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A. C. Keller
The "DDD" relay -"Deluding" to the designer, "Difficult" to the
developer, and "Delightful" to the systems engineer -has the time- tested
attributes of versatility, reliability and economy. As a result, relays
have become the mainstay of practical communications systems
and are one of the most extensively used devices in the telephone plant.

Pinball machines, racetrack totalizers, numerically controlled milling machines, and
the Bell System all have something in common.
The link between these strange companions is a
device in which all have a vital interest and
relatively large investments -the "DDD" relay.
The American Standards Association has this
to say about a relay -"A relay is an electrically
controlled device that opens and closes electrical
contacts to effect the operation of other devices
in the same or another electrical circuit." A definition of the "DDD" relay, however, cannot be
found in technical reference books, nor for that
matter, in any library. It does not refer to a
three -dimensional device, nor is it meant to imply Direct Distance Dialing. What we have done
in this story is take the liberty of describing a

relay with three unique adjectives -Deluding,
Difficult, and Delightful! Later, these weird adjectives will be explained and justified. The explanation should especially interest those who
have worked with relays for many years and
know their many useful applications.
Relays go back to about 1878 when telegraphic
devices were modified for use in very simple
switching circuits. In the intervening years, engineers in many organizations have been improving relays and bringing out new forms. In the
Bell System, particularly at Bell Laboratories,
there has always been a substantial development program to improve electromechanical relays. In the communications industry, relays have
always been basic to switching equipment, and
in recent years other industries have increasingly
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used them in many forms. These latter applications are often called "automatic control."
How important relays are to the Bell System
can be judged readily by the fact that something over 30 million of them are manufactured
each year for Bell System equipment. This is
more than the combined output of all other relay
manufacturers in the United States. As one result of this volume, Bell Laboratories periodically
has developed, and the Western Electric Company
has put into large -scale production, new general purpose relays. This has meant large investments in development and in manufacturing facilities. But experience has shown that these are
more than justified economically in improved
relay performance, and sometimes in the always
sought lower cost of apparatus as well.
For example, about 1917 the Operating Companies began using the "E- type," or flat -type,
relay for manual switchboards and other switching circuits. About 1936, they installed another
type, the "U- type," because an improved relay
was needed in the then new common-control systems, notably the No. 1 crossbar system. U -type
relays provide more contacts and much longer
life in terms of the number of operations than do
the E -type. Their mechanical life is approximately 100 -million operations.
About 1952 the Bell System turned to the
"wire-spring" relay as a new general -purpose relay for all types of switching circuits. The need
here was for an even greater life-approximately
one billion operations. Also needed was faster
operation and better sensitivity, particularly in
high-speed, common -control systems such as the
No. 5 crossbar system.
An entirely different kind of relay-one with
its contacts enclosed in glass -was developed
quite a few years ago and first put into use for
coaxial -cable switching at Stevens Point, Wisconsin. Later, came the glass -enclosed contact
relays, some with liquid- mercury contacts and
others of the so-called "dry- reed" type. These
were used in Bell System applications to military
work. Many of these glass -enclosed devices saw
action during World War II where other types
of relays were not adequate. After the war, several forms of glass -enclosed contact relays were introduced in the Bell System, particularly for No.
5 crossbar and other major switching equipment.
The wire- spring relay and the relays using
glass -enclosed contacts are related through similar and interesting origins. About 1935, Dr.
Oliver E. Buckley, who later became President
of Bell Laboratories, wanted to stimulate funda-

-
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mental development and invention that would
eventually lead to a new and improved general purpose relay. To do this, he spoke to H. C. Harrison and W. B. Ellwood about the problem.
Both of these men, creative and inventive members of the Laboratories, were soon on their way
to carry out the broad and general instructions
Dr. Buckley gave them. However, they did not
go in the same direction even though their instructions were presumably the same.
Different Design

Approaches

Henry Harrison visualized, as the best solution, a "code- card" operated relay using wire
springs to carry the contacts. The design permitted a high degree of mechanization in manufacture and assembly, which in turn realized the
desired low costs. This work eventually led to
the family of wire -spring relays now in large scale production. Wire- spring relays are presently one of the standard general -purpose relays
in the Bell System for all its telephone switching
systems. Almost eight million of them are
made annually, and this figure may double in the
years ahead.
In contrast to Harrison's approach, Walter
Ellwood saw the ultimate in reliability in a glass enclosed contact containing the cleanest and best
atmosphere, completely free of outside influences
such as dust and dirt. He also visualized low
manufacturing costs and product uniformity
through a high degree of mechanization.
His work also led to a family of relays, in this
case with glass -enclosed contacts. These are also
now being produced and used in large quantities.
For example, the Western Electric Company is
making annually more than three million of one
glass -enclosed type, and this figure may also
double in the near future.
It is interesting to look back and note that
the very close cooperation of Laboratories and
Western Electric engineers during the development and design period of both the wire- spring
relay and the glass -enclosed contacts resulted
not only in new relay designs but also in new
manufacturing methods. These methods have
been judged to be among the most advanced examples of mechanization in modern industry.
Now let's get back to our strange adjectives.
First, "deluding" is apt because a relay can be
thought of as misleading
is not one device,
but many. Equipped with a single contact, it
sometimes can be operated as a sensitive relay
in the milliwatt, and even microwatt, range of
power. At other times, it takes the form of a

-it

Machine for automatic production of dry -reed switches
in Western Electric Co. plant
at Allentown, Pa. Western
manufactured over 21/2 million
dry -reed switches in 1959.

heavy -duty device with dozens of contacts. In
some forms, the relay may operate with microsecond pulses. In others, it may be required to
release slowly
matter of one second or longer.

-a

Relay Applications

Sometimes a relay must be very small, like
those in military missiles. Yet it must withstand
the severe environmental conditions of shock and
vibration together with a wide range of temperatures. In a guided missile, a relay may not be
required to operate very often, but it must operate with certainty and with its advertised properties the first time it is required to do so. By
contrast, telephone central office applications may
require a relay to operate a billion times. Some
relays must make and break rather large currents and this may cause arcing at the contacts
with consequent electrical erosion. On the other
hand, some relays may never break or make current, but this raises other physical problems.
Another deluding feature has to do with the
seeming simplicity of a relay. It is correct to
call it a simple device which is either operated
or nonoperated, and so has merely two positions,
or states. But in groups, relays can do things
that are far from simple. They can, for example,
play games, such as Tic -Tac -Toe, and never lose!
The "on" and "off" states are often referred to
as corresponding to "yes" or "no." And it is
not difficult to see that logic operations are pos-

sible by a collection of relays wired together in
a circuit, each element answering yes or no.
All of this may still seem simple, but let us
examine it more closely. We have already noted
that some relays operate very fast, and some
operate slowly. In addition, some have contacts
which make, some which break and some have
both. Some have one contact and some have
dozens of contacts. Furthermore, by properly
wiring a number of these "simple" relays together, engineers can make them do some interesting things that have been likened to parts
of thinking machines or even to certain functions of the human mind itself. There are, for
example, simple basic circuits that perform
such logic functions as "and," "or," and "not."
In larger groups, simple relays wired together
perform functions such as counting, registration, and programming. These are switching
functions, and when they are put together as
systems, they become computers, control systems,
business machines, racetrack totalizers, pinball
machines, and most important to the Bell System, they become telephone switching systems.
For all of these reasons, the adjective "deluding"
has been chosen.
Development engineers concerned with relays
are more likely to use another adjective-"difficult." A relay has certain basic and fundamental
problems associated with its operation and use
which have never been fully solved. This is true
324
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Some steps along the road to modern electromechanical relays. At left is telegraph key modified for telephone circuits. Device labeled 1890 depicts first step -by -step telephone switching relay.

Next is relay of early manual switching systems,
followed by first version of flat -type device. 1936
device depicts crossbar systems relay. At right
(1952) is today's widely used wire -spring relay.

even after more than 80 years of continuous
study, development, and improvement. Even now
there are things about the relay we do not understand as well as we would like. One thing is
the action of the electrical contact. This is a
problem in fundamental physics and chemistry
and involves, on the one hand, the study of
electrical discharges in gases, and on the other,
the formation of organic polymers on metallic
contact surfaces. Both of these problems are a
real challenge to basic research in modern day
physics and chemistry.
The first part of this problem-electrical discharges, or arcs- involves excessive erosion of
the relay contacts. This seems to be closely associated with the basic physics of electrical arcs.
For example, theoretically, the minimum arcing
current for clean palladium contacts is 0.7 ampere, but in practice any current above 0.1 ampere will usually initiate an are. In these "acti-

vated" conditions, the contacts become good
emitters of electrons and therefore are more
subject to arcing.
The other part of the contact problem-the
formation of polymers- exists under diametrically opposite conditions. On some nonarcing contacts, such as those made of palladium or metals
in the platinum family, there sometimes appears
a brown amorphous organic deposit. We believe
this is caused by the metals rubbing together
in the presence of low concentrations of organic
vapors. Formed by a wide variety of organic
materials, the deposit is thought to involve
"chemisorption" of the vapor on the metal together with frictional activation and polymerization of the chemisorbed layers to form the socalled "brown powder." This has been particularly troublesome in designs where relays have
been enclosed in hermetically sealed containers.
We've found the contact resistance increases and
becomes excessive when this type of relay is put
into service, and in many cases we've found the
service is poor compared to that given even by
unsealed relays. Only by complete elimination
of organic materials in the contact chambers
can these effects be avoided.
Another fundamental problem of relays involves the basic mathematical equations describing the action of the simple form of a relay. These
equations take the form of two simultaneous differential equations, one for the mechanical
"mesh" of the relay and the other for its electrical "mesh," each with an electro- mechanical
coupling factor. These equations have never been
solved, except by approximations, because the
coupling factors between the electrical and mechanical meshes are nonlinear. Of course, we've
proceeded anyway, mainly by approximations,
with experimental verification, and sometimes
by numerical solutions obtained from general-

