
Chapter 9 

Beginnings of 
Electronic Switching 

The advantages of speed realizable from electronics were evident from an 
early date, and even before World War II Bell Labs experimented with gas 
tube control of crossbar switches. After the war, the impetus toward elec
tronics was increased by the invention of the transistor at Bell Labs in 1947, 
and a number of experiments in both the research and development areas 
made use of the properties of transistors, gas diodes, magnetic drums, and 
cathode ray tubes. The results of these experiments were encouraging 
enough to spur the development of an electronic switching system for a field 
trial at Morris, Illinois; an important milestone was reached in 1955 with 
the incorporation into the Morris design of stored-program control. Even 
before the successful conclusion of the Morris trial in 1962, the Bell System 
recognized that full-scale development of electronic switching was the road 
to the future. One consequence was the No. 101 electronic switching sys
tem, a time-division PBX which first saw commercial service in 1963. 
Development effort at Bell Laboratories culminated in the No. 1 ESS, first 
placed in commercial service in 1965, and the 4-wire version incorporated 
into the government's AUTOVON (AUTOmatic VOice Network) system, 
beginning in 1966. Since the mid-1960s, the history of ESS and stored
program control has been one of rapid, continuous growth in versatility and 
range of services. 

I. EARLY APPLICATIONS OF ELECTRONICS 

The successful application of electronics to transmission led to 
many attempts to seek its potential for switching, as described in 
Chapter 5, section I. Some of these started before World War II in the 
research area, such as the call announcer (see Chapter 3, section I), 
remote zone registration (Chapter 4, section 2.2), and multifre
quency pulsing (Chapter 6, section IV). Circuits using gas tubes 
were developed and deployed for remote zone registration and for 
selective ringing of party lines. After the war, the development area 
found increasing application for such items as vacuum tubes in 
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single-frequency signaling (Chapter 6, section IV), gas tubes in 
No. 5 crossbar in the ring translator (Chapter 7, section 1.1), timing 
circuits (Chapter 7, section 1.2), transistors in the card translator 
(Chapter 8, section 1.2), and the line insulation test circuit 
(Chapter 7, section 1.2). In Chapter 5, section I, other early 
research efforts are mentioned. 

II. THE START OF SYSTEMS THINKING 

One of the prewar research experiments was the gas tube control 
of crossbar switches, included in the design of a laboratory model 
No. 1 crossbar line link frame (see Fig. 9-1). After World War II, 
this effort was revived with a view toward a small crossbar com
munity dial office (COO) that would be more reliable than the 
No. 380 system (see Chapter 4, section 2.4). The result was an 
exploratory development carried out in the research department 

Fig. 9-1. Pre-World War II experimental No. 1 crossbar line link frame 
with crossbar switches controlled by gas tubes . 



Beginnings of Electronic Switching 201 

under the supervision of F. A. Korn from the development organi
zation. The system design was started in 1946 and tentatively iden
tified as the No. 385 crossbar COO (see Fig. 9-2). The system plan 
was very similar to the No. 43 system (see Chapter 4, section 2.4). 
Final development was dropped because this system could not com
pete economically with step-by-step COOs. 

As early as 1942, some study was made of time-division switch
ing, but systems using this technique were found to be limited in 
capacity. As a result, most postwar effort started with space
division systems, first using sealed-contact switches, as in the 
experimental system known as ECASS (for "Electronically Con
trolled Automatic Switching System"). 1 Other efforts involved gas 
tubes in 1946,2 or semiconductor crosspoints. 3 In all of this effort the 
basic idea was to apply control "marks" to an input and output of a 
multistage network so that one path and only one path through 
crosspoints connecting idle links would be established without dou
ble connections. This was known as "end-marking" with automatic 
lockout, and the objectives were to reduce network control complex
ity and to establish connections rapidly, one at a time. 

A time-division signaling scheme using a separate signaling chan
nel was investigated11 and was used in the ECASS model. This gave 

Fig. 9-2. Experimental No. 385 crossbar community dial office, a 1946 
attempt to incorporate electronics into switching. 
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rise to the scanning concept used later in another experimental sys
tem called DIAD (for "magnetic Drum Information Assembler
Dispatcher"), 5 and in electronic switching systems. 6 By 1949, 
models of many of these concepts were in existence and stimulated 
the thinking of many engineers about electronic switching systems 
in general. A 100-line time-separation system, as time division was 
then called, was built in 1950, and a frequency-division system was 
studied. Transistor lockout circuits and, eventually, crosspoints 
were made and network experiments conducted in 1951. In 1947 
and again in 1955, proposals were made to use light-beam switching 
to establish talking connections. 

Magnetic drum storage was applied in the DIAD system in 1954 
with the basic idea of writing at the same address immediately after 
reading the stored information so that the same control logic circuits 
could act on a time-division basis for calls stored at each successive 
address. A magnetic drum translator system was explored for use 
with the 4A crossbar system in place of the card translator (see 
below, section 4.3.3), but did not go into production. An experi
mental model of a two-way gas tube translator was also explored for 
use in local switching systems to meet the automatic message 
accounting requirement of equipment-to-directorY. number, and the 
number group directory-to-equipment translation. 7 

III. RESEARCH SYSTEM EXPERIMENTS 

The many basic ideas of scanning, end-marking, electronic (gas 
tube and semiconductor) crosspoints, and call wire signaling 
resulted in the research systems ECASS and DIAD and in a third 
system termed ESSEX (for "Experimental Solid State EXchange"), 8 

all of which were built as laboratory experiments in the late 1940s 
and 1950s. They formed test beds into which the various new 
switching ideas could be tried and demonstrated. Under the direc
tion of W. D. Lewis, the team of E. B. Ferrell, W. A. Malthaner, C. 
A. Lovell, M. Karnaugh, W. A. MacNair, H. E. Vaughan, J. D. 
Johannesen, D. B. James, J. R. Runyon, E. Bruce, N.D. Newby, and 
many others established new ideas and devices for switching, and 
stirred interest in electronic switching not only at Bell Laboratories 
but also worldwide. Once electronic switching developments were 
undertaken, this research effort was gradually phased out during 
the 1960s. 

In the late 1960s, a new effort under H. S. McDonald was started 
to determine the applicability of integrated circuits to switching for 
the future. As a result, digital central offices and adjuncts were pro
posed. It is expected that digital techniques will have as profound 
an effect on switching in the future as the early research efforts had 
on the development of electronic switching. 
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Switching research is scheduled to be covered in detail in a forth
coming volume of this series. 

IV. THE START OF ELECTRONIC SWITCHING DEVELOPMENT 

4.1 System Studies 

In 1951, C. E. Brooks and his group of systems engineers at the 
Bell Laboratories West Street location in New York City began defin
ing the requirements for an electronic central office. The older dial 
central offices such as panel and step-by-step would eventually 
need more modern replacements, and electronics appeared to offer 
an opportunity for significant cost and space savings. This was an 
era that had seen the invention of the transistor and the introduc
tion of the electronic stored-program computer. Moreover, very 
rapid technological changes were just beginning to make available 
new high-speed components for use in telephone switching. Exper
imental skeletonized central offices or functional subsystems were 
designed, constructed, and tested by Bell Labs engineers in switch
ing research at Murray Hill, New Jersey and switching development 
at West Street. These efforts were paralleled and supported with 
innovations by the physical research and electronic apparatus 
development organizations at Murray Hill. The design of ECASS 
and DIAD provided a basis for the study, but continuing innovation 
and changing technologies were already shifting the choices of 
apparatus and methods of system operation. 

Fairly complete studies for a "transistor switching system" were 
completed by Brooks and members of his group in 1952 to achieve a 
paper design and to test its cost effectiveness compared to step
by-step and No. 5 crossbar offices. The system was envisioned as 
having three major elements: the switching network and the control 
circuits (to comprise the "central office"), and an accounting center 
at a different location. In addition, portions of the network were to 
be distributed closer to groups of customers in units known as 
remote line concentrators. 

4.1.1 Transistor Switching System-The Network and Scanner 

The switching network was seen as an "end-marked" network. 
The control circuits had only to apply the proper electrical marking 
signals at the two terminals to be interconnected; the network 
would automatically seek and connect a single transmission path to 
the appropriately marked terminals. The connection would be 
released by end-marking (with a different signal) at least one of the 
terminals to be disconnected. An arrangement of the reed-gas tube 
diode switch, used in the ECASS experiment, was operated in this 
fashion. The gas tube diodes provided the end-marking feature, the 
reed relays the 2-wire (electrically balanced transmission) metallic 
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connection for voice transmission, dial pulse signals, and ringing or 
busy signals. One alternative was a gas tube network that would 
both respond to de end-marking signals and, when operated, pro
vide a speech transmission path with gain. The gain would be used 
to offset other losses incurred in the network so as to have transmis
sion characteristics equivalent to those of electromechanical switch
ing systems. (Fig. 9-3 shows a comparison of the reed diode and 
the talking-path diode configurations.) The third choice was like the 
second. A junction transistor took the place of the "talking-path gas 
diode"; however, the transistor network would exhibit a slight 
transmission loss rather than a gain. 

Neither the talking-path diode nor the transistor network could 
pass large signals such as the line ringing voltages and currents. 
Furthermore, to reduce the number of switching elements meant 
that the networks had to be connected to a single path (unbalanced 
transmission) from terminal to terminal, requiring a return via a 
ground common to all paths. Consequently, each balanced line or 
trunk was transformer-coupled to the network; dial pulse signals 
from the customer could not be transmitted through the network to 
digit-receiving circuits. 

These signaling limitations were seen as opportunities. There was 
interest in adding electronics to the customer's telephone to: 1) per
mit high-speed ac signaling instead of ten-pulse-per-second dial 
pulsing, 2) provide amplifiers for speech and low-level ringing sig
nals transmitted through the network to the set, and 3) include 
automatic identification of party line telephones by pulses transmit
ted from the telephone to the central office. Speech amplification 
allowed the transistorized telephone to operate with substantially 
less current and power than the existing telephone required. 

The need for ac signaling from the telephone set was obviated 
with the capacitively coupled rotating scanner invented for DIAD by 
N.D. Newby. 9 The scanner would sequentially interrogate each of a 
great many lines at microsecond speeds for origination requests and 
dial pulses. One device would serve as the equivalent of both the 
line relay and dial pulse detector. The actual registration of digits 
could be kept in a common memory associated with the control 
means. Eliminating the high-speed ac signaling requirement greatly 
simplified the electronics needed for the telephone set. (In his pro
posal Brooks included a scanner and common memory for storing 
digits; these used cathode ray tubes and phototransistors.) 

Several important steps in the evolution of electronic central 
offices are seen here. Filrst, high-speed electronics could be used 
more advantageously in a common centralized circuit (the scanner), 
and many individual registers could be replaced with a bulk elec
tronic memory (the cathode ray tube). Second, the scanner was 
used in performing two functions-detecting originations and col-
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lecting dial pulse digits. A controlling means alternatively used the 
scanner to perform these different tasks at different times, rather 
than delegating such complexity to the scanner itself. 

Initially, the system studies included recommendations for the 
transistor network. The transistor network required much lower 
marking and operating voltages than the gas tube alternatives, and 
transistors required less space and power. Economic estimates 
favored the transistor, although a device and circuit implementation 
was not then at hand. 

With the transistor network it was further thought that a six-stage 
end-marked network could be obtained, whereas only a four-stage 
network would be obtainable with gas tubes. The network was to 
be modular so that it could grow from fewer than 1000 lines to a 
maximum size of JlO,OOO line terminals. A six-stage design would 
handle this span of network size more economically (fewer 
crosspoints per line) than would a four-stage configuration. To save 
crosspoints in smaller offices, the network modules could be assem
bled into a four-stage configuration, enabling intraoffice calls to be 
routed more economically. This latter feature would take advantage 
of the "community of interest" of calling patterns usually associated 
with small offices. 

As the small office grows larger, the efficiency of the intraoffice 
link scheme falls, and these links would be removed and replaced 
by two-port intraoffice trunks. Growth would be accomplished by 
adding network frames and by redistributing the links by rearrang
ing connections on the junctor grouping frames. At first it was 
thought that the junctor rearrangement would require rewiring, but 
the idea of using plug-in cards to simplify and speed this task was 
considered a future possibility. The network switch stages were to 
be plug-in modules to make repair easier. 

Early network plans included the option of removing a portion of 
the first stage of switching and the associated line scanner and 
replacing this equipment with remote line concentrators to reduce 
the copper requirements of the outside plant. Supportive studies 
were begun in 1951 to look at remote line concentrators for applica
tion to the transistor switching system and, more immediately, to 
No. 5 crossbar. Other studies showed plans for six-stage networks 
which, with the use of concentrators, could grow to a capacity of 
500,000 lines. Field trial systems of remote line concentrators 
resulted, but commercial application did not appear until later. (See 
Chapter 11, section 2.10.) 

4.1.2 Transistor Switching System-The Control 

The control of the transistor switching system relied heavily on 
cathode ray tube (CRT) tedmology. A CRT with an associated array 
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of phototransistors at its face would serve to scan lines and trunks 
for the busy-idle condition, for call originations, and for dial pulses. 
A second associated CRT would provide an erasable memory for 
keeping per-line or per-trunk information for scan points associated 
with each phototransistor. One group of CRTs would serve lines, 
and the second would serve trunks. A third CRT erasable memory 
system provides memory for transient information associated with 
individual calls. Wired logic and flip-flop arrays would access the 
three CRT systems at microsecond speeds under the synchroniza
tion of an electronic "clock" to detect and assemble the intelligence 
needed to determine the network connections required. The wired 
logic and flip-flop arrays would also access the network frames and 
trunk circuits through diode matrices in order to control the estab
lishment of the actual network connections. Fig. 9-4 shows a 1952 
vintage block diagram of the system. It closely resembles the con
figuration used in the Morris and No. 1 ESS systems (see below), 
although the stored-program control was not yet incorporated and 
the memory was still somewhat less consolidated than in the later 
systems. 

Lines and trunks would be scanned at high speed by deflecting 
the CRT beam from one phototransistor to the next. The combina
tion of the beam's presence and the proper voltage signal on the 
wired lead connected to its phototransistor would generate a signal 
indicating the idle condition, request for service or busy state, or 
dial pulse information (see Fig. 9-5). The address of the beam, i.e., 
the X and Y axis deflection voltages, would correspond to the line 
equipment number. By repetitively accessing all the scanner cells in 
rapid succession, the control is able to count dial pulses and detect 
interdigital intervals. 

The digits would be counted and registered in a temporary 
storage memory. One proposed memory was the barrier grid tube. 
These CRT devices used the electron beam to deposit static charges 
on an insulating layer (mica) to represent binary information. Sub
sequent interrogation of the site by the beam yielded differing 
amounts of secondary electrons, which could be detected by a col
lecting anode10 (see Fig. 9-6). Although the barrier grid tube was 
not commercially available, experimental models of this device 
made at Bell Labs in Murray Hill, New Jersey demonstrated suffi
cient memory capacity. 

For economy, the transistor switching system, like DIAD, used a 
common bulk memory rather than individual registers to accumulate 
and store dialed digits. Unlike the DIAD drum memory, the barrier 
grid tube could read or write only one bit of memory per operation. 
The latter's very high-speed random access to any memory site was 
considered sufficient to meet the needs of the transistor switching 
system. The barrier grid tube was more economical than a drum 
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Fig. 9-5. Cathode ray tube scanner for the transistor switching system: 
(a) overall geometry and (b) cross section of one cell. 

memory, which required many read/write circuits and associated 
flip-flop registers-at least one per track for the drum. This trade-off 
between speed of operation and economy of memory access circuits 
later shifted back to word-organized memories in the first production 
designs of electronic switching systems. 

Once the digits were registered, the need then was to translate 
the directory number into the equipment number so as to be able to 
locate the called line in the office or to locate the appropriate group 
of trunks if the call was to go to another exchange or to an operator. 
A bulk memory could be addressed with the number to be 
translated, and the stored data would represent the corresponding 
translated values. This memory was to be placed in a centralized 
accounting center. 
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Fig. 9-6. Barrier grid tube and cross section. Electron beam deposits 
static charges on mica insulating Ia yer. 

4.1.3 Transistor Switching System-The Accounting Center 

The accounting center function associated with the transistor 
switching system was to include shared information and was to use 
barrier grid tubes and another CRT system described below. A 
two-way data link would connect the control of the transistor 
switching system to the accounting center office, which could be 
located in another building. (Data linking over telephone lines was 
a subject of research in the 1950s. 11

) A single data base for the trans
lation between equipment numbers and directory numbers could be 
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conveniently administered for a number of electronic central offices 
connected to the revenue accounting office, and the sharing of the 
data base would provide obvious economies in the total system. 
Although not implemented at the time of the introduction of the 
No. 1 Electronic Switching System (ESS), the data link transmission 
of billing information to a centralized recording center was intro
duced in 1975 and is described in Chapter 11, section 2.8. 

A very large fast-access memory was needed to carry out the trans
lation function, and a cathode ray tube system was also suggested for 
this task. In the example just noted above, the called-line directory 
number could be encoded into an X andY deflection position, and the 
beam would be directed to a starting point on a low-persistence phos
phor screen in the CRT. Behind the CRT would be placed a photo
graphic plate, a condensing lens, and a photodetector (see Fig. 9-7). 
The plate would have an array of transparent and opaque sites 
representing ones and zeros. From the starting address, the beam 
would be scanned along a row of these sites, and the resulting stream 
of ones and zeros would be read from the photodetector and an asso
ciated amplifier into a register of transistor flip-flops. The register 
would then contain the desired equipment number. This use of a 
"flying spot" scanner as a binary memory store provided a bulk 
memory device. It would contain all the information for lines and 
trunks and would include both translation of equipment location to 
directory number (calling number identification) and translation of 
directory number to equipment number (location of the called 
number's connection to the switching equipment). 

