
Chapter 6 

Preparing for 
Full Automation 

During World War II the Bell System was able to foresee profound 
changes in postwar telephony-changes that demanded increased automa
tion and increased attention to the problems of suburban as well as big-city 
telephone systems. Two keys to these changes were better signaling 
methods and methods for automatically recording the information needed to 
render customers' telephone bills. By consolidating a number of prewar 
developments, it was possible for the Bell System to institute long distance 
dialing of telephone calls by operators. Later, with the completion of a 
nationwide numbering plan and extensive modifications of equipment 
throughout the country, direct distance dialing by customers was initiated. 
Innovations that made this service possible included multifrequency and 
single-frequency signaling systems. Automatic ticketing was introduced in 
1944 in the Los Angeles area, but full-scale automation had to await the 
system of automatic message accounting (AMA), introduced in Philadel
phia in 1948, and the development of automatic systems for identifying call
ing telephone numbers. 

I. THE SWITCHING PRODUCT LINE OF 1945 

Although Bell Laboratories during World War II was devoted 
almost exclusively to war work, a few people had the opportunity to 
consider the general status of switching. What they saw was a mix
ture of base metal contact technology-such as manual, step-by
step, and panel switching-and prewar noble metal contact crossbar 
systems, which had just begun to see service. The problem, of 
course, was to use these technologies to maximum advantage at the 
conclusion of hostilities and to project the needs of the Bell System 
over the longer term. 

No one had a better perspective on these needs than A. B. Clark, 
then Vice President of Systems Development. It was largely 
through his efforts that the steps toward a better understanding of 
switching, covered in the previous chapter, were initiated. With the 
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results of these investigations as background, and with a general 
expectation of the population expansion from cities to the suburbs, 
plans were made for switching developments that the Bell System 
could initiate. 

II. NEEDS FOR DIAL SERVICE IN THE SMALLER AND SUBURBAN 
COMMUNITIES 

Up to this time the No. 1 crossbar and panel systems were avail
able for use in large multioffice cities, where there were heavy 
concentrations of lines and telephones. For all of the remaining 
manually served locations, the step-by-step systems-both No.1 
and the various branch or community dial offices of the 300 type, 
more recently the 355A--were available. Although step-by-step 
switching proved satisfactory in these many applications, the small 
prewar experience with crossbar proved its superiority and added 
impetus to the desire for a more modern switching system for the 
smaller and suburban communities. 

In the immediate postwar era, the Bell System, from a switching 
point of view, was tied together through manual toll offices. There 
was no nationwide automatic switching and associated numbering 
plan. The number of digits or "dial pulls" corresponded to the 
needs of the particular community, so that 3, 4, 5, 6, and 7 digit 
numbering could be found in different cities. It was foreseen that 
there would be a movement of households to the suburbs, and that 
suburban users would wish not only to communicate among 
themselves but also to call central cities easily. People in general 
were becoming more mobile and were finding different numbering 
plans in different parts of the country more difficult to use. 

Since mobility tends to increase long distance calling, it was 
apparent that automation of this traffic was an important part of 
postwar planning. This in turn led to the recognition that two key 
ingredients were needed to implement such plans: longer distance 
signaling and better ways of automatically recording the informa
tion needed to charge for long distance calls. 

Finally, for automating the service in the growing suburbs, a need 
was seen for a smaller but: more flexible and growable crossbar sys
tem. Crossbar was preferred because of the excellent performance 
of the larger crossbar systems then in service. The No. 5 crossbar 
system was to fulfill this objective (see Chapter 7). 

III. NATIONWIDE CALLING 

Most long distance calling at this time was serviced through No. 1 
and No. 3 manual toll switchboards. In the larger switching 
centers, toll tandem switchboards were needed to give the originat-
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ing recording operator the ability to reach the growing numbers of 
toll trunks leaving these centers (see Chapter 3, section 4). For long 
distance traffic the customer dialed "211" ("112" or "110" in step
by-step areas) to reach an operator at a combined line and recording 
toll switchboard position. 