ferreed consisting of two ferrite bars, two
glass- sealed, magnetic -reed switches, and two
plastic "magnetic" end pieces as major parts.
A
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purpose computers. At one time, the Laboratories gave serious consideration to designing a
special analog computer to solve the differential
equations for relays.
There are other matters to make the so- called
simple relay "difficult" -for example, reliability.
Presumably, if a relay in a pinball machine fails
to operate when it should, the result merely will
be a delighted or disgruntled player. However,
for more sophisticated applications, a relay must
operate or release without fail every time it is
called upon. Such is the case in a guided missile
where relays must operate after days or even
months in storage. Some Bell System relays are
very
expected to operate one billion times
large number in any frame of reference, corresponding to about one operation every second for
almost 40 years. This leads to some very strict
design requirements, as in the case of the wirespring relay. Here, the need for reliability in
one billion operations resulted in a number of
detailed requirements. For example, one specified
that whenever any two contacting parts of the relay touch each other, they should never slide more
than 1/1000 of an inch. The high degree of reliability required in relays for Bell System common- control switching systems may be evident
by considering a single telephone connection between two customers. Such a connection uses, for
a very short time interval, about 1,000 relay operations involving a total of about 7,000 contacts.
Development of the wire-spring relays, led to
new methods of measurement and new designs
for several electrical, mechanical and magnetic
parameters. These new methods, with associated
material used in Bell Laboratories Training
Courses for electromechanical apparatus, were
published in a book, Switching Relay Design,
by two members of the Laboratories, R. L. Peek
and H. N. Wagar. First published in 1955, it is
a unique book in its field.
The third "D" in our definition of the DDD
Relay is for another rather weird adjective
"delightful." This seems suitable because relays
are constantly being invented in new forms, with
additional and better characteristics. Thus they
become more useful, compatible, and competitive,
even in the present age of solid -state devices.
One "delightful" aspect of the relay is its
use as a do power amplifier. In this case, a lowlevel do input operates the relay and substantial
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The "crystal can" relay
specially designed
pact relay used in military missile systems.
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power passes through its contacts. As a result,
it is possible with a single relay to get a particular kind of dc power amplification of about
80 db. By "cascading" relays in stages, larger
power gains may be had without too much difficulty. People who work with de amplification appreciate the advantage of this simple form.
Another delightful experience with relays is
to watch them, old as they are, being constantly
developed into new and better forms. The most
recent example of this is the "ferreed," a device
that uses one or more miniature, glass -enclosed
contacts in combination with several pieces of
ferrite material. Before describing this further,
we might go back and examine an earlier statement about different types of relays having a
variety of speeds of operation or release. On the
fast side, the best operating time for a wire spring relay is about three milliseconds, and the
224A glass- enclosed contact in a relay will operate in about one millisecond. In the ferreed,
however, operating pulses as short as fire microseconds can be used to operate the contacts. This
is the time required to change the state of the
ferrite to a magnetized condition. Later, perhaps
a millisecond, the dry-reed switch operates.
Another way to describe the ferreed is to say
that it is basically a "magnetically latched" re-

family of glass -enclosed contacts. At left is
the 218A mercury switch. In center is a dry -reed
switch known as the 224A. At right is type of
reed switch considered for use in the ferreed.
A
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lay that pulses can operate or release. The mag-

netically latched relay is particularly important
because it is a form of relay compatible with the
solid -state devices with which it must work in
modern switching systems. In fact, the basic
properties of the ferreed-sealed metallic contacts, control times in the microsecond range,
coincident selection memory without holding
power; and small size-make it ideally suited as a
crosspoint in telephone switching networks of the
"space- division" type. Applications lie in such
directions as the Electronic Central Office.
;

Why Relays Remain Popular
It may seem strange, in a period when transistors, diodes, and other solid -state devices
are taking over so many switching functions, that
there are more relay manufacturers in the United
States and more relays made and purchased by
the Bell System than ever before. But there are
several good reasons for this.
First, as in many technical areas, often several devices can be used for some particular project. The final choice is made in terms of many
factors, such as speed, size, power, and life, and
perhaps most important, the cost. Relays often
result in equipment designs which are simple and
inexpensive, and yet operate fast enough to make
unimportant any increase in operating speed.
Second, relays, can be used in circuits singly
and in small numbers without the associated
common equipment often required to take full
advantage of the sensational speeds of solidstate devices. In addition, what might be called
the input and output circuits are completely isolated in relay circuits, a condition not easy to
achieve with many of the new solid -state devices.
The third reason for large -scale use of relays
is the rapidly expanding applications for all kinds
of switching tools. This requires more of everything, including many kinds of relays and solid state devices. Finally, relays and solid -state devices are developing a "compatibility" and, in
fact, combinations of both as illustrated in the
new ferreed are the best examples of this. Again,
cost factors often dictate the use of each.
Whatever the future of the relay may be,
there is one thing certain. Bell System earnings,
for many years to come, will be based on central office and other equipment using electromechanical relays. The Bell System now has some 500,000,000 relays in the telephone plant, used to
serve some 58 million telephones. Much of this
equipment, designed to last 40 years, has a long
life ahead of it.

W.

A. Budlong

Simulating Electronic Switching
With a Computer

The speed and versatility of modern, general purpose digital computers have made it possible
to simulate the operation of large and complex
systems that have not yet been built in their final
form. At Bell Laboratories and elsewhere, corn puter simulation techniques are proving to be
valuable aids in the development of experimental
systems.
As part of a continuing program of study of
such techniques at the Laboratories, switching
systems development engineers have undertaken
the simulation of an experimental electronic
switching system (ESS), or electronic central
office (ECO). This simulation project is specifically directed toward the use of digital computers as an aid in the evaluation and perfection of
new stored programs for telephone switching. By
computer simulation, "calls" were put through an
experimental ESS some time before the proposed
equipment was built.
This article will describe briefly some of the
techniques involved in the simulation of an ESS
on a large-scale computer. These simulation techniques were designed chiefly to test the logical
performance of the stored program for the ESS,
not to test the design of system hardware or

traffic capabilities. Logical performance, in somewhat simpler terms, means : were the proper connections made in response to dialed information?
Simulating the procedures of the control portion of an ESS on a large-scale digital computer,
though complex in detail, is relatively straightforward. An electronic switching system is very
different from a large -scale digital computer in
many ways. A good example of these differences
is that the computer is not organized to perform
tasks within the different operating -time requirements of an ESS. There is, nevertheless, a
basic similarity in operation between the control
elements of an ESS and a digital computer. As an
introduction to the actual simulation techniques,
it would be well to consider first, in some detail,
these basic similarities. The diagram on page 330
will be helpful in following this discussion, since
it shows in block form the basic units of both
the ESS and a computer.
In the experimental ESS, (RECORD, October,
1958), the lines of all customers terminate in
concentrator switches. These, in turn, connect
the customer to either side of a switching network. Through this network, he can then be connected to any other line or to any one of a group
328
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that terminate directly on the switching network. Ringing tones to both the called
and calling lines of a connection are provided
through the signal switches when required.
The switching network is controlled by the
network marker, while a concentrator marker
controls the concentrator and signal switches.
These markers "end mark" the desired connections, but to do this they require "put -up" or
"take- down" indications and the specific locations in the network of the lines or trunks involved. Instructions of this kind are supplied
by the central control.
Incoming lines and trunks are examined by a
scanner for changes in status that convey origination, termination and dialing information. The
scanner then conveys its indication back to central control for interpretation. Outgoing trunks
often contain some relay circuits operated by
central control through the signal distributor.
Central control (RECORD, February, 1960)
initiates all of the actions of the system on a
time -sharing basis, moving from one task to
another at microsecond rates. Associated with
the central control are a temporary, erasable
memory and a semipermanent memory. In early
versions of the ESS, including the one currently
being prepared for trial in Morris, Illinois, the
temporary memory is a "barrier -grid store"
(RECORD, December, 1959) and the semipermanent memory is a "flying -spot store" (RECORD,
of trunks

The author, left, and Miss I).
Habbart review results of

M.

simulation run. Papers are,
from. right to left: data sheets
printed by computer, folder
containing order- sequence
charts, and data input cards.
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October, 1959). The semipermanent memory
contains two types of information: (1) "translations" -such as those associating a customer
with a particular class of service or relating his
directory number to an equipment number; and
(2) the "stored program" -the coded orders that
control the entire system.
The stored program is a set of rigorously
defined orders, coded in a form that the system
can readily use. The orders are stored in a group
of memory locations with specific "addresses."
When addressed and read out by the control system, an order causes one of a limited number of
specific actions at a location usually specified
by part of its code.
In effect, this program stored in the semipermanent memory is an "instruction book" describing all of the required operations in a machine language. Central control might be likened
to a man of limited capabilities who can read
only these machine-language instructions, but
can carry them out rapidly and precisely. After
completing each instruction, he must go back to
the book to find out what to do next.
By having a sufficiently long instruction book,
even though it might be written in a language
of limited vocabulary, it is possible for him to
accomplish an endless variety of tasks. A man
could not possibly execute instructions rapidly
enough to do the many jobs needed to control
an entire switching system. But modern logic cir-

cuitry, working at microsecond rates, can handle data fast enough to interpret incoming information and set up calls accordingly (REcoRD,
April, 1960).
The same instruction -book principles apply in
large -scale digital computers. All modern corn puters have a large memory, which stores instructions. and a control mechanism that executes them at very high speeds. A previously prepared set of such instructions-the computer's
stored program -causes the computer to act in a
way prescribed by the programmer in his instructions.
Computer Memory
In the general-purpose computer, the entire
memory is usually of the erasable type and is
organized into words of a standard length. The
same memory stores both the program instructions and the temporary data that the program
uses. The IBM 704 computer at the Whippany