Other electronic memories were considered for use in the control 
and accounting systems. These included magnetic tape, magnetic 
drums, and acoustic or electric delay lines. As pointed out above, 

CATHODE RAY 
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CONDENSER 
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Fig. 9-7. Basic plan of the flying-spot store, about 1954. Information is 
stored in the photographic plate. 
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the system required fast access (tens of microseconds or less) and 
large capacity (tens or hundreds of thousands of bits); at the time, 
this combination of requirements was practically achievable only 
with the CRT systems with their rapid random access. 

Equipment number to directory number translation would be 
stored in flying-spot scanners at the accounting center to identify 
the directory number to be charged. This is obtained by using as the 
memory address the equipment identification number transmitted 
from the transistor switching system to the accounting center. A 
barrier grid tube memory would be used to collect the information 
needed to determine call charges. Once the charge and billing 
numbers for a call were completed, the information would be 
moved to magneti~~: tape to make room for new call data entering the 
barrier grid store. 

The central office would access the translation data in the account
ing center as needed by request over the data link. For example, the 
completion of incoming calls requires a translation of the directory 
number to an equipment number. The central office would transmit 
the directory number, and the accounting center would use the 
directory number to address the flying-spot scanner. The response 
would be the readout of the equipment number, which would then 
be sent to the central office to allow the completion of the call. 
(Centralized computers of this type have since been used in non-Bell 
commercial switching systems.) 

With these models, the transistor switching system appeared 
economically attractive for a 9,000-line office in New York City and a 
2,000-line office in Morris, Illinois. However, more studies were 
undertaken to refine the requirements of the system and gain better 
understanding of the choices of apparatus. Market studies of both 
replacement offices and new wire center applications were to be 
undertaken along with a look at the tandem and toll switching 
applications. The development of a remote line concentrator for the 
No. 5 crossbar system was already under way (as described below, 
section 4.3.1) and would contribute to better understanding of that 
part of the transistor switching system. 

4.2 1952-1954 Studies 

Additional system studies continued to define more completely 
how the transistor swit~~:hing system would operate and included 
fairly detailed considerations of apparatus, equipment, and cost 
effectiveness. The point was reached where development was con·· 
sidered the next logical step. A prospectus was prepared by Bell 
Laboratories and transmitted in May 1954 to AT&T. 

This prospectus recommended that Morris, Illinois be the location 
of the first office .. A good deal of engineering data had been gen-
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erated for this location, and its modest size would enable engineers 
to obtain the experience' needed with minimal expenditures. The 
outside plant included enough pairs so that a remote concentrator 
would not be required, and a smaller gas tube diode network could 
be used rather than wait for a transistor network. The transistor 
network was then proposed to make its appearance in larger offices 
subsequent to Morris. The flying-spot scanner memory store (later 
to be called the flying-spot store) was estimated to require 76,000 
bits of information, and the barrier grid tube was calculated to 
require 14,000 bits of changeable memory. 

The earlier system studies assumed every line would be scanned 
repetitively every five milliseconds. This fast rate was required for 
properly detecting dial pulses but was not necessary for detecting call 
originations or disconnects. The proposal was changed to scan idle 
lines every 100 milliseconds; only those lines in the state of dialing 
would be observed every five milliseconds. The same scanner would 
be addressed at different speeds to carry out the two functions. 

It was thought that the speed of operations of the system would 
be so fast that dial tone signals would no longer be required to tell 
the originating customer when to start dialing. In prior systems the 
customer would be connected through the network to a digit 
receiver with a dial tone generator attached. The scanning at the 
line and the elimination of dial tone obviated the need for the "dial 
tone call." However, it was subsequently realized that dial tone pro
vides very useful feedback to the customer-the line is working 
properly, another party or extension phone is not already using the 
line, and so on. Therefore, the idea of eliminating dial tone was 
abandoned. 

The 1954 prospectus estimated the Morris control to be 100 flip
flops and 2000 semiconductor logic gates. The prospectus also 
noted a number of customer services and operating features that 
could be added subsequently by making modest changes in the con
trol logic. It was recognized that a good deal of the control complex
ity had been transformed into words of data stored in the bulk CRT 
memories, and changes in the memory contents would be far easier 
to make than rewiring of individual circuits. (See Fig. 9-8 for a 1954 
conception of the electronic central office.) 

The system would largely comprise plug-in units, and test 
sequences would exercise the control logic and connecting subsys
tems to locate troubles. Lamps would automatically be lit to point to 
the location of the circuit fault. Duplicate subsystems would pro
vide stand-by capability until faulty plug-in units could be replaced. 

In July 1954, Bell Laboratories was authorized to develop an elec
tronic central office, a major goal of the systems studies. In the 
meantime other systems studies and exploratory development con-
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tinued as the transistor switching system evolved into the Morris 
system. 

4.3 Exploratory Development 

In the early 1950s a number of Bell Laboratories development and 
research engineers were applying electronics to modernizing elec~ 
tromechanical switching systems or functional parts of the systems. 
This included work on magnetic core logic and memories, cathode 
ray tubes, magnetic drums, cold~cathode gas tubes, transistors, and 
diodes. These were being assembled into working systems that 
were tested in the lab or underwent field trials. Four such projects 
are described below. 

4.3.1 An Experiment-al Remote Line Concentrator 

It would appear economical to concentrate telephone traffic close 
to a group of customers and so reduce the number of pairs of copper 
wire that must be brought to a wire center for interconnection. The 
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Fig. 9-8. View of the Morris electronic central office as of 1954. The 
control system was then estimated to be 100 flip-flops and 2000 semicon
ductor logic gates. 
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economics involve a trade-off on the cost of remotely locating the 
switch, including its distributed power and maintenance, versus the 
savings in the loop plant. If, for example, a concentrator could be 
used to avoid adding new underground ducts, then a substantial 
material and cost saving could be realized. 

In 1953, under the supervision of A. E. Joel, Jr., exploratory 
development of a remote concentrator was started using a variety of 
electronic components and techniques. 12 The design objectives 
included: compatibility with existing standard dial telephones; the 
ability to work with one- and two-party lines, but not with coin or 
PBX lines; a minimum of associated per-line central office equip
ment; and a design to work with No. 5 crossbar, since No. 5 was 
the newest local switching system at the time. Also, maintenance of 
the equipment was to be simplified by making a modular design 
with plug-in units in the remote equipment-a first for Bell Tele
phone switching equipment. Other "firsts" included the use of 
high-speed pulsing (500 bits per second) between the central and 
remote units, and a dedicated magnetic tape in the central office for 
recording usage and call delay measurements for several concentra
tors. The use of a high-speed line scanner not only saved two relays 
per line but also aided in generating the data for the magnetic tape 
measurements. The per-line portions of the scanner and gas tube 
reed relay concentrator for a single line were assembled into a plug
in unit that was encapsulated to protect against humidity. As 
shown in Fig. 9-9, it was designed for plug-in operation. 

Fig. 9-10 shows a concentrator serving 60 lines over ten trunks. 
The pole-mounted unit uses two additional trunks as data links 
between control circuits in the concentrator and the central office. 
The concentrator acted as another stage of switching, but it basically 
replaced the "build out" of the first stage of the line link frame in 
the serving No. 5 crossbar office. Accordingly, the central control 
unit, which could handle a number of remote line concentrators, 
operated two stages of switches. This "fooled" the marker, which 
had sent a command to operate only one stage of the line link frame. 
Fig. 9-11 shows how the control is interposed to carry out the "fool
the-marker" method of operation. This minimized the wiring 
changes in the No. 5 crossbar office when the remote line concen
trators were to be added or moved. 

Three concentrators were built, and field trials were conducted in 
LaGrange, Illinois, Englewood, New Jersey and Freeport, Long 
Island. Although these trials were operationally successful, addi
tional hardware would have been required for maintainability in a 
production model. Subsequent cost estimates indicated an insuffi
cient market to warrant design development for manufacture at that 
time. The inherent advantages of speed and reliability offered by 
semiconductors had yet to win the day. 
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4.3.2 The Distributed Line Concentrator 

Based on the experiences with Joel's experimental concentrator, 
switching systems engineers, headed by C. E. Brooks, investigated an 
alternative approach called the distributed line concentratorY This 
approach was based on several important principles that were 
intended to '' turn the corner' ' but which relied on similar technologies . 
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5-STAGE COU NTER 

12-STAGE COUNTER 

Fig. 9-10 . Experimental remote line concentrator. This unit, develop
ment of which began in 1953, used ac power from the central office to 
drive rectifiers supplying power at the pole. 

With the distributed line concentrator, most of the control com
plexity and associated maintenance was to be kept in the central 
office. The distributed per-line equipment was designed to have a 
minimum of autonomous control; for example, no repetitive scan
ning was provided as part of the remote equipment. Also, the per
line equipment was to be distributed in very small units that would 
have been connected at the points where cable pairs were spliced to 
individual line drops. Fig. 9-12 shows the arrangement described. 

The distributed system was also based on the fact that most of the 
lengths of telephone loops were to be found as pairs in a multipair 
cable. Each and all per-line units would share a number of pairs in 
the cable, thereby concentrating traffic on a smaller number of pairs 
in that cable . Additional pairs in the cable would have served as sig
nal leads (or number group) to communicate between the central 
office control and the individual customer telephones. By wiring 
each customer line unit to unique combinations of three out of eight 
number group leads, individual access to up to 56 lines was possible 
with the 15-pair cable. 
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Fig. 9-11. Modification of No. 5 crossbar to accommodate remote 
line concentrators. 

The central office control unit was intended to "fool-the-marker," 
as in the earlier concentrator design, but the distributed concept 
also envisaged intraconcentrator call connections with the aid of 
special customer line units. This technique removed unnecessary 
traffic load from the central office and reduced blocking on the con
centrator trunks. With reasonable levels of a community of interest 
in the calling patterns within the concentrator group, significant 
increases in the effective concentration were possible. 

The concentrator crosspoints distributed in each customer line 
unit were to be the combined gas tube reed relay type similar to 
those previously described. A second type of customer line unit 
was also proposed wherein the reed crosspoint was magnetically 
latched instead of requiring a hold current. Other gas tubes, semi
conductor logic diodes, and relays comprised the remainder of the 
components of the customer line units. A paper design of two con
figurations of the concentrator was described in July 1963 and test 
models were operated in several No. 1 crossbar central offices, but 
like its predecessor the distributed line concentrator was not 
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deemed practical for commercial production. An electromechanical 
concentrator using specially designed magnetically latched crossbar 
switches was introduced in 1961, and over 4000 of these systems 
were installed (see Chapter 11, section 2.10). Electronic concentra
tion did not prove in until the late 1970s. 

4.3.3 Magnetic Drum Translator 

Beginning in the early 1950s, large-capacity magnetic drum 
memories were tried in applications of electronics to various switch
ing functions. The :first of these was the route translating function 
for the 4A crossbar toll switching system. The 4A card translator 
using point-contact phototransistors was originally designed for this 
task, as described in Chapter 8, section 1.2. 

Magnetic drums offered speed and memory capacity appropriate 
to the task and, as will be explained, would have reduced the 
amount of equipment required and simplified the administration of 
the translations records of the card translator. A working model of 
the magnetic drum translator was built and was operated with a 
skeletonized No. 4A crossbar office for over a year. 14 It used a 
variety of electronic components including vacuum tubes,. cold
cathode gas tubes and point-contact transistors and diodes. 

Fig. 9-13 is a block diagram of the magnetic drum translator. It is 
associated with a relay decoder-another functional element in the 
4A crossbar system. The decoder passed requests for call routing 
translation from the marker to the translator in the form of from 
three to eight decimal digits encoded in a two-out-of-five redundant 
code. The decoder accepted encoded route information from the 
translator in return. 

As shown, the magnetic drum translator was designed to operate 
in the same way as the 4A card translator; thus, the drum translator 
could be added to a working 4A system with no changes. A 4A toll 
office can be equipped with up to 18 decoders and associated 4A 
card translators. Since the magnetic drum reads out all of its trans
lation data in serial fashion with each 35-millisecond revolution, a 
single drum memory assembly could have been multipled to a 
number of delivery and s~~lecting units to serve all 18 decoders. A 
second drum would have served as a maintenance and administra
tive spare. The magnetic drum would be updated via an administra
tive frame, which could be connected to the read/write heads of the 
drum. Thus, one or two update operations would serve to reliably 
update the entire translation facility. 

The magnetic drum translator was carried to the point of demon
strating that the drum would retain the translation information over 
long periods of time without deterioration. The design was not a 
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Fig. 9-13. Design of experimental magnetic drum translator, intended 
for use with No. 4 toll crossbar. 

production design, and it was not carried further inasmuch as the 
choice of the card translator for the No. 4A crossbar development 
had already been made. The magnetic drum translator was 
reviewed again in the early 1960s for application to the 4A and 4M 
toll crossbar systems, but was once more dropped in favor of a more 
powerful stored-program control approach. 

4.3.4 Magnetic Drum Auxiliary Sender 

The beginning of direct distance dialing (DOD) in 1951 required 
that switching systems accept, process, and forward to connecting 
central offices more digits (typically 10 instead of 7) from the cus
tomer. This meant that local switching systems comprising step- · 
by-step, panel, and crossbar had to register more digits and "send" 
or transmit more information to other nodes in the DOD network. 
Thus, the capacity of a substantial number of registers and senders 
needed to be increased in each central office in order for that office 
to be a part of the ODD network. The magnetic drum sender was 
proposed as an electronic means to meet this need. 15 

Fig. 9-14 shows a block diagram of the magnetic drum auxiliary 
sender as arranged for a laboratory model of a No. 1 crossbar office. 
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The scanner used diode logic for sequentially scanning 156 senders 
every ten milliseconds for dial pulses. The scanner was synchron
ized with the magnetic drum read/write circuits and therefore to 
corresponding memory slots on the drum. By comparing the scan 
result with the contents of the drum memory, the sender space con
trol would determine the number of pulses in the digit, the inter
digital times, and the completion of the digits received. When all 
the digits had been received, the sender space control would then 
assign one of six transmitters to the sender and convert the readout 
of the digits in sequence to select the proper train of two-out-of-five 
multifrequency tones to be transmitted to the distant office. 

The apparatus included a narrow drum rotating at 1500 revo
lutions per minute. Fig. 9-15 is a photograph of the drum and 
Fig. 9-16 is a pictorial of the drum layout. The latter figure shows 
the memory for one "sender space" -{)Ccupying approximately one 
quarter of one square inch of the drum :recording surface, but pro·
viding the 'equivalent of more than 50 relays of conventional digit 
registers. 

I 
I 
I 
I 
I 
I 

SUBSCRIBER I 
SENDERS I 

'-----t MONITOR 

LABORATORY MODEL OF MAGNETIC DRUM SENDER 

Fig. 9-14. Magnetic drum auxiliary sender (drum at lower right in 
diagram), an attempt to apply electronics to problems of expanding direct 
distance dialing. (AlEE Transactions on Communications and Electronics, 
Vol. 77, March 1958.) 
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Fig. 9-15. Magnetic drum unit of the auxiliary sender, about 1953. 
(AlEE Transactions on Communications and Electronics , Vol. 77, March 1958.) 

SLOT 

PERMANENT 
RECORD 
TRACKS 

Fig. 9-16. Allocation of space on the drum. The sender space as indi
cated was equivalent to more than 50 relays. (AlEE Transactions on Com
munications and Electronics, Vol. 77, March 1958.) 
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The relative simplicity of the system logic is due to the ability to 
write back into a drum slot several microseconds after the readout 
from that same slot has been obtained. A partial digit can be read 
from the drum and updated when indicated by a scan result and the 
new value of the digit written back, all within 17 microseconds. 

Although the magnetic drum auxiliary sender used transistor and 
diode logic extensively, it still required vacuum tube read/write cir
cuits for the drum itself. Its engineers had intended the design for 
production, but the economics were not promising and specific 
development plans were dropped early in 1954 in favor of an elec
tromechanical design (see Chapter 8, section III). 

Included in the effort on the magnetic drum auxiliary sender was 
the work by W. Ulrich and B. J. Yokelson on the design of diode 
logic and diode scanners, which was used in the next ste~ of the 
application of electronics to central office switching systems. 6 

4.3.5 Conclusion 

Systems studies had suggested that high-speed electronics should 
provide smaller and less expensive centralized switching systems. 
Electronic replacements for several functional pieces of elec
tromechanical switching systems were designed, built, and tested in 
the laboratories or in field trials, but were not cost effective. Ques
tions regarding reliability and maintainability had not been fully 
answered. Hot-cathode, high-vacuum electronic components had 
useful lifetimes of only a few years, even when operated conserva
tively. The bearings of magnetic drum memories had lifetimes of 
only a few years. 

During the early 1950s the junction transistor began to be 
manufactured, and techniques were developed for growing single 
crystals, for zone refining, and for ion implantation. These factors 
led toward electronic elements that, compared to vacuum tubes, 
were less expensive, smaller and more reliable, and used far less 
power. Cathode ray tubes to store information, which otherwise 
would have required tens of thousands of wires or relays, also 
provided powerful technology for considering the next step: the 
building of an entire switching system principally from electronic 
components. Theoretical work on the analysis and synthesis of 
combinational and sequential circuits, and the development of more 
powerful error-detecting and error-correcting schemes, allowed the 
designers of electronic switching circuits to economize their designs 
and to make the circuits more dependable and maintainable. The 
laboratory models and field trial systems provided a background of 
experience with some of the earlier devices from which the perform
ance of newer technologies could be projected. 
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4.4 Towards an Electronic Central Office-Pre-Morris 
Although application of electronics had not yet achieved produc

tion status, the designs were getting closer to the point of proving 
in, and work was authorized in July 1953 to build laboratory models 
of parts of an electronic central office and eventually to put the parts 
together in a skeletonized central office in the laboratory. The work 
was initiated by AT&T because the proposed system involved much 
that was radically new, both in circuitry and apparatus elements. 
The possibilities for the electronic central office with respect to exist
ing switching systems were seen to be (1) substantially lower first 
cost, (2) large space savings, (3) less maintenance, and (4) greater 
flexibility in meeting changing service requirements. 

