
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 
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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 used1 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 19252 (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. 3 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. 4 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 properly5 (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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Fig. 3-3. Multicontact relay used for panel sys tem 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,"6 shown in Fig. 3-4. It 

was used to record on lamps the identity of the particular combina

tion of system elements imvolved 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, mos t 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.) 

Fig. 3-6 . Two senders of type mou-nte-d 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. 8 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. 9 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. 10 

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. 11 Constant effort was applied to 



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., Telephollc 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 many 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 thi s 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 on 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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All panel selector circuits were improved in this redesign. 12 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. 13 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 tandt~m offices in Boston, a distance of some 60 
miles. 

The panel system was ilndeed 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,14,:l5 changes in call charging methods (see Chapter 4, sec
tion 2.2) and routing, and even the provision of TOUCH-TONE® 
dialing. 16 Many improvements were made in the apfsaratus such as 
the sequence switch contacts17 and selector clutches. 8 

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 thei~ 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 1920.19 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. 20 

Since these office selectors operated over a trunk pair, they were 
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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 used 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, " 21 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. 22 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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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,"23 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. 24 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.25 Also there was much experimentation to keep the bank and 
sequence switch terminals clean to reduce noise introduced into the 
connections by poor contacts. 26 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.27 

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. 28 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 produce 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. 29 Previously the Automatic Electric Company equipment was 
arranged for 9 foot double-sided frames. In 1925, the first Western 
Electric-engineered job using 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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lever and springs. bearing; cover guide added. Three changes, 1938-1948: hj 
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Results: 5,9, 11. at test jack; tinsel cords; solder less tips. ;: 

~ 

4. Test Jack and Lower Cover Plate Results: 2, 10. ("; 
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:=-
~ 

test jack; hinged number plate holder. Three changes, 1926-1928: Eyelected General Changes :::t .... 
Results: 2,9, 11. studs; redesigned cam and bracket. Ten changes, 1928-1948: Improved 
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5. Wiper Results: 9, 11. 
~ 

finishes and spring pileups; -Six changes, 1925-1947: Contour of tip; 5. Relays ~ 

improved assembly; detachable guide; 22changes, 1928-1947: Improved 
lubrication; increased pulsing :::t 
range. ~ 

replacement spring; noble metal tip. coil construction, bearings, and Results: 2, 11. ~ Results: 2,6, 11. mounting; redesigned armatures. 
6. Shaft Spring Assembly Results: 2,4,8,9. :::t 

Two changes, 1931-1946: Changed to 6. Vertical Armature Results: Legend ;: 
~ 

he I ical spring. Eight changes, 1926-1946. 1. Easier Adjustment -Cl) 
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varieties; improved construction. protecting windings; filled 5. Improved Operation :=-... 
Results: 2,1 0. coil construction. 6. Improved Service ~ 

8. Interrupter Springs (Vertical and Results:3,7. 7. Improved Stepping Capabilities 
~ Rotary) 8. Banks 8. Improved Transmission 
("; 

Two changes, 1929-1942: Bell crank Seven changes, 1928-1945: Radial- 9. Longer Life :=-
design; improved design of spring. sided contacts; mechanized 10. Easier Maintenance :::t 

c 
Results: 5,910. assembly; solderless terminals. 11. Reduced Maintenance 

~ 9. Commutator and Wiper Results:2,6. 12. Easier Rearrangements 

Five changes, 1927-1947: Redesigned 9. Release Mechanism 13. Improved Release Time Capability 

spring; changed terminal and mounting. Three changes, 1929-1947: Redesigned 14. Improved Release Time 

Results: 5,9, 15. armature and spring; redesigned armature 15. Easier Wiring 
and spring; redesigned release I ink. 16. Simplified Wiring 
Results:l ,2,9. 17. Improved Operating Margin tv 

In 

Fig. 3-12. 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 first time pro
vided for digit absorption. 30 These were used with discriminating 
selector repeaters in small offices, 31 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. 32 This also resulted in 
the standardization of "llX" service codes as compared with "Xll " 
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 time33 (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 gradings34 (see 
Chapter 5, section III) . 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. 35 

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. 36 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 added37 (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. 38 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). 
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Fig. 3-18. The A-B Toll system used to improve step-by-step dial services over extended distances. 
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After a successful triat the Los Angeles development was standard
ized in 193139 after being applied in most of the state of Connecticut 
in 1929,40 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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Fig. 3-19. Schematic of a typical step-by-step community dial office 
(CDO) with two-way dial and operator trunk group. 
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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 lines42 and the 
370A and B (1932) with very small capacity (fewer than 100 lines), 
with selector connectors, and operating over two-way trunks43 
(see Fig. 3-20). A network of 14 of these offices was placed in South
ern California by the end of 1929.44 

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 36Al.) 

