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This Issue in Brief 

Some Ideas Regarding Economics of Telecommu­
nications Engineering---The telecommunications 
industry and other utilities like gas, electricity, 
and railroads are characterized by inexorable 
growth in plant investments that are retrieved 
only by the slow process of writing them off 
as depreciation. The development of such sys­
tems should be based on a critical ratio of the 
excess of revenue over expense divided by the 
inyestment. 

To minimize investment, long plant life and 
flexibility to meet even totally unanticipated 
requirements are indispensible. Reyenue comes 
from providing service that will benefit the 
subscriber, and plant investment must be predi­
cated on this. Expenses for operation and 
maintenance are of primary concern in main­
taining a satisfactory critical ratio. Many ex­
amples are given of these factors that deter­
mine the critical ratio. 

In telecommunications, well-maintained plant 
is not depreciated because it has worn out. 
Obsolescence through advances in technology 
is effective only when the replacement plant 
will greatly reduce costs. The major reasons 
for depreciation of plant are that new functions 
must be performed and new requirements met 
that are beyond the capacity of the older plant. 

Crosspoint Elements and Relays with Miniatur­
ized Reed Contacts-By reducing the length of 
a reed contact from 80 to SO millirneters ( 3 to 
2 inches) while retaining its ability to make 
and break current, its use both in the speech 
path as a crosspoint connector and in the control 
circuits significantly reduces the space required 
for telephone switching installations. 

Several basic methods of operation of reed con­
tacts as crosspoint elements are presented in a 
single table for easy comparison. A crosspoint 
system has been selected in which 2 or 4 reed 
contacts are mounted within a single actuating 
coil for the 2- or 4-wire speech path, and a 
single additional contact is included for a local 
latching circuit to hold the connection. Simple 

interruption of the holding circuit restores the 
contacts to the normal open condition. ()perate 
current is limited only by thermal considera­
tions. By operating at 24 volts, wire sizes pres­
ently used for electromagnetic relays may be 
used with reliable performance for many mil­
lions of operations. A basic assembly of 5 cross­
points permits great flexibility in constructing 
matrix es. 

Semielectronic Reed Crosspoint Telephone 
Switching System 70-CX-The 10-CX is a semi­
electronic telephone switching system compris­
ing a multilink switching network with minia­
ture H 50 reed contact assemblies as crosspoints 
and centralized fully electronic control circuits 
of the programed data processor type. 

Through electronic scanners, all data relating 
to lines, junctors, trunks, signaling units, and 
the switching network are collected by the 
peripheral circuits and transferred to the central 
processor for· further treatment. Coded instruc­
tions are communicated via a common bus to 
the peripheral circuits, which in their turn 
carry out the marking and driving actions in 
the network and its associated circuits. 

The network is arranged in modules of 1024 
lines. Path selection is performed according to 
a link alignment procedure, while the marking 
and the electrical holding is of the series type 
via the third wire. 

Crosspoints, inlets, and outlets are identified by 
binary codes to simplify transfer of information 
between the network and the control part of the 
exchange. 

By concentrating all logic functions of the ex­
change in the central processor and using binary 
presentation of the network parameters, the 
peripheral circuits are kept very simple. They 
are conceived as modular units serYing 2 net­
work modules of 1024 lines each. 

All functions relating to call treatment as well 
as to maintenance and observation are concen­
trated in the central processor, which operates 
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under control of stored programs. The processor 
consists of a single ferrite-core memory and 
electronic logic circuits such as arithmetic unit 
and control unit. Use of high-speed components 
minimizes the number of control circuits, which 
in turn improves reliability and reduces space 
requirements. Reliability and maintenance fa­
cilities are greatly improved by the full duplica­
tion of all centralized uni ts, by the use of redun­
dant codes, and by the introduction of automatic 
means for fault localization and supervision. 

History of Inertial Navigators and Some 
Thoughts on Research Management-Although 
the law of inertia was recorded by Galileo over 
three centuries ago and formalized by Newton 
only a few decades later, its practical applica­
tion to navigation occurred in the present cen­
tury. 

A 1931 memorandum described the use of three 
masses, each vvith a single degree of freedom 
perpendicular to the others and all held fixed 
in space, to measure the acceleration of a ve­
hicle carrying them. Included were various 
means of obtaining double integration of accel­
eration to provide three vectors the sum of 
which gives the path traversed by the vehicle. 

It was thought that the field was too far 
from the interests of the corporation and that 
depressed lmsiness conditions made even the 
expenditure of patent fees unwise. Thus, Henri 
Busignies, now General Technical Director of 
the International System, left this field which 
later became of great engineering and economic 
importance. 

The principles of the inertial navigator, Schuler 
tuning to compensate for gravitation effects, 
and the patent issued to Boykow in 1934 are 
discussed. 

Pentaconta 32 Telephone Switching System for 
Rural Networks-This crossbar switching sys­
tem permits expansion of a rural exchange in 
32-line units. For 128 lines a single stage of 
switching is adequate. Two-stage switching 

This Issue in Brief 

provides for a unit block of 768 lines, and four 
such blocks with interblock junctors will ac­
commodate about 3000 lines. 

Plug-in units, a modular system for plug-in 
frames to utilize bay space fully, and factory­
macle cables for interconnection between termi­
nal strips on top of each hay facilitate manu­
factnrc, test, transportation, installation, and 
maintenance, as well as providing the much­
desired flexibility of capacity. 

Mobile Radio Equipment SEM 25-The SEM 25 
transmitter-receiver is for general use in ve­
hicles. The transmitter power is 15 watts with 
automatic tuning. The frequency range of 26 
to 70 megahertz is divided into 880 discrete 
crystal-controlled frequencies with SO-kilohertz 
spacing. 'Frequency modulation is used. 

The control unit is either mounted to the front 
panel of the transmitter-receiver or can be up to 
8 meters (26 feet) away from it. It proYides for 
frequency selection and all necessary switching 
functions. 

The selected frequency is indicated directly on 
a mechanical scale and is set in I-megahertz and 
SO-kilohertz steps. A 10-position switch can 
select that many preset frequencies out of the 
880 mailable. 

The 2.5-meter ( 8.2-foot) rod antenna is ad­
justed automatically by an antenna tnning nnit 
motmtecl at its base. 

Man-Made Quartz Crystal-Although synthetic 
quartz crystals have been produced for about 
a century, the early work of mineralogists was 
of only scientific curiosity. The demands of the 
second world war for quartz electric resonators 
stimulated interest in production quantities of 
synthetic quartz. 

Commercial production of synthetic quartz is 
clone in a cylindrical autoclave at pressures of 
about 2000 kilograms per square centimeter 
( 30 000 pounds per square inch). Small chips 
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of natural quartz, which may be entirely un­
suitable for resonator use beci1.use of twinning 
or other defects, are placed in a perforated steel 
container in the lower half of the autoclave. 
Thin rectangular seed-plates cut to desired 
orientation from twin-free quartz crystals are 
mounted on steel frames in the upper half of 
the autoclave. 

Demineralized water and sodium hydroxide 
pellets are added, and the sealed autoclave is 
heated electrically to about 350 degrees Celsius 
at the top and 390 degrees Celsius at the bot­
tom. This temperature difference produces a 
denser solution above which promotes inter­
change of solutions through holes in a baffle 
plate that separates the two zones. 

The warmer solution below dissolves the quartz 
bits and when cooled on passing to the upper 
zone deposits quartz on the seeds. After 11 to 28 
days the newly grown crystals are removed. 
They are of convenient shape for resonator 
manufacture and weigh between 0.55 and 1.33 
kilograms ( 1.2 and 2.9 pounds) each. 

The Q factor of synthetic quartz is lower than 
for natural quartz and decreases as the rate of 
growth is increased. However, fast-grown 
crystals are suitable for resonators in channel 
filters, and quartz can be grown for most reso­
nator applications. 

Transmission-Loss Measurements Made on Two 
Knife-Edge Diffraction Paths Over the Andes-­
Telephone service between Argentina and Chile 
is presently provided by cable circuits passing 
over the Andes. A study of other methods of 
communicating across this mountain barrier 
concluded that it would be possible to establish 
a direct wide-band radio circuit between com­
munication centers each side of the Andes. 

Results are given of transmission~loss measure­
ments made on two knife-edge diffraction paths 
crossing the Andes. The loss on both paths was 
found to be considerably less than would be 
estimated for a normal beyond-the-horizon path 

of the same angular distance, but greater than 
would be the case for an ideal knife~edge. 

It was found that for a large percentage of the 
time· the loss and fading on both paths were 
characteristic of a knife-edge diffraction path, 
but that for the remainder of the time the fading 
recorded was typical of a beyond-the-horizon 
or scatter path. 

Number Analyzer, an All-Electronic Route 
Translator-An all-electronic universal route 
translator has been developed for the nodal ex­
changes of the National Telephone Network of 
The Netherlands, with the aim of improving the 
adaptability of these exchanges to modifications 
within the telephone network and of reducing 
the updating effort involved. 

The translator has been designed around a 
newly developed semipermanent capacitor store 
which contains all relevant network data. The 
equipment is fully electronic and its high operat­
ing speed makes it capable of handling the 
traffic of any size of exchange. 

The article specifies the route data to be de­
livered, describes how they are arranged within 
the capacitor store, and how they are accessed. 
Modifications of the stored data are made by 
changing code strips. 

When used in an electromechanical switching 
system, special interface circuits are provided 
for speed adaptation. These circuits, called buf­
fers, can handle a rather limited amount of 
traffic and hence their number depends on the 
calling rate of the exchange. 

To ensure service continuity in case of a failure, 
duplication has been used for the centralized 
parts. The buffers operate on a load-sharing 
basis, two buffers being provided per group of 
telephone registers. 

The number analyzer has been incorporated in 
the 7E-N rotary system as a route translator for 
nodal exchanges and as a class-of-line store for 
local offices. 
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Portable 7-Gigahertz Radio System for Multi­
channel Telephony-The BF M24-7000 radio 
equipment provides 24 telephone channels in 
the 7-gigahertz band and is suitable for 6 hops, 
each of about ISO-decibel loss, over a total path 
of 180 miles ( 300 kilometers). The receiver­
transmitter requires only 30 watts and a sup­
plementary order vvire consumes S watts. Multi­
plied phase modulation is used and the signal 
is demodulated to baseband at each repeater. 

In the transmitter, solid-state amplifiers pro­
duce a carrier of 2 watts at about 22S megahertz 
and passive varactor multipliers provide at least 
SO milliwatts at 7 gigahertz. Similar multiplica­
tion but at lower power gives S milliwatts for 
the local oscillator of the receiver. 

Alarms are provided for low signal levels in 
both the transmitter and receiver. Both bay 
mounting and portable versions are available. 

Railway Cable with High Screening Properties­
On the highest section of the Oslo-Bergen rail­
way, booster transformers could not be installed 
because of a bypass feeding line. On this and 
on adjoining sections, the terrain was such 
that to install the railway cables at a sufficient 
distance from the track to reduce the interfer­
ence to an acceptable level would have been very 
costly. The development of a cable with suffi­
ciently good screening properties to permit it to 
be laid in the ballast of the railway track there­
fore meant considerable savings in the installa­
tion cost. 

An aluminum-sheathed cable armored with one 
soft steel tape and one ARMCO M-6W tape 
was found to have a better screening factor than 
required to meet the limit of 0.3 at an induced 
voltage of 2 volts per kilometer at 16~ hertz. 
Installation of different sizes of this type of 
cable in the ballast gave an induced voltage of 
approximately 0.3S volt per 100 ampere-kilo-
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meters on the section with booster transformers, 
and of approximately O.S volt per 100 ampere­
kilometers on the section without booster trans­
formers. This was satisfactory for the cables 
belonging to the railway, but long-distance 
cables operated by the Norwegian Telecom­
munication Administration must still be placed 
at least 12 meters from the center of the track. 
In this location and with booster transformers 
installed, the induced voltage varies between 0.1 
and 0.2 volt per 100 ampere-kilometers, de­
pending on the type of cable used. 

Magnetic Thin-Film Memory Having Low Ac­
cess Currents-The access time for magnetic 
thin-film memories is limited by the associated 
circuits. Monolithic integrated circuits offer 
improved speed and cost but require reduction 
in the power used to control the magnetic film. 

A continuous Permalloy film 380 angstrom 
units thick is evaporated on a copper substrate 
serving as a common ground return with both 
an underlayer and a protective outer coating of 
silicon oxide. Access is by two printed-circuit 
networks of narrow conductors running at right 
angles to each other and placed very close to 
the magnetic film to provide tight coupling. 
Each memory cell in the continuous film is 
hounderl by the crossing surfaces of its two 
controlling conductors. 

A memory of this type with a capacity of 1024 
words of 36 digits each has an access time for 
readout of SS nanoseconds and a read-write 
cycle of twice this time. Operating power is well 
within the limits of standard microelectronic 
units. The use of two crosspoints per bit elimi­
nates stray signals of readout via capacitance 
coupling with the word conductor. By dividing 
the memory into two subassemblies driven in 
parallel, the stray signals from the information 
current are attenuated. 
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Some Ideas Regarding Economics of 
Telecommunications Engineering 

H. R. HUNTLEY 
Consultant to International Telephone and Telegraph Corporation; New York, New York 

Editorial Note: Presented here are some principles underlying the economics of the design, con­
struction, and operation of public telecommunications networks based largely on experience in a 
privately owned operating company. It is recognized that government-owned systems may face quite 
different economic conditions so that the application of these principles may be different in such 
cases. Nevertheless, both types of systems have many of the same types of problems. Mr. Huntley, 
who has had extensive experience with telecommunications operating and manufacturing organiza­
tions, presents in the following paper a summary of his knowledge of the subject. 

1. Introduction 

The importance of applying economic principles 
to the engineering of telecommunications plant 
is self-evident. Not only has telecommunications 
become an essential in business, political, and 
social life, but the service itself from the stand­
points of employment, investment, revenue, 
profit, et cetera, is an important and growing 
component of the economy. It can play its 
proper role only if it is, and remains, economic­
ally healthy. Being one of the-if not the­
most-complex and highly technical industries, 
it is unusually dependent on engineering. 

Neither nonengineering management nor sci­
ence alone, nor both together, can do the job; 
the engineer is the only one who can mate sci­
ence and the wants of people to produce the 
right offspring in the form of desirable service 
and economic health. 

Day-to-day telecommunications engineering ac­
tivities are composed of three inextricably inter­
woven things in more-or-less equal proportions. 

(A) Service: how much, what types, and when. 

(B) Money: investment, revenue, and ex­
penses. 

(C) Technology: how to use it to produce the 
desired results with respect to (A) and (B). 

These things form the theme and thesis of what 
follows. 

2. General Considerations 

The telecommunications industry (along with 
a few others like gas, electricity, and railroads) 

is characterized by very-large plant investments 
that grow rapidly and inexorably, turn over 
very slowly, and cannot be retrieved except by 
the slow process of "writing them off" via the 
depreciation route. That is, the plant in which 
the money is invested is unique to the industry 
and hence (with the exception of certain things 
such as land and some buildings) has very-low 
resale or salvage or residual value; usually not 
much more than the junk value of the raw 
materials. 

Quantitative information is available for many 
countries and typically shows that gross annual 
revenue is much less than gross book invest­
ment in plant-in some cases only a third of 
the gross book investment, or even less. This 
is the reverse of the situation in many industries 
in which gross revenue often exceeds gross 
book investment, sometimes by 3 or more to 1. 

The annual investments in new plant are also 
very large ; often they are· as much as a quarter 
to a third or more of gross revenue and, in 
some countries, they are large enough to repre­
sent an important factor iq the overall economy 
of the country. As one example, in the United 
States in 1966, the telecommunications industry 
invested about $4.8 thousand million which was 
around 8 percent of the total invested in plant 
and equipment by all United States industry. 

On the other hand, the amount written off an­
nually is usually relatively small; often not 
over a few percent of the gross book value. 

This kind of an investment pattern results in a 
physical plant with a very wide age distribution. 
A little of it is brand new, but much more of it 
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is anywhere from 5 to 25 years old and some 
of it is so old that it is of types which have not 
even been produced for 35 years or more. 

What this says is that plant once bought stays 
around a long, long time and that, as a result, 
the economic health of the enterprise is critic­
ally dependent on the wisdom with which 
money is invested in plant and the effectiveness 
with which the plant is used. Since it is the 
engineer who designs the plant with the objec­
tive of producing certain results by being used 
in some particular manners, it is he who is 
primarily responsible for the economic health 
of the enterprise-whether he is conscious of 
the fact or not. 

Specifically, he must plan every job he does so 
that, not only for that job but considering its 
effect on the enterprise as a whole, the follow­
ing critical ratio will forever* be a maximum. 

C .t. 1 R.' t' ReYenue - Expense n 1ca . a 10 = ·---- -
Inyestment 

While this ratio is of the same form as that 
which is frequently called "profit ratio," it is 
used here as an indication of how the quality 
of the engineering affects the ease (or lack 
thereof) with which the enterprise as a whole 
can obtain a desirable profit level, rather than 
as an indication of what profit level is desirable. 
Maximizing it in connection with specific en­
gineering jobs does not, therefore, connote that 
the enterprise will want to maximize its overall 
profits regardless of other considerations; it 
merely gives the enterprise maximum freedom 
of action in selecting charges to customers to 
obtain a desired profit level, or, in situations 
where amounts which can be charged are lim­
ited by government or other restrictions, to be 
as profitable as possible. 

In considering how to keep this critical ratio 
maximized, the engineer must take these facts 
into account. 
----- ----- ---------------

*The word "forever" is used here and in the following 
in a not-quite-literal sense; it should be translated to 
mean "as long as electrical means are used for inter­
change of information" or "far beyond what anyone 
now in this profession can foresee or even care about." 

Economics of Telecommunications Engineering 

(A) Telecommunications technology is ad­
vancing and changing rapidly, but it is impos­
sible to predict precisely what it will look like 
in the future. 

(B) The public always wants better quality, 
more convenience, and more attractive service; 
their wants grow and change as the enterprise 
grows in ability to satisfy them and it is im­
possible to predict precisely what form they 
will take and how they will change as time 
goes on. 

(C) The magnitudes of the existing plant and 
of the investment in it are so great that it is 
impossible to make radical changes overnight. 
No technological miracle and no scientific 
breakthrough can solve problems in one fell 
swoop ; they must be solved by evolution. 

The engineer must so plan that the plant he 
buys will-in addition to doing today's job­
have maximum capability to incorporate and 
use effectively whatever advances occur in 
technology and be able to cope with whatever 
service requirements may arise. This requires 
superlative engineering, but it turns out to be 
not too difficult as will be evident from the 
following discussions. 

3. Practical Application of the Critical 
Ratio 

In considering how to max11111ze the critical 
ratio, the engineer must avoid falling into either 
of the following two traps. 

(A) Assume that increasing the numerator by 
raising the charges for basic service is a satis­
factory alternative to increasing the ratio by 
superlative engineering. 

It is true that increases in charges for basic 
services sometimes become necessary despite 
the best the engineer can clo. The temporary 
relief that this affords should not cause him to 
relax; rather, it should cause him to search his 
soul whether the increase might have been 
avoided if he had clone a better job. 

(B) Assume that, because one part of the 
operation may be so profitable as to provide a 
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reasonably large magnitude of the ratio for the 
entire operation, he need not worry too much 
about the parts that are less profitable-or 
actually produce losses. 

In some types of industries, it is possible (or 
at least it is thought so to be) to let the less­
profitable phases of the operations wither on 
the vine or even be abandoned. The reverse is 
true in telecommunications ; the parts of the 
operations where increasing the critical ratio is 
hardest are the largest and must be given the 
most attention. 

As an example, the long-distance business is, 
in most organizations, by far the most profitable 
and there is great temptation increasingly to 
rely on it; a process that in the United States 
at least has come to be known as "riding the 
gravy train.'' The problem is that this part of 
the business can exist and grow only as tele­
phones exist and grow. As lots of telephones 
mean lots of local calls, unless these other parts 
of the business are profitable in their own right, 
sooner or later there will not be enough "gravy" 
to go around. 

It is no exaggeration to say that the economic 
importances of phases of telecommunication 
operations are inversely proportional to the nth 
power of their glamor. 

vVith this background, we can now appraise 
how practically the engineer can go about maxi­
mizing the critical ratio in connection with the 
jobs for which he is responsible. 

3.1 MINIMIZING INVESTMENT 

Obviously, in the usual situation where there 
is more than one way to do a job, the most­
straightforward way to increase the magnitude 
of the ratio is to select the way that results in 
the lowest investment. This has three effects: 

(A) It increases the magnitude directly by 
reducing the denominator. 

(B) It reduces that part of the numerator re­
lating to the cost of financing the investment. 

(C) It may or may not affect the other costs 
(for example, maintenance and depreciation) 

or the revenue, depending on the nature of the 
job, the types of plant involved, et cetera. 

In addition, minimizing the investment in each 
job increases the number of jobs that can be 
done within the limits of an overall construc­
tion budget, and this has a beneficial effect on 
the amount and quality of service that can be 
given and the revenue from it. It is surprising 
in how many cases this simple approach turns 
out to be the best one, provided: It is done with 
an eye to the future, maintenance and other 
costs are controlled, and its direct or indirect 
effect on revenue is taken into account. 

Keeping an eye on the future means simply that 
one must consider not only the effect of the 
investment he is making this year, but how the 
pattern it sets will affect the ratio forever. 

Three different investment patterns may be 
recognized; one ideal, and two less-desirable 
alternatives. The ideal pattern is to minimize 
the investment both initially and in the future 
and simultaneously to keep expenses under 
control. This should always be the primary 
objective of the engineer. In many cases, it can 
be clone if the engineer strives hard enough, 
uses sufficient imagination, and forces tech­
nology to develop and manufacturers to pro­
duce the types of equipment and plant he needs. 

It is particularly important to note that science 
and technology do not necessarily produce the 
most-useful kinds of hardware automatically; 
the engineer must see to it that the facts and 
promises of science are turned into things he 
needs to do the best possible job. 

Sometimes despite his efforts, the engineer can­
not reach this objective and he is forced, at 
least temporarily, to adopt one or the other 
less-desirable alternative. 

The first of these alternatives is to minimize 
the initial investment (by, for example, limit­
ing the amount of plant put in or selecting a 
type of plant purely because it is cheaper than 
some other type) even though it is quite certain 
that this will increase future investment needs 
or cause service or other problems. This alter-
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native is tempting because it makes the avail­
able construction money go farther and because 
it accords with the mathematics of money, 
which says that postponement of expenditures 
is, per se, advantageous. However, as proved by 
experience, when the time comes that invest­
ment must be increased or service problems 
arise, the people who h;i.ve to pay or solve the 
problems are likely to think that the original 
planning was too short-sighted. 

It is a method that obviously should be usecl 
with discretion. 

The second alternative is to do the reverse; in­
crease the initial investment to minimize the 
chances of future higher-than-normal invest­
ments and service problems. This is not partic­
ularly tempting because it uses up more than 
its share of available construction money and 
flies in the face of the indications of the mathe­
matics of money. But if clone with discretion 
and not on the fallacy that just because one 
way costs more than another it is per se better, 
it may be good business. 

It is, of course, possible to get a mathematical 
balance between the two undesirable alterna­
tives by some sort of cost study and in some 
cases this may be desirable provided: 

(A) The result is not looked on as providing 
an answer but merely as a set of figures that 
along with other information and ideas may be 
useful in arriving at the best answer based on 
judgment. 

(B) It does not detract from efforts to come 
as close as possible to the ideal of minimizing 
the investment initially and forever. 

3.2 MAXIMIZING THE NUMERATOR 

While the engineer must devote much of his 
attention to the types, magnitude, and timing 
of investment, his responsibility must include 
consideration of how to increase the revenue 
and keep expenses under control. 

For most types of jobs, the engineer's responsi­
bility in connection with revenue is indirect 
( rathe1· than direct) but is nonetheless of im-
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portance. Primarily he must select types and 
locations of plant in such a way that the overall 
network can grow logically and smoothly not 
only in size but in ability to provide whatever 
kinds of service customers may want. To put 
it another way, revenue comes from providing 
service, and the engineer must be sure that he 
does not bnild anything into his design that 
would block growth in size, quality, or scope 
of service. 

\Vhen it comes to expenses, his responsibility 
is frequently much more direct and goes beyond 
the effects of his investments on the total cost 
of money. In particular, he must play an im­
portant part in determining how, where, and 
how much operating and maintenance work 
should be done and how to minimize its cost. 
Obviously, these costs are a function of the 
overall design of the network and of the types 
of facilities used. Beyond these things, the 
engineer must take an active part in establish­
ing the right methods, providing the right tools, 
ct cetera, to get the best results with the least 
cost. 

For example, in connection with maintenance, 
the engineer knows the plant best; he must 
assist and guide the people who actually do the 
work and provide them with the right test 
equipment, so that the effort expended pro­
duces maximum results and neither too much 
nor too little effort is expended. Maintenance 
is too big a subject to discuss exhaustively 
here, but it is a very-important factor in con­
trolling expenses and an important function of 
engmeermg. 

In short, while the engineer is primarily con­
cerned with investment, he must consider the 
interplay of all three components of the critical 
ratio and how his actions affect it now and 
forever. In the following sections a number of 
examples are discussed that illustrate this inter­
play. For convenience, and not because they 
represent how jobs are classified in any partic­
ular organization, the examples are divided into 
these categories : growth, modernization, stand­
ing still, and new instrumentalities and services. 
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4. Growth Jobs 

The problem of caring for growth is one of the 
pleasantest parts of the engineering job from 
the economic standpoint, because it supports 
and is tied directly to growth in revenue. In a 
relatively small but rapidly growing telecom­
munications operation, it is the most important 
of the four categories. Perhaps these are the 
reasons why, in many discussions of engineer­
ing economics, it is given the greatest--if not 
the sole-attention. Unless it is done with both 
the future and the present in mind, it can ad­
versely affect the critical ratio sooner or later 
(or both), not only in connection with growth 
itself hut also in connection with modernization 
and standing-still costs. In fact, proper engi­
neering of growth jobs is the most-effective 
way to control modernization and standing-still 
costs. Three examples of growth jobs will be 
discussed: trunks and junctions, subscriber 
loops, and switching. 

4.1 TRUNKS AND JUNCTIONS 

Trunks and junctions present an area that 
comes closest to being the engineer's paradise, 
because technology has handed him tools on a 
silver platter and all he must do is be smart 
enough to use them properly and to force 
further progress along the same lines. The 
principal tool is, of course, carrier in several 
forms, and the secondary tool is new forms of 
base plant, such as coaxial cable and radio. 

These tools have many advantages. They 
usually permit lower investment initially, while 
history shows clearly that caring for future 
growth becomes less and less expensive as time 
passes. Also, these tools can provide much 
better transmission than audio circuits and are 
much better adapted to meet whatever new 
types of service may be wanted in the future; 
thus they minimize the future costs for mod­
ernization to meet new service requirements. 

The potency of these tools is best known in 
what may be called the long-haul field-that is, 
trunks over, say, 25 or 50 miles ( 40 or 80 

kilometers) long-where the economic and 
service advantages are overwhelming. It is al­
most literally true that it is difficult to keep 
the critical ratio from growing in this field; 
witness, for example, the "profits" from the 
long-distance business registered by almost all 
organizations. 

As indicated earlier, this is the "gravy" area; 
the economic problems lie in two other areas. 

(A) To extend the benefits of carrier to shorter 
and shorter distances. 

(B) To exploit the huge amount of, and in­
vestment in, copper that exists in the trunk and 
junction plants and that by and large produces 
only one channel or half a channel per pair. 
Much of this copper is of types and is in loca­
tions suitable to serve as base plant for carrier. 
Since it has already been bought and paid for, 
it is by all odds the cheapest form of base plant; 
it is merely good sense to make as much use of 
it as is practicable before buying more base 
plant of any type. 

There is no reason vvhy these problems can­
not be solved by applying the same principles 
that have Leen so successful in the longer-haul 
field. It merely requires the engineer to force 
technology to develop, and manufacturers to 
produce, the right gear and then use it properly. 
This is not an easy job, but with persistence it 
can he done; it is being done reasonably suc­
cessfully at least in the United States and Can­
ada. Their experience shows very clearly that 
thus minimizing the investment does not neces­
sarily increase total expenses. Thus the numer­
ator of the critical ratio may be about the same; 
at worst it will not be reduced enough to off­
set the beneficial effect of the lower invest­
ment. In short, carrier and good engineering 
can increasingly move the trunk and junction 
situation closer to the ideal of maximizing the 
critical ratio now and forever. 

4.2 SUBSCRIBER LOOPS 

Subscriber loops constitute one large and im­
portant area in which reducing the investment 
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also reduces the expenses (by reducing the cost 
of money and depreciation expense without sig­
nificant increase in any other component) and 
hence theoretically should be ideal for mini­
mizing investment now and forever. 

In fact, however, in many organizations it is 
difficult to control loop costs ; they are already 
high and they show a distressing tendency to 
go higher. They form a major component of the 
annual construction expenditures; in some or­
ganizations they are, the largest single com­
ponent. The reason for this is that loop plant 
has a very-high raw-material-and-labor con­
tent; contrary to the situation in the trunk and 
junction, technology has not handed out tools 
on a silver platter ; the engineer must dig out 
savings by hard and imaginative work. Some 
of the tools available aml some of the engineer­
ing problems in applying them are discussed in 
the follmving. 

A rather-evident and very-effective method of 
limiting investment is to minimize wire sizes, 
particularly for the longer loops. Average loop 
costs are usually made up of a large number 
of loops that cost less than the average and a 
smaller number that cost more-some a great 
deal more-than the average. The main reason 
for the above-average costs is that for loops 
longer than some arbitrary limit, wire sizes 
must be increased. Thus the longer the length, 
the bigger the wires, so that costs rise much 
faster than length. Obviously, if fine wires can 
be used to longer lengths, it will help greatly to 
bring the problem under control. To do this, 
two problems must be solved. 

The first and easier one to solve, at least for 
moderate extensions of fine wire, is transmis­
sion; it involves two thi11gs: 

(A) Reduction of trunk and junction losses to 
as near zero as practicable from the echo, cross­
talk, and noise standpoints. This presents very 
little of an economic prohlem if carrier is used 
extensively in the trunk and junction plant. If 
carrier is not so used, the problem is tougher, 
but it is one that will have to be faced at some 
time anyway, as discussed in Section 5. 

Economics of Telecommunications Engineering 

(B) Use of modern efficient telephones on the 
longer loops. The only problem here is to en­
sure that these new types of telephones do, in 
fact, get put on these loops. This takes a bit of 
doing, hut it is not out of the question. 

The second problem is signaling. This may he 
easy or difficult depending on the types of 
switching equipment. Even if some equipment 
must be added, the costs are likely to he much 
less than for large wires in long loops. For 
more-radical extensions, such as doubling the 
loop limits, more-radical measures (for ex­
ample amplification and special signaling de­
vices) may become necessary. Even the costs 
of these methods are likely to he small com­
pared with the savings brought about by the 
ability to use fine wires. 

In addition to reducing the cost of the cables 
themselves, using the finest wires practicable 
reduces the cost of supporting and containing 
structures as well as transportation and han­
clling. For example, in densely developed areas, 
it is very expensive to reinforce duct lines ; 
putting the maximum number of pairs in a duct 
by the use of the finest practicable wires will, 
in may cases, postpone the need for reinforce­
ment for a long time, if not indefinitely. Even 
where cables are plowed or trenched, the 
smaller size and weight of fine-wire cables re­
duces the cost of the operation. The same thing 
is true where cables are supported on poles. 

A second broad method that may be used in 
conjunction with, or separate from, extension 
of fine wires is switching in at least two forms. 
The first is use of concentrators; this does not 
reduce wire sizes hut it does reduce the num­
ber of long circuits needed. The second is use 
of more full-fledged central offices so spaced 
and located that long loops are avoided or at 
least greatly reduced in number. To make this 
method of limiting investment economical 
requires striking the right balance between 
switching and cable costs so that the total is 
a minimum. This, in turn, depends on how ef­
fectively switching costs can be controlled vis­
a-vis loop cable costs. 
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A third general method consists of using the 
loop plant more effectively and cutting down 
the costs of the numerous changes and re­
arrangements that accompany growth and 
movement. Many things are involved; for ex­
ample, use of flexible cross-connection features, 
or, in some cases, the "dedicated-outside-plant" 
principle where applicable, labor-saving devices 
and methods for handling jointing and other 
types of connections and disconnections, proper 
organization, proper transportation and tools, 
et cetera. No one of these is likely to produce 
huge savings, but in total they are very signifi­
cant. 

Some day, of course, carrier will come to play 
an important role in loop design. It seems 
logical to assume that it will come as the evolu­
tionary extension of the application of carrier 
to shorter and shorter lengths and hence that 
it will follow, rather than lead, the effective ex­
ploitation of copper in the junction plant. Thus 
its early use will continue to be in unusually 
long loops (such as rural lines) or in loops 
where adding wires would be unusually expen­
sive because of conduit congestion or other 
reasons and only gradually will its use become 
more general. This puts extensive use far 
enough off in time so that it should not militate 
against using the tools now available with maxi­
mum effectiveness. 

4.3 CosTs OF SWITCHING EQUIPMENT 

Switching equipment constitutes an area where 
wise use of the previously stated alternative of 
investing a little more initially to save a lot 
more later is likely to be good business. Buying 
a type of equipment just because it is slightly 
cheaper or because of tradition may result in 
severe economic problems later if changes be­
come necessary to meet service requirements. 

This does not imply that the engineer should 
not strive to keep the initial investment as low 
as practicable and still get the service features 
and flexibility he wants; he must use great in­
genuity, imagination, and persistence to ac-

complish this result. There are so many factors 
involved that it would be witless to try to dis­
cuss them in detail. However, it can be said 
that they involve such things as coordinating 
and streamlining all phases of engineering, 
avoiding unnecessary variations in sizes and 
features provided in different installations, lim­
iting frills that add nothing to serviceability, 
properly organizing installation work (includ­
ing unnecessary duplication of testing), et 
cetera. 

In selecting the type of equipment, the engineer 
must start his thinking from what he wants 
it to do and its availability, rather than from 
some particular type of hardware. Some of the 
things the engineer wants are great flexibility 
in routing of calls, ability to handle a wide 
variety of classes and types of service (includ­
ing a wide range of bandwidths), and ability 
to set up connections as fast as instructions to 
the switches can be generated and transmitted. 
It makes little difference whether the hardware 
is electromechanical or full- or semi- or quasi­
electronic, or what particular types of s>vitches 
are used (provided they are fast), so long as 
there are no inherent limitations that would 
prevent giving the kinds and quality of service 
that will be called for in the future. 

5. Modernization 

By modernization is meant throwing ex1stmg 
plant away and building new plant to replace it 
or adding features to, and investment in, exist­
ing plant to cope with current or foreseeable 
service requirements or to control operating 
costs. 

From the purely economic standpoint, it is a 
distasteful and difficult problem because it in­
volves making investments without causing any 
corresponding increase in revenue. \Vhile it 
may open the door to increased revenue in the 
future by permitting better quality or broad­
ened scope of service, its immediate reason is 
more of a defensive measure against degra­
dation of service, stifling of growth because of 
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inability to give service that customers want, 
or against rising operating expenses. Thus, in 
the competition for the (usually) limited amount 
of construction money available at any time, it 
is at a disadvantage compared with growth 
jobs. 

Tbe magnitude of tbe modernization job and 
its timing are largely functions of how forward­
looking the engineering has lieen in the past in 
connection with growth. If the types and loca­
tions of plant that have been provided for 
growth are sufficiently flexible to cope with 
problems arising from increasing size and com­
plexity of the overall network and from 
changing ideas of customers regarding service, 
the modernization problem is reduced; if this 
is not so, the reverse is true. 

It does not help very much if the plant to be 
thrown away is old. The situation is that, before 
the old plant was thrown away, a certain total 
amount of plant existed; after it is thrown 
away, the amount of plant is less and new plant 
must he put in merely to restore the status quo. 
This is true regardless of the age of the plant, 
so long as it is still capable of performing the 
functions for which it was bought originally and 
regardless of how its age compares with the 
life span for which depreciation rates have been 
set up. These facts are given quantitative mone­
tary meaning through depreciation accounting 
-a subject that, along with some of its effects 
on engineering and vice versa, is discussed 
briefly in Section 9. 

Thus, there is no merit in postponing moderni­
zation while continuing to put in plant having 
limited service capability ; postponement adds 
to the weight of the plant and investment that 
will have tb be thrown away and hence simply 
compounds the problem. Rather, the types of 
new plant put in either for growth or for 
modernization should always make the maxi­
mum practicable use of the best technology 
ayailahle to minimize future modernization 
problems. A few examples of modernization 
problems in the switching and transmission 
areas are discussed in the following. 
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5.1 SWITCHING 

One of the major phases of the modernization 
of switching-replacement of manual operation 
by dial operation for local and long-distance 
service-is almost complete in many countries. 
\Vhile it has inyo]ved large investments, the 
large reduction in traffic operating expenses 
has resulted in significant increases in the 
critical ratio, particularly if maintenance costs 
have also been adequately controlled. How­
ever, unless the types of equipment used in this 
process have adequate flexibility and other fea­
tures necessary to cope with growth in size 
and complexity of networks and with service 
wants of customers, a whole new generation of 
modernization problems will arise; 111 fact, it 
lias arisen in some places. 

>Jot infrequently, these problems ansc almost 
as a confrontation. Some networks have already 
grown to the point where it is painfully evident 
that nevv concepts and new mechanisms are 
needed to cope with further growth in size and 
complexity or just to keep them from "falling 
apart." Some networks cannot provide high 
enough switching speed to be compatible with 
new methods of generating signals available to 
users (such as push-button pulsing or fast 
repertory dialers) or to cope with numerous 
very-short data messages, et cetera. Similarly, 
some types of switching mechanisms ha \"e diffi­
culty in providing desired service features, for 
example, direct in and out dialing with billing 
to individual telephones at private automatic 
branch exchanges, or handling bands wider or 
narrower than voice. 

\Vhen such a confrontation anscs or can be 
foreseen, the only course open is to take the 
bull by the horns and shape an orderly growth 
and modernization program to overcome it. 
Experience clearly shows that postponement­
for example, waiting for some scientific break­
through-is particularly dangerous economic­
ally in this area, because of the large im:estment 
involved and the rapidity with which it grows 
as well as the rapidity with which new service 
requirements develop. 
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5.2 TRANSMISSION IMPROVEMENT 

The need to improve transmission is already 
being faced in some countries-and will un­
doubtedly be faced in others in the not-too­
distant future-for at least two reasons. 

(A) Users, being people, always want some­
thing better and the only way to keep them 
happy is by constant improvement. 

(B) l\Jany of the newer forms of service­
particularly data-are more susceptive to trans­
mission irregularities than is ordinary speech. 

While data transmission will probably not be 
large quantitatively for some time, it has the 
virtue that it pinpoints transmission problems 
that should be looked at and taken care of but 
that might otherwise be let slide. As an ex­
ample. almost all forms of data transmission 
are more affected by noise than is speech be­
tween people; people will tolerate magnitudes 
and types of noise that would practically ruin 
data transmission. Similarly, many forms of 
data transmission are much-more sensitive to 
phase and amplitude distortion than is speech 
between people. 

The primary answer to these problems is to 
keep the signal-to-noise ratio up by keeping the 
trunk and junction losses low, and to use types 
of circuits that have low distortion-primarily 
carrier. Repeatered 2-wire circuits may be ne­
cessary in some cases as an expedient until 
carrier can he applied, but they tend to increase 
distortion and hence do not provide the same 
results as carrier. Admittedly, 4-wire audio cir­
cuits are also pretty good, but they cost a lot 
of money. 

Since, as discussed earlier, carrier is the most 
economical way to provide for growth in a large 
proportion of the circuits, its extensive use for 
modernization should pose no difficult economic 
problems. 

A problem, in some countries at least, is that 
there is already so much audio cable in the 
trunk and junction plant that it could not be 
used up as base plant for carrier for many 
years. This means that it will be difficult in 

such countries to get rid of even fairly long 
audio circuits for a long time. Still more im­
portant, it means that the longer the delay in 
getting started on extensive use of carrier, the 
larger will be the amount of, and investment in, 
audio cable and hence the tougher the moderni­
zation problem. 

6. Standing Still 

By "standing-still" costs is meant money that 
must be invested merely to maintain the exist­
ing amount and type of service; it is truly what 
economists might call "frictional loss." Since it 
does not even open the door to increased reye­
nue or reduction in operating costs, it is an 
even-more-distasteful econo1111c problem than 
modernization. 

One example of standing still is the cost of 
having to abandon existing plant and put new 
plant in because of such things as new roads or 
other public or private works. The causes of 
this cost are at least evident to the naked eye 
and are therefore not likely to be overlooked. 

More important in a large operation is the cost 
in the subscriber equipment field associated with 
the fact that people, businesses, and industries 
move about so much and change their minds so 
often about where they want telephones and 
other gear to be put. For example, in the 
United States, each telephone gained is the re­
sult of connecting 6 and disconnecting 5 ; the 
standing-still part thus constitutes 10/11 of the 
total station movement. The cost of this stand­
ing-still part is typically around 20 percent of 
the total annual construction program-around 
$938 million for subscriber equipment out of a 
total standing-still cost of about $1.25 thousand 
million ( 26 percent of total construction budget) 
in 1966. While other countries may be in a 
more-favorable position in this regard, there is 
considerable evidence that, in some of them at 
least, standing-still costs are not negligible and 
are growing. 

This cost is all the more disturbing because it 
is insidious; there are no confrontations a;i m 
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the modernization case; it starts small and just 
keeps growing faster than the business until it 
is discovered because someone looks for it or it 
gets so big that it cannot be ignored. The more 
customers the organization has, the more freely 
service becomes available, and the more vari­
eties of service that are offered, the greater will 
be the total of physical movement by, and 
changes of mind on the part of, the customers. 
At the same time, since much of the cost of 
connecting a telephone (and practically all of 
the cost of disconnecting it) is labor, costs tend 
to rise as the product of increases in movement 
and of increases in labor rates. 

Tims the trend is clear; the bigger the business 
and the more adequate and versatile the service, 
the greater and more important the frictional 
losses will hecome unless something is done 
about them. 

The second disturbing feature is that this cost 

is not greatly reduced if telephone gain drops 
to zero or even becomes negative. Since it is 
more nearly proportional to the sum of "ins" 
and "outs" than to the difference. it is not in­
conceivable that it might stay the same, or 

actually go up, if hard times came and people 
discontinued service in droves. That is, the outs 
wonld exceed the ins but the total station move­
ment might actually go up. 

A third problem is that even after they have 
been recognized, standing-still costs are hard to 
control. The figure quoted above for the United 
States is after a number of years of intensive 
efforts to control these costs. At least it can be 
said that the control measures have reduced the 
rate of rise and that otherwise the figures would 
he much bigger. 

Control of standing-still costs involves many 
things. Organization and proper methods will 
do some of it. An even larger part consists of 
using a host of factory-produced gadgets and 
devices with which to reduce field labor, for 
example, cables and other things for prewiring, 
plugs and jacks, modular construction of key 
and other equipment, use of single switching in-
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stallations for several customers requiring pri­
vate automatic branch exchanges, eliminating 
screw terminals and "skinning" of wires, et 
cetera. 

The m;i.in point is that if the engineer wants to 
keep the critical ratio at a maximum, he must 
not neglect this unglamorous job. More spe­
cifically, he should examine the situation care­
fully to he sure that standing-still costs are 
exposed to the light of clay. Even if they are 
now relatively small, he should be sure that 
controlling them becomes an important con­
sideration so that, to the extent practicable, 
they don't become big. Saving even relatively 
small amounts of money is no disadvantage, 
particularly if it results in the development of 
methods and equipment that can lead to much­
greater savings later. 

7. New Services and Instrumentalities 

It is with some relief that we can now turn to a 
more-pleasant subject; increasing the critical 
ratio by increasing the revenue by introducing 
ne\v and improved types of service and instru­
mentalities-primarily those that the customer 
uses and is aware of directly. The numbers and 
types of these are legion and include such things 
as more-attractive and -convenient telephones, 
push-button pulsing, improved intercommuni­
cation methods, faster and better private-auto­
matic-branch-exchange methods and equipment, 
handling of data, and many others. 

Usually, the economic prohlen1 facing the en­
gineer is how much revenue must be taken in 
to make the yenture profitable. He usually does 
not have to specify the actual charges, but he 
must have a clear idea of what their minima 
must be. In doing this he must pay attention, 
not only to the investment, but particularly to 
the expense factor. The component of expense 
most likely to be affected materially is depre­
ciation. Other components (such as mainte­
nance and interest) are also affected, but usu­
ally to a lesser extent. 

The reason for this is simple; many types of 
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new services, features, and instrumentalities in­
volve junking older equipment and, if the oper­
ation is to be profitable, the revenue from the 
new things must be sufficient to pay for this 
through increased depreciation expense or 
otherwise. To take a very simple example, con­
sider the introduction of a new type of tele­
phone so attractive that many people will want 
it, even at a premium rate. Now, every tele­
phone that is bought over and above the actual 
station gain (plus a few that are destroyed or 
stolen) means that another telephone must be 
junked or kept in dead stock. Hence the reve­
nue for the new set must be sufficient to pay 
for this increased junking; the actual rates 
should probably be somewhere above this mini­
mum, since not everything that is offered turns 
out to be a howling success, and the successful 
ones must carry the duds as well as pay for 
their own effects on depreciation expense. 

On the whole, experience is clear that if new 
offerings are well planned and all factors are 
properly weighed, they can become a significant 
factor in the revenue and profitability of an 
operation. For example, the Bell System has 
reported that something like 25 percent of the 
exchange revenue comes from these things 
and, while no quantitative information is avail­
able on the profits from them, it is evident that 
permitting customers to choose among a num­
ber of options is advantageous both to the 
enterprise and to the customers. While an or­
ganization that is still struggling to meet basic 
demands would have less urge to introduce new 
things, this does not mean that doing so would 
not be good business. To paraphrase what one 
leader in such an organization .has said, "If we 
have to supply a telephone to a customer any­
way, there is no reason why we shouldn't make 
him happy by giving him what he wants and is 
willing to pay for." 

8. Summary 

If the reader has gathered the impression from 
the foregoing that money-how much, how to 
get it, and what to do with it-ranks right along 

with technology as a primary consideration in 
telecommunications engineering, he couldn't be 
more correct. He would also be correct if he 
concluded that the wisdom with which money 
is invested is of critical importance to the eco­
nomic health of the enterprise. More specific­
ally, the primary objective is to invest money 
so that the critical ratio 

C . . 1 R . Revenue - Expense 
ntica at10 = I nvestment 

is a maximum now and forever. 

In principle, this is simple. He must make 
flexibility to cope with whatever service needs 
may arise a fundamental of his planning, not 
just an afterthought or a minor factor in the 
hope that service needs will not change or that 
he can predict the changes. He must increas­
ingly use types of plant the costs of which are 
largely fabrication. He must decreasingly use 
types of plant the costs of which are largely raw 
materials and field labor. The costs of the for­
mer go down with respect to the latter with 
time and they can provide greater flexibility. 

If then, in addition, he does his very best to 
control working costs, his problem is solved 
and the enterprise will have a long and happy 
life. 

9. Appendix-A Few Notes on 
Depreciation 

Boiled down to fundamentals, depreciation can 
be said to be the monetary aspects and conse­
quences of throwing plant away. Since the 
types and amounts of plant provided by engi­
neers determine how much plant must be 
thrown away and when, depreciation is an im­
portant consideration in engineering, and vice 
versa. 