Bell Labs development of a specific system was authorized by 
Western Electric one year later to develop a system for field trial 
from which a first production system could be attained. Initially, 
A. E. Joel's department in C. A. Lovell's laboratory was assigned to 
this task, and work began at the West Street, New York City loca
tion. Lovell's laboratory relocated to the Whippany, New Jersey 
Laboratory in the fall of 1954. By May 1955 the work had progressed 
to the "breadboard" stage, and the effort had expanded to the 
building of a field trial model using the technology of the laboratory 
model. 

The apparatus for the laboratory system included germanium 
alloy junction transistors (complementary npn and pnp types) and 
germanium point-contact diodes. 17 Although these devices were not 
used in the production version of an electronic switching system 
(ESS), the discipline of limiting the variety of transistors and diodes 
for manufacturing economies was followed. Fig. 9-17 shows typical 
plug-in circuit packs and the mating connectors to which wire wrap 
connections would be made to construct functional units from these 
building blocks. On these packs were placed the diode AND and 
OR gates, the transistor inverting and noninverting amplifiers, and 
flip-flops. These building blocks were interconnected to construct 
the logical functions needed in the various equipment types. Figure 
9-18 shows a typical rack-mounted array of the logic packages. 

The other components of the system included the previously 
described barrier grid store and the photographic or flying-spot 
store suggested by C. E. Brooks and others (see above, sections 
4.1.2 and 4.1.3). In June 1954, a radical change in the use of the 
flying-spot store was suggested in an internal memorandum written 
by W. Keister. The diode and transistor control circuits being 
designed were complex sequential circuits. Keister knew that the 
complete behavior of the circuits could be represented by a table of 
numbers whose entries would be binary numbers representing the 
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Fig. 9-17. Plug-in circuits and connectors used in mid 1950's laboratory 
model electronic switching system. Logic circuit boards are 11h inches wide 
by 7 to 9 inches long and connect to 12 terminal wire-wrap connectors. 

outputs of the control circuit and its next internal state. By placing 
the total description of the control circuits in memory, the control 
circuit complexity would appear in the table rather than in the diode 
and transistor logic circuits. Keister noted: "Detailed engineering of 
large numbers of logic circuits would be eliminated. To change a 
sequence of actions, add new functions, or modify old [ones] it 
would be necessary only to change the program in the permanent 
memory.'' 

By June 1955, W. A. Budlong and A. H. Doblmaier were designing 
the sequential control circuits for the electronic central office. They 
were finding that the size and complexity of the circuits were strain
ing the limits of design rules of the semiconductor diode and transis
tor logic circuitry. Furthermore, relatively minor changes in the 
requirements often resulted in extensive changes in the circuit 
design, which did not augur well for the subsequent addition of new 
features to meet evolving customer or operating company needs. At 
that time, Budlong had read an article in the journal of the Institute of 
Radio Engineers describing a digital computer and was struck by the 
similarity of what the computer could do and the actions required of 
the control circuits. He began devising instructions that suited the 
task of processing telephone calls and writing sample programs. This 
approach was dubbed Stored Logic in Memory (SLIM) by A. E. Joel, 
Jr. and underscored the circuit savings to be gained with this tech
nique of implementing common control. 
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Fig. 9-18. Rack-mounted array of logic packages . 

The idea began to gain momentum; however, the new technique 
required much more storage in the flying-spot store, and the speed 
of operation had to be increased materially. R. W. Ketchledge and 
R. E. Staehler learned of this proposal and began working on ideas 
to improve the performance of the memory system. This resulted in 
several inventions by these engineers that used servo techniques to 
sufficiently improve the performance of the flying-spot store. In 
September 1955, Lovell and Ketchledge decided to switch to stored
program control, and the revolution in the design of telephone 
switching systems was under way. The first reauthorization of the 
Western Electric funding in early 1956 noted this change of events. 

The laboratory model was assembled, and the first telephone 
switching programs were written for this model. 18 Fig. 9-19 is a view 
of the laboratory model constructed at the Whippany, New Jersey 
Laboratory. By that time Morris, Illinois had been selected for the 
field trial location, and the model system came to be known as 
"pre-Morris." The first telephone call was placed through this sys
tem in March 1958. For reasons given earlier, the pre-Morris and 
later the Morris systems used the gas tube network. This required 
the new low-power telephone using an electronic tone ringer, which 
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Fig. 9-19. The stored-program "pre-Morris" laboratory model electronic 
switching system. The first telephone call through this system was placed 
in March 1958. 

was field-tested in Crystal Lake, Illinois prior to its use in the Morris 
trial. 

4.5 Electronic PBX 

In 1955, several proposals were made to provide a modern private 
branch exchange PBX in the smaller line sizes-some to serve as few 
as 20 to 50 lines. One proposal used relays and crossbar switches 
but added transistors, semiconductor diodes, and magnetic cores to 
exploit their smaller size and much faster speed in a self-contained 
system. A second proposal was to adopt the previously described 
gas diode reed relay concentrator as a customer premises switch; the 
central office would contain one or more control units that would be 
shared by a number of customer-based switch units. The control 
would communicate with the switches via a data link, and PBX 
trunks from the switch would terminate at the central office contain
ing the control unit. On the basis of these ideas, fundamental 
development was funded in March 1956 and continued through 
1958. 

A third proposal for the network of the new PBX called for placing 
electronically gated speech samples onto a " talking bus." Two tele-
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phones could be connected by arranging their electrical signals to be 
sampled at the same time. Other conversations could be interleaved 
in the same manner. The time-division switch approach was even
tually favored over the space-division proposals inasmuch as the 
network switch elements would grow as the number of lines served, 
instead of as the square of that number. 

Fig. 9-20 shows the basic configuration of switch and control cir
cuits for the Electronic PBX (EPBX). Two talking buses are shown in 
the block diagram to provide capacity greater than that available 
with a single-bus system. To interconnect line A to line B requires 
the use of the interbus connection via gates 4 and 5. 

The fundamental development effort focused on the design of the 
time-division switch elements, the memory systems appropriate for 
the electronic memories for the switch, and the requirements and 
logic for the control unit. Laboratory breadboard and brassboard 
models demonstrated technical feasibility, and in September 1958, 
specific development of the EPBX production was authorized by 
Western Electric. As in the Morris project, the design of the control 
unit of the EPBX was changed from wired logic to stored logic prior 
to its field trial. 

4.6 The Morris Field Trial 

With the successful design and construction of the pre-Morris 
laboratory system, the development of the Morris system was con
tinued, applying the same or very similar devices and apparatus. 
An end-marked gas tube network provided the concentration and 
distribution functions, and a line scanner detected the off-hook/on
hook state as well as dial pulse signals and switchhook flash signals. 
Germanium diode and transistor logic comprised the logical build
ing blocks for the central control and other functional units, and the 
barrier grid store and the flying-spot store provided the scratch pad 
and program memories. 19 

· 

The organization of the system is shown in Fig. 9-21. 20 The marker 
executed the network order transmitted from the central control and 
provided a buffer between the 3-microsecond operating speed of the 
central control and the milliseconds required for the marker to find 
and mark a connection in the gas tube network. The signal distribu
tor served as another buffering device which accepted encoded 
address information at microsecond speeds and selected relays to be 
operated and released. Most of the relays were associated with the 
various trunk circuits. 

The crosspoint element for the switching network, the cold
cathode gas tube, is depicted in Fig. 9-22. It is a neon tube that 
requires 200 volts to be applied to cause ionization and conduction. 
When the tube conducts, its voltage drops to 110 volts, and 10 milli
amperes of current flows. In this state, the device possesses a nega-
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Fig. 9-21. Organization of the Morris, Illinois system. Most of the 
devices and apparatus were similar to those used for the pre-Morris sys
tem. 

tive ac resistance that amplifies small signals (talking currents) 
transmitted through it. This gain offsets the losses in the transform
ers and other circuits in the network. A single path through the 
Morris network is shown in Fig. 9-23. 

As indicated in Fig. 9-24, the network marker (only the distribu
tion portion is shown for simplicity) was provided with terminal 
addresses of the desired connection and used this information to 
apply marking voltages at each end of the network. The voltage sig
nals propagated towards the center or junctor stage of the network. 
The signals would not travel through busy crosspoints and thus 
were "locked out" from possible double connections. The marking 
signal fanned out through idle crosspoints, and the marking signal 
from each end of the network propagated to a number of terminals 
on each side of the junctor stage at the middle of the network. 
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The junctor stage comprised a set of junctor circuits which were 
sequentially interrogated or enabled to find a junctor circuit which 
had the marking signal present at both terminals. When that condi
tion was obtained, a special gas tube tetrode would ionize, and the 
selected gas diodes turned on and remained on after the marking 

13" 
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lt:fJ~¥5 . ~~}c~ 
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RESISTOR 

Fig. 9-22. Gas tube crosspoint (top) and plug-in network module (bot
tom) for the Morris system. In addition to its switching function, the 
device amplified voice signals. 
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Fig. 9-24. Morris system talking connection showing marking voltages 
which caused connection control signals to propagate to the junctor stage 
of the network. 

and junctor enabling voltages had been removed. The unselected 
paths deionized, and only the desired connection remained. The 
many possible connections which were sequentially tested with the 
junctor circuits provided the network with its redundancy to 
operate with occasionally failed network elements and to meet the 
low blocking requirements for its engineered traffic. 

Once a path had been established, the "memory" of the connec
tion was the conducting state of the gas diodes. To release the con
nection, a negative marking voltage was applied to the terminal of 
the customer for which the hang-up signal had been detected first. 
This signal propagated through the gas diodes and the junctor cir
cuit, and released the connection. The release operation generated 
a pulse on the terminal of the second customer's connection. This 
pulse was detected and translated (in an identifier circuit not shown 
in Fig. 9-24) into the terminal's address. This information was sub
sequently read by central control so that it could update its busy-idle 
memory to reflect the disconnecting of the second customer. 

Fig. 9-25 shows the concentration and distribution networks at 
Morris. FluoresCE!nt lamps inside the cabinets excited a photoelec
tric material deposited inside each diode. This served to provide a 
sufficient number of free electrons in the gas to assure rapid ioniza
tion of the gas in response to the marking voltage signals.21 

The ringing signal was a low-level audio frequency voltage that 
could be passed through the gas tubes and line transformers. (The 
normal 90-volt ringing signals were too great to pass through the gas 
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I 
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Fig. 9-25. Concentration and distribution networks of the Morris sys
tem. Fluorescent lamps excited enough free electrons for the gas tubes to 
operate. D. T. Osmonson checking the operation of a gas tube module in 
the network. 

diode network.) The telephone shown in Fig. 9-26 used two transis
tors in a tuned amplifier to detect a particular ringing frequency and 
amplify the signal to drive the miniature horn shown in the 
photograph. This electronic substitute for the electromechanical 

Fig. 9-26. Telephone set used in the Morris trial. Transistor circuit pro
vided amplification for both tone ringing and speech . 
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bells is known as a "tone ringer." The tuned amplifier detected dif
ferent frequencies for different party line telephones and thus pro
vided full-selective ringing for up to eight parties. When the receiver 
was removed, switchhook contacts reconfigured the transistors into 
a speech amplifier. This reduced the line power required, and the 
reduced current permitted the use of a smaller line transformer con
necting the customer's loop to the switching network. 22 

The flying-spot store for Morris was substantially larger and faster 
than the laboratory model. 23 The switch from wired logic to stored
program control resulted in the design of more sophisticated drive 
and feedback circuits to reduce the access time and increase the 
number of data channels. Figure 9-27 shows the multiple array of 
lenses, photographic plates, and detecting photomultipliers which, 
with the cathode ray tube, provided a 2.2 million bit store. To gain 
the high accuracy and speed of operations required of the flying
spot store, a number of channels accessed photographic plates, 
which were code plates giving a unique response for each of 256 
values of vertical and horizontal deflection of the beam. As shown 
in Fig. 9-28, this information provided the error signal for a feed
back deflection system, which achieved an accuracy of beam deflec
tion otherwise unattainable. By combining the direct and feedback 
drive, the speed of operation of the store was increased so that suc
cessive 25-bit instruction words could be read by central control 
every 2.5 microseconds. To operate with occasional imperfections 
in the photographic plates (the information density was approxi
mately 42,000 bits per square inch in a 256 by 256 array of opaque 
and clear spots), each instruction word included a 5-bit Hamming 

OBJECTIVE 
LENS PLANE---

Fig. 9-27. Morris flying-spot store, which provided a memory of 2.2-
million bits. (Proceedings, General Fall Meeting, IEEE, October 1960.) 
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Fig. 9-28. Horizontal and vertical deflection feedback systems used to 
increase beam accuracy to levels previously unattainable. (Proceedings, 
General Fall Meeting, IEEE, October 1960.) 

code and a parity bit to correct single-bit errors and detect double 
errors. 

The Morris program required 50,000 instructions, of which one 
third contained the telephone operating functions and the remain
ing two thirds were used for maintenance and administration. 24 This 
amounted to 1.2 million bits of random access high-speed memory 
for the program alone. Translation memory also was stored in this 
memory. As can be seen from Fig. 9-29, which depicts the state of 
the art in late 1956, the flying-spot store best met the needs for large 
semipermanent stored programs. 25 

The Morris field trial began with part-time service on June 1, 1960 
and was built up to 24 hours a day service on November 11, 1960. 
By June 1961, a peak of 434 main telephones (total about 650 main 
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Fig. 9-29. In 1956, photographic store provided easily changeable, elec
tronic read-only memory wilth the best combination of capacity and speed. 

and extension telephones) were in service and continued at or near 
this level for the remainder of the trial, which was completed in 
January 1962.26 

Morris proved the basic soundness of stored-program control for 
telephone switching systems and provided the necessary experience 
and background for the production design of ESS. Once the system 
was shaken down,. Morris was able to operate with an uptime of 
close to 99.99 percent. By the end of the trial, customer trouble 
reports were dropping below the national average for several weeks 
at a time. Excluding vacuum tube and gas diode failures, the semi
conductor logic circuit pa12ks failed at a rate of fewer than two packs 
of 11,000 per month, and for the last six months of the field trial 
there was only one logic package failure. 

The Morris maintenance plan was designed to simplify mainte
nance by having the system itself perform the bulk of testing, 
analysis, and trouble reporting. For most cases, the task of the 
maintenance personnel was only that of looking up a printed trou
ble report in a maintenance dictionary to find out the location of a 
defective plug-in package and replace it. 

This technique was successfully employed by craftspersons who 
had been given various lc~vels of training in the administration and 
maintenance of Morris. 
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Customers were provided with the new low-current telephones 
which included a faster, 20 pulse-per-second dial. In addition, 
many customers had new calling features nowhere previously avail
able. Abbreviated dialing allowed the customer to dial a two-digit 
code; the memory contained the corresponding seven-digit office 
code and number, which was used to complete the call. The cus
tomer gave central office administrative personnel a list of seven
digit numbers corresponding to four available two-digit codes. 
Another feature was the ability, under customer direction, of 
automatically transferring calls to another telephone number, speci
fied by dialing command codes and the designated second number. 
The system would automatically store the requisite information and 
forward calls to the new number until the feature was canceled by 
the customer's dialing a second specified command code. Not only 
did stored-program control provide the new features with no addi
tional hardware, but these capabilities were added with relatively 
modest changes and additions to the program and space in memory. 
Making the same changes in the prior-art systems would have been 
much more extensive and costly. This advantage, along with the 
high degree of automation of maintenance through the use of 
stored-program control, were the driving forces for the revolution in 
the design of telephone switching systems. 

4. 7 New Devices 

During the exploratory development of the electronic PBX and the 
Morris electronic central office, there were many innovations made 
in memory systems, network devices, and logic elements. The vari
ous enhancements were investigated and tried; some were adopted, 
others rejected. By the time the Morris system was in operation, a 
revolution in technology had made obsolete all its major com
ponents. This revolution resulted in large magnetic memories, 
newer network elements, and the introduction of silicon transistor 
and diode circuits. A short review of some of the new or improved 
devices follows. 

4.7.1 Memory Systems 

Both pre-Morris and Morris used two high-speed random access 
memories, which were accessed independently and concurrently by 
the common control in executing its program. The flying-spot store 
contained the program and data that remained constant over a 
period of time, ranging from a few weeks to many years. It was 
known as a semipermanent memory inasmuch as it required human 
intervention to change its contents; the program was thereby pro
tected from inadvertently destroying itself. A second memory pro
vided the scratchpad for rapidly changing information such as dial 
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pulse counts and traffic data. This was referred to as a temporary 
memory, and in the Morris system the barrier grid store was used 
for this purpose. 

It is interesting to note that this dual storage arrangement was not 
employed in general-purpose computers of that time, since they did 
not have the stringent dependability requirements placed on the 
stored-program control used in central office switching systems. An 
added benefit of the arrangement is the concurrent reading of pro
gram instructions and the reading or writing of data, which results 
in data processing speeds higher than those obtainable with a single 
memory. 

The permanent magnet twistor memory-announced by Bell 
Laboratories in 195927 -provided a store that was as fast as core 
memory, reliably retained its data, and was substantially cheaper 
than equivalent core memories. The twistor memory is based on 
magnetic properties of permalloy tape helically wound around fine 
copper wire, as shown in Fig. 9-30. At that time, the twistor 
memory offered performance superior to that available from 
coincident-current access magnetic cores. To operate an equiva
lent-size core memory at the speeds attainable with the twistor 
would have required much more operating power. 

