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Terminal Equipment for 2 700-circuit

Carrier System

. Modulation Equipment

S TRONSLL TELEFONAKTIEBOLAGET LM ERLECSSON STOCKHBDLM

LUDC 621.395.44
LME 85424

The present article deals with L M Ericsson's equipment for modulation
from the basic supergroup to the line frequency band of the 12 Mc's sysiem.
A brief description of the system iy given and the most imporiant rechnical
data are presenied.

The associated equipment for carvier frequency generation will be dealr
with in an article 1o be publivhed in a future nuwmber of Ericsson Review,
The modulation cquipment for the formation of the basic supergroup has
beew deveribed in Ericsvon Review, No ] 1961 and No. 2, 1962,

Introduction

The miroduction of coaxial systems nto long distance networks at the end
of the 1940°s in the form of 4 Mc/s systems (Y60 circuits) was followed by a
large expansion of the long distance traffic. The reasons were the general
industrial and economic development in many countries and the introduction
of subscriber trunk dialling in the middle of the 1950°s. Administrations were
very soon presented with the problem of further expanding the trunk net-
works and as the laying of new cables 15 very expensive, there arose a de-
mand for increasing the capacity of coaxial cables which were already in
use. The most economic solution proved to be to reduce the repeater spacing
in 4 Mc/s systems by hall so that the repeater station buildings which already
existed could also be used in the new system.

As the attenuation of a coaxial cable increases with the square root of the
frequency and approximately the same amplification could be realized, it
was soon appreciated that the maximum frequency transmitted could be in-
creased by a factor 3. See the article in Ericsson Review No. 4. 1962, by E 1
Eriksen entitled “The Development and Future of Wide Band Carrier
Systems’

This resulted in the standardization by CCITT of the 12 Mc s system.
which has a capacity of 2 700 telephone circuits in the frequency band 312/316
ke/s—12 388 ke/s.

Together with the Swedish Board of Telecommunications. L M Ericsson
took an active part in the work of CCITT in standardizing the 12 Mc/s
system. This gave us at an early stage of development the possibility of
fixing tmportant system characteristics, and led to L M Ericsson being the
first company n the world to put terminal equipment of this typg into
operation in 1962 in the cities of Stockholm, Vasteras, and Orebro.

The function and construction of this equipment is now described.

Modulation Plan

For technical and traffic reasons. the channels are not modulated directly
to the prescribed line frequency range 312 316-12 388 ke/s. Instead, the
modulation is carried out in stages up to larger and larger groups.

The size of the group and the position of the frequency band are standard-
1zed by CCITT

English nomenclature Frequency band Number of channels
basic group 60 —108 ke's 12
basic supergroup 312 =552 ? 60)
hasic mastergroup §12 <2044 7 300
basic supermastergroup 8§516-12338 *© 900
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Modulation plan for 12 M s system
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The line frequency band in the 12 Mc s system containing 2 700 channels
consists of 3 supermastergroups. equivalent to 9 mastergroups, each master-
supergroups and each supergroup contaming 3

group containing 5 groups.

The modulation equipment for the formation of the supergroup (channel
translating and group translating equipment) is described in previous articles
in Ericsson Review (No. 2, 1961 and No. 2, 1962) and will not be dealt with
here.

The modulation plan is shown n figs. la, b, and lc¢.

Five basic supergroups in the frequency range 312-552 ke's are modulated
with the respective carriers 1364 ke's, 1612 ke's, 18600 ke/s, 2108 ke/s and
2356 ke/s. The lower sidebands are extracted and combined to form a basic
mastergroup in the frequency band 812-2044 ke s, The channels are in-
verted in this frequency band.

Three basic mastergroups are then modulated again with carriers 10 560

11 880 ke/s and 13 200 ke's. The lower sidebands are extracted and

combined to form a basic supermastergroup in the frequency band 8516
lke/s—12 388 ke/s with the channels erect.

ke/s.

The line frequency band 316-12 388 ke/s 1s formed by modulating two
basic supermastergroups with the carriers 16 720 ke/s and 12704 ke's re-
spectively, extracting the lower sidebands and combining these with a basic
supermastergroup in the range 8 516-12 388 ke's. An alternative to this
method of forming the line frequency band is obtained by putting in a nor-
mal 4 Mc/s band (the first supergroup is removed) consisting of 15 super-
groups in the frequency range 312 ke/s—4 028 ke's. instead of the super-
mastergroup which is translated to the frequency range 316 ke's—1 188 ke/'s
using the carrier 12 704 keys. See fig. 1d. This permits the integration of earlier
type equipment in a modern 12 Mc s network in a simple manner.

LTV
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Figs. 2. 3 and 4 show the h.f. block schematics for the different equipment
parts. with nominal signal levels given. It will be seen that each modulation

stage 1s in principle built up in the same manner
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On the sending side. the signal is connected direct to the modulator units,
and is then amplified after combination of the signals from the sideband
filters. the combination being made in the conventional manner with a hybrid
(differential transformer).

On the receving side, the incoming signal goes direct to a hybrid connexion
where it is split up and after demodulation is amplified. This division of the
amplification gives good level conditions resulting in good noise characteristics.
In addition the modulators and demodulators have approximately the same
levels which has enabled these units to be made identical in most cases.

The attenuation at the high frequencies which occurs in transmission over
the station cabling can no longer be neglected and to be able to maintain the
fixed levels in the distribution frames, the modulation equipment has been
designed to permit a certain amount of level adjustment. A cable attenuation
of up to 3 db can be allowed for on the terminal side of the distribution
frames for the mastergroups, supermastergroups and 12 Mc/'s line groups.
A cable attenuation of 1 db s permitted between the supermastergroup
distribution and the supermastergroup translating equipment.

Due to the frequency dependence of the attenuation, a certain amount of
equalization must be carried out, and the mastergroup translating and super-
mastergroup translating equipment has therefore been provided with plug-in
type equalizing networks on the supermastergroup and 12 Mc/s line group
sides. Equalization for the mastergroup is nol necessary.

Modulators

Conventional ring modulators have been used in the supergroup and master-
group translating equipment. These modulators are simple and good linearity
has been obtained with reasonable carrier power.
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A circuit patented by I M Ericsson s used in the supermastergroup trans-
lating equipment. The circuit is characterized by the reverse voltage which
is available for the non-conducting diodes not being limited to the voltage
drop across the

conducting diodes, Better himearity with the same carrier

power is obtained in this way.

In this way the great hnearity required for the supermastergroup can be
obtained with reasonable carrier power.

High grade diodes are used to ensure extreme stability and long length of
life. The filters are calculated and manufactured using the most modern prin-
ciples. High quality ferrite cored coils and capacitors give low losses and
great stability

Amplifiers

The amplifiers in the equipment are transistorized as far up as the basic
supergroup (upper frequency 552 ke's). As there 1s insufficient operational
experience of the length of life of high frequency transistors. the wide-band
amplifiers i the h.f. range are designed using tubes, even if transistorization
is theoretically possible. Uncertainties must he reduced to a minimum when
dealing with amphfiers for such a large number of channels. Tube technique
15 nowadays completely mastered and for the tubes of L M Ericsson's
manufacture, an average length of life of 30000 hours has been guaranteed,
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Example of level regulation

a) incoming line frequency band. level deviation from
nominal value

b) level deviation from nominal value in the super-
mastergroups after supermastergroup regulation

¢) level deviation in the mastergroups after master-
group regulation

d) level deviation in the supergroups after supergroup
regulation

although in practice this figure 1s 40 to 50000 hours 1.e. about 5 years. To
obtain increased reliability the tube amplifiers have been designed with two
amplifying loops across a feedback network, which means that a fault in one
loop does not appreciably affect the transmission. It is not possible to use
this principle in the case of transistorized amplifiers. Each tube current is
continuously supervised and an alarm is given when the limits of tolerance
are exceeded.

Owing to the relatively small number of amplifiers in the equipment the
power consumption is not of great importance.

The two amplifying loops in the supermastergroup and 12 Mc/s line group
amplifiers are fed from separate mains supply units which also further con-
tributes to operational reliability.

Stand-by amplifiers placed in the respective equipment may be connected
practically without causing interference in operation (interruption time is less
than 2 ms). This is important as certain checks can only be made with great
difficulty on amplifiers in traffic (e.g. linearity test).

Test Points

Even if all precautions have been taken to obtain the highest possible
operational reliability, a certain amount of preventive maintenance is required.
To ease this work. special test points for maintenance have been arranged.
These are denoted by M on the block schematics.

The test points which are connected to the transmission path by means of
hybrids are not affected by short-circuits and are not affected by poor im-
pedance matching in the transmission path which could otherwise give rise
to incorrect results. Maintenance measurements can therefore be made with-
out the risk of causing interruptions to operation caused by faulty measuring
equipment. As the test points have been placed so as to be directly accessible
in the sides of the bay front. the gangways are not blocked by doors which
would have to be opened to carry out measurements. To permit the rapid
localization of a unit when it becomes faulty, fault finding test points have
been provided at strategic points in the equipment. These test points are placed
at the front ends of the plug-in units and are normally covered by the bay
dust covers. The fault-finding test points are as a rule pure parallel test points.
For fault-finding and commissioning purposes all inputs and outputs to and
from the bay have been provided with coaxial break-type U-links.

The modulator filter units and amplifiers have been designed as plug-in
type units. Rapid exchange of any possible faulty unit can easily be made.
The manufacturing tolerances on each unit are very close and no readjust-
ments are necessary in the system after an exchange has been made. The
high stability and close manufacturing tolerances have made it possible to
reduce the number of adjusting points in the system to a minimum thereby
eliminating a very important fault source.

Equipment for Level Supervision and Regulation

When sending over long distances it is not possible to avoid a certain
variation of equivalent over the transmitted band. This so-called attenuation
distortion can vary depending. for example. on rearrangement of traffic on
other routes, through connexions, temperature variations of cable routes.
aging of amplifying elements, etc. Even if certain variations are automatically
compensated. residual errors stll occur which are not constant over the trans-
mitted band and which can add up to give excessive values. When it is 1m-
possible to predict how this loss will vary with frequency. regulation after
the line band has been divided up into groups is the most suitable: such reg-
ulation can then be independent of frequency (linear).

These groups are in turn divided into smaller groups which can also be
provided with linear level regulation. and by going down sufficiently far in
the size of the group, variations in the nominal level can be made smaller—see
fig. 5.



Pilots

To be able to check the equivalent in a group while in traffic and to be
able to arrange its automatic level regulation, each group has been allocated
a reference pilot frequency. This pilot follows with its group through the
transmission network from the point where the group is formed unul it is
sphit up into smaller groups.

It will be seen in the block schematics figs. 2. 3 and 4 how the injection
of the reference pilot is arranged mmmediately after the combmation of the
groups on the sending side. The pilot therefore passes through the sending
amplifiers.

The reference frequencies are as follows:

injected in:

supergroup 41192 ke's group translating equipment
mastergroup 1 552 kefs supergroup v k
supermastergroup 11096 ke's mastergroup i

12 Mc's line group 8248 kes supermastergroup = =

The CCITT have not made any recommendation for the 12 Mc's line
group pilot. The equipment has been provided with the possibility of in-
jecting the frequency 8248 ke's as the 12 Mce/s hine group reference pilot.
8§ 248 ko/s has actually been allocated for use as an additional measuring
frequency for the h.f. line, but CCITT have recommended two frequencies
in the same mterstice, 8 248 and 8472 ke/s. and the 8248 ke/s pilot can
therefore in most cases be used as a reference pilot without causing in-
convenience,

Level Supervision

Level supervision with alarm facility can be arranged by means ol selective
pilot receivers for the reference pilots in accordance with the following.

At the end of the supergroup translating equipment, receiving side (fig. 2),

At the output ol the receiving side of the mastergroup translating and super-
mastergroup translating equipment. See figs. 3 and 4,

It has been considered smtable 1o provide the possibihty of supervising each
amplifier mdividually in equipment for supermastergroups and upward. Pilot
receivers can therefore be fitted after the sending amplifiers in the master-
group translating and supermastergroup translating equipment and after the
12 Mc/s line group amplhifier. receiving. See figs. 3 and 4.

The pilot receivers for supervision of the supermastergroups and the 12
Mc/s line groups have been provided with outputs for recorders in addition
to the alarm facility. In the case where the 8 248 ke/s pilot cannot be sent to
the receiving station, for example due to branching. a point for injection of
8 248 ke/s has been provided at the input of the supermastergroup translating
cquipment on the receiving side.

The alarm limits can be chosen so that selective alarm is obtaimed.

The frequency 1 552 kees is obtained by modulation of the 11 096 ke/s pilot
with 12648 Kke/s. and the same pilot receiver can therefore be used for the
supermastergroup and mastergroup reference pilots.

Level Regulation

The supergroups and mastergroups can be provided with automatic or
manual level regulation. As the supermastergroup constitutes such a large
part of the line frequency band. automatic regulation s not warranted and
only manual level regulation has been anticipated. The regulation is smooth
and cannot cause interruptions, The equipment for regulation and super-
vision of the supergroups is placed in a special bay. whereas that for the
mastergroup and supermastergroup regulation 1s buwilt together with the re-
spective translating equipment,

The automatic level regulating equipment is of the continuous type: the
pilot current from the pilot receiver controls the gain in the signal path via
a reference circuit and a thermistor network.



To allow the functioning of the level regulation to be checked. a main-
tenance test point is brought out at the input of the level regulating equip-
ment. Measurement of the unregulated level and the output level (regulated)
provides mformation about the regulation state and whether there 18 a fault
in the equipment.

Owing to the large number of supergroups in a 12 Mcs station, the s or-
group control functions have been made automatic. A separate pilot receiver
carries out the level regulation for cach supergroup. A common pilot re-
ceiver for supervision investigates the regulated supergroup levels in turn. At
cach cycle the pilot receiver 1s connected to the local supergroup pilot from
the carrier and pilot generating equipment and checks stsell i this manner.
See the block schematic, g, 2.

The pilot level and thernmistor heater current can also he measured on an
instrument built into the bay

Suppression of Reference Pilots

When a group s sphit up at the end ol a group link, the reference pilot of
the group must be suppressed as otherwise it would be demodulated and
could pass through to another system via through connexion of smaller groups.

Suppression must be made on the terminal side of the respective group
distribution frame. and can be realized either on the receiving side of the
translating cquipment. in the through connexion filter or in the sending side of
the translating equipment before the point where the pilot 1s injected.

The 1552 ke's mastergroup reference pilot, which lies in the centre of an
8 keos interstice between two supergroups, will be stopped automatically in
the supergroup through connexion filter since CCITT has already recom-
mended stopping the h.f. line intersupergroup pilots for 4 Mc/s systems in
this manner and these lie at 4 kc/s from the supergroup bands. The suppres-
sion 15, however, not sufficient if there s through connexion from a 4 Mc/s
system to o 12 Mce/s system, as the difference in level between the reference
and ntersupergroup pilots is 10 db. Extra attenuation at the supergroup
reference pilot frequency is provided on the sending side in the supergroup
translating equipment. see fig. 2.

The 11 096 ke/s supermastergroup reference pilot is stopped on the receiv-
ing side in the translating equipment. fig. 3. The pilot does not lie sym-
metrically in the interstice and it is therefore not suitable to stop it in the
mastergroup through connexion filter. In addition, the stopping should not
be carried out in the sending side of the translating equipment as it would
result in a somewhat lower input level for the sending amplifier. resulting in
an increased noise contribution.

The same argument applies for the siting of the stop filter for the 12
Mc/s line reference pilot, fig. 4.

Power Supply and Alarm

All equipment normally receives its operating voltages from separate mains
supply units in each bay. The advantages of this principle are that the currents
in the power cabling of the station are smaller and the operational rehiabilhity
increases as the mains supply units supply a smaller part of the equipment.
The mains supply units have been mounted at the top of the bay so as to
avoid heating up the rest of the equipment by dissipation. The fusing of the
bays is carried out in such a way that there is the least possible interference
to operation in the event of a fuse blowing. As an example, each “hall™ of
an amplifier is individually fused. The fuses are provided with alarm con-
tacts combined with a visual signal and are placed so as to be easily seen.
at the sides of the bay beside the respective equipment.