Laboratories and the IBM 7090 computer at the
Murray Hill Laboratories have an erasable memory of 32,768 (2':.) words of 36 binary digits
each. Words can be instructions, addresses, or
data, or combinations of all three.
In its vocabulary, the computer contains many
types of instructions that allow logical manipulation of data rather than routine arithmetic operations. These logical instructions are used extensively in simulation programs. Actually, there
are over 100 different types of instructions in
the computer's vocabulary, and each of these can
be interpreted and executed by the control, arithmetic and logic units. The basic memory system
of the computer is constructed of magnetic cores,
and its capacity and versatility can be further
expanded by the use of magnetic tapes. These
augmenting tapes can be read into or out of the
memory by suitable orders.
Information is put into the computer by a card
reader, which reads data that has been punched
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ing and outgoing lines and lute /s appear on both
sides of the switching network in the actual ESS.
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on business -machine cards. Usually, this punched
data is first transferred to magnetic tapes and
put into the computer in this form. Peripheral

equipment associated with the computer prints
out the results, at high speeds, on large data
sheets, shown in the photograph on page 329.
Thus, the basic similarities between the computer and the control portion of the ESS are:
large memory for the storage of programs and
data a central control for executing the sequence of operations ; and input and output mechanisms that can readily translate data to or from
machine language. The relationship of these
similarities, by units, is shown in the diagram
mentioned earlier.
The fundamental simulation problem is to
write a computer program that will cause certain
outputs which, by interpretation, describe connections or other system actions performed in
response to customer actions. These actions
releasing the switchhook, dialing, hanging -up,
and the like-can all be simulated by properly
sequenced inputs to the computer.
A portion of the computer's memory is assigned
as a set of "images" of various information -storing sections of the ESS (see diagram on page ;.;
These image sections of the computer memory
store the same type of information contained in
the various ESS elements, and are arranged to
react the same way. Another portion of the computer memory is devoted to a computer program
which interprets and executes the stored program
of the ESS in the same way that the central control circuitry of the ESS would.
The electronic central office sets up real connections between telephone lines. By contrast,
the computer makes its "connections" by marking
its own memory, in the proper image. Whenever
a network connection is changed, the computer
prints out an interpretation of its memory in a
way that shows the human simulator what connection has been established at that time.
A certain section of the computer's memory
is assigned as the image of the temporary memory. Another section serves as the image of the
semipermanent memory and contains, in binary
form, the ESS orders normally stored there. A
separate section of the image of this memory
system contains translation information. Still
another section of the computer memory contains
bits of information that tell the present status
(on -hook or off -hook) of customers' lines and the
condition of various trunks in the office. This
is called the scanner image because the output
of the simulated scanner depends on the information stored in its image. When a customer orig;

-
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inates, dials, answers or terminates calls, his
actions can be simulated by properly "marking"
the scanner image. In doing this, the programmers must consider the time relations for defining interdigital and interpulse times (RECORD,
December, 1958).
The controlled portion of the system-the
imaged by a section of the
switching network
computer memory that remembers what connections are made among which lines and trunks. It
is possible to trace all connections that have been
made by reading out the information from this
image. The sequence of a typical simulation run
on the computer is shown in the full -page diagram on the next page.
In the central control of the ESS, there is a
so- called "flip -flop group matrix," which is a set
of flip -flop circuits that form a word-organized
memory capable of storing 16 bits of information in parallel. Nearly all of the information
processed by the central control passes through
this matrix. Central control also uses a group of
miscellaneous flip -flops. All of these flip -flops
in both groups are directly imaged by a section
of the computer memory.

-is

Action on Orders
The data in all these images are static until
manipulated by simulated execution of ESS orders. Hence the computer's instructions must
interpret the ESS orders and cause the indicated
action in the proper image. For example, the
ESS order W1Y -6 means: write 1 in the temporary memory (in this case, the barrier -grid
store, or BGS) at the Y address 6 and the X
address given by the contents of the BGS flip flop group. This order would appear as a coded,
20 -bit word in the image of the semipermanent
memory. The computer's instructions would interpret this order as "go to the BGS image at
the Y address 6 and the X address given by the
contents of the BGS flip -flop group, and then
write a 1 in the BGS image."
There are more than 70 different types of ESS
orders of this kind, and each of these is executed
by a program of instructions in the computer,
just as the W1Y-6 order was. The simulated execution of any individual ESS order requires the
execution of 50 to 150 computer instructions. The
ESS executes one of its own orders in just a few
microseconds, and the computer requires about
24 microseconds to execute one of its own instructions. Since an average of 100 computer
instructions is required to complete a single ESS
order, the time required by a simulation run is
about 1000 times that required for the same
:
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This block diagram shows broadly the progress of a simulation run. All of the information in the images is written
into the memory section of the computer and remains there,
unchanged, until modified or read out by the computer program. The program portion of the simulation run is executed by the arithmetical and control units of the computer
working on the various images.
The progress of the program is in most cases shown by the
black flow lines. In general, the white flow lines indicate
an exchange of information between the program and the
images. For example, the second program (2) sends the
address of an ESS word order stored in the semi -permanent
memory image to that image, and the order is returned. It
then passes the ESS order along for interpretation and
execution. To do these two jobs, the next program (3) must

PRINT -OUT
OF RESULTS

interrogate or modify the images of several units of the

ESS,

as shown.

The next two programs on the left (4) and (6), are
primarily logic instructions that call in other orders after a
"yes" reply. If the ESS order gives information to the network or the concentrator-the portions of the system which
physically connect customers-the middle program (5) is
called on to interpret these orders or modify the images.
Near the end of the computer program is the "calling sequence" program (7). This is used only with certain special
instructions and to call in the auxiliary programs when
required. It is not a part of the main simulation program.
As the flow arrow at the left suggests, the "next-order"
program (2) is the key instruction in the computer program
in that it keeps the entire simulation program moving along.
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operations in the actual electronic central office.
The ESS uses another type of orders to control
the switching network and the concentrator and
signal switches. A computer routine simulates
this control action and properly modifies the
portion of the network image that remembers
all connections in the system. Whenever a connection through the network is put up or taken
down, a print -out is made. A series of such
print -outs will give the entire history of a particular call. Similar print -outs are also made
when the signal distributor is operated.
To check the specific details of the stored program of ESS, programmers have frequently found
it desirable to be able to find out what is going on
in some image. In other words, they want to be
able to insert a computer program that will print
out some of the information contained in any
image. To do this, the programmers use a system
of so- called "interesting points." At any of these
interesting points, a computer program can be
inserted that instructs the computer to print
out some portion of its image. Any order in the
ESS program can be temporarily marked as an
interesting point and linked to a print program.
Another type of operation that is frequently
necessary is "initialization," or the setting up
of a certain pattern of bits in some image. For
example, it is often desirable to make a register
a device for temporarily recording numbers)
within the temporary memory appear as it would
at a certain point in a call. If the proper address
in the semipermanent memory is initialized. it
is possible to start executing the stored program
of the ESS at any point in the program. Initializing the scanner image simulates customers'
actions as noted above. Initializations are also
linked to orders marked as interesting points.
When initialization, interesting points and the
other procedures discussed above are combined
into a unified system, simulation becomes a very
flexible tool for assuring the correctness of the
stored program to be used in the experimental
ESS. As with any tool, however, there are many
ways of using it, and it is difficult to pick any
particular process in such a complex system as
typical. The actual simulation methods used
depend greatly on what stage has been reached
in the development of the ESS program. If just
a small portion of the required stored program
has been developed, only a "block check" can be
done on that portion. As more and more portions of the program are developed, it is possible
to make an actual check on the progress of a call.
As one example, on a simulation run in a "call(
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progress" check, a special input program and a
few interesting points would be used to simulate
customers' actions, and the progress of the call
would be followed by examining the print -out of
a simulated connection. If the proper connections
are made, it can be reasonably assumed that the
traversed portion of the stored program is correct. To examine the action in more detail a trace
program is often used. This program causes the
computer to print out whenever a transfer is
made within the program. The program can
then be more fully analyzed until the trouble is
found. Additional interesting points may be installed if necessary. Thus, there is a continuous
focusing of attention and expansion of the detail
that is printed out until a trouble is found.
How Simulation Helps Development
The main purpose of simulation is to insure
as nearly perfect programs as possible for an
ESS. In the early phase of getting such a system operating, the actual electronic machinery,
or hardware, may not be available to test programs. If an untested program were put into a
completely built but untried system, it would be
difficult to distinguish between program errors
and hardware troubles. Simulation, by minimizing program errors, can help to separate the two.
Initialization, optional print -outs, tracing programs and optional interesting points are especially powerful tools for analyzing program errors.
In correcting such errors, it is much easier merely
to modify the erasable memory of a computer
than to modify the photographic storage plates
of the present semipermanent memory. The simulation of proposed stored programs for the ESS is
therefore extremely valuable as a step toward

achieving a working system.
In a stored -program system, preparing perfect
programs is just as vital and difficult as designing
perfect hardware. And in the design of such a
system, perfecting the program, or "paperware,"
takes considerable time and effort. Having the
"system" (as simulated on a computer) available
for evaluating the stored program before the
actual hardware is assembled and "debugged"
allows the two development efforts to proceed
simultaneously.
The art of electronic switching and the use
of computers in the development of systems for
implementing it are still in their infancy, and
there is much room for further developments in
both fields. However, simulation will play a part
of increasing importance in the future development of electronic switching.