The permanent magnet twistor or PMT memory was first 
employed in military systems in relatively small memory capacities, 

3 MIL COPPER WIRE--._ 

0.3 MIL THICK 

4MIL 
( 

Fig. 9-30. Construction of twistor memory, 1963: a permalloy tape 

wound helically around copper wire. 
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but much larger memories were built and reported shortly 
thereafter. The PMT memory became a contender to the flying-spot 
store for the production model of ESS. 28 

Another contender developed by Bell Labs engineers was the 
capacitive memory store or "capstore." It was simply a matrix of 
capacitors to which input pulses were applied on word lines and the 
individual capacitors connected to output bit lines. 29 As shown in 
Fig. 9-31, the binary value of the word was determined by the pres
ence or absence of coupling capacitors between the input word lines 
and the output bit lines. Fig. 9-32 shows a batch-fabricated subma
trix of 32 words with 18 bits per word. Etched copper patterns 
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Fig. 9-31. Diagram showing concept of the capstore memory: words 
were constructed of patterns of coupling capacitors. (IRE Transactions on 
Electronic Computers, EC-10 September 1961.) 
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Fig. 9-32. Top: layout of c:opper and dielectric patterns forming capaci
tors. Bottom: photograph of capstore with capacity of 32 words of 18 bits 
each. (IRE Transactions on Electronic Computers, September 1961.) 
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separated by a thin layer of mylar formed the capacitors and the 
word and bit lines. By selectively cutting the connections between 
the vertical bit lines and the individual capacitor anodes, zeros are 
formed at those bit and word locations. The remaining uncut leads 
represent binary ones. A zero can be reconverted to a one by the 
application of conducting paint. 30 A 1024-word by 34-bit store was 
constructed and used in the brassboard model of the EPBX. 

The awkwardness of changing the memory and the linear nature 
of the circuit access, which severely limited any substantial growth 
of the size of the store, foreclosed its use in the production model of 
the EPBX. However, years later the capstore served very well in 
scientific computers as high-speed microprogram stores. 

In the area of temporary memories, the magnetic core memory had 
become the dominant memory in business and scientific computer 
systems. Coincident-current access techniques allowed the design of 
memories for which the size and cost grow as the square root of the 
total size of the memory. However, the speed of operation in the 
coincident-current mode was limited, and various approaches to 
overcome this limitation were explored in the development of the 
EPBX and the production ESS. One technique was to bias the 
coincident-current core matrix so that larger drive currents could be 
applied to speed up the switching action on the cores. Biased core 
access techniques were also used with core matrices which drove the 
solenoid windings of the PMT access circuits. 

Another approach was the ferrite sheet store. The ferrite sheet, 
shown in Fig. 9-33, was a batch fabrication means to overcome the 
high cost of the then-used technique of manually threading a large 
core matrix. By the time the production design of ESS was started, 
it was understood that the smallest office would require hundreds 
of thousands of bits of temporary memory. The result was that the 
ferrite sheet had an economic advantage over conventional core 
memories. 31 

4.7.2 Network and Scanning Devices 

Although the gas tube network performed satisfactorily in the 
Morris field trial, there were enough problems with it to warrant 
exploration of alternate technologies. As expected, the failure rate 
of gas tubes was significantly higher than that expected of transis
tors and diodes. Even during the earlier planning stages transistors 
were considered as the production device for the network, and gas 
tubes were accepted for use in Morris as an interim approach. 

One arrangement of two junction transistors in a "hook connec
tion," as shown in Fig. 9-34, yields a bistable switch that can be 
end-marked like a gas tube. The same operating characteristics can 
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rig. ':1-33. Ferrite sheet memory which used batch fabrication to avoid 
manually assembling and threading magnetic matrices of cores. 

be obtained in a single four-layer device-the pnpn diode-also 
shown in Fig. 9-34. Unlike the gas diode, the solid state bistable 
switches have some loss in the "on" state, so that networks made 
from these elements would degrade transmission more than the gas 
tube. Similarly, the "off" impedance of the pnpn and the hook con
nection was less than that of gas tubes. The reduced "off" 
impedance would degrade crosstalk margin. On the other hand, the 
pnpn offered not only a more reliable device but one that operated 
on much lower voltages, consumed much less power, and was far 
more compact. 

One of the major limitations in electronic network elements had 
been their inability to directly handle some of the conventional tele
phone signaling and test voltages and/or currents. For example, in 
crossbar switching systems a telephone is rung by connecting its 
loop through the switching network to a ringing generator. 32 The 
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ringing signal required to operate the bell is nominally 86 volts 
r.m.s. at 20 hertz superimposed on 48 volts de. To collect or return 
coins, a 130-volt de signal is sent through· the network to coin 
telephones. Test circuits also require electrically transparent de con
nections through the switching network to the customer's loop. 
Special access and protection circuitry had to be added to each ijne 
to accommodate electronic networks, regardless of whether the 
electronic network was one of space division or time division. 

The Morris system addressed the handling of ringing with a new 
telephone containing a low-voltage ringer, but other requirements 
for coin and PBX lines and loop testing were not resolved in the field 
trial. 

Although the use of the pnpn diode as a network crosspoint was 
pursued vigorously, the invention of the ferreed (a contraction of 
ferrite and magnetic reed) switch by A. Feiner, C. A. Lovell, T. N. 
Lowry, and P. G. Ridinger quickly became the economic choice. It 
was based on a small dry reed switch, to which was added a mag
netic latching structure which could be operated and released with 
electronic controls. At the same time, it provided metallic contacts 
which could handle the wide range of existing signaling and test 
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pnpn 
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Fig. 9-34. Solid state alternatives for network switches: top left, the 
"hook" configuration of transistors; top right, the pnpn diode. Below, 
on-off characteristic curve of the pnpn diode. 
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voltages and currents without special circuitry. This avoided the 
extra cost of special access and protection circuits and eliminated the 
need to change to the new telephones. 33 Fig. 9-35 shows an earlier 
(1960) version of the ferreed which used powdered sintered ferrite; 
Fig. 9-36 shows the production model, which used Remendur as the 
magnetic latch. 

The ferreed crosspoints were assembled into matrix switches, and 
networks were built up from these switches in a manner topologi
cally similar to crossbar switch networks. In operating a crosspoint 
in a ferreed matrix switch, however, very different techniques are 
used for control. Simultaneous currents through the horizontal and 
vertical windings of the crosspoint are needed to operate it. Current 
through only one winding will knock down a closed crosspoint or 
leave it unaffected if it is open. The individual switches were 
arranged in a matrix so that all the horizontal windings of a row 
were connected in series, and all the vertical windings of a column 
were also connected in series. Simultaneous current through a row 
and column thus operated the crosspoint at the intersection and 
released any other operated points on the same row and column. 
This was known as "destructive marking" and eliminated the need 
to open closed crosspoints at the end of a connection with little risk 
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Fig. 9-35. Experimental ferreed switching using powdered, sintered fer
rite rods and disks to latch glass-enclosed magnetic-reed switches. 
Differential windings (XI, X2, Yl, Y2) are pulsed simultaneously to close 
contacts; pulsing of either winding alone causes the contacts to open. 
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Fig. 9-36. (a) The production model ferreed switch with Remendur 
plates. (b) An 8 x 8 switch with covers removed. 
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of double connections, while greatly simplifying the control of set
ting up and taking down connections. 34 

The size of switch was chosen by considering the cost of control, 
the network configurations, the size of resulting frames, and switch 
cost. No. 1 ESS uses primarily an eight-by-eight switch. A binary 
number is most efficiently handled by a stored program, and the 
other factors determined the preference for 8 instead of 4 or 16.35 

In previous networks a third lead, the sleeve, was switched along 
with the tip and ring to form the memory of the state of connections 
in the network. Rather than using this technique, the state of the 
ferreed was retained in bulk temporary memory, called a "map," 
and maintained in step with the actual state of the network through 
the program. This reduced the cost of the total system and allowed 
the program to "reserve" paths in memory in advance of the actual 
connection to be made. 36 

To scan lines and trunks for originations, disconnects, dial pulses, 
etc., the associated on-hook and off-hook voltages biased semicon
ductor diode elements in the Morris field trial scanner. Interrogation 
pulses would correspondingly be transmitted or blocked. Although 
simple in concept, elaborate component networks were associated 
with each diode to protect it from high voltages and currents and to 
balance out longitudinally induced ac signals. This led to the inven
tion ofthe "ferrod" by J. A. Baldwin and H. F. May. 37 

With the ferrod on-hook and off-hook loop currents were mag
netically coupled through windings to a stick of ferrite material, 
which was the size of a large paper match. The difference in 
currents would selectively allow or inhibit the coupling of pulses 
from an interrogation winding to a sensing winding. Balanced wind
ings canceled the longitudinally induced interfering signals, and the 
magnetic rather than direct coupling of the loop to the interrogating 
and sensing electronics protected the latter from power line crosses 
or lightning strikes. Fig. 9-37 shows the ferrod in its most ubiquitous 
applications. 

4. 7.3 Logic Elements 

The logic elements in the Morris ESS were point-contact diode 
AND and OR gates with germanium transistor alloy junction stages 
to provide gain and/or logical inversion. A catalog of "universal" 
circuit packs provided the logic building blocks for that system. 38 A 
different approach to providing ''universal" logic elements was pro
posed for the EPBX and the production ESS. The PBX designers 
elected to use a single gate made up of resistors and silicon diffused 
junction transistors; the basic NOR gate could be used in combina
tion to generate the needed AND, OR, and INVERT functions. The 
ESS circuit designers in going to the production design opted for the 
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more expensive but faster NAND gate requiring silicon diodes and 
transistors. Its lesser power consumption and higher fan-in and 
fan-out capabilities made it attractive to the No. 1 ESS designers. 39 

The logic families described are indicated in Fig. 9-38. 

V. THE DEVELOPMENT OF ELECTRONIC SWITCHING 

By 1958, ESS development at Bell Labs in Whippany, New Jersey 
consisted of two major efforts. The primary effort, in terms of per
sonnel, was completing the hardware and software designs for the 
Morris system. This included writing and using simulators to test 
software before it could be tested in the system laboratory. The sys
tem laboratory was a full working replica of the Morris, Illinois sys
tem, and was used to test hardware and software working together 
as a system. And, while the development of the Morris system was 
being completed, a second and parallel Whippany effort was started 
on the design of the first production system, the No. 1 ESS. 

5.1 From Morris to the Start of No.1 ESS 

Authorization to develop ESS was approved by Western Electric 
in March 1958, the same month that the first call was placed in the 
pre-Morris system. At that time it was recognized that the gas tube 
would probably be replaced, and that higher-performance, dif
fused-junction silicon transistors and diodes were more suitable for 
the production design. The serial operation of the barrier grid store 
was also seen to be too slow for high-speed processor operation. 

TO CUSTOMER LINE, 
JUNCTOR, TRUNK, 

OR OTHER CIRCUIT TO BE 
SENSED OR SUPERVISED 

~ 
TIP RING 

Fig. 9-37. Ferrod scanning point used in ESS. Typical devices used in 
line scanning would saturate at 10 milliamperes loop current and provide 
maximum coupling of interrogate and readout windings for 5 milli
amperes or less. 
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Fig. 9-38. Logic elements as used in (a) the Morris design, (b) the elec
tronic private branch exchange, and (c) the production electronic switch
ing system. 
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In 1959, the ferreed switch was being studied as an alternative to 
the pnpn diode as the network crosspoint. 40 By 1960, all the major 
hardware components had been selected. This included the ferreed 
crosspoint, the permanent magnet twister store for program and 
translation data, the ferrite sheet store for transient data, and the 
silicon diode and transistors for the logic circuit. It is interesting to 
note that all the choices represented the better choice in power con
sumption. There was great concern over the use of "reliable" air 
conditioning to meet the range of operating temperatures required 
in a normal central office environment. Reliable air conditioning 
required expensive standby power generation equipment to back up 
commercial power. 

The Morris field trial system provided many fundamental insights 
for the production system.41 Foremost was the feasibility of the 
stored-program control to operate reliably in real time, 24 hours per 
day. The major functional units were duplicated, and the system 
included operational checks for both hardware and software. Special 
programs, known as fault-recovery programs, were initiated in 
response to failures of these operational checks. The programs 
quickly determined the faulty piece of equipment (network, 
memory, control unit, etc.) and automatically switched it out of ser
vice, allowing the duplicate to take over. The system could automati
cally isolate and remove faulty units, and thus could keep Morris 
running even though components might fail or operate intermit
tently. The wisdom of this design philosophy was confirmed by an 
unprecedented uptime for such a complex electronic system-better 
than 99.99 percent over a period of many months. 

A "Final Report" on Morris, dated March 1963, states: "Excluding 
the outages due to the failure of air conditioning plant, outages for 
the last 11-114 months averaged 4 seconds per day or less than 0.005 
percent." This was attained with an experimental system that con
tained about 75,000 semiconductor diodes, 12,000 transistors, 
30,000 gas tubes, and 2,000 vacuum tubes. The Morris system 
proved that complex electronic switching systems could be kept in 
essentially continuous operation for long periods of time. Special 
customer services that were found to be relatively easy to imple
ment with stored-program control were included in the Morris trial. 
The "Belltronic Services," as they were called, included abbreviated 
dialing, code calling, dial transfer, and others. Customer response 
was assessed and found to be very positive. 

The Morris trial demonstrated the value of remedial maintenance 
techniques, by which a faulty unit was diagnosed to determine the 
repair, and the repair was made by replacing a few plug-in packs. 
The trial also demonstrated the value of generating a "dictionary" of 
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failure patterns and of having adequate test access for the diagnostic 
programs. Overall, the use of stored programs to assist craftspeople 
in operating and maintaining the central office equipment was to be 
a key benefit in subsequent system designs. 

Although changes due to technological evolution were wide
spread in the hardware of the system, the soundness of the funda
mental architecture and of the stored-program approach was proven 
in Morris, Illinois. The extensive field trial comprised a year of 
dependabl~ full-time, around-the-dock service to more than 400 
customers. 

5.2 The No.lOl ESS Development 

The electronic PBX was renamed No. 101 ESS to indicate that it was 
to be part of a Bell System family of electronic switching systems. 

As described previously, the review of new technologies sometimes 
took different directions for the No. 1 ESS and No. 101 ESS projects, 
but where economies of development and manufacture were indi
cated, common choices prevailed. Thus, the permanent magnet 
twistor and ferrite sheet store were selected for the common control 
for both the No. 1 and the No. 101 ESS. In going from the brassboard 
model to the production design, the No. 101 ESS also adopted the 
stored-program approach, since the flexibility of design to obtain 
new, sophisticated features and aids to operation and maintenance 
were important to the PBX design as well as to No. 1 ESS. 

The No. 101 ESS included a pulse-amplitude modulation (PAM) 
time-division network. This was selected for use in the switch units 
to exploit the high speed and small size of semiconductor com
ponents. The offsetting complexity of interfacing with signaling volt
ages and currents was confined to providing special ringing controls 
in each line circuit and dial pulse-detecting circuits in each digit
receiving trunk. The pulse··detecting circuits pass TOUCH-TONE® 
signals directly and convert dial pulses into bursts of audio frequency 
tones that are detected by the control unit. Other special signals and 
switched test access, considered essential in central offices, were not 
required in PBX applications. 

The No. 101 ESS development laboratory under the direction of 
W. A. Depp was one of the first technical organizations to be moved 
to the new Holmdel, New Jersey Bell Laboratories building in the 
spring of 1962. There a fulll-scale lab model was built and operated 
for the completion of the system design. A field trial installation was 
operated, beginning in March 1963 at New Brunswick, New Jersey 
prior to the first commercial installation. The trial included two com
mercial customers and New Jersey Bell. 43 
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5.2.1 Initial Design 

A No. 101 ESS, the first commercial installation of electronic 
switching, using stored-program control, went into service in Cocoa 
Beach, Florida on November 30, 1963.44 At that time, each switch unit 
handled up to 200 lines, and the control unit had a capacity of 3200 
lines and 32 switch units. 45 

Each 200-line switch unit has two buses of 25 time slots each; all 
lines and trunks have access to both buses, as shown in Fig. 9-20. The 
dual bus serves 3- and 4-way conference calls. If one bus fails, there 
are still 25 time slots available for all lines and trunks. The call
carrying capacity with only one bus is sufficient to handle all but the 
heaviest of traffic loads. Fig. 9-39 depicts the 200-line switch unit and 
shows the ease of access for additions and replacement of line and 
switch circuit packages. 46 

The No. 101 ESS control unit is functionally organized as shown in 
Fig. 9-40. 47 The line information store contains class-of-service infor
mation and data for vertical services, such as abbreviated dialing lists 

Fig. 9-39 . A 200-line No. 101 ESS switch unit with doors open to show 
easy access for maintenance. (IEEE Transactions on Communications and 
Electronics , Vol. 83, July 1964.) 
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Fig. 9-40. Diagram of the No. 101 ESS control unit. The line informa
tion store and program store are permanent magnet twistor memories; call 
status store and data and digit store are ferrite sheet memories. (IEEE 
Transactions on Communications and Electronics, Vol. 83, July 1964.) 

for each line served. The line information store is the only undupli
cated functional unit. The system is designed to provide basic service 
when the line information store is out of service, and the added cost 
of a duplicate memory for vertical features was considered to be 
unwarranted. Both the program store and the line information store 
are permanent magnet twistor memories. 

The call status store contains successive 4-word blocks associated 
with each time slot in each switch unit. The first word of each block is 
the "call progress mark." The call progress mark indicates the state of 
the call in its associated time slot. The call progress mark can be idle 
(no call in that time slot), originating (a line has just gone off-hook 
and has been connected to an available time slot), dialing, ringing, 
talking, and so on. As the call is advanced by action of the call
processing program, the call progress mark is updated accordingly. 