It is not the intention here to discuss the many 
theoretical and accounting aspects of deprecia­
tion nor to participate in the many arguments 
about them ; the engineer can find out more 
than he really wants to know from the exten­
sive literature and the numerous speeches on 
the matter. Rather it is intended merely to dis-
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cuss what it means and how it affects, and is 
affected by, engineering. 

In fact, what depreciation accounting does from. 
the standpoint of the engineer is merely to pro­
vide quantitative monetary meaning to some 
things that common sense says are so, for ex­
ample: 

(A) That when a piece of plant is displaced, 
the service and revenue which it has been pro­
viding disappears but the investment which has 
been made in it does not; the only capital re­
covery (in terms of money in the till) associ­
ated with the actual displacement is the "net 
salvage" (that is, the difference between the 
amount which is realized from the sale of this 
displaced plant and the cost of removing it) 
which may be either plus or minus. 

(B) That, because of this fact and the fact 
that (with few exceptions such as land, et 
cetera) all plant must be thrown away some 
time, enough money must be set aside from 
revenues annually to cover the loss associated 
with displacement of plant when it occurs, if 
the capital structure is not to be seriously 
eroded. 

(C) That the smaller the amount of investment 
in plant per unit of service and revenue, and the 
longer its .useful life, the smaller will be the 
amount of money which must be set aside an­
nually for capital recovery and the better off 
economically both the enterprise and its cus­
tomers will be. 

9.1 How DEPRECIATION WoRKS 

While there are wide differences in accounting 
methods among countries, most of them at least 
appear to give about the same overall financial 
indicati_ons in terms of gross and net book 
values, operating results, et cetera. Therefore 
there-is no reason to discuss these methods in 
detail, but it might be worth while to mention 
one of the main differences to facilitate under­
standing of annual or other reports prepared 
by different organizations. 

Economics of Telecommunications Engineering 

This difference is in how the di vi ding lines are 
set between displacements and replacements 
which are handled as operating expenses (usu­
ally maintenance) and those which are handled 
as capital expenses-that is, charged to con­
struction and depreciation. Probably all coun­
tries charge very small expenditures (for ex­
ample, replacement of a relay spring or a relay) 
to maintenance, but some of them move into 
the capital area at a fairly low level of expendi­
tures while others continue to handle current 
displacements and replacements as operating 
expenses up to high levels. 

The effects of these differences show up pri­
marily in the sizes and compositions of con­
struction programs; expenditures charged to 
operating expenses do not usually show up in 
construction programs, so that countries where 
large expenditures are handled through main­
tenance or other operating accounts tend to 
show smaller construction programs relative to 
those in countries where such expenditures are 
handled through the capital accounts. 

However, since the end results are independent 
of the accounting philosophy, the engineer may 
be interested in the philosophy, but he need not 
be too concerned about it. Also, because the 
end results are the same, any basis can be used 
in discussing how depreciation works ; in the 
following, it is assumed that large expenditures 
associated with plant displacement are handled 
as capital expenses. 

As revenue comes in from customers, a part 
of it is set aside (designated as depreciation 
expense or appropriation, or some name having 
a similar connotation) to the end that as plant 
is displaced the associated capital is recovered. 
The amount so set aside depends primarily on 
how much has been invested and what its 
average useful life is expected to be. It is also 
affected by how "recovery" is defined; for 
example, in some countries it is defined as the 
original investment; in others, as the purchas­
ing power of the original investment; in still 
others, it may be something else. 
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Part of the money thus set aside is used to 
recover the capital represented by the plant 
currently being displaced or written off. The 
other part is added to the reserve or fund (or 
whatever else it may be called) that has been 
accumulated to recover capital when write-offs 
occur in the future. Both parts are usually in­
vested in new plant ; that is, the total amount 
is used to finance part of the current construc­
tion program. 

The net effect of this process is that, when 
money is invested in new plant, the gross book 
value grows, but usually by an amount less than 
the amount invested in order to reflect the fact 
that some plant has been displaced, so that the 
total plant at the end of the period is smaller 
than the sum of the plant at the beginning and 
the plant which has been bought during the 
period. Since not all of the depreciation expense 
is used for current write-offs, the depreciation 
reserve also grows as it must to reflect the fact 
that the total plant (which must be written off 
eventually) has grown. Net book value (which 
is the difference between gross book value and 
depreciation reserve) usually also grows, but 
since its growth is the difference between 
growth in gross book and in depreciation re­
serve, it may vary over a wide range. 

A crude, but reasonably accurate, way to look 
at the significance of the process is to think of 
gross book as the monetary value of the plant 
in being at any time; that is, the plant available 
to earn with. Net book is a measure of the 
monetary value of the plant which has been 
financed from sources other than depreciation ; 
that is, the plant which must be earned on. 

Depreciation reserve is a monetary measure of 
the plant which has been financed by money 
taken from revenue from subscribers. It also is 
well to remember that depreciation reserve is 
not kept as cash ; it is invested in plant so that 
current depreciation expense must always be 
big enough to finance current write-offs plus 
desirable growth in depreciation reserve. 

The importance of gross and net book values 
and depreciation reserve, and of the way they 

grow, on long-term economic health of the 
enterprise is self-evident. But, from the stand­
point of this document, it is even more import­
ant to consider how they are affected by, and 
affect, engineering. 

9.2 ENGINEERING CONNOTATIONS 

One of the important things which the en­
gineer must recognize is that, while the gross 
book value is a monetary measure of the plant 
in being, it says nothing about the ability of 
the plant to provide service and produce reve­
nue. That is, a well-engineered plant having a 
given gross book value will be able to provide 
much more in the way of amount, quality, and 
scope of service than a plant having the same 
gross book value but which has been less ef­
fectively engineered. 

In like manner, a low net book value may be 
the result either of excellent engineering in the 
past, which has produced a plant with high 
serviceability and a low rate of displacement, 
or merely of a depreciation expense rate which 
has been so high as to build up a large depre­
ciation reserve despite less-than-excellent en­
gineering. In this connection, it is important 
for the engineer to recognize that depreciation 
expense money does not grow on trees ; it must 
be extracted from the pocketbooks of sub­
scribers, and the amount which must be 
extracted is bound to have an effect on the 
enthusiasm (or lack thereof) with which sub­
scribers view the service and the amount of it 
they buy. 

Thus the engineer must strive to produce a 
plant which has high earning capability per unit 
of investment and which at the same time keeps 
the amount (in absolute terms) of money which 
must be extracted from subscribers for depre­
ciation expense reasonably low. The amount of 
depreciation expense in absolute terms depends 
on the amount of plant which must be written 
off eventually (roughly gross book minus some 
items, for example land, et cetera, which may 
be considered not depreciable) and the rate at 
which it must be written off. 
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To get the lowest possible combination of the 
amount which must be written off eventually 
and the rate at which it must be written off, it 
is important to consider why plant gets thrown 
away at all, that is, the root cause of deprecia­
tion in a monetary sense. 

9.3 WHAT CAL'SES PLANT TO BE 

WRITTEN OFF 

The original-and still popular--concept of de­
preciation was that it was to compensate for 
wear and tear, that is, for physical deterioration 
of plant. However, aside from causes external 
to the plant itself (such as storms, fires, floods, 
earthquakes, and theft and other acts of man), 
this turns out to he a relatively minor cause. 
Well-maintained plant of the types used in tele­
communications operations will (with a few 
exceptions such as wood poles, et cetera) per­
form its original functions unimpaired almost 
indefinitely. 

A second-and still popular-concept vvas that 
advances in technology make plants obsolete. 
This again is not a primary cause, except as 
these advances act to permit new and different 
functions or greatly reduce operating expenses. 
There is no point in throwing away plant and 
buying new simply because the new plant is 
more sophisticated or glamorous; this can be 
justified only if the new plant can do things 
that the old plant could not do or do them very 
much cheaper. 

Actually the major reason for throwing plant 
away is that (because of type or location) it 
can no longer provide the services that users 
want or that it can do so only at exorbitant cost. 
To put it another way, the major reasons for 
depreciation of plant lie in changes in the 
functions that must be performed and require­
ments that must he met rather than in physical 
deterioration or adrnnces in the art. Perhaps a 
few examples taken from the previous text 
will illustrate these points. 

Probably the simplest example is in switching, 
and the most-evident phase of switching is 
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mechanization ancl its portent. There was 
nothing physically wrong wtih the thousands 
of manual switchboards that have gone into the 
junk heap; they just couldn't provide the quali­
ties and types of services that people wanted, 
and the costs of operating them were obviously 
headed for the sky. The portent is equally 
clear; only those types of automatic systems 
that have the ability to provide very-high­
quality service of a very-wide scope under a 
wide variety of conditions can survive for long. 
This is independent of what particular kinds of 
hardware they are composed. 

A somewhat similar but also somewhat differ­
ent situation exists in the transmission field. 
Just as it was abundantly clear some years ago 
in switching that manual operation was doomed, 
so it is now abundantly clear that long audio 
circuits will increasingly fail to meet the wants 
of customers in many areas. In this case, it 
usually is not necessary to throw plant away 
because carrier can be added to existing cables; 
rather the problem lies in building up of large 
gross book investments in audio cables which 
have limited service and revenue capability, 
and of large net book investments with cor­
responding large earnings requirements. 

An example of depreciation because of location 
is afforded by standing-still expenditures. A 
piece of outside plant might h<LYe to he dis­
placed and new plant built hecause of a new 
road, or a telephone and its wiring may haYe 
to be taken out in one place and a new tele­
phone and wiring put in somewhere else merely 
because a customer has moved. The new plant 
may be precisely like and perform the same 
functions as the old, but there is an economic 
loss just the same: even if the displaced plant 
can be reused, the labor costs (which may ex­
ceed the material costs) are lost. 

Still another example is the increased junking 
of older type telephones and other equipment 
on subscribers' premises brought about by new 
and more desirable types. In many of these 
cases, only the telephone itself is junked and 
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since it represents only a relatively small pro­
portion of the initial installed cost, the loss is 
not excessive and can be more than made up 
.either by savings in loop plant (if the ad­
vantage of the new type is primarily increased 
efficiency) or by properly selected premium 
charges (if the advantage is primarily increased 
attractiveness from the users' viewpoint). This 
is an area in which forced depreciation often 
requires comparatively little capital expenditure 
and, if properly planned, is profitable to the 
enterprise and advantageous to the subscribers. 

9.4 EFFECT OF AGE ON \VRITE-0FF 

Occasionally one runs into the idea that if a 
particular piece of plant is old, there is less 
economic penalty involved in throwing it avvay 
than if it is new. This, of course, is not so be­
cause as long as the plant can perform its 
allotted function, it is just as useful when it is 
old as when it is new, and throwing it away 
reduces the amount of plant available to pro­
duce service just as much as if it were new. 
Depreciation usually recognizes this by basing 
depreciation rates on life expectancy of classes 
of plant and by charging the same amount re­
gardless of whether a particular piece of plant 
is 1-day or 50-years old when it is written off. 

The fact that the economic penalty involved in 
throwing away a particular piece of plant is 
independent of its age does not militate against 
the advantage of long useful life for a class of 
plant or for the plant as a whole. That is, the 
longer the average life, the lower the deprecia­
tion rate that must be charged and the better 
the chances will be that the write-off rate actu­
ally experienced will be lower than the esti­
mated rate on which depreciation expense has 
been computed. Thus, the longer the average 
useful life, the larger the depreciation reserve 
and the lower the net hook value become. 

9.5 BENEFITS TO CUSTOMERS 

OLviously, as already discussed, if plant is so 
engineered that the total amount that must be 

written off is minimized and the theoretical 
average life (on which depreciation rates are 
based) is maximized, the customer benefits be­
cause less money must be abstracted from his 
pocketbook to be set aside for depreciation. 
Even if, because of superlative engineering or 
otherwise, the rate at which capital must be 
recovered turns out to Le lower than was anti­
cipated in setting depreciation rates, the custo­
mer as well as the enterprise benefits. 

Depreciation accounting gives quantitative 
meaning to this fact through its effect on gross 
and net Look and depreciation reserve. With 
low write-off rates, depreciation reserves grow 
rapidly so that net book grows much slower 
than gross book. The effect is cumulative; with 
lower earning requirements (lower net book) 
more money can be set aside for depreciation 
without increasing the money abstracted from 
customers, which further slows down growth in 
net book, which further increases the difference 
between earning requirements and revenue 
capability, which permit more of the revenue 
to be set aside for depreciation and profits, 
which 

Thus, as tirne goes on, a larger and larger 
amount of construction can be financed by de­
preciation money and profits and in the long 
run the customers will pay less or will get 
more service for the money they pay. The 
salubrious effect of a sound depreciation policy, 
together with sound engineering, is discernible 
in many organizations and is clearly visible to 
the naked eye in some. 

9.6 vVHY SHouLD THE ENGINEER CARE? 

In their day-by-day work, most engineers have 
no reason to worry about depreciation as such 
except as it affects the relationship between 
the numerator and denominator of the critical 
ratio. 

However, if the engineer can get a clearer pic­
ture of how his daily work affects the amount 
and timing of plant write-off, and of how this 
in turn affects the economic health of the enter-
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prise, he may get a better appreciation of the 
value of superlative engineering or at least be 
less likely to be led astray by incorrect eco­
nomic reasoning. 

At least, this is the raison d'etre for the fore­
gomg. 

H. R. Huntley was born in Neillsville, Wis­
consin, on 29 December 1894. He received a 
B. S. degree in electrical engineering from the 
Lniversity of Wisconsin in 1921. 

He joined the Wisconsin Telephone Company 
(an Associated Company of the Bell System) 
in 1917 where he worked on transmission mat­
ters including design of local and long-distance 
plant, inductive and structural coordination of 
telephone and power systems, protection of 
telephone plant against lightning, contacts with 
power circuits, electrolysis, et cetera. 

In 1930 he joined the American Telephone and 
Telegraph Company where, for a number of 
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years. his work covered much the same ground 
as in Wisconsin but on a consulting basis for 
the whole Bell System. Later he became, suc­
cessively, Assistant Chief Engineer in charge 
of several areas of work, Director of Customer 
Product Planning, vvhich combined the engin­
eering and marketing aspects of instrumentali­
ties on customers' premises and service fea­
tures which affected customers directly (such, 
for example, as new forms of telephones, key 
equipments, private automatic branch exchange 
service, data transmission, et cetera) and, 
finally, Chief Engineer. 

Since his retirement from the Bell System in 
1960, he has been an independent consultant 
and has worked with a number of organizations 
including the International Telephone and 
Telegraph Corporation. 

He has published numerous articles dealing 
mainly with planning of telecommunication 
systems and the nature of engineering and its 
relation to other management functions. 

Geneen and Stone Honored by Belgium 

Harold S. Geneen, chairman and president of 
International Telephone and Telegraph Cor­
poration, was decorated on 1 October 1966 with 
one of Belgium's highest honors when Paul 
Van Den Boeynants, Prime ~Iinister of Bel­
gium, in behalf of King Baudouin of Belgium, 
bestowed on Mr. Geneen the title of Com­
mander of the Order of the Crown. 

The decoration was in recognition of outstand­
ing services rendered, particularly through the 
contribution to the Belgian economy of Bell 
Telephone Manufacturing Company. This as-

sociate of International Telephone and Tele­
graph Corporation maintains its headquarters 
in Antwerp and operates 10 factories employ­
ing 13 000 people in Belgium. 

At the same ceremony, the Prime Minister 
named Admiral Ellery W. Stone a Commander 
of the Order of Leopold IL A vice-president 
and director of the International Telephone and 
Telegraph Corporation, Admiral Stone served 
from 1961 through 1964 as president and is 
now vice-chairman of the corporation's Euro­
pean management headquarters in Brussels. 
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Crosspoint Elements and Relays with 
Miniaturized Reed Contacts 

H. RENSCH 
Standard Elektrik Lorenz AG; Stuttgart, Germany 

In modern semi- and quasi-electronic space-di­
vision-multiplex switching systems, fast-operat­
ing mechanical contacts are mainly employed 
in crosspoint matrixes. As the number of cross­
point contacts required makes their cost of great 
significance, not only operating speed but other 
performance features must be considered [ 1] . 
Our H 50 reed contact is shown to be satis­
factory as a crosspoint contact. In large produc­
tion these contacts are so inexpensive that 
quasi-electronic switching systems, with suit­
able control equipment, are comparable in cost 
to conventional systems. With satisfactorily 
controlled automatic manufacture of such con­
tacts, these systems can be virtually mainte­
nance-free. 

1. Crosspoint Requirements 

The following solution is based on the charac­
teristics of a crosspoint with existing reed 
contacts. The discussion, however, covers in 
detail only those solutions having acceptable 
costs and the necessary operating reliability. 
Innumerable other solutions have been pre­
sented in the patent literature. However, many 
of these proposals turn out to be technically in­
adequate, unsuitable for mass production, or too 
expensive. 

a b c x 

Figure !-Crosspoint matrix with n inputs 
and .x- outputs. 

In the crosspoint system shown in Figure 1, it 
must be possible to connect any wanted output 
( a,b, ... ,x) to any of the inputs ( 1,2, ... ,n). 
It must be possible to choose the number of 
inputs and outputs independently of each other 
to suit both economy and traffic theory. The 
maximum number of simultaneous connections 
must correspond to the smallest number of out­
lets in either the row or column. Double connec­
tions (operation of two crosspoints in one line 
or one column of the matrix) must be possible, 
but even under extreme service conditions un­
intentional double connections must be safely 
prevented. 

2. Types of Crosspoints 

The requirement that double connections be 
preventable excludes in practice all methods 
based on the simple linear addition of the 
actuating energy over two coordinate struc­
tures. Distribution of magnetic energy over two 
coordinates falls into this category as shown in 
Figure 2. Purely magnetic methods always 
suffer from difficulties caused by stray flux. 

For linear addition of the actuating energy in 
the crosspoint (Figure 3), double connections 

a b c 

2 

3 

Figure 2-Crosspoint matrix with simple linear addi­
tion of the actuating energy distributed to two 

coordinate directions. 
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are avoidable only at considerable expense un­
less the magnetic materials have nonlinear prop­
erties. Influences that may lead to double con­
nections include variations of the operating 
voltage, of the coil resistance, and of tem­
perature. Since one crosspoint element normally 
contains several contacts, additional influences 
within each crosspoint are the differences in the 
operate and release requirements of the individ­
ual reed contacts, the relative position of each 
contact within the crosspoint, and the mutual 
magnetic influence of the contacts on each other. 
Finally, during the life of a reed contact­
rnainly when making and breaking current­
operating values may change from the initial 
state, particularly when the requirement for 
shortest possible switching time compels some 
overexcitation to be provided. 

The service conditions must be chosen to assure 
operation of the crosspoint contact even if all 
unfavorable influences coincide. When calculat­
ing the worst-case condition, it will be recog­
nized immediately that with linear addition of 
the actuating energy in the crosspoint element, 
the operation of unintended crosspoints is un­
avoidable. 

Designs are not considered in which electro­
mechanical links move permanent magnets that 
in turn control the reed contacts. These mechan­
ical links lengthen switching time, are additional 

a b c 

Figure 3-Crosspoint matrix using linear addition of 
electromagnetic energy distributed to two coordinate 

directions. 
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sources of trouble, and require maintenance. 
Thus-apart from cost-they certainly do not 
offer the same level of reliability as the solution 
presented here. The following patterns of classi­
fication are presented in Table 1 [2-7]. Types 
1 and 4 : marking in two coordinate directions 
( cro~sed long coils or series-connected single 
coils). Types 2 and 3: crosspoint elements with 
single coils. Types 1 and 2 : crosspoints with 
continuous hold current. Types 3 and 4: latch­
ing crosspoints (holding by remanence). Types 
1 and 4: division into crosspoint elements with­
out electrical connections between coordinates, 
which therefore need not be decoupled. Types 
2 and 3 : crosspoint elements constituting such a 
connection and which require decoupling meas­
ures. In the illustrations for types 2 and 3, elec­
tric current coupling of the actuating lines 
exists over the entire switching grid. The simple 
interruption of the lead to the wanted coordi­
nates may not produce positive release of a 
connection, and further decoupling from the 
system may be required. This, as is known, can 
be done by rectifiers or by additional contacts. 
In large crosspoint matrixes, it may be neces­
sary to limit the reverse current of these decoup­
ling rectifiers to guarantee positive release of 
the crosspoints under the most unfavorable op­
erating conditions. 

2.1 FcNcTIONAL PRINCIPLES 

Type 1 of Table 1 shows continuous current 
holding, without requiring electrical decoupling. 
In this design, long intersecting coordinate coils 
each receive half the necessary magnetic excita­
tion. Division into series-connected single coils 
does not change significantly the principle of the 
long coils shown but does provide greater flexi­
bility in the structure of matrixes. At the point 
of intersection, the magnetic field is strong 
enough to close the reed contacts. As already 
mentioned, the simple linear contribution by 
each coil of SO percent of the necessary excita­
tion does not permit control over the entire 
range of tolerances encountered. However, by 
suitable rlcsign of the magnetic circuit, use of 
iron having nonlinear properties, and suitable 
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TABLE 1 

PRINCIPLES OF CROSSPOINT ELEMENTS FOR REED CONTACTS 

Type 

Electrical 
circuit 

0-

Coil 2 

~ 

Coil for 
holding 

Coil 1 

-------------

Coils crossed long coils 

-0 

' L' Holding 
, Ii n e 

' or one 
contact per 
crosspoint 
in relay 
per column 

----! 

Kind of holding holding by con,tant curren t 

Examples Siemens [2] ektrik 
I 
Standard El 

ounting-Lorenz m 
strip tvpe I • [3] 

3a 3b 3c 4 

------1---··--------

----0-

_;;r--0+ 
Line for release pulse Coil 1 Coil 2 

or separate release.winding 

~o 

1 coil 2 coils 

latching relays (holding by remanence) 
---

1 magnet 2 magnets 
-- ----

I half-hard magnet permanent 
magnet 

I 
to be magne-

biased tized and de-
magnetized [7] 

-- ----·-

Western Elec-

I tric [4] 

I 
I 

·---

1 permanent 
magnet 

1 reversible 
magnet 

--· 
vVestern Elec-

tric bipolar 
ferreed [5] 

----------·-·---

12 reversible magnets 

I 
I \Vestern Electric fer­

reed [6]; Le Materiel 
Telephonique (Sec-
tion 2.2; Figure 6) 

Operate current direction has no I' .. current direc 
influence, but is the , influence 

tion has no I current flows in current direction current flows in l coincidence of ends of 
pulses is necessary. 
With 4 coils and ap­
propriate excitation, 
this coincidence is 
not necessary 

Release 

same direction in all ' 
coils I 

----~-'------
Interruption of the current 

I 
I ------

l direction has no influence direction only 
only 

--·- ------·-· 

operate pulse +,release pulse -

or operate and 
release by 
pulses of 
same di-
rection but of 
different 
magnitude I 

I 

excitation of only 1 of 
the 2 coils in optional 
direction 
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Maximum limit unwanted operation 
for operate 
current 

Maximum limit 
for release 
current 

Operate time 

Decoupling in a 
matrix 

Particulars 

magnetic decoupling 
by appropriate mag­
netic circuits (no 
electrical connection 
between the coils) 

complicated magnetic 
circuit for magnetic 
decoupling difficulties 
in mastering the oper­
a ting conditions and 
contact tolerances. 
Large holding power 
due to the coordinate 
coils 

I 

TABLE 1.- Continued 

PRINCIPLES OF CROSSPOINT ELEMENTS FOR REED CONTACTS 

danger of make­
again. Pulse 
of 20 milli­
seconds for 
release of 80-
millimeter 
contact 

thermal limits only 

release pulse 
should about 
equal operate 
pulse, other­
wise make 
again 

a few milliseconds 

holding contact per 
crosspoint and recti­
fier or one contact 
per crosspoint in 
relay per column 

two rectifiers or one rectifier and 
separate release winding 

thermal limits only 

about 0.3-millisecond 
current pulses [7]; 
about 3 milliseconds 
until contacts 
operate 

no decoupling necessary 

coil dimensioning for pulse excitation only 
development of special magnetic material necessary 

dimensioning of holding coils for constant current 

the contact 237 B de­
scribed in [5, 6] is 
not allowed to make 
and break current. 
Mutual magnetic in­
fluence by a stray 
field may disturb. 
Due to large contact 
forces of the H 50 
contact (used in the 
design of Figure 6) 
making and breaking 
current can be al­
lowed; no disturbing 
influence of the stray 
flux can be observed 

Flexibility poor 
(combining of 
matrices of 
different sizes) 

Note: References [2] through [7] are in Section 6. 
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shape and position of the coils, considerable 
improvement is attainable. The difficulties posed 
by the magnetic circuit are clearly evident from 
the rather large number of patents dealing with 
this subject that have been granted in Germany 
alone. 

Type 2 of the table shows continuous current 
holding, ·with electrical decoupling necessary. 
Every crosspoint element has a single coil which 
is directly triggered. The decoupling diodes 
necessary in such a matrix can be replaced by 
additional contacts of a marking relay asso­
ciated with each column. 

Type 3 shows holding by remanence of a di­
rectly triggered single coil, operating by cur­
rent pulses, and using two decoupling diodes. 
The decoupling diode for the operate current 
pulse can be replaced-as in type 2-by one 
contact on one marking relay per column. The 
diode for the release current pulse can be elimi­
nated when using a separate release winding but 
this has little effect on cost. 

Types 3a and 3b use only one magnet. In type 
3a, every crosspoint has a hard permanent 
magnet adjusted so it will just hold the reed 
contacts closed but is not strong enough to close 
contacts that are open ; this is called magnetic 
bias. For closing or opening, an aiding or an 
opposing pulse is necessary, each of about the 
same amplitude. Operation is also possible with 
opposing pulses only; for closing, howewr, a 
very large pulse is necessary. 

Type 3b concerns a half-hard magnet that is 
magnetized to saturation for operating the reed 
contacts. For release of the reed contacts, the 
magnet is demagnetized to a residual value well 
below the release field of the reed contact. Cur­
rent pulses of different polarities are necessary 
for releasing and operating the reed contacts. 

Another design, shown in Figure 4, uses mag­
netic material with two standard reciprocal 
magnetic preference directions. This material, 
ho-vvever, cannot be considered as having 
reached the final development state. Two dif­
ferent windings are used for closing and open­
ing the reed contacts. 

With regard to the principal structure of the 
magnetic circuit, type 3c of Table 1 is equiva­
lent to the ferreed described in [6] but with 
the difference that a hard and a half-hard 
magnet are used. The half-hard magnet is 
driven into the two states of saturation by 
current pulses. For opening and closing the reed 
contact, different polarity pulses are necessary. 

In type 4 every crosspoint element contains two 
half-hard magnets, as shown in 'Figure 5, which 
are driven arbitrarily by pilot pulses into the 
two states of saturation. According to the rela­
tive magnetizing direction of the magnets, the 
reed contacts close (magnetic directions opposing 
each other) or open (magnetic directions aiding 
each other) . The coils within each line or 
column are connected in series. When exciting 
one column or one line only, all reed contacts 
open or remain open regardless of the current 
polarity [ 5, 6]. 

With appropriate material (ferrite) for the 
half-hard magnets, types 3b, 3c, and 4 can be 
used as a "time transformer." In that case a 
very short pulse (a few microseconds) is suffi­
cient for actuation and the contacts will be 
switched, according to the type of reed contacts 
used, about 0.5 millisecond after this "reversal 
of magnetism." The remanent flux must be 
sufficient for closing the reed contacts [ 6] (not 
only for holding as in type 3n) . 

2.2 SURVEY OF POSSIBILITIES 

A critical survey of matrix operation of cross­
point element designs shows the following (re­
fer to Table 1). 

In type 1, for safe operation, exact tolerance 
analyses must be established to prevent the 
unintended operation of crosspoints even in the 
worst case. Here the maximum possible exci­
tation that might occur must be considered ac­
cording to the influences mentioned before. 
Despite a special design of the mai:,111etic circuit 
that uses the nonlinear properties of the iron, 
it may be necessary to use selected contacts with 
extremely low hold excitation, a fact which is 
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unfavorable with regard to standardization and 
life expectancy when switching loads. Long 
coils not only require relatively high power for 
operate and hold conditions, but they are also 
difficult to adapt to different matrix sizes. 

All latching crosspoint designs (types 3 and 4) 
require additional storage capacity in the system 
control, or 1 additional contact per crosspoint, 
to be able to recognize all paths available for 

TUBE OF 
SPECIAL 
MAGNETIC 
MATERIAL 

Figure 4-Crosspoint element using a tube of magnetic 
material having two directions of easy magnetization. 

x 
.-------() y 

Figure 5-Principal structure of the ferreed. 

Crosspoints with Miniaturized Reed Contacts 

marking. When a connection is terminated, the 
crosspoint elements of type 3 must be returned 
to their idle state. In type 4, however, it would 
be sufficient to disconnect the input and output 
of the path, even if it ran through several 
matrixes. 

The ferreed design (type 4), on marking one 
crosspoint, causes any other crosspoint asso­
ciated with the same x or y coordinate to re­
turn to idle if still switched through up to this 
moment. Thus no definite operation is neces­
sary, as in type 3, to return to the idle state 
those crosspoints that are no longer required 
for a connection. It has not yet been proved, 
however, whether idle connections, which might 
even extend over several matrixes, have a dis­
turbing effect on crosstalk. Holding without 
current can be of some advantage, such as in 
systems using concentrators where, in general, 
the necessary continuous current for holding the 
crosspoints (as in type 1 or 2) is not available. 
However, it is scarcely a problem to supply the 
current needed for holding. On the other hand, 
in all other systems the saving of current by us­
ing latching crosspoints is not necessarily of 
major significance. Saving of current would 
mean less than about DM 0.40 per day for 
1000 lines m the quasi-electronic system 
HE-60 L [8]. 

Thus, bearing in mind the possible small de­
crease in power supply costs of the exchange 
and the possible increase in control circuits for 
latching switches relative to electronically held 
switches, it is improbable that the choice be­
tween latching and nonlatching designs would 
normally be determined solely by these factors. 

Type 3a presents difficulties in positioning the 
permanent magnet with respect to the reed con­
tacts to obtain the required operate and release 
values. Reoperation may occur from excessively 
strong release pulses. There is also an essen­
tially smaller contact force than for holding with 
operate ampere-turns. These conditions are ac­
ceptable for correctly adjusted reed contacts of 
normal size ( 80 millimeters) but can be trouble­
some with miniaturized reed contacts. For 
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these smaller reeds the contact force can be such 
that contact resistance is highly dependent on it. 
This becomes more damaging with time because 
of contact erosion [9]. 

With the "magnetic bias," the breakdown volt­
age across the open contacts is somewhat 
smaller (about 10 percent) than for the reed 
separation alone. Finally, the need for a rather 
long release pulse should be mentioned. With 
80-millimeter reed contacts the release pulse 
should be about 20 milliseconds, which is in­
fluenced by mechanical oscillation of the reeds. 

Type 3b avoids the danger of insufficient con­
tact forces, but it is difficult in production to 
control the tolerances on operate values in such 
a way that safe opening of all contacts is guar­
anteed. If for reasons of cost an electrically 
isolated release winding is to be avoided, de­
coupling rectifiers must be included in the 
matrix. Their leakage currents in conjunction 
with the always present residual field of the 
magnets (the difference between the magnetic 
fields of the hard and half-hard magnets) can 
have a disturbing effect. Finally, with too high 
a release amplitude, reoperation may occur and 
the contacts may then remain closed. 

Today, variants that use material having two 
preferential directions of magnetization (Fig­
ure 4) can hardly be designed economically 
because of the relatively high excitation required 
and other difficulties. 

The cost of type 3c, which certainly can be 
mass-produced in reliable operating form, is 
too high in comparison with type 2. 

Circuits of type 4 (shown in Figure 5) have 
been described in the literature and, among 
other things, have been developed with emphasis 
on time transformation. The quickly reversible 
magnetic materials ( ferrites) needed for this 
purpose haye a relatively small energy content 
for a practical range of dimensions. The pro­
posed reed contacts must therefore operate with 
relatively low magnetic flux and hence with cor­
respondingly small contact and restoring forces 
[9]. As the average relative permeability of the 

magnetic circuit is necessarily low, a relatively 
high stray flux results and increases the sensi­
tivity to external magnetic fields. This in turn 
requires rather large gaps between the cross­
point elements or the introduction of adequate 
magnetic screening. Without such measures 
there is danger that, when marking a crosspoint, 
the switching magnetic peaks may disturb data 
transmission on neighboring circuits. Because of 
the small forces, the reed contacts mentioned 
[7] ought not make and break current. 

The operating specifications [7] published up 
to now, however, do not permit the value of 
this component as a time transformer to be rated 
very highly. If, as in most space-division 
quasi-electronic switching systems discussed to­
day, a time transformer is not needed, half-hard 
magnetic material with a much higher energy 
content can be used with considerable advan­
tage. This permits the use of miniaturized con­
tacts with substantially higher forces, which for 
this reason do not possess the disadvantages 
mentioned. Finally, the cost appears to be 
relatively high compared with type 2, as four 
windings are necessary and two special grades 
of iron had to be developed. 

A suitable miniaturized reed contact is the H 50 
[9], which allows latching crosspoints to be 
produced at relatively low cost. Such a cross­
point element, developed hy Le Materiel Tele­
phonique, with three H 50 contacts is shown 
in Figure 6. These contacts may make and 
break current, which might have a favorable 
effect on system control by reducing costs. 

3. Choice of Crosspoints 

When weighing cost, operating tolerances, and 
difficulties in production, a simple type 2 cross­
point element is a favorable solution for most 
applications. Only thermal limits exist for the 
maximum operate currents in the coil, errone­
ous operation is not possible, and the adaptabil­
ity to different matrix sizes is extremely good. 
For these reasons this type of crosspoint ele­
ment (Figure 7) has been used in the HE-60 L 
system [8]. 
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One design requirement concern the mallest 
unit that can be considered optimal. A large 
fixed matrix of perhaps 10 X 5 crosspoints, as 
offered by some manufacturers, seems to limit 
flexibility, ·whereas single elements may repre­
sent an unnecessary refinement. A crosspoint 
strip consisting of 4 or 5 eras points as a basic 
unit, from ·which all sizes of matrixes may be 
a sembled, can be considered a good compro­
mise. 1Finally, the choice of the smallest replace­
able unit is influenced by the performance relia­
bility of reed contacts. The ability to replace a 
ingle reed contact must not be regarded as an 

unalterable requirement. 

Figure 8 shows a crosspoint strip designed with 
regard to the considerations mentioned above. 
It contains 5 separate crosspoint elements, each 
with 4 reed contacts of the H 50 type. A printed­
circuit board that carries the multiple wiring on 

Figure 6-Latching crosspoint element of Le Materiel 
Telephonique using 3 'type H 50 reed contacts. 
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one side serves as a base. In addition, the cross­
point housing includes the neces ary decoupling 
diodes. The volume of such a crosspoint element 
with 4 type H 50 contacts is only about 23 cubic 
centimeters ( 1.4 cubic inches). The design 
chosen requires at least one side of the matrix to 
be divisible by 5. Since cost as a function of 
matrix size in s-vvitching systems shows a rather 

Figure 7- The coil form at the right holds 2 of the 
SO-millimeter (3.1-inch) reed-contact elements. A 
crosspoint strip to hold 5 complete recd s\\·itchcs is al so 

hown . 

Figure 8- Crosspoint strip holding 5 crosspoint ele­
ments, each with 4 type H 50 reed contact for continu­

ous hold current. 
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flat mm1mum, it 1s no problem to use this 
basic unit economically in all switching net­
works. 

Figure 9 shows how crosspoint matrixes can be 
combined from such strips into plug-in units, 
which may al o incorporate for functional rea-
ons the associated control circuits with their 

electronic components. Depending on the struc­
ture of the sy tem chosen , a basic crosspoint 
strip with 4 crosspoints of only 3 contacts each 
(Figure 10 ) has been developed l 10] . 

Basic component suitable for all space-division 
ystems are novv available: latching crosspoint 
(Figure 6), crosspoint strip for operation with 
continuous current with 5 crosspoints of 4 con­
tacts each (Figures 8 and 9), and crosspoint 
trips for operation with continuous current 

with 4 crosspoints of 3 contacts each (Figure 
10). The H 50 element, featured by its rela­
tively high contact force, is the basis fo r all de-
igns. There are no cases requiring pecial pro­

duction and test procedures. 

4. Miniaturization 

T he effect of component mmiaturization must 
be con iclered for the entire exchange. Thus if 
only a ne\Y speech nehrnrk is considered \\·hile 

F igu re 9-~fatrix consisting of crosspoint strips of the 
type shown in F igure 8. 

all remaining equipment stays of conventional 
size, no major advantage is gained by using con­
tacts smaller than 80 millimeters with respect to 
the overall apparatus room area. However, if 
the volume of other parts of the system i 
also reduced, this situation changes radically. 
Thus there is great incentive to apply minia­
turized reed contacts to at least part of the 
control circuits in addition to the speech path . 

The relatively high clo ing and opening force 
of the H 50 reed contact makes it very useful 
for S\\·itching in control circuits. However, a fun­
damental problem of all miniaturized electro­
magnetic components is that the reduced wind­
ing volume makes it necessary to use fin e-gage 
wire. U nfo rtunately, such wire is not only ex­
pensive but also more difficult to proces . On 
the other hand , in modern quasi-electronic 
witching systems con iderably lower voltage 

(24 volts ) are available, such as for transistors, 
compared with the battery voltages ( 48 or 60 
volts) used in electromechanical offices. If this 
low voltage is used in internal control circui t , 
it is possible to return to the same gages of 

F igure IO-Crosspoint strip holding 4 crosspoint ele­
ments, each with 3 type II 50 reed contact for 
continuous hold current. The crosspoint matrix shown 
consists of 4 crosspoint strips with 4 crosspoint 

elements each. 
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wire that are commonly used for winding now. 
Thi low voltage offers still another advantage: 
The number of reliable operations of a reed 
contact depends considerably on the voltage to 
be switched, as indicated in Table 2. All te t 
were made without spark-quench circuit ; with 
spark-quench, correspondingly higher number 
of operations can be achieved. 

The full battery voltage ( 60 volts in Germany; 
48 volts in other countries ) can be retained 
for the line circuits, ,vhich generally will not 
exceed 1 X 106 operations during the life of an 
office [ 1]. Internal circuit that are not directly 
connected to the line circuits and which must 
perform a significantly higher number of opera­
tions can be designed for 24-volt operation. 
As Table 2 shows, adequate reliable life is 
achievable for this service with the miniaturized 
H 50 contact even 'vithout spark quench. Thus 
it i certainly possible to employ the H 50 con­
tact as a universal type in a considerable part 
of all control circuits. 

Tolerance analyses of the control circuits how 
the power quotient* of each relay to be used. 
These analyses show that in a considerable 
percentage of cases relays with a relatively small 
power quotient (relatively small copper vol­
ume ) ·will serve the purpose. 

Taking this result into consideration, a relay 
eries for H 50 reed contacts with a relatively 
mall power quotient has been designed for u e 

on printed-circuit boards. Figure 11 shows 
relays with 1, 2, 3, and 4 type H 50 make 
contacts. The following contact combination us­
ing the described relay design can be made by 
adding a permanent magnet: relays with 2 break 
contacts; relays with 1 make and 1 break con­
tact; relays with 1 break contact. Relays with 
a higher number (6, 9, 11, and 13 ) of type 
H 50 contacts are being prepared. 

* The power quotient is defined as the ratio of permis-
ibl e maximum power at the operating ambient tem­

perature of the relay coil to the just-operate power at 
20 degrees Celsius. The permissible maximum power 
i limited by the material s used. The possible number 
of relay windings and their mode of operation depend 
on the power quotient. 

ELECTRICAL COMMUNICATION Volume 42, Number l 

Crosspoints with Miniaturized Reed Contacts 

TABLE 2 

SwrTCHI!\G CAPACITY OF H 50 Coi\TACTS, 
\VITHOUT PARK-QUENCH CIRCUIT 

. l umber of O perations 
Without Sticking* 

Load 

60 volts 24 volts 

100 milliamperes per ~1 x 106 '"'"'100 x 
resistor 

1 ampere per resistor not possible "-5 x 

)06 

106 

20 milliamperes per re- ~2 x 106 "'--30 x 106 
lay that controls 9 
H 80 con tacts 

8 milliamperes per re- ~io x 106 test going on 
lay that controls 4 
type H 80 con tacts 

30 milliamperes per re- not tested "-30 x 106 
lay that controls 4 
type H 50 contacts 

*A contact has stuck when it has not opened 5 
milliseconds after interruption of the coil current. 

Figure 11- R elays for various combination s 
o{ II 50 reed contact . 
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In the rare cases where relays should offer a 
higher switching reserve (larger power quo­
tient), relays with the H 80 reed contact may be 
used [ 11 J. Those relays possess an adequate 
power quotient for nearly all practical purposes. 

Since the switching capability of a miniaturized 
reed contact is, of course, smaller than that of an 
80-millimeter contact, the larger contact will 
also be employed when especially large numbers 
of operations are required. Moreover, the influ­
ence of reed size on total apparatus room area 
becomes proportionally even greater in systems 
using the newer fully electronic integrated­
circuit techniques and memory-controlled cen­
tral processors [ 10] . 

5. Conclusions 

The foregoing considerations favor a few opti­
mal crosspoint elements, out of an abundance of 
possible solutions, for use in modern space-divi­
sion switching systems. The H 50 contact is 
suitable for crosspoint elements of this kind and 
can also be employed efficiently in control cir­
cuits, thus being deemed a universal contact. 
The relays developed for this miniaturized con­
tact are well suited for mass production. They 
save space not only in the speech network but 
also in the control part of the switching systems. 
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1. Introduction 

The 10-CX semielectronic telephone switching 
system applies advanced technology to small. 
medium, and large public telephone exchanges 
-comprising terminal, transit, toll, and mixed 
exchanges-to handle the complete range of 
traffic volume encountered in practice. A toll 
version will be used for traffic centers handling 
many thousands of erlangs. 

Advantage is taken of the unique features of 
centralized electronic control, and especially 
those inherent to a stored-program processing 
system, while achieving economy for an initial 
capacity as small as 1000 subscriber lines. 

This, combined with easy on-site expansion, 
brings the unparalleled possibilities of electronic 
switching within the economic scope of practical 
telephone systems. 

The 10-CX system, as shown in Figure 1, com­
prises four main parts. 

(A) A multistage link switching network of 
miniature dry-reed crosspoint assemblies ar­
ranged in matrices, with associated relay cir­
cuits such as line, trunk, and junctor circuits. 

(B) Electronic peripheral circuits containing 
buffer registers, scanners for extracting infor­
mation from the switching network, and access 
circuits for controlling the marking and switch­
ing operations in this network, in accordance 
with the instructions dispatched by the central 
processors. These circuits, in fact, form the 
interface between the switching network and 
the central-control part. 

(C) The central processors, each comprising a 
memory system and logic circuits for the follow­
ing main telephone tasks : collecting information 
on the states of lines, trunks, junctors, and 
links; detecting changes of state; assembling for 
each call all such additional information as line 
class and routing information necessary for de­
termining the action to be taken with respect to 
this call; selecting suitable idle paths through 
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the network; dispatching switching orders to 
the network; and checking the correct execution 
of these orders. In addition, the central proc­
essors are programed to perform operations as 
needed for cooperation with the input/output 
devices and for the operation, administration, 
and maintenance of the exchange. These opera­
tions include call charging, routine test, service, 
and traffic observation. 

(D) Suitable means of man-machine communi­
cation for maintenance, test, observation, and 
for introducing any change that might be re­
quired during operation. 

Outstanding features of the central processors 
are simplicity, compact construction, high­
specd operation, and high intrinsic reliability. 

MAIN 
DISTRIBUTING 

FRAME 

Ul 

"' z 
:::J 
O'. ... 
0 . . z 

"' 
. . . 

Ul 
w 
z 
::i 

BUS 1 

1024 LINE GROUP 1 

PERIPHERAL CIRCUITS 

1024-LINE GROUP 2 

1024-LINE GROUP NT 

PERIPHERAL CIRCUITS 

1024-LINE GROUP N2 

INTERMEDIATE 
DISTRIBUTING 

FRAME 

. . . . . . . . 

PRINTER 
BUS 2 

READER 

PUNCH 

SU PE RV I SORY 
DESK 

CENTRAL 
PROCESSOR 1 

CENTRAL 
PROCESSOR 2 

Figure 1-Modular network and central control of 
10-CX system. 
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To ensure round-the-clock operation, the central 
processor and the central part of the peripheral 
circuits are provided in duplicate. Each proc­
essor is connected to the peripheral circuits by 
its own independent peripheral bus system. 

with high-speed electronic control. They re­
semble electronic contacts in that they are 
protected against climatic influences, are de­
signed for long unattended life (hundreds of 
millions of no-load switching operations), may 
be mounted on plug-in printed-wiring cards, 
have switching times of the order of 1 to 2 milli­
seconds, and can be assembled into switching 
matrices of any suitable small size with later 
expansion if needed. They are easily adapted to 
the word formats and memory patterns used 
in the common-control processors. 

2. Switching Network 

2.1 CROSSPOINT ASSEMBLIES 

Among mechanical crosspoint contacts, sealed 
dry-reed contacts [ 1] seem most compatible 

~ -----------------1~ ml LINE J INTERCONNECTINGH: w 
CIRCUITS I""" l NETWORK ~ 

w + 1024-LINE l ~ ~ I ~ 
~ j GROUP ~ 
~ l ... I NT~O~l:SG ~ NETWORK ]' ~ 

~ OUTGOING c:_I- ~ i1~~~w~j I ~~ 
~ I TR~ ~s ~ + ~ j ~ I 8 

e: I ~ 
~ ,-- ----H--r-1----t- - . --1 ---- ---:--- --+- --i tl ; 
~ I [ SIGNAL b ~ AUS~~L~~~y I I g I NETWORKJ-..- NETWORK J ~ 

~ I [ '!::~-1- '"~~~~" J I ~ 
I 'CEIVER .. S J R:C:VER I 

I • I 
L _ -- --·-+- 1--1- -+--+-+-I·~ t-H 1--+----. -+---+--·-+-~ 
I • ' _;t , "_L ~ ~ • 

II [ ,~~i, 1 r ,~~~~~ [ ,i~~, ::;:::- ': jl 

REGISTER 

L ____ ~:=~~=-- ~_:::RAL CIRCUITSJ 
l CENTRAL PROCESSOR =-i 
----------PERIPHERAL sus_J 

Figure 2-Peripheral package. 
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Each crosspoint in the 10-CX switching net­
work has three or five reed contacts within a 
common single-winding coil for operation and 
holding. Two or four reeds are used in 2-wire 
or 4-wire speech paths, respectively, whereas 
the remaining reed is connected in series with 
the coil to establish a latching circuit that may 
include up to four crosspoint coils in series. 

At the junction bet ween the coil and the latch­
ing contact of each crosspoint, an isolating semi­
conductor diode is provided through which 
actuating potential can be applied to one end 
of the coil when setting up a connection [2]. 
This is more fully explained in Section 3.3. 

2.2 LINE GROCP MODULE 

To achieve economy for small offices, combined 
with easy on-site expansion, the switching net­
work is composed of self-contained line group 
modules, each serving 1024 lines and up to 96 
incoming and 96 outgoing trunks. 

As shown in Figures 1 and 2, a pair of such 
line group modules, combined with common 

,------~ 
I ~ LINE AND rnu~,K 1 

LINK NETWORK SUBSCRIBER l LINE 

I ,...LINES _.. 

NETWORK 

Telephone Switching System 10-CX 

groups of signal transmitters and receivers, and 
provided with a set of peripheral circuits for 
communication with the central processors, form 
a peripheral package serving two basic groups 
of lines and trunks, that is, 2048 lines and up 
to 192 incoming and 192 outgoing trunks. 

