
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 sys~ems, 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 m sets 
of contacts-was proposed early in the automation of switching.1 

In 1913 a patent application was filed by Western Electric for J. N. 
Reynolds for a crossbar switch, and the basic patent2 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. 
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J, N. REYNOLDS. 
SELECTOR SWITCH. 

APPLICATION fi~U MAV 10, 1913. RIN£WIO MA~. 25, 1915. 

1,139,, 722. Patented May 18, 1915. 

Inventor: 
John N Fieynolds. 

byfi ~ :(_ ;!..,_,Ally 

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 switch, 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¥2 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 



62 Engineering and Science in the Bell System 

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. 4

) 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 
1). 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 switch and system which they 
were using in their very small rural offices. 5 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. 6 

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 

Fig. 4-3. Bell Labs experimental crossbar switching equipment, early in 
the 1930s. 



Introduction of Crossbar 65 

SELECTING BAR 

HOLDING BAR 

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 switchboards7 (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. )8 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 relays9

'
10 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 verticals11 (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. 



68 Engineering and Science in the Bell System 

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 Ben System Technical Journal (BSTJ) were produced 
for the electronic switching developments. 
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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-

CALLED 
CUSTOMER 

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 trunks. 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 
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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 numbt~r of choices from which a connection may be selected. 
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Fig. 4-9. Simplified schematic of the number-group circuit, which helped No. 1 crossbar serve more calls by testing 
whether the called line is busy before setting up other parts of the total connection. The marker operates the cut-in relay 
(lower left) to reach 1000 terminating directory numbers. The number group connects the sleeve lead and two other leads 
of 20 lines back to the marker. Cross-connections NF and NC (lower right) provide ringing, frame, and other information ;::I 
about 20 numbers to the marker, which makes the final selection and establishes the connection to a particular terminal. 
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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 vertica1.23 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. lilA 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. 



74 Engineering and Science in the Bell System 

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 their own type of 
pulsing (revertive, multifrequency, and dial pulse). 24 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 in late 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 exce·pt that there are no district junctors or line link 
frames. (AlEE 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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ble with crossbar tandem. (AlEE 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 spe-cial timers. With the expansion of tandem 
operation with crossbar tandem, this part of the charging function 
was moved to the tand1em location, through which most of these 
calls would pass. Therefore, instead of providing costly district 
selectors or junctors in ~~ach local office, it was possible to provide 
the feature in incoming trunk circuits at the tandem office that 
would handle mostly this type of call. 25 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, or in 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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2.4 Early Crossbar COOs 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 c:rosspoints. 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 we're 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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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). 26 

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 glaced in service in 
October 1943, in Philadelphia, Pennsylvania. 7 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 twin plugs and jacks was 
developed. This was known as the No. 5 toll switchboard28 (see 
Fig. 4-19). Versions of this switchboard with smaller plugs and 
jacks (known as the SC and 50 switchboards) were developed by 
Bell Laboratories for the military in 1957. 29 

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 special4-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 hunting30 (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 received at a central office can be simulated by 
throwing dice or by using a machine to generate munbers. The "throwdown" 
machine was an extensive simulation in which all parts of a No. 5 crossl1ar office of 
significance to traffic flow were represented . Today, such simulatio11s are pro
grammed on modem general-purpose electronic computers. Simulations and other 
traffic studies are critical to the design of switching systems, since departures 
from optimum traffic-handling capacities can result in excessive costs or degraded 
service. 