The Bell System acquired through purchase of independent tele
phone companies about 100,000 lines of step-by-step equipment of 
Automatic Electric 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"45 (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 e~uipment designs were being made for the 
still popular 355A CDO. 6 

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 
1963,47 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 cost48 and to improve performance. 49 
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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. 52 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. 53 
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Fig. 3-22. Tools needed to adjust step-by-step switches. 

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 positions of the f\o. 3 switch
board. No . 3 equipment represented a major change in design philosophy. 

Features included ~ransmission 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. 54 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 acto power them. 55 

In 1940, a new versio n of the No. 3 switchboard including both 
30-inch and40-inch keyshelf heights, the No. 3C, was introduced to 
serve as a combined toll and DSA switchboard. 56 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), 57 the toll 
tandem switchboard, using the No. 3 switchboard principles, was 
developed in 1930. 58 These positions, with single-ended cords 
(Figs. 3-26 and 3-27), could reach 3600 trunks. A 3B switchboard 
was developed in 1937, 59 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 switchboard60 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. 61 

The physical and equipment aspects of switchboards were greatly 
improved: keyshelf clocks, 62 keys, ticket handling and dispatching, 
and operator chairs63 (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. 



40 Engineering and Science in the Bell System 

Fig. 3-26. The toll tandem switchboard, developed in 1930. 

their size . The No. 1 and No. 2 information desks64 were arranged 
for operator call selection, while the No. 3 information desk was the 
first to provide automatic call distribution using selector switches65 

(see Fig. 3-30) and including call storage and call waiting indicators. 
New repair service desks for responding to trouble reports were 
developed, including the popular 14-type local test desk (see Fig. 3-31) 
introduced in 1931 . 

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. 66 

By 1970 a new cordless local desk, shown in Fig. 3-32, was 
developed that also could be used in centralized repair service 
centers. 67 

Toll testboards were introduced with the expansion of toll service. 
Jacks on "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 switchl:oard installation of the 1930s. Note operators 
on roller skates. 

from the toll switchboards, signaling, and other terminal equip
ment. 68 Measurements then can be made on toll lines to isolate and 
locate troubles. 69 The Nos. 5, 16, and 16A are examples of early toll 
testboard developmentE7° (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. 71 

This testboard also included "patch jacks, " later called "second
ary jacks," between the switching equipment and the terminal 
equipment (see Fig. 3-35). 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. 72 

A number of toll testboards and smaller toll test units later were 
developed and became standard. Most notable are the 3A, 4A, SA, 
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 announcements73 

(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. 74 For the more 



Evolution of Electromechanical and Manual Switching Technology 43 

difficult time announcements that change continuously, a com
pletely automatic system was introduced in 1953. 75 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. 76,77 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.78 Included were centralized call distributing 

TRUNKS 
FROM 

MANUAL 
OR 

DIAL 
OFFICES 

Fig. 3-30. Main switching steps (simplified) showing call distribution 
system for the No. 3 information desk. 
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Fig. 3-31. The popular No. 14local test desk, introduced in 1931. 

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. 79 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. 8° Call indi
cators originally arranged to display when a key was depressed 
(KDCI)81 were redesigned and modified for automatic display 
(ADCI) . 82 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. 83 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-

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 centralized84 in large cities or combined with the 
toll switching boards in smaller cities. Many types of DSA boards 
were de!veloped for application with different dial systems. 85 The 
DSB function diminished along with manual service and, as 
described above, was either centralized for a number of offices86 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, 87 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. 88 These keysets sent de 

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. 89 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. 3-39. Switchboard position with keyset. 

voice. 90 "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 (de) loop was reserved 
for these functions. It was not until the late 1920s that improved cir
cuits for extending the range of de 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. 91 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 ex 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 de 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. 92 DX si~aling 
has the advantage that it is provided on a "per trunk" basis. 9 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 offioes using step-by-step switching developed for tandem 
short-haul applications. 94 Development of the step-by-step intertoll 
(long distance) dial sysb~m 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 (DOD) was intro
duced, they were modified so that they could also service this traffic 
(see Chapter 6, section 5.1). 

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. 