Alarm Unit

Alarms from the level supervision equipment and alarms for blown fuses.
etc. are combined in a central alarm unit in each bay. in this unit there are

9



also relays for supervision of the operating voltages. Two types of alarm are
sent out from the alarm unit to the station alarm system. These are for so-
called urgent alarm (A-alarm) and for non-urgent alarm (B-alarm) depend-
ing on whether the fault causes an interruption to traffic or not. At the same
time clearly visible bay alarm lamps placed at the top left of the bay front
are lit; one lamp for the A-alarm and one for the B-alarm. In addition, sec-
ondary alarm lamps are lit which give more detailed information of where
the fault occurs. These lamps are located at the sides of the bay front be-
side the respective equipment.

To ensure the reliability of functioning of the alarm system when the bay
supply voltages fail, provision has been made for connexion of an auxiliary
voltage.

Through Connexion Filter Equipment

It is not usual that all carrier circuits coming into a station are terminated
there. In most cases, a large number of circuits are through connected to other
stations.

It would be particularly uneconomic to demodulate these channels to
the voice frequency band 300-3 400 c/s and then after through connexion
to remodulate these channels to their position in the transmission band. An
unnecessarily large amount of equipment would be required and furthermore
an unnecessary reduction in quality would be obtained. Each stage of modu-
lation gives for example an unavoidable contribution to noise.

Whole groups are instead routed to other group sections. When this is
arranged in the basic frequency range of the groups, the procedure is called
through connexion and because each group has its particular standardized
basic frequency range. as given in Section 2, very great flexibility in connec-
tons is obtained.

By using standardized groups, through connexion can be arranged between
different types of system. All groups of the same type in a station are brought
to a central distribution frame and can here be connected for termination or
for through connexion. Through connexion can be arranged for basic groups,
supergroups, maslergroups or supermastergroups.

For practical reasons the h.f. modulating equipment is not so selective that
through connexion can be made without providing extra protection from
filters. The through connected group must be passed through a filter to
remove certain modulation products and remnants from neighbouring groups
which would otherwise give excessive crosstalk between the two systems

Fig. 6 x 776 which are concerned in the through connexion.
Bay arrangement fo a 12 Mc/s terminal The through connexion filter equipment s placed in special bays and is
station with two fully loaded systems. One  connected to the respective distribution frame of the station. Fig. 6 shows a

supermastergroup and two mastergroups are b3 » ., " . : . L T % ) - )
ay layout diagram for a 12 Mc/s station with two syste / 3 : super-
through connected. y lay g ystems where one sup,

For abbreviations see next page. mastergroup and two mastergroups are through connected.
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By employing refined calculating methods and the highest quality ferrite
coils and capacitors, it has been possible to avoird using amplifiers in all
through connexion filter equipment. This has resulted in a cheaper equipment
which is more operationally reliable.

There 15 a special type of filter for the supermastergroups which permits
direct through connexion in their respective positions in the line frequency
band. The reduced flexibility which is thereby obtamed is sufficient in many
cases. The method has the advantage ol not requiring any modulation and
thus involves a slightly smaller noise contribution. An extra filter is not re-
quired for supermastergroup | as the supermastergroup translating equip-
ment provides sufficient protection. The filters are placed in the same bay
that 15 used for the normal through connexion filters.

For reasons of stability, the through connexion filters have heen mounted
in hermetically sealed boxes. All through connexion equipment has heen
designed so that the transmission of radio programs 15 possible without
having to state restrictions on the position of the program channels in the
frequency band.

Distribution frames also belong to the through connexion equipment. In
these frames there are jacks for the modulation equipment and the through
connexion filters, Connexions for termination or through connexion and the
routing of traffic can easily and quickly be made in a clear manner by means
of locking patch cords for the distnibution frames for groups, supergroups and
mastergroups and by U-hinks for the distribution frames for supermastergroup,
and 12 Mc/s line groups.

The reference pilot can be injected into possible spare group sections to
permit their supervision,

Bays

The equipment consists of modulators, filters and amplifiers which are
designed as plug-in type electrical and mechanical units placed in the bays.

From the description of the through connecting equipment, it will be seen
that all groups of the same type in a station are assembled at the central
distribution frame for reasons of flexibility. A natural corollary of this is
that each bay should only contain one type of modulation equipment. Thus
one bay only contains equipment for modulation of supergroups to master-
groups, another bay only contains equipment for modulation of master-
groups to supermastergroups etc. In this way the bay and station layout is
surveyable and easily managed by the operation and maintenance staff. This
principle has produced the following types of bay.

Designation Abbreviation  Capacity

Channel translating bay CTB 5 basic groups

Group distribution frame GDF 360 jacks (Y0 groups)

Through group filter bay TGFEB 16 pairs through
connexion filters

Group translating bay GTB 6 basic supergroups

Supergroup distribution frame SGDF 360 coaxial jacks (90
groups)

Through supergroup filter bay TSGFB 26 pairs through
connexton filters

Supergroup regulation bay SGRB 32 supergroups

Supergroup translating bay SGTB 4 mastergroups

Mastergroup distribution frame MGDF 360 coaxial jacks (90
groups)

Through mastergroup filter bay TMGFEB 16 pairs through
connexion filters

Mastergroup translating bay MGTB 2 supermastergroups

Supermastergroup and 12 Mg¢/s line

group distribution frame SMGDF

Through supermastergroup filter bay TSMGFB 16 pairs through
connexion filters

Supermastergroup translating bay SMGTB I line group

11



Fig. 7 X 8402
Detail from a supermastergroup translating
bay

Top. sending amplificr with standby; bottom. receiv-

ing amplifier with standby. Note the connexion of the
amplifiers to the changeover unit in the middle.

12

It will be seen above that the 12 Mec/s line group distribution frame has
been placed in the supermastergroup distribution frame as the number of 12
Mec s line groups is as a rule low and does not warrant a special bay.

The group. supergroup and mastergroup distribution frames are identical
in construction. The same design of through connexion filter bay 1s used for
all types of through connexion filter

Fig. 6 shows the arrangement of the different bays in a 12 Mc/s terminal.

Flexibility
As the work of standardization by CCITT could progress with the devel-
opment of the 12 Mc/s system, the equipment has been well defined and
interworking with equipment of other manufacturers 1s made possible in
most cases without extra measures being necessary. However, problems can
arise regarding the levels of the group and basic supergroup. The levels at
the distribution frames are for example not standardized and many different
variants are in service today. L M Eriesson’s channel, group and supergroup
translating bays have therefore been designed so that matching of levels can
easily be made.
On the supergroup side of the supergroup translating equipment the follow-
ing levels can be accepted:
Sending side. minimum - 47 dbr
Receiving side, maximum - 34 dbr

The block schematic, fig. 2. shows the amplifier which in these cases re-
places the maintenance test unit on the sending side.

Earlier group translating equipment often had no facility for injection of
the supergroup reference pilot and it has therefore been considered suitable
to be able to provide this facility in the supergroup translating equipment.
Only one pilot distribution unit and a variant of the maintenance test unit
is necessary at the supergroup input: see the block schematic, fig. 2.

As mentioned earlier under the heading “Through connexion filter equip-
ment” a facility is provided for through routing the supermastergroups in
their position in the line frequency band. To be able to realize this it is
necessary to modify the supermastergroup translating equipment to function
as shown in the block schematic, fig. 4b. The only thing that needs to be
done is to make some rearrangement of U-link connexions in the bay. The
modulators are disconnected from the signal path and in the pilot receiving
equipment thereby avoiding variants of the pilot receivers which would other.
wise need to be matched to the pilots in their modulated positions in the line
frequency band.

A third operational case for the supermastergroup translating equipment
is obtained if a restricted 4 Mc/s frequency band is used instead of the first




|‘lﬁ 8 X B3

Part of a filter using the high frequency method
of construction. Cover plate removed,

Fig. 9 X 8404
Part of supermastergroup translating bay
showing the construction of the modulator
filter units and their connexion (high frequency
method of construction)

supermastergroup (see the chapter entitled Modulation Plan). Rearrangements
are also made here by means of U-links. If supervision is required for the
4 Mc/s band, this can be arranged by using the 1 552 ke/s pilot. CCITT has
not made any recommendation regarding a pilot for a 4 Mc/s band. but
1 552 ke/s, which in this case s an intersupergroup pilot, can in most cases
be used for this purpose without inconvenience.

When an Administration is faced with the problem of converting its
4 Mc/s coaxial network to 12 Mc/s. it can in certain cases be desirable to
retain the existing terminal equipment for a further period. This is made
possible by means of a special modulator equipment, designed by L M Erics-
son. which modulates a restricted 4 Mc/s band consisting of supergroups
2-16 to the frequency band of a supermastergroup. Modulation is made
using the carrier 12 648 ke/s and the lower sideband 8 620-12 336 ke/s is used.
The bay contains equipment for two 4 Mc/s bands, sending and receiving

Mechanical Design

L M Ericsson's method of construction for the low frequency range. used
for frequencies up to 600 ke/s. 1s described in Ericsson Review No. 4. 1960,

For higher frequencies the method of construction must be modified for
natural reasons. Vacuum tube amplifiers are used in the region around 600
ke/s and above, and to provide cooling for the units with tubes, all units have
been set back from the front so as to form a cooling chimney between the
dust covers and the units in the bay. The amplifiers are built on vertical
chassis with the tubes horizontal to obtain the most effective cooling, see
fig. 7. It is very important to try to reduce the temperature rise of the units
as this very much affects the length of life of components. For the same
reason, the cooling chimney is brought out and a new air inlet is provided
for the places in the bay containing modulators and filters.




Fig. 10
Supergroup translating bay

The right hand figure shows the bay with some of the
dust covers removed.

Fig. 11 X 5405

Detail of the supergroup translating bay. Equip-
ment for one mastergroup.
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Fl.g_ 12 X 2imd
X 2685

Supermastergroup translating bay

The right hand figure shows the bay with the dust

covers removed.

The units must be designed so that they are completely screened. and in
certain cases 1t 15 also necessary to have separate screening between each
filter circuit. These special requirements have resulted in a filter construction
shown in figs. 89 and can be used in the hf. range up to about 40 Mc/s.
All units such as modulators, filters and amplifiers can be replaced directly
and are plugged into the bay. All low frequency connexions are made auto-
matically with plug and jack at the rear of the unit. All h.f. connexions are
made at the front of the units by means of coaxial U-links to an associated
underlying field which at the same time permits easy storage for the bulky
coaxial cabling to the respective shelf (fig. 9). Exceptions to this are the
supermastergroup and 12 Mc/s hine group amphiiers which are connected
to a change-over umit, fig. 7. The technique ol using coaxial U-hnks also
permits easy connexions in the h.(. path. An example of this 15 the connexion
of the supermastergroup translating equipment for direct through connexion
of a supermastergroup in the line frequency band.

Figs. 100 and 11 show the supergroup translating eguipment, which is an
example of bay for the intermediate frequency range. A number of units
on the supergroup side which use the low frequency method of construction
are included in the bay. The coaxial connexion of modulator filter units,
mastergroup amplifiers and the natural way in which the two methods of
construction is brought together are shown in the figures.

15
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Fig, 13

Distribution frame X 2386

Figs. 12, 7 and Y show the supermastergroup translating equipment which
are examples of a bay using pure htf. method of construction. Note the
coaxial U-links for the filters and amplifiers, the placing of the maintenance
measuring points, fuses and the alarm lamps at the sides of the bay front

The mains supply unit and the bay connexion panel are seen at the top of
the bay.
Fig. 13 shows the design of the group distribution frame,

Technical Data

General

Power supply, a.c.

Nominal volrage 110, 127 or 220 V = 10 %
Variation of nominal volrage =+ 2 %
Frequency 50 ¢/s =10 ¢/s

Ambicnt temperature max, 407 C

Relative humidiry max. 90 % at 20° C

max. 70 % at 40° C



Fig_ 14 X 7861

Typical graph of the equivalent for a super-
group through connexion filter

Bay dimensions
Height 2 743 mm
Width 670 mm
Depth 236 mm

(The group distribution frame has twice the above depth)
Weight per fully equipped bay approx. 300 kg

Other data are given in the

following table.

Variation of equivalent within
the respective group relative to
its reference pilot, sending or
receiving, not grealer than

Allcombinations ofnear-end and
far-end crosstalk, not less than

Noise in a loaded system. Pso-
phometrically  weighted  value
measured at a point of zero rela-
tive level for the worst channel
(sending + receiving), not greater
than

Carrier leak on the sending side,
not greater than

Regulating range for the respec-
tive group receiving side

-Supcrgmup NIaBLEBFOUD Supcrnms_l::rl-
translating bay translatine Bay group translating
regulating bay atng bay bay
0.5db 0.5 db 0.5 db
relative to relative to relative to
411.92 ke/s 1 552 ke/s 11096 ke/s
85 db 85 db 85 db
50 pW 50 pW 50 pW
— 40 dbmO — 40 dbmO — 30 dbmO
6 db 4 db 2db

A typical graph of equivalent for the supergroup through connexion filter is shown in

fig. 14
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The New Telephone Exchanges in Tunis

HABIB BEN CHEIK

Fig. 1 X 7867

The auwtomatic switchroom in the Carthage
exchange

H CHIEF ENGINEER TUNISIAN PTT

uUDC 621.395.722
621,395 344 6
LME 8344

The cut-over on November 30, 1962, of the new L M Ericsson crosshar
exchanges in Tunis and ity northern suburbs brought 1o an end the previously
difficult, and sometimes dramatic, state of telecommunications in the country.
The new cxchanges, which represent the first step i the conversion of the
entire Tunisian network 1o automatic operation, are described in this article,

The importance of the new crossbar installations in Tunis will be best
realized if 1 say a few words about the old equipment and about the devel-
opment of the telephone traffic in general.

The Public Telephone Network before 1957

Most of the older automatic exchanges and the trunk exchange in Tunis
were installed in 1928, The former were chiefly Strowger and R-6 equip-
ments. The R-6 system. developed by Thomson-Houston in France. was built
up ol decadically grouped S1-line rotary step-by-step swiltches under the
control of marker devices. When the replacement of these old equipments
was under consideration after the war, the authorities at that time decided to
expand and successively replace the existing equipments by a new system
called 143 which had only just then been developed in France by CIT. L43
was a register-controlled system, also with rotary step-by-step 51-line switches
in decadic grouping. Some 5000 lines of L43 equipment were installed in the
three automatic exchanges in Tunis, viz.

Central Angleterre (8 000 lines Strowger, 2000 hines L43, and manual trunk
cquipment)
Central Kavbah (2000 lines L43)

Central Belvedore (1300 lines R-6. 1000 hines L43. 500 lines manual Erics-
son equipment}




The suburbs were served by manual C.B. systems. The junctions from the
suburban exchanges ran to the Angleterre trunk exchange, which handled
outgomg inland traffic as well as the traffic to the Tunis suburbs,

The L43 system did not come up to expectations. The PTT thus had two
main worries: in addition to the exacting maintenance ol the Strowger equip-
ment, the L43 equipment called for frequent adjustment. while the already
high traffic continued to rise.

I'he reason for the large increase in traffic deserves special mention.

With the attainment of independence a number of services, which had earlier
been supervised by the French administration, acquired a4 new importance.
New foreign embassies, press and news agencies, cconomic, social and cultural
organizations—all with a large need for telephones—brought an immediate
and sharp increase in the already high telephone traffic. which thereby rose
considerably above the capacity of the existing installations.

At certain exchanges the number of busy hour calls sometimes amounted
to one-quarier or one-third of the total 24-hour rate. whereas normally it is not
above one-sixth or one-seventh. At the same time the waiting list numbered
several thousand would-be subscribers.