As shown more clearly in Figure 3, each line 
group module is a self-contained unit compris­
ing a combined line and trunk link network, a 
block of full-availability junctors, a small out­
going trunk link network, and an additional 
network for interconnection of modules. 

The line and incoming trunk terminals appear 
on the left side of the line and trunk link net­
work, and the junctor input-path and return­
path terminals appear on the right side thereof. 
One and only one path extends between any 
left-hand terminal and any right-hand terminal 
of the line and trunk link network; consequently 
each path, and any section thereof, is fully 
identified by the identity of the terminals be­
tween which it extends; the same is true for 
all other networks. 

Line, trunk, and junctor terminals are grouped 
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in powers of two, according to a binary coordi­
nate system; the same coordinates can be used 
in various arrangements for identification of 
network terminals, intermediate links, switches, 
and crosspoints. 

The line and trunk link network is composed 
of partial networks, each of which can be visual­
ized as a stack of standard planes ; each plane is 
a 2-stage link arrangement providing full single­
path accessibility between each input and each 
output; adjacent stacks are interconnected so 
that each plane in one stack has access to one 
terminal of all planes of the other stack and 
vice versa. 

As shown 111 Figure 3, these partial networks 
are a line concentration network, an incoming 
trunk expansion network, and a mixing net­
work. In a typical 10-CX terminal exchange, the 
line concentration network is a stack of 16 
concentration planes, each having 64 inlets 
and n outlets ; the trunk expansion network is 
a stack of 8 planes having up to 12 inlets and n 
outlets; and the mixing network is a stack of 
n planes with 24 inlets and 16 outlets, where 
n is normally 16 but may have other values such 
as 12 or 24 in exceptional cases of low or high 
average line traffic density. 

The concentration and expansion ratios of the 
line concentration network and the trunk ex­
pansion network, respectively, are chosen to 
approximately equalize the traffic densities in 
the both-way line and single-way trunk traffic 
flows merging in the mixing network. 

The outgoing trunk link network is a stack of n 
1-stage or 2-stage trunk concentration planes, 
each having, for example, 8 inlets and 4 outlets. 

Normal service and supervisory functions are 
performed on all calls with the aid of a single 
full-availability block of 8n general-purpose 
junctors per line group module. As each of these 
junctors can be used for any line or incoming 
trunk within the line group, high efficiency 
(up to 80 percent) can be achieved. 

J unctor output terminals are given access to 
the outgoing trunk link network, and re-entrant 
access to right-hand terminals of the line and 
trunk link network, through a small 2-stage by­
path mixing network whereby each junctor 
has a choice of 16 paths through the outgoing 
trunk line network and 16 return paths through 
the line and trunk link network. In this way a 
junctor, seized in preselection to serve a calling 
line or incoming trunk, can be used again for 
call termination in roughly 7 5 percent of the 
cases ; in the remaining cases a new route is 
selected via another free junctor. 

For interconnection of N such line group mod­
ules, the 10-CX system provides an intermediate 
distributing frame and two small 1-stage switch­
ing networks (distributing and terminating) 
per module, connected in parallel with the input 
and output terminals, respectively, of the bypath 
mixing network. 

In a fully equipped peripheral package, the 
distributing switching network is split into two 
equal networks for connection to odd and even 
modules, respectively, whereas the terminating 
switching network is an expandable network 
comprising as many partial networks in parallel 
as there are modules to be interconnected. 

Making allowance for this minor adaptation, 
the package can be said to be a truly self-con­
tained standardized unit, independent of the 
size of the exchange. 

Typically for an assumed value of total incom­
ing traffic of about 180 erlangs, this package 
comprises 25 600 speech crosspoints ( 12.5 cross­
points per line). 

For signaling purposes, as shown in Figure 2, 
one or more additional networks are provided 
in common for the two line groups, for concen­
tration of signal traffic towards pooled signal 
transmitters and receivers; normally the num­
ber of crosspoints contained in these networks 
will not exceed 1.5 per line. 
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2.3 :\TETWORK AssocIATED RELAY Crncerrs 

Figure 2 shows the relay sets normally asso­
ciated with individual network terminals­
namely, line circuits, junctor circuits, trunk cir­
cuits. and signal transmitting and receiving 
units. As a rule, owing to the use of electronic 
time-sharing control techniques, the hardware 
contained in these circuits as well as their space 
requirements are substantially reduced com­
pared with conventional systems. 

Transistors and other static components are 
used for detecting external analog signals (such 
as loop openings and closures, or alternating­
current and/or tone signals), and converting 
them into digital signals for use in the central 
processor ; reed relays are used for transmis­
sion of direct current, alternating current, or 
tone signals to the distanct exchange and for 
storing Yarious states. As are the crosspoints 
of the network, these reed relays are pulse 
operated in accordance with switching instruc­
tions from the central control and then remain 
locked under control of a local circuit until they 
are reset on orders from the common control. 

The line circuits each contain a high-impedance 
supervisory current bridge across the line loop, 
a cutoff relay for this bridge, and two scan 
points for testing the respective states of the 
line loop and cutoff relay. 

J unctor circuits perform all service and super­
visory functions normally handled by cord cir­
cuits in conventional systems. These circuits 
supervise originating and terminating line loops, 
supply battery feed to subscriber stations, repeat 
dial pulses, supply tones to subscriber telephone 
receivers, supply current to called-subscriber 
ringers, and detect answer condition to termi­
nate ringing current. 

For these purposes the junctors each comprise 2 
feeding bridges, reed relays for holding, con­
nection of tones, tripping and through-connec­
tion, and 3 scan points for testing busy-idle 
state, originating, and terminating line loop 
condition, respectively. 
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Trunk circuits each comprise a feeding bridge, 
3 to 5 reed relays (depending on type of trunk) 
for exchange of loop signals with the corre­
sponding circuit in the distant exchange and for 
storing states, and 2 scan points for testing 
states. Outgoing trunk circuits have an addi­
tional scan point for busy-idle testing. 

Signal receivers and transmitters are designed 
in accordance with the specifications for inter­
register signals. The receivers are designed to 
receive either tone or pulse signals and present 
them to the central processors in coded form, 
each code representing a numerical digit. The 
transmitters accept such digits from central con­
trol and convert them into the required pulse 
or tone signals. 

Tone signal units are completely passive; all 
code checking and timing functions are carried 
out by common control, which causes these 
units to be scanned at regular intervals. 

For calls from subscribers provided with push­
button sets, a group of special tone receivers 
is provided which is accessible through the line 
and trunk link network in parallel with the 
junctors. When such a call is recognized, a path 
is normally set up toward a free junctor and 
extended through the auxiliary signal network 
to a free push-button tone receiver. Through­
out the dialing phase the supervisory functions 
are taken over by the latter. 

3. Peripheral Circuits 

3.1 GENERAL 

The 10-CX switching network and central 
processors have been organized vvith a Yiew to 
reducing the interface between them to its sim­
plest form and to minimize the amount and 
complexity of the peripheral hardware. This in 
fact is not only economical in cost and space, but 
also contributes largely to high reliability as 
well as easy maintenance. As shown in the 
lower part of Figure 2, different circuits are 
provided to implement the two basic functions 
of the peripheral circuits: The line tester, the 
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link tester, and the combined circuit tester ex­
tract information from the network and asso­
ciated circuits, while the marker-driver sets 
network paths and relays. 

These circuits respond to interrogation and 
switching orders issued by the central processor. 
With the processor they communicate via one 
peripheral register per package, closely asso­
ciated with each peripheral bus system, and 
working at processor speed. 

3.2 TESTERS 

Interrogation orders each contain an operation 
code, device code, and address of a group of 16 
circuits or links to be tested. On receipt of 
such an order in the peripheral register, the 
device code and address are decoded; an inter­
rogation pulse is generated, and the interroga­
tion result is made available in the peripheral 
register within microseconds. In fact, this oper­
ation is fast enough so that it can be integrated 
in the program sequence of the processor with­
out interruption. 

As lines, links, and circuits are usually tested in 
groups of 16, the number of different test points 
is limited and permits the use of 6- to 8-bit 
address codes, which are decoded in a compact 
2-stage decoding matrix. The scan result is 
transferred to the processor via the peripheral 
register in the form of a word of 16 binary 
bits and compared with the previous scan result 
stored in the memory. Any change so detected 
will initiate appropriate processor action. 

As the name indicates, the line tester is used 
for interrogating lines to detect service requests 
and/or for checking. The combined circuit tester 
is used for interrogation of the scan points as­
sociated with junctors, trunks, and signaling 
units. The scan points are grouped according to 
categories, each group being scanned cyclically, 
according to a flexible real-time schedule stored 
in the processor memory, at a rate in keeping 
with specified signal recognition time limits. 

The link tester is addressed selectively by the 
processor whenever the latter, having received 

all relevant information relating to a given call, 
proceeds to select a free path between two given 
network terminals. 

In each test the busy-idle state of 16 links is 
determined, most or all of which can be used for 
the connection; in a sequence of such tests, 
carried out in successive link groups, 16 possible 
paths are surveyed in a single operation. If 
necessary, several successive attempts are made, 
using a strategy specifically designed to mini­
mize the total number of tests required, even 
during maximum traffic load. According to sta­
tistical evaluation supported by simulation, the 
total testing time per connection can thus be 
kept, on the average, at a small fraction of a 
millisecond. 

3.3 MARKER-DRIVER 

Whereas the testers provide information about 
the state of the network and its associated relay 
sets, the marker-driver effects changes of state 
in accordance with orders from the central 
processor. Each switching order contains all 
information required for the operation to be 
carried out. This information is kept in a 
separate buffer register throughout the opera­
tion, while the peripheral register normally re­
mains available for interrogation of circuits or 
links not affected by the switching operation. 

As the marker-driver represents one of the 
major system components, its traffic-handling 
capacity is very important. In the 10-CX system 
the high switching speeds of reed crosspoints 
and relays result in low occupation times and 
correspondingly high traffic-handling capacity 
of the marker-driver. Moreover, the simplicity 
of the marking procedure (explained below) 
is reflected in the simple and compact construc­
tion of the marker. 

3.3.l Nlarking Procedure 

Figure 4 shows the marking wires and the 
horizontal and vertical holding wires of a cross­
point matrix (the tip and ring conductors and 
contacts have been omitted). 
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When positive marking potential is applied to 
vertical holding wire 1 and pulling potential 
(ground potential or lower) to marking wire 1, 
the left upper crosspoint coil is operated and 
closes its hold contact, causing the positive 
marking potential to be propagated on hori­
zontal holding wire 1 toward a matrix in the 
next switching stage. 

Thus, by first connecting positive marking po­
tential via the marking contact to one end of 
the path to be established, and then applying 
pulling potential sequentially to the marking 
multiples of the wanted horizontals in all suc­
ceeding stages, the desired connection is set up. 

Finally, by closing the holding contact at the 
marked end and disconnecting the positive 
marking potential at the marking contact, a 
series latching circuit is established between 
ground and negative battery in which all cross­
points along the path are locked under the 
control of the holding contact. 

It will be seen that this holding circuit is un­
affected by any later application of pulling 
potential to one or more of the marking multi­
ples. Release of this connection can ultimately 
be effected simply by opening the holding con­
tact which is located in the feed junctor. 

CROSSPOINT COIL 

HORIZONTAL 
HOLDING 

r--r-!'~RE 1 
CUTOFF I 

RELA;u.., MARKING -
'--f"' WIRE 1 

l i HORIZONTAL 
HOLDING 
WIRE 2 

MARKING 
O WIRE 2 
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In paths extending to subscriber line circuits, 
the left-hand load resistor is replaced by the 
cutoff relay, which is thus energized auto­
matically on the establishment of a connection. 
Thus no separate means for access to line 
circuits is required. 

As the propagating positive marking potential 
is effective each time in one matrix only, at 
each switching stage the pulling potential may 
be applied in all matrices simultaneously. This 
reduces to 4 to 8 per stage the number of mark­
ing multiples to be selected for connection of 
pulling potential. 

For carrying out path setting orders, the 
marker-driver comprises an address decoder 
and access relays for access to positive marking 
points, 4 small access matrices for access to 
pulling multiples, and a sequencer for sequential 
operation of said matrices. It also has auxiliary 
circuits that check its operation and aid in rapid 
fault location. 

Total occupation time for path setting orders is 
less than 20 milliseconds, even for the longest 
paths. 

For carrying out relay setting orders, the 
marker-driver contains address decoders con­
trolling access relay matrices for access to 