The No. 4 crossbar system installed in Philadelphia had shown 
that automatic switching could be introduced to operate with the 
toll trunk equipment then in use with manual switching, particu
larly with respect to ringdown signaling and the insertion of 
attenuation pads and repeaters to meet the transmission require
ments. With this system, the advantages of A-B (A board to B 
board) short haul toll dialing could be brought to long distance toll 
operation. 

3.1 Operator Distance Dialing 

These considerations led to a revision of a general plan to allow 
dialing of an increasingly large percentage of long distance calls. 1 It 
became known as the "operator distance dialing" plan, and its prin
cipal object was to complete most toll calls with only one operator, 
viz., the originating operator who wrote the charge ticket for the 
call. 

As part of this implementation, the routing of calls had to be sim
plified. Manual toll switching frequently required switching service 
at intermediate points. However, the new carrier systems, includ
ing coaxial and later microwave facilities, meant that operators had 
available larger numbers of toll lines to a given destination. As a 
result, more calls could be served without delays in completing 
them-that is, without the calling party hanging up once the toll call 
was initiated. No one technological improvement was responsible 
for operator distance dialing, but it represented a consolidation of 
prewar developments that could bring about an important ser
vice improvement during the postwar period of great expansion 
(see Fig. 6-1). Also, some elements of the nationwide numbering 
plan were introduced at this time. 

3.2 Nationwide Numbering Plan 

The success of operator distance dialing obviously meant that it 
was just a matter of time before the charge recording step could be 
automated and customers could dial toll calls directly. It was also 
obvious, however, that allowing customers to dial calls nationwide 
required a universal numbering plan. There were many proposals, 
some very novel. For example, one plan proposed that the number 
of digits dialed should increase with the distance called, so that peo
ple in the smaller communities then dialing three or four digits for 
local calls could continue without change dialing longer numbers 
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only when their calls extended beyond their communities. But the 
plan as adopted recognized the need for a nationwide numbering 
plan, one that applied universally, so that callers would not have to 
be familiar with the plans in the communities that they might be 
visiting. The result was that, in 1945, the toll switching engineering 
group under the leadership of F. F. Shipley proposed, and AT&T 
adopted, the foundation for our current system of universal seven
digit numbers within an area and three-digit area codes. 2 No 
numbering plan area was to extend beyond the boundaries of a 
state, but a state might include more than one numbering plan area. 
The three-digit area codes all included the digit 0 or 1 as the middle 
digit to distinguish them from office codes that did not have this 
characteristic. Initially, states with only one area code used area 
codes with "0" and others used "1," but with the growth of the 
service, this method of assignment was abandoned. Fig. 6-2 shows 
the very first proposed map with 86 area codes assigned, including 8 
in Canada. A 1976 map (Fig. 6-3) shows the growth of number
ing plan areas to the total of 132 that included Mexico and the 
Caribbean. 

Numbering plan improvements have been the key to many steps 
in the extension of automatic switching, e.g., adopting letters on the 
dial to overcome the learning and memory problems initially associ
ated with dialing in the larger cities with numerous central offices. 3 

As the number of offices grew and it became more difficult to assign 
names with meaningful letter combinations, identification of central 
office codes was changed from 3 letters to 2 letters and 1 number, 4 

which together with the 4-digit station codes gave 2 letters and 5 
numerals, or "2-5" numbering. This became the universal form of 
telephone number identification and was important to the introduc
tion of direct distance dialing. As familiarity with the dialing pro
cess grew, it was possible to shift from letters to the international 
standard, which is limited to decimal digits for addresses. The Bell 
System carried out this conversion over a period of twenty years, 
completing it in 1979. Implementation required much planning as 
well as modification of existing switching systems, particularly to 
accept the additional digits to be dialed by the customer to provide 
for uniform local dialing and for receipt and interpretation of the 
area codes. 