The PTT Decision in 1957

In 1957 the PTT under President Habib Bourguiba's first government de-
cided to adopt radical measures and to replace all telephone exchanges in the
capital and its surroundings.

By introducing a fully modern system and building up the network on
rational lines, it was desired to create the conditions necessary to meet the
present and future needs of the country within so important a sector as
telecommunications. This decision opened the way for future full automatiza-
tion of the Tunisian telephone network.

Tenders were called for and submitted by nine manufacturers from different
countries. After thorough study of the various proposals the PTT decided to
accept L M Ericsson’s crosshar system. The first contract was signed in 1959
and since then seven ARF exchanges totalling 26 000 lines have been put in
service in Tunisia. ARF equipments for an additional 14 400 Imes and ARK
and ARM equipments for, respectively. 2990 and 1 380 lines have been
ordered.

Interim Measures

While waiting for the first crossbar exchanges to be put in service, which
was expected to take three and a half years, it was necessary to adopt various
measures without delay, the most important being:

Extension of the Belvedere exchange by manual positions.

Installation of a switching point (Kasbah G) to handle the traffic
of the government departments independently of the city network.

Extension of the Belvédeére Exchange

The Belvedere exchange serves the residential area. where the foreign
embuassies are also located. Tt was therefore necessary to find a quick and
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Fig. 2

The Carthage exchange

cifective solution to the already fully utilized capacity of the exchange. A
500-line manual C.B. exchange with four positions was ordered from L M
Ericsson and installed by the PTT in the Belvédére exchange building.

Connection of the manual equipment to the automatic network was ef-
fected on a group of a dozen circuits with PBX calling of the manual posi-
tions. The positions were equipped with automatic circuits for outgoing calls
to the automatic exchange in Tunis. Trunk and international traffic was passed
through direct junctions to the Tunis trunk exchange.

Kashah G

The administrative services in Tunis were affected more than other sub-
seribers by the increasingly serious telephone situation. A quick solution had
to he found at a reasonable cost. which would retain its value even after the
new L M Eriesson equipment had been installed.

To find a quick remedy for the insufficient capacity of the public ex-
changes it seemed natural to combine all administrative service switchboards
imto a single umt, This solutton would bring two advantages: satisfactory
handling of the government telephone traffic, and so relief of the over-
loaded public network. It would not be too expensive, and it would require
a limited cable network since the departments concerned are concentrated
in the Kasbah area. To utilize this new switching point to the maximum.
the intention was to connect to it various other subscribers such as official
or semi-official orgamizations of vital importance to the country—public under-
takings. banks, newspapers, schools, hospitals etc.

On June 22, 1961, therefore. a 2000-line ARF /0] system with high traffic
capacity to serve the “government departments” was installed in the Kasbah
exchange building under the name Kasbah G. The traffic with city sub-
scribers is handled at 14 operators’ positions.

The result was excellent. The government departments did not need to wait
till the end of 1962 to have a telephone which works.

The New Equipments in Tunis

Buildings

Two of the three Tunis exchanges have been placed in new premises. For the
two 10 000-line groups n the largest exchange., Angleterre. a new building
has been erected at Avenue de Carthage for equipments with ultimate ca-
pacity of 40000 lines. Another new building for 20 000-line ultimate capacity
has been erected in Belvedere. In the Kasbah area the new crossbar equip-
ments. the new trunk exchange (the old one was located in the Angleterre),

and the Kasbah G have all been accommodated in the old building erected
in 1952,

Capacity of the New Exchanges

The number of already installed lines is at present 12000 in Carthage,
5000 lines in Belveédere, 4 000 in Kasbah, 1000 in La Marsa, and 1000 in
Le Kram. The two latter exchanges are in the northern suburbs of Tunis.



Characteristics of the Crosshar System

The large local exchanges have been equipped with the Ericsson crosshar
system ARF 10. The system is well known. and this account will be restricted
to a few of its prominent features, which are also characteristic of the other
Ericsson systems for rural automatization (ARK) and transit exchanges
{(ARM),

The crossbar switch possesses excellent contact properties, which has been
an important factor in the quality of transmission on long distance subscriber
dialled calls, which often pass through many switching stages. Another charac-
teristic of the crossbar switch 1s its very short switching time, which has been
put to the best use through the design of the systems as register-controlled
bypath systems with markers. Register control also permits great flexibility in
the direction of traffic. These properties ensure the best utilization both of the
exchange equipments and of the cable network, The structure of the system
in the form of small plug-in umits allows flexibility in adaptation to actual
traffic requirements. The high rehiability of the systems, morcover, results in
low maintenance costs

Trunk and International Traffic

The 500-hine trunk exchange contains 82 operators’ positions divided into
four independent groups for outgoing demand service, outgoing delay service,
incoming and transit calls, and concentration positions.

Thirty-two demand positions. called on code 15, handle traffic to the majori-
ty of exchanges in the country. Thanks to the adequate supply of circuits
between the capital and the various transit exchanges, calls are set up while
the caller remains on the line. The operator starts automatic metering by

Fig. 3 < Pressing a button corresponding to the relevant unit tariff. All new installa-
The Kashali trunk exchange tions are equipped for time-zone metering. based on conversation time and
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distance between the subscribers: pulses are sent to the calling subscriber’s
meter at intervals mmversely proportional to the distance.

Fourteen code 10 positions handle traffic to the southern suburbs. the
number of circuits to which is insufficient to permit demand working. These
operators can also take over calls from the demand positions when the latter
cannot obtain access to a free circuit on a particular route.

Incoming and transit calls are handled at 20 positions at which all in-
coming circuits are multiplied and indicated by call lamps.

The trunk exchange also comprises 16 concentration positions equipped
for handling all the aforementioned types of traffic. The number of operators
can thus be reduced considerably during low traffic periods.

Then there are 16 international operators’ positions, called on code 16
This traffic 1s handled on a call-back basis. All trunk circuits in Tunis are
multiplied over these positions for the extension of incoming international
calls.

Special Services

Apart from the usual special services for fault reporting (code 11). com-
plaints and claims (code 13), telephoning of telegrams (code 14). police (code
197). fire alarm (code 198). time announcements in Arabic (code 199), and in
French (code 191), there are also information and interception services.

The information service is called by dialling 12, If the operator can give
an immediate reply, the charge 1s recorded by a pulse on the subscriber’s
meter. If the information required takes time to procure or concerns questions
of telegraphy or other services, the operator can automatically switch the
subscriber to the proper special service.

The interception service on code 195 is centrally located in the Kasbah
exchange and serves all subscribers in Tunis with suburbs. An intercepted
subscriber’s line 1s marked by the insertion of a plug. A subscriber whose
subscription has been terminated or whose number has been changed can be
marked in the same way. A subscriber whose line is intercepted can use his
telephone for outgoing calls without hindrance. Incoming calls to his
number are answered by an operator and put through to the subscriber if he
so desires.

New Exchanges in Tunis Suburbs

The southern and northern suburbs of Tunis extend over quite a wide
area. We nevertheless considered it sufficient to provide two exchanges for
the northern suburbs, La Marsa and Le Kram. and two for the southern,
Hammam-Lif and Mégrine. So far only the La Marsa and Le Kram exchanges
have been opened for service, at the same time as the Tunis exchanges on
November 30, 1962, The Hammam-Lif and Meégrine exchanges are expected
ta be opened at the beginning of the summer of 1963,

The conversion of the north suburban network to automatic operation
posed several problems in respect of the number of exchanges. their loca-
tions and their connection to the Tunis exchanges. In view of the distances
and of the existence of a well developed underground cable network. we
decided to combine the four existing small manual exchanges into two larger
units of 1 000 lines each, one at La Marsa. the other at Le Kram.
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After a comparative study of different signalling systems. a d.c. code
system was chosen. Later., when the La Marsa and Le Kram exchanges have
been extended. they can be connected to the ARAM 20 transit stages in Tunis,
which are expected to be in service in 1964, At the present state of affairs it
has proved most economical to deal with the suburbs in the same way as
the Tunis exchanges. Thus La Marsa and Le Kram have been connected to
the [-G 1 stage of the Kasbah exchange via FUR and FIR equipments of
the same type as have been used for the junctions between the Tunis ex-
changes. The Kasbah exchange accordingly acts as a transit centre for all
traffic between Tunis and its suburbs. Through the dc. code signalling the
subscribers in the northern suburbs have access to the trunk demand service
by dialling 15 and thus have the same service as the Tunis subscribers.

General Automatization of Tunisian Telephone Network

The opening of the Ericsson exchanges in Tunis with suburbs. and of the
carlier exchange at Bizerte (November 1960), is the first step in a vast pro-
gramme, the ultimate aim of which s the automatization of the entire
Tunisian network.

The first stage of the project will embrace Sousse and Sfax in addition to
Tunis and Bizerte. The focal exchanges (ARF [0/) at Sousse and Sfax. with
manual trunk sections, are expected to be ready for service at the end of
1963, The conversion of these four areas to fully automatic operation within
and between the areas should be completed in 1964,

This programme forms part of the government’s three year plan 1961-
1964 for the economic and social development of the country. The automatiza-
tion of the Cap Bon area in the north-east. Le Kef in the west, and Gafsa,
Gabes. Medenine in the south, will come n the latter part of a ten year
plan (1961—1972).

Automatic Trunk Circuits

Conversion of the entire network to automatic operation requires a large
number of trunk circuits with very good transmission characteristics. Our
Transmission Division under Chief Engineer Brahim Khouadja has worked
out a plan adapted to the growth of the switching system. Thus a carrier
link between Tunis and Sfax. with final capacity of 600 channels, 1s to be
opened at the beginning of March 1963, The initial capacity will be 148 te-
lephony and 2 radio channels. The frequency band will be 2 000 Me/s, and the
distance between the relay stations will vary between 45 and 70 kilometres.
The radio system will have standby equipment and the power supply will
come from the electricity undertakings. An extension of this hink from Sfax
to Tripoli within the next three years 1s at present being planned.

For automatization of the Sousse area (Sahel) a loaded cable will be laid
within two years. Its capacity 15 expected to cover the requirements for the
next 4050 years. The cable will contain six carrier quads which will permit
an ncrease of 1ts capacity 1f required.

In the north-western area (Le Kef) the North African cable connecting
Tunis, Constantine. Algiers, Oran. Fez and Rabat is to be deloaded to in-
crease its capacity. This cable at present allows international 4-wire and
local 2-wire connections.

Open wire carrier circults are to be installed in the southern areas in March
1967, 6 channels for Gafsa—Gabes, 12 for Sfax—Gabes. and 12 for Sfax—
Gafsa,
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Underground Cable Networks in the Cities

Simultaneously with the aforementioned projects the Lines Department
under Chief Engineer Souhir Ben Lakhal has started an extensive programme
of construction of underground cables in cities in which subscriber-dialling
has been or is to be introduced. Thus, following on the major operation
ob transferring the Tunis subscribers from the old to the new exchanges.
the Lines Department has already started to plan considerable extensions in
the Sousse and Sfax areas.

These projects have been worked out in close cooperation with the planners
of the general switching programme, and rational and modern solutions have
been adopted. To take one example, the cables have been pressurized. which
is expected to ehiminate the disturbances that have occurred all too often as a
result of rain.

Numbering Scheme

a numbering scheme covering the entire country. There are several factors
to be considered. the most important being the division of the country into
zones, the extent of the traffic, and the numbers of subscribers within zones
and group areas.

The Tunisian numbering scheme is based on the following seven considera-
tions:

a. The country to be divided into seven zones.
b. Each zone to be divided into a number of group areas.

c. The switching points for zones and group areas to be located usually in
the zone and group centres.

d. Linked numbering scheme within each zone, 1.e. the zone code will not
be used on calls between subscribers within the same zone.

e. Zone numbering schemes will vary between 4. 5 and 6 digit subscriber
numbers. Tunis with northern and southern suburbs will have 6-digit sub-
scriber numbers.

f. For interzone traffic digit 0 will be dialled followed by the code of the
called zone,

g. The zone codes will be:

I — Tunis city and suburbs

2 Tunis—Bizerte—Cap Bon zone with zone centre in Tunis
3 — Sousse
4 — Sfax

5 — South with zone centre at Gabes
6 — Centre with zone centre at Kairouan

7 — North-west with zone centre at Kef

In some zones the subscriber density would not require 4-digit numbers.
One might. therefore. consider increasing the geographical areas to be served
by these zone centres. But such a course would nvolve an undue increase
in the number and length of circuits in the zone which would not be justified
by the traffic. On the other hand an increase in the number of zones with
consequent reduction in the number of subscriber digits would not lead to
a reduction in switching equipment. It was therefore considered best. from
the start of automatization. to divide the country into zones adapted to the
geography and to the communities of interest, and to determine the optimal
number of subscriber digits accordingly. A 6-digit numbering scheme has
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thus been introduced in the most populated parts of Tunmis with suburbs, a
S-digit scheme for less densely populated areas. and a 4-digit scheme for the
sparsely populated areas in the south where the group centres lie far apart.
If. at some future point of time, the number of digits in a zone proves to
be insufficient, the zone will be subdivided and an extra digit added to sub-
seribers” numbers.

Zone Centre and Group Centre Equipments
/ Juif

Zone centres will soon be equipped with Ericsson’s ARM system—ARM 20
in Tunis, Sousse and Sfax, and ARM 3503 in Bizerte. These systems are well-
known and need no further presentation. An example of an ARM net-
work s illustrated in fig. 6. showing the Sahel zone with zone centre at
Sousse and its associated group centres and terminal exchanges,

The Cut-over on November 30

This account would be mmcomplete without a few words about the small
problems that arise in all large cut-overs, the present one not excluded.

The work preceding the opening of the new exchanges in Tunis and
northern suburbs may be classed under two main headings, the large scale
testing of the equipment and the transfer of the subscriber circuits to the new
exchanges.

The testing of the swilching equipment was done by a team from L M
Ericsson assisted by a large number ol technicians from the Tumsian PTT.
who thereby gained the opportunity of becoming acquainted with the new
equipments and at the same time helped to complete the tests in a shorter
time. Local traffic was started in the five exchanges concerned and faults
encountered were remedied. The junctions between the exchanges were tested
in the same effective and methodical manner.

The Lines Branch at the same time put the finishing touch to the work on
the underground cable network that had started 18 months earlier.

To check the connection of the altogether 18 000 subscribers to the new
exchanges, a first series of tests was made on the M.D.F.s, with systematic
identification of the lines. This was followed by more comprehensive testing
of the subscriber lines from test desks.

Finally, after some days of intense work, the line and switching specialists
of the PTT and L M Ericsson completed their tests on tume at 12 am. on
November 30,

The actual cut-over could thus take place on schedule at 5 pm. on the
same day. The date of the cut-over was well chosen, for the next two days
were public holidays and the work could be finished off without disturbance
from too much traffic.

The cut-over comprised four main operations, viz:
Connection of the subscribers to the new equipments
Connection of the junctions between the Tunis exchanges
Connection of the trunks to the new trunk exchange

Connection of the junctions between Tunis and the suburban exchanges



To give an idea of how the problems were solved, we may follow the course
of these four main operations.

The entire cut-over was led by a General Staff of engineers from the PTT
Engineering Branch and from L M Ericsson. The Staff Headquarters was
in the Kasbah exchange. where the main problems of different kinds were
most likely to arise.

Twenty-eight teams were formed, 23 Tunisian and S Swedish, the leader
of each team being directly responsible to the Staff.

The work was divided into six phases. Each team received precise instruc-
tions, and a new phase could be started only on the express order of the
Staff. The progress of the entire operation could thus be followed from a
central point.

The connecting-up of the subscribers had been prepared on the M.D.F.'s
by 1 p.m. on November 30. Subscribers had been notified that a test was to
be made between 5 and 9 p.m. and had been requested not to use their
telephones during those hours. The old equipments were disconnected by
removing the M.D.F. fuses. For the subscribers in Tunis and suburbs the
telephone was thereafter silent for about one hour, and the old equipments
closed down for ever.