Project Echo
Transmits Telephone
Messages Via Satellite
Radiotelephone signals were successfully transmitted for the first time via a satellite last month
between the Holmdel, New Jersey, location of the
Laboratories and the Jet Propulsion Laboratory
at Goldstone, California. A project headed by the
National Aeronautics and Space Administration,
"Echo P" is the first big step toward commercial
transmission of overseas telephone calls and television by way of satellites.
Launched at Cape Canaveral, Florida, the 100 foot, aluminized -balloon satellite
was directed into its selected
News of
circular orbit by the LaboratoSpace
ries Command Guidance SysResearch
tem. In this guidance system,
Bell Laboratories is teamed with Remington
Rand-Univac, who developed and produced the
computer. This is the same Command Guidance
System that placed the NASA Tiros I weather
satellite into its precise circular orbit earlier
this year. (RECORD, May, 1960)
Of paramount importance to the successful experiment is a highly sensitive radio receiver developed at Bell Laboratories, and located at Holmdel. In the new receiver, three elements combine
to produce the high sensitivity. One is a movable,
horn- shaped antenna, 50 feet long. The second is
a special demodulation circuit, extremely valuable
for this use. The third is a highly sensitive ruby
"maser" amplifier, cooled by liquid helium to
-456 degrees Fahrenheit.
Bell Laboratories developed the horn -shaped antenna several years ago for overland radio relay.
It results in less pickup of radio noise from the
ground than do conventional antenna forms.
Through a 20 -by -20 foot opening, the horn receives weak signals from space and directs them
into its small end. Attached to the small end of the
horn is a "cab" in which the maser amplifier is
located (see photograph on page 337).
Control room at Bell Laboratories "space station"
at Holmdel, during actual experiment. W. C.
Jakes, Echo project engineer, talks on telephone.
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At the heart of the maser

(RECORD, May, 1960)

industrial ruby. The
liquid helium used as a refrigerant is drawn off
as it evaporates, thus cooling it even further. The
special frequency-modulation feedback circuit applied to the receiver circuitry improves the signal to- noise ratio one hundred fold, permitting a high
quality output from a weak signal.
The Holmdel station also includes control buildings, a 10-kilowatt transmitter with 60 -foot dish
antenna, and optical- and radar -tracking equipment. Other equipment converts predicted satellite
positions received by teletype from Washington,
D. C., into a form usable in aiming the antennas.
is a six-inch, rod -shaped

The Echo Satellite

Programmed to orbit at nearly 16,000 miles per -hour at a one -thousand mile altitude, the Echo
I satellite makes a trip around the earth once
every two hours. In last month's launch, a Thor
Delta vehicle sent the satellite into orbit. About
ninety seconds after launch, the Laboratories
guidance took control of the first stage of the
rocket and directed its flight for about one minute. After separation of the first and second stages
and firing of the second -stage engine, the guidance system again commanded the vehicle's flight
and maintained control for about 100 seconds.
After a coasting period of approximately twenty
minutes, the third stage was at the exact altitude
and at the correct velocity necessary for it to be
placed in the desired orbit. An automatic timer in
the third stage caused the engine to fire, and the
payload -the aluminized balloon -went into orbit.
During the first half- minute of the coasting
phase, the Bell Laboratories guidance control station at Cape Canaveral measured the position and
velocity of the vehicle and transmitted this information to NASA's Goddard Space Flight Center, near Washington, D. C. The initial prediction
of the exact orbit of the satellite was made from
these data.
In the Command Guidance System, small, lightweight guidance equipment is aboard the second
stage. The ground guidance station controls the
missile by sending orders to steer the vehicle precisely on its preselected path. Signals to control
the exact moment of cut -off of the second -stage
engine are also a function of the guidance system.
During the first hours of its 16,000 miles -perhour orbital jaunt around the earth, the Echo I
satellite established a number of new "firsts" in
communications technology. The 100 -foot diameter sphere reflected data back and forth from the
Laboratories at Holmdel, the Jet Propulsion Labo-

ratory, and the Naval Research Laboratory at
Stump Neck, Maryland.
After a one-way taped message by President
Eisenhower, the first communication bounced off
the aluminum- coated sphere, many other microwave signals relaying voice, music and data were
transmitted and received. Although the antennas
lost track of the huge balloon momentarily during
this first test, reception was exceptionally clear
and the President's taped message was received
several times during the 15 minutes the sphere
was in line -of -sight of both stations.
Other early successful communications included
a two -way simultaneous transmission between
Holmdel and the Jet Propulsion Laboratory, accomplished when President Eisenhower's message
was sent from the Laboratories to JPL. At the
same time, JPL transmitted a taped message by
Senator Lyndon Johnson to Holmdel. This was
followed by a two-way live conversation, completed between W. C. Jakes at Holmdel and Phil
Tardoni, of JPL, at Goldstone. Later, the Naval
Research Laboratory at Stump Neck transmitted
to Holmdel with high quality.
One particularly important experiment occurred
as a "double bounce." The Naval Research Laboratory transmitted live voice via the satellite to
Holmdel, where it was received and retransmitted
to the satellite. JPL then received the signal
bounce, proving that with a sufficient number of
satellites, world communication through space is
feasible.
In the first "complete" telephone conversation,
Walter Victor, of JPL, picked up a telephone in
Pasadena, California where the Jet Propulsion
Laboratory "patched" the call to the satellite circuit, from where it was bounced to Holmdel.
Laboratories engineers then patched the call back
to Holmdel where Mr. Jakes talked with Mr.
Victor.
Experiments are being continued in bouncing
signals off the Echo I satellite. They will be evaluated to determine the feasibility of ultimately
transmitting phone calls and perhaps even live
television across oceans by satellite relay (see
page 354).
Echo I is a "passive" satellite. But the Laboratories is already at work investigating another
possibility-"active" satellites, which would carry
electronic equipment to receive radio signals and
send them back to earth. Laboratories engineers
are now developing the rugged, long -life electronic
devices that would be necessary for a commercially feasible "active" satellite.
All proposals for communications satellites are
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based on the principle that they would permit
long -distance transmission of high- frequency
radio signals. These signals, normally blocked by
the earth's curvature, could travel in straight lines
up to a satellite and then be reflected or retransmitted back down again.
Telephone calls are already transmitted across
oceans by low -frequency radio and by deep -sea
cables. But here the number of radio channels is
limited, and transmission is subject to natural interference. Cables also are limited in the number
of channels by technical considerations, chiefly the
necessity of building cables with extremely long
service life.
Cables are being improved and almost certainly
will continue to be used and expanded indefinitely
for overseas communications, whatever the success of communications satellites. Communication
by satellite, however, offers a complementary communications system having greater potential
capacity. Television signals today occupy the
equivalent of 500 to 900 voice channels. Communications satellites providing this capacity look
ultimately possible, but are still far in the future.
Because passive satellites have an inherently
greater bandwidth than active ones, reflectors
could be used to bounce any type or frequency of

radio signal. Active satellites would have to be
designed for specific frequency bands, and obviously could not be modified once in orbit. On the
other hand, passive satellites would reflect only a
faint signal, so that more powerful transmitters
and sensitive receivers would be needed on the
ground than might be necessary with active
satellites.
Since passive satellites would have no electronic
parts or power supplies to wear out, they therefore might last longer than active satellites. One
of the purposes of Echo I is to determine how long
a balloon -type satellite might be expected to retain
its shape despite punctures by micrometeorites
and the pressure of light energy on the surface..

Altitude of Orbit

Is

Significant

The types of communication satellites proposed
also vary according to their altitude. Low -orbiting
satellites, because they are closer, would ease the
problem of radio transmission. But they would be
in sight from any two places simultaneously for
only short periods. To maintain continuous communication needed for telephone service, a number of low- orbiting satellites would be required.
A satellite placed precisely 22,300 miles high
in a west-east orbit around the equator would revolve at exactly the same rate that the earth rotates and would therefore seem to remain always
at the same place in the sky. This single "24-hour"
satellite could be used to link any two places in
sight of it, which would mean over one -third of
the globe. Arctic areas would be excluded, however, because they would not be in the line-of-

sight.

The "ear" of Echo I -the most sensitive radio
receiver yet built. Cab at small end of horn houses
radio receiving circuitry and maser amplifier.