Even the step-by-step system was modified. The existing switch 
trains in step-by-step offices provided adequate discrimination 
among office codes. However, with uniform dialing, extra digits 
would be dialed. To accept these digits would normally have 
required, at great expense, the building-out of the switch train for 
each 3-digit office code and in some cases for the thousands digit as 
well. 
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A Bell Laboratories invention, the digit-absorbing selector (see 
Chapter 3, section II), usually placed as the first selector in a train, 
was designed to ignore dialed digits by returning to normal when 
the newly added office code digits were introduced. 5 These selectors 
could be arranged to absorb one or two digits of a particular value. 
This feature was obtained by contacts operated on the rise of the 
selector to particular levels, which were designated for each applica
tion by the bending of tangs (see Fig. 3-14). 

With the introduction of direct customer access to toll trunks, new 
methods of engineering had to be introduced, and a great many 
more trunks had to be planned for, so that service could be provided 
on a demand rather than on a delay basis, as was usually the case 
for operator-handled calls. 

IV. LONGER DISTANCE SIGNALING 

Multifrequency pulsing for address signaling was proved satisfac
tory with the introduction of the No. 4 crossbar system (Chapter 4, 
section III). As more of these systems were introduced into the net
work, multifrequency pulsing became the standard method of long 
distance address signaling (see Fig. 6-4). 6 Improved versions of 
receivers7 (see Fig. 6-5) and common tone generators were 
developed. Later, transistorized versions were developed for many 
different applications in newer switching systems. 8 The first transis
torized multifrequency (MF) receiver was used in the No. 1 ESS in 
1965. By 1970 it was used in electromechanical switching systems. 
Eventually, transistorized tone generators as part of the senders 
(see Chapter 7, section III) replaced the common supplies in many 
switching systems. 

Fig. 6-4. Multifrequency receiver, 1945. Multifrequency pulsing became 
standard for long distance signaling. 
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Fig. 6-5. G. Plaag adjusting one of a group of an improved version of 
multifrequency receivers, 1954. 

For supervisory signaling and where multifrequency pulsing 
could not be used, such as for calls to step-by-step offices, both 
inband and out-of-band single-frequency (SF) signaling methods 
were developed for dial pulsing as well as for supervision. 9 

Although ideal in a number of respects, out-of-band signaling was 
restricted by the wartime emergency banks (EBs) introduced into 
the transmission systems during World War II to provide greater 
carrier channel capacity by limiting the frequency band of a voice 
channel. 10 Nevertheless, out-of-band signaling was initially 
developed for application with early analog carrier systems. 11 The 
frequencies were generally in the 3200-hertz range. Out-of-band 
signaling had the advantage that the signals could not be simulated 
by human voice sounds ("talk off") and, therefore, were immune to 
false disconnects. The only successful out-of-band system (3700 
hertz) was developed for use with the N1, 01, and ON carrier sys
tems.12 For more general application, inband signaling equipment 
was developed for use on repeater and carrier circuits. The first of 
these used frequencies of 1600 hertz and 2000 hertz in the reverse 
direction, approximately half of those frequencies experimented 
with for out-of-band signaling.13 About 20,000 of these units were 
placed in service starting in 1948. To reduce "talk-off," higher fre
quencies were used. These systems used 2600 hertz (2400 hertz in 
the reverse direction), and thereby enabled distant switching sys
tems to be controlled over any path customers could use for conver-
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sation14 (see Fig. 6-6). Some 170,000 of these vacuum tube units 
were placed in service beginning in 1952. 

After transistors were developed, new single-frequency signaling 
units, compatible with the vacuum tube type, were designed and 
produced. These were known as the "E type" signaling units and 
were first placed in service in 195815 (see Fig. 6-7). More than 
3,300,000 units were produced, not only for interoffice signaling 
including revertive pulsing, but also for foreign exchange and PBX 
lines. An improved, more compact SF system, the F type, was 
developed in 196916 (see Fig. 6-8). Fig. 6-9 shows the basic function 
of these signaling units. By 1976 over one million of these units 
were produced. 

V. CHARGE RECORDING METHODS 

The other important ingredient required for the start of full auto
mation of the nationwide telephone network was machine methods 
for recording information about calls that could be used for billing. 
Two methods were studied, one known as automatic ticketing and 
the other as automatic message accounting (AMA). 

