
larly reliability features, gave it the excellent performance reputa-
tion upon which future automatic toll switching for the nationwide
network would be based.

The advantages of crossbar switching in this application extended
beyond the introduction of operator nationwide dialing, since the
system formed the basis for the No. 4A crossbar system developed
for customer Direct Distance Dialing (see Chapter 8, section I) and
these offices form the backbone of the nationwide switched network
services.
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"“Throwdown" machine for simulating No. 5 crossbar traffic, 1949. The random
element of telephone calls being recetved at a central office can be simulated by
throwing dice or by wusing a machine to generate numbers. The "'throwdown”
machine was an extensive simulation in which all parts of a No. 5 crossbar office of
significance to traffic flow were represented. Today, such simulations are pro-
grannned on modern general-purpose electronic computers. Stmulations and other
traffic studies are critical to the design of switching systems, since departures
from optimunt traffic-handling capacities can result in excessive costs or degraded
service.
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Chapter 5

A Better
Understanding of
Switching

As service demands grew ever larger, the Bell System was challenged to
cope with new levels of switching systems size and complexity. From 1930
to 1950 Bell Labs engineers met this challenge—despite the interruption
caused by World War Il—and made a number of advances, both theoretical
and practical that allowed the emergence in the 1950s of the huge,
automated and rapidly growing Bell System network. Shannon’s informa-
tion theory and applications of Boolean algebra, plus the progress of the
sophisticated mathematics of traffic theory and its application, laid much of
the groundwork. On the equipment side, the development of logic circuits,
multifrequency signaling, contact protection, solderless wrapped connec-
tions, sealed relays, detached-contact schematics, and many other inno-
vations provided the components and circuits for new generations of
electromechanical switching systems.

I. EARLY RESEARCH CONTRIBUTIONS

By the late 1930s, Bell Laboratories engineers had developed or
made important contributions to three basically different types of
switching systems. The step-by-step system was directly controlled
from the customer’s dial; the panel system introduced indirect con-
trol enabling the selectors to be independent of the customer’s dial;
and the crossbar system enabled common control by high-speed
markers of the switches used to establish talking paths. For the first
time, engineers knowledgeable in these many system arrangements
were philosophizing about these system “principles.” As a result,
new types of study activities and, for the first time, the more funda-
mental research and exploratory development activities began to
appear in the switching efforts at Bell Laboratories.

In research, F. A. Hubbard wrote a series of memoranda general-
izing on systems and the application of traffic principles. The

87
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advantages of introducing speed as a factor into the control and sig-
naling between switching systems was indicated as a way to the
future. Speed could be obtained by considering the application of
electronics. As a result, many ideas applying multielement gas
tubes to the control of crossbar switches were proposed. In particu-
lar, W. H. T. Holden received over 100 patents, many on such
arrangements. Many more were suggested by others working in
the field. Vacuum tube experts, led by A. M. Skellett, proposed
the electronic equivalent of selector switches using beam tubes’
(see Fig. 5-1). The success of the common control idea led to the
concept of “common medium” switching, where the techniques of
frequency multiplexing were combined with electromechanical
selecting? (see Fig. 5-2). For the first time, switching in another
domain was proposed, as compared with what is now called “space
division,” in which established paths are separated in space.

Perhaps the most important contribution emerging from research
related to switching at this point was the development of alternating
current (ac) methods of signaling. With tones it was possible to
send supervisory and pulsing signals over the same distances as
voice signals. Initially, single tones were used to represent the open
periods of dial pulses, and to “ringdown” on toll lines.® As this
research proceeded, tests were made in the field, 