Official subscribers and essential services could maintain telephone traffic
through Kasbah G. The subscribers were thereafter connected to the new
equipments by plugging-in the LR/BR relay sets in the racks. This work,
which was done by Ericsson engineers, started at 6 pm. and was carried
through in steps to permit a check of faults and to avoid too heavy a rise
in the traffic. It was completed at 8 p.m.. by which time all subscribers had
been connected to the new exchanges.

As regards the junctions between the Tunis exchanges. the spares in the
existing underground cables had been sufficient for connection of all circuits
on certain routes and for 85 per cent on other routes.

Trunks and junctions to the northern suburbs were established by prolong-
ing the previous trunks between Kasbah and Angleterre.

The trunks from the Melassine repeater station had been branched both
to the old Angleterre and to the new Kasbah trunk exchange. The isolation
of the trunks at Angleterre started at 5 p.m. and the transfer to Kasbah
was completed at 7.30 pm.

Half of the routes between Tunis and the two north suburban exchanges
had already been established. The connection of the remaining circuits be-
tween Kasbah and Le Kram required three teams and proceeded between
6.10 and 7 p.m. The subsequent connection of the circuits between Kasbah
and La Marsa was completed by 8 p.m.

The work as a whole took 3 hours, and. after its completion. faults were
found on only 120 of the 18 000 subscriber circuits mvolved. On about 4 per
cent of the junction circuits to the northern suburbs, some additional adjust-
ment was required on the FIR and FUR relay sets.

The cut-over of the crossbar exchanges had thereby been completed accord-
ing to plan.

The cut-over of the new exchanges on November 30 came as a pleasant
surprise to subscribers, since the official opening—synonymous with “cut-
over” as far as the subscribers are concerned—had been announced in the
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Fig. 7 X g2

The Kashah information service

press for December 7. In this way the peak traffic which always follows on

such occasions could be avoided.

The success of this operation exemplifies in a striking manner the excellent
cooperation between the Tunisian PTT and L M Eriesson. A great deal of
the inttiative and action taken to provide the country with modern and
efficient telecommunications is due primarily to the Bourguiba government
and its Minister of Communications. Rachid Driss. The latter has shown a
great anterest in and personally supervised the work of installation and

cut-over,

Mention should also be made of the very mmportant contributions made
by Chiel Engineer Mohammed Mili. who has been responsible for all work
on the exchanges. by the heads of the Transmission and Lines Branches,
Chief Engincers Brahim Khouadja and Zouhir Ben Lakhal, and by all other
members of the various telecommunications departments who have taken an
active part in making the operation a success
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LM Ericsson Exchanges Cut into Service 1962

CITY EXCHANGES

Public exchanges with 500-line selectors

Town Exchange
Bolivia
La Paz Centro {extension)
Brazil
Curvelo (extension)
Itabirito
Manhuacu
Sete Lagoas (extension)
Vitoria Central {extension)
Chile .
Arica (extension)
Colombia
Bogota DE Centro (extension)
% Ciudad Universitaria
(extension)
» Olaya
» Ricaurte (extension)
» San Fernando (extension)
Honda (extension)
Medellin area America (extension)
» 3 Bosque (extension)
» Buenos Aires (extension)
3 » Centro (extension)
b P Poblado (extension)
Ecuador |I
Guayaquil Centro (extension)
» Sur (extension)
Ethiopia
Addis Ababa Filwoha (extension)
Finland
Karhula (extension)
Karjasilta (extension)
Mariechamn (extension)
Mikkeli/St. Michel (extension)
Pori/Bjorneborg (extension)
Rauma/Raumo (extension)
Ruosniemi
lialy
North Italy
Legnago (extension)
Mantova (extension)
Monselice (extension)
S. Bonifacio (extension)
Schio (extension)
Valdagno (extension)
Venezia/Venice Lido (extension)

1'

Number |
of lines

2000

S0
500
S00
00
500

1000

2000

3000
5000
2000
3000

200
2000
1000
1000

S00

500

S00
500

1500

500
500
500
500
500
500
500

200
500
100
100
200
100
500

sz Number
Town Exchange .
of lines
|
Veronu Borgo Trento (extension) 500
» Centro (extension) SO0
Vicenza {extension) 15010)
South Laly
Agrigento (extension) 1000
Barcellona (extension) 100
Buri (extension) 3000
Capri {extension) S00
Caserta {extension) 500
Milazzo (extension) 100
Napoli/ Naples Amedeo (extension) 1000
Bagnoli (extension) 1000
» Museo {extension) 2000
» Posillipo (extension) 2000
Palermo Liberta (extension) 6000
Piano di Sorrento (extension) 100
Reggio Calabria (extension) 1500
Sorrento {extension) 100
Taranto (extension) 1500
Lebanon
Bevrouth Furn-El-Chebak !
(extension) 1000
| Mexico
Mexico DF Apartado (extension) 500
» Chapultepec  (extension) 1500
» Churubusco  (extension) 500
B Peralvillo {extension) 1500
» Piedad {extension) 2000
b San Angel (extension) 1000
» Saro (extension) 3000
b Tacuba (extension) 1000
Villahermosa (extension) S00
Netherlandy
West Indies
Curagao Brievengat (extension) 200
Norway
Fiska S00
Kristiansand S (extension) 500
Stavanger (extension) 2000
Svelgen 360
Panaima
Colon 3000
Panama City Panama 5 (extension) 500
Peru
Arequipa {extension) 5('!0‘
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T Exchange I:J;Jﬂ;hcir Town Exchange I:??nb;r
Sweden Tumba ! {extension} 1000
Goteborg/Gothen- Ulricehamn (extension) 500
burg Uppsala (extension) 2000

Suburban Area |Kortedala (extension) 1000 Vistervik (extension) 500
Hagfors (extension) 500 Visteris (extension) 4000
Halmstad (extension) 2500 Amal (extension) 500
Hilsingborg (extension) 500 Orebro (extension) 3000
Kalmar {extension) 2000
Karlstad (extension) 2000 i
Katrineholm (extension) 500 Furkey
Kiruna (extension) 1500 Adana {extension) 1000
Koping (extension) 500 Antalya (extension) 500
Linkoping (extension) 3000 Kars 500
Ludvika (extension) 1000 Tarsus 1000
Norrtilje (extension) 500 Usak (extension) 500
Skelleftea (extension) 500
Stockholm

Centrum Area | Ostermalm  (extension) 500 Venezuela

Suburban Area |Hanviken (extension) 500 San Carlos 500

» Lidings-Brevik(extension) 1500 San Felipe (extension) 200
» Storangen (extension) 2000 S
P Vendelso (extension) 1000 Total | 113110
Public exchanges with crossbar switches
Town Exchange Nunl'nber Town Exchange Nunjhelr
of lines of lines
Brazil Dahomey!
Brasilia (extension) 5000 Cotonou 2000
Cubatao | 400 Porto Novo 200
Itajuba 1200
Leme 600 Denmark
Recife area Boa VJ:E!gE'm 1000 Aalborg (exterision) 2000
- i Boa Vista . 7000 Aarhus Nord 2000
‘ » Sunnf Antonio . 6000 % Risikas (exténsion) 1000
Santo Andre¢ area M.:-mg i _(cxlemmn) 200 5 Skasde (extension 1000
» Ribeirdo Pires _ Esbjerg (extension) 8000
{extension) 200 Frederikshavn (extension) 1000
2 : RudgesRames Grenaa (extension) 200
: (wammm 200 Helsingpr Elsinore | (extension) 1000
Santo, Andre . Tkast (extension) 400
N (extension) 800 Kobenhavn/Copen-
» Sao Bernardo _ hagen Bella (extension 1000
— (Extension) 200 » Birkergd (extension) 1000
# » 250 CaEmu0 . Brondbyaster
fextension) 400 i
gz T _ e (extension) 1000
%uo Jose dos Campos ) 2000 5 Diiiss tatieieion) 2000
Sorocaba area S:WOCH hfl_ 5”‘:“ ) Glostrup  (extension) 1000
? * Memignam 120 o Herlev {extension) 3000
Hvidovre (extension) 2000
Central-African || » Kastrup  (extension) 2000
Republict | » Lille Verlese 1800
Bangui " ' 200 » Nora (extension) 5000
) Redovre  (extension) 2000
. » Sundbyoster
Chad! (extension) 7000
Fort Lamy | 1000 Trorgd 1000

! These exchanges. system CP 400, were delivered by Socicté des Teéléphones Ericsson. Colombes.
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> Number Number
Town Exchange of lines Town Exchange of lines
Kebenhavn/Copen- Caltanissetia 6000
hagen Valby (extension) 2000 Casalnuovo 400
b Vallensbek (extension) 1000 Casamicciola 800
Nastved (extension) 1001) Castrovillari 800
Struer (extension) 400 Corigliano 800
Varde 1601 Eboli 800
Fondi 600
Finland Lentini 1000
Helsinki/Helsingfors | Grasa . 1000 Marigliano 1000
. Haaga Haga Napoli/Naples Iruorigrotta 10000
fextension) 1000 Noto 1000
» Herttoniemi Hertonas Partinico 1000
(extension) 400 Paterno _ 1200
5 KulosaariiBrinds Piazza Armerina 8OO
(extension) 400 anig!i;_mu 600
% Laajasalo/ Degero 1200 Pozzuoli 1600
» Leppavaara/ Alberga I‘{agusu. . 4“0!}.
(extension) 400 b.‘M Lli:r'.i G 1000
3 Oulunkyla/Aggelby 1600 Vico Equenise ol
5 Pihlajamaki/
Ronnbacka 1000 Nepal
% Sornainen Sornas | Kathmandu 1000
{extension) 2000
L;_g.nginkoski (extension) 400 Netherlands
ll\’lci)lrr\:lj\: Borgi ::tt::::g:i Hj:j:i Gouda 6000
=t s = = Moaasslurs 2000
Ridderkerk 2400
France! Rotterdam Centrum 1V 5000
Beauvais (extension) 400 » Pernis 4000
Blois 3200
Haguenau 1600 New Zealand
Saint Vallier 200 Kensington 1600
Onerahi 1000
Gabon!
Libreville 1000 Sweden
Port Gentil 600 Alingsas (extension) 300
Motula (extension) 200
Iceland Nykdping (extension) 300
Hafnar{jordur 2000 Skovde (extension) 700
Vishy (extension) 500
Treland Ystad (extension) 600
Dublin Dundrum (extension) 1000
» Palmerstone Thailand
{extension) 400 Cholburi 1000
Limerick (extension) 1000 Yala 1000
lialy Tunisia
North Ltaly Tunis Belvedere 5000
Padova (extension) 4000 » Carthage 12000
Treviso (extension) 400 » Kasbhah 4000
Venezia/Venice Mestre (extension) 2200 » La Marsa 1000
% Le Kram 10000
South ltaly
Altamura fextension) 400 United Arab
Amalfi 600 Republic
Augusta (extension) 200 Cairo Abbassia 10000
Avola 1000 Damanhour 2000
Benevento 40060 Mansoura 4000

| These exchanges, system CP 400 were delivered by Sociéte des Teléphones Ericsson. Colombes.
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Public exchangey with crossbar switehes (cont.)

Town Exchange Numher
of lines
|

Mehalla-El-Kobra 3000
Tanta 4000
USAY
Chillicothe. Ohio 1000
Elkin.

North Carolina (extension) 200
Export,

Pennsylvania (extension) 850
North Madison.

Indiana (extension) 300
Perry. Georgia (extension) 200
Sevmour, Indiana (extension) S00

| Winter Park, Florida (extension) 1O00
Yueo-Slavia®
Beograd Akademija (extension) 2000
Nis (extension) 1000
Pristina (extension) 1000
Sarajevo (extension) 3000
Sisauk 1000
Susak 1000
Zagreb Cernomerec 2000
Pescenica  (extension) 1000
Tresnjevka (extension) 1000
Total | 246870

! These exchanges. system NX-1. were delivered by North
Electric Co., Galion, Ohio.

N 418 *The equipment for these exchanges has been manufactured
Interior from the new crossbar exchange at Mehalla-El-Kobra, Egypt, on LM E.l'lw-«_wml]ucnkc by the Yugo-Slavian factory
United Arah Republic. Nikola Tesla, Zagzreb.

RURAL EXCHANGES TRANSIT EXCHANGES

Number Number Number
) of lines? of junctions
|
Public rural exchanges with cross-
har vwitches, svsiem ARK. ART Transit exchanges with crosshar switches,
Brazil | 400 swsteni ARK, ARM
Denmark 3 1850 )
Ethiopia , 60 Colombia 800
Finland 52 7190 Denmuark 2820
Ireland 5 1140 Finland 2340
Italy 22 2640 Italy 2360
iy 9 ;
Lebanon ! '.U” Mexico 700
Netherlands — 1600 . !
Sweden | 1200 Netherlands 2500
LISAY | 34 I';'l’wll.)l: Total 11520
Yugo-Slavia® 15 3700/
Total I'“{ 1759{]‘ ‘The number of lines includes both new exchanges and
= N extensions of existing exchanges.

A wnilianees Wik . 9% Gl ' These exchanges. system NX-2. were delivered by North
Rural exchaneges with [12-, 25- .rul| ‘ Electric Co.. Galion. Ohio.
100-line selectors. system O, X') " The equipment for these exchanges has been manufactured
Norway ‘ 69 7190 on L M Ericsson-license by the Yugo-Slavian factory Nikola

| T KR | |

Tesla, Zagreb.
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M NEWS from

All Quarters of the World

L M Ericsson’s New Automatic Exchanges
Now in Service in Tunis

Minister Rachid Driss, Head of the
Tunisian P.T.T., presided at the open-
ing of L M Ericsson’s automatic tele-
phone exchanges in Tunis on Decem-
her 7. 1962. The nauguration cere-
mony took place in the P.T.T. offices
in Boulevard Farhat Hached in Tunis.
These exchanges are a link in the re-
equipping of the entire Tunisian net-
work by LM Ericsson. The whole
project is expected to be completed
in 1964,

The ceremony was attended by the

Foreign Minister, Mongi Slim, the

The stamps on this First Day Cover were
issued by the Tunisian P.T.T. in memory of
the inauguration. The 200 millimes denomina-
tion depicts the Belvédére exchange, the 100
millimes a telephoning figure (the head is a
dial and the trunk a crosshar switch), the 50
millimes three operators in profile, the 15
millimes the Sfax exchange and the Tunis-
Sfax radio link, the 10 millimes the Carthage
exchange, and the 5 millimes the Kasbah
exchange.

Minister of Health and Social Affairs.
Mondher Ben Ammar, and a large
number of dignitaries from the Tu-
nisian  government  administration
Among  Swedish  participants  were
Ambassador  Lennart  Petri. LM
Ericsson president Sven T. Aberg.
and the president of Stockholms En-
skilda Bank., Marc Wallenberg., who
were received after the ceremony by
Mr. Bourguiba at the palace at La
Marsa. Mr. Bourguiba comphimented
the company with the words: “you
have completed your job on time with
great precision and with “brio™”

FIRST DAY COVER

{Above) Mr. Rachid Driss, Minister of Com-
munications, cuts the symbolical tape in the
Tunisian national colours at the opening cere-
mony., On  his right is Foreign  Minister
Mongi Slim. on his left president Syen T,
Aberg and Ambassador Lennart Perri.

At President Bourguiba’s reception: the Pres-
ident conversing with Messrs. Aberg and Petri,

That the new telephone system has
been greatly appreciated by the gener-
al public is revealed by the follow
ing extract from a letter from Mr.
Rachid Driss to the Swedish Depart-
ment of Trade: “Sweden has been
greatly honoured through L M Erics-
son, whose name since the beginning
of December has been on every-
body's lips in Tunis.”