VERTICAL I J UNCTOR 
HOLDING 

-- WIRE~. ~'-..._ ... ,, 
, VERTICAL - _c 

1 
HOL~ ' 

+ ~~~~l~G CONTACT 

w~t=:~~; __ 
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Figure 4--Marking procedure in a crosspoint matrix. 
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trunks, junctors, and signaling units. Total oc­
cupation time for such orders is a few milli­
seconds. 

4. Central Processor 

Simplicity of hardware and software, compact 
construction, high-speed operation, and high 
intrinsic reliability have been the principal de­
sign objectives for the 10-CX central processor. 
It comprises two completely independent, self­
contained real-time data processors, each com­
municating with the network packages and 
input/ output devices via its own multiconductor 
peripheral bus system. Each processor has ac­
cess to every part of the telephone network and 
a capacity sufficient to handle the specified 
traffic. The control panel of the central proces­
sor is shown in Figure 5. 

4.1 PROCESSOR CHARACTERISTICS 

Each processor can be described as a stored­
program controlled binary data processor, com­
prising memory, data registers, arithmetic unit, 
and control unit, and having facilities for indi­
rect addressing and indexing. To achieve high 
traffic-handling capacity, multilevel interrupt 
facilities are incorporated. Moreover, the in­
structions have been selected and the program 
organization established particularly with a 
view to speeding up the execution of repetitive 
network operations, such as scanning and com­
parison of the scan results and reducing the 
number of instruction words involved in less­
frequent operations. 

Basically the order structure comprises 63 in­
structions, 13 of which are memory reference 
instructions, whereas the remaining 50 define 
various logic operations, such as AND, OR, EX­

CLUSIVE OR, ADD, SUBTRACT, SHIFT, TRANSFER, 

et cetera. Simplicity is further achieved by using 
a single memory system in each processor for 
program instructions, translations, and variable 
call data. This memory comprises stacks of fer­
rite-core matrices driven according to the coin­
cident-current technique. Memory capacity is 

extensible from a basic 8192 words of 16+ 1 bits 
each, to 65 536 words in modules of 8192 or 
4096 words. For a 10 000-line terminal ex­
change, about half the maximum size will nor­
mally be sufficient. 

High speed and compact construction have 
been achieved by the use of diode-transistor­
micrologic integrated-circuit packs, 824 of which 
are used in either processor. 

Logic speed is 5 X 106 steps per second. The 
basic instruction cycle is defined by the memory 
read- write cycle, which is 2 microseconds. 
Access to any memory word takes 7 50 nano­
seconds. The instructions normally used take 1 
to 3 basic cycles. 

For large traffic switching centers a faster 
machine is available. 

Figure 5- Control panel of the central processor. 
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Multilevel interrupt facilities are provided for 
real-time working, with priority levels set by 
program. One interrupt line is operated by a 
clock to initiate urgent repetitive operations, 
such as scanning of trunks and junctors, at 
intervals sufficiently frequent for line and trunk 
loop states to be updated in time during dialing 
and signal-pulsing procedures. Other interrupt 
lines are available for marker-drivers, to an­
nounce the end of a marking or relay-setting 
operation and to request new instructions, and 
for input/output devices such as teleprinter, 
reader, and punch. 

4.2 PROVISIONS FOR RELIABLE OPERATION 

4.2.l Independent Processors 

The duplicate processor system is organized 
on a "load-sharing" basis; this implies that 
though both processors are capable of treating 
all calls completely independently, each will take 
an equal share of the traffic load. 

Line and trunk scanning for new calls is car­
ried out by each processor in turn, while the 
other processor is processing the calls it has 
detected previously. Whenever one processor 
detects a new call, it sends a message to the 
other processor, containing the identity of the 
calling line or trunk. Then, relating to the same 
line or trunk, similar messages are sent on each 
major event, such as dial tone connection, 
through-connection, answer, and release. There­
fore at any time either processor will be aware 
of the state of progress of the calls handled 
by the other processor, including the identities 
of lines, trunks, and junctors associated with 
these calls. It can refrain from interfering with 
these calls or, in exceptional cases, can take 
charge of these calls if necessary. Because of 
this strategy, either processor can work truly 
independently of the other, so that true hard­
ware and software duplication is achieved. 

In the exchange system, each processor is cap­
able of handling the maximum rated traffic; 
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between them, when both are active, they can 
cope with overload of 60 to 80 percent. Alter­
natively, on a statistical service quality basis, 
in view of the high reliability of these very 
compact processors, it would seem entirely 
feasible to accept a load 40 or 50 percent higher 
as the normal busy-hour condition. In this case 
a certain degradation of service would occur 
in the rare event of a processor being out of 
service during peak traffic conditions, which 
might happen not more than once a year on 
the average. 

In addition to duplication, the following reliabil­
ity features have been incorporated. 

(A) A power-failure protection feature. 

(B) A memory parity system, whereby each 
word is parity checked on readout from memory. 

(C) The use of low-priority on-line routine 
test programs, which are carried out whenever 
time is left. 

(D) The use of the most reliable components 
and techniques available. 

However, the primary basis for reliable around­
the-clock operation resides in the outstanding 
simplicity and compactness of the 10-CX com­
mon-control system as a whole, made possible 
by the specific features of the 10-CX switching 
network and the way it is controlled. Evaluation 
of system fault incidence, made on the basis of 
very conservative data on component failure 
rates, has shown that systematic malfunction in 
a system comprising 1 processor, its peripheral 
bus system, and the associated peripheral regis­
ters, is so rare that ample time will be available 
even in unattended exchanges for fault location 
and repair before the probability of double fault 
becomes significant. 

4.3 SoFTw ARE 

The software package provided with the 10-CX 
processor system comprises on-line operational 
programs and off-line diagnostic programs. 
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4.3.1 Operational Programs 

The operational programs consist of call proc­
essing, on-line checkout, and man/machine com­
munication programs. The call processing pro­
gram is a composite system that includes the 
following. 

(A) Interrupt programs, for collection of net­
work data, screening said data by comparison 
with previous results, and preparation of call 
treatment. 

(B) Functional programs, each related to a 
specific phase in the treatment of each call. 

Communication between these programs is pro­
vided in the form of buffers and tables in 
memory. 

For coordination of functional programs a sys­
tem of program linkage tables is stored in 
memory, and consequently is subject to modi­
fication in the case of new or changed exchange 
specifications. This implies the possibility of in­
serting new functional programs during opera­
tion of the exchange, especially for changing 
conditions of interworking with distant ex­
changes or new categories of subscriber lines 
requiring special treatment, introduction of line 
concentrators, centralized private-automatic­
branch-exchange facilities, et cetera. 

On-line checkout programs include the follow­
ing. 

(A) Base-level routine test programs, carried 
out if there is no other work, to check that all 
goes well. 

(B) High-priority takeover programs to en­
sure, in the event of apparent breakdown of 
one processor, that the other processor takes 
charge of the abandoned calls. 

(C) Fault printout programs to provide a writ­
ten indication of the fault so detected. 

(D) Mutual check programs to constantly 
monitor the correct functioning of both proc­
essors. 

(E) A program for updating the call data in a 
processor, to be used when the processor is to 
be restarted after having been out of service. 

Call charging programs can be adapted for 
recording charge data on paper tape, magnetic 
tape, drums, or for transmission of such data 
through teleprinter or other data channels to an 
accounting center. 

Some traffic and service observation programs 
are permanently on-line. Others (as well as 
preferred routine test programs) can be chosen 
from a large variety provided on paper tape 
and introduced to be carried out on-line on a 
temporary basis at the convenience of the tele­
phone administration. Facilities are provided 
for easy introduction of such programs. 

On-line man/machine communication programs 
permit the introduction at all times of new or 
changed line and route translations, subscriber 
line classes, et cetera, as well as printout of the 
new data for checking. 

Off-line diagnostic and checkout programs are 
provided on paper tape. They constitute the 
tools for fault location and checkout in a proc­
essor, a network package, reader, punch, or 
teleprinter after repair. 

4.4 AUTOMATIC RELOAD 

As a special feature, particularly for unat­
tended exchanges, the 10-CX processor in­
cludes an automatic regeneration system in­
cluding a high-speed tape reader, whereby a 
faulty processor is automatically disconnected 
and loaded with a series of test programs. If 
no fault is detected, it is reloaded with the oper­
ational programs, updated, and reconnected. 

In this way, if the fault was of a transient na­
ture, the system will restore itself without 
human intervention. The occurrence will be 
indicated by appropriate printout. 

In case of repeated dropout or failure to pass 
the automatic tests, an alarm is given and also 
transmitted, together with a short indication of 
the fault encountered, to some attended moni­
toring station. 
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5. Man-Machine Communication 

In the 10-CX system there are no exposed mov­
ing parts. Mechanical crosspoint and relay con­
tacts are all protected in sealed glass enclosures. 
The operation of the system cannot be seen and 
is almost inaudible. 

Maintenance in the customary sense, as prac­
ticed in conventional switching centers, is 
totally absent. Manual measurements, using 
multimeters or portable oscilloscopes, should be 
discouraged to exclude man-made interference. 

For these reasons, adequate man-machine com­
munication means are provided as an integral 
part of the 10-CX system, to be used for super­
vision and control, quality observation, tests, 
alarm in case of malfunction, as well as for ex­
traction or introduction of data stored or to be 
stored in the memories. 

Adequate use of this equipment will permit 
running the exchange, including updating of 
route and line information or similar data. In 
case of extensions or new facilities to be in­
stalled, it is possible to effectuate the necessary 
program adaptations from a centralized super­
vision desk without touching any contact, cir­
cuit component, or lead in the switching equip­
ment. 

In case of faulty operation, the same equipment 
will be instrumental in locating the faulty part 
and checking after the fault is corrected. 

5.1 PROCESSOR UsE OFF-LINE 

After a processor has been disconnected from 
the system, it normally employs the following 
units. 

(A) A lamp and key panel for manual intro­
duction of instructions and data and for display 
of the contents of some of the registers. 

(B) A teleprinter for introduction and/or 
printout of program instructions and data 
words. 

(C) A paper-tape reader for loading programs 
into the memory. 
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(D) A paper-tape punch for production of 
program or data tapes. 

5.2 PROCESSOR USE ON-LINE 

For on-line working, a common supervision 
console is provided and contains the following 
devices. 

(A) A supervision panel. 

(B) Automatic test and control equipment. 

(C) A high-speed paper-tape reader (300 char­
acters per second) . 

(D) A teleprinter with low-speed reader and 
punch. 

The supervision panel comprises switches and 
push buttons for manual control of the system, 
lamps for visual control of its operation mode, 
alarm lamps, and common equipment for simul­
taneous communication with both processors. 

The automatic test and control equipment in­
cludes the automatic reload and restart system 
discussed in Section 4.4, an automatic test call 
sender and receiver for constant supervision of 
the quality of service and alarm in case of mal­
functions, and a simplified test call sender for 
checking the operational state of the processors. 

The high-speed tape reader is intended mainly 
for the automatic loading of test programs and 
reloading of the operational program in the 
event of a fault during an unattended period. 

The teleprinter is used during operation of the 
exchange to introduce new route and line data, 
and also to print out for checking or in case of 
faulty operation. 

6. Reliability 

Most of the reliability features of the 10-CX 
system have been treated in preceding sections. 
As reliability has been built in at all levels, this 
aspect cannot easily be considered separately. 
This section will therefore be limited to a short 
summary of the measures and safeguards in­
corporated to ensure uninterrupted fault-free 
service over very long periods of time. 
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6.1 COMPONENT p ARTS 

(A) Choice of high-grade long-life components, 
proved in extensive life tests. 

(B) Sealed reed contacts. 

(C) Silicon semiconductors. 

(D) Planar epitaxial transistors. 

(E) Use of integrated circuits in the proces­
sors. 

(F) High-stability resistors and capacitors. 

(G) High-quality connector plugs in accord­
ance with the standard equipment practice for 
ITT Europe [3]. 

(H) Wrapped connections for all subrack and 
rack wiring. 

(I) Flow soldering for all other joints. 

(J) Reliable double-sided printed-wiring boards 
with connections through plated holes. 

6.2 CIRCUIT DESIGN 

(A) Careful design to avoid spreading of 
faults. 

(B) Worst-case design. 

(C) Derating of components. 

6.3 SYSTEM DESIGN 

(A) Duplication of all circuits serving more 
than 64 subscribers. 

(B) Complete independence of duplicate parts. 

(C) Reduced number of components. 

(D) Compact construction. 

(E) Extensive automatic supervision and fault 
detection. 

(F) Fault location aids. 

6.4 AUTOMATIC FAULT DETECTION 

(A) Code checking and other on-line test cir­
cuits in the peripheral circuits. 

(B) Memory parity check. 

(C) On-line routine test programs. 

(D) Mutual probe and check programs. 

(E) Artificial call senders and receivers. 

(F) Fault printout. 

(G) Automatic off-line test, reload, and restart. 

Manual maintenance aids include diagnostic 
programs, updating programs, and key and 
lamp panels. 

7. Facilities 

The 10-CX system provides all administration 
and subscriber facilities that are customary in 
present-day telephone practice, including call­
ing-subscriber identification. In addition, as a 
standard facility, it provides the capability to 
use push-button sets on any or all subscriber 
lines, to trace malicious callers, to provide ab­
sentee service, et cetera. 

A key to the optional introduction of all kinds 
of new facilities and services is the provision of 
unlimited line classes. As a standard, 33 dif­
ferent line classes are available, with the possi­
bility of accumulating up to 6 different classes 
per subscriber, and this can easily be extended. 

Such new facilities can easily be implemented 
by appropriate additions to the operational pro­
gram. Some examples which can be introduced 
are abbreviated dialing, automatic transfer, tem­
porary bar on incoming calls, subscriber-con­
trolled restrictions, and centralized private-auto­
matic-branch-exchange facilities. 

Various facilities for exploitation and mainte­
nance have been discussed in Sections 5 and 6. 

8. Equipment 

Reed crosspoints, relays, and electronic com­
ponents are uniformly mounted on plug-in cards 
[ 3] . A standard building block of 4 reeds is 
shown in Figure 6. In the switching network, 
96 three-contact or 64 five-contact crosspoints 
are assembled on book-shaped plug-in units, 
which may be seen in Figure 7. Internal connec­
tions are partly wire-wrapped, partly flow­
soldered. 
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In the peripheral circuits, logic assernblie are 
compo ed of Minibell * logic blocks mounted on 
standard printed-wiring cards. A special honey­
comb-like structure is used for mounting logic 
gate diodes in various combinations. Reed re­
lays are mounted with a ociated electronic 
components on printed-wiring cards. 

In the processors all logic circuits are imple­
mented with dual-in-line integrated-circuit pack­
ages. Special photographic techniques have 
been developed for mounting these packages on 
printed-wiring cards and connecting them by 
flow-soldering. 

Coordinate-type point-to-point wiring is used 
extensively, whereas conventional bound cables 
are used in the switch bays in some ca es. 

For all plug-in equipment units, automatic 
testers will be available. 

9 . Conclusion 

The 10-CX system is the first stored-program­
controlled reed crosspoint switching sy tern of­
fered in Europe, and it has been pre ented in 
this paper in a fully developed state, ready for 

* Standard of Bell Telephone Manufacturing Company. 

Figure 6-Standard building block containing 
4 reed crosspoints. 

Telephone Switching System l 0-CX 

large-scale production and for application in 
existing telephone network . I ts most striking 
features are its competitive po ition throughout 
the range of office sizes, its modular construc­
tion providing easy on-site expansion, it adapt­
ability to variou ituations and requirements, 
substantially reduced space requirements (about 
half those of existing systems), and all the 
flexibility inherent to the use of stored-program 
control. On-site maintenance is reduced to 
supervision, fault location, and replacement of a 
plug-in unit. The system can safely work with­
out continuous attendance. 

10. References 

1. H. Rensch, "Characteristics and Applica­
tion of Reed Contacts," Electrical C ommunica­
tion, volume 40, number 3, pages 385- 397; 
1965. 

Figure 7- Plug-in line switch unit containing 6 sets of 
4-by-4 crosspoint matrices. 

ELECTRICAL COMMUNICATION · Volume 42, Number 1 · 1967 45 



Telephone Switching System 10-CX 

2. Belgian patent 570 716. 

3. F. Beerbaum, J. Evans, and F. Leyssens, 
"Standard Equipment Practice for ITT 
Europe," Electrical Communication, volume 39, 
number 2, pages 199-211; 1964. 

Hans H. Adelaar was born in Amsterdam, The 
Netherlands, on 10 'February 1916. He received 
his degree in electrical engineering from the 
Technische Hogeschool m Delft, The Nether­
lands. 

Mr. Adelaar became a patent examiner with 
the Government Patent Office at The Hague for 
several years, then joined Bell Telephone 
Manufacturing Company in 1946 to work on 
electronic applications in telephone switching 
systems. 

After having contributed to the design of the 
first semielectronic exchange of Ski near Oslo, 
he was appointed head of the electronic switch­
ing department in 1957. 

Along with his collaborators he was honored by 
the Institution of Electrical Engineers for his 
prominent contributions to the Conference on 
Electronic Telephone Exchanges in November 
1960. 

Mr. Adelaar is a member of the Royal Nether­
lands Institute of Engineers. 

Jean L. L. Masure was born in Antwerp, 
Belgium, in 1927. He obtained the degree of 
civil engineer in electricity at the Louvain Uni­
versity in 1950. 

He joined Bell Telephone Manufacturing Com­
pany in 1953 as a development engineer in the 
electronic switching department, where he 
worked until 1964, first as circuit engineer and 
later as engineer responsible for system design. 
Among other assignments he contributed to the 
development of the 8A semielectronic system 
and of the time-division-multiplex fully elec­
tronic system. 

He is presently Chief Engineer of the switching 
division for sales in Belgium and was appointed 
project manager of the 10-CX system in May 
1965. 

46 ELECTRICAL COMMUNICATION · Volume 42, Number 1 • 1967 



History of Inertial Navigators and Some Thoughts 
on Research Management 

P. C. SANDRETTO 
International Telephone and Telegraph Corporation; New York, New York 

Our first recording of the law of inertia ap­
pears in a paper by Galileo ( 1564-1642) called 
"Two New Sciences" where he wrote : 

" ... any velocity once imparted to a moving 
body will be rigidly maintained as long as the 
external causes of acceleration or retardation 
are removed, a condition which is found only 
on horizontal planes; for in the case of planes 
which slope downward there is already present 
a cause of acceleration; while on planes sloping 
upward, there is retardation; from this it fol­
lows that motion along a horizontal plane is 
perpetual; for, if the velocity be uniform, it 
cannot be diminished or slackened, much less 
destroyed." 

However, in 1687 when Sir Isaac Newton pub­
lished his "Philosophiae N aturalis Principia 
Mathematica," this law was formalized and 
stated that the force acting on an object is the 
product of its mass and acceleration. The de­
flection of a spring is proportional to the force 
applied to it; therefore, if we attach a spring 
to a known mass and note the deflection at the 
time we attempt to move the mass, the acceler­
ation applied to it may be measured. Expressed 
algebraically, the law is 

F=Ma 

where F is the applied force, M is the mass, 
and a is the acceleration. 

The speed V of a vehicle, however, is the ratio 
of the change of distance s with time t. That is, 

V = ds/dt 
or 

dV/dt = ds2/dt2 • 

But, acceleration is the rate of change of speed 
with time 

a= dV/dt 
therefore 

a= ds2/dt2• 

Putting these equations together, we have 

s =ff adt2 

that is, by merely measuring the deflection of 
a spring attached to a known movable mass 
which is located within the vehicle and per­
forming a double integration, we will know 
how far we have traveled .... What a startling 
and almost unbelievable solution to the navi­
gation problem ! 

Early in 1931, a young engineer in the Paris 
laboratories of the International Telephone and 
Telegraph Corporation looked at these equa­
tions and wrote 

"Le principe fondamental de !'invention est 
d'assigner a trois masses, trois axes sur 
lesquels Jes accelerations peuvent etre mises 
en direction dans l'espace par un des moyens. 
L'un peut etre maintenu constamment verti­
cal, Jes deux autres horizontaux, par exemple 
NS pour l'un, EO pour l'autre. 

"Les composantes de !'acceleration generale 
sur les trois axes, integress deux fois, don­
nent Jes composantes de l'espace sur Jes axes, 
qui determinent par leur resultante l'espace 
parcouru." 

Translated into English, this is: 

"The fundamental principle of this invention is 
to have three masses, each assigned to an axis 
along which the forces of acceleration act. The 
direction of the three axes can be held fixed in 
space by any known means. One axis can be 
maintained vertical and the other two hori­
zontal; for example, north-south for one axis 
and east-west for the other axis. 

"When doubly integrated, the components of 
the acceleration measured along the three axes 
provide three vectors, the sum of which deter­
mines the path in space traversed by the 
vehicle." 

So there it was, in simple terms, the principle 
of what is probably the most unique navigation 
system ever produced by man! 

While the acceleration can, in theory, be meas­
ured by noting the deflection of a spring, such 
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a. device would be far too crude for a practical 
system. The accelerometers must measure the 
slightest movement since even the smallest 
quantity multiplied by a time-squared term will 
result in a very appreciable error. In addition, 
the measurement must be linear over a range 
of 100 000 to 1. Our inventor summarized the 
problem as follows. 

"Achieving a practical solution boils down to 
the problem of developing practical devices A, 
B, and C, which will measure the acceleration 
and which will adequately perform the first and 
second integrations." 

He then proceeded to describe a number of 
devices for performing these tasks, but the 
only remaining sketches are shown in Figure 1. 

"The device A which evidences the acceleration 
and the device B which integrates this acceler­
ation can often be incorporated in a single 
device. 

'.I' 
Che,...,.. in 
fl3reour11 

<ieoar, 

Figure 1-0nly remaining sketches from 
the original disclosure. 

"Let us consider sustaining tuning forks D 1 

and D 2 exhibiting identical frequencies. 

"Let us establish a mechanical link between the 
mass M 1 (mounted on an elastic blade L 1 in 
such a way that it can move only along the de­
sired axis) and one of the tuning forks in such 
a manner that a displacement of the mass M 1 

generates a variation of the frequency of the 
above-mentioned tuning fork in a way deter­
mined by the direction of the displacement. The 
phase difference or the frequency difference in 
cycles and fractions of cycles between the per­
turbed tuning fork and the unperturbed tuning 
fork, will indicate after a time t, the speed at 
this time t. One can evidence this phase differ­
ence or the number of periods and fractions of 
periods as follows: 

"The tuning fork controls the rotation of a 
synchronous motor. On the rotor of this motor 
and at the end of its axle is fastened the stator 
of a second synchronous motor that is energized 
by the perturbed tuning fork, but which rotates 
in the opposite direction. 

"The axle K of the second motor remains there­
fore motionless as long as the frequencies of 
the tuning forks are identical. It rotates in one 
or in the other direction when the second tun­
ing fork is perturbed. 

"The total angle (or the number of revolutions 
or fractions of revolutions) through which this 
axle rotates depends on the characteristics of 
the installation and provides a measure of speed 
that is proportional to a constant. 

"The device C, which will integrate as a func­
tion of time the rotation of the axle K, can be 
an electric counter measuring a quantity of 
electricity, and therefore integrating a current 
intensity as determined . by the rotation of the 
axle K linked with a variable resistor or a po­
tentiometer that controls currents. 

"The quantity of electricity measured will pro­
vide a measure of the distance that will have 
been traveled through. 

"A complete embodiment of the device is ob­
tained when similar systems are used with re-
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spect to mass M 2 and, if necessary, with respect 
to mass M 3 • It is clear that the fixed-frequency 
tuning fork and its synchronous motor can be 
common to any two or to the three devices A, 
B, C. 

"The possibilities offered by modern physics 
will permit other realization of the integrating 
devices, without changing the general principles 
underlying this invention. 

"Very small movements up to very large move­
ments of the masses fixed to elastic blades, or 
to springs of any kind, can be evidenced by one 
of the following means : 

"1. Variation of the electric capacitance be­
tween mobile plates attached to the masses, and 
fixed blades. The variation of the capacitance 
can change the frequency of an oscillator. 

"2. Variations of inductances, or variation of 
the mutual coupling between inductances, some 
of which are fixed and the position of others 
depending on the masses. 

"3. Variations of magnetic fluxes and vari­
ations of magnetic permeability. 

"4. Displacement of a magnetic flux, genera­
ting a variation of the current in a magnetron. 

"5. Variations of the intensity of a current by 
means of the variation of the resistance between 
two electrodes in an electrolyte, one of these 
electrodes being fixed and the position of the 
other depending on the mass. 

"6. Variation of the electronic current in an 
electron tube, one of whose electrodes is con­
trolled mechanically or electrically by the move­
ments of the masses. 

"7. Variations of flow of a liquid or of a gas. 

"8. Variations of the frequency of oscillation 
of a pendulum or of the oscillating balance 
wheel of a chronometer. 

"9. Action of the masses on gyroscopes in view 
of obtaining integrating precessions. 

"10. Action of masses on luminous fluxes con­
trolled by mirrors or shutters. Transformation 
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of the luminous flux into variable current by 
means of a photoelectric cell. 

"11. Methods accordmg to which the displace­
ment of the mass is possible only between cer­
tain limits at which a system similar to a regu­
lator is actuated and pulls the mass back to its 
original position. The integration of the effect 
of pulling the mass back to its original position, 
or which maintains it there, furnishes a meas­
ure of the speed proportional to a coefficient. 
This result can be obtained by one of the fol­
lowing methods. 

"The mass being in equilibrium and mechani­
cally linked to a magnetic armature, which is 
mobile between two electromagnets, a displace­
ment of the mass brings about, by means of a 
contact or by any other means, the passage of 
a current into the electromagnet whose action 
is necessary to pull the mass back in its position 
of equilibrium. 

"Normally, the mass will vibrate at a certain 
frequency, but the algebraic sum of the cur­
rents circulating in the two electromagnets will 
be zero. 

"If the mass is pulled in a direction, a direct 
current will appear, proportioned to the energy 
necessary to maintain the mass in its position 
of equilibrium. The integration of this current 
by means of a counter of quantities of electricity 
will furnish a value proportional to the velocity. 
These systems, which we will call reaction­
systems, can be realized electromechanically, as 
explained above, or electrostatically by means 
of capacitive attraction, or electromechanically 
by means of electric motors, or electrodynamic­
ally by means of coupled inductances. The gen­
eral principle underlying these systems is that 
the effect of a displacement of the mass is to 
pull it back to its original position by means of 
an effect conditioned by the displacement. The 
integration of the effect furnishes a value pro­
portional to the velocity. This effect can be of 
electrical, mechanical, or chemical nature. The 
principle presupposes a separate source furnish­
ing a kind of energy necessary for the produc­
tion of this effect. 
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"12., Chemical Methods: The quantity of elec­
tricity furnishing a value proportional to the 
velocity can be obtained by means of a chemical 
effect, such as the deposition of a body con­
tained in the electrolyte which is traversed by 
said current (weight of the body) or by the 
electrical charge of a chemical system involving 
the storage of electricity. 

"13. Calorific Methods: The integration of a 
current can be achieved by measuring the num­
ber of calories dissipated by this current in a 
resistor placed inside a perfectly heat-insulated 
box. 

"14. Mechanical Methods: The integration of 
mechanical displacement along an axis can be 
obtained by means of mechanical integrators 
and ball-planimeters. 

"15. In view of eliminating errors of all kind 
due to temperature differences, the complete 
equipments, or part of them, can be heat-insu­
lated or maintained at a constant temperature 
by means of a thermostat, and use can be made 
of metals such as invar, elinvar, and constan­
tan." 

Of the methods given above, those described 
under 9 and 11 are used in all of today's inertial 
navigation systems. 

One of the most serious problems faced in the 
practical design of an inertial navigator is that 
of overcoming the effect due to gravity. As is 
well known, gravity is (at altitudes near the 
earth) an acceleration equal to 32.2 feet per 
second every second. Thus, a component of 
gravity of only 0.1 degree would produce an 
acceleration value of 0.56 foot per second per 
second. In 1 hour, the distance error produced 
would be (3600) 2 X 0.56 or 138 miles (220 
kilometers). On first consideration it would 
appear that this problem could be solved com­
pletely by mounting the accelerometers on a 
platform mounted on pivots and controlled by 
a pendulum that would be expected to point 
vertically; that is, in the direction of maximum 
gravitational force. A pendulum, however, is 
itself a mass mounted at the lower extremity 

of an arm; thus it is acted on by the force of 
acceleration and, in fact, a later inventor sug­
gested the use of a pendulum as an accelerom­
eter. The second solution for maintaining hori­
zontal orientation that suggests itself is the 
use of a gyroscope. A gyroscope used for this 
purpose, however, behaves in what can be con­
sidered as the opposite extreme of a pendulum. 
It has no regard for gravity as it holds its 
orientation with regard to inertial space alone. 

The requirements for spatial orientation are 
not satisfied by holding only the vertical fixed 
for, as our inventor pointed out, it is necessary 
to determine the components of the distance 
traveled in at least two directions to determine 
the present position. That is, starting at some 
known point P, it is necessary to measure the 
component of the distance traveled along a di­
rection running north and south of P and an­
other measurement along the direction east and 
west of P, so that the two vectors can be added 
to give the distance and direction from starting 
position P to the present position X. In simpler 
terms, it is not sufficient to determine the dis­
tance traveled, but the direction traveled must 
also be known if one is to know present posi­
tion. 

How accurately is it necessary to hold (or 
know) the direction in the horizontal plane ? 
As is well known, a gyroscope precesses with 
time. A stability of 1 degree per hour exceeded 
by far the performance of aircraft gyroscopes 
of the 1930 era. Such a gyroscope mounted on 
an aircraft traveling at 600 miles per hour 
would cause an error of more than 10 miles in 
the horizontal position after 1 hour of flight. 

To hold a fixed north-south orientation, Her­
mann Anschutz-Kaempfein in 1908 and Elmer 
Sperry in 1911 invented the gyroscope compass 
and, for the first time, transformed the gyro­
scope from a toy to an instrument with a prac­
tical purpose. 

Figure 2 shows two views of a gyrocompass 
located on the equator and so arranged that in 
position 1 it is oriented to point north. The 
gyro maintains this orientation as it moves 
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north, so in position 2 it points to the sky and 
is therefore useless. As has been previously 
stated, the use of an additional gimbal that is 
attached to a pendulum would cause the axis 
of the gyroscope to always be at right angles 
to a line pointing to the center of the earth so 
long as there was no motion of the vehicle. 
This solution will be satisfactory near the 
equator if acceleration is negligible, as on a 
slow-moYing ship, but near the poles there will 
be two forces acting on the gyrocompass. 
Gravity acting on the pendulum will try to keep 
the axis of rotation of the gyro perpendicular 
to a line drawn to the center of the earth at 
the same time that the gyroscopic force will at­
tempt to keep the gyro in its initial orientation 
in space (neglecting the coriolis force, acceler­
ation, and other secondary effects). The re­
sultant of the two forces causes the compass to 
point away from true north. This phenomena 
became known as the "North Steaming Error." 

In 1906 Anschutz, tronbled by the above­
described problem, contacted Professor Maxi­
milian Schuler. Professor Schuler developed 
the theory that a pendulum with a natural pe-
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Figure 2-Gyrocompass pointing north when at the 
equator (position 1) will maintain its spatial orienta­
tion when moved to position 2 where it will point to 

the sky and be useless for azimuth indication. 
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riod of 84 minutes would be free from the effect 
of acceleration. This principle became known 
as "Schuler Tuning" and was incorporated in 
marine gyrocompasses as well as most present­
day inertial systems. The principle is illustrated 
crudely in Figure 3. If the pendulum were 
Schuler tuned, moving the pendulum from its 
vertical position would cause it to oscillate back 
and forth around the axis indicated at a period 
of 84 minutes. Actually a period of 84 minutes 
is very difficult to attain. In marine usage, 
pendulums with liquid passing through compli­
cated systems of ports gave long, but not neces­
sarily 84-minute, periods. 

In inertial systems, the 84-minute period is 
achieYed through an electromechanical system. 
The reading of an accelerometer is assumed to 
be due to grayity, so a force is applied to the 
platform to cause it to be "corrected." The re­
sult is an overcorrection that causes the plat­
form to tilt in the opposite direction. Time con­
stants are adjusted to prodnce long periods. 
The result of Schuler tuning is to change com­
pletely the error equation. \\Tith Schuler tun­
ing, instead of the error increasing continuously 

BASE 

WHEN SWUNG 
ABOUT THIS AXIS, 
THE PERIOD 
SHOULD BE 
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SCHULER TUNING. 

Figure 3-Schuler tuning employs a pendulum having 
a period of 84 minutes that when moved from its 
vertical position causes an oscillation about the indi­
cated axis. The error does not continue to increase 
with time but oscillates back and forth at the Schuler 

period. 

ELECTRICAL COMMUNICATION · Volume 42, Number 1 • 1967 51 



Inertial Navigators and Research Management 

with time, it oscillates back and forth at the 
Schuler period. The result is that the maxi­
mum error is limited. 

Schuler tuning achieves a very valuable result 
but does not obviate the necessity for gyros 
with very-low precession, but more will be said 
about this requirement later. Let us now look 
back at our inventor's 1931 description to see 
if he shows an awareness of the problems of 
spatial orientation described above, and we find 
several references to the solution of the prob­
lem. In one paragraph he states: 

"Let us use a gyroscope or magnetic compass 
or a repeater of a gyroscope, gyrocompass, or 
any device, the characteristic of which is to 
maintain spatial orientation in the horizontal 
plane in spite of the rotations and translations 
of the vehicle on which it is mounted." 

In another paragraph he states : 

"If on the other hand one has taken the pre­
caution of placing the masses M 1 and M 2 on a 
mechanism that insures an appropriate verti­
cality, an airplane can (for instance) climb or 
descend without altering the indications which 
then depend solely on the horizontal compo­
nents of the accelerations." 

The above quotations and other material in the 
description leave no doubt of the inventor's 
awareness of the necessity for maintaining ver­
ticality and spatial orientation. On the other 
hand, the description also raises the question of 
why, having treated the problems of measuring 
acceleration and performing the integration 
function in such detail, the inventor did not 
give more-detailed descriptions of how he pro­
posed to solve these other problems. 

Henri Busignies, General Technical Director 
of the International Telephone and Telegraph 
Corporation, the inventor, was a new and 
young employee with Laboratoire Central de 
Telecommunications in 1931 when he con­
ceived the inertial navigator. The services 
which had to evaluate the invention expressed 
the view that this latter involved the manufac­
ture of a type of equipment in which the com-

pany was not engaged. Further, in that de­
pressed period, patent costs had to be saved 
and so it was decided not to have the idea 
patented. Under such circumstances it is not 
surprising that the inventor did not expand 
his views further. A further study of the prob­
lems involved in perfecting the inertial navi­
gator and the construction of models would, 
no doubt, have led him to consider the "North 
Steaming Error," Schuler tuning, and the 
floated gyro, which had been produced by 
American Bosch Arma as early as 1920 and 
by Anschutz earlier, all leading to a solution 
for obtaining the required precision, as it is 
well known that further efforts always result 
in rich rewards when the fundamental idea is 
sound. 

On January 10, 1934, three years after Busig­
nies wrote his description, Johann Maria Boy­
kow, a German actor and one-time naval offi­
cer, filed for a patent on his "Instrument for 
Indicating Navigation Factors." This patent, 
which did not issue until February of 1938, 
consists of 17 finely printed pages and 31 
drawings (one of which is shown in Figure 4) 
and is probably the governing patent in this 
field. It is, therefore, interesting to compare 
Boykow's rather remarkable patent with Busig­
nies' earlier work. 

As has been stated previously, Busignies felt 
that the most-important problem to be solved 
was that of measuring the acceleration forces 
accurately and performing the double integra­
tions. This appreciation of the problem is very 
accurate for it is necessary to measure forces 
linearly over a very large range of values and 
integrate each value with extreme precision. 
Busignies suggested 16 solutions to the prob­
lem and, as has been pointed out above, at least 
two of these have been used in practical sys­
tems. 

Boykow suggested a single solution. He pro­
posed the use of an electric motor with a case 
that was free to rotate about the axes located 
at either end of the case. At one point on the 
case, he attached a proof mass. As the acceler-
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ation forces acted on the mass, the case rotated 
about its axes. To the case was also attached 
the arm of a potentiometer. Once the arm 
moved from its zero current position, power 
was supplied to the rotor of the motor. The 
reaction to the rotor torque caused the case of 
the motor to move in a direction opposite to 
that to which the acceleration had forced it and 
the power was removed. Thus, the acceleration 
force had caused some motor rotations and re­
actions, but the rotor had to continue to rotate 
if it were to continue integration over the time 
of vehicle motion. For this purpose Boykow 
attached a large flywheel to the rotor, but even 
with this device, friction would cause the motor 
to stop under conditions of zero acceleration 
(or deceleration) even though the vehicle con­
tinued in motion. 

~b. 22, 1938. J.M. BOYKOW 2,109,283 
l,I IHST1HJMt:llT 1'011 Il4DICATIMCi JIAVIGATlOlllr.l. FACTOU 

Fihd Ja.n. 10, 1934 17 SbHt....ah•et 2 

Figure 4-Drawing from Boykow patent. 
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Boykow maintained that as the rotor slowed, 
there would be a reaction that would cause the 
case to move the potentiometer contact from 
the neutral center and supply a pulse of power 
that would keep it at its initial speed. To mini­
mize friction, Boykow vibrated all of the shafts 
and bearings. He provided a feedback system 
by arranging the body of the potentiometer so 
that it was moved by what he called a "Mo­
ment Generator." This mechanism was essenti­
ally an electromagnet capable of producing 
rotary motion in two directions. This magnet 
was energized via the same potentiometer that 
energized the accelerometer /integrator motor. 
Thus, movement of the potentiometer arm 
(caused by the acceleration) underwent an 
initial reduction, thereby decreasing the cur­
rent applied. However, when the potentiometer 
arm was attempting to return to its zero posi­
tion, a spring overcame the action of the mo­
ment generator and allowed the potentiometer 
to supply current later than otherwise would 
have been the case. An eddy-current generator 
supplied damping to the moment generator. 
The purpose of the moment-generator mecha­
nism was to provide smoothing action of the 
rotor and frame motions to prevent overshoot­
ing and undershooting which might produce an 
oscillatory condition. 

The motor rotations were counted with a 
counter calibrated in miles. As ingenious as 
the Boykow integrator was, it was probably 
(in principle at least) the weakest part of his 
invention. On the other hand, his stable plat­
form was outstanding in its appreciation of the 
spatial orientation problem. His platform em­
ployed two gyros each having a single degree 
of freedom to control the platform so that it 
would be level. A third gyro was used to orient 
the platform in azimuth. There was a gyro 
with three degrees of freedom which controlled 
the other gyros via "torquers." All gyros were 
of the floated type and had their bearings vi­
brated to minimize friction. Boykow also pro­
vided compensation for the apparent rotation 
of the earth. His description follows. 
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"The compass gyro is fitted with a device for 
compensating the apparent rotation of the 
earth. This apparent rotation results from the 
fact that the craft equipped with the apparatus 
according to the present invention moves over 
the surface of the earth which latter thus ap­
pears to be rotating backwards below the craft. 
The apparent rotation of the earth may be re­
garded as having two components, one with 
north-south direction and one with east-west 
direction. The east-west component of the ap­
parent rotation of the earth does not cause a 
deviation of the compass from the north-south 
direction since this component is either added 
to, or subtracted from, the true rotation of the 
earth depending on the course direction. The 
north-south component of the apparent rotation 
of the earth, however, causes such a moment 
on the gyrocompass that the pattern tends, 
under the influence of this moment, to position 
itself transverse to the north-south direction 
(parallel to the axis of the north-south com­
ponent of the apparent rotation of the earth). 
Therefore, it is necessary to compensate at the 
gyrocompass the moment originating from the 
north-south component of the apparent rotation 
of the earth in order to cause the gyrocompass 
to keep its north-south direction." 

Busignies and Boykow suggested the use of 
quite similar position plotters. 

In spite of inquiries, this writer has been un­
able to determine what happened to Boykow 
and his invention. Apparently he and his work 
were not well known in electronic navigational 
circles. Perhaps this condition attained because 
of secrecy imposed by his government. His 
ideas apparently underwent development be­
cause the drawings which accompanied the 
patent were accomplished in a way which indi­
cated manufacturing details. It is known that 
the German V2 rocket employed inertial guid­
ance, which may have stemmed from his work. 

As mentioned above, Busignies terminated his 
work. This incidence brings up the important 
problem of how management can determine 

that a highly imaginative new idea which is 
far in advance of the current state of the art 
should be recognized, accepted, and sponsored 
so that it may be brought to commercial 
fruition. Certainly, in 1931, no amount of 
market research would have been able to 
forecast that Busignies' ideas could open up a 
$500 000 000 annual market 20 to 25 years 
later. The market did not exist in 1931 and 
there was no standard by which it could be 
compared. The decision was thus made that the 
product did not fit into the company's existing 
markets and manufacturing facilities and the 
Patent Counsel decided not to file. In retro­
spect, the decisions could be criticized (partic­
ularly the lack of patent protection and of a 
preliminary study) because, in fact, the com­
pany's major customers were governments 
which were the same entities that later pur­
chased millions of dollars of inertial navigators. 
Also the company did have facilities for manu­
facturing precision tools, which capabilities 
could have been adapted to the manufacture of 
inertial elements. The fact that the concept was 
so daring and so in advance of its time seemed 
to have escaped the management's consider­
ation when it was balanced against the then­
existing great depression. 

Could a preliminary study have been encour­
aged based on the concept of science for sci­
ence's sake? Would the French or some other 
government have been willing to sponsor the 
work? Whether the above or any other channel 
existed whereby the development might have 
been encouraged instead of stopped must for­
ever remain a matter for conjecture. Of this 
only are we certain-that the decision pre­
vented the corporation from having in its 
hands a means for certain entry into a market 
that was to beggar the then-existing entire 
company sales. To preserve a little of a memo­
rable, though little-known, achievement and to 
stimulate thinking on the best ways to lead 
early major inventions to success is the pur­
pose of this paper. 
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Peter C. Sandretto was born on 14 April 1907 
in Pont Canavese, Italy. He received from Pur­
due University a B.Sc. degree in 1930 and the 
degree of electrical engineer in 1938. He 
studied business administration at Northwest­
ern University and was graduated from the 
Command and Staff School of the United 
States Army. 

From 1930 to 1932, he designed aircraft radio 
equipment at Bell Telephone Laboratories. He 
was superintendent of the communication lab­
oratories of United Air Lines from 1932 to 
1942. From 1942 to 1946, he served in the 
United States Air Force, advancing to the rank 
of brigadier general. 

In 1946, he joined International Telephone and 
Telegraph Corporation and later became vice­
president and technical director of Federal 

Bildrohren and Ablenkmittel 

Inertial Navigators and Research Management 

Telecommunication Laboratories. In 1960, he 
became deputy executive of the United States 
Defense Group of the corporation and in 1963 
transferred to its United States North Ameri­
can Area Staff. He served as acting president 
of ITT Kellogg Telecommunications Division. 
He is presently director, engineering controls, 
and also serves as technical director of avionics 
on the staff of the General Technical Director. 

General Sandretto is a Fellow of the Institute 
of Electrical and Electronics Engineers, a past 
vice-president of the Institute of Navigation, a 
Member of the Institution of Electrical Engi­
neers (British), and a Member of The Amer­
ican Institute of Aeronautics and Astronautics. 
He has lectured extensively in many parts of 
the world and is the author of two books, the 
more recent being "Electronic A vigation En­
gineering." 

(Picture Tubes and Deflection Components) 

Electrical and mechanical data on picture tubes 
and deflection components manufactured by 
Standard Elektrik Lorenz are presented for the 
industrial development engineer. Practical hints 
on the handling of picture tubes are included 
for those servicing equipment. 

It covers not only tubes presently installed in 
new television receivers by the set manufac­
turers, but older types back to 1953 are in­
cluded in abridged form. 

A review of the technical functions of deflection 
systems including horizontal-line transformers 
and linearity controls is followed by electrical 
and mechanical data on designs intended for 
initial installation in television sets. 

This manual is 21 by 15 centimeters (8.3 by 5.9 
inches) and is available on request to Standard 
Elcktrik Lorenz, 66 Platenstrasse, 8500 Nuern­
berg, Germany. 
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Penta.conta 32 Telephone Switching System for 
Rural Networks 

E. EKBERGH 
Standard Rad io & Telefon AB ; Barkarby, Sweden* 

1. Introduction and System Philosophy 

The Pentacontat 32 system represents the 
latest generation of our rural crossbar systems 
and was laid out after a series of de ign sym­
posia initiated in early 1964. The fundamental 
objectives of the system were as follows. 

(A) Maximum flexibility for extension by use 
of standard plug-in shelves allowing extensions 
in steps of 32 lines up to about 3000 lines. 

(B) Wiring simplification by maximum use of 
bare-wire multipling of the crossbar switch. 

(C) Efficient use of the switching matrix on 
local and incoming calls by releasing that path 
over which a register is seized as soon as the 
digits have been dialed into the register. 

(D) Control simplification by eliminating the 
group selector stages. 

Additional objectives were simplicity of oper­
ation, short installation and testing time, mini­
mum and quick maintenance, and long life. 

Using existing Pentaconta components, the sys­
tem design specification was approved in June 
1964. The de ign was completed and manu­
facturing information issued in time to deliver 
the first exchange-a 600-line unit-in August 
1965. It has an ultimate capacity of about 3000 
lines with major building blocks of 768 lines 
and sub-blocks of 32 lines. Maximum both-way 
traffic per line i 0.14 erlang. Subscriber line 
loop may be up to 1500 ohms and its leakage 
resistance may be as small as 20 000 ohms. Dial 
speed may be either 10 or optionally 20 pulses 
per second, each with a tolerance of ± 20 per­
cent. Dialing make/ break ratio may vary be­
tween 40/60 and 60/40. The cabinets are 930 
X 225 X 2400 millimeters ( 36.6 X 9 X 94.S 
inches) in size and have a light tropical finish. 

*The author is now with Standard Telephones and 
Cables Limited, London, England. 
tRegistered trademark of International Telephone and 
Telegraph Corporation. 

2 . System Capabilities 

The Pentaconta 32 system handles local, in­
coming, outgoing, and transit calls. It marks 
different classes of service and different types 
of incoming lines. It uses free numbering, in 
which there is no dependence between equip­
ment location and directory number (calling 
line identification is used with complete storage 
of the calling line identity ). 

The system also use a centralized route an­
alyzer and a number tran lator common to all 
registers. 

3. Extra Features 

Without any changes in the ba ic system, multi­
frequency code signaling, centralized call ac­
counting, and conversation priYacy on 2-party 
lines can be provided. 

4. System Layout 

The Pentaconta 32 ystem is ba ed on the use 
of standard Pentaconta relays and small cross­
bar switches with 10 vertical , 7 horizontal 
bars, and a 10-wire multiple (that is, with 10 
contacts per horizontal position ). See Figure 1. 
The system is built up with plug-in units both 
for the relay sets and for the crossbar switches 
forming the speech paths. 

The primary stage is built up in blocks of 32 
terminals or outlets, of which 11 are 4-wire and 
21 are 3-wire connections. The 4-wire connec-

Figure I- Crossbar switch used in Pentaconta 32 
telephone switching system. 
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tions can be used for trunk and/ or subscribers, 
whereas the 3-wire outlets are only for sub­
scriber lines. 

4.1 SINGLE-STAGE VERSION 

Exchanges from 32 to 96 or 128 lines-depend­
ing on traffic-comprise only primary switches, 
with subscriber lines connected to the 32 mul­
tiple positions and trunks and local feed junc­
tor connected directly to the verticals, as 
shown in Figure 2. 

Register access is offered both from the trunks 
and from the local feed junctors. Both open 
and closed numbering can be used with blind 
occupation to the main exchange. In blind oc­
cupation, an originating call from an end ex­
change can seize a register in the parent ex­
change and get dial tone. This connection i 
maintained for an outgoing call but dropped for 
a local call, which will be taken over by a local 
regi ter. If all lines to the parent exchange are 
busy, the local register will give dial tone and 
complete a local call or it will give a busy signal 
for an outgoing call. 

Each trunk goe to 1 vertical in every 32-line 

32 
SU BSCRIBER 

LINES 

32 
SU BSCRIBER 

LI NES 

CROSSBAR SWITCH 

LOCAL FEED 
JUNCTOR 

LOCAL 
FEED 

JUNCTOR 

TRUNK 

Figure 2-Single-stage version of primary witch. 

Pentaconta 32 Switching for Rural Networks 

unit, whereas each local feed junctor goes to 2 
verticals in every individual unit. Thus the 
number of verticals is determined by the num­
ber of trunks and local feed j unctors needed to 
meet the traffic requirements in each case. If 
more than 10 verticals are needed, a crossbar 
switch can be added per 32-line unit. 

Figure 3 shows a small rural exchange ar­
ranged to interwork with a Pentaconta 32 
parent exchange on a multifrequency signaling 
basis. 

4.2 Two-STAGE VERSION 

The 2-stage version of the system is shown in 
Figures 4 and 5. It comprises a primary stage 

Figure 3-Small rural exchange with 32 subscriber 
lines connected. 
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Figure 4-Two-stage ver-
sion of primary switch. 
At top is the single-block 
exchange with a maxi-
mum of 768 terminals. Be-
low it is a 2-block ex-

change. 

Figure 5-Multiblock ex­
change with separate 

trunk stage. 
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Pentaconta 32 Switching for Rural Networks 

for connection of subscribers and trunks, and a 
secondary stage to which the local feed junctors 
are connected. The primary stage is arranged 
for connection in units of 32 subscribers and/or 
trunks located in 3 levels of the multiple. The 
secondary-stage verticals are arranged for 2-
level selection with changeover bar, and can 
consequently connect 6 X 4 = 24 primary ver­
ticals which may be located in 24 different pri­
mary switches with full access to 32 outlets 
(subscribers or trunks). Thus the maximum 
capacity of one major building block is 24 X 32 
= 768 lines connected to the line link selector 
A multiple, the lines being either subscribers 
or trunks. The line link selector A stage in a 