5.1 Automatic Ticketing 

Automatic ticketing was first introduced in Belgium in 1938. 17 Bell 
Laboratories engineers, working with Teletype Corporation 
engineers about that time, devised a simpler numerical printer or 
"message ticketer" (see Figs. 6-10 and 6-11). This printer was low 
enough in cost that one could be provided on each outgoing trunk 
circuit from an originating office that required detailed charge infor-

Fig. 6-6. In-band signaling units: transistorized unit, left, and earlier 
vacuum tube model, right. 
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Fig. 6-7. E-type single-frequency signaling unit; over 3,300,000 of these 
units were produced, beginning in 1958. 

Fig. 6-8. Patrick McLaughlin with the F-type design of 1969, an 
improved, more compact single-frequency unit. 
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mation about the calls it served. 18 Fig. 6-12 shows a sample 
automatic ticket compared with a manually written ticket. 

A critical ingredient in this as well as most charge recording sys
tems was to provide the identity of the calling line number. The 
arrangement, developed initially for the automatic ticketing system, 
used a 2700-hertz tone applied to the sleeve lead from the trunk 
back through the originating switch train to a matrix of capacitors, 
resistors, and transformers19 (see Fig. 6-13). A set of ten vacuum 
tube detectors successively connected with different parts of this 
matrix to determine the office thousands, hundreds, tens, and units 
digits of the calling line. Provision was made in the process to iden
tify the number of either of the parties on a two-party line, based 
Uf\On the party test made in the trunk circuit. 20 

As mentioned earlier, Los Angeles was one of the first areas to 
use operator and customer distance dialing. It was also an area with 
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Fig. 6-10 . The ticketing unit of the automatic ticketing system: front 
view above, rear view below. 

only step-by-step equipment since it had an early history of the 
introduction of this type of equipment by many independent tele
phone companies prior to unification by the Bell System, and prior 
to the introduction of the panel system into large cities. It was quite 
natural that as Los Angeles grew, it became necessary to charge on 
an individual or detailed bill basis for customer-dialed calls across 
this expanding metropolis. Los Angeles thus became a logical area 
in which to introduce some form of automatic charge recording. 

In 1944, the automatic ticketing system described above was first 
placed in service in Culver City, in the Los Angeles area. 21 In addi
tion to the trunk ticketers and automatic line number identifiers, 
this system provided register-senders that were accessed by out
going trunk circuits (see Fig. 6-14). These senders stored the called 
and calling number to control the simple trunk ticketers and also 
translated the central office code digits (reconstructed by the identif
iers from the digits dialed by the customer to reach the outgoing 
trunk). Further, they transmitted decimal pulses of the central 
office code or arbitrary digits so that the call could be directed 
through step-by-step tandem offices to reach the called office. 22 

This system was placed in service in some 50 offices in the Los 
Angeles metropolitan area, as well as a few others in the 
Sacramento, California area. Over the years, as the amount of 
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traffic served by these systems increased, several important modifi
cations were made to them. The subsequent development and 
success of AMA (see next section) led to the removal of the trunk 
ticketers, so that the system was later modified to record the same 
information on AMA paper tape.23 This arrangement became known 
as "step-by-step AMA" or SAMA. 

The identification process became more generally known as 
"automatic number identification" (ANI). The particular form used 
in this system was labeled as "ANI-A." It initially was inherently 
slow since a separate identification was required for each digit of the 
calling line number and office code reconstruction. As traffic 
increased, greater speed was necessary. Several tone frequencies 
were introduced so that each identifier responded to its own 
frequency; therefore several tones could be present in the identifica
tion matrices simultaneously. In more recent years with the intro
duction of the traffic service position system (TSPS), the system was 
modified so that an identification could be made and the ANI infor
mation could be multifrequency pulsed forward to the TSPS on first 
selector "0" level trunks not arranged for SAMA. This feature was 
called "automatic number forwarding" (ANF). In 1974 the system 
was further modified for operation with 1 + 10 digit dialing for 
which increased digit capacity was required. 24 