The total value of the Tunisian
orders to L M Ericsson 1s 23 million
kronor. There are at present some
26000 Ercsson automatic lines in

operation in Tunis and Bizerte.




L' M Ericsson Continues Expansion
of C.T.C. in Scandinavia

In the autumn of 1962 the Swedish
State Railways ordered from L M
Ericsson C.T.C. Code Control Equip-
ment  for 130 stations with five
CT.C. offices. The equipment suf-
fices for a distance of 1.000 kilo-
metres and 1s to be installed on the
Gothenburg—Angelholm. Uppsala
Gavle—Storvik—Ockelbo,  Mellansel

Vannas, Lulea—Boden—Galhivare
and Kiruna—Svappavaara lines. The
equipment is to be delivered in the
yvears 19631965 and will be of the
same kind as earlier installed at three
C.T.C. offices and 71 field locations

The Swedish  Railways  already
have the longest continuous C.T.C.
line in Europe. between Ljusdal and
Mellansel, 357 km with 44 field loca-
tons. After the installation of the
new equipment. Sweden will have a
considerably greater length of railroad
under centralized traffic control than
other country 1n Europe, al-
together some 1450 km.

any

C.T.C. in Scandinavia, January 1963

(@ C.T.C. office
1Rl C.T.C svstem under installation
O T.Cosystem i operation

As announced in Ericsson Review
No. 1. 1962, the Norwegian State
Railways are installing C. T.C. on two
lines, between Narvik and Riksgrin-
sen on the Swedish houndary in the
north. and between Stavanger and
Fgersund in the south. The equip-
ment is being supplied by L M Erics-
son and A'S Norsk Signalindustri.
I'he Norwegian Railways have since
purchased equipment for the Lille-
Hamar and Lillestrom—Mag-
nor lines. which will bring up the
length of C.T.C. lines in Norway to
370 km with three €. T.C. offices and
61 field locations. The equipment 15
to be dehvered during 1963,

strom

The Danish State Railways are
continuing to nstall C.T.C. on the
main  lines.  According to present

plans. before the end of 1963 CT.C.
will be in operation on 305 km of
line with five C.T.C, offices and 42
field locations.

{// Y A
i N e Ty

@ VASSIJAURE - -
(e
MNARY
¥ -

‘

r

.ﬁr)%:é% -nmssmﬂszr{l

OCKELBO

=y VKEBING - !

e

Sven Weber
in Memoriam

Sven Weber died on January 15 in
Helsinki.

At his death Sven Weber was chair-
man of the board of O/'Y L M Erics-
son A'B. Originally trained as a naval
architect in Dresden and at Chal-
mers. Gothenburg, he entered the
telephony field in 1930 when he ac-
cepted an appointment in the South
Finnish - Trunk Telephone Co. In
1434 he was appointed president of
OY LM Ericsson A'B. a post to
which he brought great ability and in
which he remained until 1958 when
he bhecame chairman of the hoard.

During the many years in which
Sven Weber presided over O/Y L M
Ericsson A/'B. telephony in Finland
underwent  a  tremendous  develop-
ment. Under his leadership L M Erics-
son established intimate cooperation
with the Finnish telephone administra-
tions, to the benefit of all parties. In
his work and in his person Sven We-
ber was a man of stature. Dynamic,
rich in initiative, a skilful engineer
and businessman. he became in time
the symbol of an indomitable spirit
that acknowledged no difficulty.
These qualities he combined with a
kindness and a firmness of friend-
ship. an optimism and infectious good
humour which make his loss doubly
great. Sven Weber was an important
link in the relations between our two
countries. In the memory of his col-
leagues and friends he remains a
strong and bright lLght.

Sven T. Aberg



The work on the new telephone factory at
Broadmeadows near Melbourne, Australia,
has now started, The factory is being erected
by L M Ericsson's Australian subsidiary,
L M Ericsson Pty. 11d. The first stage will
comprise about 120,000 sq. ft. of factory and
office space to step up the present production
of telephone switching and other telecommuni-
cations equipment. President Sven 1. Aberg
is seen throwing up the (irst sod—or rather
shovel-load—for the foundations of the new
building.

I'he Ericofon has found its way far and wide
around the globe. It has now reached these
Colorado Indians, who have definitely aban-
doned smoke signals as means of communica-
tion, (Left)

Ielefones Amazonas S'A has recently put in
commission a telephone exchange equipped
with one of L M Ericsson's manual C.B.
switchhoards tvpe ADF for 120 lines. The
exchange is situated at Itacoatiara 200 Kilo-
metres from the town of Manaus on the river
Amazon. The exchange building, situated in
one of the most rainy areas in the world. is
shown in the photograph below.

Minister of Communications,
Mr. Olu Akinfosile, has visited Stockholm
and L M Ericsson at Midsommarkransen.
(Left) Minister  Akinfosile  watches  with
interest the work in one of the Ericsson pro-
duction shops.

The Nigerian

Forty-one nations, including Sweden, were
represented at the first international fair in
tropical  Africa—at Lagos, Nigeria—at the
end of last vear. The Tair was a decided success
and was visited by some 1,200,000 people in
the three weeks that it was open. 1. M Ericsson
telephones were among the well-known Swedish
products in Africa that were exhibited. Nils
Eriksson from 1. M Ericsson demonstrates
some LME products to (from left) Tom
Maxwell, IPTC. T. 0. 5. Benson, Nigerian
Minister of Information, Governor General
Nramdi Arzikiwe and Ambassador Love Kell-
herg.
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Carrier Equipment
for Liberia

The telecommunication authorities
of Liberia have been working for
several years on a project covering
the main towns of the country. As
a result a contract with L M Ericsson
was signed in 1961 for the supply
and installation  of telephone
changes, pay local
plant etc.

Recently the Government of Libe-
ria  signed an  additional  contract
with L. M Ericsson covering the
supply and installation of multiplex
equipment for telephony and tele-
graphy. This equipment is of L M
Ericsson’s latest design and s fully
transistorized.

The carrier telephony equipment
will be installed at 22 stations. as
shown on the map. The voice fre-
quency telegraph equipment will con-
stitute the initial installation for nine
of the same stations. The order also
includes training of maintenance per-
sannel.

€Xx-

stations., cable

Ericsson Technics

No. 2, 1962

Ericsson Technics No.
appeared. In the first paper.
“Planning of Exchange Locations
and Boundaries in Multi-Exchange
Networks™ by Dr. Yngve Rapp. Tele-
fonaktiebolaget L M Ericsson, meth-
ods are presented which are aimed
at facilitating the preparation of a
fundamental plan for multi-exchange
networks, 1e determining  the
number of exchanges, their locations,
and the boundaries between the ex-
change areas. This fundamental plan

2. 1962, has

FTOW

tor
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serves as starting point for the de-
tailed planning of the subscribers’ and
junction  networks. A summarized
version of this paper was published
in Ericsson Review No. 2. 1962, under
the title “Planning of Multi-Exchange
Networks with Aid of a Computer».

There follows a paper by Henry
Scheftelowitz, Telefonaktiebolaget
L. M Ericsson. “Study of Sampling
Noise, Especially 1in Reference to
Systems  for Transmission of Wide
Band Signals on ldentical Narrow
Band Channels in Parallel Connec-
ton”. In a tme multiplex system
the band width of the individual
channel s determined by the pulse
repetition frequency. If this frequen-
cy 15, for example, 8 000 ¢/s. the upper
cut-off frequency will be 4000 ¢/s.
For transmission of signals at higher
frequencies several channels must be
interconnected. Fach individual chan-
nel may be regarded as a four-termi-
nal network. A study is made of
crosstalk as function of the character-
istics of the four-terminal networks

Finally, in “Calculations for the
Design of Switching Devices in Auto-
matic  Telephone  Systems”., Karl
Lundkvist, Telefonaktieholaget L M
Ericsson, describes a method of cal-
culating the most suitable design of a
switching device for automatic tele-
phone exchanges consistent with the
traffic per line, the production cost
of the switch components. and the
number of lines. For every telephone
system there 1s an economic optimum
for a given quantity of traffic. The
size and arrangement of the corre-
sponding switching group is sought
having regard to the effect of differ-
ent design measures on the price and
traffic capacity of the telephone ex-
change

New Method for Jointing
of Plastic Cables Developed
by L M Ericsson

The use of plastic cables instead
of paper-lead cables called for a
jointing method which was acceptable
both technically and economically
. M Ericsson has developed a method
essentially fulfilling the requirements
for satisfactory jointing of polythene-

insulated  and  polythene-sheathed
cables.

As far as the individual conductor
splices are concerned, the method

basically involves twisting of the con-
ductors under heat without removal
of the insulation, and welding of a
plastic sleeve, which s sealed at one
end. to the conductor insulation so as
to insulate the splice.

As regards the sheath joint, the
method implies a welding process by
which the plastic material is heated
in a4 hot gas stream via a heat resist-
ant rubber band. To achieve a pres-
sure-tight joint. sheath and jointing
material must be of the same com-
position.

Far-reaching experiments and la-
boratory tests prove that the method
evolved for plastic cables is as rapid
as the jointing of paper-lead cables,
and that conductivity and insulation
of the joint are equivalent to those
of the cable. The cost of the jointing
material and the eguipment appears
to be acceptable.

The method has been utilized by
L. M Ericsson in the field and been
found to be satisfactory

A preliminary description of the
method has been issued by the Net
work  Department  under reference
N 2822.1—109 Us,

In February L M Ericsson's new factory at Ronneby was opened—the fourth Ericsson factory
in the province of Blekinge. It is expected to employ some 400 persons and will operate as a
branch of the Karlskrona factory. The production will consist chiefly of the assembly and wiring
of racks for automatic switching equipments.




UDC 621.395.44
LME 8424

TrONSLIE, S: Terminal Equipment for 2700-circuit Carrier System.
1. Modulation Equipment. Ericsson Rev. 40(1963): 1, pp. 2—17.

The article deals with L M Ericsson's equipment for modulation from the
basic supergroup to the line frequency band of the 12 Me/s system. A
brief description of the system is given and the most important technical
data are presented.

The associated equipment for carrier frequency generation will be dealt
with in an article to be published in a future number of Ericsson Review.
The modulation equipment for the formation of the basic supergroup has
been deseribed in Ericsson Review, No. 1, 1961 and No. 2, 1962,
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BeN CHelkH, HaBiB: The New Telephone Exchanges in Tunis. Ericsson
Rev. 40(1963):1, pp. 18—28.

The cut-over on November 30. 1962, of the new L M Ericsson crossbar
exchanges in Tunis and its northern suburbs brought to an end the pre-
viously serious state of telecommunications in the country. The new ex-
changes, which represent the first step in the conversion of the entire
Tunisian network to automatic operation, are described in this article.
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Ethiopia
Swedish Ethiopian Cempany
Addis Ababa, P. O. B. 264, tel:
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Acerd, P.O.B, 17, tel: 627 85, 1gm:
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Kenya, Tanganyika, Uganda,
Zanzibar
Transcandia Lid. Nairobi, Kenya,
P. Q. B. 5933, tel: 21931, tgm:
transcanca

Liberia
Swedish Agencies Liberia Co.
Monrovia, P.O.B. 506, tel: 745,

tgm: saleo (Excep! sales to public
institutions)

Libya
The Gulf Trading Co. Tripeli,
P.O.B. 417, tel: 5715, tgm: gul-
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Mauritius
Mavuritius Trading Ce. Ltd. Port
Louis, P.O.E. 201, tgm: agentou

Morocco

Elmar 5. A, —SEYRE Tangier,
Francisco Viloria, 4, tel: 122-20,
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J. Martins Margques Lourengo
Marques, P. O, B. 456, tel: 5953,
tgm: tinsmarques

Migeria

LP.T.C. {(West Africa) Lid. Lages,
P.O.B. 2037, tel: 26531, 1gm:
consult
Sudan

TECOMA Technical Consulting
and Machinery Ce. Lid. Khar-
teum, P.O.B. 866, tel: 2224, exl.
35, 1gm: sulecoma
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Bolivia
Johansson & Cia, 5. A. La Paz,
Casilla 678, tel: 2700, tgm: jo-
hansson

Costa Rica

Tropical Commission Co. Lid. San
José, Apartado 661, tel: 3432,
tgm: troco

Curagao N. W. L.

5. E. L. Maduro & Sons, Inc.
Curagae, P. O. B. 172, tel: 1200,
tgm: madurosons-willemstad

Dominican Republic

Garcia & Gautier, C. por A,
Sante Dominga, Apariado 771,
tel: 3645, tgm: gartier

Guatemala

Nils Pira Ciudod de Guatemala,
Apartade 36, tel: 62258, tgm:
nilspira-guatemala

Honduras

Quinchén Ledn y Cla Teguei-
galpa, Apartado B5, tel: 1229,
tam: quinchen

Nicaragua
Edmundo Telel Managua, D.N.,
Apartado Postal 24, tel: 3401,
tgm: edfelco

Panama

Productos Mundiales, 5. A, Po-
nama, R.de P, P. O, B. 4349, tel:
3-0476, tgm: mundi

Paraguay

5. A. Comercial e Industrial H.
Petersen Asuncién, Casilla 592,
tel: 9868, tgm: pargtrade

Fuerto Rico

Splendid Inc. San Juan, P. O. B.
4568, tel: 3-4095, tgm: splendid

El Salvador

Cada-Dada & Co. San Salvador,
Apartade 274, tel: 4860, fgm:
dada

Surinam

C. Kersten & Co. M. V. Paro-
maribo, P. O. B. 1808, tel: 4444,
tgm: kerslen

Trinidad, W. L.

Leon J Aché Ltd. Port-of-Spain,
100 Frederick Stree, tel: 32357,
tgm: achegram

USA

Clark Valler Corporation New-
ark 2, N. l, 744 Broad Streel,
tel: Mitchell 3-7333, tgm: wire-
walter-newarknj. (For intercom)
State Labs. Inc. New York 3, N. Y.,
215 Park Avenue South, tel: Ore-
gon 7-8400, 1gm: statelabs (For
electron tubes)
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European Subscriber Dialling

C

JACOBA

ONAKTIEBOLAGET LM ERICSS5ON, STOCKHOLM

UDC 6541544

LME 808
The first automatic imternational service was hetween the frontier arcas in
neighbouring countries. As the technique developed and the raffic demand
orew, antomatic service hay extended to larger arcas. C.CLT.T. hay for a
long time been studyving means of introducing a fully automatic international
service in Ewrope and hay issued comprehensive recommendations covering

the technical aspects and traffic considerations.

Various aspects of European subscriber dialling arve presented i this article.
The article iy based on a paper read ar X convegno internazionale delle
commurticazioni” v Genwa in Qctober 1962, It is published with the kind
permission of The Civie Committee of Columbis Celebrations.

With the mvention of the telephone 85 years ago there started a long
period of technical development. The 19th century brought the telephone
iself. the carbon granule transmitter and the mam clements of manual
switching. The first two decades of the 20th century saw the perfection ol
manual switching; at the same time automatic switching had now cast off its
infant’s clothing and produced basic solutions of problems which have since
been accepted as standard methods. Gradings, registers. link systems and
markers were all brought to birth in that period. In the following decades
came the carrer systems and radio hinks, which permitted telephony over
long distances. In the fifties followed the Atlantic cables and —an even more
dramatic advance —in 1962 the first satellite communications, even though they
are still used only for experimental purposes. The forties and fifties saw the
hreakthrough of crosshar switching, and we are now waiting for electronic
switching to become a serious proposition

We have, in fact, now a technical arsenal which permits us to solve any
problem involved in the provision of communication between two subscribers
wherever they may be situated

In our days we accept subscriber dialling of Tocal and long distance calls
as a matter of course, the justification for which need no longer be discussed
But that has not always heen the case. A well organized manual service has
its advantages, in that it does most of the subscriber’s work for him. But for
various reasons manual service has become impossible, especially for local
calls. Operators” salaries have risen, while automatic exchanges now cost hardly
more than manual exchanges. In areas with high traffic intensity. moreover.
it would be impossible to recruit the number of operators required without
resorting to compulsion. Furthermore. when calls have to pass several ex-
changes. even the best manual service would be cumbersome and the risk of
wrong connections would be much greater. Subscribers have come to appre
clate that automatic service 1s to their advantage.