major building block is built up of a maximum 
of 24 crossbar switches, which means 240 links 
between the line link selector A and line link 
selector B stages. The number of local feed 
junctors and secondary switches (line link se­
lector B) depends entirely on the traffic load 
of the exchange. 

For exchanges where one block is not sufficient, 
more line blocks can be added up to a capacity 
of approximately 3000 lines. The traffic be­
tween the blocks is routed via interblock local 
junctors of the same type as the internal local 
junctors. 

If the external traffic is exceptionally high, the 
layout shown in Figure 5 is chosen, with the 
trunks connected to a separate block and with 
register access via simple register connecting 
relays located in each link between the sub­
scriber-lines block and the trunks block. 

Figure 6 shows the main parts of the system. 
The line link selector A and line circuit relays 
comprise 1 crossbar switch and line and cutoff 
relays for 25 subscriber lines. Line link selector 
B and local junctor consist of 1 crossbar switch 
and relay equipment for 5 local feed junctors. 

The central marker tests for suitable idle paths 
through the exchange after having received and 
stored information about incoming and out­
going terminals in line link selector A. It sets 
line link selector stages A and B. The line 
marker's main function is to store and translate 
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information and transfer it to the central 
marker. The connecting devices are needed only 
in multiblock exchanges. 

The terminal discriminator is used on an 
originating call to transform the position iden­
tity in line link selector A to a directory num­
ber (hundreds, tens, and units ), and on a ter­
minating call to transform a directory number 
to equipment location in line link selector A. 
The trunk group discriminator connects test 
circuits for trunks on outgoing calls. 

S. Mechanical Design 

The mechanical design of frames, bays, and 
cabinets uses many practical concepts to make 
the exchange especially suitable for rural auto­
mation, ease of installation being of utmost 
importance. 

This has been achieved by: the use of small 
plug-in units to facilitate transport and handling, 
manufacture, test, installation, maintenance, and 
flexibility of the system; the use of a modular 
system for the plug-in frames to facilitate full 
utilization of bay space; the use of factory-made 
interconnection cables between frames in the 
bay and the terminal strips on top of each bay, 
the cables being delivered separately and the 
cabinets assembled on site; the options of back­
to-back or back-to-wall mounting of bays; and 
the prefabrication of interbay cables. 

Figure 7- Line link selector A and line circuit relays . 

Figure 7 shows the line link selector A frame, 
and Figure 8 the plugs and jack used. 

6. Power 

The power consumption for a Pentaconta 32 
exchange can be calculated according to the 
following equations. 

6.1 ExcI-IANGE WITH MuLTIFREQUENCY 

SIGNALING 

I = 2.5 +A L X 0.3 +Ar X 0.6 

+Ao X 0.4 +Ar X 0.5 + AREa X 1.0 

Figure 8-Plugs and jacks, separate and engaged. 
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an exchange to between 1 and 2 hours per line, 
depending on exchange size and skill of per­
sonnel. Two test boxes with supervisory lamps 
and keys have been designed. 

8. Supervisory Devices 

6.2 EXCHANGE WITHOUT MULTIFREQUENCY 

SrcNALI:\"G 

For supervision, a portable self-contained traf­
fic recorder and an exchange tester for routine 
tests of traffic paths through the exchange are 
provided. I = 1.0 + AL X 0.3 + Ar X 0.6 

+Ao X 0.4 +Ar X 0.5 + AREG X 1.0. 
9. Conclusion I gives the capacity required for the rectifiers. 

The capacity of the exchange battery is gener­
ally taken as 5 X I ampere-hours. 

7. Installation and Testing 

The use of plug-in units and prefabricated 
cables throughout the system makes it possible 
to reduce the time for installation and testing of 

The Pentaconta 32 system is offered as a solu­
tion to the problem of an extensible rural ex­
change, maintaining as it does the majority of 
equipment connections and expanding by plug­
ging in standard equipment shelves using pre­
fabricated cables. In this way the different lay­
outs in Figures 2, 4, and 5 can be achieved 
simply as the traffic changes. 

Evert Ekbergh was born on 16 May 1928 at 
Harni:isand, Sweden. He graduated from the 
Telecommunication Administration school for 
technical clerks in 1950 and received the de­
gree of Master of Science in electrical engineer­
ing in 1954 from the Royal Institute of Tech­
nology of Stockholm. 

After nearly 8 years of administrative work, 
system evaluation and planning, and traffic 
analyzing with the Telecommunication Ad­
ministration, he joined the engineering staff of 
Standard Radio & Telefon in 1956 as assistant 
chief switching engineer. He became chief 
switching engineer in 1961 and was later re­
sponsible for design and export of public tele­
phone systems. He joined the Standard Tele­
phones and Cables (Great Britain) Crossbar 
Division in 1966 as chief engineer. 

Mr. Ekbergh is a member of the Swedish As­
sociation of Engineers and Architects. 
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Mobile Radio Equipment SEM 25 

W. KLOEPFER 
G. SIDOW 
P. BAMBERG 
Standard Elektrik Lorenz AG ; Stuttgart, Germany 

1. Introduction 

The SEM 25 mobile radio equipment has been 
developed for general use in ground vehicles. 
Transmitter power is 15 watts and frequency 
modulation with peak deviation of 15 kilohertz 
is used. The frequency range of 26 to 70 mega­
hertz is divided into 880 crystal-controlled chan­
nels with SO-kilohertz spacing. Power is sup­
plied by a 24-volt battery in the vehicle. 

Design requirements included simplest possible 
operation, 10 preset operating frequencies, and 
automatic antenna tuning from inside the set. 
These requirements for preset frequencies and 
for tuning while the vehicle was in motion are 
only a small step away from a fully remote-con­
trolled system. The control unit may be attached 
to the front panel of the transmitter-receiver or 
it may be separate. This unit contains all con­
trols for frequency selection and the necessary 
switching functions. 

In addition to meeting the frequency-stability 
requirements, it was especially important to 
avoid spurious emissions from the transmitter 
and to achieve the highest possible linearity of 
the receiver input circuit. 

A frequency-control circuit keeps the first os­
cillator of the receiver at its rated frequency, 
thus providing the required frequency stability. 
The entire receiver is used as the frequency­
control circuit for the transmitter. 

A "coarse-fine" tuning system is used in all fre­
quency-control circuits. The coarse system 
brings the frequency within the range of the 
fine system, which then tunes to the exact 
frequency. 

All 3 stages of the transmitter operate at the 
output frequency to avoid spurious emissions. 
The master oscillator is directly frequency mod­
ulated and under unmodulated conditions is re­
tuned to the center frequency by the receiver 
discriminator. 

The receiver must meet strict linearity require­
ments to avoid cross modulation from strong 
input signals. It uses an input band filter, a ring 
modulator in the first mixing stage, and an 
8-crystal 11.5-megahertz filter at the input of 
the first intermediate-frequency chain. Diodes 
protect the input transistor against extremely 
high input voltages at the receiving frequency. 

Where mechanical stability is especially im­
portant, use is made of pressure castings of 
light metal. The components are mostly ar­
ranged on printed boards. The equipment is 
fully transistorized with the exception of the 
3 transmitter stages. Heat conduction is ade­
quate to keep temperatures within acceptable 
limits. 

2. Transmitter-Receiver 

2.1 FREQUENCY RANGE 

The required range from 26 to 70 megahertz is 
divided into 880 channels each SO kilohertz 
wide. The first oscillator tunes from 35.S to 58.45 
megahertz. Operating above the signal fre­
quency, it produces an intermediate frequency of 
11.S megahertz for the signal band from 24.00 
to 46.95 megahertz. Operating below the signal 
frequency, it similarly covers from 47.00 to 
69.95 megahertz. The signal range from 24 to 26 
megahertz is not used. 

2.2 TUNING 

The transmitter and receiver are tuned by ad­
justable inductors. They consist of cylindrical 
coils whose inductance is changed by the move­
ment of high-frequency iron cores. The coils are 
wound to produce a linear relationship between 
the position of the cores and frequency. This 
type of tuning produces more-uniform ampli­
fication over the frequency band in the receiver 
input and gives a more-favorable reactive power 
in the transmitter compared with adjustable-
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capacitor tuning. Double-core tuning also sim­
plifies symmetrical design of balanced circuits 
in the transmitter. 

2.3 BLOCK DIAGRAM 

Figure 1 is the block diagram of the transmitter­
receiver. 

The receiver is designed as a double-heterodyne 
unit. To improve the interchannel modulation 
characteristics, a ring modulator is used as the 
first mixing stage, followed by an 8-crystal filter 
at the 1st intermediate frequency of 11.5 mega­
hertz. The main selectivity of the intermediate­
frequency amplifier is concentrated in the crystal 
filter. The intermediate frequency is converted 

Mobile Radio Equipment SEM 25 

from 11.5 megahertz to 470 kilohertz in a second 
crystal-controlled mixing stage. The second in­
termediate-frequency amplifier drives the 
limiter-discriminator, which controls the squelch 
circuit and provides input to the audio-fre­
quency amplifier. 

The exact frequency of oscillator 01 is deter­
mined by the frequency-control unit. In mixer 
M3, frequency between 46.5 and 47.45 mega­
hertz is generated by beating the frequency of 
oscillator 01 with a pulse spectrum out to 11 
megahertz derived from the 1-megahertz crys­
tal oscillator 04. All frequencies between 46.5 
and 47.45 megahertz are accepted by the filter, 
amplified, and fed to mixer M4. Here they are 
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Figure 1-Block diagram of SEM 25. The numbers within parentheses are in megahertz. 
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mixed with one of two crystal outputs of oscil­
lator 05, producing a frequency between 13.075 
and 13.525 megahertz. After filtering and ampli­
fication, this frequency is converted by mixer 
MS to 1.45 megahertz by mixing with one of 
10 crystal frequencies, spaced 50 kilohertz apart, 
of oscillator 06. The 1.4S-megahertz output goes 
to wide-band ( ±80 kilohertz) and narrow-band 
( ± 1.2 kilohertz) frequency discriminators. 
After adequate filtering, the sum voltage of both 
discriminators goes to the diode that controls 
the frequency of oscillator 01. 

The frequency-control circuit will be effective 
if the frequency of oscillator 01 is within ±180 
kilohertz of the required frequency. The tuning 
slope is 1: 1000, that is, a frequency deviation 
of 100 kilohertz in oscillator 01 results in a 
deviation at the discriminator of 100 hertz. 

The 440 tuning steps required of oscillator 01 
are obtained as follows : 22 steps by double use 
of the spectrum frequencies 1 to 11 megahertz, 
2 steps by the 2 crystals of oscillator 05, and 
10 steps by the 10 crystals of oscillator 06. 

This frequency-control circuit has the advantage 
of fewer spurious emissions than a simple fre­
quency-synchronization circuit, because of the 
low cutoff frequency of the fine discriminator. 

The transmitter is directly frequency modulated 
and held to the assigned frequency by the re­
ceiver discriminator. Compared with trans­
mitters that use multiplier stages, this circuit has 
the advantage of being free of spurious emis­
sions. 

The driver and the final amplifiers are balanced 
circuits using output tube QQE03/12. A push­
pull output stage was chosen because it creates 
fewer harmonics. The output is coupled to the 
antenna by two tuned wide-band transformers, 
one for the upper and one for the lower band. 
A selective antenna tuning unit provides further 
suppression of harmonics. 

Power is supplied to the transmitter by a sep­
arate subunit. It contains a direct-current con­
verter for anode and other voltages. Variations 
of battery voltage from 21 to 29 volts and of the 

load are compensated for by changes in the 
switching time of the converter. The transmitter 
tubes receive filament voltage from the battery. 

The transmitter can be operated at two power 
levels, 1 watt and lS watts, by controlling the 
operating voltage on the final stage. 

3. Remote-Control Unit 

The frequency selected at the remote-control 
unit operates two servo systems as shown in 
Figure 2. The first servo loop controls 44 steps 
at 1-megahertz spacing, the second 20 intervals 
of SO kilohertz each. 

In the control unit there is a series of resistors 
of equal value that make up two of the four arms 
of a resistance bridge for each servo loop. The 
correct tap between resistors is selected by the 
frequency-control knob. The other two arms of 
each bridge are in the main equipment in the 
form of a 3-terminal precision adjustable re­
sistor, the contact arm of which is controlled by 
a motor through suitable gearing. 

The bridge voltage source is at 400 hertz. If 
the frequency-control knob is moved, the 
bridge becomes unbalanced and a voltage ap­
pears across the detector terminals. This voltage 
is amplified and goes to the control winding of a 
400-hertz motor. The motor balances the bridge 
by rotating the shaft of the bridge resistor in 
the correct direction. The various tuning ele­
ments in the set are simultaneously driven by 
the motor. At balance, the voltage goes to zero 
and the drive motor stops. A tachometer gener­
ator is coupled to the motor to provide feedback 
to the amplifier to stabilize the system. 

The I-megahertz and the SO-kilohertz bridges 
are operated separately in that sequence using 
the same servo amplifier and drive motor. A 
Maltese gear arrangement for the 1-megahertz 
range moves that control in steps. The gearing 
for the SO-kilohertz tuning is linear. Thus the 
drive system transmits equal angular steps for 
the megahertz control and is smoothly adjust­
able for the kilohertz range. The latter controls 
the cores in the adjustable inductors and will 
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set frequency within ±50 kilohertz, \vell in the 
range of the coarse discriminator. 

For preset channels, a drum with 10 longitudi­
nal slots is rotated to an indicated channel. 
Sliders in the slots are positioned to actuate 
contacts tliat switch in the required bridge re­
sistors for that channel. 

A third bridge is controlled by the megahertz 
servo to actuate a separate motor drive in the 
antenna unit .. to tune that circuit. 

4. Antenna Tuning Unit 

Figure 3 is the block diagram of the antenna 
tuning unit. The tuning information is trans-

Mobile Radio Equipment SEM 25 

mitt.eel from the communication set over a 
bridge servo system. Each of the 44 steps at 1-
megahertz intervals corresponds to. a position 
of a rotatable disk that permits a separate pair 
of setscrews to control the adjustable inductor 
and capacitor in the 71" network. 

The circuit for matching the characteristic 
impedance of the high-frequency cable ( 50 
ohms) to that of the antenna over the wide 
frequency range of operation is shown at the 
bottom of Figure 3. The adjustable capacitance 
C, in parallel to the antenna and the fixed in­
ductance L, permits a wide range of reactance 
to be covered to bring the active component of 
the antenna resistance to the rated value. The 
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Figure 2-Remote-control system for channel selection and tuning. 
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Figure 4-Transmitter-receiver with 
control unit attached. F igure 5-Receiver with control unit attached. 
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Figure 6- Tran mitter-r ecciver, interior view. 

inductance in parallel to the input of the tuning 
circuit extends the tuning range to antenna re-
i tance lower than SO ohms occurring at .,\/-+ 

re ·onance in the lo\Yer frequency range. 

The 7r network permits a 2.5-meter (8.2-foot ) 
rod antenna to be used on all vehicles. The 
trimming is done once during installation \vith 
the use of a reflectometer connected between the 
tuning unit and the communication set. 

5 . Design 

5.1 TRAN SMITTER-RE E I VER 

The complete transmitter-receiver is shown in 
Figure 4. The subunit are housed in a strong 
1vaterproof metal cabinet. The front panel ha 
no controls. It is operated from a remote-con­
trol unit that may be fixed to the front panel or 
sepa rated as much as 8 meter (26 feet) from 
it. A single receiver can be derived by omitting 
the transmitter portion, as shown in 'Figure S. 

To protect the assembly against mechanical 
stre s, it is locked onto a shock-absorbing 
mounting frame that contain parts of the power 
supply and carries all connector to the vehicle. 
The equipment assembly and the frame are 
connected by a ribbon cable that can be plugged 
in on both sides. 

The equipment is divided into three easily re­
placeable units. 
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Figure 7- At left i the complete tran mitter tuning 
stage, whil e at right is a partly disassembl ed unit. 

(A) Control unit with electromechanical drive. 

(B) Receiver tuning unit ·with preamplifi er and 
oscillator. 

(C) Transmitter tuning unit wi th 3-stage tube 
transmitter. 

'Ihe following subunits are of the plug-in type. 

(A) Intermediate-frequency stage. 

(B) Frequency-control circuit. 

(C) Receiver power supply. 

(D) Audio-frequency amplifier, switchable as a 
400-hertz servo amplifier . 

(E) Modulation amplifier. 

(F) Transmitter power supply. 

( G) 400-hertz generator fo r remote control. 

(H) Relay stage . 

Plug-in units ( F ) through ( H ) are placed on 
the frame for better heat dissipation. Figure 6 
shO\;\,'S the arrangement of the various subunits 
of the transmitter-receiver. At upper left are the 
front panel, drive frame, and mounted transmit­
ter and receiver; at upper right ( from left to 
right ) are the receiver power supply, frequency­
control circui t, and intermediate-frequency unit ; 
and in front are the modulation amplifier and 
the audio-frequency amplifier. 

Figure 7 shows the basic design of the tran -
rnitter tuning circuits. On the left is the com­
plete transmitter subunit ; on the right the unit 
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i partly disassembled to show the tuning in­
ductors and vacuum tubes. 11 inductors are of 
the double-core type. The manufacturing varia­
tions in the iron cores and windings are com­
pensated for by a trimming inductance. The 
shield of one of the final-stao-e inductor has 
been removed. In both the grid circuit and the 
anode circuit of the final stage (QQE03/12), 
there are 2 inductors for push-pull operation. 

The tuning cores are fixed to a traverse that 
is adjusted over a toothed shaft from the remote 
control unit. The tuning is within ± 50 kilohertz 
of the elected channel frequency to guarantee 
that the oscillator will be within the capture 
range of the frequency-control circuit. 

Figure 8-The receiver tuning stage is at left, and the 
partly disassembled receiver chassis is at right. 

Figure 9- Remote-control unit, showing open cover 
for setting preset frequency. 

Figure 8 shows a complete and a partly dis­
assembled receiver tuning chassis. The in­
ductors are arranged in two row for the lower 
and the upper band. From left to right are the 
input filter, mixing stage, oscillator, and output 
tage. The tuning is also by iron cores attached 

to a traverse. 

Transmitter and receiver tuning inductor have 
the same stroke ( 30 millimeters ) and are 
coupled to the remote-control unit by gear . 

5.2 REMOTE-Co TROL NIT 

11 control function are performed from a de­
tachable control unit (see Figure 9 ) . 

The control unit i kept as small and a flat as 
possible o that it can be easily mounted within 
reach of the operator. It con i t of a ·water­
proof die-cast housing and i connected to the 

Figure IO- Automatic antenna tuning unit and base of 
the rod antenna. 
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transmitter-receiver by the multiwire cable. 
The control unit can be up to 8 meters (26 
feet ) away from or fixed to the front panel of 
the transmitter-receiver. It contains the follow­
ing control elements. 

(A) Two switches to select the 880 frequencies 
and a mechanical indicator marked in mega­
hertz that is coupled to them. 

(B) witche to elect 10 preset channels. 

(C) A device to witch over to the 10 preset 
channels . 

(D) switch labeled "off; receive; low trans-
mitting power; high tran mitting power." 

(E) A switch labeled "squelch off; squelch on; 
relay." 

(F) Volume control. 

(G) Key for audio-frequency call. 

(H) Scale lamp. 

(I) Two ocket for the headphones. 

To select the 10 preset frequencies, a switching 
drum with 10 longitudinal slots is provided. 

Figure 11- Automatic 
antenna tuning unit, 

cover r emoved. 
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Each lot carries 4 sliders that can be adju ted 
by a tool inside the cover. The drum is rotated 
by a knob to lect the preset channels. This 
knob is at top right in Figure 9. 

Each of the 4 lider actuates switching contacts 
on the back of the drum to perform the nece -
ary S\,vitching functions. The elected fre­

quency can be read from the scale above and 
below the adjusting slot. 

5.3 ANTENNA TUNING UNIT 

The antenna tuning unit is mounted at the bot­
tom of the 2.5-meter (8.2-foot ) rod antenna 
(

1Figure 10 ) and is connected to the communi­
cation set by a high-frequency cable and a multi­
wire control cable. The control cable transmit 
tuning data from the communication set and 
operating voltage for the drive mechanism. 

The tuning elements and the drive ystem are 
in a waterproof die-ca t cabinet that i protected 
against mechanical stress by shock absorber . 
Figure 11 shO\vs the antenna tuning unit with 
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Figure 13-Intcrcommunication amplifier with 
shock-ab orbing mount. 

the cover remoYed. To the left are part of the 
tuning circuit, while in the center the disk with 
the 2 row. of 44 adjustable screw each for tun­
ing can be seen. The screw are trimmed once 
during installation through two opening 111 

the cover which can be locked. The trimming 
range is o designed that all types of vehicles 
are covered . 

5 .4 TRA SIENT PROTECTION 

If a vehicle battery is subjected to heavy loads, 
switching of the load may produce transients 
substantially exceeding the normal battery volt­
age and which could de troy transistors. There-

POWER 
STAGE 

1 WATT OU T PUT 
Fl RST SET 

PLUS INTER­
COMMUNICATION 

OUTPUT 
Fl RST AND 

SECOND SETS 
PLUS INTER­

COM MUN ICATION 

OUTPUT 
SECOND SET 
PLUS INTER­

COM MUN I CATION 

Figure 12- Intercommu­
nication-ampli fier arrange­

ment. 

Figure 14-Intercommunication control unit. 

fore, a transient protection switch disconnect 
the vehicle battery from the communication sys­
tem during transient . Also, an electronic witch 
remove the load during a hort circuit. 

6. Ancillary Equipment 

If several sets are interconnected to form a sys­
tem, ancillary equipment is required. 
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Figure 15-Te t equipment. From left to right are the reflcctometer, cable tester, and communication-set tester. 

6.1 INTERCOMMUNICATION AMPLIFIER 

An intercommunication amplifier permits com­
munication between several crew members who 
are supervising other communication circuits 
at the same time. 

The intercommunication amplifier comprises 3 
audio-frequency amplifiers whose inputs are 
coupled over a hybrid circuit (see Figure 12). 
It is housed in a compact waterproof shock-ab­
sorbing die-cast cabinet. 11 connections are 
of the plug-in type (see Figure 13). 

6.2 I JTERCOMMUNICATIO CONTROL UNIT 

The intercommunication control unit (Figure 
14) connects a maximum of two operator's sets. 
It contains two separate volume controls and 
the selector switch for the connection of the 
three outputs of the intercommunication ampli­
fier. The position of the switch at the top of the 
unit determines whether the calling station is 
ready to transmit. This unit is also in a die-cast 
case. All connections are of the plug-in type. 

6.3 LOCAL- AND REMOTE-CONTROL UNIT 

The system can be controlled and operated re­
motely over a 2-wire line up to 3 kilometers 
( 1.9 miles) long by the use of remote- and local­
control units. These sets also connect to the 
intercommunication control unit. 

6.4 TEST EQUIPMENT 

For maintenance and repair the following test 
equipment is provided. 

(A) A reflectometer for trimming the antenna 
tuning unit. 

(B) A device to test the plug-in cables and 
the audio-frequency speech circuits. 

(C) A communication-set device that narrows 
down the causes of failures and finds defective 
elements. 

The test equipment is housed in waterproof die­
cast cabinets . Figure 15 shows the three types of 
test equipment. 
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Man-Made Quartz Crystal 

R. W. T. RABBETTS 
Standard Telephones and Cables Limited; London, England 

1. Introduction 

The quartz of a piezoelectric resonator element 
must be monocrystalline and free from twin­
ning*, flaws, and inclusions. Although quartz 
is the commonest of all minerals, its occur­
rence as crystals of a size and quality suitable 
for resonator manufacture is relatively rare. 
In particular, the prevalence and complexity of 
twinning make large crystals from most sources 
unacceptable. 

In the early days of the resonator industry, it 
was established that suitable quartz could be 
obtained from Brazil and Madagascar, already 
long-established as producers of large clear 
quartz for optical and ornamental purposes. 
For 15 years or more the requirements of the 
slowly growing resonator industry in the 
United States and Europe were met almost 
entirely and without difficulty by shipments of 
quartz from Brazil, with exports from the 
dwindling resources of Madagascar making up 
the remainder. 

The requirements for military communication 
equipment during World War 2 demanded an 
enormous expansion of the resonator industry. 
Production figures soared from a combined 
total output from United States, United King­
dom, and German manufacturers of less than 
100 000 units in 1939 to a total of about 6 · 5-
million in 1942 and over 30-million in 1944. 

*Twinning in a quartz crystal usually takes the form 
of interpenetrating regions in which the crystallo­
graphic axes are parallel, but in which the electrical 
(polar) axes are reversed with respect to each other. 
Two types-optical (Brazil) and electrical (Dau­
phine)-commonly occur, frequently together. The 
quartz lattice is asymmetric and exists in left- and 
right-handed forms, which are as mirror images of 
each other. Optically twinned crystals contain intimate 
intergrowths of right and left quartz with lattice 
planes corresponding to the major crystal faces co­
incident. In electrical twinning, only one structure is 
involved, but some parts of the crystal are as if 
turned through 180 degrees of arc about the optic 
axis compared with the remainder. In both cases, 
growth is continuous across the twin boundary, which 
is not itself visible within the crystal ; twinning can 
sometimes be detected by texture differences or by 
arrangement of natural crystal faces, but is more 
reliably shown up by viewing the crystal between 
crossed polarizers along the optic axis (optical twin­
ning only) and by etching (both forms). 

(The United States contribution over this pe­
riod rose from about 60 per cent to 95 per 
cent.) Attempts to meet the correspondingly 
increased demand for the raw material imposed 
considerable strain on the Brazilian quartz in­
dustry. Its production methods were generally 
primitive and transport difficulties great, the 
total production being made up largely of the 
output from a great number of small deposits 
scattered throughout the vast interior. In 1941, 
the United States and British Governments 
began buying quartz in Brazil, and consider­
able effort was devoted to enlarging and 
mechanizing the production and distribution 
industries there. Although a substantial quartz 
stockpile was eventually built up, the Allies ex­
perienced difficulties of supply in 1942. Ger­
many suffered very acute shortages, particu­
larly during the later years of the war. 

Several approaches were followed in attempts 
at overcoming actual or expected shortages of 
electronic-grade quartz. Successful efforts were 
made at improving the efficiency of usage of 
the available material. Efforts to make twinned 
quartz usable by de-twinning processes met 
with negligible success. Many other piezoelec­
tric crystals were investigated but, although 
some were found to have possible use in lim­
ited applications, no replacement for quartz in 
radio equipment was discovered. Extensive 
searches were made for alternative sources of 
suitable quartz, but only a few small localized 
deposits were found in Australia, Colombia, 
Guatemala, and the United States, and no new 
major source came to light. Some progress was 
made, however, both in the United Kingdom 
and in Germany, in the laboratory production 
of large single crystals of quartz. 

2. History of Synthetic Quartz 

Experimenters, particularly mineralogists, had 
been producing synthetic quartz by various 
methods for almost 100 years [ 1] when the 
war-time shortage of natural electronic-grade 
quartz aroused new interest in the material. 
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vVith only one or two exceptions, all investi­
gators in this period produced crystals no more 
than 3 millimetres ( 0 · 12 inch) long, and many 
of the specimens were microscopic in size. The 
outstanding exception was the Italian mineralo­
gist Spezia \vho (unlike all others) deliberately 
placed in the crystallizing system a piece of 
quartz on which growth could take place, in­
stead of relying on initial spontaneous nucle­
ation. 

Spezia's experimental set-up consisted of a 
vertical high-pressure autoclave provided with 
an annular gas heating element. A wire basket, 
which contained broken pieces of quartz, and 
below which were suspended other pieces of 
quartz (seeds), was supported in the upper 
part of the autoclave, and part of the remaining 
space was filled with sodium silicate solution. 
The sealed vessel was heated for up to 6 
months, the top being maintained at a temper­
ature of about 320 degrees Celsius ( 608 de­
grees Fahrenheit) or more, while the lower 
part of the vessel (in which the seeds were 
suspended) was kept at a lower temperature. 
Pressures were probably less than 150 kilo­
grammes per square centimetre (2200 pounds 
per square inch) . During the period of an ex­
periment there was a transfer of material from 
the quartz in the basket to the seeds, induced by 
the temperature gradient, and overall growths 
of up to 20 millimetres ( 0 · 8 inch) were ob­
tained. Spezia's work was notable not only for 
the size of crystal grown, but more especially 
because his technique formed the foundation 
for the development of successful industrial 
processes over 40 years later. 

After Spezia's successes, no further advance 
was made in growing large crystals until the 
matter acquired strategic importance rather 
than mineralogical interest, and effort was de­
voted towards growth of quartz for resonators. 
An investigation with this objective was started 
in 1942 in England [2]. 

Spezia's method was rejected at this time as 
giving growth rates too low for practical use. 
Of the several systems which had been shown 

to promote quartz growth, those involving 
temperatures of 573 degrees Celsius ( 1064 de­
grees Fahrenheit) or higher could not be con­
sidered for the production of large untwinned 
crystals*. With crystallization from the melt 
and from the vapour phase thus excluded, at­
tention was directed toward variations of the 
hydrothermal technique, and an isothermal 
method was developed which made use of the 
difference in solubility between silica in the 
glassy and crystalline (quartz) states [ 3]. A 
process similar in principle but differing in 
detail was developed in Germany during the 
last two years of the war [ 41, and a production 
plant was set up. IIowever, operations had 
progressed only a few weeks before American 
troops arrived, and the technique was not 
proved as a production process. Doth iso­
thermal processes suffered the great disad­
vantage that the silica glass nutrient material 
itself rapidly became coated with small quartz 
crystals, which resulted in the growth on the 
seed being brought to a stop within about a 
day. It was therefore necessary to cool and 
open the autoclaye frequently to recharge with 
a fresh supply of silica glass, thus building up 
the required growth in layers. 

There had been interest in the United States 
during the war in growing electronic-grade 
quartz, and unsuccessful attempts at growing 
large crystals appear to have been made. In­
terest remained for strategic reasons after the 
immediate war emergency had passed, and dis­
covery of the German work encouraged further 
experiments. •From 1946 onwards, projects 
were initiated in various government depart­
ments, academic institutions, and industrial 
concerns for studies of the growth and proper­
ties of synthetic quartz. Several of these proj­
ects were established under United States 
Army Signal Corps contracts. Although the 

*The quartz lattice undergoes a rapid reversible 
change at about 573 degrees Celsius with slight dis­
placement of the silicon atoms. The inversion process 
on cooling, particularly in a large crystal, is usually 
accompanied by the formation of electrical twins. 

74 ELECTRICAL COMMUNICATION · Volume 42, Number 1 · 1967 



German work had provided the stimulus for 
the investigations, the isothermal method wa 
oon abandoned and attention was focu ed once 

more on Spezia's temperature-gradient tech­
nique with quartz nutrient. The advantage of 
rever ing the relative positions of growth and 
nutrient zones, which gave much-improved cir­
culation of the solution and hence higher 
growth rates, wa quickly realized. It wa 
probably this modification which provided the 
key to later indu trial uccess. Other change 
from Spezia's conditions concerned pressure, 
temperature, and the nature of the tarting 
olution [ 5-7]. 

A pilot plant for the large-scale production of 
quartz was et up under contract in 1952, and 
during a 3-year period produced about 2500 
kilogrammes ( 5500 pounds ) of crystal for the 
United States Army Signal Corps. It also pro­
vided the material for the fir t commercial sale 
of ynthetic quartz in 1955. By this time, there 
were indications that the production and use 
of ynthetic quartz had economic advantage . 
The first two full-scale production plants were 
commissioned in the United State in 1958 and 
1960, and ince that time everal other plants 
of variou sizes have come into being in the 
United State , Europe, and Japan. 

3. The Project 

tanclard Telephones and Cables began experi­
mental work on the growth of ynthetic quartz 
in 1958. The fir t small crystal produced 
(Figure 1) were grown in 8 days and weighed 
an average of 8 grammes ( 0 · 28 ounce) ; the 
resultant increase in thicknes of the eeds 
(which were plates of quartz cut approximately 
parallel to a minor rhombohedral face) was 
about 5 millimetres ( 0 · 2 inch ) . 

lthough several papers had been published on 
the general technique of growing "large" 
quartz crystals, detailed information was alrno t 
completely lacking. It was therefore necessary 
to devise a programme to inve tigate the effects 
of growth temperature, solution den ity (de­
termined mainly by the fraction of "free" pace 

Man-Made Quartz Crystal 

Figure 1- First crystals produced during project. 
These are approximately 2 centimetres quarc and 7.5 

millimetres thick. 
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Figure 3-Control-room instrument panel with con­
trolling recorder stations and alarm system. 

Associated with the recorders is an alarm sys­
tem which fi rstly gives audible and visible indi­
cation should any temperature or pressure vary 
from expected values, and secondly gives simi­
lar warning and also cuts off power from any 
vessel should its temperature or pressure ex­
ceed rated values. 

An additional mechanical safety device, a rup­
ture-disc assembly, is fitted to every autoclave 
to give protection against excessive pressure 
in the event of failure of the electrical devices . 
The rupture disc is a small domed and flanged 
disc of Inconel, which is retained by its flange 
in a tubular holder mounted on the autoclave 
head and is subj ected to the autoclave pressure 
on its concave side. The disc is designed so 
that, at a pressure a little above the rated 
working pressure of the autoclaves, it will rup­
ture and discharge the fluid content of the 
vessel. 

S. Production Process 

N utrient material. consisting of small chips of 
natural quartz of fusing quality (Figure 4 ), is 
weighed into a cylindrical container of per­
fo rated steel, which is then placed in the lower 
half of an autoclave. Fusing-grade quartz is 
abundant and cheap compared with electronic­
gracl e quartz ; the problem of twinning, so im-

CJ CJ 
ii> t: 

Figure 4-~atural quartz chips ( left) provid e the 
material that crystallizes from solution onto seed plates 
(as bottom right) to give large block of ynthetic 
quartz (right ). Crys tal s grom1 for manufacture of 
different sizes of resonator blanks are hown. Block 
length approx imately 22 centimetres (8 · 8 inche ) . 

portant with resonator quartz . need not be 
considered with the nutrient material, since its 
crystal structure is completely destroyed dur­
ing the ensuing process. Thin rectangular seed­
plates of twin-free quartz, cut at a specific angle 
relative to the crystallographic axes, are 
mounted on steel frames and placed in the 
upper half of the vessel. The baffle plate form 
the bottom member of the lowest seed fram e. 
The remaining space in the vessel is partly 
fi lled ·with calculated weights of demineralized 
water and sodium hydroxide pellets, and the 
vessel is sealed and heated. The sodium hy­
droxide rapidly dissolves and, a the temper­
ature rises, the solution expands and begins 
slowly to dissolve some quartz. Before oper­
ational temperature is reached the solution has 
expanded to fi ll the vessel completely, and a 
the temperature is raised further, pressure be­
gins to build up rapidly toward its ultimate 
value of about 1900 kilogramme per square 
centimetre (27 000 pounds per square inch ). 
The controllers automaticall y bring the vessel 
to the required temperatures near 330 degree 
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of the autoclave initially taken up by solution), 
and concentration of alkali on growth rates 
and crystal quality. The nature of the solution 
was known to be important, for two general 
techniques had been reported. One involved 
the use of sodium hydroxide solution at pres­
sures in the range of 1000 to 2000 kilogrammes 
per square centimetre ( 15 000 to 30 000 pounds 
per square inch), and the other used sodium 
carbonate solution at a pressure of 1000 kilo­
grammes per square centimetre or less. In 
each case quartz dissolves to form sodium sili­
cate in solution, but the solutions behave differ­
ently in terms of quartz growth rates and their 
tendency to produce unwanted quartz nuclei. 
After a study of the reported merits and dis­
advantages of the two solutions, it was decided 
to employ the sodium hydroxide process. A 
change to Z-cut seed plates (plates cut perpen­
dicular to the natural prism axis) was also 
made, since it was known that growth takes 
place more rapidly on such plates than on 
plates cut parallel to the rhombohedral faces, 
and the resulting crystals are of more con­
venient shape. 

The laboratory programme established the de­
pendence of growth rate on the growth condi­
tions already mentioned, and the dependence 
of visual quality and Q factor on these same 
conditions plus growth rate. The detailed re­
sults are outside the scope of the present ac­
count, but it may be mentioned that Q factor 
was found to be a function of all growth param­
eters studied. This finding differs from that of 
Brown [8], who reported that Q factor is a 
function of growth rate, but for a given rate 
is relatively independent of the growth process. 

The laboratory autoclaves had bore diameters 
of 3 · 8 and 5 · 1 centimetres ( 1 · 5 and 2 inches) 
and internal lengths of 30 · 5 to 61 centimetres 
( 12 to 24 inches). Thought was given early to 
problems which might arise in scaling up the 
laboratory process to a production process, and 
work was started on the manufacture of pilot 
plant autoclaves from sections of 13 · 3-centi­
metre (5·25-inch) calibre ex-Navy gun bar-

rels. Defore manufacture was far advanced, 
large autoclaves of a design proved to be suit­
able for quartz growth became commercially 
available in the United States. Furthermore, 
laboratory results taken together with produc­
tion successes in the United States appeared to 
assure ultimate success for our project. 

The decision was therefore made to proceed 
straight to a full-scale production plant. Build­
ing operations were begun in mid-1962, and 
the first large-scale crystal-growing trials began 
about 12 months later. Trials continued for a 
year, the first production batches of quartz for 
manufacture of resonator blanks being de­
livered in September 1964. 

4. Production Plant 

The present plant consists of 9 individual 
crystal-growing units. Each unit consists of a 
tall, cylindrical, high-pressure autoclave (Fig­
ure 2) provided with resistance heater bands 
and thermal insulation, plus a control-record 
-alarm system for temperature and pressure. 
The entire installation is housed in a special 
building with crystal-growing, mechanical­
maintenance, and crystal-cutting areas, and 
with separate rooms for preparation work and 
for electrical and electronic control equipment. 
The building also contains a laboratory for 
further developmental work and is large 
enough to allow considerable expansion in the 
number of units. 

The installation was originally set up with 8 
autoclaves of 15 · 2-centimetre ( 6-inch) bore 
and 9·5-centimetre (3·75-inch) wall thick­
ness; the ninth vessel, added at a later date, 
has a 20 · 3-centimetre ( 8-inch) bore and walls 
12 · 7 centimetres ( 5 inches) thick. All vessels 
are otherwise similar in design, measuring ap­
proximately 3 metres ( 10 feet) in internal 
length, and being sealed by a modified Bridg­
man-type closure. The bodies, heads, and seal 
rings are of low-alloy steel. The autoclaves are 
accommodated in pits with only that part con­
taining the closure above ground level. This 
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Figure 2-Diagrammaiic cross-section of quartz­
growing installation. 

arrangement is convenient for carrying out all 
normal servicing operations in situ, as well as 
providing protection to personnel should a ves­
sel rupture. Protection from escaping high­
pressure steam, resulting either from mechan­
ical failure of any part of the pressure equip­
ment or from leakage at the main seal or 
pressure connections, is afforded by cylindrical 
shields placed over the pits. 

The crystallization process relies basically on 
the creation within a single autoclave of a 
lower zone at elevated temperature in which 
nutrient material dissolves and an upper or 
growth zone at a lower temperature in which 
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crystallization occurs (Figure 2). The required 
temperature profile is achieved by placing a 
flat baffle plate in the autoclave bore just below 
its mid-point, by having a separate control sys­
tem for the heaters around each of the two 
zones, and by judicious use of thermal insula­
tion and natnral convection of cooling air. 

Small adjustments in temperature profile ini­
tially found to be necessary ·were made by re­
positioning individual heaters. During crystal­
growing runs, temperatures are normally sensed 
only at the upper and lower ends of an auto­
clave, but special runs using long internal probe 
tubes were carried out initially on each vessel 
to determine axial temperature profiles. Meas­
urements showed that the temperature within 
each zone could be made substantially uniform. 
the temperature difference between the normal 
measuring positions being almost entirely ac­
counted for by a steep temperature gradient in 
the immediate vicinity of the baffle plate. 

For normal purposes, one duplex mineral-in­
sulated metal-sheathed thermocouple unit is 
positioned in a thermowell projecting 15 centi­
metres ( 6 inches) from the head into the 
growth chamber, and another is placed in a 
hole bored in the solid bottom of the vessel. 
Two of the thermocouples are joined in series­
opposition to measnre temperature differential, 
and the others measure actual top and bottom 
temperatures. The 3 thermocouple outputs so 
obtained are sent to the control room (Figure 
3) and converted to higher-level direct-current 
signals in the range 1 to 5 milliamperes, from 
which are derived signals for the electronic re­
corders; in addition, a temperature differential 
signal and one temperature signal are produced 
for operation of the two 3-term electronic con­
trollers, which automatically adjust power to 
the heaters as required through combinations of 
magnetic amplifiers and saturahle-core reactors. 
Each autoclave is also fitted with a strain­
gauge type of pressure transducer, the output 
of \Yhich is treated in the same way as the 
thermocouple outputs to give a continuous 
pressure record. 
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Cel iu ( 662 degrees Fahrenheit) at the top 
and 390 degrees Cel ius (73~ degrees Fahren­
heit) at the bottom, and keep the temperatures 
con tant throughout the growth period. 

The temperature difference created between 
the two zones results in a difference in density 
of solution, the denser solution being in the 
upper zone, and this promotes interchange of 
olution between the zones through the central 

aperture of the baffle plate and around it 
periphery. The temperature coefficient of olu­
bility of quartz under the preyailing conditions 
i po itive, so that a olution from the upper 
zone inks and heats up in the lovver zone it 
dis olve more quartz. t the same time, solu­
tion rising from the lower zone raises the silica 
content of the solution in the upper zone and, 
a it cools, cause a tate of supersaturation 
with respect to quartz, \vhich then leads to 
depo ition of part of the excess dis olved 
ilica as quartz on the seeds. Thus, with con­

vection causing continuous interchange of solu­
tion between the two zones. and the solution 
acting as a carrier of di solved silica from the 
lower to the upper zone, the quartz chips slowly 
dissoh·e and the seed plates develop into large 
crystals. After 11 to 28 clay (depending on 
the ize of crystal required ) power is switch d 
off, the autoclave is allowed to cool, the clo ure 
and contents of the ve el are removed (Figure 
5), and the process is repeated. 

The crystals are similar in shape to rectangular 
parallelepiped block from which the corner 
have been removed (Figure 4 ). Blocks cur­
rently being produced measure between 22 and 
25 centimetre ( 8 · 5 and 10 inches ) in length­
sub tantially the same length as the seeds used 
-and about 5 centimetres (2 inches) in width. 
Thickne s varies betw en 2 and 5 centimetres 
(0 · 8 and 2 inche ) and weight between 0 · 55 
and 1 · 33 kilogramme ( 1 · 2 and 2 · 9 pounds). 
Yields of up to 32 kilogramme (70 pounds) 
of cry tals per run are obtained from the 
maller vessel 

Of nece sity, the first eed plates were cut 
from a large, yery expensive block of natural 
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quartz, but eed are now prepared from pe­
cially grown blocks of synthetic quartz. 

6. Properties of Quartz in Relation to 
Resonator Use 

Among the several properties which together 
make natural quartz so suitable as a resonator 
material-uniquely so, in fact, before the ad­
vent of electronic-grade synthetic quartz-are 
it piezoelectric character, it oTeat chemical 
and physical tability, and its peculiar elastic 
properties. The latter include extremely high Q 
values, which give excellent frequency selec­
tivity, and a combination of positive and nega­
tive temperature coefficients of elastic constant 
and moduli which, with suitable choice of cut, 
enable elements to be produced with but small 
frequency variation over extended temperature 
ranges. 

The properties of natural single-crystal quartz 
are remarkably consistent for a natural mineral. 
Although some properties of certain samples 

Figure 5-Removal of newly grown crystals from 
autoclave. 
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from different localities have been shown to 
vary because of different impurity contents or 
perhaps different growth conditions, the vari­
ations usually encountered are small and it has 
generally been possible in the resonator indus­
try to regard the properties as heing invariable. 
Thus, natural quartz is selected mainly hy size 
and relative freedom from imperfections, with 
no reference whatsoever to the extremely im­
portant intrinsic properties of Q factor and fre­
quency-temperature behaviour. When used for 
an AT-cut resonator operating at S mega­
hertz*, for example, the quartz itself can be 
relied on to have a Q factor of almost 3 X 106 

at room temperature, and of not much less than 
2 x 106 at any temperature in the usual maxi­
mum resonator operating range of -55 to 
+ 105 degrees Celsius ( -67 to +221 degrees 
Fahrenheit). Furthermore, natural quartz will 
yield resonator elements with frequency-tem­
perature behaviour within normally acceptable 
limits when cut at specific angles defined many 
years ago. 

The situation with synthetic quartz is very dif­
ferent. In the first place, crystals can be grown 
to almost any dimension required and size is 
thus no longer a problem in selecting material. 
Secondly, objectionable imperfections which 
are so prevalent in natural quartz are generally 
absent from synthetic quartz. Invariability of Q 
factor and cutting angles cannot, however, be 
assumed without reference first to growth con­
ditions. The rates at which synthetic quartz 
is usually crystallized are very much higher 
than those obtaining in nature, and at these 
relatively high rates some properties of the 
material (particularly Q factor) become mark­
edly dependent on growth rate, growth condi­
tions, and the crystallographic orientation of 

*The Q factor of quartz is generally difficult to meas­
ure, but is known to vary with temperature and fre­
quency (Q-1 oc f at least over the range from 2 to 100 
megahertz at room temperature). A resonator design 
developed by Warner for a unit operating on the fifth 
overtone at 5 megahertz is one, of ,the best known for 
giving a' true indication of the Q value of quartz itself, 
and has been widely used for this purpose. 

the growing surface. Frequency-temperature 
behaviour can also vary, and some samples of 
synthetic quartz must be cut at angles differing 
by up to several minutes of arc from those 
used for natural quartz, to obtain comparable 
frequency-temperature characteristics. Curves 
of Q-1 versus temperature for some laboratory­
grown specimens showing a wide range of be­
haviour are plotted in Figure 6 with the curve 
for natural quartz. In production such wide 
variations are not encountered, and the use of 
a given set of growth conditions and rate gives 
batches of quartz in which the properties are 
broadly reproducible. 

In general, as growth rate is decreased, Q 
values increase and cutting angles move to­
wards those of natural quartz; similar effects 
can be achieved (within certain limits and with­
out reduction of growth rate) by the addition 
of small amounts of lithium compounds to the 
growth solution [9]. At very slow growth rates, 
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synthetic quartz comparable to natural crystal 
can be obtained, but since the use of slow 
growth rates also increases production costs, it 
becomes relevant to consider whether material 
comparable in all respects to natural qttartz is 
really essential. 

Q factor is an inverse measure of energy losses 
sustained by a vibrating material or system. 
For quartz itself, these losses are clue to in­
ternal frictional effects in the crystal lattice as­
sociated partly with the random thermal oscil­
lation of the silicon and oxygen atoms, and 
partly with the interactions of impurities or 
lattice defects. For a resonator unit, the losses 
are a combination of those within the element 
and external losses caused by the presence of 
the mounting system, damping by the sur­
rounding atmosphere, and damage of the ele­
ment surface. Although methods are available 
for reducing the various external losses, manu­
facturers' use them only when absolutely neces­
sary because of the added production costs. 

Q values required of resonators range from a 
few million for frequency and time standards 
clown to a few thousand for some filter applica­
tions. In the former case, every effort must be 
made to reduce external losses to a minimum ; 
the Q factor of the resonator is then largely 
determined by that of the quartz, and natural 
crystal or synthetic quartz of comparable Q 
value must be used. In low-Q filter resonators 
large external losses are quite acceptable and 
may exceed the losses in a natural quartz ele­
ment by two or three orders of magnitude; 
under these conditions, natural quartz can be 
replaced by synthetic with a Q value an order 
of magnitude lower without significantly affect­
ing the Q value of the resonator. Between these 
extreme cases, synthetic quartz with inter­
mediate Q values can be used. 

To elate, most of our output has been fast­
grmn1 material, with a room-temperature Q 

value of about 2 X 105 at 5 megahertz. This 
has been used successfully for channel filter 
resonators. Pro-ving trials for higher-Q quartz 

ELECTRICAL COMMUNICATION Volume 42, Number I 

Man-Made Quartz Crystal 

;i.re now in progress, ;i.ncl it is expected that 
synthetic quartz for all but the most exacting 
resonator specifications will he available in the 
near future. 

7. Current Advantages and Future 
Prospects 

The current advantage of using synthetic 
quartz for resonator manufacture is mainly 
that it allows resonator elements to be pro­
duced more cheaply. Natural qnartz, because 
of the way it occurs, the way it is mined, and 
the necessity of trimming to remove grossly 
flawed material, reaches the market mainly in 
the form of irregular broken pieces of crystal. 
The combination of small size, poor shape, and 
frequent occurrence of twinning and other de­
fects leads to low yields of reson;i.tor clements 
and high labour costs. In contrast, synthetic 
quartz is produced in the form of large blocks 
of good reproducible shape; the blocks are of 
known, convenient, or even ideal orientation*, 
are grown with dimensions to suit the particu­
lar elements to be cut, and are free from twin­
ning. The blocks are therefore well suited to 
mass-production techniques for cutting and 
give substantially higher yields at lower mater­
ial and labour costs than natural quartz. Fur­
ther cost reductions may be expected as growth 
processes are improyecl, output increases, and 
more automated cutting techniques are intro­
duced. Reducing resonator prices will no doubt 
lead to their expanded use both in established 
and in new applications; the position of quartz­
crystal channel filters in relation to competing 
resonator devices and the double-modulation 
technique has already been strengthened in this 
way. 

*For fast growth, high quality, and good crystal 
shape, seed plates are preferentially cut perpendicular, 
or nearly so, to the optic (Z-) axis; the major length 
(Y- or Y'- dimension) extends between a pair of 
opposite prism faces. For -5-degree X channel filter 
elements, the seeds are cut at 85/95 degrees to the 
optic axis so that the long edge of the elements to 
be cut is parallel to the long seed edge and to the 
major growth surface. 
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The first work on synthetic quartz for reso­
nator use was prompted by the difficulties of , 
obtaining suitable natural quartz, which had to 
be imported from Brazil. Our present process 
for producing synthetic quartz uses as source 
material natural quartz also imported from 
Brazil but much more abundant and cheaper 
than electronic-grade material. It is anticipated 
that in times of emergency indigenous materials 
such as quartzites, vein quartz, or flints, could 
be substituted as nutrient material. 

Considerable technical advantages may reason­
ably be expected to develop from the use of 
man-made quartz. The properties of natural 
quartz, although generally good enough for all 
existing resonator specifications, do neverthe­
less impose limitations on future improvements 
in performance. Probably the most important 
single trend concerns frequency-temperature 
behaviour, with specifications calling for even 
smaller frequency deviations over the same op­
erational temperature ranges, or for wider tem­
perature ranges for the same frequency toler­
ances. It has been reported [ 10] that addition 
of a germanium compound to the growth solu­
tion yields a doped synthetic quartz for which 
the frequency-temperature curves are flatter 
and broader than those for natural quartz, 
thereby enabling the required resonator per­
formance to be achieved. 

Quartz resonators at present are not operated 
at temperatures much above 105 degrees Cel­
sius (221 degrees Fahrenheit). However, there 
could be circumstances in which higher oper­
ating temperatures would be necessary or ad­
vantageous-for example, if ambient temper­
ature is higher than 105 degrees Celsius and 
refrigeration plant cannot be provided, or under 
certain conditions of irradiation when the use 