5.2 Automatic Message Accounting 

The automatic ticketing systems were an obvious method for 
automating call charge records. However, providing equipment 
even as simple as the message ticketers on a per-trunk basis was 
costly, particularly as one looked forward to the growth of this type 
of traffic. In 1934, W. W. Carpenter and W. H. Matthies explored 
this problem and received patents on several centralized methods 
for recording charge information. 25 These generally used punched 
paper tape, such as employed in teletypewriter operation. The tele
typewriter punches required rather expensive dies and were limited 
in speed, so that a large number of them would be required to 
record the large volume of data resulting from the many telephone 
calls originating in a single central office. 

In the early 1940s, Carpenter conceived a die-less form of 
punched paper tape. The paper was broken by the point of a nail 
driven against a countersunk hole. This break in the paper formed 
an embossing. The width over which the tape could be punched 
was controlled only by the size and spacing of the countersunk 
holes. When pressed against the holes, the 3-inch wide paper tape 
would move without a drive sprocket. To provide a simple mechan
ism for advancing the paper in this manner, Carpenter used the 
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drive mechanism of a 206-type selector, which had 44 evenly spaced 
steps. With the diameter chosen, there were six perforations per 
inch. During World War II, Carpenter made a number of these 
simple tape perforating mechanisms in the basement of his home, 
using an automatically controlled drill press. Fig. 6-15 shows a per
spective view of the perforator mechanism. The tape is 28 hole posi
tions wide. 26 Fig. 6-16 shows the way the perforations were used to 
record digital information. 

To read this tape it was necessary to have pins that applied a small 
amount of pressure and so would pass through the holes where 
they existed, but that would not perforate the paper when there 
were no holes. The pins were in turn attached to sets of contacts, so 
that the information coded on the tape could be read. Fig. 6-17 
shows a tape perforator and reader in cabinets as used at the 
accounting center where the tapes were processed. 27 
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Fig. 6-15. Perspective vil:!W of the perforator. "Nails" emboss paper 
perforations into countersunk holes in the cylinder. 

Another feature of this recording system was that one tape 
recorder served 100 district junctors or trunks through a "call iden
tity indexer"28 (see Fig. 6-18). The information about all the calls 
served by these trunks was placed on the tape in chronological 
order. This system was developed for use only in offices of the 
common-control type so that the called number was available from a 
sender. In crossbar offices the identity of the calling line number 
was available when establishing the connection to an originating 
sender or register. This information was translated from the equip
ment location to a directory number with a Dimond-ring translator 
(see Chapter 7, section 1.1), taking into account the identity of the 
party on two-party lines. 29 The common-control equipment placed 
an initial entry on the tape, generally providing the calling and 
called numbers, the time of day, information concerning the type of 
billing for the call, and the number of the trunk serving the call. 
Later, when and if the call was answered, the trunk number and 
time would be recorded on the tape, and an identical timing entry 
would be placed on the tape at the conclusion of the call. Inter
spersed among the thre~e entries of a particular call were similar 
entries for calls served by the other 99 trunk circuits as well as 
hourly and daily timing entries. 
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Periodically, usually once a day, these tapes would be collected 
and delivered to an accounting center where the tape readers and 
other tape perforators were located. A complete accounting system 
for calls handled by AMA was developed at Bell Laboratories from 
1946 to 1948. The "AMA accounting centers," as they were called, 
produced printed records, one for each customer per month, listing 
each call, the elapsed time, and in some cases the charges. Similar 
processing was used for calls billed on a message unit rather than 
detail basis . The accounting process consists of successively reading 
and reperforating AMA tape as shown in Fig. 6-19. Fig. 6-20 
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Fig. 6-16. Top: method of recording information on AMA tape; patterns 
of perforations specify digits describing details of call. Bottom: code pat
terns for recording calling and called numbers, time information, and 
other details used for preparing bills. 
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Fig. 6-17. A tape reader, left, and two perforators, right, as used in an 
automatic message accounting center. 
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Fig. 6-18. Arrangement of equipment to provide AMA in a common
control office showing, in the lower right, the call identity indexer as 
applied to No. 1 crossbar. The call indexer provided the number of the 
trunk or district junctor to be recorded on the AMA tape. 
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shows the original printed output for detail and bulk-billed calls. 
Reference 30 is a list of papers giving additional details on the AMA 
central office paper tape recording system. 