11,
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Because of its distance from the earth, however,
the 24 -hour satellite would necessarily be an active one. It would also have to have some means
for adjusting its position precisely. Also, because
of its distance, telephone talkers would find it
takes an extra six -tenths of a second to get the
reply to a question (RECORD, August, 1960). But
if the moon, 240,000 miles away, were used for
two -way communication, over five seconds would
elapse before a telephone talker heard his reply.
Planning a communications satellite system
must also include all the ground equipment that
would be needed for a continuous, reliable system.
Such factors as size of antennas, power supplies
in remote areas, interference to and from other
radio systems, computers to predict orbits and
local tracking facilities, all must be figured as
part of the cost. Also to be considered is the cost
of the satellites themselves and that of getting
them into orbit.
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Diffused-Silicon Varistor

About 10 years ago, Bell Laboratories completed development of the 500 -type telephone set.
An important part of this development was a
new and more efficient telephone receiver. Although the performance of the receiver for the
500 set was improved by about 5 db, acoustic disturbances caused by transient electrical effects
the teleprincipally surges of low voltage
phone circuit were correspondingly higher (RECORD, August, 1952). Without a shunt to cut off
these disturbances, the telephone user would be
subjected to consequent increases in noise level.
A major problem in designing this new receiver
was to protect the customer from such noise.
At that time an oxidized thallium- copper varistor, coded 44A, was designed to furnish this
protection. This varistor, which is now in service, prevents loud bursts of noise (known as
"clicks ") from disturbing the customer and
protects the receiver magnet from being demagnetized by these transient currents. This protec-

-in

-

tion is an essential factor in making today's receivers small and light.
Some 37 million 44A varistors are in service,
all with excellent life characteristics. However,
the quality of the copper used to manufacture
varistors has been variable for several years.
Only copper that had been extracted from oxide type ores is satisfactory for varistor use.
Where an ore bed has been exposed to the
weather for centuries, the uppermost layers are
converted to oxides. These oxides are usually
washed away by rainfall. However, the copper
used to make oxidized-copper varistors is obtained from a mine in the Chilean Andes that
has scant rainfall and therefore has accumulated
a large bed of oxide ore. Unfortunately, this oxide
ore layer is being rapidly depleted. Metallurgists
estimate that supplies of this copper will be available for only 10 to 20 years. For this reason, Bell
Laboratories started a program to develop a
varistor from silicon, a semiconductor material
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that is in plentiful supply and that possesses
suitable electrical properties.
This article explains how engineers at Bell
Laboratories in Allentown, Pennsylvania, evolved
the design and the processing and manufacturing
techniques for such a silicon varistor. This new
varistor, designated 100A, surpasses the 44A unit
in electrical properties, yet is smaller and potentially more economical to produce.

Varistor Requirements
Electrically, a varistor must be symmetrical
to limit pulses of either polarity. In other words,
the electrical characteristics of a varistor must
be the same if the current is applied in either
direction. At speech -level voltages (0.1 to 0.2
volt), its resistance must be high compared to
the 135 -ohm resistance of the receiver. At transient voltage levels (above a few tenths of a
volt), its resistance must be low. In addition, a
varistor must be small enough to conveniently fit
into the cavity of the telephone receiver. Its longterm stability must be good, and, because large
quantities are required (44A production is approximately eight million per year), the cost
must be low.
Research carried out at the Laboratories several years ago proved the feasibility of a varistor consisting of two diffused- silicon wafers arranged in parallel and oppositely poled so as to
present an electrically symmetrical unit. Silicon
wafers are generally small, and the diffusion process lends itself to large -scale, low -cost production. For these reasons, a development program
was continued along this line.
The graph on page 341 compares the nominal
electrical characteristics of the new (100A) silicon varistor and the 44A varistor. The principal
difference is in the lower resistance of the 100A
varistor at higher surge currents. This provides
greater protection against loud bursts of noise.
Another difference, the higher resistance of the
100A at low voltages, implies less impairment of
speech transmission, but this is negligible even
with the 44A.
To evaluate its reliability, the new varistor
was subjected to a variety of electrical, mechanical, and environmental tests. Most of these tests
were much more severe than the device will
encounter in use. About five million hours of testing were accumulated during 2 years of development work with some 500 models of this varistor. Throughout this period of testing, no
failures were observed in any of the samples.
After completion of the tests, there were only
very minor changes in electrical characteristics.
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There is no reason to suspect any departure from
these highly stable results; therefore, this varistor shows promise of remaining in service for
a very long time. These tests and the investigations mentioned previously have resulted in a
varistor that not only meets the physical requirements of the telephone, but which can be mass
produced at low cost.
There are three basic expenses involved in the
manufacture of a varistor: (1) cost of raw material; (2) cost of processing silicon wafers; and
(3) cost of assembly and encapsulation. A low cost unit is the result of planned economy in all
three of these expense categories.
In small -scale operations without extensive
tooling, the cost of raw materials is a very small
part of the total expense. As production increases,
however, and automatic-assembling techniques
replace individual operations, the cost of a raw
material such as highly purified silicon becomes
a much larger part of the total cost of the unit.
The silicon is grown in single -crystal form by
the Czochralski, or pulled-rod, technique (RECORD, February, 1955). This involves placing a
seed (one silicon crystal) in a crucible of molten
silicon and withdrawing the seed slowly. As the
seed is pulled out, a large single-crystal "ingot"
of silicon is formed. A rather wide range of resistivity can be used (0.01 to 0.1 ohm -cm), which
results in a high yield of usable ingots and,
therefore, a relatively low cost.
The operations involved in manufacturing the
-

To make the 100A varistor, from bottom to top,
a slice of silicon is diffused, stamped, and gold -

plated; slice is etched; resulting wafers soldered
between steel leads; and the unit encapsulated.

100A varistor at the right, from top to bottom.
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These are the present major steps in processing
and manufacturing silicon varistors. Each step
can be readily modified to facilitate the manufacture of varistors on a mass -production basis.

The first step in processing the silicon junction
elements is to slice the 11/4 -inch diameter single crystal ingots and grind them to a thickness of
0.010 inch. This thickness is somwhat greater
than normal for devices made by diffusion techniques. It was chosen to provide more strength
per slice, which reduces breakage during processing.
The simultaneous double- diffusion technique
is used to process the silicon slices. Here, one
face of each slide is painted with a solution of
phosphorus pentoxide in methyl cellosolve; the
other face is painted with a solution of boric anhydride in methyl cellosolve. Methyl cellosolve
is used as a dispersing agent for the diffusants
and as an adhesive to keep the diffusants in
place until the slices are placed in the furnace.
It dries quickly at room temperatures and evaporates completely at temperatures somewhat
higher than this.
After the slices are painted, they are closely
stacked on edge in an alundum container with
like -painted faces together. Next, they are placed
in an open -end furnace and kept at a temperature of 1300 °C for 31/2 hours. This technique
permits large numbers of slices to be diffused
at one time. As many as 96 slices have been diffused simultaneously in laboratory runs, and this
number could no doubt be greatly increased for
large -scale manufacture.
After diffusion, the slices are plated with two
coatings of "electrodeless" nickel. The first coating is sintered into the silicon in an inert atmosphere for 2 minutes at 770 °C. This provides
good plating adherence. Then, as shown in the
drawing, a pattern of squares, 0.060 inch on a
side, is stamped on each face of the slices. This
is done with two ordinary rubber stamps, imprinted with the desired pattern and oriented
with respect to each other. A layer of gold is
then electroplated on the slices. Since the gold
does not plate over the ink lines, it is a simple
matter to immerse the slices in an etching solution that reacts with and removes the ink lines
and the silicon beneath them but that does not
affect the gold. The slices remain in the etching
solution until the etching action has reduced
them to wafers.
These wafers are about 0.047 inch on a side.
Thus, a slice approximately 11/4 inches in diameter yields almost 300 gold -plated, diffused -silicon wafers. The yield of wafers with satisfactory
electrical characteristics has been consistently
high, generally more than 90 per cent. Because
of this, the electrical testing of wafers prior to
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assembling may be omitted, except for random sample tests made to check the manufacturing
process.
As we have seen, all of the processing is carried out on slices which, as a final step, are
etched to wafers. In this way, the individual
wafers are not handled at all during diffusion,
plating, or etching; this keeps the processing
costs at a minimum.
It is only in the last phase of manufacture
the assembling and encapsulating of the silicon wafers
that the parts of the varistor must
be handled individually. For this reason, and to
reduce the complexity of the mechanical equipment needed to assemble the units, the varistor is designed to have a minimum number of
parts.
A subassembly and a final assembly are shown
in the upper part of the photograph on page 339.
The subassembly consists of (1) two copper clad steel wires coated with lead -tin solder; and
(2) two diffused -silicon wafers. After the wafers
are soldered to the lead wires, the subassembly
is encapsulated in a phenolic resin. The fact that
the required electrical characteristics can be
maintained with this simple encapsulation is an
important factor in producing a low -cost unit.
There are several interesting features about
the lead wires. The coating on the entire length
of the wires supplies enough solder to make
satisfactory joints with the gold -plated wafers.
Also, magnets inserted in the assembly fixture
hold the two steel leads in position by magnetic
attraction while the unit is being soldered. The
assembly fixture, with the components of the
varistor in place and ready for soldering, is
shown in the drawing.
In cooperation with Western Electric engineers at Allentown, manufacturing equipment
was designed for assembling the varistors on a
limited production basis. This equipment points
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Electrical characteristics of the diffused -silicon
IODA varistor and the 44A varistor, now in service.
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the way toward future mechanization. The operator picks up each wafer with a small vacuum
pencil, and touches the wafers to a metal plate.
In so doing, she completes a simple electrical
circuit, and the polarity of the wafer is indicated
by the operation or non -operation of a light
placed directly in front of her.
The assembly fixture is mounted on a rotating
table, equipped with four assembly fixtures.
During a production run, the table rotates to
four different positions. In the first position, the
parts are loaded into the assembly fixture. It is
essential that the operator assemble the wafers
with the proper polarities. Magnetic attraction
between the assembly fixture and the lead wires
exerts a light pressure on the wafers and prevents
them from shifting. This is particularly important because the wafers are so small.