For long distance calls there has been considerable doubt as to whether
subscriber dialling would be the correct procedure. Up to the '50°s the trunk
circuits i most countries were so hmited in number that delay working was
mnevitable. A queuing arrangement for automatic calls was hardly conceivable,



and 1t was therefore necessary to have operators to handle the queue. Another
argument in favour of aperatars was the need for efficient utilization of the
expensive long distance circuits. The system of advance preparation was, of
course, often employed. re. the calling and called subscribers were connected
up locally before a trunk circuit became free so that the new call might start
as soon as the crreuit was released. Another reason for employing operators
was the accounting problem. There were no suitable means of automatic
chargimg, and 1t was also thought that subscribers would require a specifica-
tion of charges for long distance calls.

Owing to the method of delay working and the fact that charges were
usually based on a 3-minute period, the system of person-to-person calls was
widespread. For a very shght extra charge the caller could be connected
direct to the wanted person. If the latter was unobtainable at the first attempt,
he was requested to notify the exchange on his return. Connection was then
established.

Since World War 11, coaxial cable carrer systems and radio hinks have made
long distance communication cheaper. At the same time operators’ salaries
have risen. This led to semi-automatic service. in which connections were
established with the aid of one operator. She had a dal or keyset to set up
the connection to the called subscriber. This system was very much cheaper
for administrations and generally provided better service for subscribers. The
operator still wrote a ticket for each call. This led to the development of
automatic trunk exchanges. Tandem traffic required a plentiful supply of
circuits to keep congestion at a low level. After the war, as a result of the
satisfactory experience within thewr individual countries. the administrations
took up the question in C.C.LF. of arranging for inter-state semi-automatic
traffic within Europe. After several years of work certain specifications were
agrecd upon, and for some years now the majority of the international traffic
in Europe has been handled in this way.

Within the national field the fifties have also seen the breakthrough of
subscriber-dialled long distance calls. This has been made possible by the
abundance of circuits. The saving of operators has reduced costs, so that
tariffs could be lowered as well. With Tower tariffs and the guick rise in the
standard of living, it has been possible to dispense with detatled particulars of
calls. The principle of multi-fee metering 15 employed, imvolving successive
operations of the subscriber’s meter. so that the 3-minute period as basis for
charging could be abandoned. Short calls can now be made at a correspond-
ingly lower price. The need for person-to-person calls has practically dis-
appeared. The initial fears that subscribers would not be able to manage the
troublesome dialling procedure or that technical difficulties would arise have
proved entirely unfounded. On the contrary. subscriber long distance dialling
has led to a great increase in traffic, which 1s the best proof of its usefulness.
The main reason is the immediate access. but an important contributory factor
is the absence of friction of a human kind mn the setting up of calls. For
administrations it has become a good source of income.

The logical next step is direct subscriber dialling of international calls. The
same advantages may be expected in the form of simphfied and quick con-
nection, lower tariffs and simpler accounting. The general tendency in inter-
national relations, moreover, is to demolish the barriers between peoples. When
customs duties are being done away with and frontiers are bemng opened for
the exchange of goods, telephone traffic should not be subject to special
regulations when it passes a national frontier. The telephone 15 in itself a tool
for trade and. as such, should be simple to use on a universal basis,

This article will deal with some of the problems encountered in inter-
natienal subscriber-dialling, with especial reference to the conditions in Europe.
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General

The automatization of international traffic naturally imposes many prob-
lems on telephone technicians. Subscriber-dialled international traffic rep-
resents in a nutshell the entire problem of world telephony. It is a problem
with technical, economic and operating aspects. while at the same time human
factors are involved in almost every detail.

The problems of technigue and of the human factor in telephony are in
several respects intimately related. One may say that the entire transmission
technique has essential parameters determined by the human speaking organs
and faculties of hearing. Numbering schemes, signal tones. accounting and
maintenance are other problems which have both technical and human
aspects. In international traffic the human factor is the more accentuated
because of differences of language and of national practice.

The world telephone system is a unit which places definite demands on
its sub-systems if it is to function as a whole. C.C.LT. T, in principle. should
be concerned solely with the conditions of international traffic, but in fact
has had to make definite stipulations as to how national telephone systems
shall function in many detailed respects.

The C.OLT.T. recommendations for international automatic traffic were
faid down at the Plenary Assembly at New Delhi in December 1960 and are
published in “RED BOOK™ Volume VI and Volume 11 bis. But developments
are proceeding rapidly and an intense study 1s being devoted to several sec-
tors to cater for the new technical facilittes. We may therefore expect a
number of new or amended recommendations at the next Plenary Assembly.

An automatic international connection may be divided into three parts, one
in the outgoing country, one the international chamn. and one in the incoming
country. The national chain in the outgomg and mcoming countries consists of
the subscriber’s telephone. local network and trunk chain. The Jatter 1s made
up of up to three. m exceptional cases four, 4-wire circuits. The mternational
chain consists of one. two or, sometimes, three 4-wire circuits. at least within
the houndaries of Europe.

The switching system for international calls 1s naturally a register system
At every international exchange a register is seized for directing the connec-
ton within the exchange and. i some cases also, for routing it onward
Alternative routing 1s employed whenever the network structure so permits
For purposes of statistics and to ensure a fair settlement of accounts between
countries, the register at the international sending exchange must be given an
indication of the route on which the connection has been set up.

Determination of the Required Numbers of
International Circuits

C.CLT.T. is studying the question of how to estimate the quantities of
circuits needed for the international network. There is admittedly a re-
commendation now In force to the effect that the congestion to be allowed on
imternational circuits shall be 1 % . But this must be regarded as a provisional
arrangement. C.C.L'T.T, is now considering the entire problem from a more
global point of view, and there 1s no doubt that different levels of congestion
will be established for different sections of the network: one for intercontinental
circuits, one for the mamn continental routes, one for secondary routes, etc.
The recommendations will be influenced by the availability of alternative
routing and by the fact that the busy hour occurs at different times at dif-
ferent places. C.C.LT.T. is also studying methods of measurement and the
guantities to be measured
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After the conditions in the international network have been regulated,
certain demands will probably bhe placed also on the grade of service of
national networks. The congestion 1 a recewving country must not bhe too
high if the automatic traffic 1s to be able to function. There is a parallel here
to the circumstance that C.CLT.T. must recommend a certain quality of
transmisston in national networks,

Transmission Questions

C.CLTT. has drawn up various alternatives for the distribution of overall
loss in the national and international sections of the 4-wire network. These
are shown in fig. 1 and 2. The international network employs a nominal
attenuation of (L5 db per circuit, In national networks the attenuation on the
4-wire chain of circuits between the 2-wire termination and the international
exchange must be at least 2.0 + 0.5 n dh, where n 1s the number of national
circuits i tandem employed on a given connection. Thus 3.5 db suffices for
all connections in countries where the number of circuits in tandem does not
exceed three: in large countries, 1.e. with up to four circuits from the 2-wire
termination to the international exchange. this figure will be 4.0 db. but a
corresponding increase 1s allowed in the reference equivalent. The standard
deviation may be up to 1 db per circuit. In extreme cases and with many
circutts in tandem, this standard deviation may result in a large difference in
attenuation from case to case. With nine circuits in tandem. the attenuation
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may with 1 % probability exceed the nominal by 6.9 db. In the same way there
may be a positive gain on the 4-wire section which under conditions of
mismatch on the 2-wire sides will result in instability. With manual service
the operator can decide whether the transmission is acceptable or whether
another circuit must be chosen. With automatic service the subscribers them-
selves must decide whether the circuit is satisfactory. They must become
accustomed to making a new attempt in the same way as is now done on
national calls if no connection s obtained.

The transmission conditions should have no particular consequences for
automatic traffic in other respects. The signalling problems. however, are
intimately associated with the transmission technique.

Signalling System

C.C.1T.T. has standardized two different signalling systems for automatic
traffic, one operating with a single frequency. “the one-frequency system’™,
the other with two frequencies, “the two-frequency system”™. Both systems
may be used for terminal traffic. whereas the two-frequency system 1s standard-
1zed for tandem traffic. For terminal traffic the sending country decides which
signalling system shall be employed. This recommendation is obviously possible
if the lines are one-way. which at present 1s the case. In the future, however,
we shall probably have two-way circuits as well. For this case a new re-
commendation 1s necessary.

A distinction is made in both systems between line signals (supervisory
signals) and numerical signals.

The One-frequency Svstem

This system operates with a single frequency of 2280 = 6 ¢/s. The signal
level is — 6+ 1 dbm. To avoid disturbance on national networks the system
must be designed for a splitting time of at most 35 ms. i.e. no fraction of a
signal exceeding 35 ms may pass out of the international circuit.

The line signals are shown in Table 1.

Table 1. 1 V.F. System signal code.

Line signals

List No. Name of signal 1 V.F. System
FORWARD SIGNALS
| a) Terminal seizing signal ..o oo oouaiina X
b) Transit seizing signal ... . oL XX
3 Numerical signals oo Arhythmic code
4 End-of-pulsing signal s A R Arhythmic code
9 Clear-forward-signal « cvecssmiinsssndasseannni XXEXX
12 | Forward-transfer signal XSX
BACKWARD SIGNALS
2 Proceed-to-send signal .........ooiiniiniiiis X
5 Number-received signal cooovi i iiiiiiio X
6 Busy-flash signal. ... ... XX
7 | ARSWer signal .o XSX
8 | Clear-back signal ; XX
10 | Release-guard signal .. .. P T XXSXX
11 Blockimgistanal® .. s s siiiseins % Continuous |

*The mamtenance instructions given to the maintenance staff stipulate that a circuit
may only be blocked for a limited period.



The elements of each of the voice-frequency line signuls shown in Table |
have a duration of:

X 150+ 30ms
XX 600+ 120 ms
S 100 + 20 ms

The numerical signal code is shown in Table 2. This code is a binary code
of four elements, each clement being constituted by either the presence or
the absence of the line-signal. These elements must follow each other within
a fised period: this period s marked by a start element (frequency present)
and a stop element (frequency absent) between which the 4 characteristic
clements of the numerical signals are sent.

The code is in all ways similar to the arhythmic code used for telegraph

transmission and differs from it only by its lower modulation rate and by the
fact that it consists of only 4 elements instead of the 5 used in telegraphy.

Table 2. Arhythmic code signals of the 1 V. F. system.

1
Arithmetic value of the ‘
- e 2 1
marking relays energised

: . Moments
Figure Start Stop

o2 | 3 | a4

0 50 100 150 200 2

n

0 300

Milliseconds

Note. The relation between the transmitted digits and the different com-
binations of the arhythmic code is arrived at by giving the value of 8, 4, 2 or |
to the presence of a positive signal element depending on the moment No. 1.
2. 3 or 4 of the signal in which 1t occurs.

The Two-frequency System
The signal frequencies in this system are

2.040 =6 ¢/s (the x-frequency)
2400 =6 ¢/s (the y-frequency)

these frequencies being applied separately or in combination. Each frequency
has a level of —9 = 1 dbkm. When they are sent in combination thev must
not differ in level by more than (.5 db,

The sphitting time may be at most 55 ms.

The line signals are shown in Table 3.



Table 3. 2 V.F. system signal code.

Line signals

List No. ‘ Name of signal 2 V.F. System

l

FORWARD SIGNALS

| a) Terminal seizing signal . ooiiivinniimia, PX
b) Transit seizing signal ou s PY
3 Numerical signals ..o Bmary code
Eadiof-pUSIMESIENA] <nmsnsmmenwmmemems wess g Binary code
9 Clear-forward signal cocimvsasi o e PXX
12 Fospward-transfer-$ignal .vuopoconempisiarssid PYY

BACKWARD SIGNALS

2 Proceed-to-send:a) Terminal .. ...coovimmianass X
b} International transit. ... ... .. Y
5 Number-received signal ........... ... . ... P
i 6 Busy-flash signal .. ... ..o oo PX
7 T T T a— PY
b Cleat-back signal’ seesssnbeaainiesaman s ait PX
10 Release-guard signal .. ...c0oriiioaa i i PYY
11 Blocking signal®™ ... PX
(Unblocking) = use of signal 100 .. .ohnnon. PXY

*In addition to the blocking which is provoked by the reception of a blocking signal at
the outzoing end of a circuit, the outgoing equipment should be such that a temporary
condition of “circuit busied™ should result at the outgoing end on receiving, on i Iree
cireut, one or other of the frequencies X or Y or both these frequencies. This condition
should be maintained for as long as the frequency or frequencies are received. The main-
tenance instructions given to the mamtenance staff stipulate that such an occupation of
a circuit should be of short duration,

The elements of each of the voice-Trequency hine signals shown in Table 3
have a duration of:

P 150 = 30 ms
Xand Y 100 = 20 ms
XX and YY 350 =70 ms

The numerical code is given in Table 4.

Table 4. Binary code of the 2 V.F. system.

Combinations

Figure Elements
1121314
b yviv]y]x
B! camemmRg Y| Y| XY
B R ¥y | x| x
& ;e Y| X |Y |y
F' o psprssensaeans YI x|y | x
6 vy x| x|y
P cvmesemnsens Y[ x| x| x
B sosmssa Xy | ¥yly
- S P x|y |y | x
Digit 0010y ..., | x|y | x|y

The relation between the transmitted digits and the different combinations
of the binary code is arrived at by giving the value 8. 4. 2 or | to the presence
of an clement X depending on whether this element X constitutes the [st.
2nd. 3rd or 4th element of the numerical code.

The symbols used in Table 4 have the following significance:

% short element of the single frequency x
v short element of the single frequency y
s short element of silence
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The sending duration of the interval of silence v between signal elements
of the same digit shall have the value of 35 = 7 ms,

The code 1s a binary code of four elements each separated from the next
by an interval of silence: each element consists of the sending of one or the
other of the signalling frequencies

The two-frequency system also includes acknowledgement signals which are
sent back from incoming international and transit exchanges. They are sent
immediately alter reception ol the fourth element in the numerical signal, in
the form of an vsignal from an incoming international exchange and a
yesignal from an international transit exchange.

In Europe the intention 1s to use end-to-end signalling, 1e. signalling from
a register in the sending international exchange to registers in the transit
exchanges and on to the international exchange in the receiving country with-
oul repetition at intermediate points. This applies hikewise to the supervisory
signals. It may be expected that connections across BEurope, using three inter-
national circuits, may very occasionally lead to rather too difficult conditions
for the signal recevers at the ends of the nternational chain. In these rare
cases, the intention is that the subscriber shall re-dial as he does on other
connections when a technical fault 1s encountered.

The one- and two-fréequency systems both represent fairly conservative
solutions of the signalling problem. The receivers for the supervisory signals.
which are associated with the junction circuits, serve at the same tume as
receivers for the numerical signals. In more modern systems use is often made
of multi-frequency receivers for the numerical signals. associated with a reg-
ister or marker, On the initiative of the Dutch PT.T. the introduction of a
system of this kind has been discussed outside the C.CLT.T. Several ad-
ministrations, especially within the Community of Six. have shown an interest
in such a system, and systems of this kind are used to some extent for terminal
traffic between neighbouring countries.

Any two administrations are. of course. free to agree on any signalling
system for the termunal traffic between their countries. This is particularly
common in the cases of traffic between neighbouring areas on the two sides
of a frontier. As a matter of fact the bulk of the mnternational traffic 1s
handled on a simplified signalling system. i.e. with one-frequency signalling
and dial type pulses (see Green Book Vol. V. pages 39—40).

Dialling and Numbering Schemes

The question of dialling and numbering schemes 1s one which involves
technical as well as human factors. It is therefore related both to the
equipment and to the subscriber.