In 1948, the first AMA accounting center was placed in operation 
in Philadelphia, Pennsylvania, coincident with the cutover of the 
first No. 5 crossbar system, which included the AMA feature. Pre
viously a trial of AMA central office equipment in a No. 1 crossbar 
office was conducted in Washington, D.C. Both the No. 1 and 
No. 5 crossbar systems were arranged for AMA recording, which in 
time became known as "Local AMA" or "LAMA." 

About this time (late 1940s) a number of new methods of record
ing data were being developed as pioneering work for digital com
puters. One development proposed but rejected after considerable 
study was a magnetic wire version of AMA. It was not until the 
early 1960s that magnetic tape standards and reliability had reached 
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Fig. 6-19. Outline of the process of reading, reperforating, assembling, 
and sorting AMA tapes. End product was the information for an individ
ual customer's bill. 
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BE6 APR 313 • BE6 0217 APFt • 0039 ••4 7 • 09 1S02 2 l.I~ 
0042 ••25 9205 •5 

• 0103 ••32 
0108 ••16 • 09 1722 13 !!A9 
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• 0122 •139 • 17 19~3 " "1'0~ 
0125 •••3 6403 •5 

• 0126 ••12 • 18 2109 1 l~A4 
0127 •••3 151539 ·~ 0128 •••6 

• 0137 •••2 
0146 ••20 

Fig. 6-20. Left: AMA summary list of telephone numbers showing 
number of message units charged to each. Right: toll slip showing details 
of toll calls made from telephone number BE6-0217. 

a point where it was considered satisfactory for recording call 
charge information. At that time, LAMA was introduced into the 
No. 1 electronic switching system using a magnetic tape (see 
Chapter 9, section 5.2). 

AMA accounting centers were established in the Bell System for a 
period of 15 years. Improvements made in the accounting center 
process included a machine that automatically assembled the call 
records and computed the elapsed time for the assembled calls. 
This machine, known as the "assembler-computer," replaced many 
intermediate sorting stages and used new apparatus, principally 
sealed contact digit register relays and the UB relays. 31 The inventor 
of the assembler-computer was A. E. Joel, Jr., and the patent result
ing from this invention was the largest one issued in the United 
States up to that time, comprising almost 250 claims and drawing 
figures32 (see Fig. 6-21). Over 100 of these machines were built. 

The Mv1A accounting center was one of the first steps in compu
terized centralization of plant operations. With the advent of elec
tronic data processing the AMA centers were replaced by machines 
that converted punched paper tape to magnetic tape to enter into 
the other portions of the automated billing process. 

5.3 Centralization of AMA 

Although the AMA recording system was quite successful, it was 
used primarily for detail-billed toll calls, since only a few areas had 
message unit billing for local calls. At that time the amount of toll 
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Fig. 6-21. A. E. Joel, Jr. , with his assembler-computer patent-the larg
est patent issued up to that time (1960) . 

calling from many offices could not justify the expense of LAMA 
equipment . Also, the application of AMA in the step-by-step and 
panel systems could not be justified economically. As a result, the 
concept of centralized AMA (CAMA) was developed. With central
ized AMA, toll calls were routed to a tandem or toll office where 
trunks and registers were arranged to operate with the AMA record
ing equipment. In addition, the registers were connected to cord
less operator positions after the called number was received by the 
sender. An idle position was connected momentarily for the opera
tor to request the calling line number, which the operator keyed into 
the sender for billing purposes . The calls using these CAMA opera
tor positions (see Fig. 6-22) provided what became known as 
"operator number identification" or "ONI."33 For light traffic 
periods, arrangements were made for cord-board (DSA) operators 
to respond to these calls . 
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Fig. 6-22. Washington, D.C. installation of centralized automatic mes
sage accounting (CAMA) operator positions . 