Soldering and Encapsulation
At the end of a pre -set time, the table rotates
clockwise a quarter turn to the second position,
bringing the loaded assembly fixture under
streams of hot nitrogen flowing from two fixed
soldering guns. Nitrogen, rather than air, is
used for soldering to prevent oxidation of the
solder. The hot nitrogen directed over the fixture quickly melts the solder. At the third position, the unit cools and the solder freezes. Then,
the table rotates another quarter turn and the
subassembly is automatically removed from the
fixture.
At this point, since silicon is brittle and the
wafers are small, the unit is quite weak. For mechanical strength, the subassemblies are then
encapsulated, in groups of ten, in a phenolic
resin by compression -molding. With the use of
multicavity dies and a larger press, it will be
possible to mold several hundred units in one
press operation.
Generally, the entire manufacturing process
of the new 100A varistor is simpler, more efficient, and more economical than that used to
produce the 44A varistor. The end result is a
unit that is smaller than the 44A varistor, and
that has superior initial and long-term electrical
characteristics. For these reasons, many new
applications, as fractional-voltage limiters and
voltage -surge protectors, have been found for
the diffused -silicon varistor. This type of varistor will be used in the Speakerphone, in pushbutton dialing apparatus, and in pulse -code modulation equipment. Ultimate demand for the 100A
varistor is expected to be much greater than for
the 44A unit. Latest estimates place this demand
at 20 million units per year.
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EMERGENCY REPORTING
The Concentrator System

Distinctively marked telephone housings are
becoming a familiar sight on street corners in
municipalities throughout the country. These
brightly colored housings characterize to the
public the Emergency Fire and Police Telephone
Reporting System developed at Bell Laboratories
(RECORD, August, 1956). Because they help to
protect life and property, emergency- reporting
systems emphasize more than ever the traditional
Bell System objective of prompt and dependable
service to anyone who needs it.
Briefly, these systems are designed to make
available to all citizens of a community a rapid
and reliable method of reporting fires, accidents
and other civil emergencies. Through emergency
telephones located at selected sites in a city,
callers are automatically connected to an operator
at emergency headquarters. With the addition of
a "selective- routing" arrangement, many reporting systems are also equipped to handle routine
police reporting over the same telephones and
lines of the emergency service.
In the direct -line reporting systems (RECORD,
July, 1960) each line from an emergency telephone

individual appearance at the
headquarters switchboard. When fire and police
reporting systems are installed in larger cities,
the lines from several hundred emergency stations
may be located within the areas of telephone
central offices some distance from emergency
headquarters. Because of the very low callingrate from each station, it is economical to have
"concentrators" at these central offices. Emergency telephone lines are routed through these
concentrators and the calls are extended to headquarters over a few trunk circuits. This article
describes this concentrator equipment, with some
emphasis on the operational and reliability features of the concentrator-type reporting system.
Each concentrator, which is basically a simplified crossbar switching system, has a capacity of
200 lines. In the majority of installations, two to
four trunk circuits to the headquarters switchboard are sufficient to handle the emergency
traffic. However, the system is designed to give
each line access to a maximum of nine trunks if
such treatment is warranted by a higher usage
rate of certain lines.
is extended to an
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Each line from an emergency telephone to the
concentrator appears on a "horizontal" of a ten by -ten crossbar switch, the basic unit of the concentrator. The ten lines associated with the ten
switch horizontals comprise a "line group." If
this group of ten lines is a low -usage group requiring access to only four trunks, the horizontal
multiple of the switch is split in half and a line
group is connected to each half. This split multiple arrangement and the other principal circuits of the concentrator system are shown in the
diagram on the next page.
Line Access
Each of the ten lines has access to five "verticals." One vertical is associated with a control
circuit called the "controller," and "headquarters

trunks" -the outgoing trunks -are associated
with the other four verticals. If the switch is not
split, one line group is associated with each
switch, and the ten horizontals have access to a
maximum of nine trunks to various headquarters
and to the controller.
With the split- switch arrangement, the outgoing trunks may all be in the same trunk group
or in different trunk groups. Leads from the line
circuits of the emergency telephones are connected to the controller, which identifies the
equipment location of the calling line and controls
the setting up of connections. Other leads from
the line circuits go to a sender, which sends the
"box" number of the calling station to the selected
headquarters. Here, the four digits of the box
number are automatically displayed at the switchboard when the call is answered, and the box
number, along with the time, is recorded by a

r

ticketer at the switchboard.
In the emergency system, lifting the station
handset from the switchhook initiates a call.
However, the caller does not have to dial or send
a signal. Lifting the handset short -circuits the
line diode, one of two diodes in the station circuit. This diode is normally in the nonconducting
direction, so the increased loop current operates
the line-circuit relay. Then two leads to the controller are "marked" by the line circuit. One lead
starts the controller and identifies the line group
or switch on which the line appears, and the other
lead identifies the level, or horizontal, to which
the line is connected. After these identifications,
the selected crosspoints close and extend the calling line into the controller.
The controller functions somewhat like the
"marker" circuit in a common -control switching
system. By momentarily reversing the battery on
the loop, the controller checks for the off -hook
condition and determines whether the emergency
September 1960
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call is for fire headquarters or for police headquarters. If it is a police call, the policeman has

operated the selective-routing button at the emergency telephone, and this removes a short circuit
from the other diode in the line circuit -the
"selective- routing diode."
This diode is connected to form a normally
low- resistance path, so when the controller reverses the loop battery the diode becomes nonconducting and reduces the loop current to nearly
zero. Recognizing the call as one for police headquarters, the controller finds an idle trunk to this
headquarters and closes line- switch crosspoints to
connect the calling line to the selected trunk. The
selected trunk then takes control of the connection and the controller releases. At the headquarters location, the incoming trunk circuit receives
a seizure signal and flashes lamps at its jack and
key appearances on the switchboard.
When the call is answered at the headquarters
switchboard, a signal requesting identification is
returned over the trunk loop to the concentrator
office. The outgoing trunk, on receiving this
signal, connects to the identification sender and
signals the line circuit to give the calling- station
number to the sender. The headquarters trunk
requests an idle identification receiver, which is
connected to the trunk loop, and the identification request signal is removed as an indication to the
sender to outpulse the calling- station number.

A

typically marked

e

rgency telephone. These

boxes can also he used for routine police reporting.
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Diagram of the concentrator -type emergency reporting system. The concentrators are located

in telephone central offices throughout the city.
Outgoing trunks go to emergency headquarters.

This number is outpulsed to the headquarters
receiver by a self-checking, two-of- five -pulselength code, in which each digit is composed of
two long and three short pulses. After pulsing,
which requires somewhat over one second, the
sender and receiver release from the loop, restoring it to the talking condition. Timer circuits,
associated with the identification circuits at both
the concentrator office and headquarters, function
if identification is not completed in about two
seconds. The sender and receiver are released
and the trunk cut through so conversation can
take place.

attendant can send fire apparatus or a patrol car
to the box location. Similarly, if the caller is
excited and unable to communicate clearly with
the attendant, or leaves the phone (off hook)
before talking to him, the station is identified
and he can dispatch apparatus to its location.
The attendant can also hold a trunk connection and handle other calls without releasing the
trunk. Each time a trunk is connected to the
operator's position for talking, the number of
the connected station is automatically displayed.
This permits the operator to identify a calling
line any time before it is released. When the
operator releases a trunk connection, the trunk
circuits return to normal. If the station is still
off hook at this time, the line circuit is "locked out" under control of the station switch hook.
Lock -out prevents a trunk circuit from being
tied up by a prolonged off -hook condition at the
emergency reporting station.
This, then, is how a call is normally handled
by the concentrator system. Built into the controller and associated with it are a number of
safeguards which make it almost impossible for
a single trouble condition to keep a call from

Station Display
The receiver stores the received digits and
translates them to decimal information for display on cold- cathode, glow- discharge indicator
tubes mounted at the switchboard. The display
arrangement can be seen on the accompanying
photograph of an emergency switchboard. The
received digits are also given to the ticketercontrol circuit, which controls printing the station number along with the date and time of day.
The moment the controller connects an idle
outgoing trunk to the calling line (about 0.3 second after the handset is lifted), the connection
is under control of the headquarters attendant.
He has control even if the station hangs up before
the call is answered. Thus, as soon as it is
answered, the calling line is identified and the

reaching the headquarters switchboard. For example, the controller handles only one call at a
time. To prevent simultaneous seizures, the line
groups are associated with a "selection- chain"
circuit that at regular intervals reverses the
direction from which the groups are selected. In
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other words, the line groups are selected first
from low number to high number then from high
to low. Similarly, the ten lines within a group
may be selected in both directions so that a
trouble on a line or line group will not block
access to other lines and groups.
If the controller fails to identify and connect
to a line calling for service, it reverses the line
selection and makes a second trial. Also, if the
controller fails to check the line and determine
the desired headquarters, it makes a second trial,
this time using its duplicate set of line-check
and selective- routing -check circuits. If two successive line checks show the station to be in the
on -hook condition a false seizure has been caused
by a current surge, or "hit ", on the line from an
external source such as lightning. The controller
then releases the line and returns to normal.
A similar selection arrangement and check
with duplicate circuits is also used on the outgoing trunks and trunk groups at the concentrator. One of the trunk groups, usually the one

The

having the highest calling rate, is used to control
the regular reversal of trunk and line selection.
Each time all the trunks of this group have been
seized, the idle trunks are released and the direction of selection of all trunk groups and line
groups is reversed.
Independent of this regular reversal of trunk
selection, the selection is also reversed if the controller encounters trouble in completing a connection to an idle trunk. On second trial of trunk
selection, duplicate trunk- selection equipment is
used to eliminate the possibility of a trouble in
the controller equipment, and the direction of
selection is reversed. Thus, all trunks get nearly
equal usage, and a trouble in any trunk or its
selection path will not prevent other trunks in
the group from being selected.
To ensure the prompt completion of emergency
calls, a call for fire headquarters will be automatically routed to police headquarters if all fire
headquarters trunks are busy. Depending on the
type and extent of the emergency, the call can be

itch board at emergency headquarters of the concentrator system installation
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, Orleans.

connected through to fire headquarters over an
interheadquarters tie trunk. The operator at the
police switchboard can also take the information
and pass it to fire headquarters.
As a visual indication of a possible trouble,
the controller, when it goes to second trial, activates a lamp -display trouble indicator before
releasing on the first trial attempt. Lamps on
the trouble indicator are lighted and "locked -in"
to indicate: the line requesting service; the direction of line selection; whether the call was for
fire or police headquarters; the direction of trunk
selection; and the trunk selected. Indications of
the last three conditions depend on how far the
call had progressed.
In addition, a number of specific trouble indications may be shown, such as "crosses" on select
or hold magnets and continuity and check failure
on leads. For these, "minor" alarms in the central
office alert the maintenance crew. The maintenance people then record the trouble indication
and release the indicator. If the call is not completed on second trial, "major" alarms in the
office sound and the line is released from the
controller so that other calling lines can gain
access to it and have their connections completed.