The basis of the numbering scheme is, of course, the subscriber’s national
number. The subscriber’s number is usually composed of two parts, a local
number which is dialled within the local area and a trunk code signifying the
local area in which the subscriber has his telephone. There is also a trunk
prefix which is used when the subscriber wishes to ring a subscriber within
another local arca. Take, for example. the national number of a subscriber
in Dusseldorf:

Trunk prefix
Trunk code
lLocal number

L 123456

<
1
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Fig. 3 X 2461

Dial for European operators on semi-automatic
international service

The European countries are furthermore allotted individual two-digit num-
bers as follows:

200 Poland 48 Morocco

21 Algeria 49 Germany

22 Belgium 50 Spain

23 Austria 51 —

24 52 Ireland

25 Finland 53—

26 Arabia 54 Syria

27 Cyprus 55 the Netherlands

28 Bulgaria 6 -

29 Gibraltar 57 Crechoslovakia

30 Greece 58 —

31 Egypt (United Arab Republic) 59 Albania

32 60 Luxemburg

33 France 61 Denmark

34 Israel 62 Tunisia

35 Hungary 63 Yugoslavia

36 Turkey 64 Teeland

17 Lebanon 65 —

I8 Norway 66 Switzerland

39 Italy 67 —

40 Libya 68 and 69 } USS.R.

41 Jordan 70 to 79 (European Republics)
42 Portugal Spare codes

3 Malta (in addition to codes 24,
44 Great Britain #ito &5 ] 32, 45, 51, 53, 56, 58,
45 — 65, 67)

46 Sweden 90 1o 99 Intercontinental traffic

47 Rumania

In the same way as for national trunk traffic, a complete number requires
also an international prefix indicating that the call 15 to a subscriber in
another country. The complete number of the Dusseldorf subscriber when
called from Italy. for example. will be

00 49 0211 123456

in which 00 is the international prefix and 49 the code number for Germany.
To call from the Netherlands to a subscriber in Stockholm. the number will be

09 46 08 707189

09 being the international prefix in the Netherlands and 46 the code number
for Sweden.

In the examples chosen, which are typical. the subscribers have to dial
13-14 digits. This 1s quite a large number—but unavoidable—and naturally
leads to more dalling errors than with the shorter national numbers. The
numbering scheme 1s logically constructed, but even so it s difficult for a
subscriber to remember how far he has got in the long series of digits he
has to dial. The introduction of a dial tope after the national code, for
example. would possibly be a help to the subscriber.

It may seem unnecessary to include the trunk prefix in the numbering
scheme. But for the receiving country the trunk prefix indicates that the call
15 subscriber-dialled. If any other digit comes, one knows that the call emanates
from an operator and the digit indicates the language spoken by the operator.
so that in case of necessity she can be connected to an operator speaking the
same language. It would. of course. be possible to let the equipment in the
sending country generate the extra digit automatically. since the equipment
knows that the call comes from a subscriber. But business organizations are
likely to indicate on their letter headings the entire national number including
the trunk prefix. Telephone directories likewise indicate the area code and
trunk prefix on each page.

At a meeting of C.CLT.T. study groups in Montreal in the summer of
1962, the question of numbering schemes was discussed with reference to the
need which may soon arise for intercontinental automatic traffic. The inter-
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national numbering schemes will be altered to permit intercontinental traffic.
Countries or groups of cocuntries will have cne-, two- or three-digit national
codes. To save digits, the trunk prefix will be ehminated from the international
number, which will be “all numeral”. Subscribers will be requested to print
their international number as well as national number in letter headings etc.
The international number will comprise the national code, trunk code and
local number and will be a closed number consisting of max. 11 (exceptionally
12) digits. Letters, where employed, will he translated into the corresponding
digits. Subscribers will naturally dial the international prefix before the
international number

An especial difficulty is presented by trunk codes and exchange codes in
letter form as used in some countries, ¢.g. Britam and France. Instead of
having the entire number in digit form, they employ letters for the codes,
representing an abbreviation of some geographical name associated with the
area in question. From investigations made 1n the United States. these letter
codes have no advantage even for the national subscribers. The number s not
casier to remember, and dialling errors are no fewer, For a subscriber in a
foreign country who has no letters on his dial, the procedure is naturally
troublesome. 1t is to be hoped, therefore. that letter codes will be successively
abolished. At all events the corresponding digits should be indicated at the
same time.

In order that letter codes shall not render international automatic traffic
impossible. there must be a definite relationship between letters and digits.
For semi-automatic international operators in Furope, C.C.LT.T. recommends
a dial as shown in figz. 3. No recommendation has vet been made for sub-
scribers” dials.

Signal Tones to the Subscriber

When a subscriber rings a subscriber in a foreign country. he should receive
information of the condition of the called subscriber’'s line by means of
tones in the same way as on a call within his own country. The tones in
question are ringing tone. busy tone and special information tone. On the
basis of practice in Europe, C.C.LT.T. has agreed on a recommendation as
follows:

Ringing tone 1s a slow period tone in which the tone period is shorter than
the silent period. The recommended limits for the tone period are from (.67
to 1.5 seconds. for the silent period 3 to 5 seconds. The frequency for ringing
tone should be between 400 and 450 ¢/s.

Busy tone 1s a quick period tone in which the tone period i1s roughly equal
to the silent period. The total duration of a cycle (tone period -+ silent period)
should be between 300 and 1.100 ms. The ratio of the tone period to the
silent pertod should be between 0.67 and 1.5,

The frequency for busy tone should be between 400 and 450 ¢/s. The
fairly wide limits for the busy tone permit the use of two busy tones, one for
subscriber busy and one, if required, to indicate trunk busy.

Special information jone is a standardized international tone unmiversally
comprehensible and designed to invite the calling subscriber to get in touch
with an operator in his country to obtain assistance when abnormal conditions
are encountered which caused the tone to be given. The tone period consists
of three successive tone signals, each lasting for 330 = 70 ms. These are
followed by a silent period of 1.000 = 250 ms. The frequencies used for the
three tone signals are 950 = 50 ¢/s. 1,400 = 50 ¢/s, L.BOO =+ 50 ¢/s,

All tones shall have a level of — 10 dbm at a zero relative level point.
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Accounting

As already mentioned, there has been much discussion of the question of
accounting for international calls. The aim has been to establish the same
method of accounting as for national long distance calls. In most cases in-
ternational calls are not made over longer distances than national trunk calls.
Since the method of operation is the same in both cases. it should be possible
to adopt the same tariffs, i.e. based on distance and duration of individual
calls.

Automatic accounting requires agreement between the countries concerned
on the tariffs to be adopted. This may obviously cause problems for countries
with very different levels of trunk tariffs. The tariffs should not differ too
much from those for trunk calls over comparable distances in the respective
countries. Nor should a country charge different tariffs for calls to different
countries at comparable distances. Clearly the international subscriber-dialled
traffic in Europe will mdirectly have an equalizing effect on national tariffs.
At the same time any taxation of trunk calls would become more difficult.

A special difficulty has been that countries have different accounting
systems. The predominant method is to use subscriber’s meters. But there are
two main types of metering. one based on one pulse at a time, the pulse
frequency being proportional to the distance, and the other based on a given
number of pulses proportional to the distance at the beginning of every
3-minute period. The former type is preferable, of course, since the sub-
scriber pays more exactly according to the duration of the call. It is to be
feared, therefore, that traffic between two countries with these different
systems will be distorted. with a preponderance of outgoing traffic from the
country which employs the former method of charging. C.C.L'T.T. has been
aware of this possibility and has therefore adopted a recommendation to the
effect that charging shall be either per minute or by means of periodic
singular pulses.

A minority of countries have equipment for automatic printing of tickets
for long distance calls. There is, of course, nothing to prevent their use on
international calls, even if the majority of receiving countries employ sub-
scribers’ meters.

For the very long connections across Europe the tariffs will be so high. at
least for some years to come. that it is doubtful whether they can be salis-
factorily charged on subscriber's meters. The pulse frequency may be so high
that calls are disturbed by the pulses if transmitted on the speaking circuits,
Another difficulty is that subscribers may wish for a cost specification for
these expensive calls.

Maintenance Questions

In an automatic network the subscribers’ instruments. lines and exchanges
together form a system of extraordinary complexity. All parts need not
operate to perfection in order for the system to fulfil its function—this would.
moreover, place altogether unreasonable demands on their reliability, When
a fault occurs in a switching unit. there is always the possibility of using
another unit with the same function. This is true in respect of circuits as well
as of switching equipment. (The subscriber’s telephone and line alone are
generally not redundant.) But a subscriber cannot himself influence the selec-
tion of equipment for the call he initiates. If he cannot get through, or if the



transmission is unsatisfactory, he must make a new call. In such case he
usually finds another path to the called number, using other switches or
circuits. The job of the maintenance services is to maintain telephones, lines
and exchanges in such condition that subscribers obtain satisfactory connec-
tions except on very few occasions. How far one should go in this respect is
dependent on many factors and is a problem of service versus cost. From the
point of view of the national economy, an increased cost of maintenance is
paid for by the better service given to subscribers. The subscriber’s time must
be evaluated in terms of the time lost on unsuccessful calls and of the irrita-
tion to which he is exposed. The latter at least s difficult to estimate. In some
cases the subscriber’s loss of time is very noticeable, i.e. when the transmis-
sion is so poor that he has constantly to ask for a message to be repeated,
which also involves having to pay for a longer call. In their own interest, and
in the interest of the administration as well, subscribers should be trained to
place new calls in such cases.

International subscriber-dialled traffic introduces certain factors which may
be expected to affect the public.

1. International connections may perhaps not be longer than many national
ones, but the international connection will probably contain, on an average,
a greater number of circuits. This increases the risk of poor transmission.

(]

The subscriber will be more sensitive to bad transmission when using a
foreign language,

3. At least in the next few years international calls will be used. on an
average, for more important communication requirements than national
calls.

4. International calls will, to start with, be more expensive than national calls
over the same distance.

On the other hand subscribers may have some understanding for the fact
that, on an international call. they are making use of larger parts of a
complicated machine and that the defects of the machine are therefore more
likely to be felt.

To summarize, one may justifiably say that international subscriber-dialled
traffic will place greater demands on the quality of service than national
traffic. But since the bulk of the equipment employed on international calls
belongs to the national networks, we shall have to bring national networks
up to the standard required for international traffic.

An analysis of trunk traffic conditions shows that the switching equipments
can be designed for an adequate quality of service. Administrations which
devote thought and care to their maintenance have generally no difficulty in
ensuring that their switching equipments are operating efficiently. Maintenance
technique has been systematically studied and has reached a high level. The
situation is not quite so satistactory, however, on the transmission side.

A large number of trunk circuits have been in operation for a long time
and suffer from manifest defects. They exhibit a wide spread in their trans-
mission data. Sudden variations of attenuation and interruptions of up to half
a second are not uncommon. These defects have been rectified in the more
recent carrier systems. but for many vears to come there will be a large
number of circuits in national networks which are not fully satisfactory.
Likewise the maintenance technique is not so fully developed in respect of
trunk circuits.
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In the manual and semi-automatic services some assistance 1s obtamable
from the operator. who can make sure that a call has arrived at its proper
destination and can also check the transmission. If the conditions are un-
satisfactory the operator can hold the connection and report the fault to the
maintenance service. With subscriber-dialled traffic. compiaints from sub-
seribers are of little value, not only because they are seldom notified and are
usually vague, but particularly because the faulty connection is cleared when
the subscriber replaces his handset.

C.CLT T has devoted and is still devoting considerable attention to ques-
tions of maintenance. Recommendations have heen issued concerning organiza-
tion and procedure. But much sull remains to be done. The following points
in particular should be borne in mind.

Equipment for rapid automatic through-testing of entire routes or in-
dividual circuits will be necessary. Automatic identification and blocking of
unsatisfactory circuits is desirable. Certain organizational changes in main-
tenance work. based on the fact that automatic international circuits terminate
on and are mamtained from the multiple field in the switching terminals, are
likely to be necessary. Methods and equipment for continuous observation of
the entire switching and transmission system will undoubtedly be introduced.
Integrared maintenance, based on uniform principles for the entire tele-
communications technique, 18 gradually evolving. The consequence will be
the establishment of special maintenance centres n the international net-
work. from which the traffic conditions can be supervised and controlled.

The proper coordination of international maintenance, however, demands
a large measure of teamwaork on the part both ot individuals and administra-
tions. It will be particularly necessary that the different categories of main-
tenance personnel have an understanding and knowledge of the other sections
of the communications network.

To summarize these remarks on maintenance questions and their solution,
it may be foreseen that the automatization of the European network will
require

1. A large measure of automatic supervision of routes carrying international
traffic. both inside and outside the national networks.

(5]

A successive automatic guality control of international traffic.

3. A concentration of the necessary supervisory technique to appropriate
geographical points from the traffic point of view.

4. A mamntenance service organization suited to the foregoing considerations.

Modification of National Networks for International
Automatic Traffic

National transmission equipments will not be affected by the introduction
of automatic international traffic: the only changes needed will bhe in auto-
maltic switching equipment.

As already mentioned, an mternational number will consist of more digits
than a national number. The registers in the national systems must therefore
be adapted for the reception of all these digits. The alternative is to arrange
that special registers with an adeguate digital capacity are switched in be-
tween two digits. These changes may often be very costly. Administrations



may therefore be forced to compromise by introducing a second dial tone
after the national code to allow time to switch n an appropriate register.

Another field in which a compromise may be needed 18 accounting. In
some cases the tariff-determining  devices cannot accommodate the extra
functions required for international cails. At exchanges where mternational
traffic 1s likely to be small. the administration may decide not to introduce
automatic nternational service. This will probably be the case especially at
rural exchanges without any pronounced community of interest with foreign
countries,

Subscribers’ Reactions

What is likely to be the reaction of subscribers to the new service offered
by the administrations? The main users of this service will be those who have
contacts of a lasting character in the foreign country. Business organizations
will ring to suppliers and customers in this way. foreign companies will dial
calls to their subsidiaries, newspaper correspondents will ring their papers etc.
Travellers abroad. on the other hand, will not often use this form of service,
owing to their lack of famiharity with the telephone system of the foreign
country. Furthermore. it must be supposed that a traveller must pay for his call
immediately. which requires the cooperation of an operator. Calls must also
be placed with an operator when one does not know the wanted party’s
number. Language difficulties are not likely to be of any major significance
since people who make foreign calls can expect that, even 1if they do not
themselves understand the language of the receiving country. there is some-
body at the other end who knows their language. There 1s always the pos-
sihility of calling for an operator’s assistance in the event of difficulty.

Introduction of automatic traffic is likely to lead to an increased volume
of traffic. This will help in lowering tariffs since there will be no operators.
who are especially expensive for this service.

What has the Future in Store?

European automatic traffic has perhaps been regarded with some scepticism
in certain cireles. It has been thought that the investments needed in the
national systems would hardly be justified. With the growth of integration
in Europe, this view will undoubtedly prove to be over-cautious, especially in
the highly industrialized countries. The less outward-looking countries may
perhaps do right in introducing this service on a more gradual basis, starting
with the capital and other large cities in order to gain experience especially of
the volume of traffic to be catered for.

The automatization of international traffic will accentuate the tendency
towards greater uniformity of telephoning within Europe. The standardized dial
has been mentioned. Will there not be coin boxes of roughly the same tyvpe
in different countries? The arrangement of directories is another field n
which uniformity could be introduced.

European subscriber-dialling may also lead to an equalization of national
tariffs. Countries with high tariffs will probably have to moderate them in
due course.