The CAMA principle was applied to all systems used for tandem 
and toll service except for the panel system. The concept was first 
developed starting in 1950 for the crossbar tandem system34 

(see Chapter 8, section 3.1 and Fig. 6-23) with the first installation 
cutting over in Washington, D.C. in 1953. Ultimately 189 or 
approximately 65 percent of the tandem systems were equipped for 
CAMA operation. 

A basic problem when connecting step-by-step offices to com
mon-control offices is that dial pulse (DP) transmission from a 
customer's dial can reach the trunk prior to connecting a sender to 
receive them. Dialing a ''1'' reaches these trunks. Two methods of 
insuring the receipt of succeeding digits may be employed. The 
digits may be stored in the trunk, or a bypass or "bylink" may be 
used to bring the digits that may be dialed into the sender while the 
full link connection is being established (see Fig. 6-24). 

To serve calls reaching the offices directly from local step-by-step 
offices over CAMA trunks, a separate register-sender arrangement 
was designed for the crossbar tandem system. 35 Here a high-speed 
single stage "bylink" connects the trunk to a 3-digit register while 
the sender link connects the trunk to a regular dial pulse sender 
(see Fig. 6-25) to receive the remaining digits. Later the register 
deposits the earlier digits into the sender. Similar bylink arrange
ments are provided in other CAMA applications. 

Tandem features were made available to the No. 5 crossbar sys
tem (see Chapter 7) in early 1952,36 and CAMA features were added 
in 1958. The first cutover was in Newhall, California in 1959. 37 
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Much of the toll calling from around the country is recorded in toll 
offices of the 4A crossbar type (see Chapter 8). CAMA features 
were developed for this system starting in 1954 with the first cut
over in Albuquerque, New Mexico in 1960.38 Special features 
included remote operator number identification (ONI) positions,39 

by links, 40 and new dial pulse registers. 41 The registers store all 
digits and send them as multifrequency pulses to a CAMA sender 
when it is attached to the trunk in the usual manner (see Fig. 6-26). 
A common group of senders then serves all offered dial pulse and 
multifrequency traffic. Approximately 80 of the 182 4A crossbar 
offices were placed in service with these features. 

Finally, similar arrangements were developed for the step-by-step 
intertoll system, many of them very small42 (see Fig. 6-27). The first 
of about 90 systems was placed in service in Steubenville, Ohio in 
September 1961. 
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Fig. 6-23. Centralized automatic message accounting feature (bottom) as 
applied to crossbar tandem switching (top), first placed in service in 1953. 
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In some areas the ONI method proved unsatisfactory due to the 
frequency of recording of incorrect calling numbers and the subse
quent billing errors. Also, as the volume of toll calling increased, 
the number of operator positions increased. Therefore, it became 
necessary to develop automatic number identification equipment for 
most local switching systems so that ONI could be eliminated as a 
routine operation on most calls, to be reserved only for calls where 
the ANI equipment fails, for identifying the calling line number for 
multiparty lines, and for re·cording special billing numbers. 
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Fig. 6-24. The bylink circuit and sequence chart showing how step
by-step offices can connect to common-control systems. 
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Fig. 6-25. Bylink arrangements for crossbar tandem switching. 
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Fjg. 6-26. Arrangement for 4A crossbar CAMA. New dial pulse register 
(shaded box) was one of several special features, first placed in service in 
1960. Another new feature was remote ONI positions. 
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Fig. 6-2?. Shaded boxes show CAMA units in step-by-step intertoll 
office, first placed in service in 1961. 