Additional Trouble- Alerting Features
Along with these and several other features of
the controller that ensure continuity of service,
an automatic test circuit at each concentrator
location serves as a watchdog over all lines and
circuits associated with the concentrator. If more
than 200 lines are connected through a central office concentrator location, two concentrators are
provided. Each has its own trunk groups to
headquarters, but a single test circuit serves both
concentrators.
The test circuit is controlled by a master timer
and is normally set to test all lines and circuits
periodically in a predetermined pattern at intervals of a few minutes to several hours. It may
also be used to test manually any individual line,
trunk or other circuit associated with the con-

centrator.
The common-control circuits have second trial
and duplicate circuit features, while the outgoing trunk circuits and loops to headquarters
are under continuous test. These checks result
in an immediate alarm in case of trouble. The
line circuits and station loops, on the other hand,
are not under continuous test and so are checked
more thoroughly and at frequent intervals. As
determined by local conditions, the test circuit
may be set to test all station loops as frequently
as each quarter hour or at intervals of several
hours. After a predetermined number of line -test

cycles, the identification sender and each outgoing
trunk are tested locally, and at less frequent
intervals test calls are made to each headquar-

ters location.
Progress lamps associated with the test circuit
give a continuous display of the circuit or system
function being tested. If trouble is encountered,
the test stops. The progress lamps remain lighted,
however, to show where the trouble was encountered, and the office alarms operate to alert the
maintenance people. If a trouble is found on a
station line, progress lamps light to identify both
the line and the trouble condition.
The number of the station in trouble is also
sent to a preselected headquarters and recorded.
This number is preceded by a "class" digit that
indicates that the recording refers to a line in
trouble. The recorder recognizes this trouble class digit and signals the switchboard attendant
that a line -trouble ticket is being recorded. Thus,
the headquarters attendant and the maintenance
people are immediately informed when a line is
found in trouble, and they can take appropriate
action to cover the calling station while it is out
of order.
Even with the safeguards described above, it
may be necessary to remove a controller from
service for a short time. To maintain service
under such conditions, a manual emergency
"patching" circuit can be provided in the concentrator office. At the patching location, the
line from each station has a line jack and supervisory lamp, and each outgoing trunk to the
headquarters has a trunk jack and lamp appearance. When a station goes off hook, the emergency line lamp lights and a common alarm
sounds. This alerts the emergency attendant at
the concentrator office, who patches the calling
line to an idle headquarters trunk. Supervisory
lamps indicate when the headquarters attendant
disconnects, and the emergency attendant removes the patch.
These features-line and trunk selection, second trial with duplicate circuits, completion of
calls to an alternate headquarters, the trouble
indicator and the automatic test circuit -are the
most important safeguards of the emergency reporting systems. They have been described in
some detail to show the extent to which automatic
checking and test features may be used to make
a system as nearly failure -proof as possible.
An additional safety factor in such systems is
the availability of the trained maintenance and
repair crews of the Operating Telephone Companies. This factor is especially important in a
service supplied by a municipality for the protection and convenience of the public.
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P. P. Koliss

New Enclosed
Main -Frame Connector

A

The Bell System uses many safeguards to protect against surges of voltage or current caused
by "foreign" potentials. Without these safeguards, such potentials on telephone lines might
cause personal injury, interruption of service, or
damage to the telephone plant. The two main
sources of foreign potentials are lightning and
electric power lines that may somehow come in
contact with telephone conductors.
Of the various sections of the telephone plant
vulnerable to damage by foreign potentials, the
central -office switching area, or nerve center of
the telephone system, is one of the most important. It is therefore literally surrounded with
bodyguards. Actually, every wire path that is exposed to foreign potentials passes through a protective device before making contact with the
wires that lead to valuable and vulnerable switching equipment. This device -the "main -frame con nector"-is located at the main distributing
frame, the meeting place of the outside -plant
September 1960
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cables and the central -office switching network
and controls.
The present main -frame terminal, known as the
C -type protector, is basically the same device that
was introduced into the plant over 50 years ago.
This protector consists of long, closely spaced
cantilever springs that are clamped together to

maintain a satisfactory contact with the actual
protective elements.
There are two protective elements, one for excessive current and one for excessive voltage.
The current- sensitive device, known as a "heat coil." will operate on sustained currents exceeding one -half ampere. For voltage surges, C -type
protectors have rectangular carbon blocks designed to shunt voltages above 500 volts (peak)
to a grounded mounting plate. A sketch of the
C -type protector, showing its main elements, appears on the left of the illustration on page 349.
For both voltage and current, the protective
element. when it operates, establishes a path

nector, it is fully equipped with the protective
elements at the factory and is delivered to the
exchange with the cap in the open -circuit ( "disconnect") position. With the standard C -type protector, on the other hand, the installation crews
must insert the heat coils and protector blocks.
By far the biggest cost -saving feature of the
new connector is a lightweight "stub cable" that
is connected at the factory. With this arrangement, installation crews can install and arrange
for splicing to even the largest (2100-pair) feeder cable in a matter of hours. By contrast, the old
design took days to install. The photograph on
this page shows a splice joining 15 stub cables
to a single feeder cable.
The stub cable has polyvinyl -chloride (PVC)
insulated conductors prewired to the connectors,
as shown in the photograph opposite. Conductors
are grouped into 25 -pair units and fully color coded for easy identification. The standard color code system used for many years in switchboard
cables and for even -count polyethylene- insulatedconductor (PIC) cable is employed on the stubs
( RECORD, June, 1959)
.

At the Cock(

cille, Maryland, tvial installation,
demonstrates new cap and sleeve
assembly. Each vertical row of connectors in
this office protects up to 300 customer lines.
C. R. Noble

y

In this system, individual conductors colored
blue, orange, green, brown and slate are mated
in orderly sequence to groups of white, red,
black, yellow and violet conductors. This arrangement eliminates all the tedious electrical testing,
involving two workmen, previously associated

with identifying conductors for splicing the
"tip" cable-the link between the connectors and
the incoming cable.
With the new arrangement, the top position of
the connector is wired to a blue -white pair of
conductors in the stub cable; and the 25th position
has a slate -violet pair. The new connector is
furnished in 50- and 100 -pair sizes, to fit the
corresponding sizes of standard main frames.
Standard main frames have 100, 150, 200, 300
and 400 pairs per vertical row of terminations,
and will be built up from 100- and 50 -pair units.
Thus, the new design not only eliminates the need
for the Operating Companies to make (tip -cable)
connections to the protector terminals at the main
frame, but also provides a completely indexed
stub cable with the result of simplified splicing to
the feeder cable.
In addition to the functions already discussed
-current and voltage limiting, cut-off switching
between the cable and central office, and terminations for cross- connecting -the new main -frame
connector continues the practice of providing a
ready- reference index board for indentifying
incoming cable pairs. Holders on each side of
the block accommodate standard number plates.
Every fifth pair of a cable count is numbered at
the connector, as shown in the photograph on
page 348. Also, designation plates colored red,
yellow and green are available to mark special
circuit positions.
To simplify maintenance testing, three sets
of special test cords have also been designed.
Test plugs on the cords can be placed in the wells
of the protector mounting for making connections
from test equipment to the cable pairs and the
central- office circuits.
Field trials of the new 300 -type connector were
held in Rossville, Georgia, Moberly, Missouri,
and Woodstock, Illinois. A fourth experimental
installation was made later at Cockeysville, Maryland. In all four of these installations, the connector more than met the requirements established for its design and was enthusiastically received by the Operating Companies.
As a result, the connector has been in production since late 1959. The 300-type connector was
developed at the Baltimore location of Bell Laboratories with the close collaboration of Western
Electric engineers at the Baltimore Works.
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Bell System Proposes
World Communications
Network Via Outer Space

The Bell System recently outlined a plan for a
communications network to carry telephone
calls and television programs throughout the
world via a string of satellites circling the globe.
The picture of future worldwide communications
was contained in written testimony filed with
the Federal Communications Commission by J. B.
Fisk, President of Bell Laboratories; J. R. Pierce,
Director of Research -Communications Principles; Charles M. Mapes, Assistant Chief Engineer, American Telephone and
Telegraph Company ; and Brock ft o
way McMillan, the Laboratories
3; !I
111