The data and digit store contains change in supervisory status or 
signaling information transmitted over data and digit trunks from 
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each of the switch units and collected by the input-output logic. The 
input-output logic periodically scans all the data and digit trunks to 
collect the signaling and supervisory information in real time. Both 
the call status store and the data and digit store are ferrite sheet 
memories. 

The call-processing program deals with each switch unit in succes
sion. It first collects any new inputs for that switch unit from the 
data and digit store and readies that information for further action. 
It then proceeds to scan each progress mark in succession to deter
mine if new inputs will permit a call to be advanced. If a call can be 
advanced, the program transfers to a call progress routine associ
ated with that state of the call. Upon completion of the appropriate 
call progress actions, the scan of succeeding call progress marks 
associated with the same switch unit is resumed. 

Fig. 9-41 shows a control unit which indicates that it can be pro
vided in 7- or 11-foot bays according to the ceiling height and floor 
space needs. To grow to its capacity of 3200 lines, only digit data 
and trunk equipment need be added. 

5.2.2 Additional Switch Units 

Over 90 percent of the PBX installations were 200 lines or fewer, 
so the 200-line switch unit (the lA) would handle a large segment of 
the market. There was also a recognized need for larger switch 
units to provide for larger PBX customer needs, and three additional 
units were designed and manufactured to provide capacities of 340, 
820, and 4000 lines (see Fig. 9-42). The largest, the 4A switch unit, 
combined space-division ferreed switches and PAM time-division 
buses to provide the necessary terminal and traffic capacity. 

CALL CALL 
MAINTENANCE PROCESSOR PROCESSOR LINE 

CENTER NO.1 NO.2 DATA 

DIGIT 
DATA POWER 

TRUNK 
CONTROL 

TRUNKS 

Fig. 9-41. Arrangement of No . 101 ESS control unit, 1000 lines . For 
growth to 3200 lines, only digit data and trunk units are added. (IEEE 
Transactions on Communications and Electronics, Vol. 83, July 1964.) 
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Fig. 9-42. Options available with the No. 101 ESS, starting with a 200-
line switch unit. 

The No. 101 ESS switch units offered Centrex-CU (for Customer 
Unit) service. Centrex-CU provided its customer with direct inward 
dialing to individual extensions in the PBX and automatically identi
fied outward dialed calls to furnish billing details to the PBX cus
tomer. Calls between extensions were switched with equipment on 
the customer's premises, thereby reducing the number of trunks 
required between the customer and the central office. 

In this application, the No. 101 ESS superseded the 701A PBX and 
saved floor space on the customer's premises. 48 The first 4A switch 
unit was placed in service in February 1967, at the newly completed 
Indian Hill Bell Laboratories location in Naperville, Illinois. The con
trol unit for this switch was located in the nearby town of Whea
ton. 49 This system provided the convenience of modern PBX 
features, such as call forwarding to another extension, three-way 
calling where one of three parties could be on one outside line, and 
a group pick-up feature to allow calls to extensions in a given office 
to be picked up by other extensions in the same office. 

In 1969, the No. 101 ESS was arranged to provide main-satellite 
operation. In this arrangement several switch units for a single cus
tomer would be located in separate buildings, but all calls requiring 
an attendant would be routed to a common group of attendants at 
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one location-the site of the "main" switch. 50 At its peak, the 
No. 101 ESS served 300,000 extensions from more than 200 control 
units. 

5.3 Initial Development of No. 1 ESS 

In 1958, several steps were taken to initiate the development of 
No. 1 ESS. Development leading toward manufacture was author
ized in March of that year, and production design work started at 
the Whippany, New Jersey laboratory. A new systems engineering 
center was formed at the West Street, New York City, location with 
W. Keister as its director. This center was responsible for defining 
the requirements for the No. 1 ESS and the requirements for the 
field trial system at Morris, Illinois. The ESS development labora
tory at Whippany was by that time staffed by over 200 people in five 
departments. It was headed by C. A. Lovell as director and R. W. 
Ketchledge as assistant director. The engineers and scientists in 
these departments were gradually shifted over a period of time from 
work on Morris to the production design. 

At the time of the authorization for work, the first call had just 
been successfully completed in the pre-Morris laboratory model, 
and the actual field trial would not begin for more than two years. 
However, production design during this period resulted in the 
invention of the ferreed (initially for use in the line concentrator 
portion of the network), the invention of "low level logic" or "LLL" 
silicon diode-transistor logic gates by W. B. Cagle and W. H. Chen, 
and the invention of the basic architecture of the central control by J. 
A. Harr. Decisions were also made to drop the barrier grid store 
and the flying-spot store in favor of magnetic core memory (in the 
form of the batch-fabricated ferrite sheet array) and the permanent 
magnet twistor. These milestones were all reached by the end of 
1959. At that time the paper design of the central control included 
the "autonomous call module," a subsidiary processor which was 
the forerunner of the "signal processor." Subsidiary processing 
would be provided in those offices requiring call-carrying capacity 
beyond that obtainable without a signal processor. 

By January 1960, the development organization had grown to 240 
and was divided into two laboratories. C. A. Lovell headed the sys
tems and software laboratory, and R. W. Ketchledge had been 
appointed director of a laboratory responsible for all circuit and 
equipment design for production. In 1960, work continued on refin
ing the hardware design and determining software requirements. 
An improved version of the ferreed was developed using a metal 
sleeve of Remendur to replace the more fragile rods of sintered fer
rite material. In addition, the Bell Labs epitaxial process for transis
tor fabrication allowed the use of silicon transistors to obtain higher 
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breakdown voltages, reduce the collector-to-emitter saturation volt
age, and gain better reliability of operation. Laboratory models of 
ferrod scanners, ferrite sheet and twister memories, central control 
logic units, and network control units were assembled and operated 
in 1960 and 1961. On the system and software side, program plan
ning and development was under way. The system architecture 
was based on the expected size and capacity of the subsystems. The 
program order structure was evaluated by coding typical telephone 
sequences, and work was started on support programs both to gen
erate and to debug actual ESS instructions. Planning of a system lab 
was started. 

The flexibility of stored-program control was also extended to the 
trunk circuits designed for No. 1 ESS. The physical equipment in a 
trunk circuit is in most cases limited to that necessary for detecting 
and generating the signals required on these circuits and for per
forming basic switching operations such as loop closure or loop 
reversal. All sequencing of these operations, including timing the 
duration of signals, is pE~rformed by central control under instruc
tions from the program. This has the effect of minimizing the 
variety of trunk circuits :required and of reducing their cost, since 
changes in timing or sequence of operation can be made through 
changes in the program. 

During 1961, the development teams were reassigned to a 
separate division dedicatE~d to electronic switching. It was led by W. 
H. C. Higgins as executive director and included more than 300 peo
ple working on No. 1 ESS, as well as W. A. Depp's center at Murray 
Hill, New Jersey, which was developing No. 101 ESS, and J. A. 
Baird's center at Whippany, New Jersey, which was responsible for 
military applications. This last group had started development, in 
1959, of an integrated (voice and data, analog and digital) system for 
the Signal Corps. This system, to be described later, adopted much 
of the No. 1 ESS hardware and software. 

During the remainder of 1961 and 1962, the hardware designs 
were completed and givE~n to Western Electric for manufacture. In 
the summer of 1962, the 'electronic switching division was relocated 
to a new laboratory location at Holmdel, New Jersey, and shortly 
thereafter systems lab models were assembled for the three major 
projects. W. Keister's switching engineering center had moved first 
to Whippany to work more closely with development engineers. 
This center also accompanied the development organization to 
Holmdel in 1962. Keister remained in charge of ESS switching 
engineering until after the cutover of the first No. 1 ESS in Suc
casunna, New Jersey in 1965. 

Fig. 9-43 shows the early milestones for the first No. 1 ESS sys
tems lab. Although the units were tested at the factory, the equip-
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ment was subjected to extensive tests with "X-ray" programs in the 
systems lab. These test programs were executed by the central con
trol to test itself and the remaining functional units of the system. 
(These X-ray programs became the major element of installation 
testing, which minimized the need for testing hardware in the 
field.) By August of 1963, debugging of the system was under way, 
and effort was increased to two shifts by November of that year. 
With specially written X-ray programs, the first call was placed in 
the Holmdel lab on September 30, 1963. Although this did not use 
the system program, it demonstrated the working of all the func
tional units (networks, scanners, distributors, ringing circuits, and 
trunks) needed to place such a call and to confirm the readiness of 
the system lab to operate as a debugging tool for system programs. 51 

In addition to the system equipment, there was supporting 
hardware and software designed and built for the Holmdel labora
tory. A program test console shown in Fig. 9-44 displayed the 
internal registers of both central controls and various other registers 
and flip-flops in other ESS units. With this hardware, the program 
could be stopped at selected points in its execution, and the state of 
the system could be read from the display. Geared to these points 
was a utility program operating high-speed punched card readers 
and line printers. Test conditions were inserted, and the results 
were printed out. The programmer could read the console display 
to help determine the nature of an elusive problem and use a utility 
prQgram card reader and printer to get test results quickly from the 
test lab. Then the programmer could analyze the printout and make 
program changes without further tying up the valuable test facility. 
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Fig. 9-44. R. S. Cooper using the No. 1 ESS program test console, 
which displayed the execution of the ESS program and aided debugging. 

The program changes could be made with punched cards, and the 
correction could be entered and tested in the systems lab. In this 
way, many programmers could "time-share" their debugging 
efforts in the Holmdel system lab. 52 

The first commercial installation of No. 1 ESS was a 4,000-line 
office at Succasunna, New Jersey. The equipment for Succasunna 
was installed in the summer and fall of 1963, and system program 
testing began at this location in January 1964. Also, there were tests 
using specially designed load boxes, and teams of test operators 
placed special calls to provide traffic well in excess of the busy-hour 
demand at Succasunna. The operators also tried as many combina
tions of unusual call sequences as reasonably possible to stress the 
program design. On May 27, 1965 a dedication ceremony was 
held, 53 and on May 30 Succasunna began providing commercial 
service to 4,000 customers. 

The second No. 1 ESS, placed in service in January 1966, at 
Chase, Maryland was very similar in size and program requirements 
to the first. Despite extensive testing, program problems caused a 
number of brief interruptions of service at Succasunna in the first 
three months of operation. These problems were identified and the 
programs were corrected before the Chase office went into service. 
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The result was that the Chase office did not experience these inter
ruptions and, soon after its cutover, was left unattended much of 
the time. 

More general application of ESS required additions to the program 
used for Succasunna and Chase. This, the first of a series of "gen
eric" programs, called CC1 for central control-1, was first applied to 
the Beverly Hills, California office, which followed the Chase instal
lation into service in January 1967. It represented the first 
metropolitan-size ESS office, and handled a greater variety of calls. 
For this purpose, 33,000 words were added to the Succasunna pro
gram. Sixteen offices with the CC1 generic program went into ser
vice in 1967. 

The flexibility of No. 1 ESS in incorporating new features has 
been amply demonstrated. When the first No. 1 ESS was placed in 
service in 1965, it provided 187 features, including (1) local 
automatic message accounting (LAMA), (2) custom calling services, 
(3) arrangements for numerous operator service trunks and inter
office signaling, and (4) various types of coin features including 
local overtime charging capability. The first program had 11 features 
not then available to No. 5 crossbar. By 1976, the number of No. 1 
ESS features had increased to more than 500. 

To provide both Western Electric installers and operating tele
phone company expertise in the operation and maintenance of the 
new system, a special school was set up and operated by Bell 
Laboratories. Engineers from Bell Labs, Western Electric, and the 
operating companies served as instructors to provide material for an 
extensive 34-week course that was run twice in succession starting 
in January 1964. One hundred and thirty-one trainees from various 
operating companies, Western Electric, and the Long Lines Depart
ment of AT&T completed the course, which included "hands-on" 
operating experience. Those trained in this special school returned 
to manage and maintain their early installations and to establish 
training schools within their own operating companies. 

The principal of the school was M. Raspanti, who also designed 
two classroom demonstration units to represent the stored-program 
control of first the Morris system and then the No. 1 ESS. The latter 
unit was used extensively to introduce operating company operat
ing personnel to the new techniques of switching system control. 
The students could write special programs for Raspanti' s demon
strator and then debug and run them in the classroom. The demon
strator could be made to walk through its programmed sequence 
slowly enough to allow the class to visually follow every step. 54 

Western Electric installation personnel also had to acquire a work
ing knowledge of No. 1 ESS software since the testing of No. 1 ESS 
installations was done largely with programs loaded into twistor 
memory. First the X-ray programs were loaded and run to assist the 
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basic debugging of the equipment and interconnecting buses and 
cables. When all of the X-ray programs could run without errors 
being detected, the generic program was loaded and run. The 
operational programs attempted to run the system as .a switching 
office, and the maintenance programs were also exercised to find 
and fix more errors of manufacture and installation. 

Among the last tests performed were special pre-cutover tests of 
lines to which thE! No. 1 ESS would be directed during periods of 
light traffic, connecting each line, one after the other, to the net
work and to test circuits. ESS would then test and measure each line 
to verify that it was properly connected to the new system. Any 
faults detected would b4~ noted on the teletypewriter for remedial 
actions. At the completion of each brief test, the line would be 
returned to the old central office by automatically disconnecting it 
from the No. 1 ESS. With these powerful new tools a "flash cut
over" of many tens of thousands of lines could be accomplished 
with the assurance of virtually no wiring errors and bother to tele
phone customers. 

5.4 UNICOM 

The advent of stored-program control ESS was of interest to mili
tary switching system planners. The Signal Corps began studying 
improvements to their strategic communications with a thought 
toward serving both the three military departments and other 
government traffic vital to the national interest. A systems study 
was made to define a UNiversal Integrated COMmunications 
system-UNICOM. ThE! system study included new transmission 
facilities, a new family of station equipment, and the interconnec
tion of various modes of telecommunications into a single integrated 
switching system. By 1958, the feasibility of such a system had been 
established, and in June 1959, the Signal Corps and the Bell System 
as prime contractor entered into an agreement for development. 55 

Bell Laboratories was the contractor of the system with ITT and 
RCA as major subcontractors for portions of the system. The system 
included a time-division network, which operated with either circuit 
connections for securE~ voice or switched data on a store
and-forward basis. The system also included a space-division net
work and a stored-program control to operate both the time-division 
and space-division networks as an integrated switching office. The 
space-division network was a 4-wire version of the ferreed network 
developed for No. 1 ESS, and the common control was a direct 
adaptation of the No. 1 ESS central control, twistor program store 
and ferrite sheet call stores. The time-divisio11 network was also 
designed by Bell Labs using the low level logic circuits designed for 
No. 1 ESS. Fig. 9-45 shows the block diagram of the central office. 
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The contract called for the development and operation of a test 
model to demonstrate both the equipment operation and a large 
number of operational features obtained from special ESS programs 
written for this application. 

Several departments in a military systems development laboratory 
under J. A. Baird were assigned to the UNICOM project. The 
development efforts for UNICOM started at the Whippany, New 
Jersey laboratories, collocated with the ongoing ESS development. 
Both projects moved to the new location in Holmdel, New Jersey in 
1962, and there the UNICOM test model was built and operated. At 
that time, over 100 engineers and programmers were working on 
the UNICOM project. 

Fig. 9-46 shows a view of one part of the UNICOM test model 
with the switching center consoles and the analog and digital station 
control sets. 56 The digital station encoding, encryption, and control 
required substantial additional circuitry to handle all the forms of 
encoding required. With discrete components, two seven-foot high 
bays of equipment were required to serve ten digital stations. The 
stored program was an adaptation of the No. 1 ESS program to han
dle the different network and features required for this system. The 
total program was estimated to require 200,000 words as compared 
to the 110,000 words provided in the Succasunna program. 

Fig. 9-46. Part of the UNICOM test model-switching center consoles 
and digital and analog station control sets. 
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The equipment units were almost electrically equivalent to their 
No. 1 ESS counterparts, but substantial physical redesign was 
needed to meet military environmental requirements. Fig. 9-47 is a 
photograph of one aisle of the UNICOM test model at Holmdel. 
Grills at the bottom of several of the frames are for forced air condi
tioning required in approximately fifteen percent of the equipment . 
In October 1963 calls were placed in the system using simplified test 
programs. By 1964, the scope of the project had been curtailed to 
the test model itself, and the project had been redesignated 
(Defense Automatic Integrated Switch-DAIS). 57 

Although the UNICOM test model was destined to be one of a 
kind, its capabilities were successfully demonstrated to the Signal 
Corps, and much of the development effort saw fruition in other 
ESS projects. Fig. 9-48 shows a 4-wire version of the ferreed switch 
that was developed for UNICOM and the AUTOVON project (see 

Fig. 9-47. Row of UNICOM switching equipment which employed forced 
air cooling, an example of special design to meet military requirements. 
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below). Engineers working on the time-division switch were later 
able to apply their knowledge to the design of the time-division 
switch for No. 4 ESS. Many unique features of the UNICOM sys
tem are described in Chapter 12 of the volume of this series subtitled 
National Service in War and Peace (1925-1975). 

5.5 AUTOVON 

The Defense Communication Agency (DCA) in the early 1960s 
established a 4-wire worldwide telecommunications network. The 
new network (which superseded the UNICOM proposal) combined 
the Air Force's NORAD/ADS (NOrth American Air Defense 
Command/Automatic Dial Switching System) network and the U.S. 
Army's SCAN (Switched Circuit Automatic Network) into a single 
network designated CONUS AUTOVON (CONtinental U. S. 
AUTOmatic VOice Network). SCAN was activated in 1961 and 
NORAD/ADS in 1963, both using specially designed 4-wire No. 5 
crossbar systems developed by Bell Labs starting in 1959 (see 
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Fig. 9-48. Special 4-wire ferreed switch designed for UNICOM and sub

sequently used in the AUTOmatic VOice Network (AUTOVON) system. 
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Chapter 11 section 1.9). AUTOVON was to be a 4-wire end-to-end 
switching network. The Defense Communication Agency had 
learned of the ESS development and wanted to introduce stored
program control as soon as practicable into AUTOVON. 58 The DCA 
expected that they would have rapidly changing and evolving 
needs, and recognized that stored-program control would provide 
them with a system that had the necessary design flexibility. 