5.4 Automatic Number Identification 

Many methods for identifying calling lines and translating 
between equipment and directory number were studied. 43 The ini
tial general-purpose ANI method devised for use in panel, step-by
step, and No. 1 crossbar offices became known as "ANI-B." This 
system functioned in a manner similar to the ANI-A in automatic 
ticketing, except that the matrix was more economically divided to 
provide for the simultaneous identification of one among 10,000 
numbers by digits, then into 100 groups of 100 (see Fig. 6-28). 44 A 
5800-hertz tone was placed on the local sleeve lead to the outgoing 
trunk to the CAMA office45 (see Fig. 6-29). After the called number 
has been received by the CAMA sender, this sender signals back to 
the outgoing trunk in the originating office and the calling line 
number is pulsed forward by multifrequency pulsing from an ANI 
sender. 
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Fig. 6-29. H. A. Miloche standing in front of an ANI-B number network 
frame that serves 1000 lines . He holds a primary network unit for ten 
telephone lines . 

ANI-B was designed to be most economical in larger offices where 
large amounts of detail-billed calling was expected. As a result, the 
per-line and trunk equipment was kept simple and low in cost while 
the common equipment had a high getting-started cost. The key 
equipment item was the 1000-line number network frame . The sys
tem was not transistorized because at the time the development 
started, reliable transistors with the required but unusual detector 
and amplification characteristics were not yet available. Nonethe
less, ANI-B has given a good account of itself in the field with over 
30.4 million lines installed. The first standard installation in a No. 1 
crossbar office was in Seattle, Washington in February 1961. The 
first panel office installation (Newark, New Jersey) and No. 1 step
by-step office (Stamford, Connecticut) followed closely in the same 
year. It was also during the development of wiring for the line net
works that H. A. Miloche, R. F. Mallina, and F. Reck invented a 
solderless wrapped connection technique to eliminate solder crosses 
and clippings in this wiring maze46 (see Chapter 5, section VIII). 

It was found that for small step-by-step offices, generally those 
serving fewer than 5000 lines, providing ANI-B was too expensive. 
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Fig. 6-30. ANI-C and ANI-D use 100-number network assemblies. Two 
of these are shown in the upper part of the figure, with two plug-in diode 
cards and a common terminal array between the two 100-number net
works . The inset shows a number network: three neon glow lamps and a 
resistor held by a plastic band and placed between terminal posts. Bot
tom: a three-bay frame that provides the trunk, sender, and network cir
cuits for up to 2000 numbers. 
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This meant that as direct distance dialing (DOD) was applied to 
more of the Bell System, the smaller offices could participate only by 
utilizing operator number identification. With increasing labor cost 
and percentage of DOD calls it was necessary to devise a more 
economical version for customers in smaller offices. 

A more economical system, ANI-C, was developed for this appli
cation. 47 The first office was South Sioux City, Nebraska in January 
1965. This system had more expensive active devices, gas tubes, for 
each line appearance and :lower getting-started costs in the common 
equipment (see Fig. 6-30). Instead of a tone, this system used a 

Fig. 6-31. Composite space-saving ANI-D frame containing line-identifi
cation networks, trunks, and sender. 
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heavy positive pulse on the sleeve lead that ionized the gas tubes 
associated with the calling line. This design was to extend ANI to 
offices in the 1000- to 5000-line range. The number frame accommo
dated 2600-line networks. 

For slow-growing offices the equipment arrangements were not 
economical, since too much spare space was provided. A repack
aged version, ANI-D, introduced with first service in Van Dyne, 
Wisconsin in March 1973, provided a system that economically filled 
the need in smaller offices48 (see Fig. 6-31). A single frame could 
provide ANI capability for as many as 3600 lines. ANI-C with more 
than 4.3 million lines installed and ANI-D with more than 2.6 
million lines installed provided community dial offices with the 
same high-quality toll calling, without the intervention of an opera
tor, as provided in the larger metropolitan offices. 
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Frames of No. 5 crossbar equipment in a commercial office, about 1950. No. 5 
was a local system with great flexibility in signaling and trwzking. Its many illlzo
vations included incorporation of automatic message accounting, a single set of 
switch frames for originating and terminating traffic, a unique multi-digit 
Dimond ring translator, and the ability to receive digit-identifying tones from the 
customer's telephone. 