Director of Military Research.
The testimony was filed to support the Bell System's contention that the Commission should anticipate the requirements of
space communications in the portion of the spectrum above 890 megacycles. About a year ago,
the F.C.C. opened up blocks of frequencies for
general use, with no provision for space communications. Last May, the case was reopened
by the F.C.C. to consider the space issue.
Mr. Mapes, in his testimony, said a system of
about 50 satellites in random polar orbits at a
height of about 3,000 miles could provide communications facilities between the United States
and "all areas" of the world. He said about 26
transmitter -receiver stations, working in pairs
and spotted throughout the world, would be needed to provide ground terminals. "A very important advantage of such a satellite network
is the ability to communicate directly with nearly all the major countries of the world, without intermediate facilities in other countries,"
he said.
Mr. Mapes estimated the cost of setting up
such a system at $115,000,000- divided between
$65,000,000 for the ground installations and $50,000,000 for the satellites. Each pair of ground
stations, relaying signals via satellites, could provide 600 telephone circuits. For about $55,000,000 more, the equipment could be adapted to provide also transoceanic television channels between
each pair of stations.
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"The cost, therefore, for providing the basic
facilities for 600 telephone circuits and for television service between each of the 13 pairs of
worldwide terminals would total approximately
$170,000,000," he said. The Bell System would
expect to make use of a satellite system for international communication and, in collaboration with such foreign organizations as might
be involved, would expect to share the cost of
launching and maintaining communication satellites.
Dr. Fisk described the need for better international communications. While radiotelephone
and the growing network of submarine cables
now supply telephone service to most of the world,
they cannot supply all of the communications
services that are available domestically. He said
that the United States, with only 6 per cent of
the world's population, now has 55 per cent of
the telephones.
"We will necessarily expect a tremendous increase in telephones abroad as the 94 per cent
of the world's people outside the United States
become more industrialized. In addition to talking with many of these people by telephone, we
will need to communicate with them by transmitting and receiving data and other business communications, and by means of television."
Dr. Fisk said it would be impractical for satellite systems to share frequencies with crosscountry microwave systems. He said that satellitesystem ground receivers can function only if they
are well beyond the horizon from any ground
microwave transmitters operating on the same
frequency.
"Our future in world communication and our
future in the exploration and in the exploitation
of space depend on the wide use of the very limited range of frequencies in the electromagnetic
spectrum which is suitable for satellite communication and for other space purposes.
"We firmly believe that it is clearly in the public interest at this time for the Commission to
conserve the use of the frequency spectrum and
to maintain its earlier sound policy of restricting
the licensing of private microwave systems."
Dr. Fisk said the most favorable frequencies
for space communications range between 1,000
and 10,000 megacycles, although those up to
16,000 megacycles might be used. But he said
that "natural laws" prevent the use of frequencies above 20,000 megacycles for reliable satellite communications. Frequencies above 890
megacycles, he said, also are needed for many
military and governmental uses such as Nike
radars and for Project Mercury.

J. H. Wernick places silver antimony telluride
specimen into dewar foi. Hall -effect measurement.

Equipment measures deflection of carriers, due to
magnetic field, which produces an electric field.
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New Efficient Thermoelectric Material
Studies are underway at the

Laboratories

on one of the most efficient thermoelectric materials yet developed. The result of research
by R. Wolfe, of the Solid State Device Development Department, and J. H. Wernick and S. E.
Haszko of the Metallurgical Research Depart-

ment, this material was discussed at the International Conference on Semiconductors held last
month at Prague, Czechoslovakia. The compound is
composed of the elements silver, antimony, and tellurium, and is chemically desigr\
nated silver antimony telluride.
Today's thermoelectric devices
C 1, c
are based on a principle discovered over a century ago. This
discovery showed that when two dissimilar metals were joined together in a circuit, a current
could be produced by heating one junction, while
keeping the opposite one at a relatively lower tern perature. The effect is also reversible
a current passes through the pair, one junction becomes hotter and the other cooler, depending on
the direction of current flow. The effects in metals
are quite small, but researchers have found more
effective materials among the semiconductors.
Extensive development work is now being carried out on practical devices such as heat-topower converters and localized coolers, especially
for miniature electronic devices. Although inadequate for many proposed applications, the materials most widely used in present -day thermoelectric devices are lead telluride and bismuth telluride. The search for improved materials at
Bell Laboratories has centered on ternary inter metallic semiconductor compounds, many of which
have a cubic crystal structure similar to sodium
chloride. The desired crystal formulation is somewhat disordered and contains heavy atoms such
as tellurium. Laboratories scientists have pro-

-if

r
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duced and studied many compounds, and alloys
of compounds, some with as many as seven elements. The best of these invented to date has
been silver antimony telluride, a material which,
at present, is being widely studied.
This material possesses a very low thermal conductivity, necessary to maintain the temperature
differential between two ends of a device. Its
thermoelectric "figure of merit," is reported to
be about 1.75 X 10 -3 per degree Centigrade,
over a range of 200 to 500 degrees C. This is the
best that has been observed for p -type thermoelements in this range.
In the studies reported at Prague, Mr. Wolfe
described silver antimony telluride as having a
disordered cubic structure, exhibiting a thermal
conductivity as low as 0.0064 watts per cm degrees C at room temperature, only one -hundredth
that of germanium. While the material is always
thermoelectrically p -type, its "Hall effect" is
p -type in some specimens, and n -type in others,
even when taken from a single ingot.
This anomalous behavior is ascribed to the
presence of a small amount of a "second phase"
consisting of silver telluride, which is swept to
one end of the ingot by zone refining. This
n -type compound appears to dominate some of the
electrical properties at concentrations as low as
10 to 20 per cent, while the p -type silver antimony

telluride dominates the thermoelectric properties.
Further study of these anomalies are in progress
and are expected to advance considerably the
knowledge of semiconductors in general.
Among the objectives of these investigations is
the realization of the best properties of this potentially useful material. In particular, the metallurgical problems of producing single-phase materials, and controlling carrier concentration are
of primary importance.

news
J. P.

An

Molnar

Elected Vice President

of the Laboratories
J. 1'. Molnar, formerly a vice
president of the Laboratories and
president of the Sandia Corporation and a vice president of
the Western Electric Company,
has been elected a vice president
of the Laboratories and returned

In February, 1957 he was named
Director of Military Development,
and in August of that year became vice president in charge of
one of the military areas.
A native of Detroit, Mich., Mr.
Molnar received the A.B. degree
from Oberlin College in 1937 and
the Ph.D. from Massachusetts Institute of Technology in 1940. Before joining the Laboratories he
worked with the National Defense
Research Committee and the Gulf
Research and Development Co.

Telephone Conversation
Goes by Way of Moon
A public demonstration was

J. P.

Molnar

to the Company on September

He will assume the responsibilities of E. I. Green, executive vice
president, upon the latter's retirement on December 1. Mr. Green
will retire under the Company's
age rule after a career of nearly
40 years of Bell System service.
Mr. Molnar was previously associated with the Laboratories
from 1945 until October 1958,
when he assumed his present posts
with the Sandia Corporation and
Western Electric.
His early work at the Laboratories was in physical electronics
research and the development of
microwave tubes. Early in 1955
he was appointed Director of Electron Tube Development. Later that
same year he was appointed Director of Military Systems Development and undertook responsibilities for work on guided missiles.
1.

held last month at the Holmdel
Laboratory of a complete coast-tocoast telephone conversation via
the moon. The signals were beamed
from Holmdel to the moon, and reflected to the Jet Propulsion Laboratory at Goldstone, California.
The signals required about three
seconds to reach Goldstone. The
replies from JPL also were
"bounced" off the moon to be received by the Holmdel Station.
During the test, W. C. Jakes of
the Radio Research Department

talked with W. K. Victor at JPL.
This transmission was part of
the program in the aligning and
testing of radio equipment being
used in satellite communication
experiments (see page 344). These
experiments are being conducted
in cooperation with the National
Aeronautics and Space Administration. Their successful completion will be a major step toward
eventual establishment of a satellite communications network to
carry telephone calls and television programs through the
world. A plan for such a network
was filed recently by the Bell System with the Federal Communications Commission (see page 351).

The experimental space communication station at Holmdel
consists of a 10- kilowatt transmitter, a 60 -foot diameter transmitting antenna, a horn -shaped receiving antenna and associated
tracking equipment. The horn reflector antenna is an adaptation
of smaller antennas which have
been used for some time in the
Bell System's microwave radio relay systems. Together with special receiver circuitry and a ruby
maser amplifier, the space communications equipment comprises
the most sensitive microwave voice
receiving radio system ever assembled.

Successful Public

Demonstration of
Anti -Feedback Circuit
Bell Laboratories recently conducted the first successful public
trial of an acoustic anti -feedback
circuit (RECORD, September, 1959).
The trial was held during the annual stockholders meeting of the

Standard Oil

Co. of New

Jersey in

the field house of the Lawrenceville School, Lawrenceville, N. J.
The building has a floor area of
40,625 square feet and volume of
1,218,750 cubic feet.
The anti -feedback circuit was
used with a commercial audio
system built specifically for this
meeting. No technical difficulties
were encountered in combining the
two. The system operated at an
amplification level of three to four
decibels above the "sing" level, or
six to seven decibles above the operating point. Thanks to the anti feedback system, this was done
without any sign of instability.
In fact, there was enough stability
margin left to cope with occasional
further increases in gain as during switching between various
microphones, or when "small"
voices had to be boosted.
Spontaneous and complimentary
comments were heard from a
number of stockholders, company
officials, and the audio technicians
on the improvement over a standard public address system.
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and he has been granted a number
of patents in the field. For several years he did circuit design on
voice- frequency circuits of toll systems including transatlantic radio
terminals, ship -to -shore and har-
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