AUTOVON was primarily to serve the Department of Defense, 
but it included other government communications and would 
switch voice, encrypted voice, and data. Fig. 9-49 shows one of the 
air defense command posts to be served by AUTOVON. The net
work was to be "survivable" in the face of nuclear attack. The 
switching centers were to be situated away from metropolitan 
centers and were in "hardened" sites, usually underground. In 
addition, the network links were to be arranged in a "polygrid" 
fashion much more redundant than the hierarchical Bell toll net
work. Fig. 9-50 shows the grid of AUTOVON trunk circuits across 
the Continental U.S. (see ref. 59). Even with the loss of many links 
and centers in the network, calls could be connected to those centers 
surviving a nuclear attack. 

Development for AUTOVON electronic switching systems started 
in two areas at Bell Laboratories. In September 1963, development 
was authorized for a 4-wire version of No. 1 ESS for AUTOVON. 

Fig. 9-49. Air defense command post served by AUTOVON. 



268 Engineering and Science in the Bell System 

Fig. 9-50. Polygrid network concept for AUTOVON, which provides 
greater redundancy than commercial networks and therefore greater 
survivability in the face of nuclear attack. 

Another development effort was authorized in July 1964 for a 
smaller ESS to be used in AUTOVON. The latter system was based 
on a new processor intended to extend the capability of the No. 101 
ESS beyond 3200 lines. The new design was intended to provide 
small 4-wire and 2-wire central office systems using switch units 
similar to those already being designed for No. 1 ESS 4-wire and 
2-wire projects. This system was later named No. 2 ESS. 

The No. 1 ESS AUTOVON development was formed in 1963 
under H. N. Seckler as department head, and with a supporting 
group for equipment design. This team comprised approximately 50 
engineers and programmers. By January 1964, the development 
team had grown to 100 people in three departments under the direc
tion of R. E. Staehler. A systems lab was established at Holmdel, 
New Jersey and moved to Indian Hill, Illinois in 1966. At the Indian 
Hill lab, two test models were required to meet the ongoing testing 
needs of engineers and programmers. 

In May 1966, four No. 1 ESS 4-wire systems were simultaneously 
cut into service, followed by a fifth installation in July. In the mean
time the No. 2 ESS 4-wire project faced technical problems with the 
processor stores, which were estimated to have delayed the availa
bility of the system until the end of 1968. Consequently, the 4-wire 
portion of small office development was dropped, and No. 1 ESS 
4-wire systems were used to meet all of the AUTOVON needs. 
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By 1971, a total of 45 No. 1 ESS 4-wire AUTOVONs were in service, 
including three in Canada. By that time the ongoing software needs 
had been met with the fifth AUTOVON generic (AV-5). Studies had 
already been started to determine the Bell System needs for its own 
toll network, and the development effort shifted to that project. 

VI. EXPANSION OF NO.1 ESS APPLICATIONS 

By the end of 1967, No. 1 ESS had been successfully introduced in 
eighteen offices in eleven Bell operating companies, and one in 
Montreal for Bell of Canada. The Montreal system, in service Janu
ary 1967, was the first of eight built and installed by The Northern 
Electric Company for Bell of Canada under licensing and manufac
turing agreements with the Western Electric Company. 

Much work remained to be done on the metropolitan 2-wire appli
cations and capabilities; a suburban office was under development 
(No. 2 ESS}, and the No. 101 ESS also required additional 
hardware and software to extend its range of application with the 
larger switch units already described. To this end, a new major 
laboratory-the Indian Hill Laboratory-opened its doors in the 
summer of 1966 in Naperville, Illinois. The entire electronic switch
ing division of more than 800 engineers, technicians, and support
ing staff was relocated, beginning in July 1966, from Holmdel and 
Columbus, Ohio to Indian Hill, with R. W. Ketchledge as executive 
director. 

The new building included one section devoted to lab test models 
of the various systems. Until they were fully operational, the No. 1 
ESS test model was retained at Holmdel, and a team of some fifteen 
engineers and programmers continued work in that lab until it was 
shut down in July 1968. 

In setting up the labs at Indian Hill, additional facilities were pro
vided to meet the increased demand for system testing. By 
mid-1968, the following test models were in operation: two No.1 
ESS 2-wire systems, two No.1 ESS 4-wire systems, No.2 ESS, 
No. 101 ESS, and No. 1 ESS Arranged for Data Features (ADF). 
(No. 1 ESS ADF is described in section 6.3.) 

All of these labs were operated by groups whose responsibilities 
were (1) to plan the design and operation of the test models and 
supporting test equipment, (2) to direct the installation and bringing 
into service of each of these central office systems, (3) to maintain 
smooth operation and good up-time of the laboratory facilities, and 
(4) to plan, design, build, and operate new test adjuncts to increase 
testing effectiveness and efficiency. This type of large effort 
requires dedicated people and generally both a wide and deep range 
of knowledge of the total system. Of course, the systems test 
I!lOdels were augmented by many smaller laboratories devoted to 
circuit, frame, and physical design. In addition, a large computer 
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center was established to provide the necessary support for the gen
eric software and engineering support programs required by the 
various systems. , 

This period saw an inc:reased emphasis on the use of the support 
computers to enhance the productivity of the designers and testers 
of both software and hardware. It was recognized that the develop
ment of administrative methodology60 was paramount to being able 
to meet the needs of the operating telephone companies. 

Computer aids to various aspects of ESS design were developed. 
Some of these were based on experience starting in the 1950s with 
the Morris system. Others were adopted from other sources and 
refined for use in ESS development. These included (1) simulation 
of operational programs, (2) simulation of logic designs, (3) circuit 
analysis programs, ( 4) diagnostic test synthesizers and analyzers, 
(5) circuit board layout synthesizers, (6) thermal analysis programs 
for equipment design, (7) compilers and assemblers, (8) office 
engineering programs, and (9) time-shared interactive software to 
work with some of the programs listed above. 61 

In addition, thE! integration of computers in the test models to 
streamline the testing and to obtain test results was provided in all 
the test modellab:s. These small- and medium-size computer instal
lations included interactive keyboard terminals, magnetic tape trans
ports, disk memories and high-speed line printers, and punched card 
readers to facilitate the t!ntire testing procedure. Fig. 9-51 shows a 
typical lab test model support system. 

One of the important tests involves load testing to determine the 
call-carrying capacity of each ESS system. Load testing was per
formed on each of the systems with "load boxes," which provided 
call originations, dialing (or keying TOUCH-TONE* telephone) 
calls, answering on terminating lines and hanging up of calling and 
called lines, and repetition of the process. These load boxes could 
generate ten different numbers for 50 originating lines. Fig. 9-52 
shows a load box capable of providing up to 6000 calls per hour. An 
actual installation was exercised with load boxes prior to its cutover 
into service when new programs or hardware improvements in 
processor capacity were being introduced. The limited network 
and/or terminal capacity of the test models, especially of the larger 
systems, precluded a full load test in the laboratory. 

As the capacity of the No. 1 ESS was increased, ten or more load 
boxes were required for fully testing the call-carrying capacity of the 
systems. Additional hardware and ESS software aids were 
employed to double th1~ load offered by the load boxes. 62 More 
powerful load box techniques were designed, using minicomputers 
to increase offered load capacity. 

*Trademark of AT&T Co. 
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Fig. 9-51. Computer facility used in support of the No. 1 ESS laboratory 
test model. 

A programmable electronic call simulator (PECS), including a 
commercial computer, was designed and built for automatically 
generating telephone traffic on both line and trunk terminals in the 
laboratory. It could generate, and repeat if necessary, unusual call 

Fig. 9-52. Load box used to test No. 1 ESS developmental and installed 
systems. Unit placed up to 6000 simulated telephone calls per hour. 
(Proceedings , Fall Joint Computer Conference, IEEE Vol. 41, 1972.) 
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sequence patterns to test any call processing feature. In another 
instance, test calls were generated in one test model to provide an 
offered load to a second test model. In the development of No.4 
ESS, a computer was programmed to simulate the networks, termi
nals, ~nd the offered traffic. 63 

6.1 Signal Processor and Capacity Improvement 

While the cutover of the first offices in 1965 and 1966 was the cul
mination of a very large effort, further work was needed to bring 
No. 1 ESS to full maturity. One task was to provide the call
carrying capacity needed in very large metropolitan installations. 

The call-carrying capacity of a stored-program control system is 
usually limited by the complexity of the program, the power of the 
repertoire of instructions to carry out the steps of the program, and 
the speed with which the common control can execute the stream of 
instructions to carry out its tasks. To increase call-carrying capacity 
in larger offices, the No. 1 ESS was to have added to it one or more 
pairs of signal processors to relieve the central control of the more 
routine program tasks such as line scanning and the setting up and 
taking down of connections in the ferreed network. 64 It was later 
decided to provide only one pair of signal processors in the larger 
offices, in keeping with other limitations imposed by the maximum 
size of the switching network. In this configuration, the No. 1 ESS 
was estimated to attain a peak capacity of 100,000 calls per hour. 
The capacity of the system with only the central control was 
estimated to be from 42,000 to 53,000 calls per hour, depending on 
the mix of call types handled. These estimates were obtained in 
1962 using early predictions of the number of operating cycles (at 
5.5 microseconds per central control instruction) required to execute 
call-processing programs. The estimates, which represented the 
design objectives, were revised in late 1964 when the program for 
Succasunna was much nearer to completion. The capacity was then 
calculated to be 80,000 calls per hour with a signal processor and 
37,000 for a central control office. 

The signal processor, plus the program changes and additions to 
allow the central control to share the work load cooperatively, were 
planned first for a New York City office within a year after the cut
over of the Succasunna, New Jersey office. The ESS was to replace 
the first three-digit office code panel system serving the 
PEnnsylvania-6 office-the same office serving the telephone 
number made famous by bandleader Glen Miller's hit tune. 

The first installations of No. 1 ESS were in limited environments 
that did not handle a great variety of trunk signaling. The Beverly 
Hills office in the Century City section of Los Angeles included the 
connection to adjacent step-by-step offices, which required more 
central processor work to detect the initiation of incoming trunk 
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calls (the stored-program control equivalent of by-link operation 
described in Chapter 6). Because of this and other feature require
ments, the first generic program went into service at Beverly Hills in 
January 1967. It was known as CC-1 (central control-1) and required 
over 140,000 words of program, substantially more than the 111,000 
used in the Succasunna and Chase, Maryland installations. 

The generic program concept was adopted to serve many installa
tions rather than tailoring the program for each installation. This 
greatly simplified the tasks of writing and testing the rather complex 
programs to provide for the large variety of features demanded of 
No. 1 ESS. 65 

The Beverly Hills ESS was two to three times larger than its prede
cessors, serving approximately 11,600 customer lines, and was 
selected to obtain measurements of the call-carrying capacity of the 
central control with the CC1 programs. A Bell Laboratories and 
Western Electric team was stationed at Beverly Hills to carry out the 
on-site feature debugging and testing of call-carrying capacity. In 
the fall of 1966, a number of test-call load boxes were connected to 
the ESS, and the capacity was determined to be 27,000 calls 
per hour-sufficient for Beverly Hills at cutover but below earlier 
expectations. 

The Succasunna program was designed and written to conserve 
the amount of both program and temporary memory required, and 
this objective was accomplished at the expense of requiring more 
program execution cycles to process calls than previously estimated, 
and the first generic program inherited this characteristic. It was 
also recognized that a corresponding reduction in capacity would be 
reflected in the installations using the signal processor. The 
developers of ESS began investigating the ways of increasing call
carrying capacity. 

Fig. 9-53 shows the history of improvements in call capacity, 
including "quick fixes" to the CC-1 generic program provided early 

SERVICE LINK 
NETWORK EOUIPPE 

OFFICES 
SIGNAL PROCESSOR 
EQUIPPED OFFICES 

32K 

44K 

RAL CONTROL ONLY 
EQUIPPED OFFICES 

1971 1972 

Fig. 9-53. Steady growth of No. 1 ESS call-carrying capacity, 1966-1972. 
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in 1967. The central control office improvements were principally 
software and, as can be seen, attained the early objectives by 1973. 
The signal processor data show the enhanced capacity obtained in 
1968, when the PEnnsylvania-6 installation went into service. Its 
generic program, the SP-1 or signal processor-1, was substantially 
larger than CC-1. The No. 1 ESS signal processor doubled the call
carrying capacity to around 70,000 calls per hour, and software 
improvements that appli,ed to the central control configuration also 
enhanced the signal processor offices. 

Fig. 9-54 is a simplified block diagram of No. 1 ESS showing the 
interconnections of the signal processor. All the routine line and 
trunk scanning operations were transferred to the signal processor. 
The results of its operations were stored in its own temporary 
memory, and the central control accessed those memory locations 
(signal processor call stores) to fetch those results to carry out its call 
processing. Central control transmitted output information back to 
the signal processor, so that the latter would carry out commands to 
set up network connections, operate the necessary service circuits, 
and carry out trunk supervisory and signaling operations. 66 

It was planned that many installations could begin service with 
the central control only and have the signal processor added when
ever the office customer lines and call needs grew beyond the initial 
capacity. Growth to larger sizes (instead of starting a second ESS at 
that point) provided efficiencies in switching and trunking and 
greatly conserved telephone company expenditures. This complex 
growth procedure of hardware and software was carried out in field 
trials in offices in service in Philadelphia, Detroit, and Denver. It 
then became available as a standard installation procedure in 1971. 

An additional hardware improvement was applied to the signal 
processor offices to reduce the network reconfiguration required 
during the successive stages of setting up calls. The service link net
work, or SLN, streamlined the call-processing and signal-processing 
operation at an added cost to the No. 1 ESS switching network. 67 
Addition of the SLN initially boosted the capacity of the largest 
offices by 15 percent. 

An example of SLN simplification in setting up the connection 
required for ringing, followed by the transition to a talking connec
tion, is depicted for an incoming call in Fig. 9-55. On incoming 
trunk calls, the service link network saves 10 network operations 
and 25 percent of processing time in setting up a ringing connection. 
Instead of three paths-ringing, caller-audible ringing, and 
talking-only two paths are needed because a single path serves 
both the ringing and talking connections. The ringing/talking path 
is split at the SLN. The number of network operations required for 
a ringing connection is thereby reduced from the 19 required 
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without the SLN to 9. The first SLN was placed in service in the 
Chicago Calumet No.1 ESS in April1970. Later software improve
ments complemenbed the gains due to the SLN. Consequently, the 
service link network, with its added hardware, is no longer needed 
or offered. By 1973, the original call-capacity objectives for No. 1 
ESS had been met and exceeded by software refinements alone. 

6.2 Centrex 

Centrex is the name of a set of PBX-like business services that 
were first offered in 1962 to customers served by No 5. crossbar (see 
Chapter 11, section 1.4 and Chapter 13, section 3.1). It was 
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Fig. 9-55. Example of how the service link network (SLN) increases 
No. 1 ESS capacity. With SLN (bottom) fewer network operations are 
needed to set up paths for :ringing and talking than with earlier arrange
ment (top). 
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designed to permit direct inward and outward dialing to a group of 
telephones, thereby reducing the attendant workload for the busi
ness customer and allowing more rapid completion of incoming and 
outgoing calls. Accountability of usage per telephone can be pro
vided through detailed billing. 

With Centrex-CO, instead of providing a switching system on 
premises, all telephones and attendant loops are returned to the 
central office, which carries out the various switching functions 
required. This reduces the amount of equipment on the customers' 
premises and the number of visits required to maintain and recon
figure the customers' telephone equipment. 68 Thus, an economic 
trade-off is made among more customer loops and less attendant 
workload and the sharing of central office switching equipment and 
operations. The central office switching system can serve a number 
of Centrex customer groups, each with its own set of selected ser
vices and operating features. As a consequence, since No. 1 ESS 
was designed to serve metropolitan needs, it was important that 
Centrex be included as a service offering. 

A set of 20 telephone, attendant, and trunking features required 
some 30,000 words of program for No. 1 ESS, and the generic pro
gram, Centrex-1, was first placed in service in the Philadelphia, 
Locust exchange in April 1968. The features included 4-digit 
station-to-station dialing, transfer of calls from one telephone to 
another with the assistance of the attendant, dial "0" calls to the 
attendant, and access to special trunk groups such as foreign 
exchange (FX), wide area telephone service (WATS) and Common 
Control Switching Arrangements (CCSA). Features were added to 
the Centrex offerings with succeeding program issues. Table 9-1 
shows the major features provided and added in the sequence of 
program issues from Centrex-1 to Centrex-7. With the relative ease 
of such feature additions, No. 1 ESS became the more attractive 
vehicle for Centrex. In December 1969 a No.1 ESS Centrex was 
placed in service in the Pentagon in Arlington, Virginia. By 1971 it 
served 17,000 Centrex telephones and required 74 attendants. 69 

For some of the more sophisticated attendant features, a data link 
was provided for two-way communication between the No. 1 ESS 
and the attendant's console. A control cabinet, located on custom
ers' premises, was required, as shown in Fig. 9-56, to provide the 
interface between the console and the data link. In smaller, less 
complex configurations, the attendant's console would be replaced 
by a multibutton key telephone. 70 A newer console, the SOA cus
tomer premises system, featured direct station selections (DSS) and 
a busy line field (BLF). The SOA was first placed in service in 1973 
and provides, for smaller Centrex groups, another alternative to the 
data link controlled console. 71 
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Table 9-1. Evolution of Major Features, No. 1 ESS Centrex. 