of a higher operating temperature can reduce 
radiation-induced damage and consequent fre­
quency shift. The Q factor of natural quartz 
falls continuously as temperature is raised from 
room temperature and can become too low to 
meet resonator specifications. The Q factor of 
synthetic quartz, on the other hand, reaches a 

mimmum somewhere in the range from 35 to 
130 degrees Celsius (95 to 266 degrees Fahren­
heit) and then increases before falling again 
at high temperatures. Over much of the high­
temperature range, selected synthetic quartz 
has a higher Q factor than natural quartz and 
may find use where the latter is unsatisfactory. 
It must be acknowledged, however, that better 
Q factors at elevated temperatures can be 
achieved with both natural and synthetic quartz 
by electrolysis of the material-that is, by first 
subjecting it to a potential field of about 1 kilo­
volt per centimetre ( 2 · 5 kilovolts per inch) at 
a temperature of 400 to 500 degrees Celsius 
(750 to 930 degrees Fahrenheit) to sweep out 
certain impurities [ 11]. The doping and elec­
trolytic techniques, separately or together, give 
further possible scope for modifying properties 
in ways not yet imagined. 

It should be mentioned that high-quality quartz 
is also used for the manufacture of optical sys­
tem components, such as prisms, lenses, win­
dows, and specimen cells. Synthetic quartz of 
selected grades has been shown to have ad­
vantages here over natural quartz, particularly 
in improved homogeneity and better transmit­
tancy in the far-ultraviolet and near-infrared 
regions of the spectrum. 
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Transmission-Loss Measurements Made on Two 
Knife-Edge Diffraction Paths Over the Andes * 
R. E. GRAY 
ITT Federal Laboratories; Nutley, New Jersey 

1. Introduction 

The present telephone cable circuits between 
Argentina and Chile pass over the great moun­
tain barrier of the Andes, and since part of this 
route is above 10 000 feet ( 3000 meters) heavy 
snowfalls and avalanches make it difficult to 
maintain these circuits, particularly during the 
winter months. An increase in the number of 
circuits between the two countries is now re­
quired, and a study was therefore made of more 
reliable and less costly methods of communi­
cating across this mountain barrier. The objec­
tive was a reliable, high-quality, 60-channel 
system not requiring the maintenance of lines 
or equipment in the high Andes. 

A beyond-the-horizon radio circuit between 
sites on each side of the Andes was first con­
sidered as a possible solution, but a study of 

*Presented at the Second International Congress on 
Telecommunications, Madrid, Spain· 15-20 November 
1965. ' 
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the path profile over the Andes indicated that 
the loss on such a path would be prohibitive. 
However, under certain conditions mountain 
ranges can act as diffracting knife-edges for 
radio waves, resulting in considerably less loss 
than would be the case for a normal beyond­
the-horizon path. Map studies, plus a survey 
of the area, indicated that by a careful selection 
of sites it would be possible to establish a knife­
edge diffraction path making use of a 22 000-
foot ( 6700-meter) peak, known as Tupungato, 
as a diffracting edge. It was estimated that the 
loss on such a path would be of the order of 210 
decibels. 

Since the transmission loss on a knife-edge 
diffraction path depends critically on the sharp­
ness of the knife-edge, it was decided to make 
measurements on two paths passing over Tu­
pungato. Suitable sites were selected on each 
side of the Andes, and during September and 
October of 1962 ITT Federal Laboratories 
carried out transmission-loss measurements at 
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Figure 1-Map of the transmission path. Elevations are in feet (meters). 
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a frequency of 891 megahertz on two diffraction 
paths passing over different parts of Tupungato. 
The result of these measurements showed that 
the median loss on the first path tested was 210 
decibels, as estimated, but that the loss on the 
second path was only 204 decibels, or 6 decibels 
less than on the first. 

The recorded carrier on both paths was, for a 
large percentage of the time, typical of knife­
edge diffraction paths. Hmvever, for a small 
percentage of the time (less than 1 percent) the 
loss \\'as about 18 decibels above the median, 
aud the variations in the received carrier were 
then more characteristic of a beyond-the-hori­
zon path. 

From the results of the path-loss measurements 
it is estimated that a reliable, high-quality, 60-
channel system could be established across the 
Andes using a transmitter power of only 1 
kilowatt and 30-foot (9.1-meter) antennas. 

2. Path Characteristics 

Transmission-loss measurements were made on 
two knife-edge diffraction paths in the Andes ; 
the first passing over a point about 1 mile south 
of the highest part of Tupungato, and the 
second passing over its highest point. A map 
of the first path, with the location of the termi­
nals, is shown in Figure 1 ; for the second path 
the same terminal in Chile was used, but the 
terminal in Argentina was about 2 miles north 
of that shown in Figure 1. The main character­
istics of these two paths are as follows : 

Path 1 Path 2 

Pa th length in statute 127 (204) 122 (196) 
miles (kilometers) 

Angular distance 6° 42' 7° 48' 
(K = 1.33) 

HeiKht of knife-edge 19 700 (6000) 22 000 (6700) 
above sea level in 
feel (meters)_ 

Height of terminals 
above sea level in 
feet (meters): 

Argentina 3120 (950) 3330 (1015) 

Chile 1230 (375) 1230 (375) 
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The profile of path 1 is shown in Figure 2. 
The profiles of the two paths were very similar, 
the chief difference being that the height of 
the knife-edge on path 2 was 22 000 feet (some 
2000 feet greater than on path 1) . 

The point of minimum clearance on the two 
paths was at the Lonquen Range some 8 miles 
( 13 kilometers) from the receiving site at 
N altagua Bridge near Santiago. Tupungato and 
the Lonquen Range, as measured with a theod­
olite at the receiving site, are shown in Figure 
3. The Lonquen Range has a maximum eleva­
tion of 2590 feet ( 790 meters) on the trans­
mission paths, and the calculated minimum 
clearance was 460 feet ( 140 meters) on path 1 
and 755 feet (230 meters) on path 2. These 
values of clearance assume K (the ratio of the 
effective radius to true radius of the earth) to 
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be 1.33. It was also calculated that the line-of­
sight paths from the receiving site to the knife­
edge would be just grazing at the point of 
minimum clearance for K = 0.47 on path 1 and 
K = 0.33 on path 2. 

Since the loss on a diffraction path depends 
critically on the sharpness of the knife-edge, it 
is of interest to examine the profile through the 
diffracting edge. Figure 4 shows such profiles 
for the two paths tested ; this figure is based on 
the SO-meter contours shown on area maps of 
scale 1 in 100 000. From the profiles it is esti­
mated that the effective radius of the knife-edge 
for path 1 is about four times as great as for 
path 2. However, since the map contours used 
for determining these profiles were spaced by 
50 meters, no greater accuracy than this can be 
claimed for the profiles shown in Figure 4. 

3. Equipment Employed 

The equipment used for the path-loss tests con­
sisted of a J 00-watt transmitter and a narrow­
band recording receiver operating on 891 mega­
hertz. The antennas employed on path 1 were 
30-foot-diameter paraboloids, and on path 2 a 
30-foot antenna was used at one terminal and 
a 10-foot antenna at the other. An order-wire 
circuit, operating on 6.9 megahertz, was pro­
vided between the two terminals. Primary 
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Figure 4-Profiles of Tupungato. 

power was provided from engine generators at 
each terminal. Figure 5 shows the receiving 
installation at the N altagua Bridge site some 30 
miles south of Santiago in Chile. 

4. Test Procedure 

Having aligned the antennas at both terminals 
for maximum received level, the received car­
rier was then recorded continuously for more 
than 300 hours, first on path 1 and then on 
path 2. The transmitter output was kept con­
stant within about ± 1 decibel and the receiver 
was calibrated every 12 hours throughout the 
tests. The recorded level of the received car­
rier was divided into 15-minute intervals, and 
the median carrier level was determined from 
the distribution of the 15-minute medians. It is 
believed that the overall accuracy of the path­
loss measurements was of the order of ± 2 
decibels. 

5. Results 

5.1 PATH 1 

Transmission-loss measurements were carried 
out continuously on this path during Septem­
ber 1962 for a total of 348 hours. The median 
path loss was found to be 210 decibels and the 
standard deviation 5.5 decibels. The distribu­
tion of the 1394 fifteen-minute medians is 
shown in Figure 6. The daily recorder charts 
showed no marked diurnal change in path loss, 
although there was a tendency for the fading 
to be of greater amplitude between the hours 
of 10 a.m. and 2 p.m. local time. 

In general, it was found that when the path 
loss was less than the median value the fading 
was of very small amplitude, but as the path 
loss slowly increased the fading amplitude also 
increased. This relationship between path loss 
and fading amplitude is clearly seen in the 
recordings shown in Figure 7. The time con­
stant of the receiver-recorder combination used 
during these tests was about 2 seconds. 
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Figure 5- Receiving antenna at Ialtagua Bridge ite. 

5.2 PATH 2 

Transrnission-los measurements were carried 
out continuously on this path during October 
1962 for a total of 390 hours. The median path 
lo in thi case wa found to be 204 decibel 
and the tandard cle\·iation 4.0 decibels. The 
di tribution of the 1561 fifteen-minute medians 
i shown in Figure 8. The daily recorder chart 
howed no marked diurnal change in path lo 
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Figure 8-Distribution of 1561 fifteen-minute medians 
over path 2. 

the median value, the fading was of very small 
amplitude (say ± 2 decibels), but as the path 
loss increased so also did the fading amplitude. 
This effect, though not so marked as on path 1, 
is clearly indicated in Figure 9. 

6. Discussion of Results 

The results of the transmission-loss measure­
ments showed that considerable diffraction gain 
was obtained on the two paths tested. Table 1 
shows the measured median loss ; the loss as­
suming an ideal, perfectly absorbing, horizontal 
knife-edge; and the estimated annual median 
loss for beyond-the-horizon paths of the same 
length and angular distance. 

TABLE 1 

j\IEASURED VERSUS ESTIMATED MEDIAN Loss 

Measured 
1vledian Loss 

(decibels) 

Estimated Median Loss 

Ideal 
Knife-Edge 

(decibels) 

Beyon<l-the­
Horizon Path 

(decibels) 
-1------1----- ------

Path 1 
Path 2 

210 
204 

188 
189 

252 
258 

It is interesting that path 2, although having a 
greater angular distance (7.8 degrees compared 
with about 6.7 degrees) had a median loss 6 
decibels less than that of path 1. The lower loss 
measured on path 2 was no doubt due to the 
smaller effective radius of the diffracting edge 
on this path. Photographs of the knife-edge 
taken from the air, and the profiles shown in 
Figure 4, confirm that the knife-edge was con­
siderably sharper on path 2 than on path 1. 
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Figure 9-Typical recorder charts for path 2. The 
upper chart was made 011 3 October and the lo\ver 

chart 011 1 October 1962. 

The received carrier on a knife-edge diffraction 
path may be considered to be the result of two 
modes of propagation : diffraction at the knife­
edge, and scatter from a common volume above 
the knife-edge. For a small percentage of the 
time (less than 1 percent) the steady diffraction 
component of the received carrier decreased by 
15 decibels or more, and the recorded carrier 
then had all the characteristics normally associ­
ated with a beyond-the-horizon path. This effect 
is clearly shown in Figure 7, where the top 
trace shows the steady diffraction component 
and the lower trace shows what is believed to 
be the more-variable scatter component. The 
attenuation of the diffraction component rela­
tive to the scatter component may have been 
caused by inverse bending of the radio rays, 
resulting in the point of minimum clearance at 
the Lonquen Range becoming an obstruction 
between the knife-edge and the receiving site. 
Another possible explanation is that an inter­
ference pattern existed between the direct and 
a reflected ray on one of the line-of-sight paths 
from either the transmitter or the receiver to 
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the knife-edge. A rnm1mum of such a pattern 
occurring either at the knife-edge or at the re­
ceiving antenna would reduce the diffraction 
component of the received carrier. 

It is seen from both Figures 7 and 9 that when 
the diffraction component was attenuated, and 
the transmission seemed to be largely by the 
scatter mode, the median path loss was only 
about 15 to 20 decibels greater than the value 
corresponding to the normal diffraction com­
ponent. This relatiYely high level of the scatter 
component on both paths is thought to have 
been attributable to : First, the scattering volume 
was in a turbulent region of the atmosphere 
just above the knife-edge; and second, the alti­
tude was about 20 000 feet and not some 45 000 
feet above sea level as would be the case for a 
beyond-the-horizon path of the same angular 
distance on a smooth earth. Thus, the scatter 
component of the received carrier on knife-edge 
diffraction paths is, in general, likely to be of 
greater amplitude than would be estimated for 
a beyond-the-horizon path of the same angular 
distance on a smooth earth. 

7. Estimated Performance 

In estimating the performance of a wide-band 
radio link crossing the Andes, the results ob­
tained on path 2 (a median loss of 204 decibels 
and a standard deviation of 4 decibels at 891 
megahertz) have been assumed. Assuming a 
transmitter power of 1 kilowatt with 30-foot­
diameter antennas and fourfold diversity, the 
median carrier level will be -69 decibels re­
ferred to 1 milliwatt, giving a median carrier­
to-noise ratio of 32 decibels for a 60-channel 
system, and a propagation reliability (above 
receiver threshold) greater than 99.9 percent. 

8. Conclusion 

Transmission-loss tests were made on two knife­
edge diffraction paths between sites near Santi­
ago in Chile and Mendoza in Argentina. 

Transmission Loss on Two Knife-Edge Paths 

Considerable diffraction gain was obtained on 
both paths. The loss on the path passing over 
the highest and the sharpest part of the knife­
edge was found to be 6 decibels less than that 
measured on the path passing about 1 mile 
south and 2000 feet below the highest point. 

For a small percentage of the time on both 
paths the type of fading recorded was similar 
to that normally obtained on a beyond-the­
horizon or scatter path. This condition occurred 
more frequently on the first path tested than 
on the second and is thought to have been caused 
by a reduction in the amplitude of the diffrac­
tion component, relative to the scatter com­
ponent, of the received carrier. Inverse bending 
of the radio rays, or interference between a 
direct and a reflected ray, would explain this 
reduction. 

The measurements indicated that the scatter 
component of the received carrier was consider­
ably greater than would be estimated for a 
normal scatter path of the same angular dis­
tance. The relatively high level of the scatter 
component is thought to have been due to the 
fact that the scattering volume was just above 
the knife-edge, at an altitude of about 20 000 
feet, and not more than 40 000 feet above the 
earth as would be the case on a beyond-the­
horizon path of the same angular distance. 

Based on the results obtained during the trans­
mission-loss measurements, it is estimated that 
a system of 60 voice channels could be estab­
lished on path 2 having a propagation reliability 
greater than 99.9 percent when using a trans­
mitter power of 1 kilowatt, 30-foot-diameter 
antennas, and fourfold diversity. 
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Number Analyzer, an All-Electronic Route Translator 

J. VAN GOETHEM 
Bell Telephone Manufacturing Company; Antwerp, Belgium 

1. Introduction 

The route translator described in this article has 
been developed to improve the adaptability of 
nodal and district exchanges to modifications of 
the national telephone network and to reduce the 
updating effort involved. 

The translator has been designed around a 
newly developed semipermanent capacitor store 
which contains all relevant network data. 

The equipment is fully electronic and its high 
operating speed makes it capable of handling 
the traffic of any size of exchange. When used 
in an electromechanical switching system with 
"relay logic," special interface circuits are pro­
vided which communicate with the translator 
electronically and \Yith the exchange electro­
mechanically. These circuits, called buffers, can 
handle a rather limited amount of traffic and 
hence their number depends on the calling 
rate of the exchange. 

The number analyzer has been incorporated in 
the ?E-N rotary system as a route translator 
for nodal exchanges and as a class-of-line store 
for local offices. The first route translator was 
installed in the Beverwijk Exchange of The 
Netherlands Posts, Telegraphs, and Telephones 
Administration in December 1965. 

2. Network Layout 

The_ telephone network of The Netherlands is 
star-shaped. and organized on a decimal basis : 
A maximum of 10 terminal exchanges are con­
nected to a nodal exchange and a maximum of 
10 nodal exchanges to a district exchange 
(•Figure 1). 

All terminal exchanges are identified by a 4-
figure prefix called SABC, of which SA iden­
tifies the district exchange, B identifies the 
nodal exchange, and C identifies the terminal 
exchange. 

As an example, when subscriber 2304 of ter­
minal exchange 1652 wants to call subscriber 
841 of terminal exchange 1839, he dials 
0-1839-841. 

The initial 0 indicates to terminal exchange 
1652 of the calling subscriber that an outgoing 
call is being placed (that is, the next 4 figures 
must be treated as a prefix and not as a local 
subscriber's number). 

For an outgoing call all digits (except the initial 
0) are transferred from the terminal exchange 
to its nodal exchange, where the route transla­
tion takes place. 

3. Route Translator Data 

The route translator for a nodal exchange of the 
telephone network of The Netherlands must 
provide for the following information. 
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Figure 1-Star-shaped telephone network. 

ELECTRICAL COMMUNICATION · Volume 42, Number 1 • 1967 91 



Number Analyzer, All-Electronic Route Translator 

(A) The number of digits of the called sub­
scriber. This number allows the digit receiving 
equipment (register) of the exchange to deter­
mine the last digit to be received and hence 
reduces the busy time of the register. 

(B) Position of a second dial tone. If a second 
dial tone must be given, the route translator in­
dicates after which digit this must be done. 

(C) Tax rate indication. 

(D) Control data to steer the subsequent switch­
ing stages and reach the wanted group of 
trunk lines. 

(E) Type of signaling to be used on the trunk 
line. 

(F) .Number of prefix digits to be transferred 
to the distant exchange. 

( G) Indication of an alternative route if any. 

4. Overall System Organization 

Means must be provided to transfer the route 
translator data to any of the registers of the 

REGISTER 
GROUP A 

REGISTER 
GROUP B 

REGISTER 
GROUP K 

BUFFER 1 

1-------=-'!iOI C~~ LJ1 ~~~-E 
SECONDS 

BUFFER 
2 

.BUFFER 
n 

nodal exchange. As these registers are elec­
tromechanical devices using relays for perform­
ing their functions, the time required to take out 
prefix data and store route data ( 84 millisec­
onds) is a large multiple of the time required 
by the actual route translator to supply the 
data associated with a given prefix ( 1 milli­
second). Therefore an adapter circuit has been 
used between the central route translator and 
the register circuits. This device, called a buffer, 
operates with the registers on a relay-speed 
basis and with the route translator on an elec­
tronic-speed basis. Its traffic-handling capacity 
is obviously much smaller than that of the 
translator, and for large exchanges several buf­
fers must be provided. 

Figure 2 represents the basic organization. 

S. Route Translator Organization 

As a prefix of 4 decimal figures (S,A,B,C) 
must be analyzed, the straightforward solution 
would be to use a store with 10 000 addresses 

ROUTE 
TRANSLATOR 
CYCLE TIME 

1 MILLISECOND 

Figure 2-Basic organi­
zation of system. 
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for storing the call data associated with these 
10 000 prefixes (Figure 3). However, in prac­
tice the 4 figures of the prefix are not always 
required to determine the call data. This allows 
the store size to be reduced substantially by us­
ing a more elaborate organization (Figures 4 
and 5). 

In Figure 3, all route data associated with a 
given preiix are stored in a single memory 
address. In Figure 4, on the other hand, the 
store is divided into 4 specialized sections, 
which are addressed in turn by means of the 

ADD RES 

"" [ FIX BY PRE ____. 

PREFIX 

SABC 

0000 
0001 . . . 
9999 

...._ROUTE DATA 
~ 

a= NUMBER OF DIGITS 

a 

b = POSITION OF SECOND 
DIAL TONE 

c = TAX RATE 

d = CONTROL DATA 

STORED DATA 

b c d e f g 

T 
READOUT 

J 
e = TYPE OF SIGNAL! NG 

f= PREFIX DIGITS TO BE 
TRANSFERRED 

g= ALTERNATIVE ROUTE 

Figure 3-Route translator design. 
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d, e, f, g 

READOUT 

RECORDERS 

Figure 4-Address sectors of route translator. 
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prefix to be analyzed at time intervals Tl, T2, 
T3, T4, respectively. The data obtained in the 
readout circuits are transferred consecutively 
via gates to recorders a through g during the 
same time intervals Tl, T2, T3, T4, and hence 
after T4 all route data are available in the 
recorders and can be transmitted to the inter­
rogating equipment. 

The arrangement of Figure 4 avoids interde­
pendence of the access circuits for the different 
data a through g and allows for optimizing the 
design in each section. This is explained as 
follows. 

Let us consider the first store section in •Fig­
ure 4, storing a, the number of digits of the 
called subscriber (Figure 5). 

According to the customer's specification, 
among the 100 possible SA combinations in the 
national telephone network, there are a maxi­
mum of 16 combinations for which the figures 
B and/or C are required for determining a . 
Therefore store section 1 with 100 addresses 

e-r NUMBER OF DIGITS STORE : OR SECTION 
NEW ADDRESS S'.4' 1 

99 

0-r NUMBER OF DIGITS STORE 
'' 001 OR SECTION SA • r ,;, NEW ADDRESS S"A" 2 

@1"00 STORE 

s''A" : NUMBER OF DIGITS SECTION 
3 

239 

READOUT 

NUMBER OF DIGITS 

Figure 5--·"'.\J umber-of-digits section. 
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provides answer a in all but a maxunum of 
16 addresses. For these 16, which may be ran­
domly distributed among the 100, the store 
gives an intermediate answer called "new ad­
dress," which is denoted S'A'. The numbers 
S' A' have the numerical values 00 through 15 
and are used to interrogate store section 2 in 
combination with prefix digit B. This section 
has 160 addresses. The customer specifies that 
of these 160 possible combinations a maximum 
of 24 will require the last digit C for determin­
ing a. Here again 24 randomly distributed ad­
dresses store a new address S" A" (numerical 

rnlues 00 through 23), \Yhich are combined 
with digit C for addressing store section 3. The 
latter has 240 addresses all of which store an a 
\•alue. 

Discrimination between a and a new address is 
made possible by using a different code for both 
data. A code detector tests the store output and 
directs the answer either to the new address or 
to the number-of-digits recorder. 

The program of Figure 5 is repeated for the 
data b, c, and the route data d+e+f+g of Fig­
ure 3, ~Yhich yields the O\'erall arrangement of 
Table 1. 

TABLE 1 

PROGRA.YI OF STORE 

I 
Store Section 

I Read Time Address I Slot 

-----

N111nber of digits 1~ t4 SA 
t8 S'A'B 
t12 S"A"C 

Position of second t16 SA 
dial tone 

Tax rate t20 SA 
t24 S'B 

Route data t28 SA 

94 

t32 SA 
t36 SA 

t40 S'B 
t44 S'B 
t48 S'B 

t52 S"C 
t56 S"C 
t60 S"C 
164 z 
168 z 
t72 z 

Key: 
S', S", A', "1": New addresses 
a: Number of digits 
b: Position of second dial tone 
c: Tax rate 
U, V, W: Selection control data 
V: 2 / 5 code: First selection 

4/5 code: Skip first selection 

Matrix 
Number of 
Addresses 

Bits 1-5 

100 a .t/S; S' 2/5 
160 a 4/5; S" 2/5 
240 a 4/5 

100 b 2/5 

100 c 4/5;S'2/5 
40 c 4/5 

100 e 2/5; 4/5 

100 v 2/5-4/5 
100 z 2/5-4/5; 

S' 2/5 

60 e 2/5 
60 v 2/5-4/5 
60 z 2/5-4/5; 

S" 2/5 

20 e 2/5 
20 v 2/5-4/5 
20 z 2/5-4/5 
10 e 2/5 
10 v 2/5 
10 

TV: 2/5 code: Second selection 
4/5 code: Skip second selection 

U: 2/5 code: Third selection 
4/5 code: Skip third selection 

e: Type of signaling 

Bits 6-10 

a 4/5; A' 2/5 
a 4/5; A" 2/5 
a 4/5 

c 4/5 
c 4/5 

f 2/5 

w 2/5-4/5 
u 2/5-4/5 

f 2/5 
w 2/5-4/5 
u 2/5-4/5 

f 2/5 
W 2/S-4/5 
u 2/5-4/5 
f 2/5 
w 2/5-4/5 
U 2/S-4/5 

f: Prefix digits to be transferred 
'z: 2/5 code: Address of alternative route 

4/5 code: No alternative route exists 

ELECTRICAL COMMUNICATION · Volume 42, Number 1 · 1967 



Reading of the store is under control of clock 
pulses in time slots t4, t8, ... , t72, of Figure 6, 
which sequentially actuate the different address 
sectors. 

Each store address has 10 bits that are coded 
in twice 2-out-of-5 or 4-out-of-5 as shown in 
the Matrix column. For example, for the num­
ber-of-digits section the final answer a is given 
by twice a 4-out-of-5 cocle (maximum of 25 
combinations) and a ne\v address by twice a 
2-out-of-5 code. 

The route data require more than 10 bits for 
storing all information. These data are spread 
over 3 addresses which are read in turn (for 
example, when addressed with SA, respectively, 
on time positions t28, t32, t36) and stored on 
readout bistables. 

Time slot t28 gives the type of signaling e and 
the prefix digits to be transferred f, both in a 
2-out-of-5 code. 

Slot t32 gives two decimal figures V and W for 
controlling the selection to the wanted trunk 
group. They are given in a 2-out-of-5 code ex­
cept when no actual selection stage is provided. 
In this case a figure 11 is given ( 4-out-of-5 
code) indicating to the register that this selec­
tion is to be skipped. 

Slot t36 gives a third decimal figure U for selec­
tion control and a figure Z. \Vhen Z is given in 
a 2-out-of-5 code, this indicates that an alter­
native route is available for which all data can 
be found in aclclress Z of the alternative route 
section (time slots t64, t68, t72). When Z is 

--..j l--10 MICROSECONDS 

t4 ~-------------

40 MICROSECONDS 

tB ~----------

t12_____JL_ _____ _ 

tT2----------
____ _n_ 

Figure 6--Clock pulses. 
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given in a 4-out-of-5 code, no alternative route 
is available. 

When S and A are not sufficient to define the 
route data, a 4-out-of-5 code is given instead 
of e in time slot t28, indicating that the content 
of the first S bits of time slot t36 is to be inter­
preted as a new address S' and not as a Z. 

As explained before, this S' is then combined 
with B for addressing the store in time slots 
t40, t44, t48, which eventually delivers a second 
new address S" for addressing the store in com­
bination with C (time slots t52, t56, t60). 
Finally, the store is addressed with Z if available 
and if the alternative route is required by the 
register to give all the particulars of this route. 

6. The Store Proper 

The actual translator store is a matrix-type 
semipermanent memory with 800 addresses of 
20 bits each, as shown in Figure 7. Each cross­
point of the store may or may not have a 
crosspoint capacitor for determining the binary 
crosspoint value 1 or 0, respectively. 

The data associated with each address are de­
termined by the capacitor pattern on the corre­
sponding row of the store. 

Physically the store is built up of 40 subrnatrices 
(2 stacks oi 20) having 20 addresses o[ 20 bits. 

I 
800 

ADDRESSE 

l 
s 

* 

* 

* * * * 
* * * 
* * * * 

* * * 
,,._SUBADDRESS--- --suBADDRESs-... 

1 2 

Figure 7~Capacitor matrix. The absence of a 
capacitor at a crosspoint gives a 0 output. 
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One of them is shown in Figure 8 (top view) 
and Figure 9 (bottom view) ; it is a printed­
wiring board carrying 20 column conductors on 

Figure 8-Top view of submatrix. 

F igure 9-Bottom view of submatrix. 

the top. Close to them are square electrodes 
which are through-connected to the row con­
ductors at the bottom. The actual crosspoint 
area consists of half a square and the corre­
sponding part of the column conductor next to 
it, as indicated by the dark square in row 7 from 
top and column 7 from left in Figure 8. The 
top of the submatrix is covered by an insulating 
layer of lacquer. A capacitor crosspoint cou­
pling is made by placing an isolated electrode 
in the position of the dark square; this consti­
tutes a capacitor between row and electrode 
on one side and betv;een electrode and column 
on the other side. The effective coupling be-

0 t ~ .t .4 S 1J «-, 8 S IO 

l•fhluu!.,.,, ,,,,J.,ngm.!11 111 •'.'if Wh'l'L111,,J ,,, ,hn111111 ,,!, I'll! !.u hH!' 
~ y·¢.X·'~~: .... -;.-.·.,-~v.y......_....; ... <··•,-,.-,.y __ ,..,.v.<·;..,v ; v:<-:•:• _ _,.,.,,. .. ,_,.,.,.-.,.~ 

I 

I 

I 

Figure 10- Code strips and coupling electrodes. 
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tween row and column is 3.5 picofarads mean 
value. 

The coupling electrodes are mounted in plastic 
code strips according to the code to be stored 
(Figure 10). They can be easily removed and 
inserted when data must be changed. After 
coding, the code strips are slipped into channels 
on top of the submatrix boards. Figure 11 shows 
the complete store with all 800 strips inserted. 

Words of 10 bits were chosen for the number 
analyzer. Therefore each row of the store con­
tains 2 addresses of 10 bits, called subaddresses 
1 and 2, respectively, and one of which is chosen 
under control of the address information. 

7 . Address and Readout Arrangement 

For reading the capacitor code on a given ad­
dress, the read signal of Figure 12B is applied 

Figure 11- Front view of complete store. 

Number Analyzer, All-Electronic Route Translator 

A 

B 

c 

D 

I• READING TIME •I 
10 MI CRO-

-----., SECONDS .... ,---

: ACCESS GATES I 
OPEN I 

~ 
1 READ SIG NAL i I 
I ----,tt1.5 MICROSECONDS 

I I I ACTIVE PAR T 

I u 
CURRENT OUTPUT 1 
IN MARKED COLUMN 

t 
RESET BY GENERAL 

RESET PULSE 

t 
SET BY 

c 
BISTABLE AT OU TPUT 
OF READ AM PLI Fl ER 

Figure 12-Read cycle of capacitor store. 
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ADDRESS DATA S' 

i 
A' 

01456 
23679 

B 

i ,---.. -+--10_,,. 

,+b. --U9 * 
HO 

READ ~tB 
PULSE 

GENERATOR ' 

* * 

* 

* * 

Figure 13-Principle of 
access gating for 160 
S' A' B combinations of the 
number-of-digits section. 

r RECOR DER 1 J [RECORDER 2 J 

A'=0,1,4,5,6~1 ~'2 ,_ 

to the wanted row by means of an access gat­
ing network which is opened during 10 micro­
seconds (Figure 12A). 

The active part of this read waveform is the 
linearly falling section at the end of the 10-
microsecond access time. It produces a constant 
current in all columns ,,;hich are coupled to the 
interrogated row and leaves the others sub­
stantially currentless (Figure 12C). Hence 
the capacitor code is converted into a current 
code in the column \Vires. 

A -2,3, 
6,7,9 

[RECOR DER 3 . 

The access gating network is a diode-resistor 
arrangement mounted on the submatrices as 
illustrated by Figure 8. 

The gating principle is shown in Figure 13. 

The access to the 160 S'A'B addresses of the 
number-of-digits section of the matrix is repre­
sented. For instance_, when the row correspond­
ing to S' = 1, A'= 0, and B = 9 is to be ad­
dressed, access gates Hl, TO, and U9 are opened 
together with column selection gate Cl. Hence 
the read pulse gets to row 109 during time 
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HUNDREDS TENS GATES UNITS GATES 
. GATES s !4, t 16, t20 A t4, t!6, !20, t28, 

!28, t32, t36 t32, t36 
A' tB B t8, t24, t40, 

s' tB A" t/2 t44, t48 

!4, tB, •• • , tT2 s" t12 s' t24, t40, t44, t4B c t!2,t52, !56,!60 

Figure 14-Access to the 
route translator. 

READ 
PULSE 

GENERATOR 

interval t8. All 20 bits of this row are inter­
rogated but only the first 10 are sent to recorder 
3, where the answer is made available. As indi­
cated, the 10 figures A' are rearranged into 5 
groups of 2 for driving the five T gates and in 
2 groups of 5 for driving gates Cl and C2, re­
spectively. 

The overall addressing network is given by 
Figure 14. 

s" t52, t56, t60 z t64,t68,t'?2 

50 ROWS OF 

10 
20 BITS 

80 

120 

b 
il6 50 

t20 50 J c 

t24 20 

t28 50 

t32 50 

d 
[36 50 + 

e 
t40 30 + 

f 
t44 30 + 

t48 30 
g 

t52 10 

t56 10 

t60 10 

t64 10" 

t68 10• 

!72 10* 

*ONLY THE FIRST 10 BITS OF THESE ROWS ARE USED 

The addressing data S,A,B,C,S 1,A 1,S",A",Z are 
conditioned with the timing pulses written be­
hind them. For example, at the first interroga­
tion time slot ( t4), A is connected to the units 
gates and S to the tens gates for interrogating 
one of the 100 SA addresses of the number-of­
digits section of Figure 6. 

In a further stage (for example, at time slot 
t52) the address data S",C are connected to the 
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I I I 
t 4n I t 4n+1 t 4n+2 t 4n+3 I t 4n+4 t 4n+5 t 4n+6 t 4n+7 t 4n+B I 

I I I I I I 
I ADDRESS I I ADDRESS I I ADDRESS I 

~~--.I ::A~ ~l~~~--~~~--~~---;j ::A~ -,~~~--~~~---~~---1 ::A~,-~~-

1 I I I I I 
I I I I I I 
I I I I I I 

DATA STORED IN RECORDERS 
1 AND 2 (FIGURE 13) 

I I 
RESET 

DATA STORED IN RECORDER 3 
(FIGURE13) 
I I 

DATA STORED IN RECORDERS 
1 AND 2 (FIGURE 13) 

I I 
I I 
I I 

.------.I I 
DATA STORED IN RECORDER 3 

(Fl G URE 13) 

t RESET 

I 
I 
I 

I I 
I I 
I I 
I I 
I I 

Figure 15-Timing of route tramlator. 

tens and units gates, respectively, for interrogat­
ing one of the 20 S"C addresses of the route­
data section of 'Figure 6. 

The readout equipment of the capacitor store 
consists of a sensitive current amplifier per 
column wire for detecting the 1 current in the 
columns which are capacitively coupled to the 
interrogated row. The main characteristics of 
this amplifier are (A) a low input impedance 
to permit short transient times, and (B) a 
stabilized gain to permit the elimination of noise 
by a fixed threshold after amplification. 

A resistance-capacitance-coupled amplifier is 
used with a common-base input stag·e and nega­
tive feedback. 

The read clata are stored on bistables which are 
triggered by the signals exceeding the threshold 
of the amplifiers. These bistables are reset to 0 
before each successive reading by means of a 
general reset pulse (Figure 12D). 

The actual timing of the read operations is 
shown in Figure 15. Each time the route trans­
lator is engaged, a pulse generator is started 
which generates a series of % timing pulses of 
IO-microsecond width. The store is addressed at 
each fourth time slot ( t4, t8, t12, . .. ,t72). The 

data read out are displayed by recorder 3 (Fig­
ure 13) during the 3 time slots ( t4n + 2, t4n + 3, 
t4n + 4 following the readout time slot t4n. 

8. Transcoding and Display of Read Data 

For uniformity and ease of code checking, 2-out­
of-5 and 4-out-of-5 codes are used throughout 
the store. However, the information to be de­
liYered to the telephone registers must be 
adapted to the requirements of these circuits. 
Therefore transcoding is required before the 
data can be sent out. This is achieved by the 
"answer processing unit," part of which 1s 
shown in Figure 16. 

The data delivered by recorder 3 ( 10 bits) are 
first analyzed by the code detector, which finds 
out the code used (2-out-of-5 or 4-out-of-5). 
Combining the result with the time slot of oc­
currence determines whether the data are a 
"new address" or a final answer. For example 
(referring to Figure 6), in time slots t6 and tl 0 
a 2/5 code means a "new address" whereas in 
time slot t30 ( e and f) it means a final answer. 
Gate G2 represents also the transcoding of the 
answer into a code adapted to the telephone 
register. The data a,b,c,d,e,f,g are sent to the 
buffer circuit in time slot t89. 
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TIME SLOT 
GENERATOR 

TO ACCESS 

TO BUFFER 

COD):: 
DETECTOR 
2/5 'oR 4/5 

RECORDER 3 

FINAL ANSWER 

Figure 16-Transcoding and display. 

9. Start of the Route Translator-The 
Buffer Scanner 

g 

As shown in Figure 2, the route translator is 
common for all buffer circuits. Each buffer 
has a test point to which a calling potential is 
applied whenever the buffer needs the route 
translator. A buffer scanner in the answer proc­
essing unit scans these test points continuously 
at a rate of 1 per 10 microseconds until it finds 
a "calling potential." It then stops, connects 
the addressing and answering wires of the call­
ing buffer to the route translator, and starts the 
route translator operation by triggering the time 
slot generator. After one complete cycle (96 
time slots of 10 microseconds) the route trans­
lator is restored to rest and the buffer scanner 
continues searching for a calling buffer. 

10. Buffer Circuit 

As explained previously, the buffer circuit is 
used to adapt the "low" operation speed of the 
electromechanical telephone registers to the 
"high" speed of the route translator to use it 
efficiently. The buffer circuit performs the fol­
lowing functions. 

Number Analyzer, All-Electronic Route Translator 

,,.. ___ 29 ___ 84 MILLI s E3C20 ND s ----2-2----i•I 

2 3 4 

Figure 17-Timing in buffer circuit in milliseconds. 

1. Connection of telephone register to bu ff er by opera­
tion of connecting relay in register. 
2. Interrogation of route translator and storage of 
answer. 
3. Sending of answer to telephone register where it is 
stored on relays. 
4. Release of connecting relay in telephone register. 

(A) It scans the test points of the telephone 
registers and detects and identifies those waiting 
for prefix translation. This function is per­
formed by the register scanner of each buffer. 

(B) It establishes a signaling path to such a 
"calling" register (by operating a connecting 
relay in the register circuit) and receives the 
prefix to be analyzed. 

(C) It calls for route translation service, ad­
dresses the route translator by the received 
prefix, and stores the answer at the end of the 
translator cycle. 

(D) It sends the answer to the telephone regis­
ter during a time sufficient to operate a set of 
recorder relays. 

(E) It releases the signaling path to the 
telephone register. 

The timing scheme of the buffer 1s given by 
Figure 17. 

11. Reliability 

To ensure service continuity in case of a com­
ponent failure, duplicate equipment is used in 
accordance with Figure 18. 

The telephone registers are arranged in groups 
A, B, . .. , N, each comprising 60 circuits. Each 
group is served by 2 buffers. For example, each 
of the A registers has access to buffer al and 
buffer a2 by having a scanning point in register 
scanner al and register scanner a2. The actual 
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central equipment consisting of the route trans­
lator and the address and answer processing 
unit is duplicated. Each buffer circuit has access 
to both of them by having a scanning point in 
both buffer scanners. 

The register scanners serving the same register 
group are mutually exclusive, which avoids 
double testing of a calling telephone register. 
For the same purpose, electronic suppression of 
the calling potential is used in the buffer scan­
ner as soon as it has been detected. 

11.1 CODES AND CODE CHECKS 

Redundant codes are used throughout the equip­
ment to enable fault detection and localization. 

The following checks are provided (see Figure 
18). 

TELEPHONE REGISTER 
REGISTERS SCANNERS BUFFERS 

GROUP 
A 

GROUP 
B 

GROUP 
N 

01 
Co4 

02 
Cb4 

bf 
Co4 

b2 
Cb4 

n 1 .------1---1-
Ca4 

Cb4 

L-------------, 

(A) Address data sent to route translator 
(Cal, Cbl). 

(B) Answer delivered by route translator 
(Ca2, Cb2). 

(C) Answer after transcoding in answer proc­
essing unit (Ca3, Cb3). 

(D) Answer as sent to telephone register 
(Ca4, Cb4). 

The results of the first 3 checks are transferred 
to the buffer together with the actual answer. 
The buffer then compares the check results to 
determine whether a fault is due to its own 
equipment or to the central part. In the first 
case it blocks itself, while in the second no 
action is taken. With one of two associated 
buffers out of order, the grade of service of the 
60 telephone registers involved is decreased 
but can be accepted during the time required to 

BUFFER 
SCANNER 

1 

~ ADDRESS 
AND ANSWER 

~ 
PROCESSING 

UNIT 1 

/ 
r"' 
I 
I 
I 
I 
I 
I 
I 
I 

-
\[221/ 

\ I 
\ I 
\ I 
\ I 

ROUTE 
TRANS­
LATOR 

1 

\'MANUAL 
\CROSSOVER 

I \ 
I \ 
I \ 
I \ 
I \ 
I \ 

'- \ 
ADDRESS 

AND ANSWER v-----i PROCESSING.._ ___ .......,. 

~ UNIT2 ~ 

ROUTE 
TRANS­
LATOR 

2 

~ ~ 

ROUTINE TEST CIRCUIT 

Figure 18-Block diagram of number analyzer. 
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clear the fault. A fault in the central part 1s 
treated by the routine test circuit. 

11.2 ROUTINE TESTS 

The central part of the number analyzer is per­
manently supervised by an automatic electronic 
routine test circuit, which acts as a buffer circuit 
and therefore has a scanning point in buff er 
scanners 1 and 2. As it runs continuously, any 
fault in the central equipment is almost im­
mediately detected and the faulty unit taken 
out of service. With half of the central part out 
of order, the grade of service is not affected 
because the remaining part is capable of han­
dling all the traffic. 

The routine test circuit also has a scanning 
point in the register scanners for completing 
the tests on the buffer circuit. When in the buf­
fer testing phase, it simulates a telephone 
register and checks those parts not covered by 
check Ca4 or Cb4. 

11.3 MAINTENANCE FACILITIES 

To ease fault tracing, the more significant 
bistables are provided with a visual indicator 
enabling their position to be read and deduc­
tions to be made without requiring measuring 
equipment. 

Figure 19- All parts are mounted on plug-in cards, 
and Minibell type paraplate modules are used. 

Number Analyzer, All-Electronic Route Translator 

A manual crossover may be arranged between 
the route translators and the address and answer 
processing units to increase equipment flexi­
bility during servicing. 

12. Equipment Practice 

The International Standard Equipment Prac­
tice * has been used throughout. All parts are 

* F . Beerbaum, J. Evans, and F. Leyssens, "Standard 
Equipment Practice for ITT Europe," Elec trical Com­
munication, volume 39, number 2, pages 199- 211; 1964. 

Figure 20- Front view of complete route translator. 
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mounted on plug-in cards of the standard-prac­
tice size, 176.5 X 160 millimeters (7.0 X 6.3 
inches). For the logic building blocks, paraplate 
modules of the Minibell * type are used as can 
be seen in Figure 19. 

Figure 20 is a front view of a route translator 
capable of serving 120 telephone registers. It 
contains 3 bays and is 3105 X 1800 X 265 milli­
meters ( 122 X 71 X 10.4 inches) in overall size. 
For each additional 60 registers, half a bay is 
required. * Standard of Bell Telephone Manufacturing Com­

pany. 

104 

J. Van Goethem was born in Antwerp, Bel­
gium, in 1925. He studied at the University of 
Ghent, graduating as an electrical engineer in 
1949. After military service, he joined the Bell 
Telephone Manufacturing Company in 1950 as 
a development engineer in the telephone switch­
ing laboratory and has been primarily involved 
in the development of semielectronic and fully 
electronic telephone switching systems. 
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Portable 7-Gigahertz Radio System for 
Multichannel Telephony 

E. P. REYGAERTS 
P. G. DEBOIS 
Bell Telephone Manufacturing Company; Antwerp, Belgium 

1. Introduction 

The use of transistors and the modular con­
struction of radio- and intermediate-frequency 
circuits has led to a new generation of all-solid­
state small-capacity radio link equipments, first 
introduced in the 6-gigahertz auxiliary radio 
link [1]. This earlier equipment met somewhat 
less severe requirements than the 7 -gigahertz 
independent radio link described here. 

Although both equipments offer high reliabil­
ity, low power consumption, and carry the same 
message loads, the ?-gigahertz system has a 
higher output power so that it can use smaller 
antennas, has better suppression of spurious 
signals for a tighter frequency plan, better noise 
performance, and its own service channel. 

The BFM24-7000 is intended to provide short­
haul facilities (A) in difficult geographic situa­
tions, ( B) where wire line facilities would prove 
uneconomical, ( C) where open wire requires re­
placement or is difficult to maintain, ( D) where 
existing cable routes are being exhausted, and 
(E) as spurs leading from heavy-traffic micro­
wave systems. 

Both systems are designed to transmit up to 24 
channels while meeting noise performance of 
-59 decibels relative 1 milliwatt referred to a 
point of zero relative level, psophometrically 
weighted, over 6 hops covering approximately 
300 kilometers ( 180 miles) . 

Reliability is obtained by using highly derated 
silicon planar epitaxial transistors and diodes, 
tantalum capacitors, and carbon film resistors. 

Only 30 watts are necessary for· a receiver­
transmitter combination. A standby battery will 
normally operate the system for more than 24 
hours in the event of failure of mains power. 
Mains and battery are connected in parallel, so 
that automatic switching occurs and .there is no 
interruption of service. Operation on battery 

alone is also possible. The supplementary order 
wire or service channel has a power consump­
tion of 5 watts. 

Simplicity and compactness have been empha­
sized in the design. Maintenance procedures as 
well as installation cost have been held to a 
minimum consistent with equipment require­
ments. Antennas for this band together with 
supporting structures are commercially avail­
able at low cost., 

The equipment can be used at temperatures 
from -20 to +55 degrees Celsius. Various ap­
plications are possible, such as on unattended 
stations in mountains or as relays in a pole-line 
system. 

2. General Description 

2.1 RADIO EQUIPMENT 

The radio-frequency equipment uses direct mod­
ulation (without translation to an intermediate 
frequency), and the signal is demodulated at 
each repeater to provide access to the baseband. 

Direct phase modulation is used to satisfy the 
stringent requirements of frequency stability ob­
tained with quartz-crystal-controlled oscillators. 

The high order of ~uccessive frequency multi­
plication also allows for noncritical tuning of 
the linear modulator, as deviation at the modu­
lating frequency is only 1/256 of final deviation. 

2.2 TECHNICAL CHARACTERISTICS 

Frequency Range: 7125-7425 megahertz with 
extension to 8400 megahertz. 

Frequency Plan: Depends on cou~1try or per 
Recommendation 385 of the International.Radio 
Consultative Committee. Channel spacing = 7 
megahertz. 
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Frequency Spacing: 161- or 175-megahertz 
spacing between transmitter and receiver of 
same channel. 

Adjacent Channels: 14-megahertz spacing be­
tween channels on the same antenna. 

Transmitted Power: Minimum transmitted 
power is + 17 decibels referred to 1 milliwatt. 

Transmitter Frequency Stability: ±5 X 10-6 

with an accuracy of ±2 X 10-5 or ±1 x 10-s 
(for all causes including tolerances). 

Minimum Receiver Input (Threshold*): -90 
decibels referred to 1 milliwatt. 

Receive Noise Figure: 12 decibels maximum. 

Fading Margin: 35 decibels. 

Intermediate-Frequency Center Frequency: 35 
megahertz. 

Number of Channels: Up to 24 channels are 
available. 

Baseband Width: 6-108 kilohertz. 

Baseband Level Input: -45 ( +0, -3) decibels 
referred to the level at the 2-wire point of origin. 

Baseband Level Output: -15 ( -0, +3) deci­
bels referred to the level at the 2-wire point of 
origin. 

Baseband Impedance: 75 ohms unbalanced or 
150 ohms balanced. 

Pre-emphasis and De-emphasis: 3 decibels per 
octave. 

MaximumHopsin Tandem: 10. 

Ambient Temperature: -20 to +55 degrees 
Celsius for full performance. 

System Figuret: 145.5 decibels. 

* Threshold is defined as the super-high-frequency re­
ceiver input level at which the baseband output varies 
by 0.5 decibel. 
tThe system figure is defined as the sum (in decibels) 
of (A) the weighted signal-to-noise ratio in a tele­
phone channel and (B) the attenuation between trans­
mitter output and receiver input. 

3. Design of Typical Hop 

The expected performance of a hop may be 
computed for the equipment on the following 
assumptions. 

Path loss for 50 kilometers at center of 
frequency band (decibels) 144 

Loss at antenna connections ( 4 decibels), 
both sides (decibels) 8 

Total loss (decibels) 152 

Minimum transmitter power ( 50 milli­
watts) (decibels referred to 1 milliwatt) + 17 

Gain of antenna ( 40 decibels) for 6-foot 
diameter, both sides (decibels) 80 

Overall planning net loss (decibels) 72 

Receiver carrier power (decibels referred 
to 1 milliwatt) -55 

Fading margin (decibels) 35 

Figure 1 represents these values and shows the 
equivalent repeater gain of 72 decibels. 

4. Transmitter Chain (Figure 2) 

4.1 OSCILLATOR AND MODULATOR CIRCUITS 

The basic frequency of the crystal oscillator is 
between 28 and 29 megahertz. The crystal is 
mounted in a temperature-controlled oven to 
maintain the required stability of ±5 X 10-6 • A 
series-tuned circuit, in series with the crystal, 
allows an adjustment of the frequency with a 
tolerance of ±1 X 10-s [2]. The oscillator con­
sists of a transistor connected in common-base 
configuration, with the crystal in the feedback 
circuit between collector and emitter. 

The collector circuit of the oscillator is di­
rectly modulated with the order-wire signals 
( 300 to 3400 hertz), giving accessibility in this 
way independently of the multiplex equipment. 

The baseband signal, amplified by the trans­
mitter baseband amplifier mounted on the mod­
ulator board, is given a pre-emphasis charac­
teristic of 3 decibels per octave. 
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The oscillator is separated from the modulator 
circuit by a common-emitter common-base cas­
cade isolating amplifier. 

Phase modulation by the baseband signal occurs 
at the carrier fundamental frequency (28-29 
megahertz) . This direct phase modulation is 
obtained in a tuned circuit with a Q of about 
20, the center frequency of which is varied by 
applying the modulating signal to a semicon­
ductor diode, acting as a voltage-controlled 
capacitor. 

The deviation 1s 1/256 radian root-mean­
square at a baseband of 100 kilohertz. The fre­
quency of the phase-modulated signal is then 
multiplied by 2, and finally the signal is ampli­
fied and limited to a nominal level of 50 milli­
watts at the output of the modulator. 

PATH LOSS FOR 
50 Kl LOM ETERS 

EQUIVALENT 
REPEATER GAIN 
(72 DECIBELS) 

FADING MARGIN 
(35 DECIBELS) 

FREQUENCY­
-~- MODULATION 

THRESHOLD 

----EQUIVALENT 
/ NOISE INPUT ____ _, 

4.2 MULTIPLIER CHAIN 

4.2.1 Active or Transistor Part 

The modulated carrier is multiplied by 4 and 
amplified to an output level of approximately 2 
watts at 225 megahertz. This amplifier uses 
three 2N3137 and one 2N3553 transistors for 
the final output stage. Heat sinks are used. 

4.2.2 Passive or Varactor Part 

The first varactor frequency changer multiplies 
the input frequency by 4 with a typical conver­
sion loss of 3 decibels. This circuit is built on 
stripline and uses one idler circuit at the second 
harmonic of the input frequency. 

About 1 watt at approximately 900 megahertz 
is delivered to the final multiplier or octupler, 
using a coaxial input and a waveguide output. 
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The coaxial band-pass input filter and the 
matching circuits, as well as the idler circuits 
at the second and fourth harmonics, have a 
conversion loss of typically 7 to 8 decibels (loss 
of output filter not included) . The output power 
variation of the whole chain for the extreme 
temperature range is typically less than 2 
decibels. 

4.3 TRAKSMITTER WAVEGUIDE FILTER AND 

ANTENNA CONNECTION 

The 3-section direct-coupled waveguide filter is 
of the minimum-insertion-loss type. The 3-deci­
bel bandwidth of the transmitter filter is 20 
megahertz (see Figure 3) . Special care in 
manufacturing permits low insertion loss to be 
achieved. 
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Figure 2-Block diagram of transmitter and receiver. 
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As direct-coupled filters have spurious pass 
bands, any need for better spurious suppres­
sion can be met with a broad-band interdigital 
filter [3]. A broad-band waveguide-to-coaxial 
connector transition is available for simple di­
rect connection to the antenna structure. 

A circulator can also be mounted on the equip­
ment, permitting common antenna operation 
for both transmitter and receiver. 

5. Receiver Chain (figure 2) 

5.1 GENERAL 

The selectivity of the receiver and its noise fig­
ure determine the threshold. The selectivity is 
a compromise between the minimum bandwidth 
of the spectrum to be transmitted and the super­
high-frequency channel spacing. To keep the 
distortion within limits with a 4-pole filter, the 
3-decibel intermediate-frequency bandwidth 
must be at least 1.32 megahertz. However, in 
some countries (for example Germany) the 
frequency plan is specified with a 0.5-megahertz 
channel spacing. The perturbing signal 0.5 
megahertz from the wanted signal must be at­
tenuated by 30 decibels, 1 megahertz away by 
10 decibels, and 2 megahertz away may be at 
the same level. 

en. 
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Figure 3-Insertion loss of waveguide filters as a 
function of bandwidth. 
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5.2 SUPER-HIGH-FREQUENCY PARTS 

(Figure 4) 

The preselector is a 3-cavity direct-coupled 
fixed-tuned band-pass filter. It prevents local­
oscillator radiation and provides an image-fre­
quency attenuation of at least 60 decibels. 

Since the 3-decibel bandwidth is half that of the 
transmitter (typically 8 to 9 megahertz), this 
highly selective filter is made of invar to reduce 
detuning effects with temperature. 

The balanced mixer, using the local-oscillator 
frequency, converts the super-high-frequency 
input signal to an intermediate frequency of 35 
megahertz. Matched-pair diodes realize a noise 
figure of 8 to 9 decibels. The balanced structure 
of the waveguide mixer reduces the amplitude­
modulated noise contribution of the local-oscil­
lator chain in the noise figure and provides a 30-
decibel-minimum isolation of the local-oscillator 
frequency into the waveguide. Local-oscillator 
radiation at the antenna connector is further re­
duced by at least 30 decibels in the preselector. 

A low-noise intermediate-frequency preampli­
fier that has a broad-band ( 6-megahertz) gain 
of 20 decibels is part of the structure of the 
mixer unit. 

5.3 LocAL-OscILLATOR CHAIN 

The local-oscillator chain is similar to the trans­
mitter chain, except for the omission of modula­
tion and for the levels encountered. The 500-
milliwatt output of the transistor stages gives 
about 5 milliwatts at the local-oscillator input to 
the mixer. A fixed attenuator of 6 decibels is 
inserted at the output of the final odupler to 
provide isolation between the hmltiplier chain 
and the mixer. 

5.4 INTERMEDIATE-FREQUENCY CHAIN 

The intermediate-frequency main amplifier is 
preceded by a filter which substantially deter­
mines the selectivity of the receiver. 
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This filter consists of 4 synchronously tuned 
capacitively coupled circuits with a 3-decibel 
bandwidth of 1.8 megahertz, with a typical in­
sertion loss of 4 decibels. The total intermedi­
ate-frequency bandwidth at 3 decibels down is 
reduced to 1.5 megahertz by the selectivity of 
the main intermediate-frequency amplifier. 

This amplifier is realized with 5 cascade cir­
cuits, synchronously tuned (common-emitter 
common-base configuration). Since this con­
figuration has the property of good isolation 

between output and input, it permits easy tun­
ing and good stability [ 4]. 

An automatic-gain-control circuit varies the 
gain of the amplifier and also delivers a voltage 
for alarm indication. 

5.5 DEMODULATOR AND BASEBAND AMPLIFIER 

The demodulator board includes two amplifier­
limiter stages, the discriminator, and the de­
emphasis circuit. 
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The limiting is realized with 2 tuned amplifier 
stages, the output collector circuit being shunted 
by two diodes. These silicon diodes are mounted 
with opposite polarity, so that limiting is at 
±0.7 volt approximately. 

For linearity, the balanced discriminator has a 
peak separation deviation of 8 megahertz. 

The demodulated signal is passed through a 
de-emphasis network with a characteristic iden­
tical to the pre-emphasis 3-decibel-per-octave 
curve. The two 3-decibel-per-octave characteris­
tics compensate for the 6 decibels per octave 
resulting from the demodulation of a phase­
modulated signal by a frequency discriminator. 

The baseband signal is then amplified to obtain 
the nominal level at interconnection point with 
the multiplex equipment. This baseband-ampli­
fier board consists of a series of attenuator pads 
to permit adjustment of the output level in 
steps of 0.5 decibel, and a 3-stage resistance­
capacitance-coupled amplifier with resistance 
feedback. 

6. Auxiliary Circuits 

6.1 SERVICE CHANNEL 

The service channel arrangement allows con­
versation between stations on a party-line basis. 
A 2-wire connection is available for a remote 
telephone set or a 4-wire connection for 
measuring transmission. In-band signaling is 
used at 1600 hertz. 

The speech channel can be limited to 2400 
hertz, so that remote-control and signaling in­
formation can be transmitted. If one hop hap­
pens to be interrupted, the service channel is 
kept operative on the intact hops. 

6.2 POWER SUPPLY AND METERING CIRCUITS 

The power supply can be connected to mains, to 
battery, or to both. For mains connection, volt­
age variations of -15 to + 10 percent are ac­
ceptable within the frequency range of 47 to 
63 hertz. For battery applications, inputs be-

Portable 7-Gigahertz Radio System for Telephony 

tween 21.5 and 29 volts can be tolerated by 
the series regulator. 

A selector knob, associated with a built-in 
meter, allows the operation of the most im­
portant stages of the transmitter and the re­
ceiver to be checked, thus simplifying main­
tenance. 

6.3 ALARM CIRCUITS 

Visual indications of transmitter or receiYer fail­
ure are monitored with alarm lamps mounted 
on the front panel of the power supply. The 
transmitter alarm is actuated when the super­
high-frequency output power falls 3 decibels 
below normal level. The receiver alarm is actu­
ated when the super-high-frequency input leYel 
falls below a predetermined level above the 
threshold. 

This alarm may also be combined with pilot 
oscillator or detector alarm, if necessary. Ex­
ternal contacts for local or remote indication are 
provided. 

6.4 PILOT 

A continuity pilot at 116 or 119 kilohertz is 
optional. Baseband filters with pilot band-stop 
or band-pass characteristics are available for 
various system applications. 

7. Mechanical Considerations 

The modular approach has led to complete 
standardization of circuit boards in plug-in 
shielded molded boxes. These boxes have the 
following features. 

(A) Radio-frequency shielding is greater than 
80 decibels. 

(B) Both sides of the printed-circuit board 
are easily accessible without special tools. 

(C) They follow the standard equipment prac­
tice for ITT Europe [ 5] . 

Interchangeable plug-in units and built-in 
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meter and metering circuits implify mainte­
nance. Repairs can be done in a central work 
shop. 

Two ver ions of the equipment are available. 

(A ) Figure 5 shows the subrack version for 
bay mounting. complete transmitter-receiver 
with standby, order wire, and changeover equip­
ment can be mounted with its multiplex equip­
ment for 24 channel in a bay 2000 millimeters 
( 79 inches) high, 220 millimeters ( 8.6 inches) 
deep, and 600 millimeters (23.6 inches) wide. 

(B) Figure 6 shows the portable version in 
a hermetic waterproof box with a total weight 
of 20 kilograms ( 45 pounds) . It has external 
super-high-frequency coaxial connections as 
well as alarm and order-wire extensions. This 
version can be used, for example, when the 
radio equipment can be mounted near the an­
tenna structure while the multiplex equipment 
is installed some distance away. 

8 . Typical Performance and 
Measured Data 

Figure 7 show a typical result of a system per­
formance measurement, the signal-to-noise ratio 
in a telephone channel as a function of the 
uper-high-frequency path attenuation. The sys­

tem figure at the highe t modulating channel 

Figure 5-Subrack version of the BFM24-7000. 

(108-kilohertz slot ) is 1-1-5 decibel. This value 
is 147 decibels at 70 kilohertz and 153 decibels 
at 15 kilohertz. The increase of the system 
figure with decreasing modulating frequency is 
due to the modulation improvement factor. 

Figure 8 hO\vs the influence of a perturbing 
super-high-frequency signal, modulated with 
white noi e in the ba eband 6-108 kilohertz, on 
the signal-to-noise ratio in a telephone channel 
at the normal received super-high-frequency 
signal. Measurements have been made at normal 
path attenuation of 60 decibels. A signal-to­
noise ratio of less than 50 decibels, psophomet­
rically weio-hted, wa considered to be a per­
turbation. 

9 . Conclusion 

A compact all-solid-state small-capacity radio 
link in the 7-gigahertz range has been demon­
strated to satisfy very stringent requirements for 
independent use by public or private networks. 

This equipment also sati fies the national re­
quirements in Germany of January 1966 (FTZ 
529-Rl-2925) and makes it possible to achieve 
parallel hops with a frequency separation of 2 
megahertz. An attenuation of 10 decibels, ob­
tained with different polarizations, permit op­
eration at a separation of 1 megahertz. 

Figure 6-The BFM24-7000 mounted in a 
portable cabinet. 
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Railway Cable with High Screening Properties 

A. Ramb¢1 
Standard Telefon og Kabelfabrik A/S; Oslo, Norway 

L. Saxegaard 
Norwegian State Railways 

1. Introduction 

Whenever an alternating current runs in an elon­
gated loop parallel ·with ground, a voltage is 
induced in parallel metallic structures such as 
buried cables.· The greater the distance between 
the go and return currents of the primary loop, 
the greater the induced voltage. Dangerous 
voltages can occur in buried telephone cables 
when an electrical earth fault develops in a 
nearby power transmission line. If the power 
transmission system operates with an earthed 
neutral, the short-circuit current can become 
high enough to damage the telephone cables. If 
in addition the earth conductivity is low, dan­
gerous voltages can be induced eYen in cables 
buried at considerable distances from the power 
line. 

In Norway, where long power transmission 
lines run along the valleys from remote hydro­
electric stations and the ground conductivity 
is very low, voltages induced in telecommuni­
cation cables presented a problem that could 
be solved economically only by the use of alumi­
num-sheathed steel-tape armored telephone 
cables. 

A similar problem arises when railways are 
electrified by single-phase alternating current 
with return through the rails and the ground. 
In this case the induced voltage is rarely high 
enough to endanger the cable or the operators. 
On the other hand, harmonics in the traction 
current may cause unacceptable interference on 
parallel telephone cables. 

To reduce this effect the Norwegian State Rail­
ways (NS B) normally installs booster trans­
formers. These reduce the spread of the return 
current and increase the rail current from SO to 
60 percent of the current in the catenary to 
95 to 99 percent. This considerably reduces the 
voltage induced in cables installed some dis­
tance from the railway track, but does not have 
so great an effect on cables laid directly along 
the track. The railway-owned telephone and 

signaling cables are normally placed on the 
rigbt-of-way because the railway must serve 
way stations along the line. Using normal lead­
covered steel-tape-armored cables having vir­
tually no screening effect at these low induced 
voltages, the described installation practice in­
volving booster transformers gave induced volt­
ages of the order of 1.4 to 2.3 volts per 100 
ampere-kilometers of catenary current. The in­
duced voltage was found to be in accordance 
with the following equation, which is valid for 
distances between 2 and 5 meters ( 6.5 and 16.4 
feet). 

e = 3.6/D (1) 

where 

e = induced voltage per 100 ampere­
kilometers 

D = horizontal distance between the middle 
of the track and the cable in meters. 

This was considered acceptable for the then 
relatively short cable systems belonging to Nor­
wegian State Railways. 

When the Norwegian Telecommunication Ad­
ministration (NT A) in one instance in 1949 
had to share the trench with Norwegian State 
Railways along the railway track, the induced 
voltages caused some operational difficulties for 
the former. The matter was then investigated 
more thoroughly, and it was found both by theo­
retical calculations and by experiments that the 
induced voltage would fall steeply with increas­
ing horizontal distance for the first 12 meters 
( 40 feet) . Beyond 12 meters the induced volt­
age would remain practically constant, as shown 
in Figure 1. Hence it was agreed that whenever 
these two administrations had to share a trench, 
the distance between the middle of the rails and 
the cable would be 12 meters if possible. After 
this technique was adopted, the induced voltage 
was reduced to the order of 0.2 volt per 100 
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ampere-kilometers. This value was approxi­
mately halved when ordinary aluminum­
sheathed steel-tape-armored cables were intro­
duced. 

2. Electrification of Oslo-Bergen Railway 

The Oslo-Bergen railway is one of the main 
lines connecting the two largest cities in Nor­
way. It runs for a total of 492 kilometers (306 
miles) through valleys in the eastern part, 
across the mountain plateau at altitudes up to 
1301 meters ( 4269 feet), and then along the 
fjords in the western part. It is well known for 
beautiful scenery. For 15 percent of the distance 
it runs through tunnels or snow screens as 
shown in Figure 2. A map of the line is shown 
in Figure 3. 

When this line was about to be electrified, the 
following problems arose. 

(A) The terrain was very rugged, making it 
impossible on many stretches to dig a trench at 
least 12 meters from the center of the track. 

(B) The highest part of the route (Haugast¢1 to 
Myrdal) had to be electrified without booster 
transformers. Regular inspection and repair of 
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Figure 1-Induced voltage e per 100 ampere-kilometers 
as a function of distance D from middle of track 
(experimental results from southwest Norway on a 

stretch with booster transformers). 

tunnels and snow screens are necessary on this 
stretch. To do this without clanger the voltage 
must be switched off. To reduce the influence on 
traffic, a bypass feeder line had to be built some 
distance from the track and this precluded the 
use of booster transformers. 

(C) The ground conductivity was extremely 
low, as shown in Table 1. 

TABLE 1 

GROUKD CONDUCTIVITY ALO:-!G THE 
OsLo-BERGEx RAILWAY 

Typirnl rocky country 
H¢nefoss-Gulsvik I 
Gulsvik-Nesbyen 1· 

Go!-U staoset 

Conductivity 
in Electro­
magnetic 

Units 

2 x 10--14 
2 x 10:-15 

1 x 10-15 

4 x 10-1• 

Resistivity 
inOhm­
Meters 

500 
5 000 

10000 
2 500 

On the sections Oslo-Roa and H¢nefoss-Nes­
byen-Gol, ordinary aluminum-sheathed steel­
tape-armorecl cables were installed where pos­
sible 12 meters from the center of the track. 
:\feasured induced voltages on these sections 
are given in Table 2. 

TABLE 2 

INDUCED VOLTAGES, OsLo-GoL* 

I 
Distance I Induced 

Cable Between Voltage per Cable and 
Section Length in Center of · 100 Ampere-

Kilometers Track in Kilometers 
(Miles) Meters of Catenary 

(Feet) Current 

Oslo-Roa 58.5 (36.4) 12 ( 40) 0.065 
H¢nefoss- 89.4 (55.6) 12 ( 40)t 0.184 

Nesbyen 
Nesbyen-Gol 14.4 ( 8.9) 12 ( 40) 0.128 

* With booster transformers. 
t Long portions have cable only 2.5 meters (8.2 
feet) from center of track. 

From Gol westward to Uppsete the cable had to 
be installed directly alongside the track for 
reasons already explained. It was necessary to 
develop a special cable for this section that had 
considerably improved screening properties at 
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Figure 2-Train emerging from snow screen. 
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Figure 3-Map of Oslo-Bergen railway between Oslo and Voss. 
Altitude is shown for the part between Gulsvik and Voss. 
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very low induced voltages. This article describes 
the development of this cable and the results 
obtained. 

On the section from Uppsete to Voss, where 
booster transformers are installed and the 
cable could be placed approximately 12 meters 
from the track, ordinary aluminum-sheathed 
cables with soft-steel armor are used. The in­
duced voltage on this stretch is 0.184 volt per 
100 ampere-kilometers. From Voss to Bergen 
a 30-year-old heavily sheathed lead-covered 
cable is used and is located close to the track. 
The induced voltage here is tolerable ( 1.29 
volts per 100 ampere-kilometers). 

3. Development of Cable 

3.1 THEORETICAL STUDIES 

The Norwegian State Railways asked Stand­
ard Telefon og Kabelfabrik to study the prob­
lem of designing a cable that at 16i hertz had 
a screening factor better than 0.3 with induced 
voltage of only 2 volts per kilometer. The com­
pany had no aluminum press available at that 
time and only theoretical studies could be 
carried out. 

Four alternative solutions were studied. 

Alternative 1 used no armor. The idea was to 
provide the cable with an aluminum sheath thick 
enough to reduce the direct-current resistance 
Ro to a level that gives the required screening 
factor. 

Alternative 2 used ordinary steel-tape armor, 
and the aluminum sheath was made just thick 
enough to meet the screening requirement. 

Alternative 3 used an ordinary lead sheath of 
standard thickness and an armor of ARMCO 
type M-6W oriented electrical steel tape 12 
mils thick. 

Alternative 4 was made the same way as alter­
native 3, except the lead sheath was replaced 
by an aluminum sheath of standard thickness. 

Two different cable sizes (27-quad and 37-quad 
trunk cables with 1.2-millimeter (0.05-inch) 
conductors) were designed in accordance with 
the 4 alternatives. Table 3 compares the dimen­
sions for the 27-quad cable with a normal lead­
sheathed steel-tape-armored cable (alternative 
0). Alternative 4 offers the smallest and light­
est cable, which is also the most economical with 
regard to the cost of the protective material. 

Screening-factor curves for alternatives 1 and 2 
are relatively easy to calculate, as the magnetic 
properties of the soit-steel tape used on these 
cables are known. These two alternatives have 
been tailored to just meet the specified screening 
requirements. The screening-factor curves for 
these two alternatives (as well as for alternative 
0) are shown in •Figure 4. For the special steel 
tapes used in alternatives 3 and 4, it was ex­
tremely difficult to obtain information of the 
kind necessary to calculate screening-factor 
curves. However, from the information available 
it appeared that for both of these alternatives the 
screening factors should be substantially better 
than those for alternatives 1 and 2. Even more 
important in this case was that the minima 
of the screening-factor curves would appear at a 
lower induced voltage. 
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Figure 4-Calculated screening-factor curves of alter­
natives 0, 1, and 2 for 1.2-millimeter 27-quad cable at 

16~ hertz. Refer to Table 3. 
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3.2 PRODUCTION OF SA:\ULES 

As soon as a sample delivery of steel tape type 
M-6W arrived, a length of cable corresponding 
to alternative 3 was armored and the screening 
factor measured. At this time aluminum­
sheathed cables were not yet available. The steel 
tape received had a width of 50.8 millimeters (2 
inches) and was applied to a cable having an 
average diameter of 37 millimeters (1.46 
inches). The gap was approximately SO percent 
and the lay angle approximately 40 degrees. 

It is seen from Figure 5 that the measured 
screening factor did not meet the required value 
at the induced voltage of 2 volts per kilometer. 

Railway Cable with High Screening Properties 

The following samples were armored by hand 
as soon as aluminum-sheathed cables became 
available. 

(A) 2 X 37 X 0.8-millimeter (0.08 X 1.46 X 

0.03-inch) soft-steel tape, gap 40 percent. 

(B) 2 X 50.8 x0.305-millimeter (0.08 X 2 X 

0.012-inch) M-6W steel tape, gap 40 percent. 

(C) 1 X 37 X 0.8-millimeter (0.04 X 1.46 X 

0.03-inch) soft-steel tape, gap 40 percent, plus 
1 X 50.8 X 0.305-millimeter (0.04 X 2 X 0.012-
inch) M-6W steel tape, gap 4 percent. 

Measured screening-factor curves on these 
samples are shown in Figure 6. The screening 
factors on samples (B) and (C) satisfy the 

TABLE 3 

COMPARISON OF 27-QUAD CABLES 

Alternative 

0 1 I 2 3 4 

Sheath: 
Material Lead Aluminum Aluminum Lead Aluminum 
Thickness in milli- 2.3 (0.09) 3.9 (0.15) 2.35 (0.09) 2.3 (0.09) 1.2 (0.05) 

meters (inches) 

Inner corrosion pro-
tection: 

Material Crepe paper Polyvinyl Polyvinyl chlo- Crepe paper Polyvinyl chlo-
chloride ride plus crepe ride plus crepe 

paper paper 
Dimensions in milli- 4X0.4 1.3 (0.05) 0.9 (0.035) plus 4X0.4 Same as for al-

meters (inches) (0.16X0.016) 2X0.4 (0.16X0.016) ternative 2 
(0.08X0.016) 

Armor: 
Material Normal steel - Normal steel Special steel Special steel tape 

tape tape tape 
Dimensions in milli- 2X37X0.8 - 2X37X0.5 2X37X0.3 Same as for al-

meters (inches) (0.08X 1.46 (0.08X 1.46 (0.08X1.46 ternative 3 
X0.03) X0.02) X0.01) 

Outer corrosion protec-
tion: 

Material Jute - Jute Jute Jute 
Thickness in milli- 2.0 (0.08) - 2.0 (0.08) 2.0 (0.08) 2.0 (0.08) 

meters (inches) 

Outside diameter in 43.8 (1. 72) 38.4 (1.51) 42.5 (1.67) 41.8 (1.65) 39.4 ( 1.55) 
millimeters (inches) 

Conductor diameter in 1.2 (0.05) 1.2 (0.05) 1.2 (0.05) 1.2 (0.05) 1.2 (0.05) 
millimeters (inches) 

Core diameter in milli- 28.0 (1.10) 28.0 (1.10) 28.0 ( 1.10) 28.0 ( 1.10) 28.0 (1.10) 
meters (inches) 
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customer's requirement with sufficient margin. 
By the middle of 1959, we therefore felt that 
development had progressed far enough to 
enable us to offer cables with the required 
screening factor to the customer. 

3.3 CORROSION PROTECTION AND 

EARTHING PROBLEMS 

In this section, the screening factor has been 
measured under the assumption that the in­
stalled cable is earthed either continuously or 
at both ends with negligible earthing resistance. 
This is normally the case when lead-covered 
steel-tape-armored cable is buried in reasonably 
moist ground, because the compound jute layers 
are soaked with moisture after a short while. 
In the case of an aluminum-sheathed cable, the 
aluminum sheath itself is insulated from earth 
by a plastic sheath to protect it against corro­
sion. The normal practice in Norway is to con­
nect the aluminum sheath to the steel-tape 
armor at every cable joint and use the armor 
as an earthing electrode. 

In some cases, as in this one, it was deemed 
necessary to give the armor improved corro­
sion protection. The special steel tape (only 0.3 
millimeter thick) was of vital importance to the 
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Figure 5-Measured screening-factor curve of alterna­
tive 3 for 1.2-millimeter 27-quad cable at 16~ hertz. 

functioning of the cable, and tests in the labora­
tory showed that the insulating layer of Carlite 
already on the tape gave very little protection 
against corrosion. It was therefore decided to 
cover the steel-tape armor with a double lap­
ping of plastic tape in addition to the com­
pound jute layers. The problem then arose of 
how to obtain a sufficiently low earthing re­
sistance of the cable without reducing its 
screening properties too much. 

\iVhen the earthing resistance becomes large 
compared with the impedance per unit length 
of the cable protection, the screening factor is 
increased (screening effect reduced) by an 
amount called the "earthing penalty." 

This is given by 

where 

t::..rk = earthing penalty 
r k = nominal screening factor as measured 

on cable samples 
l = length of exposed cable 

'Y = propagation constant for the circuit 
cable sheath and earth. 

For values of -yl > 3, equation (2) can be 
simplified to 

0.34 
0.32 

oc 0.30 
0 0.28 f-
0 
<l: 

0.26 
"- 0.24 
~ 0.22 
z 0.20 
~ 0.18 
oc 
(.) 

Ul 

0.16 
0.14 
0.12 
0.10 

(3) 

~ 
~ 

ho.. BJ 
~ J_ 

I'- J_ 

~ f K'S 'I V" IL 
~ ~ L ~ ~ t:L 

................. / ~ k'.:_ z 
r-

2 4 6 8 2 4 6 8 2 
10 100 

INDUCED VOLTAGE IN VOLTS PER KILOMETER 

Figure 6-Measured screening-factor curves on hand­
made samples of 1.2-millimeter 27-quad cable at 16~ 

hertz. Refer to Section 3.2. 
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As in this kind of circmt the susceptance wC 
normally is small compared with the conduct­
ance G, the propagation constant 'Y can be 
simplified to 

'Y = (G)72· (R + jwL)Y2. (4) 

As the screening factor rk is given by 

Ro 
rk = R + jwL (SI 

(Ro being the direct-current resistance of the 
cable sheath), (3) can be further simplified to 

flrk = (l - rk) i ( l:c )72
• (6) 

In Figure 7 the earthing penalty Ar10 is shown 
as a function of r1c for different values of the 
conductance G per kilometer between cable pro­
tection and earth. The scale for Ark is drawn 
as a function of the length of exposure. 

If. for instance, an exposure length of 40 kilo­
meters (25 miles) permits an earthing penalty 

Railway Cable with High Screening Properties 

of 0.1 on a nominal screening factor of 0.15, we 
find from Figure 7 that the conductance G must 
not be much lower than 0.03 mho per kilometer. 
The problem then was how to obtain this 
conductance when the cable was buried along­
side the rails. 

If the cable was earthed at every joint (cable 
length = 434 meters ( 1424 feet) ) the necessary 
conductance would be obtained if the earthing 
resistance was less than approximately 77 ohms. 
We found that this would be obtained if a 3.0-
millimeter (0.12-inch) copper wire was run 
along the cable in the trench and connected to 
the cable sheath and armor at every cable 
joint. This arrangement would be satisfactory 
even if the earth resistivity was as high as 
10 000 ohm-meters. 

4. Production of Cable 

To improve the protection against induced 50-
hertz voltages from nearby overhead power 

f-----+----t---+---+---1r---+---+---t------t----j 0.09 

Figure 7-Earthing pen­
alty L\r, as a function of 
screening factor r., with 
average conductance G 
and exposure length l as 
parameters. See equation 
(6). (Ro= 0.24 ohm per 

kilometer.) 

LENGTH OF 
EXPOSURE IN 
KILOMETERS 
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transmission lines, sample (C) in Figure 6 was 
chosen. This introduced the problem of running 
the steel-tape head in the armoring machine 
with one heavy pad of 0.8-millimeter soft steel 
tape and a much lighter pad of 0.305-milli­
meter tape of M-6W steel. This was solved by 
adding an average counterweight to the light 
tape. 

The corrosion protection for the steel tapes con­
sisted of: a layer of impregnated crepe paper, 
two separate layers of polyethylene tape, a layer 
of jute yarn, and finally whitewash. Asphalt 
compound was used between all layers. This re­
quired in the beginning that the armoring be 
done in two operations. Later, the armoring 
machine was modified to carry out the whole 
process in one operation. 

The special steel tape was rather brittle and 
subject to cracks along its edges. Some was so 
brittle that it could not be used. Jointing by spot 
welding could easily be done after the insulating 
layer was removed. 

The screening factor was measured on a number 
of cables from each order to make sure that re­
quirements were met. Variations from sample 
to sample could be caused by uneven aluminum 
thickness, varying gap width in the armor, 
and inconsistent quality of the steel tapes. Vary­
ing the gap width, which also implies varying 
the angle between the tape and the axis of the 

cable, had a marked effect on the screening 
factor. 

Table 4 summarizes the executed orders of this 
special type of cable. Figures 8 through 10 show 
the spread of screening-factor curves measured 
as production control. 

5. Installation and Test 

In 1960-61 the electrification of the line con­
tinued from Hjilnefoss to Al, and tests were 
carried out in October 1962 in mild and humid 
weather. Results of these tests for the sections 
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0.321!>.~-__..jl----+--+-+--+--+---t--t---t-i, 

0.3017/X 7 
g;. 0.28 f,."L<.,:L_,.~_;..,.M---l--1--+-+----t--+--+--'17! 

t; 0.26~ .....-.: ]'i 
;:': 0.24 ~/,?}.. ~ ~ 
~0.22 ~/#~h'.2# 
20.20 ~ 
~ 0.181---+---l-+++----+--=t---+-+-; 
~ 0.161----+----11---+--+-+---t----t---r-i-i 
(f) o.14 L-----l----11--4---+--+---+--+--+-+-t 

o.121----+----11--4---+--+---+--+--t--t--1 
O.I Ol---21--_...J41--....16__J8'--4--~2---':-4--!:-6 -8-=--t 

10 100 

IN DU CED VOLTAGE IN VOL TS PER Kl LO METER 

Figure 8-Production-control screening-factor curves 
for 1.2-millimeter 19-quad cables at 16t hertz (1.1-
millimeter aluminum sheath). Normal variations (gap 

approximately 45 percent). Refer to Table 4. 

TABLE 4 

EXECUTED ORDERS 

I 
Length of Conductor Total Length Number Screening-Production in Kilometers of Cable Each Cable Number Diameter in Railway Section Factor Year (Miles) Lengths in Meters of Quads Millimeters Curves (Feet) (Inches) 

1960 51.0 (31.7) 118 434 (1424) 19 1.2 ( 0.05) Gol-Geilo Figure 8 
1960-61 51.5 ( 32.0) 237 218 ( 715) 27 1.2 (0.05) Geilo-Finse Figure 9 

1962 34.4 (21.4) 158 218 (715) 27 1.2 (0.05) Finse-M H<lal Figure 9 
1963 7.0 ( 4.3) 32 218 (715) 27 1.2 (0.05) Myrdal- tJ ppsete I Figure 9 
1963 8.9 (5.5) 21 434 (1424) 12 1.2 (0.05) Myrdal-Voss I Figure 10 
1963 2.5 ( 1.6) 5 500 (1641) 4 1.2 (0.05) Power Station* Figure 10 

-~ -----· -·- ! 

Total 
I 

155.3 (96.5) 571 
I i i 

* Supplied to the Power Board for installation at a nearby power station. 

122 ELECTRICAL COMMUNICATION · Volume 42, Number I · 1967 



H16nefoss-Nesbyen-Gol are given in Table 2. 
On these stretches, ordinary aluminum-sheathed 
steel-tape armored cables were installed 12 
meters from the middle of the track where pos­
sible. On the last 29.9-kilometer ( 18.6-mile) 
section Gol-AJ, however, the specially armored 
cable was installed only 2.3 meters (7.5 feet) 
from the center of the track. Tests on this sec­
tion gave 0.419 volt induced in the cable core 
per 100 ampere-kilometers of catenary current 
with the booster transformers in operation. 

In December 1963 the electrification was ex­
tended (with booster transformers) from Al to 
Geilo and U staoset. On this 36.46-kilometer 
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Figure 9-Production-control screening-factor curves 
for 1.2-millimcter 27-quad cables at 165 hertz (1.3-

millimeter aluminum sheath). Refer to Table 4. 
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(22.66-mile) section, the special cable was laid 
2.3 meters ( 7 .5 ieet) from the middle of the 
track. (About i was of 19-quad cable and the 
remainder of 27-quad cable.) Results of the 
field tests are shown in Table 5. 

Figure 11 shows that the effective screening 
factor for this section lies well between the 
measured screening-factor curves for 19-quad 
and 27 -quad cables. The earthing penalty on 
this section has not been significant. 

The last section (Haugast¢1-Voss) of the rail­
way was completed in NoYember 1964. ·when 
the final tests and measurements took place at 
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Figure 10-Production-control screening-factor curves 
at 16! hertz. A = 1.2-millimeter 12-quad cable with 
LO-millimeter aluminum sheath. B = 1.2-millimeter 4-
quad cable with 0.9-millimeter aluminum sheath. Refer 

to Table 4. 

TABLE 5 

INDUCED VOLTAGES, AL-USTAOSET 

Theoretical Induced 
Measured Induced 

Catenary Current Voltage in Volts Measured Induced Voltage per 100 Effective Screening 
in Amperes per Kilometer* Voltage in Volts Ampere-Kilometers of Factor 

Catenary Current 

60 1.27 9.5 0.326 0.205 
100 2.11 14.0 0.385 0.182 
150 3.16 19.5 0.358 0.169 
200 4.22 24.5 0.336 0.159 
250 I 5.27 30.0 

I 
0.329 0.154 

300 
I 

6.33 35.0 0.320 0.152 

*Calculated on the basis of (A) 7 .25 meters (23. 79 feet) between catenary and cable, (B) 2.4 7 meters (8.10 
feet) between middle of track and cable, ( C) soil resistivity of 5000 ohm-meters ascertained by measure­
ment, and (D) rail return current of 98.9 percent of the catenary current. 
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the end of November 1964, it was found prac­
tical to measure the section Geilo-Haugast¢1, 
which includes a part (Geilo-Ustaoset) of the 
section Al-Ustaoset measured earlier. On this 
22.13-kilometer ( 13.75-mile) section, as shown 
in Table 6, values deviating less than 5 percent 
from the earlier measured values were found. 
On this section, a 27-quad cable and booster 
transformers were installed. 

The 60.3-kilometer ( 37 .5-mile) section Hauga­
stjlll-M yrdal is of special interest, as booster 
transformers on this section had to be omitted. 
The inducing current was in this case supplied 
to the catcnary or the bypass line at Haugast¢1 
and a connection to the rails arranged at Myrdal. 
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Figure 11-Curve A is the effective screening factor 
between Al and Ustaoset. B and C are the factory 
measured screening-factor curves for 19-quad and 

27-quad cables, respectively. 

A measuring circuit was arranged between 
Geilo and Uppsete (see Figure 3). This means 
that the measuring circuit extended 23 kilo­
meters to the east and 6 kilometers to the west 
of the exposed section. A 27-quad cable was in­
stalled on this section. Results obtained when 
feeding through the catenary are given in 
Table 7. 

It had been estimated that in this case (with­
out booster transformers) the rail current 
would be 63 percent of the catenary current. 
Measurements during the test showed that it 
was actually 65 percent of catenary current. 
The induced voltage had been estimated to be 

Catenary 
Current in 
Amperes 

46.4 
64.4 
94.4 

102.5 
149 
185 
198.5 
243 
254 
298 
302 
355 

TABLE 1 

Inducing 
Current in 
Ampcre-

Kilumeters 

2 800 
3 880 
5 690 
6 180 
8 990 

11 180 
11 990 
14 6i0 
15 320 
17 980 
18 220 
21 400 

Measured 
Induced 

Voltage in 
Volts 

15.8 
20.0 
26.8 
29.4 
42.0 
54.0 
59.0 
76.0 
82.0 
99.5 
99.5 

120.0 

Measured 
Induced 

Voltage per 
100 Ampere­
Kilometers of 

Cate nary 
Current 

0.564 
0.515 
0.471 
0.475 
0.467 
0.484 
0.493 
0.518 
0.535 
0.553 
0.545 

. 0.560 

TABLE 6 

INDUCED VOLTAGES, GF.ILO-HAUGAST¢L 

Catenary Current 
in Amperes 

46 
92 

144 
198 
246 
301 

Theoretical Induced 
Voltage in Volts 
per Kilometer* 

0.962 
1.920 
3.010 
4.140 
5.150 
6.300 

* Calculated on the same basis as in Table 5. 

124 

Measured Induced 
Voltage in Volts 

4.8 
8.3 

12.0 
15.7 
19.0 
22.2 

Measured [rn.luced 
Voltage per 100 

Ampere-Kilometers of 
Catenary Current 

0.462 
0.407 
0.376 
0.358 
0.350 
0.334 

Effective Screening 
Factor 

0.225 
0.194 
0.180 
0.171 
0.167 
0.159 

ELECTRICAL COMMUNICATION • Volume 42, Number 1 1967 



0.62 volt per 100 ampere-kilometers. The meas­
ured values were therefore well below the ex­
pected values. 

Result of the measurement when the current 
wa sent through the bypass line are of minor 
interest and will not be given in detail. In this 
case the measured rail current was 29 percent 
against the estimated 23 percent and the induced 
voltage varied between 0.353 volt and 0.25 
volt per 100 ampere-kilometers, against the esti­
mated value of 0.28 volt per 100 ampere-kilo­
meters. 

The last section (Myrdal-Voss) is of minor 
interest, as the cable here lies 12 meters from 
the center of the track with the exception of the 
5 .3-kilometer ( 3 .3-mile ) Gra vahalsen tunnel 
near Myrdal. 

6. Summary and Conclusion 

As a rough idea of the induced voltages to be 
expected for the different installation tech­
niques, the average figures obtained on the 
Oslo-Bergen railway and other electrified lines 
in Norway are given in Table 8. 

On the Oslo-Bergen railway line, the Nor­
wegian State Railways required that the induced 
voltage on the 60.3-kilometer ( 37.5-mile ) sec­
tion between Haugast.¢1 and Myrdal (without 
booster transformers ) should be less than 100 
volts when 300 amperes were supplied either 

TABLE 8 

I~DUCED VOLTAGES I N VOLTS PER 
100 AMPERE-KILOMETERS 

With Boo ter Without Booster 
Transformers fransfo rmers 

Type of Cable 
12 l 2 

M ete rs In the Meters ln the 
from Ballas t from Ballast 
Track Track 

---------
Lead-covered stee l- 0.2 2.0 J.3 2.8 

t ape armored 
Aluminum-sheathed 0.1 1.0 1.6 l.4 

steel-ta pe a rmored 
pecia l 0.35 0.5 
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through the catenary or through the bypass 
line. As can be seen from Table 7, this require­
ment was just met. As the screening factor of 
the special cable in the relevant range is nearly 
3 times better than the screening factor of nor­
mal cable (cable having an ordinary steel-tape 
armor and an aluminum sheath), the require­
ment could not have been met with an ordinary 
cable. If it had been possible to install booster 
transformers on this section, normal cable in­
stalled 12 meters from the center of the track 
would have met the requirement. The extra cost 
in this case would have been approximately 
$5000 per kilometer, against a moderate increase 
in cable price clue to the special armor used. 

There was insufficient time to carry out a short­
circuit test on this line, but it was estimated that 
under short-circuit conditions the voltages in­
duced in the cable would not exceed 500 volts. 

Figure 12- Plowing the cable into the ballast of the 
railway line. 
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As these cables are tested with 2000 volts be­
tween the conductors and the sheath for 2 
minutes, no cable breakdown need be feared 
because of induced voltages. On the 73-kilo­
meter ( 45-mile) section between Gol and Hau­
gast.¢1 (where booster transformers were in­
stalled), the alternative solution would have 
been to install an ordinary cable 12 meters from 
the center of the track at an extra cost of ap­
proximately $4000 per kilometer. The laying of 
the cable close to the track was very economical, 
as a plow was available that dug the trench and 
laid and covered the cable in one operation. 
This equipment is shown in Figure 12. The 
development of this cable, therefore, on these 
two sections reduced the electrification cost by 
approximately $600 000. 

However, the solution using a specially armored 
cable in the ballast is not acceptable where the 
Norwegian Telecommunication Administration 
and the Norwegian State Railways share the 

Arve Ramb¢1 was born in Eidskog, Norway, 
in 1919. He graduated from the Technical Uni­
versity of Norway in Trondheim in 1945. After 
a short period of study in England he joined the 
Norwegian Defence Research Establishment in 
1946. Except for one year of study in the 
United States he worked in this establishment 
until 1954, mainly on antennas and radio wave 
propagation. 

Mr. Ramb.¢1 joined Standard Telefon og Kabel­
fabrik in 1954 as head of the technical depart-

trench, as on the stretch H.¢nefoss-Gol. The 
degree of screening would not be sufficient to 
meet requirements of the International Tele­
graph and Telephone Consultative Committee 
for long-distance trunk cable systems. From Gol 
westward, however, the Norwegian Telecom­
munication Administration cable system was al­
ready completed when the electrification started. 
The cables run on the opposite side of the valley, 
or at any rate at some distance from the railway 
between Gol and Haugast.¢1. At Haugast.¢1 the 
two routes part completely, the telecommunica­
tion cables following the road to Eidfjord in 
Hardanger (see Figure 3) . 
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Magnetic Thin-Film Memory Having Low Access Currents 

A. JUDEINSTEIN 
J.M. TYSZKA 
Laboratoire Central de Telecommunications; Paris, France 

1. Introduction 

The evolution of digital circuit techniques is 
conditioned by the ever-increasing need for 
high-speed systems. In the competition between 
the different techniques of random-access mem­
ories, magnetic thin-film memories have easily 
won first place in speed performance. At present 
their access time is limited only by the asso­
ciated electronic circuits, whereas for the other 
types (except perhaps the semiconductor mem­
ories, which are limited at present to systems 
having very low capacity) the work cycle is 
lengthened by the response time of the memory 
element itself. Even though the speed differ­
ences are tending to diminish, the other proc­
esses could, at most, approach but not surpass 
the speed of the magnetic thin-film memory. 

If we consider the economic aspect of the prob­
lem, the cost of a memory unit can be broken 
down into two main elements : the cost of the 
storing medium itself, and the cost of the asso­
ciated electronics. 

The magnetic thin-film memory planes are po­
tentially the least expensive type of memory 
element. They are produced by a few simple 
technological operations carried out with high 
efficiency. Their production and test permit a 
high degree of automation. 

The electronic circuits for a coordinate-access 
memory are generally less costly than those for 
a linear-selection memory. However, if the 
power necessary to control the memory can be 
reduced to be compatible with the use of mono­
lithic integrated circuits, the economy of these 
circuits should more than make up for the in­
creased cost of linear selection. This is why 
work has been undertaken to reduce input 
power sufficiently to ensure this compatibility. 
Note, however, that the access currents have 
not been reduced to the extreme limit of the 
possibilities. Two experimental models of 
medium capacity ( 104 to 105 bits), developed 
during this study, are described. 

2. Technical Description of the Models 

2.1 GENERAL 

Our development program has been marked by 
three successive models of planar magnetic thin­
film memories. The first one, of small capacity, 
(103 bits in 64 words of 16 digits), has been 
described previously [ 1]. It used planes evapo­
rated on glass substrates. 

The second and third models took advantage of 
the great progress in evaporation of films on 
metal substrates. The second model, which had 
about 104 bits ( 256 words of 36 digits), was 
initially intended to test, on a reduced scale, 
the elements of the third model ( 1024 words of 
36 digits), and is now used as a test apparatus 
for the planes. The two memories, actually elec­
trically identical, have been constructed on dif­
ferent mechanical frames. 

2.2 MEMORY PLANES 

The two newer models use the same type of 
memory planes. Their mechanical and magnetic 
characteristics follow. 

Substrate is of oxygen-free high-conductivity 
copper. Its dimensions are 50 by SO by 4 milli­
meters (2 by 2 by 0.16 inches). 

Magnetic film is a continuous Permalloy film 
evaporated on an underlayer of silicon monox­
ide and protected by silicon monoxide. It is 
380 angstrom units thick. 

Anisotropy field HK is 2.2 ±0.2 oersteds. 

Coercive field Ha is typically 3 oersteds. 

M agnefostriction is practically zero, as the 
composition of the deposited alloy is controlled 
to better than ±0.1 percent. 

Skew of the easy axis with respect to the edge 
of the plate -2° .-<::. f3 .-<::. 2°. 

Dispersion a 90 :::::: 2 degrees. 

The metal substrate provides excellent mechani­
cal precision; tighter coupling between the mag­
netic film and the access conductors, leading to a 
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saving in access current; reduction in the alter­
nating-current components of the leakage fields 
of the conductors, which permits an increase in 
the density; and reduction in the characteristic 
impedance of the lines and hence of the power 
requirements. 

2.3 AccEss CONDUCTORS 

The access to the elementary memory cells is 
obtained by means of two printed-circuit con­
ductor networks at right angles to each other. 
The study of the di tribution of the magnetic 
fields and the necessity of bringing the word 
current to a level compatible with the use of 
integrated driving circuits ha led to the follow­
ing characteristics of both networks. 

The word (control) network of conductors is 
parallel to the easy magnetizing axis of the 
film. The conductors are 0.25 millimeter (0.01 
inch) wide and 0.017 millimeter (0.0007 inch ) 
thick. The pitch is 0.6 millimeter ( 0.02 inch). 
The distance to the magnetic film is 0.006 
millimeter (0.0002 inch). There are 72 lines 
( 64 plus 8 pares ) per memory plane. 

The digit (information and sen ing) network 
of conductors i perpendicular to the easy 
magnetizing axis of the film. The conductors are 
0.75 millimeter (0.03 inch) wide and 0.035 
millimeter (0.0014 inch ) thick. The pitch is 1.25 
millimeters (0.05 inch). The di tance to the 
magnetic film is 0.05 millimeter (0.002 inch ) . 
There are 36 lines per memory plane. 

Since the magnetic film is continuous, a memory 
cell is bounded only by the access conductors. 
It corresponds, in a first approximation, to 
their cro sing urface. The den ity is of 133 
cro spoints per square centimeter (858 per 
square inch ) , and 2 cross points per bit are used 
to eliminate the stray ignal of the readout 
induced by the capacitance coupling with the 
word conductor. 

The access conductors are held by a rigid 
mechanical frame pierced with holes in which 
the memory planes are placed. Figure 1 shows 

the network of access conductors which appear 
at the bottom of each hole. The planes are 
electrically connected to the framework by 
peripheral contacts and pressed against the con­
ductors by a pres ure spring. The metal sub­
strate erves as a common ground return, and 
the acces conductors thus form transmis ion 
lines of the microstrip type. 

The propagation peed along these lines is 
greater than 1010 centimeters per second, which, 
for the density adopted, gives a delay in the 
direction of the digit lines of about 5 X 10-12 

second per word. 

2.4 AccEss ELECTRO res 

Figure 2 hows the general organization of the 
access circuits of the two models [ 1]. 

The same conductors are used to send the infor­
mation to the memory and to receive the sen e 

Figure 1-N etwork of acce s conductors. 
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signals. Therefore a 6-winding balanced trans­
former is used to separate these two functions, 
and the memory is divided into two subassem­
blies driven in parallel. The rejection of the 
stray signal induced by the information current 
is higher than 50 decibels without any adjust­
ment of the elements. 

Three groups of circuits are shown. 

(A) A clock supplying 4 elementary timing 
signals, each corresponding to the execution of 
1 operation of the work cycle. 

(B) An address decoding system composed of 
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a register, two predecoders, and a final matrix 
that contains as many transistors as there are 
word lines. The final matrix is placed right on 
the framework of the memory matrix. 

(C) Information loops made up of a linear sense 
amplifier, a gate isolating the actual sense signal 
from the stray writing signals, one of the 
bistables of the output register, logic circuits, 
and a generator supplying the bipolar informa­

tion current. 

All the digital circuits use discrete components 
in ultra-fast diode-transistor logic ( DT L). 

MEMORY MATRIX 
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Figure 2-0rganization of memory. 
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2.5 OUTPUT CHARACTERISTICS 

For the structure described, Figure 3A shows 
a typical output characteristic of the memory 
cell 

and Figure 3B shows 

Co=f(l;) 

where 

e0 = amplitude of the output signal 
! 0 =control (word) current 
Ii = information (digit) current. 

The latter characteristic is measured without 
disturbances and also after 10" disturbances hy 
the simultaneous action of inverted digit current 
and neighboring word current. 

It is seen that fully satisfactory operation is 
obtained with ! 0 = 200 milliamperes and Ii= 40 
milliamperes, which represent the values adopted 
for the models. 

Figure 3 also shows that even for Ji = 120 milli­
amperes and ! 0 = 250 milliamperes, no serious 
creeping phenomenon occurs. The use of low­
impedance transmission lines further decreases 
the power required. The word lines are 
grounded at the ends, and the induced voltage 
on the inductance of the line during the rising 
edge of the current has a low amplitude and 
duration ( 30 microvolts per centimeter for a 
current of 200 milliamperes with a rise time 
of 15 nanoseconds) . 

The power values are now low enough to be 
compatible with monolithic integrated circuits 
for all access circuits. The standard circuits novY 
available are capable of fulfilling most of the 
functions, and only two special types of inte­
grated circuits would be necessary: the address 
selection elements (multiple transistors), and 
the digit generators. 

Since the ratio of input po\Yer to output power 
is comparable to that of the ferrite core mem­
ories, the desired reduction of input power re­
quirements must be accompanied by a corre­
spondingly low output level from the thin 

magnetic films. Thus it is indispensable to take 
major precautions against disturbances of any 
type. In this context, it is interesting to mention 
that the sense amplifier, which is the element of 
the memory most sensitive to disturbance, using 
two standard monolithic integrated circuits, 
has given completely satisfactory service. 

2.6 MODEL FOR 256 WORDS OF 36 DIGITS 

Figure 4 shows the memory matrix of model 2. 

+ 1.0 

+50 
+0.81--+-+-t---ir--±,::::::: --+==±=~;:;~ .. 40 

I ~r:r-_.._..-1--1+30 
~---- ~ +20 +0.6~-+-~-+~-v-At:?~"',f--~--1f-=~~=i 

(f) + 0.41--+--+-+wlff+-+--+--+---t--t---1 

~ l--+--+---#--f---+--+--r!--+--+---1 0 +0.2 
> 
j ol--_...--+--+---1~-1-~-1-~1---+~-+---! 
:>' 

z -0.21---+--+--*l~---+--+--+--+---+---1!---i 

<l>" -0.41--+--+--~~~+--r--+---+---t--r--1 

-0.61---1--+-+~--"~~~bf="-----k:-+-+---+---i 
~-20 

-0.8 r-.. 30 

~-~8 
-1.0 '-----'---'---'----''----'---'--'----'--~~ 

A 

+1.0 

+0.8 

+o.6 

~ +0.4 
_J 

§; +0.2 
_j 

_j 0 

~ -0.2 

<l.>" -0.4 

-0.6 

-0.8 

-1.0 

0 100 200 300 400 500 

Ic IN MILLIAMPERES 

0 61sT~RB~NC~S_j,_ 
~J I 

1 
I I/ 

106 DISTURBANCES 

-r 

. 
/· 

106 DIS~~RBANCfS _t 
~ ~ISTURBANCES 

-120 -80 -40 0 +40 +so +120 

B Ii, IN MILLIAMPERES 

Figure 3-Typical ontput characteristics of the mcm 
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The decoding transistors have been distributed 
on V-shaped mechanical structures. Figure 5 
shows the complete model surrounded by test 
equipment fo r the automatic equential control 
of its operation. The details of the tests are 
given m ection 3. 

For this model, the acces time for readout is 
75 nanosecond , and the read-write cycle time is 
150 nanoseconds. The addres and information 

Figure 4-Yremory matrix of model 2. 
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codes are introduced with logic level of 0 volts 
and +6 volts. The clock cycle can be triggered 
periodically or aperiodically by a pulse of 6 
volts and a duration of 10 nanosecond . 

2.7 MODEL FOR 1024 \VoRDS OF 36 DIGITS 

Figure 6 show the memory matrix of model 
3 during as embly. The main difference from 

Figure 6- Memory matrix of model 3 during assembly. 

Figure 5-Test setup for automatic control of model 2. 
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model 2 is in the plane configuration of the ad­
dress decoding matrix. The access circuits are 
distributed in 3 drawers as shown in ·Figure 7. 
The bottom drawer has all the clock elements 
and the address decoding, while the other two 
drawers (shown at top back to back ) contain 
18 digit chains each. 

The memory has been tested in sections of 64 
words with the same apparatu used for model 
2. The access time for readout is 85 nano­
second , and the read-write cycle time is 170 
nanoseconds. 

3. Tests 

Models 2 and 3 have been tested by means of a 
special memory exerciser for a sy tematic se­
quential control of the operation. The memory 
exerciser supplies the memory with address 
and information codes and triggers the opera­
tion cycles. On a particular cho en address J, 
the sequence of the programmed operations is 
the following. 

(A) Vlriting a control code C0 constituted of a 
sequence of O's at address J, interrogation of 
the content of address J, and comparison with 
Co. If no error is detected, the system proceed 
to the next test. 

(B) Writing a control code C1 con tituted of a 
sequence of l's at address J, interrogation, and 
comparison with Ci. If no error is detected, the 
system proceed to the next te t. 

(C) Writing a control code C0 at address J. 
To disturb thi , a code D10 (an alternate se­
quence of l's and of O's) is written 106 times at 
address J - 1 and then at I+ 1 at the maximum 
repetition frequency. Finally, there are inter­
rogation and comparison with C 0 . If no error is 
detected, the ystem proceed to the next test. 

(D) Identical to (C) but the 1i turbance is 
made by the code Doi (an alternate equence of 
O's and of l's). 

(E) Identical to (C) but the code written at 
I is C1 disturbed by Di0 . 

(F) Identical to (C) but the code written at 
Ji C1 disturbed by Doi· 

If no error is detected during this entire e­
quence, the simulator submits I+ 1 to the same 
program, et cetera. If an error is detected, the 
program stops and the location of the faulty 
element and the nature of the fault are indicated 
by a display system. 

The entirely automatic test is limited to one 
memory plane ( 64 addre e ) , it total dura­
tion being 2 minutes. In the case of a memory 
with a larger capacity, it is obviously pos ible to 
manually switch as many more planes as 
desired. Using more-elaborate measurement 
equipment, it is possible to test seYeral planes in 
parallel at the same time. 

Figure 7- :Model 3 memory with acces electronic . 
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The tests have been expanded to 1011 ( 100-
billion) disturbances without showing any fur­
ther deterioration. 

On a large number of samples, we have obtained 
a very good manufacturing yield, which is effec­
tively further increased by the redundancy sys­
tem (additional word lines) . 

4. Conclusions 

These developments indicate the following pos­
sibilities for magnetic thin-film memories. 

(A) Very fast memories. Cycles of the order of 
100 nanoseconds are possible for medium capac­
ities. This increases the information-processing 
capability for a given memory capacity. 

(B) Integrated manufacture and control of the 
memory medium. It is possible to manufacture 
and control, automatically, entire memory planes 
having several thousand cells each, instead of 
making and checking individual elements, and 
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this must lead to a very favorable reduction in 
cost. In addition, the level of the access power 
can be reduced sufficiently to permit the total 
integration of the associated electronics in a 
linear-access memory. 
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Recent Achievements 

Paris Inaugurates New Vaugirard Pentaconta 
Exchange-The old Vaugirard 10 000-line ro­
tary 7 A telephone exchange opened 36 years 
ago ha been replaced by a 16 000-line Penta­
conta switching system shown in part in Figure 
1. The additional 6000-line expansion consti­
tutes the first part of the new Paris 533 ex­
change, which will later have 10 000 lines. To 
reduce the number of incoming trunk groups, 
the new equipment will serve as a tandem 
center for the Lecourbe rotary exchange in the 
ame building. 

The new installation required 2150 frames of 
equipment, making it the largest Pentaconta 
1000 exchange in the world. The trunk groups 
were transferred first, followed by the old and 
then the new subscriber ' lines. Traffic of about 
1500 erlangs was involved and its transfer with­
out incident indicates the great cooperation 
between the technical personnel operating the 
old and those installing the new equipment. 

A week later the Bossuet Pentaconta exchange 
wa expanded by 3000 line . Mr. Billotte, Over­
seas Territory Minister, attended the opening 
ceremonies. This Paris exchange is the first of a 
series for which the manufacturing time has 
been reduced to 18 month . 

Le Materiel Telepbonique 
France 

Multiplexing of Pulse-Code-Modulation Systems 
-Pulse code modulation is at present used 
mainly for 24-channel telephone systems. Such 
sy terns, used a ba ic group and assembled by 
time-division multiplex, can give the larger 
capacity that will oon be needed for both long­
and short-haul transmission. A family of com­
patible multiplexers has been planned with 
capacities of 4, 16, and 64 groups, respectively. 
Although the primary use will be for pulse-code­
modulation telephony, arbitrary digit streams 
can be accepted at any tage. 

The first experimental equipment combines 16 
group each of 1.536 megabit per second to 
form a ingle stream of about 25 megabits per 

econd. The group need not be ynchronous 
with the multiplex equipment or with each 
other. The line bit rate is 0.5 percent higher 
than the sum of the group bit rates, which 
allows synchronizing and control channels to be 
added. It also ensures that, de pite any fluctua­
tions in relative timing, there are sufficient 
time slots on the line to take all the incoming 
information; any excess is filled with redundant 
digits known as " tuffing." To allow the e extra 

Figure 1- Mr. J. Marette, French Minister of Post 
and Telecommunications (left), and Mr. M. Jam­
benoire, Director of the Paris Area Telecommunica­
tions, pa ing by the di tributing frame when the new 

Vaugirard exchange was cut over. 

134 ELECTRICAL COMMUNICATION · Volume 42, Number 1 · 1967 



digits to be inserted, each group is passed 
through a 4-bit buffer store at the multiplexer. 
The timing irregularities so introduced are 
smoothed out at the demultiplexer by means of a 
complementary buffer store, whose out put is 
timed by a phase-locked oscillator. The stuffed 
digits are identified and the oscillator frequency 
determined by the control channels, which use 
error-correcting codes to give protection against 
random and burst interference. 

The equipment makes extensive use of semi­
conductor integrated circuits. 

Standard Telecommunication Laboratories 
United Kingdom 

Aircraft Carrier Control Approach Radar-The 
AN/SPN-35 is a precision approach radar with 
search capability out to 40 nautical miles (74 
kilometers) designed for use aboard aircraft 
carriers of the United States Navy. It is 
mounted on a stabilized platform that com­
pensates for the pitch and roll of the ship. It is 
suitable for all aircrZtft having landing speeds 
up to 180 knots ( 330 kilometers per hour). De­
livery of 14 units has resulted in a contract for 
additional equipments. 

ITT Gilfi.llan 

United States of America 

Console for Composing and Altering Displays­
Electronically generated symbols may be dis­
played on the 12-inch ( 30-centimeter) square 
screen of a cathode-ray tube and be combined 
with up to 128 stored color or black-and-white 
slides projected through an optical port in the 
rear of the tube. Slides can be changed in 2 
seconds and will accommodate 48 lines of 64 
typewritten characters each. In addition, an in­
ternal core memory will store three complete 
typewritten pages of 3072 characters each for 
display at any time. 

Characters or symbols may be placed at the in­
tersection of any of 1024 vertical and 1024 
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horizontal pos1t1011s, and straight-line vectors 
may be drawn between any such pair of posi­
tions. The data are refreshed at 40 frames per 
second for full typewriter coverage of 3072 
characters. The rate is adjusted automatically if 
writing demands require this. 

Displayed data may be composed, altered, or 
erased through use of a keyboard, roll ball, 
and light pen. An independently controlled 
cursor symbol is also available. 

Developed for military command including con­
trol, data revie\Y, and editing, the console is 
easily interfaced to high-speed computers for 
either off-line data processing or on-line man­
machine communication. The console is 51 by 
26 by 67 inches (130 by 66 by 170 centimeters). 

ITT Federal Laboratories 
United States of America 

Mexico Telephone Expansion-Since 1963, a 
series of contracts with Telefonos de Mexico 
has resulted in the installation of 29 Pentaconta 
telephone exchanges serving 50 750 lines. A 
fifth contract provides for the extension of four 
exchanges (Bandera, Celaya, Irapuato, and 
Coatzacoalcos) by a total of 6400 lines and 72 
trunks, and two new Pentaconta exchanges in 
Ciudad Guzman and Piedras X egras with 
capacities of 1000 and 1500 lines, respectively. 

Compagnie Generate de Constructions Telepboniques 
France 

Television Color Signal Generator-Signal gen­
erator type MF-04 produces 8 color bars that 
can be arranged in three different orders by 
plugging in appropriate printed-\Niring boards. 
In descending order of luminance the colors 
are: white, yellov1', cyan, green, magenta, red, 
blue, and black. In the newton series they are: 
white, yellow, green, cyan, blue, magenta, red, 
and black. For greatest color change they are: 
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white, yellow, blue, green, magenta, cyan, red, 
and black. 

A grid of 19 vertical and 14 horizontal lines may 
also be produced, corresponding to the test pat­
tern of the Study Organization of the German 
Broadcasting Corporation. 

The color generator may be used for studio or 
laboratory purposes and has provision for ac­
cepting an external color subcarrier and for use 
with a very- or ultra-high-frequency signal gen­
erator. 

Standard Elek trik Lorenz 
Germany 

Multiplex Telephone Equipment- The single 
bay side of the multiplex equipment shown in 
Figure 2 provides 120 telephone channels with 
outband signalling and with carriers supplied 
from either an internal master oscillator or an 
external control frequency. Each of the two 
larger cabinets houses 60 channels with channel 
and group translation, thus forming a basic 
supergroup in the frequency band 312-552 
kilohertz. The outband signalling, included in 
each channel modem, provides for either high­
or low-level signalling. With low-level signal­
ling and constant tone during idle periods, a 
type of signalling used in Sweden, the equip­
ment can be supplied with a service interrup­
tion control unit. 

The design is fully approved by the Swedish 