Centrex-1 Generic :Program: 

Console features for attendant 
operation 

Direct inward dialing 

Automatic identified outward 
dialing 

Station-hunting arrangements 

Toll restriction on outward calls 

Individual/attendant ability to 
transfer calls to another line 

Ability to hold and consult with 
party on another extension 
and to add a third party to the 
connection 

Dial- controlled automatic dicta
tion capabilities 

Ability to access foreign 
exchange lines, tie-lines, 
W A TS lines or portions of the 
public network acting as a cor
porate private network 

Ability to route CE!rtain incoming 
calls to the first idle one of a 
designated list of extensions 

Paging 

Routing of off-hour calls to a fixed 
location, usually the att1mdant' s 
station 

6.3 No. 1 ESS ADF 

Centrex-3 Generic Program: 

Multilocation service 

Attendant-established conference 
calls 

Interface with AUTOVON 
network 

Centrex-4 Generic Program: 

Tandem tie-line operation 
TOUCH-TONE® calling on 
incoming calls 

Centrex-5 Generic Program: 

Call forwarding and call waiting 
Additional attendant call and 

testing capabilities 

Centrex-6 Generic Program: 

Automatic call distribution capa 
bility 

Additional station-hunting capa
bilities 

Extension user able to 
establish conference calls 

Variable assignment of connec
tion of off-hour calls 

Centrex-7 Generic Program: 

Additional capabilities for auto
matic call distribution 

Features for use of Centrex in a 
hotel/motel or hospital 

The No. 1 ESS Arranged for Data Features (ADF) is a store-and
forward data switching system designed to handle messages among 
low-speed teletypewriters and computer ports. It was the first elec
tronic system to handle TWX traffic in the Bell System, and at the 
time of its first service for the Long Lines Department of AT&T in 
February 1969, it was unique in its traffic-handling capacity and 
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Fig. 9-56. Jack Leidy, Pennsylvania Bell, checking a Centrex attendant's 
console controller. 

operating services and features. It serves over 1,250 four-row 
(ASCII) teletypewriters and low-speed computer ports. No. 1 ESS 
ADF prioritizes, queues, receives, and delivers up to 100,000 mes
sages with more than 120 million characters per day to teletypewrit
ers having different operating speeds and different characters sets 
(Baudot or ASCII). It provides for multiple message delivery based 
on a single originating message, orders the delivery of messages 
according to a four-level precedence code designated in the originat
ing message, and stores delivered messages on a magnetic tape file 
for subsequent retrieval. These and many other features are in daily 
use at the single installation in New York City, which handles all of 
Long Lines administrative messages, commercial services orders, 
traffic service orders, service results, payroll, plant circuit orders, 

d 1 . 72 an expense ana ys1s reports. 
By basing the ADF design on No. 1 ESS technology, development 

and manufacturing efforts were minimized, and the high reliability 
of telephone switching systems was achieved. Sixty percent of the 
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ADF hardware and 25 percent of the 250,000 words of program are 
standard No. 1 ESS design already in use. 

The block diagram in Fig. 9-57 indicates the new equipment 
designed for the No. 1 ESS ADF. The message store is a high-speed 
magnetic disk memory that was later adapted for use in the 
Automatic Intercept System (see Chapter 10, section III). 

Fig. 9-58 shows the connection of terminals to the system. As 
indicated, a number of teletypewriters may share the same narrow 
band line. In this instance, ADF recognizes the "party line," polls 
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Fig. 9-57. New equipment designed for No. 1 ESS ADF (Arranged for 
Data Features). 
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Fig. 9-58. Connection of terminals to No. 1 ESS ADF. 

individual stations in turn for incoming messages, and queues out
going messages for sequential delivery. 

The reliability of the initial installation was monitored and 
reported to be far superior to that of prior electromechanical data 
switching systems. After the first week of service, ADF proceeded 
to deliver over ten million messages in the next seventeen months 
without loss or misdirection. 73 

At the time of deployment of the ADF installation, AT&T had 
agreed to sell its dial teletypewriter network (TWX) to Western 
Union (see Chapter 13, section 5.4). This obviated the need for 
additional installations, and future deployment ceased. 

6.4 32K Call Store 

The temporary memory initially provided with No. 1 ESS was the 
ferrite sheet, which used batch-fabricated arrays of 256 magnetic 
cores along with simplified wiring techniques (see this chapter, sec
tion 4.7.1). Bell Laboratories circuit engineers in the research and 
development areas continued to search for smaller and faster tem
porary memories by investigating new materials, circuits, and 
assembly techniques. As part of this ongoing effort, individual 
magnetic core memory arrays were surveyed, and a number of 
modules were purchased for use in one of the Indian Hill systems 
laboratories in the late 1960s. 

Simpler wiring of core arrays (two-dimensional instead of three
dimensional), automatic techniques for assembling and wiring of 
core mats, and the ability to manufacture smaller and faster sintered 
ferrite cores had been developed by the computer memory industry. 
To these contributions Bell Labs added new ways of testing cores to 
assure minimization of core shuttle noise and novel access circuits 
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that allowed more practical memory sizes for ESS application and fas
ter operating speeds than previously obtainable from two-dimen
sional array core memories. 74 The result was a new temporary 
memory for use in No. 1 ESS. Fig. 9-59 shows the dramatic improve
ment in memory frames used in the largest ESS installations. 

The memory module is 32,000 words (hence the name 32K) of 
24 bits each, four times the number of words of its predecessor. 
Fig. 9-6075 shows the economic analysis that led to selecting the new 
module size. 

The first 32K memories were placed in service in a No. 1 ESS 
installation in Alton, Illinois in 1971. By 1972 all new No. 1 ESS sys
tems shipped by Western Electric used the 32K temporary memory 
exclusively. 

The 32K memory is less expensive for the operating telephone 
companies to buy and maintain. Through the use of integrated cir
cuit techniques in the memory access and control circuits, far fewer 
plug-in circuit packs are required. This allows improved diagnostic 
resolution of circuit faults. In addition, the core memory module 
can operate, with different access circuits, at four times the speed 
required for No. 1 ESS. This fact permitted a module common to 
No. 1 ESS and another project described below in section 6. 9 of this 
chapter. 

6.5 Generic Programs and Feature Additions 

As previously indicated, the complete set of programs for call pro
cessing, operation, administration, and maintenance are relatively 
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Fig. 9-59. Improvement in the size and power of No. 1 ESS memory 
frames obtained with the 32K call stores. (Symposium Record, International 
Switching Symposium, Kyoto, Japan, October 1976.) 
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large and complex-over 200 functional programs totaling from 
150,000 to over 300,000 words for No. 1 ESS. The decision was 
made relatively early to design a single program that would cover all 
applications or major segments of applications, hence the term 
"generic program" for ESS. It was recognized that.such programs 
would require more memory and take more time to execute (and 
therefore reduce the processor call-handling capacity) than pro
grams tailored to each installation. The result was reduced develop
ment effort and better debugged programs for all installations. 
(These factors reduced the cost of the programs to the operating 
companies, thereby compensating for the additional memory and 
processing real time required.) The use of the generic program with 
a table .of office parameters as contrasted to tailored programs is 
depicted in Fig. ·9-61. 

One of the significant advantages of the stored-program approach 
is the relative ease of adding features and services. Almost annually 
the generic program has been updated to provide a steady stream of 
enhancements to No. 1 ESS. The frequency and size of these 
enhancements are regulated by the work required to define and 
document (with AT&T) the features and services, write the pro
grams, debug them first in the laboratory, then in a "first applica
tion" system in the field, and with Western Electric, make the new 
issue of the generic program generally available to the field. 76 There 
are always more candidates for added features and services than can 
possibly be developed in a single program update. A priority or so
called "grocery list" is established, and decisions have to be made as 



284 

NON-GENERIC 
PROGRAM 

l '"" J ROUTINE 

PROCESS 
TOUCH-TONE® 

DIGITS 

"0CE$ J REVERTIVE 
DIGITS 

END ROUTINI: 

J 

Engineering and Science in the Bell System 

GENERIC 
PROGRAM 

l 
BEGIN 

ROUTINE 

+ 
PROCESS 

TOUCH-TONE 
DIGITS 

PROCESS 
MULTI· 

FREQUENCY 
DIGITS 

• PROCESS 
REVERTIVE 

DIGITS 

PROCESS 
STEP-BY-STEP 

DIGITS 

END ROUTINE 

l 

I 
I 
I 
I 

: 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

! 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

PARAMETER 
DATA 

I DO I I TOUCH-TONE 

I SKIPMULTI- l I FREQUENCY 

I 
DO I 

I REVERTIVE 

I 

I SKIP I 
-~ STEP-BY-STEP 

Fig. 9-61. Generic programs versus tailored programs for No. 1 ESS. 



Beginnings of Electronic Switching 285 

to what items to include in each new generic program development. 
Bell Labs systems engineers estimate the savings or revenues for 
various enhancements, development teams gauge the amount of 
effort and the number of program words required, and AT&T 
prepares a priority list for each new issue of a generic program for 
ESS. Fig. 9-62 shows the distribution of features and program store 
required for No. 1 ESS. 77 The growing set of features for Centrex 
customers, only a part of the growth in the generic program, was 
detailed above in section 6.2. 

Fig. 9-63 shows the varieties of generic programs and the growth 
in memory required. Since it was necessary for most No. 1 ESS 
installations to provide Centrex service, the non-Centrex gen
eric programs were not continued beyond issue 3. Later, the gen
eric program concept was reexamined in light of large additions to 
the program for use in more limited applications. In 1976 the gen
eric programs were separated into a base program, with features 
used in almost every application, and feature packages, which could 
be optionally selected and loaded into individual installations as 
needed. Large programs (e.g., ESS-ACD and mobile telephone 
service or AMPS) are provided on an as-needed basis. This contain
ment of program size has relieved operating companies of the pur
chase of unnecessary storage of unused programs. By this time, 
techniques for debugging and integrating new software had 
advanced sufficiently to make this approach more practical. 
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Fig. 9-62. No. 1 ESS-Distribution of features and program storage 
requirements. (Symposium Record, International Switching Symposium, Paris, 
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6.6 Remreed Network 

When the ferreed was first proposed in the late 1950s, the idea of 
using the reeds themselves as the latching magnetic structure was 
proposed by R. L. Peek. At the time, however, the reed switch 
could not be fabricated consistently with the necessary magnetic 
properties. This problem was overcome in 1970, when it was real
ized that stamping the reeds from annealed remendur provided the 
necessary cold-working of the metal. 78 

By making the metal blades of the reed switch of remendur (hence 
the name remreed), the entire switch structure can be reduced in 
volume to one-fourth the size of the corresponding ferreed switch. 
The scanner ferrods were also reduced in size, and wire spring 
access relays were replaced by pnpn transistors and access diodes. 
These components are directly mounted in a package of two eight
by-eight switches?~ Integrated circuits were also introduced into the 
network controllers. When first introduced, small scale integration 
(SSI) was achievable. Fig. 9-64 shows the initial size reductions and 
the further reduction in components and interconnections with the 
use of large scale integration (LSI). 80 
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Fig. 9-63. Varieties of gem.~ric programs and growth in memory require
ments. The non-Centrex. generic programs were not continued beyond 
issue 3. (Symposium Record, International Switching Symposium, Paris, April 
1979.) 
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As shown in Fig. 9-65, the reduction in size of the components 
resulted in a reduction in the No. 1 ESS network frame's size to one 
third or one fourth, depending on the network type. This allowed a 
complete trunk link network (TLN) serving 1,000 trunks to fit into a 
single 6-foot 6-inch equipment frame. The TLN is completely 
assembled and tested in the factory, then shipped as a single unit to 
the installation site. The ferreed TLN consisted of eight frames and 
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Fig. 9-64. Size reduction of remreed switch compared to the equivalent 
two ferreed switches (a) and corresponding reduction in control circuits 
and their wired and bonded interconnections (b) . (Symposium Record, 
International Switching Symposium, Kyoto, Japan, October 1976.) 
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required substantially more installation wiring to interconnect these 
frames. It also required more testing of the assembled functional 
unit, since factory testing of the separate frames was more limited. 

The actual remreed switch element, as distinct from the equip
ment frame, is in several respects only slightly smaller than its 
ferreed predecessor. This allowed the reuse of much of the ferreed 
assembly machines, thereby reducing the retooling cost of the new 
design. Also, the remreed network was designed to be electrically 
similar enough to the ferreed network so that operational programs 
would encounter no differences, and testing programs a minimum 
of differences . Rernreed networks could be added as extensions to 
in-service No. 1 ESS's operating with ferreed networks . 

The firs t remreed trunk link network (TLN) went into service in 
Detroit, Michigan in June 1973. Beginning in 1974, the remreed line 
link networks (LLNs) went into production and were placed into 
service. The remreed network not only offers a price advantage 
over ferreed but reduces the floor space of an ESS office by thirty 
percent. By October 1976, shipments of remreed networks to serve 
6 million lines and 3 million trunks were reported. 81 

6. 7 Centralized Maintenance 

The interface between No. 1 ESS and maintenance craftspeople is 
at the master control console (MCC). At this location is a mainte
nance typewriter over which trouble messages are printed out and 

• 

1 : 1 REMREED 1:1 FERREED 

Fig. 9-65. Dramatic reduction in size of the No. 1 ESS trunk link net
work components made possible by the remreed switch and integrated cir
cuits. (Sy111posium Record, International Switching Symposium, Kyoto, Japan, 
October 19'76.) 
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interrogatory and corrective messages are typed in. So long as the 
ESS is operable enough to communicate over this link, it can be con
sidered the primary channel of maintenance communications. As 
backup in the event the system becomes inoperable, the display and 
control panel operates independently of the ESS to monitor the 
status of major functional units and to allow manual reconfiguration 
of duplicate units. With these controls, the craftsperson can try to 
build an operable system when the ESS cannot automatically do so. 

Experience with early ESS installations showed troubles to be 
infrequent enough that the continuous presence of the more skilled 
craftspeople was not required, and that adequate troubleshooting 
would frequently be beyond the training of lesser skilled 
craftspeople. This led to the centralization and concentration of 
skills in the technical assistance center (TAC). 

6.7.1 Technical Assistance Center (TAC) 

The maintenance teletypewriter could be remotely operated over 
a data link on a dedicated or a switched loop for unattended opera
tion, and various alarms could be operated in conjunction with the 
teletypewriter to sound the alert for minor or major difficulties. 
When the number of ESS installations in an operating telephone 
company increased, these remote connections could be placed in a 
single location, which came to be known as a TAC. The TAC would 
be staffed with highly skilled craftspeople who would then be much 
more frequently exposed to problems and would become adept in 
relating problems to previous experiences and in quickly correcting 
them. The craftspeople would guide the less experienced person 
over the telephone as to the troubleshooting and repair actions to 
take, or would dispatch a repair person if the office were unat
tended. This improvement successfully reduced the number and 
extent of office difficulties that required the still more skilled efforts 
of Western Electric product engineering control or Bell Labs 
development engineers. 

However, situations still existed that required access to the 
maintenance control and display panel; if a difficulty occurred that 
could not be remedied by the teletypewriter link, then dispatching a 
craftsperson might extend a total office outage for several hours. 
This led naturally to the next step-the ability to remotely observe 
and operate the control and display panel over a voice-grade data 
link. 

6.7.2 Switching Control Center (SCC) 

Experiments in Chicago in 1972 using the remote control and 
display led to the Switching Control Center (SCC), which replaced 
the TAC and stimulated the planning for additional analytical tools. 
The next step was the addition of a minicomputer to aid SCC craft 
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personnel. The minicomputer would monitor incoming messages, 
log them on magnetic tape for later retrieval, and detect and 
highlight messages that required sec personnel attention. It also 
allowed craftspeople to browse through messages on a cathode ray 
tube display by scrolling commands and to chronologically sort and 
filter messages to help detect patterns among long sequences of 
trouble printouts. Brief teletypewriter messages can be expanded 
with more self-explanatory messages as a further aid to the 
craftsperson, and specific analysis programs automatically deter
mine patterns in network failure messages. By incorporating a 
minicomputer into the sec, it became possible to serve many other 
types of stored-program control systems, such as TSPS, No. 2 and 3 
ESS, Automatic Intercept System (AIS), No. 101 ESS, etc. The first 
sec with the minicomputer system began operation in Miami, 
Florida in June 1974. 

The introduction of stored-program control into the central office 
provided automatk trouble detection and default location superior 
to that attained for non-SPC switching systems. ESS achieves a sub
stantial advantage in maintenance expense over No. 5 crossbar and 
earlier electromechanical systems. The concentration of skilled 
craftspeople and further .automation of testing and test analysis pro
vided with the sec further reduces maintenance expenses, 
improves trouble locating, and provides more expert assistance in 
recovering central office outages. 

In Chapter 11, section 3.3.4 a description of an SCC for No.5 
crossbar is given, but enhancements in its maintenance efficiency 
are limited by the test access built into No.5 crossbar. 

6.8 Improved Trunk Circuits for No. 1 ESS 

Even though many trunk circuit functions had been placed into 
software for No. 1 ESS, new miniaturized relays, coils, and 
transformers, along with better semiconductor devices, allowed 
further dramatic improvements in size and cost of the No. 1 ESS 
trunk circuits. The associated distributing and scanning circuits 
were also improved to gain a threefold to sevenfold size reduction 
and a reduction in cost and installation interval. 82 These improve
ments were introduced into the field beginning in the spring of 1976 
in Salt Lake City, Utah. 

Fig. 9-66 shows the improved Universal Trunk (UT) circuit frame. 
The UT frames reduced the floor space required for an ESS by 25 
percent. 