Telecommunications Administration and is in 
series production. It uses a supergroup as the 
smallest unit group for routing in the carrier 
network. The bay shown conforms to Inter­
national Standard Equipment Practice and is 
2600 by 600 by 225 millimeters ( 102 by 23 .6 by 
8.9 inches ) . 

136 

Standard Radio f1 Telefon 

Sweden 

Figure 2-Multiplex telephone equipment for a 
120-channel supergroup. 
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Mobile Television Transmitter for Temporary 
Service-A complete television transmitter has 
been built in mobile form for use during major 
overhaul or other construction work in a perma­
nent installation. 

The entire transmitter and forced-air-cooling 
equipment is accommodated in three trailers. As 
may be een in Figure 3, two trailers are ar­
ranged side by side and joined by hinged side 
walls to form a completely enclo ed transmitter 
room of approximately 34 square meters ( 366 
square feet). The 10-kilowatt picture trans­
mitter and monitor rack in one trailer and the 2-
kilowatt sound transmitter in the other trailer 
than face each other. Suitable for color tele­
vision, the transmitters meet the specifications 
of the Deutsche Bunde post, of the German 
broadcasting ystem, and the recommendations 
of the International Radio Consultative Com­
mittee (CCIR). 

A third trailer houses the rectifier and voltage 
regulator a well as the cooling equipment. Well 
paced from the transmitter trailers, it is con­

nected to them by cables and by air hoses of 
450-millimeter ( 17.7-inch ) diameter, which are 
equipped with ound ab orber . 

Recent Achievements 

Special roofs are available to protect against ice 
falling from the antenna. The complete installa­
tion may be set up on firm ground in less than 
24 hours. The first installation at Bergalingen, 
near Wehr in Baden, uses an existing antenna 
to provide the Second German Television Pro­
gram while the permanent transmitter building 
is being constructed. The gain of the antenna 
produces a radiated power of 250 kilowatts for 
the picture and 50 kilowatts for the sound. 

Standard Elektrik Lorenz 

Germany 

GH201 Data Link-A GH201 data link has 
been installed between the head office of Messrs. 
Stokvis in Rotterdam and it warehouse in 
Alphen about 35 kilometer (22 miles) away. 
Operating at 1200 bauds, equivalent to 150 
characters per econd, traffic will average 1.2 
million characters per day. 

Each day about 3000 incoming orders to this 
wholesaler of motor car , spare parts, electrical 
goods, and sanitary appliances are processed by 
computer in Rotterdam. The necessary infor­
mation for preparing invoices and packing slips 

Figure 3- Mobile televi ion tran smitter. 
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is sent via the data link to Alphen for reproduc­
tion on a Holley page printer. Error detection 
facilities are included. 

Nederlandsche Standard Electric Maatschappij 
The Netherlands 

Telegraph Message Switching Assured by Syn­
chronous Operation of Duplicate Equipment-A 
new electronic telegraph message center for Air­
France in Paris will handle 1400 messages dur­
ing the peak half hour. This DS.3 automatic 
electronic relaying center accepts and registers 
telegraph messages appearing on its incoming 
lines, recognizes routing data in the preamble of 
each message and arranges for retransmission 
toward the address according to operating pro­
cedure for the network, stores messages that 
are not retransmitted immediately, records mes­
sages that pass through the center when such 
is required, and reports on conditions within 
the center and on lines connected to it. 

Operation is under control of a stored program 
and changing input and output information is 
supplied by wired program units. This provides 
for a large processing capability. Modular con­
struction permits expansion where necessary to 
meet new traffic conditions. Speeds of SO, 75, 
200, and 1200 bauds are determined by the 
characteristics of the lines being served. 

Reports to a supervisory desk on conditions in 
the center and of the lines connected to it per­
mit the supervisor to reroute traffic around 
congested lines and report faulty lines for re­
pair. Messages with improper format are auto­
matically routed to an operator for correction 
and retransmission. 

Two identical equipments operate synchro­
nously in parallel and if the one handling the 
traffic becomes faulty it triggers the standby 
equipment into active operation without loss 
or mutilation of the character that is being re­
ceived or transmitted. The operators cannot tell 
except from the control signals which equip­
ment is on line and which is standby. 

To the absolute reliability of operation is added 
great flexibility, a smaller staff for both operat­
ing and maintaining the system, and a reduc­
tion in space requirements over earlier installa­
tions. 

Compagnie Generale de Constructions Telephoniques 
Fi:ance 

Radio Network for Mexico--Anticipating the 
1968 summer Olympic Games, Mexico has 
ordered substantial extension of its radio relay 
network for telegraphy, telephony, and mono­
chrome and color television. 

As shown in Figure 4, a new 1800-channel 6-
gigahertz system will go from Ci udad Juarez at 
the north border, through Mexico City, to the 
south boundary at Tapachula, a distance of 
about 2000 kilometers ( 1250 miles). The 
earlier 960-channel 4-gigahertz system * in­
augurated in 1962 will be extended by 6-giga­
hertz equipment from Cordoba to Merida, about 
1000 kilometers ( 625 miles). 

Both 6-gigahertz networks will be equipped 
with FM 1800/TV-6000 and BFM 24/6000 
systems, f the latter being provided by Bell Tele­
phone Manufacturing Company. One operating 
and one standby system are available for 
telephony and two operating and one standby 
system for television including sound, all with 
automatic switchover. 

Standard Elektrik Lorenz 
Germany 

* H. Carl, "Microwave Telephone Relay Network in 
Mexico," Electrical Communication, volume 39, num­
ber 3, pages 379-382; 1964. 

f "Microwave Radio System for Multichannel Teleph­
ony and Television in the 6-Gigahertz Range," Elec­
trical Communication, volume 40, number 2, pages 173-
214; 1965. 
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Pneumatic Tube System for Cyclotron-The 
Gesellschaft for Kernforschung (Society for 
Nuclear Research) at Karlsruhe has ordered a 
pneumatic tube system to carry specimens into 
the irradiation chamber of its cyclotron, hold 
them in a defined position, and then transport 
them quickly to the measuring station. This 
latter is important for radiations having short 
half-lives. 

An extensive control and indication system 1s 

Recent Achievements 

required for the operational supervision of both 
the pneumatic tube system and the various 
irradiating and measuring devices of the cyclo­
tron installation. 

The pneumatic tube has a diameter of 65 milli­
meters (2.6 inches) and a special turbo blower 
provides for a carrier speed of 25 meters ( 82 
feet) per second. 

Standard Elektrik Lorenz 
Germany 
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Figure 4--The original 960-channel 4-gigahertz radio network for Mexico will be extended with 1800-channel 
6-gigahcrtz equipment as shown. 
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Letter Sorting Machine Mark 5-The M arh 5 
letter orting machines are assembled in mod­
ule of 36 or 48 de tination bins to meet the 
needs of each sorting tation. 

The manual design shovvn in 1Figure 5 has be­
tween 1 and 8 keyboards and up to 330 desti­
nation bins. An automatic sorter reads pre­
coded addres e on letters at a nominal speed of 
8 letters per second with distribution to 144 
bins in 3 modules of 48 each. 

Bell Telephone Manufacturing Company 

Belgium 

Multimeter Type 462F-A small lightweight 
multimeter uitable for use in electronics has 
been developed. The 462F instrument, mounted 
on printed-circuit board, is provided with a di­
rect-reading scale and a knife-edge pointer with 
antiparallax mirror. It is protected against elec­
trical overload and mechanical shock. 

Its 20 000-ohm-per-volt movement provides 
high sensitivity with full-scale ranges of 1.5 
direct volts and 3, 10, 30, 100, 300, and 1000 
direct and alternating volt . Current range are 
of 100 microampere direct current and of 1, 
10, and 100 milliamperes, and 1 and 5 amperes 
direct and alternating current. Power level cali­
brations are from -10 to + 52 decibels. cces-
one are aYailable to extend the maximum 

Figure 5-.'\!l ark 5 modular letter sorting machine. 

range . Resistance value from 1 ohm to 10 
megohms may be measured. 

Fabbrica Apparecchiature per 

Comunicazioni Elettriche Standard 

Italy 

Category Scanning for Pentaconta Equipment 
-Each sub criber connected to a Pentaconta 
telephone exchange can be assigned to 1 of 10 
categorie by insertion of plug-in resi tors at 
the main di tributing frame. These categories 
determine \vhether the automatic equipment 
will provide for call deviation or for other 
special switching functions to that ubscriber. 

The category scanner tests these resistors by 
direct-current Wheatstone bridge measure­
ment and transmits the results in a 2-out-of-5 
code to the control circuits. The infinity value 
identifies the normal sub criber, the other val­
ues being between 3600 and 39 000 ohms. Fig­
ure 6 shows the S\Yitching elements of the 
scanner mounted 011 two printed-circuit boards. 

, " .. zt 

·:~ 

Standard Telephone et Radio 

Switzerland 

Figure 6--Electronic canner for category 
identification in a Pentaconta exchange. 
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Gunn Effect at High Pressures-Single-crystal 
11-type gallium arsenide, when subjected to elec­
trical fields ::::,,.3000 volts per centimeter, shows 
current oscillations owing to the transfer of the 
conduction electrons from their normal high­
mobility state to a higher energy state with a 
much-lower mobility. These oscillations, which 
were fir t demonstrated by Gunn, provide a 
simple source of microwave energy, and devices 
of this type may well have considerable indus­
trial potential. 

By using extremely high pressures, of the order 
of SO 000 bars or 750 000 pounds per square 
inch, in the apparatus shown in Figure 7, it i 
possible to control the energy eparation be­
tween the two electron state in gallium arse­
nide. This ha now been successfully accom­
plished in a series of experiments. The work has 
shown that the mechanism for electron transfer 
between states is undoubtedly responsible for 
the Gunn o cillations. Furthermore, it ha 

Recent Achievements 

permitted the first direct determination of some 
of the basic parameters (such as the electron 
mobility) associated with the higher energy 
state. These are essential to any proper under­
standing of the effect. 

Standard Telecommunication Laboratories 

United Kingdom 

Ultrafast Multiplier Phototube-The F4034 
phototube has a 10-stage multiplier for medium 
gain, an end-window photocathode, and a focus­
able image section. It \\·a designed to detect 
light pul es of very short duration and light 
beams, such as from a laser, modulated at very 
high frequencies. 

The tube exhibits a rise time of 0.8 nanosecond 
with a 2-nanosecond pulse. The quantum effi­
ciency of the cathode can be increased by the 
multiple-bounce technique that substitutes a 
prismatic faceplate for the regular facep late. 

Figure 7-Tetrahedral anvil apparatus u ed in measurements of the Gunn effect at pres ures up to 50 000 bars. 
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n electro tatically focused electron lens system 
having a definite aperture in the electron-image 
plane is incorporated between the photocathode 
and the first dynode to limit the effective photo­
cathode area. This reduces the equivalent noise 
input by minimizing collected thermionic emi -
ion current and ion feedback. It also maintains 

high collection efficiency in the effective photo­
cathode area. If this area i made small it can be 
deflected for alignment, search, and track opera­
tion. High linear output currents are delivered 
to a SO-ohm coaxial transmission line. 

ITT Industrial Laboratories 

United States of America 

Portable and Car Rad io Combined-A transis­
tor radio, the Rambler, exhibited at this year' 
Radio Show in London, \Vas designed for use 
either as a portable radio or as a car radio. The 
aeral input can be changed from an internal 
ferrite rod to the external car aerial by pushing 
a button. The receiver also uses expanded tun­
ing from 540 to 1620 kilohertz- the tuning scale 
covers 1070 to 1620 kilohertz and 540 to 1090 
kilohertz by push-button selection. A S-to-1 re­
duction of the tuning drive improves station 
searching technique. 

Standard Telephones and Cables 

United Kingdom 

CS2 Computer- The con truction and prelimi­
nary test of the laboratory model of the C SZ 
computer have been completed. It i a digital, 
general-purpose, microminia tu re, small-capacity, 
low-price computer. 

I ts characteristics include serial operation, a 16-
bit word, and single-addre instructions. Inte­
grated circuits are used together with a coin­
cident magnetic core memory having a capacity 
of 1024 words of 16 bits to store both program 
instruction and data. Various application are 
foreseen, notably, rho-theta navigation and co­
ordinate transformation problem . 

The CSZ computer belong to a family of large­
capacity high-speed computers, notably the 
825P computer with parallel operation, a 24-bit 
word, and a memory of 4096 words. This com­
puter performs real-time computations and is 
primarily de igned for aircraft applications. 

Laboratoire Central de Telecommunications 

France 

High -Brightness Display Storage Tube- The 
F-3019 is a 5-inch ( 127-millimeter ) storage 
cathode-ray tube suitable for high-brightness 
displays for fire-control radar, airborne radar 
for weather and navigation, airport surveillance, 
television at standard frame rate , and the tudy 
of transient . 

Shown in Figure 8, the high-re olution di play 
may be era ed with extreme rapidity. An on­
axis writing gun minimizes distortion and facili­
tates equipment packaging. It use electrostatic 

Figure 8-High-brightness cathode-ray torage tube. 
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focu ing and magnetic deflection. The tube is 
mounted in a shield to eliminate adverse effects 
of tray magnetic field . It will withstand vibra­
tion up to 8 gravity units. 

ITT Electron Tube Division 

United States of America 

Pulse-Code-Modulation Telephone Equipment 
for England-Pu! e-code-modulation equipment 
ha been ordered by the British Post Office to 
increase the capacity of the existing public 
telephone network. 

Repeaters will be installed at 2000-yard ( 1800-
meter ) intervals in manhole now used to hou e 
loading coils. Two pairs of wires, each now 
handling a single 2-way conversation, will be 
operated a a 4-wire pul e-code-modulation cir­
cuit for 24 two-way conver ations, a 12-fold 
increase in traffic capacity. 

Fio-ure 9-Pulse-code-modulation terminal equipment 
for a 24-channel public telephone system. 

Recent Achievements 

A terminal equipment is shown in Figure 9. 
Microcircuits are used extensively in the re­
peaters. Industrial re istor-transistor micrologic 
monolithic integrated circuits are used exten­
sively. 

Standard Telephones and Cables 

United Kingdom 

Electrodynamic Telephone Receiver- Produc­
tion has been started on a new dynamic receiver 
capsule to replace the conventional electromag­
netic type. It has high sensitivity and flat re­
sponse over the peech band. I ts electrical 
impedance of 200 ohms at 1000 hertz is nearly 
constant over the speech band, wherea that 
of the present design rises con iderably with 
frequency. 

A circular permanent magnet produces a radial 
magnetic field across an annular air gap in 
which the actuating coil is placed. A eparator 
establishes the po ition of the diaphragm, and 
holes provide acoustic resistance for damping. 
The unit i mounted in a thermopla tic housing 
protected by a teel cover plate. 

The ratio of weight to receiver ens1tlv1ty is 
important in view of the trend to lightweight 
handsets. The receiver must not exceed 90 
grams (3.2 ounces). It has a maximum diam­
eter of 48 millimeters ( 1.8 inches ) and a height 
of 24.5 millimeters ( 1 inch). 

Bell Telephone Manufacturing Company 

Belgium 

Data Link for Nuclear Power Control-The 
GH205 is now being used by the British Central 
E lectricity Generating Board to tighten the con­
trol between its headquarters in London and 
three nuclear power stations at izewell, Dun­
geness, and Trawsfynydd. Other connections 
are made to major control center at Bramshall 
and Southwark. The computer sy tem at head­
quarters determine how a particular area can 
be served economically according to demand, 
weather, and other factors . Depending on the 
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origin, information is transmitted in the British 
5-track shift code, International Telegraph 
Alphabet 2, or Pegasu code to the computer 
at 94 character per second. 

Standard Telephones and Cables 

United Kingdom 

Format Translator for International Telegraphy 
-For international telegraph services the Inter­
national Telegraph and Telephone Con ultative 
Committee (CCITT) recommend the applica­
tion of General Telegraph Exchange (Gentex) 
techniques. This requires that regardless of 
origin telegram be transmitted using the tech­
niques and message format of the country of 
destination. 

An automatic tran lator to go from tape to 
page format ha been developed. It initiates 
carriage return and line feed signals after any 
specified number of character per line have 
been transmitted. 

For correcting errors, signal are held in a 
buffer store until a deci ion i made a to their 
correctne s. Each character is checked for code 
correctnes and whether it begin or ends a 
word. At the end of a '''Ord the store is un­
blocked and erial tran mission starts. If an 
error code i ent to the store, all of the charac­
ters in the store are erased. 

Construction i in International Standard 
Equipment Practice u ing plug-in printed-wir­
ing board . Epitaxial planar tran i tors and 
diodes are u ed extensively. A fe rrite core 
memory of 1024 characters serves a the buff er 
store, which i hared on a time basis by four 
translators. 

Standard Elektrik Lorenz 

Germany 

Spark-Gap Protectors-The ceramic-and-metal 
F-2709 spark gaps shown in Figure 10 present 
a very high impedance until breakdown when 
the impedance drop to a few ohms. They may 

be u ed for high-voltage energy transfer with 
minimum switch dis ipation as well a for the 
protection of other equipment against overvolt-
age. 

A eries of 12 sizes provide for breakdown be­
tween 400 and 8000 volts. Surge currents range 
to 3000 amperes and energy to 40 joules. 

For protection against high energy tran ients, 
uch as lightning, the F-2719 gap has a standard 

breakdown voltage of 400 and handles a peak 
current from 25 000 ampere at 2.5 coulombs to 
200 ampere at 200 coulomb . 

ITT Electcon Tube Div ision 

United States of America 

Pentaconta Exchange Inaugurated in Switzer­
land- In 1917 the first rotary telephone central 
office in Switzerland, which included the then 
new register control of witching and central 
drive for rotary switche , wa cut over. Nearly 
half a century later, Pentaconta witching was 
introduced with the cutover of the Regen dorf 
e change. A view of the witchroom i given 
in Figure 11. 

Initially equipped with 6000 subscriber line 
and having a final capacity of 10 000 lines, 
Regensdorf replaces a 7 D rotary center ex­
change. The junctions to and from the rural 
main exchange are for alternating-current e-

Figure 10- Spark gaps for overvoltage protection. 
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lection, C-5 earn er, and radio link operation. 
There are 70 trunks in both directions over 
wire, carrier , and radio, about a third being 
of the latter type. 

Among facili ties specially developed for this in­
stallation were the power upply, call deviator , 
and control circuits for pay stations and 2-
party lines. Pulse metering i used for charg­
ing for calls. 

Standard T elephone et Radio 

S witzerland 

Alarm System For Mersey Tunnel-Shown in 
Figure 12 is a control console for an alarm 
system for fires and accidents being installed in 
the 3-mile-long Mer ey tunnel near Liverpool, 
England. We will provide 94 break-glass alarm 
boxe complete with telephone instruments, 13 
Sentrycall automatic fire detectors, the control 
console equipment, and a telephone exchange. 

Control room facilities include a map display 
of the tunnel showing the location of alarm 
boxes, those that have been operated, and the 
state of various illuminated signs. There is also 
a 42-line telephone exchange and cordless 
witch board. 

Figure 11- Regensdorf P entaconta exchange in 
wi tzer land. 

Recent Achievements 

In the various plant rooms associated with the 
tunnel, entrycall automatic smoke detectors 
will be installed; the operation of these is also 
indicated on the control room site plan. 

The Mer ey tunnel alarm system is a radial 
one; that is, a pair of wires i connected from 
each alarm location to the console. An elec­
tronic module on the console for each location 
not only detects the operated alarm but is also 
capable of detecting open-circuit and short­
circuit faults. Comprehensive system test facili­
ties are also included. 

Stan dard T elephones and Cables 

United Kingdom 

Subscriber Set SSB 2904-A new subscriber set 
for operation on common battery sy terns has 
been developed for the Belgian telephone ad­
mini tration. 

The handset contains a carbon microphone and 
a dynamic receiver and is connected through a 
coiled cord. Unbreakable plastic material is 
used for the handset and the housing. The 
receiving reference equivalent is 4 decibels bet­
ter than the existing subscriber et. 

11 component except the dial, ringer, and 
transfer button are mounted on a pla tic form 

Figure 12- Console for the alarm system to report 
fires and accidents in the M ersey tunnel. 
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fastened to the metal base plate. Wiring is on 
the back of the plastic form. The loudness of the 
single-coil ringer is adjustable by a control in 
the base plate and is heard through openings in 
both the hou ing and base plate. 

Bell T elephone Manufacturing Company 

Belgium 

Insertion -Loss Measuring Equipment-The type 
7 4905 equipment shown in F igure 13 will meas­
ure in ertion lo of circuits and networks up 
to 60 decibels with an accuracy better than 0.1 
decibel and up to 70 decibels with lower ac­
curacy. It comprises a sending unit, a measur­
ing unit, and an attenuator. Solid-state circuits 
are used in the first two equipments. 

Figure 13- Insertion-loss measuring equipment 
type 74905. 

Two ending units are available: the first for 
use on 75, 125, 140, and 600 ohms between 30 
hertz and 300 kilohertz; the econd operates 
only on 7 5 ohms and covers 30 hertz to 20 
megahertz. 

The push-button attenuator has teps of 0.1 
decibel and is u ed with a mea uring meter 
graduated in 0.02-decibel steps from +0.6 to 
- 0.6 decibel. Provision has been made for con­
necting an external counter when the frequency 
of measurement has to be set precisely. 

Each unit measures 21.5 by 9.75 by 10.5 inche 
( 546 by 248 by 267 millimeters ) and weighs 
25 pounds ( 11.4 kilograms). The equipment 
operates from 45 to 66 hertz at 100- 125 volts 
or 200-250 volts. 

S tandard T elephones an d Cables 

Un ited Kingdom 

Virgin Islands Gets Direct Distance Dialing­
Telephone ubscribers on Saint Thoma , aint 
John, and Saint Croi of the Virgin Islands 
may now dial each other and ubscriber in the 
United States of America direct without the as-
istance of an operator. This is the first such 

oversea telephone sy tern acce sible by direct 
distance dialing to the United States mainland. 

Virgin Islands Te lephone Corporat ion 

Virgin Islands 

Pentaconta Switching Serves Council of Europe 
- In the modern building of the Palai des 
Droits de l'Homme in Strasbourg, France, the 
Council of Europe, with guest representatives of 

tate and members of the European Parliament, 
inaugurated a Pentaconta telephone exchange. 

The new exchange includes 800 extensions and 
54 trunks with 6 operators' positions equipped 
with keysets and 1 supervi or's desk. The ex­
tensions can be of 3 cla ses, tho e having access 
to the public network only through operators, 
those having direct access to the Strasbourg 
area, and those having direct access to the entire 
F rench public network. 
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A special automatic device at the operator's 
desk shown in Figure 14 indicates charges for 
calls instantaneously. Two Telecelere devices 
are provided to the General Secretariat for rapid 
key calling of frequently u eel numbers. The 
installation is completed with 25 groups of 
Confort type sets and 12 Dirigent-Universal 
interphone set . 

Compagnie Generale de Constructions Telephoniques 

France 

Undersea Cable Between Venezuela and Virgin 
Islands-A complete 80-channel undersea tele­
phone cable system linking Venezuela and the 
Virgin Island was supplied by Standard Tele­
phones and Cables. The cable was laid by the 
American Telephone and Telegraph Corpora­
tion and the ystem was placed in operation in 
August 1966. 

The new cable extends between Maiquetia, 
Venezuela, and aint Thomas, Virgin Islands, 
a di tance of 550 nautical mile ( 1000 kilo­
meter ) . There are 22 repeaters at intervals of 
26 nautical mile ( 48 kilometers ) along the 
route. Lightweight deep-sea cable in which the 
inner steel wire strength member i enclosed 
'vith a box- earned copper tape to form the 

Figure 14--0perator's desk ·with automatic 
call charging device. 
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center conductor is used for 490 nautical miles 
(900 kilometers ) of the route. 

Standard Telephones and Cables 

United Kingdom 

Pay Station for Dutch Administration-A pay 
station designed for the domestic telephone net­
work of Holland permits normal placing of 
local calls while re tricting toll calls to author­
ized personnel using a special key. The coin box 
is in a separate compartment and is protected 
by a cylinder lock. Mercury witches are used to 
delay the line closure and to allow collection 
after the call i completed. 

Bell Telephone Manufacturing Company 

Belgium 

Baghdad Airport Installation-A contract has 
been awarded by the Ministry of Communi­
cations of the Republic of Iraq to supply elec­
tronic equipment for the new international 
airport being built at Baghdad. Standard Tele­
phones and Cables is the prime contractor, and 
Creed and Company and several other major 
electronics organizations in the United King­
dom will be ubcontractors. The contract i for 
the supply and in tallation of radio navigation, 
communication, air-traffic-control, meteorologi­
cal, and ancillary equipment. 

The radio navigation aids include instrument 
landing systems (ILS), very-high-frequency 
omnidirectional radio range (VOR), nondirec­
tional beacons ( IDB), and very-high-frequency 
direction-finding equipment. The instrument 
landing equipment is the STAN 7 /8/9. 

Among the very large quantity of communica­
tion equipment are extended-range ground-to­
air and land mobile equipment, ground-to-air 
elective calling systems, internal and external 

telephone in tallations, and teleprinter systems. 
The high-frequency communication equipments 
are the DS.12 transmitter and RX.10 and 
RX.11 receivers, which will be used for point­
to-point communication between Baghdad and 
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other Middle East aeronautical centers. The ex­
tended-range very-high-frequency equipment 
consists of the DU.6 transmitter and the RX.25 
receiver. Other items are a Plessey weather 
radar, a meteorological broadcast center, an in­
tercommunication system, speech recorders, and 
air-traffic-control consoles for the control tower 
and air-traffic-control centers. 

In addition to the new equipment, the contract 
provides for the transfer of apparatus at pres­
ent installed at Baghdad West Airport, which 
will close on completion of the new airport. 

Standard Telephones and Cables 

United Kingdom 

Mossbauer Spectrometer-The Mi:issbauer ef­
fect gives rise to an extremely sharp atomic 
resonance, the Q value being of the order of 
1013• Small relative velocities of a gamma-ray 
source with respect to an absorber, comprising 
the material under examination, cause Doppler 
shifts which are used to modulate the gamma­
ray energy about the absorption maximum. 
By using several velocity settings, the resonance 
curve can be obtained. 

The spectrometer can give information about 
lattice properties of crystals, valency states, 
magnetic properties, and isotopic lifetimes of 
certain elements. It is sensitive enough to detect 
the effect of gravity on photons and has been 
used to demonstrate other such effects involving 
relativity concepts. 

A prototype gamma-ray source drive unit has 
been developed which is capable of moving with 
velocities ranging from 0.01 to 100 millimeters 
per second. It comprises two coils mounted on 
a shaft, to the end of which the source can be 
fixed. These coils move in independent radial 
magnetic fields set up by two permanent mag­
nets. One of the coils is energized by a stable 
triangular-wave generator, and the other moni­
tors the resultant voltage, which is then used 
for controlling and stabilizing the velocity of 
the system through a feedback servo loop. The 

movement is continuously monitored on an 
oscilloscope. See Figure 15. 

A trigger unit is provided to start and stop the 
scaler and timer units during the velocity 
cycle, in either forward or reverse direction. 
The gamma-ray counting is done in one direc­
tion only during the period in which the velocity 
is constant. 

The gamma-ray counting equipment, which 
employs a xenon proportional counter, is of a 
standard type that would be found in any radio­
chemical laboratory. 

Standard Telecommunication Laboratories 

United Kingdom 

Private Automatic Branch Exchange for Diissel­
dorf-The Diisseldorf municipal admh1istration 
has ordered a crossbar Citomat telephone 
branch exchange equipped for 195 trunks, 
2600 extensions (200 of which use push-but­
ton calling), and 260 connecting links. An 
ultimate required capacity of 385 trunks, 5000 
extensions, and 500 links is well within the 
8000-line rating of the equipment. 

The 2400 dial extensions are in 6 groups of 
400 each. The use of 100-outlet crossbar 
switches in the group switching stages provides 

Figure IS-Arrangement of components in the 
Mossbauer spectrometer. 
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economical grouping and trunking. A concen­
trator and answer control distribute the load 
uniformly among the 7 operator positions, each 
of which is connected to a supervisory position. 
A total of 78 tie-line and interswitchboard line 
relay set provide for variou outside offices. 

S tan da rd E lektrik Lorenz 

Germany 

Pentaconta Exchange in Morocco Hotel-The 
Grand Hotel, a luxury tourist ho telry, was 
recently inaugurated at Re tinga, on the Rif 
Coast of Morocco, in the pre ence of four 
Morocco Ministers for Home Office, Post and 
Telecommunications, Touri m, and Develop­
ment. The hotel, a casino, and a commercial 
center will be served by the Tetuan airport, the 
restoration of which is under study. The hotel 
is equipped with a 166- tation Pentaconta tele­
phone exchange. 

Compagnie Generale de Constructions Tetephoniques 

France 

Microwave Filters Using Evanescent Waves­
Microwave component built into waveguides 
normally operate at frequencies above a critical 
value, depending on the waveguide dimension , 
at which a progres ive wave can propagate. 
Below this critical frequency, the wave is said to 
be evanescent, and it i generally as urned that 
energy will not be transmitted. 

Recent work has shown that this long-en­
trenched scientific belief, dating back to Lord 
Rayleigh's original predictions in 1897, does 
not hold under certain conditions. Energy trans­
fer can, in fact, be achieved by introducing reac­
tive elements at intervals along the waveguide. 
Thus in typical H 01 rectangular waveguide 
(which below the critical frequency behaves 
like a pure inductance), it is sufficient to make 
the impedance of the elements the conjugate 
of the waveguide impedance. 

This discovery, apart from its scientific m­
tere t, has useful engineering applications, en-
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abling exceptionally simple and small waveguide 
band-pas filters to be con tructed. Such filters 
consi t simply of capacitive tuning screw in-
erted at suitable intervals along the waveguide, 

down which energy travel in a serie of stand­
ing-wave pattern , not unlike tho e occurring 
in conventional waveguide resonators. The 
functional shape of the wave pattern, however, 
1s hy1 erbolic and not inusoidal. Such a filter 
1s hown in 1Figure 16. 

Standard Telecom m unication Laboratories 

United Kingdom 

7EN Rotary Exchanges-The modern version of 
the widely used 7 E rotary telephone witching 

Figure 16- George Craven, the inventor, shows how a 
3-section, 4-gigahertz filter of the new evanescent­
mode type compare with a conventional filter , the 
volume of which is 8 times greater. The new filter is 
built in X-band waveguide with a eras section of 

0.9 by 0.4 inch (2.3 by 1 centimeter). 
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system is called the 7EN. The m<ljor improve­
ments include the following. 

(A) Replacement of flat-type relays by spring 
and reed relays. 

(B) Use of transistors in the phase comparator 
and other circuits. 

(C) Printed circuits. 

(D) Self-compelled multifrequency signaling. 

(E) Capacitance store for routing, tariff setting, 
and identification of the class of the called line. 

(F) Wrapped wire connections. 

(G) Translators for national, international, and 
intercontinental signaling. 

During September 1966, the following five 7EN 
exchanges \Vere cut over. 

Beverwijk, Netherlands, local and toll exchange 
with 3000 local lines. 

Vv ezembeek, Belgium, local exchange of 7000 
lines. 

Barvaux, Belgium, local and toll zone center 
with 1000 local lines. 

Hamoir, Belgium (near Barvaux), local ex­
change with 500 lines. 

Brussels, Belgium (Jette 4), local exchange 
with 3000 lines connected directly to 7 AZ 
Jette exchange in the same building. 

Bell Telephone Manufacturing Company 
Belgium 

Nederlandsche Standard Electric Maatschappij 
The Netherlands 

Gemini 11 Television Coverage-Millions of 
fascinated television viewers on two continents 
watched on 15 September 1966 the incredibly 
close "on-target" splashdown and recovery of 
the Gemini 11 astronauts. The landing was so 
close to the U. S. S. Guam, the recovery ship, 
that the space vehicle could be seen swinging 
on its parachute as it descended to splash 
gently on the water. 

This was the fifth live television presentation of 

astronaut recovery operation. The portable earth 
station installed for this event on the aircraft 
carrier was built by ITT Federal Laboratories 
and operated by ITT World Communications in 
coordination ·with the Communications Satellite 
Corporation, whose Early Bird satellite pro­
vided the link to the television networks of 
both the United States and Europe. The Na­
tional Aeronautics and Space Administration 
and the United States Navy contributed sub­
stantially to the success of this broadcast. 

ITT World Communications 
ITT Federal Laboratories 
United States of America 

Pay Station for Export-An extension in the 
design of the pay station de\·eloped for export * 
is the inclusion of a circuit to account for the 
value of the deposited coins. Periodic metering 
pulses from the exchange may be by reversal of 
line polarity, by SO-hertz pulses with ground 
return, or by 16 000-hertz pulses. A warning 
system informs the user when to insert more 
coins to prolong the connection. It also indicates 
the reason for disconnection when the allotted 
time has been used. 

Bell Telephone Manufacturing Company 
Belgium 

Pentaconta Switching Installed in Bahamas­
The installation of a private Pentaconta tele­
phone exchange in Nassau adds the Bahama 
Islands to the 70 countries in which Penta­
conta switching systems are operating. The new 
exchange has a capacity of 100 extensions that 
are served by 14 trunks. However, this is not 
the first Pentaconta crossbar exchange in the 
West Indies, where Columbus landed in 1492. 

Compagnie Generale de Constructions Telephoniques 
France 

*"Export Pay Station," Recent Achievements, Elec­
trical Communication, volume 40, number 2, page 167; 
1965. 
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United States Patents Issued to International Telephone and 
Telegraph System; August-October 1965 

Between 1 August 1965 and 31 October 1965, 
the United States Patent Office issued 124 
patents to the International System. The names 
of the inventors, company affiliations, subjects, 
and patent numbers are listed below. 

F. G. Adam, Standard Telephones and Cables 
(London), Semiconductor Diode Having Mul­
tiple Regions of Different Conductivities, 
3 201664. 

P.R. Adams and M. Rogoff, ITT Laboratories, 
Transmission Systems, 3 202 764. 

P. R. Adams, J. A. Fingerett, and R. von 
Buelow, ITT Federal Laboratories, Cumula­
tive Digital Computing Systems, 3 204 088. 

H. H. Adelaar, Bell Telephone Manufacturing 
Company (Antwerp), Interconnecting Network 
for a Telecommunication System, 3 204 033. 

H. H. Adelaar, F. Clemens, and J. L. Masure, 
Bell Telephone Manufacturing Company (Ant­
werp), Time Division Multiplex Signalling 
System, 3 211 839. 

H. H. Adelaar, F. Clemens, and J. L. Masure, 
Bell Telephone Manufacturing Company (Ant­
werp), Selection System, 3 204 039. 

M. A. Argentieri, ITT Laboratories, Display 
System, 3 200 498. 

R. E. Arseneau, ITT Kellogg, Multi-Frequency 
Tone Signalling System, 3 201 524. 

R. E. Arseneau and J. Bereznak, ITT Kellogg, 
High Speed Electronic Switching Telephone 
System, 3 204 043. 

M. J. Beer and R. E. Scheme!, Standard Tele­
phones and Cables (London), Frequency Devi­
ation Detector, 3 207 995. 

J. Bereznak, ITT Kellogg, Electronic Switch­
ing Matrix, 3 201 520. 

P. Best, Standard Telephones and Cables (Lon­
don), Bonding of Metals to Ceramic Materials, 
3 203 084. 

F. T. Bilek, ITT Kellogg, Miniature Plug and 
Jack Explosion Proof Connector, 3 204 053. 

F. T. Bilek, ITT Kellogg, Wire Spring Push­
button Assembly, 3 205 318. 

J. M. Blackhall, ITT Kellogg, Automatic Toll 
Ticketing Systems, 3 200 200. 

J. P. Blanchenot, Cannon Electric Company, 
Mating Electrical Pin and Socket Contacts and 
Insulator Therefor, 3 200 367. 

D. C. Bradford and L. J. Krzych, ITT Labora­
tories, Slow Wave Filter Helix Structure, 
3 201 720. 

F. H. Bray and J. M. Ridler, Standard Tele­
phones and Cables (London), Improvements in 
or Relating to Automatic Telephone Exchanges, 
3 204 036. 

F. H. Bray, N. H. Martin, and J. M. Ridler, 
Standard Telephones and Cables (London), 
Automatic Identification, 3 200 203. 

W. G. Brown, ITT Federal Laboratories, _Pulse 
Code Modulation Coder, 3 201 777. 

E. Burstein, ITT Laboratories, Continuous Op­
eration Two Level D.C. Pumped Maser Ampli­
fier with Semiconductor Interface, 3 201 708. 

R. A. Canty and R. G. Griffin, ITT Compo­
nents, Capacitor Electrolyte, 3 202 611. 

H. N. Capen, F. A. Modavis, and L. M. Val­
lese, ITT Laboratories, Antenna Utilizing the 
Hall Effect, 3 204 186. 

G. F. Carlson, ITT Bell and Gossett Hydronics, 
Hot Water Heating System Having Auxiliary 
Pressurizing Means, 3 202 355. 
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US Patents to ITT; August-October 1965 

G. F. Carlson, ITT Bell and Gossett Hydronics, 
Pressurized Hot Water Heating System Hav­
ing Auxiliary Pressurizing Vessel, 3 202 357. 

L. E. Clements, ITT Federal Laboratories, 
Contrast Control Circuit, 3 204 027. 

J. R. G. Collard, ITT Federal Laboratories, 
Cryogenic Cooling Devices, 3 203 477. 

R. Dahlberg, Intermetall (Freiburg), Method 
and Means for Contacting and Mounting 
Semiconductor Devices, 3 200 468. 

T. E. Dahlen, Cannon Electric Company, Elec­
tric Connector Having RF Filter, 3 200 355. 

P. P. Danesi, Royal Electric Corporation, Elec­
trical Plugs, 3 204 215. 

D. W. Davis, ITT Federal Laboratories, Stor­
age Screen Assembly for Information Storage 
Tubes, 3 202 856. 

C. L. Day, ITT •Federal Laboratories, Target 
Electrode for Barrier Grid Storage Tube, 
3 201628. 

G. W. Dean, ITT Cannon Electric Company, 
Contact Terminal for an Electrical Conductor 
Member, 3 201 744. 

R. A. De Rose and H. E. Tauscher, ITT 
Kellogg, Flexible Ribbon Cable Connector, 
3 214 725. 

B. Dietrich, Clevite Corporation (Purchased 
Invention), Semiconductor Amplitude Modula­
tion Circuit, 3 202 940. 

C. F. Drake and R. H. Hutchins, Standard 
Telecommunication Laboratories (London), 
Color Photoengraving Techniques for Produc­
ing Conductor Devices, 3 202 509. 

R. H. Duncan and T. P. Miller, ITT Kellogg, 
Endless Relay Chain, 3 207 852. 

E. H. Eberhardt, ITT Federal Laboratories, 
Image Tube Target Locating Device, 3 207 997. 

P. T. Farnsworth, ITT Federal Laboratories, 
Electron Gun in the Form of a Multipactor, 
3 201 640. 

W. Fischer and D. Schafer, Standard Elektrik 
Lorenz (Stuttgart), Device for Use in Magnetic 
Tape Conveying Equipment, 3 207 402. 

H. K. Flesch, F. T. Gutmann, and R. Lieber, 
ITT Federal Laboratories, Data Processing 
Systems, 3 204 086. 

H. Fliegner and H. Brause, Standard Elektrik 
Lorenz (Stuttgart), Apparatus for Detecting 
Articles of Maximum Stiffness, Thickness, or 
Length, 3 202 778. 

D. B. Gardner and F. E. Dameron, ITT Bell 
and Gossett Hydronics, Hot Water Heating 
Systems Having Auxiliary Pressurizing Means, 
3 202 356. 

A. Gerlach, Intermetall (Freiburg), Switching 
Circuit, 3 201 603. 

A. F. Giordano, ITT Federal Laboratories, 
Stereoscopic Projection Apparatus, 3 200 702. 

R. D. Grayson, ITT General Controls Com­
pany, Water Heater Control, 3 198 432. 

R. D. Grayson, General Controls Company, 
Control Device for Temporarily Altering the 
Temperature Setting of a Thermostat, 3 203 258. 

T. Grewe, T. von Hauteville, R. Huss, K. 
Jekelius, W. Kaiser, K. Waldau, and H. Woll­
mann, Standard Elektrik Lorenz (Stuttgart), 
Method of Suppressing Noise, Compressing 
Bandwidth, and Evaluating Radar-Picture Sig­
nals or Similar Periodic Trains of Impulses, 
3 201 787. 
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G. E. Griggs and C. T. Roessler, Jennings 
Radio Manufacturing Corporation, Rotary 
Stepping Relay and Actuator Therefor, 
3 206 562. 

H. Grundig, Standard Elektrik Lorenz (Stutt­
gart), Rotary Switch With Interchangeable 
Contact Structure for Shorting and Non-Short­
ing Positions, 3 201 532. 

F. S. Gutleber and R. S. Bailey, ITT Federal 
Laboratories. Impulse Correlation Function 
Generator, 3 208 065. 

E. S. Guttmann, ITT Gilfillan, Navigational 
Situation Display with Cylindrically Shaped 
Film, 3 209 645. 

L. B. Haigh, H. F. Herbig, and M. Padalino, 
ITT Federal Laboratories, Validity Check Con­
trol of Plural Inputs to Relay Circuits, 
3 208042. 

G. C. Hartley, Standard Telephones and Cables 
(London), Automatic Telecommunication Ex­
changes, 3 204 037. 

W. Hauer and J. L. Garnier, ITT Federal Lab­
oratories, Distributing System for Transfer of 
Articles, 3 203 533. 

J. S. Hawkins, Jennings Radio Manufacturing 
Corporation, Electro-Magnetic High-Current­
Carrying-Capacity Vacuum Relay, 3 200 222. 

A. J. Henquet, R. V. Cavin, and M. Feuillepain, 
Compagnie Generale de Constructions Tele­
phoniques (Paris) and Le Materiel Telepho­
nique (Paris), Control of Remote Telephone 
and Like Equipment, 3 204 041. 

E. Herter, Standard Elektrik Lorenz ( Stutt­
gart), Speech Immunity Voice Frequency Sig­
nalling System, 3 200 205. 

L. Himmel, ITT Laboratories, Identification 
System, 3 201 757. 

US Patents to ITT; August-October 1965 

R. C. P. Hinton, E. H.P. Eigo, and P. Pleshko, 
ITT Laboratories, Logic Circuits Employing 
Negative Resistance Elements, 3 204 112. 

G. Hirschfeld and W. Hinz, Standard Elektrik 
Lorenz (Stuttgart), Photosensitive Arrange­
ment for Scanning Fluorescing Identifications, 
3 207 910. 

R. A. Hyman and A. D. Thomas, Standard 
Telephones and Cables (London), Direct 
Coupled Semiconductor Solid State Circuit 
Having Complementary Symmetry, 3 205 373. 

K. S. T. Janson, M. V. I. Jeppsson, and K. E. 
S. Silversjo, Standard Radio & Telefon 
(Barkarby), Control Arrangement for Trans­
mission of Frequency Shift Modulated Signals, 
3 205 440. 

J. N. Johnsen, Standard Telefon og Kabelfabrik 
(Oslo), Hollow Conductor for Power Cables, 
3 201 507. 

G. S. Johnson, Cannon Electric Company, Tool 
for Inserting and Extracting Removable Elec­
trical Contacts, 3 197 849. 

J. M. Kennedy and K. G. Collyer, ITT Kellogg, 
Automatic Teleprinter System, 3 206 545. 

N. Kovalevski and D. C. Wilton, ITT Kellogg, 
Photo-Electrical Compandor, 3 213 391. 

H. L. Levin, ITT Federal Laboratories, Caged 
Electron Gun, 3 201 638. 

A. Lieb, Standard Elektrik Lorenz (Stuttgart), 
Electroluminescent Capacitor, 3 201 633. 

J. M. P. Lisimaque and R. Dellesmillieres, 
Le Materiel Telephonique (Paris), Positioning 
Mechanism Control and Switching, 3 208 018. 

A. R. Lucas, ITT Kellogg, Magnetic Memory 
Device and System, 3 208 055. 
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US Patents to ITT; August-October 1965 

Z. G. Lyon, ITT Federal Laboratories, Re­
peater Terminal, 3 201 691. 

H. ).1ach and H. Kudritzki, Standard Elektrik 
Lorenz (Stuttgart), Carrier Storage Arrange­
ment in a Pneumatic Tube System, 3 201 062. 

D. C. J. Magotteaux, Bell Telephone Manufac­
turing Company (Antwerp), Phase Modulated 
Pulse Recording and Reading Systems, 
3 202 975. 

M. Mamon, ITT Federal Laboratories, Over­
load Protection in Transistorized Power Regu­
lating Circuits, 3 201 606. 

F. P. Mason, G. J. L. Stevens, and F. G. Smith, 
Creed and Company (Brighton), Facsimile 
System Having Provision for High Speed Skip­
ping of Blank Areas, 3 201 512. 

R. A. Mason, Creed and Company (Brighton), 
Tape Storage Apparatus, 3 203 607. 

J. Matthieu, V. Schmidt, and H. Woller, Stand­
ard Elektrik Lorenz (Stuttgart), Alternate 
Routing in Telephone Systems, 3 202 766. 

K. R. Meisingset, I. Mo, and 0. Kvingedal, 
Standard Telefon og Kabelfabrik (Oslo), 
Method for Synchronizing Cryptographic Tele­
printer Equipment, 3 201 515. 

0. S. Meixell, ITT Federal Laboratories, Elec­
trical Bridge Networks and Circuits Including 
Said Networks, 3 201 678. 

0. S. Meixell, ITT Federal Laboratories, 
Analog Signal Multiplier Using Carrier In­
sertion, 3 202 808. 

G. Merz, Standard Elektrik Lorenz ( Stutt­
gart), Magnetic Core Matrix Storage Systems, 
3 201 768. 

F. A. Moore, Creed and Company (Brighton), 
Projecting Teleprinter With Platen Movable 
into and out of Projection Field, 3 200 928. 

R. K. Orthuber and C. V. Stanley, ITT Farns­
worth Research Corporation, Charge Storage 
Sheet "With Tapered Apertures," 3 201 630. 

P. E. Osborn, ITT Kellogg, Discriminator and 
Pulse Forming Circuit, 3 204 042. 

C. J. Pasquier and F. K. Luteran, ITT Federal 
Laboratories, Digital Delay System Utilizing 
Variable Decade Scalers and Ambiguity Elimi­
nating Circuitry, 3 201 687. 

C. J. Pasquier and J.C. Graebner, ITT Labora­
tories, Phase Shifting System, 3 201 700. 

C. J. Pasquier and F. T. Gutmann, ITT Federal 
Laboratories, Coordinate Conversion Device, 
3 201 793. 

V. E. Porter, ITT Kellogg, Electronic Switch­
ing Telephone System, 3 204 044. 

H. T. Prior, Standard Telecommunication Lab­
oratories (London), Signal Transmission Ap­
paratus With Means for Suppressing Har­
monics and Intermodulating Products, 3 202 928. 

W. H. P. Pouliart and G. van Mechelen, Bell 
Telephone Manufacturing Company (Ant­
werp), Electrical Sorting System, 3 201 758. 

R. Quesinberry, Barton Instrument Corpora­
tion, Valve Control Mechanism, 3 211 013. 

W. A. Ray, General Controls Company, Oil­
Filled Solenoid Valve Construction, 3 211 417. 

W. A. Ray, ITT General Controls Company, 
Polarized Solenoid Actuating System, 3 200 591. 

D. S. Ridler, Standard Telecommunication Lab­
oratories (London), Data Processing Equip­
ment, 3 208 047. 

D. D. Robertson, Jennings Radio Manufactur­
ing Corporation, Motor Driven Hermetically 
Sealed Variable Capacitor, 3 213 340. 

R. D. Salmon, Creed and Company (Brighton), 
Centrifugal Speed Governor which Minimizes 
the Effect of Contact Erosion, 3 202 780. 

M. Santangeli, Fabbrica Apparecchiature per 
Comunicazioni Elettriche Standard (Milan), 
Coaxial Vacuum Relay Having Plural Contacts, 
3 202 784. 

M. Scata, Fabbrica Apparecchiature per Comu­
nicazioni Elettriche Standard (Milan), Reed­
Relay with Adjustable Ferrite Element, 
3214533. 
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W. Schiebeler, Standard Elektrik Lorenz 
(Stuttgart), Rotor Controlled Step Motor, 
3 201 671. 

D. F. Seemann and E. R. Haskins, ITT Kel­
logg, Electronic Switching Telephone System, 
3 204038. 

D. M. Sharp, ITT Federal Laboratories, Radio 
Receivers, 3 201 696. 

W. Sichak and Z. G. Lyon, ITT Laboratories, 
Single Sideband Communication System, 
3 201 692. 

S. Simon and M. Voeve, Bell Telephone Manu­
facturing Company (Antwerp), Alternating 
Current Signal Receiver, 3 200 307. 

J. A. Stamm, C. E. Rumsey, and R. F. Franke, 
ITT Federal Laboratories, Apparatus for Ac­
curate Formation and Presentation of a Visual 
Display, 3 200 724. 

A. P. Stein, ACF Industries (Purchased In­
vention), Tensiometer, 3 203 235. 

F. Steiner, Standard Elektrik Lorenz ( Stutt­
gart), Arithmetic Unit, 3 202 810. 

F. Steiner, Standard Elektrik Lorenz (Stutt­
gart), Analogue Indicating Device, 3 207 121. 

R. M. Stuart, Cannon Electric Company, Reus­
able Peripheral Seal Joint, 3 200 366. 

W. L. Tack, Clevite Corporation (Purchased 
Invention), Furnace Apparatus and Conveyor 
Therefor, 3 202 406. 

L. D. 0. Tearne, Airmatic Systems Corpora­
tion, Horizontal Central Transfer Point, 
3 201 063. 

R. L. Thorne, ITT Industrial Products Divi­
sion, Stroboscopic Display with Sample-and­
Hold Circuit, 3 201 641. 

G. Trautwein, Standard Elektrik Lorenz 
(Stuttgart), Error Detecting System for Pulse 
Communication Systems, 3 204 189. 

F. Ulrich, Mix & Genest W erke (Stuttgart), 
Arrangement for Storing and Scanning Infor­
mation m Ferrite-Core Storage Devices, 
3 204226. 

US Patents to ITT; August-October 1965 

F. Ulrich, Standard Elektrik Lorenz ( Stutt­
gart), Timing Circuit for Defining Long In­
tervals of Time, 3 204 152. 

F. Ulrich, Standard Elektrik Lorenz ( Stutt­
gart), Basic Circuit Comprising a Chain of 
Tunnel Diodes, 3 201 610. 

G. Vogel, H. Schneider, and E. Beyerle, Mix & 
Genest Werke (Stuttgart), Multi-Frequency 
Supervisory Signal Receiving System, 3 209 076. 

R. W. Vosper, Royal Electric Corporation, 
Cartridge Fuse Assembly, 3 202 787. 

R. C. Webb, Colorado Research, Add-Subtract 
Separator, 3 209 348. 

R. C. Webb, Colorado Research, Phase Coin­
cidence Detector Control Circuit, 3 206 616. 

J. Weidel and W. Bauer, Standard Elektrik 
Lorenz (Stuttgart), Electron Tube for Indicat­
ing Symbols, Letters, Numerals, and the Like, 
3 201 634. 

H. Wollmann, T. Grewe, and 0. Kolb, Stand­
ard Elektrik Lorenz (Stuttgart), Circuit Ar­
rangement and a Method of Adjusting the 
Permanent >Flux in a Magnetizable Element, 
3 204 224. 

N. H. Young, Jr., ITT Laboratories, Beyond­
the-Horizon Communication System for Air 
Vehicles, 3 209 260. 

W. K. C. Yuan, ITT Kellogg, Ring Counter 
and Marker, 3 200 204. 

F. Zendeh, Standard Elektrik Lorenz ( Stutt­
gart), Self Correcting Coding Circuit, and Cir­
cuit Arrangement for Decoding Binary Infor­
mation, 3 201 783. 

DESIGN: 

H. C. La Paro and B. Burkhoff, ITT Labora­
tories, An Audio-Visual Apparatus, Des. 
202 075. 

R. V. Tetz, Jennings Radio Manufacturing 
Corporation, Voltage Divider, Des. 202 468. 
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Other Papers from International Telephone and 
Telegraph System Authors 

The following list includes papers published in 
other periodicals and, in some cases, presented 
at meetings and not yet published. Some un­
published papers may be available in limited 
quantities and requests should be directed to 
Electrical Communication. Requests for pub­
lished papers should be made to the indicated 
publication and not to Electrical C ommunica­
tion. The affiliation of the author is given in 
parentheses. 

Antel, G. R. and White, H. P., "An ANP 
Transistor in GaAs," Symposium on Gallium 
Arsenide, Institute of Physics and The Physi­
cal Society, Reading University; 26-28 Septem­
ber 1966. (Standard Telecommunication Lab­
oratories, United Kingdom) 

Bailey, J. S., "Generalized Single-Ended Count­
ers," l ou1·nal of the Association for Computing 
Machinery, volume 13, number 3, pages 412-
418; July 1966. (ITT Gilfillan, United States of 
America) 

Behne, R., "Problem bei der Einfohrung der 
Statistischen Qualitatskontrolle," Ausschuss for 
wirtschaftliche Fertigung, Mainz, Germany; 14 
October 1966. (Standard Elektrik Lorenz, 
Germany) 

Birch, D. A., "Are Power Units on the Way 
Out?," Electronics Weekly; 27 July 1966. 
(Standard Telephones and Cables, United 
Kingdom) 

Bolger, D., Franks, J., Gordon, J., and \i\Thita­
ker, J., "Preparation and Characteristics of 
GaAs," Symposium on Gallium Arsenide, In­
stitute of Physics and The Physical Society, 
Reading University; 26--28 September 1966. 
(Standard Telecommunication Laboratories, 
United Kingdom) 

Borel, G., "Le contr6le de la qualite clans les 
fabrications de commutation telephonique," 
Conference du comite d'Etat pour la science et 
la technique, Moscow; 7 September 1966. (Le 
Materiel Telephonique, France) 

Brisbane, A. D. and Jackson, T. M., "Helium 
Neon Gas Laser and Its Application to Micro­
circuit Fabrication," Conference on Energy 
Beams and Their Uses, Electronics Group of 
the Institute of Physics and The Physical So­
ciety, University of York; 28-30 September 
1966. (Standard Telecommunication Labora­
tories, United Kingdom) 

Buhmann, G., "Kunststoffe in der Kabeltech­
nik," Verband Deutscher Elektrotechniker, 
Bremen; 28 September-3 October 1966. 
(Standard Elektrik Lorenz, Germany) 

Bush, E. L. and Grayson, H., "The Mossbauer 
Spectrometer," Discussion Meeting of Institu­
tion of Electrical Engineers, London; 3 October 
1966. (Standard Telecommunication Labora­
tories, United Kingdom) 

Caruthers, R. S., "Current Status of All Solid 
State Microwave and Associated Semiconduc­
tors," Third Colloquium on Microwave Com­
munication, Budapest; 19-22 April 1966. (In­
ternational Telephone and Telegraph Corpora­
tion, United States of America) 

Caruthers, R. S., "Evolution of All Solid 
State Microwave Equipment and Associated 
Semiconductor Devices in the USA and 
Europe," IEEE International Communications 
Conference, Philadelphia; 15-17 June 1966. 
(International Telephone and Telegraph Cor­
poration, United States of America) 

Caruthers, R. S., "Future Trends in Transmis­
sion Development in ITT," ITT Patent Con­
ference, 5 ::\fay 1966. (International Telephone 
and Telegraph Corporation, United States of 
America) 

Cooper, Bernard, "Optical Communications in 
the Earth's Atmosphere," IEEE Spectrum, vol­
ume 3, number 7, pages 83-88; July 1966. 
(Jennings Radio Manufacturing Corporation, 
United States of America) 

Cramer, B., "Gerate fiir schnelle Dateni.iber­
tragung," ITT Symposium, Ljubljana, Yugo-
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sla via; 8 October 1966. (Standard Elektrik 
Lorenz, Germany) 

Davis, A. W., "Optical Link for High Speed 
Data Transmission," Journal of Scientific In­
strnments, volume 43, pages 532-533; August 
1966. (Standard Telecommunication Labora­
tories, United Kingdom) 

Della Giovanna, C., "Standardization of the 
Main Parameters in PCM Telephone Systems," 
ITT Symposium, Ljubljana, Yugoslavia; 8 Oc­
tober 1966. (Fabbrica Apparecchiature per 
Comunicazioni Elettriche Standard, Italy) 

Deubert, R., "Ansteuerungsmethoden for die 
Farbbildrohre," Fernsehtechnische Gesellschaft, 
Heidelberg; 20 September 1966. (Standard 
Elektrik Lorenz, Germany) 

Dobson, C. D. and Keeble, F. S., "The Be­
haviour of High Output GaAs Lasers," Sym­
posium on Gallium Arsenide, Institute of 
Physics and The Physical Society, Reading Uni­
versity; 26-28 September 1966. (Standard 
Telecommunication Laboratories, United King­
dom) 

Ed·wards, G. W., "Annealing Mechanisms in the 
Tristable Hysteresis Loop," IEEE Transactions 
on Magnetics; September 1966. (Standard 
Telecommunication Laboratories, United King­
dom) 

Feustel, 0., "Ringkern-Zuordner," Elektron­
ische Rechenanlagen, volume 8, number 1, pages 
10-22; 1966. (Standard Elektrik Lorenz, Ger­
many) 

Finocchi, A. J., "The Effects of the Underwater 
Environment on Electronic Equipment," 2nd 
Marine Systems and ASW Conference, Los 
Angeles, California; 8-10 August 1966. (ITT 
Federal Laboratories, United States of Amer­
ica) 

Frank, R., "Moderne Anlagen fi.i.r automatische 
Verkehrssignalisierung in den Stadten," Inter­
nationaler Kongress Infrastruktur und Auto­
bahnbau, Mechelen, Belgium; 14 October 1966. 
(Standard Elektrik Lorenz, Germany) 

Other Papers from System Authors 

Franks, J., "Review of Theories of Electro­
luminescence," Brighton College of Technology; 
21 October 1966. (Standard Telecommunica­
tion Laboratories, United Kingdom) 

Franks, J. and Tooke, C. C., "Photolumines­
cence in Gallium Arsenide," Conference on the 
Physics of Semiconducting Compounds, Swan­
sea University; 21-23 September 1966. (Stand­
ard Telecommunication Laboratories, United 
Kingdom) 

·Frech, G., "Elektronik in der Eisenbahnsignal­
tcchnik," Deutsche Industrie-Ausstellung, Ma­
drid ; 14-25 October 1966. (Standard Elektrik 
Lorenz, Germany) 

Froom, J., "A Possible Mechanism of Current 
Oscillation in Piezoelectric Semiconductors," 
Sixth International Conference on Theories of 
Optical Generation and Application, Cam­
bridge; September 1966. (Standard Telecom­
munication Laboratories, United Kingdom) 

Froom, J., "An Analysis of Current Instabilities 
in Piezoelectric Semiconductors," IEEE Elec­
tronics Symposium, Cleveland; October 1966. 
(Standard Telecommunication Laboratories, 
United Kingdom) 

Gaines, B. R., "Teaching Machines for the Hu­
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