6.8.1 HiLo Trunk Circuits 

Although 4-wirE! ferreed networks were designed and are in use in 
the No.1 ESS AUTOVON network for toll transmission, they are 
relatively large, and production was limited to this application. To 
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meet the need for 4-wire service, therefore, an innovative alterna
tive was provided for use with the remreed network. The remreed 
network, being less than one-fourth the size of the ferreed network, 
substantially reduced the inherent capacitive and magnetic coupling 
between tip and ring and among pairs in the network voice paths. 
The new trunk circuit (see Fig. 9-67) segregated the pair into 
separate one-way paths. By using a high impedance in the transmit
ting end, inductive crosstalk is inhibited; a low-impedance receiver 
inhibits capacitively coupled crosstalk-hence the name HiLa. This 
technique reduces crosstalk due to unbalanced transmission to a 
level comparable with that obtained with 4-wire balanced transmis
sion. 83 The HiLa approach introduced 4-wire switching for tandem 
and toll applications in No. 1 ESS, beginning in April 1977 in Sioux 
Falls, South Dakota. 

6. 9 The lA Processor 

During the late 1960s and early 1970s, several efforts were started 
to increase the call-carrying capacity of No. 1 ESS. One approach 
was to rewrite those portions of the program that were large users 
of processor real time. Another was to increase the efficiency of the 
network interconnection with the service link network (see section 
6.1 of this chapter). The third was to explore the possibility of pro
viding a new processor for the No. 1 ESS using newer 
technologies-a faster central control and faster memory-accessing 
schemes. During this study it was also recognized that a powerful 

~4'4" __.1 

Fig. 9-66. Universal Trunk frames for No. 1 ESS. Technological innova
tions resulted in smaller unit (left) replacing its predecessor (right) to 
reduce the floor space required by 25 percent. (Symposium Record, Interna
tional Switching Symposium, Kyoto, Japan, October 1976.) 
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enough processor could serve the proposed toll ESS, and thereby 
avoid the need for a complex multiprocessing array of No. 1 ESS 
processors (see Chapter 12). Several processor architectures were 
considered, including variations of memory technologies. Develop
ment of this processor for several applications was authorized by 
Western Electric in 1970. 

A block diagram of the 1A processor is shown in Fig. 9-68. 
Although not shown in the figure, redundancy is provided for all 
major subsystem units and interconnecting buses. A pair of central 
controls are microsynchronized, and each instruction's execution is 
matched. Each central control is made up of 50,000 integrated cir
cuit gates and can execute instructions four to eight times faster 
than its predecessor, the No. 1 central control. The main memory 
consists of two arrays of the previously described 32,000-word mag
netic core memory modules for the program store and call store. 
The core store memories operate in a system cycle of 1.4 microsec
onds, and the backup is provided with one or two roving spares 
(except for certain critical information where full duplication is 
retained). The more flexible roving spare scheme is inherently more 
dependable than the fixed full duplication scheme. Since the core 
memory modules do not retain their information when power is 
removed and the programs can be overwritten, the backup of the 
program is provided on high-speed, fixed-head disk memories. 84 
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Fig. 9-67. HiLo trunk circuit, introduced in 1976, permitted 4-wire 
switching in No. 1 ESS tandem and toll applications. (Symposium Record, 
International Switching Symposium, Kyoto, Japan, October 1976.) 
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Fig. 9-68. Block diagram of the lA processor, which executes instruc
tions four to eight times faster than the earlier No. 1 ESS central control. 

The 1A processor with magnetic core memories occupies only 
40 percent of the floor space of its predecessor. Its compact size and 
connectorized interunit cabling allow complete processor assembly 
and test in the factory, and a fixed floor plan simplifies office 
engineering. 

The 1A processor was designed for two applications: as a succes
sor to the No. 1 ESS central control and signal processor in its local 
and tandem applications, and as the processor for the very large 
new toll office-the No. 4 ESS. The 1A processor order structure is 
designed to operate directly with the No.1 ESS peripheral program 
through a software conversion process. This allows the extensive 
reuse of No.1 ESS software with a minimum of additional writing, 
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debugging and documenting. A new common processor program is 
required, but this software is used in both No. 1A ESS and No.4 
ESS. The No.4 ESS first went into service in January 1976, and the 
first No. 1A ESS in October, 1976, both in Chicago, Illinois. In the 
latter application, the 1A processor has a peak call-carrying capacity 
of 240,000 calls per hour, more than twice that of the No. 1 ESS. 

Since the 1A pmcessor is directly compatible with the No.1 ESS 
peripheral system, the 1A processor can be retrofitted into existing 
No. 1 ESS installations. Since the 1A processor can handle more 
than twice as many calls per busy hour as its predecessor, a 1A pro
cessor of a retrofit can extend large No. 1 ESS offices much further 
before a second entity is required. The large capacity of the No. 1A 
ESS is estimated to reduce the total number of large ESSs required 
by 1990 from 1600 to 1300. A large No. 1A ESS can replace several 
older systems, thereby saving up to 25 percent of the trunking. 
Work on this project began in 1973, and the first retrofit was carried 
out in the San Francisco Folsom Street office on January 20, 1978.85 

The replaced proc€~ssors are then reused as part of new No. 1 ESS 
offices in other locations. 

To match the increased processor capacity, the line link and trunk 
link networks were increased in their maximum number and size. 
Fig. 9-69 shows the relationship between processor and network as 
a function of busy hour call holding time. The processor and net-
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Fig. 9-69. The line link and trunk link networks were extended to han
dle additional telephone traffic (top curve), thus matching the greater 
capacity of the lA ]processor. (Symposium Record, International Switching 
Symposium, Kyoto, Japan, October 1976.) 
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work are matched for three-minute calls, which is the average for 
local calls in the Bell System. 86 

Both the No.1 and No. 1A ESS use the remreed network with the 
HiLo trunk circuits to provide space-division 4-wire interconnec
tions. Accordingly, both No.1 and No. 1A ESS are designed to pro
vide combinations of local/tandem/toll service in those areas where 
a modern central office is needed and for which the No. 4 ESS is too 
large to be economical. 

6.10 Improved Memory Systems 

As noted above in section 6.4, a 32,000-word magnetic core 
memory was introduced in 1971 to reduce the cost for the No.1 ESS 
call store. When connected to faster access circuits, that same 
memory served, beginning in 1976, as both program store and call 
store module for the 1A processor. The core memory achieved sub
stantial size, power, and cost reductions over the ferrite sheet 
predecessor. Technology had advanced by the early 1970s to the 
point where a much smaller core memory appeared able to achieve 
another reduction in size and cost. However, semiconductor 
memories were also becoming more attractive (one third the space 
and one fifth the power of the 32K core) and won the competition to 
be the next generation of main memory for ESS. 87 The semiconduc
tor memory was first used in a No. 1A ESS in July 1977, in the Wilm
ington, Delaware office. 

Magnetic bubble memories were also investigated as a possible 
replacement for the disk memories in the 1A processor in the early 
1970s, but at that time they did not have an economic advantage. 
Interest remains in finding an economic semiconductor mass 
memory to compete in cost with rotating disk memoriesi the 
inherent higher reliability of devices that have no moving parts is a 
motivating factor. 

The use of laser beams in a very large holographic memory was 
also explored-basically a photographic memory with the potential 
for very large storage and high-speed random access. This work 
was started in the early 1970s, but did not progress to the stage of 
being economically competitive. 

6.10.1 The Role of SPC in Mobile Telephone Service 

Significant use of private mobile radio systems dates back to 1921, 
beginning with the Detroit police department. Over the years, the 
Federal Communications Commission has granted additional radio 
spectra to increase private licenses to over eight million users (and 
another eight million on CB). These systems for the most part do 
not connect to the telephone network. Beginning in 1946, the Bell 
System inaugurated a three-channel system in St. Louis. Over the 
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succeeding years, additional frequencies were allocated, improve
ments were made in changing service from manual to automatic, 
and trunking was added between mobile units and available chan
nels. However, only 143,000 customers are served by Bell and the 
radio common carriers (RCC). There are tens of thousands of held 
orders for carrier-connected mobile telephone systems, even though 
the tariff is ten to twenty times that of residential telephone service. 
Because the waiting time is so long, there are many others who need 
this type of servic1~ but have not bothered to add themselves to the 
waiting list. 

Since 1947, the Bell System has expressed to the Federal Com
munications Commission, in a number of review dockets, its 
interest in a large··scale mobile telephone system. In docket 19262, 
Bell introduced in 1971 a new version of the cellular system, which 
reuses a basic group of frequencies in nonadjacent hexagonal cells. 
As the mobile unit roams from cell to cell, its connection is moved 
from transceiver to transceiver under control of a central office 
switching system. No. 1 ESS was chosen to be the mobile telephone 
switching office (:rviTSO), since it has the software capability to allo
cate cells and frequencies as a call is "handed off" from cell to cell. 
In addition, the MTSO has to locate the cell for originations and pro
vide additional conveniences for mobile customers. Initially the 
intent was to combine local and mobile services in the same switch
ing office. In 1975, the FCC gave the Bell System the go-ahead for a 
development field trial of the cellular system but the switching 
office would be limited to handling only calls to and from mobile 
units. A No. 1 ESS, located in Oakbrook, Illinois was set up to 
operate a few cells and mobile units. Success of the trial is expected 
to lead to a larger service test and, with FCC approval, commercial 
service.88 

VII. NO. 2 ESS LOCAL SYSTEM DEVELOPMENT 

The No.2 ESS development was an evolutionary extension of the 
No. 101 and No. 1 ESS developments. In July 1961, during the 
development of No. 101 ESS, the possibility was noted of extending 
that system to provide improved central office services. The early 
ideas included a redesign of the No. 101 processor and an increase 
in memory capacity to enable it to have a broader range of applica
tion, including the serving of larger PBX switch units and also main 
telephones, via remote switch units. 

7.1 The Initial System 

In response to inquiries from AT&T engineering, a study was 
undertaken in 1963 by A. Feiner, W. Ulrich, and F. S. Vigilante of a 
small electronic switching system for use in the Bell System in 
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2-wire arrangements and as a 4-wire office for use in CONUS 
AUTOVON. The processor design included single- and half-word 
instructions to conserve program memory, special instructions for 
efficiently nesting subroutines, and an autonomous input/output 
unit to perform scanning and other repetitive operations interleaved 
on a cycle-stealing basis with the call program. The periphery used 
No.1 ESS network and trunk circuit apparatus in a smaller and 
more economical configuration than that of the No.1 ESS. For 
example, the number of network controllers was reduced, the net
work was simplified into a four-stage, single-sided network where 
lines and trunks appeared on a combined line-trunk network frame, 
and the variety of network concentrations was reduced, which sim
plified both hardware and software. Further simplifications were 
proposed with the use of the electrically writable piggy-back twistor 
(PBT) program store to avoid the cost of a magnetic card writer and 
the associated ongoing expense of the card writing required of the 
permanent magnet twistor (PMT) used in No. 1 ESS. Additional 
proposals included simplified communication buses, since the phy
sical size of the office would be much smaller than No. 1 ESS and, 
because of fewer total components, simplified reconfiguration 
arrangements for the communication bus and functional units. The 
No.2 ESS, as the system was later named, was to provide service 
for use to 10,000 lines and 25,000 calls per busy hour and to serve up 
to 2,000 trunks in the AUTOVON application. Price comparison 
studies showed that the No.2 ESS compared favorably with No.5 
crossbar from 600 lines on up, with substantial savings between 
3,000 and 10,000 lines. 89 

At that time, PBT stores encountered severe design problems, and 
eventually it was decided that the No.2 ESS AUTOVON application 
would not be economically attractive. Work on that part of the pro
ject was stopped in December 1966. The 2-wire office design con
tinued, using the PMT and ferrite sheet memories. 

By 1968, a 2-wire system lab model was in operation at the Indian 
Hill, Illinois Laboratories, and in November 1970 the first office 
went into service at Oswego, Illinois. A block diagram of the pro
duction version of No.2 ESS is shown in Fig. 9-70. By the summer 
of 1976, 200 installations of No.2 ESS equipped for one million lines 
were in service. The No.2 ESS processor also served as the control 
unit for another application, the Automatic Intercept System (AIS), 
which is described in Chapter 10, section III. 

7.1.1 Transportable Version (No. 2A ESS) 

Recognizing that building costs were rising rapidly, Bell Labs 
engineers designed transportable modules of No. 2 (designated 
No. 2A ESS) for quick installation in rural or suburban locations. 
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Fig. 9-70. Block diagram of the No.2 ESS illustrating the single-sided 
network with common network terminal arrays for lines, trunk circuits 
and service circuits. 

Fig. 9-71 shows No. 2A ESS modules under way from the factory to 
the installation site. Three such equipment modules, each 12 feet 
wide by 48 feet long, can contain the switching equipment and bat
teries for a 3000-line office. Additional modules provide capacity to 
15,000 lines, power service, and an optional administration center. 
The complete system is assembled in the factory with connectorized 
cables between modules. The module can be quickly set on a pre
cast foundation and plugged together for quick, efficient site instal
lation. Facade panels90 can be installed to provide a more pleasing 
exterior. The first No. 2A ESS went into service in Sun Valley, 
Nevada in November 197'2. 

7.2 The 3A Central Control and No. 2B ESS 
Although successful, the No. 2 ESS was not economical below 

several thousand lines in comparison with step-by-step community· 
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Fig. 9-71. Transportable No. 2A ESS. Units are assembled at the fac
tory with connectorized cables . Set on a precast foundation , system 
quickly provides service for 3000 lines . 

dial offices, even though the No. 2 ESS offered much more capabil
ity. The No. 2 ESS processor, to meet its development schedules, 
had to forego monolithic integrated circuit logic and the PBT 
memory. Furthermore, the No.2 ESS network could expand 
beyond 10,000 lines to 20,000, but the call-handling capacity of the 
No. 2 ESS processor limited the practical size in almost all offices to 
10,000 lines or fewer. 

Several independent exploratory design efforts were undertaken 
to provide the control for a very small office. The design ideas were 
coalesced into a single microprogrammed control that became the 
3A CC (central control), the processor for No. 3 ESS. The micropro
gramming capability of the new processor, along with price and size 
advantages gained through the use of integrated circuit logic and 
semiconductor memories, made it attractive for several switching 
applications. Although redundant controls were usually used, 
these processors had extensive self-checking capabilities and did not 
employ matching techniques for error detection. 

An integrated circuit version of the autonomous input /output 
logic of the No. 2 ESS was added to the 3ACC, extending the width 
of the data words from 16 to 24, and the microprogram memory was 
set to emulate the No. 2 ESS processor instructions. With these 
changes, the No. 2 ESS was both substantially reduced in cost and 
increased in capacity. The new configuration, the No. 2B ESS, first 
went into service in Acworth, Georgia in February 1976. The 
Acworth system was actually a No. 2C ESS-a transportable 
arrangement of the No. 2B. The first No. 2B ESS was placed in 
service in Elgin, Illinois in June 197 6. 
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Since the new processor emulates the No. 2 ESS programs 
directly, much of the software investment in No.2 ESS is conserved 
with a minimum of additional testing effort to incorporate it into the 
No. 2B ESS. The 2B processor can be retrofitted in a No.2 ESS so 
that the existing No.2 ESS's have the option of doubling their 
capacity before exhausting. The first retrofit of a 2B processor was 
carried out in Northbrook, Illinois in April 1977. The 2B processor 
resulted in rating as manufacture discontinued (MD) the No. 2 ESS 
processor by 1977. Again, one can note the shortening of the life 
cycle of telephone switching processors in this case to less than a 
decade.91 

The 3ACC also was employed, beginning in 1976, in a special 
private network which handled credit card transactions. This appli
cation is noted in Chapter 13, section 5.4. A third application was 
for the No.5 Electronic Translator System, which provided some 
stored-program capability for No.5 crossbar. (See Chapter 11, sec
tion 1.14.2 for a description of the No. 5 ESS.) 

7.3 Centrex and Other Feature Developments 

The first generic program for No.2 ESS was the L0-1 (Local 
Office-1), which went into service in 1970 with 182 residential, busi
ness, call-processing, maintenance administration, and traffic and 
billing features. This compares favorably with 124 features in the 
initial No.1 ESS program. The second generic program, EF-1 
(Extended Features-1) went into service in February 1974, in Naper
ville, Illinois. EF-1 added 128 features, most of which were Centrex 
operating and maintenance features. Centrex service from the 
No. 2 ESS was first provided to the AMOCO research center in 
Naperville, Illinois in April1974. 

Because of the difference in operating environment between No.1 
ESS and No.2 ESS (longer loops, more T carrier development), 
several features appeared on No.2 ESS that had not been added to 
No. 1 ESS by the end of 1976. Special range extension amplifier and 
battery boost circuits were placed in the network B links to be con
nected to long loops. By concentrating the range extenders inside 
the network, the number of extenders was reduced from that 
required if attached to each long loop. A more powerful extender, 
which adapted its compensation according to the condition of the 
loop, was later added. These circuits, later known as CREG (con
centrated range extension with gain), were first used in the 
North Madison, Connecticut office, which went into service in 
August 1976. A second feature is the combining of T carrier D3 
channel banks and No. 2 ESS trunk circuits into a single functional 
unit to eliminate redundant signaling, components, and cabling. 
This feature went into service at Lake Villa, Illinois in November 
1977. 
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Section of photographic plate used in the Morris system flyil7g-spot store (see 
pages 236 and 237). In the actual plate, each square is 1-3 /8 inches 011 a side. 
Overall 2.2 millio11-bit store allowed the central control to read 25-bit instruction 
words every 2.5 microseconds. The rectangular areas within each square were for 
test purposes. 
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Installation of TSPS (traffic service position system) consoles provides an 
opportunity for a pleasant work environment. Even with direct distance dialing, 
many calls require operator assistance. TSPS was invented and developed at Bell 
Labs to bring to these calls the maximum benefits of stored program control and 
solid state electronics. Within seven years of its introduction in 1969, TSPS 
served over half of all Bell System operator-assisted calls . TSPS was successful in 
part because it incorporated many circuits and devices produced for No. 1 ESS . 