Automatic telephone traffic in Europe is. of course. a step on the road to
the greater goal of automatic traffic throughout the world. As more cables
are laid under the oceans and efficient satellite communications become

(5 |
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available, there will obviously be a sufficient number of channels to permit
on-demand traffic. The technical problems. however, will be acute. Devices
such as TASI and echo suppressors place new demands on the signalling
systems. Transmission questions likewise will be more difficult when there are
more 4-wire links in tandem. Under adverse conditions the overall loss on the
chain of 4-wire circuits in the national and international networks will be
fairly high owing to the fact that the loss on several of the circuits may be
near the tolerable maximum. Maintenance questions as well will, of course,
be more difficult. It is also doubtful whether tariffs can be reduced to the
point at which subscribers’ meters can be used within the foreseeable future.

Sull further in the future lies the possibility of obtaining access to a person
on his personal number wherever he may be. Everyone would carry with him
a small telephone set connected via radio to a telephone exchange. How such
a service would be arranged 1s, of course, not known. Further inventions in
the memory and data processing techniques will undoubtedly be necessary,
as also n radio techmgue. One wonders whether this is not a matter of
technique for its own sake. People should be entitled to a private life. where
they are free from the telephone if they so desire. Whoever must and wishes
to be available for telephone calls can indicate his whereabouts through a
manual information service or. at a later stage, by automatic re-direction to
another telephone.



Video Amplifying Equipment for Television
Program Transmission

A MYHRMAN, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

Fig. 1 X 2687

Cable with four video pairs

UDC 621.375: 621.397.6
LME 752, 8547
The spread of television has given rive to the need for transmission facilities
capable of handling the very wide band of frequencies of the picture signal.
This article describes video amplifving equipment developed by L M Ericsson
for cable transmission, intended for local distribution of ielevision pictures.
The equipment has been designed for and delivered 1o the Swedish Board
of Telecommunications. The broad lines of the specification have been arrived
at by the joint effores of the Board and of L M Ericsson,

Distribution Network

The point of origin of a program where it is fed into the television system
is a studio or, for an outside telecast, a sports arena etc. The distribution
network conveys the program to the transmitters. which in turn broadcast
it to the TV receivers. The distribution network for a television system has a
wide scope. since the point of origin and the transmitter may be located
anywhere in a country. Links to networks in other countries may make the
distribution world-wide.

For distribution of television programs, both radio links and cables are
used for transmission. For long-distance cable transmission. carrier systems
are used, while for shorter paths (e.g. within an urban network) transmission
at video frequencies 15 advantageous, The equipment described here provides
for this latter type of distribution.

The video-frequency local network Iinks up TV transmitters, studios. switch-
ing centres etc., to the repeater stations of the long-distance network. Both the
long-distance and local networks are usually bidirectional, 1e. programs can
be sent in both directions simultaneously. By making circuits reversible a
greater flexibility 1s obtained, making it simpler to meet traffic requirements
for the different directions.

The sound channel associated with a TV program is normally transmitted
on the distribution network for sound programs: this will not be further
described here (see Ericsson Review No 3. 1959).

Cables

ihe cables normally used with L M Ericsson’s video amplifying equipment
contain screened video pairs having a nominal characteristic impedance of
125 ohms (eg. Sieverts types EUM [.2 i or EUM 1.8 mm). These screened
pairs consist of a symmetric pair of copper conductors with cellular polythene
insulation, twisted together with two polythene filler cords and enclosed in a
double copper screen. The inner screen 1s made with a straight folded scam:
the outer screen is wound spirally over it. Outside this. normal cable protec-
tion is provided: the video pairs can be included in larger cables containing
for instance coaxial tubes, telephony pairs, music pairs etc. Fig. 1 shows a
cable containing four video pairs with 1.2 mm conductor diamecter, and fig. 2
shows the characteristic impedance of the same cable as a function of fre-
quency.

_n
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Fig, 2 X H406
Characteristic impedance of a 125-ohm video
cable with conductor diameter 1.2 mm

2. Magnitude
h. Phase ancle

Fig. 3 i
Simplified block schematic of video amplitier
cquipment
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The attenuation of these cables at a frequency of 5 Mc's 1s about 13.6
db'km for ECM 1.2 pyn and about 9.1 db'km for EUM 1.8 mm at + 207 C.
It s also possible to use coaxial cable. e g the 2.6 9.5 type recommended by
CCLT.T., and this is in fact imperative il the repeater spacing exceeds some
6.5 km. because it can give lower attenuation per kilometer than the pair
cables previously mentioned. The best results as regards interference are in
this case obtained by using the inner conductors of two tubes as a symmetrical
line with an impedance of 2 « 75 ohms. A single tube can be used but
usually gives more interference.

Transmission Requirements

When television picture signals are transmitted, the picture quahity must
not be appreciably degraded. With this as objective the C.C.IT.T. (interna-
tional Telegraph and Telephone Consultative Committee) have established
recommendations for television program transmission over a hypothetical
circuit of 2500 km length: this has been chosen as an example of a long-
distance international connesion. The C.C.LTT. has not set up any recom-
mendations for local networks. Seeing that the recommendations referred to
apply to a 2500 km long international circuit. we can hardly allow the same
tolerances to be applied to a circuit for local distribution. As design objective
for L M Ericsson’s video amplifier equipment. 16 of CCLTT's recom-
mended values have been taken, these limits to be met for up to ten re-
peater sections in tandem. It would be unrealistic to require 110 » 1/6 of
COLT TS recommended values for each individual repeater section because
of the cost involved: nor is 1t necessary since the deviations of individual
sections add statistically. This has been taken account of when setting up the
design objectives for the video amphifier equipment.

Transmission Principles
(Simphitied block schematic in fig. 3)

I'he television signal enters the sending side of the equipment in the standard-
ized form for interconnexion in repeater stations, ie. impedance 75 ohms
unbalanced. It is converted to 125 ohms balanced for matching to the im-
pedance of the video cable. this cable being directly connected to the sending
amplifier. At low frequencies the cable screen is not effective against inter-

Sender Lahle Receiver
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Fig. 4
Video amplitier eguipment bay

Fig. 5
Video ampliicr

X 2684

R L

ference from the surroundings (c.g. mains hum) but on the balanced cahle
the interference 1s of longitudinal type which is sufficiently suppressed in the
input araphifier unmit of the receving equipment

The receiving equipment which follows the cable comprises a fixed equalizer
and therealter an tnput amphifter with bulanced input which provides some
gain and also converts the impedance from the 125 ohms balanced ol the
cable to the 75 ohms unbalanced of the repeater station. The nput amplifier
1s lollowed by further equahzing networks. pads and amplifiers as shown in
fig. 3.

The maximum cable loss which can be compensated by the video amplifier
equipment without pre-emphasis is 60 db fcable loss at 5 Mc's). By appro-
priate choice hetween various fixed cqualizers, any cakle loss between O and
60 dh can be equalized. For lower values of cable loss it is possible to dispense
with one of the amplifiers. By the use of pre-emphasis. up to 66 dh cable loss
can be compensated.

To permit distribution to several sending video amphfiers. the equipment
is provided with a distribution panel which can feed up to nine further bays.

For program monitoring. monitoring amplifiers are built into both sending
and receiving sides.

The equipment can be provided with a reversal device for reversing the
direction of program transmission.

Construction

The video amplifier equipment 1s mounted in a bay as shown in hg 4
The bhays carry units on one side only. so that if so desired they can be placed
back to back or directly against a wall. A bay can contain one set each of
sending and recerving equipment. but may of course be partially equipped
with. for instance. receiving equipment only,

All units are connected to the bay cabling by plug-in connexions. Special
coaxial U-links are used for connecting the units to the high frequency cables.

n
n



Fig. 6

Block schematic of video amplifier
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Fig. 7
Cable equalizer
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Video Amplifiers

The video amphifiers are of two types. one having unbalanced mmput and
output. and the other having either balanced input and unbalanced output or
vice versa. Changeover between the latter two alternatives 1s made at a con-
nector strip above the amplifier chassis. The electrical and mechanical design
ol the amplifiers 1s identical apart from the input and output networks. The
mechanical construction can be seen in fig. 5.

Electrically. the amplifier is built as a balanced three-stage amplifier (as
shown in fig. 6) with considerable feedback, thereby ensuring that its gain
is not significantly affected by changes in tube conductance or power supphes.
and that its distortion s very small.

Tube currents and output d.c. balance are measured at small measuring
jacks on the amplifier chassis itself. For balancing the output dc., a poten-
tiometer 1s included in the grid circuits of the second stage. As indicated,
the mput and output leads are made with coaxial connexions: and to ensure
that the two halves of the amplifier shall be similar as far as possible. great
care has been taken to make all connexions symmetrical about the geometrical
centre line.

The performance data of the video amplifier are as follows:

unbal unhal bal unbal unbal bal

Input impedance 75 ohms 125/150 ohms 75 ohms
Output impedance 75 75 125/150
Gan (flat) 24 dh 33 db 25 db
Relative suppression of longi-

tudinal signals. at least 40 db
Frequency range 0.1 ¢/'s—5 Mc's
Response over the above fre-

quency range. within = 0.1 db
Output level. nominal 1 'V peak-to-peak
Tubes used type 404 A, quantity 4

type 6767, quantity 4

Ihe tubes wsed are long-life types with a guaranteed life of more than
30000 hours and an expected average life of at least 50 000 hours



Fig. 8 X HA04

Attennation of the fixed cable equalizers

Fig. 9
Circuit diagram of a cable equalizer
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Equalizers

For cable equalization. a number of fixed and variable equalizers have
been developed: their general external appearance can be seen from fig. 7.

The fixed equalizers are designed in the form of bridged T-networks for
equalizing cable losses of 30, 24, 12. 9, 6 and 3 db respectively (cable loss at
5 Mc/s). By selecting combinations of from 1 to 3 of these networks. cable
losses between 3 and 60 db can be equalized to within a theoretical accuracy
of = 1.5 db. The 30 db equalizer is made with an impedance of 125 (or 150)
ohms balanced. for placing at the receiver input, while the others are made
for an impedance of 75 ohms unbalanced. The network attenuation curves
and circuit diagram are given in figs. 8 and 9 respectively.

In order to make a sull closer equalization of the cable loss. there is an
adjustable equalizer, of variable Bode network form, which can theoretically
permit equalization to within = 0.2 dh.

The temperature variations which the cable undergoes can affect the fre-
quency response in such a way that the tolerances mentioned would not be
met. In order to correct the changes involved by this vanation. a manually
adjustable temperature equalizer has been provided which can compensate
changes in response corresponding to temperature changes up to about = 15° C,
This network 1s of Bode form: its attenuation is shown in fig. 10.




Fig. 10 N B4l
Attenuation of the variable equalizer network
for compensation of temperature changes
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Fig. 11
Principle of distribution panel
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Fig. 12
Circait
program transmission
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diagram for reversal of direction of
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The
cable but can also be used with coaxial cable. since this has a similar be-

fixed cable equalizers are intended to be used with the video pair

haviour as a function of frequency. Any difference in attenuation can be
taken nto account in the residual equalization for the complete circuit. Fven
video pair cable may need some residual equalization due to differences be-
tween different batches of cable. The networks for this residual equalization
form a separate unit.

Adjustment of the recever output level to its nominal value s effected
with the necessary accuracy by means of a plug-in coaxial pad: these pads
are available in steps of 0.2 db.

Distribution Panel

In order to permit distribution of program to several video sending ampli-
fiers. the bay s provided with a distribution panel. This uses the resistor
arrangement shown in fig. 11, which gives a very good return loss, Should it
happen that one of the outputs 1s left unterminated or is short-circuited. the
program level in other branches is not affected by more than about 1 db.

Program Reversal

The transmission direction can be changed by means of a reversing device
using mercury-wetted relays: these can be remotely controlled via a control
pair included in the video cable. The circuit diagram for reversing is shown
in fig. 12,

Centre A Cable Centre B
o— S R G
] R '
—|’_4 B RS s |
I 1
o— R | | S ——o
|
g x z

Control pair



Fig. 13

Characteristics of a television signal

X Ba12

Auxiliary Units

To allow connexion of program monitors, two single stage video amplifiers
with high mnput impedance are provided in the bay. one for the sender and
one for the receiver. The nominal output level from these s 1V peak-to-
peak. Level supervision in the bay is provided by checking the amphtude of
the line synchronizing pulses, and alarm s given il these are weak or dis-
appear entirely. If a program is received m one bay and sent oul in another,
the level alarms in the two bays can be interconnected so as o give an auto-
matic indication of whether a fault is already present in the incoming pro-

gram or has occurred within the repeater station concerned.

A Tully equipped bay contams seven maims supply units; Tour of these supply
one amphfier each with anode and heater voltages. The other three supply
the remamimg units with anode, heater and relay voltages. Alarm units are
provided for supervising supply voltages. fuses and signal levels: these indicate
two types of alarm, namely urgent alarm 1l the Tault 15 of a type which can
affect program transmission, and non-urgent alarm for other types of fault
These alarms can be extended to a central supervision point

Technical Data

Below 1s a summary of the more important technical performance data for
L. M Ericsson’s video amplifier equipment. and for comparison C.C I T.T. re-
commendations for an international circuit. The values quoted refer to televi-
ston circuits for 625 lines with 3 Mc/s bandwidth, as given in Volume 11 of
the Red Book (New Delhi. 1960). Part 3. Section 6.

CCLTT.

Impedance

Input and output 1mpedances in
the video-frequency Interconnexion
points to be 75 ohms unbalanced.

Polarity

The signal polarity is to be positive.
te transition from black to white
is in the positive direction (cf. fig.
13).

Signal amplinde

1 V peak-to-peak at the interconnex-
on points

White level I"
1

Black level
Blanking I
level r

Synchrom- |
zing level |

I M Ericssen

Drop-side — 75 ohms unbalanced
Line side —

alt. 1 125 ohms balanced
alt. 2 2 75 ohms unbalanced
alt. 3 75 ohms unbalanced

Drop side — positive
Line side — positive

1 V peak-to-peak on drop side

Picture
signal
Iy

Synchroni-
sing signal

— = Time



Fig. 14
Attenuation tolerances

a. C.CLT.T.
b. L M Ericsson

Fig. 15
Group delay distortion tolerances

. C.CLT.T.
b. 1. M Ericsson
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5 4
CLCITT. L M Ericsson
Insertion gain variationy
Short-period (1 second)
= =03 db = =+ (.1 db
Medium-period (1 hour)
==1.0 db =02 db
J\‘rf”;."('
For continuous random noise: ratio Weighted thermal noise —
of peak signal to rms. weighted — for 60 db cable loss, 359 dh
noise, =52 db — for 50 " 65 dh
— for 40 > 70 db

(Weighting in accordance with
CCLT.T. weighting network)

For periodic noive

Signal/noise ratio for power-supply

Hum modulation + direct hum after

hum (fundamental and lower har- 10 repeater sections =55 db
monics) =30 db
Non-linearity distortion
Measured for high frequencies
using C.C.I.T.T. test signal No. 3 After 10 repeater sections
Me = 0.8 Mb = 0.8 24 = 0,96 mb = (.96
Mau M M M
where a and b refer to signals with
black and white picture content re-
spectively.
a
b
b
+ i




CiCLA T
Attenuation/frequency characieristic

The response curve must lie within
the limits shown in fig. 14

Envelope-delay/frequency character-
istic

Delay relative to that at 200 kc/s
reference frequency must lie within
the limits given in fig. 15

Power supply
Mains voltage
Mains frequency

Bayv dimensions

Height 2451 mm (8 12")
Width 670 mm (2" 2%/s")
Depth 236 mm ( 91/4")

1. M Ericsson

Relative to 200 ke/s reference fre-
quency, tolerances are:

200 ke/s — 1 Mc/s + 0.2 db
al 4 Mc/s ==+ 04 db
at 5 Mc/s B tg:x :JJE

(see fig. 14)

Delay hmits relative to 200 ke/s:
200 ke/s — 1 Mc/s = 0.02 us
at 4.5 Mc/s = = 0,06 us
at 5  Me/s =+ 008 us
(see fig. 15)

220, 110 or 127 volts =2 %
45 — 65 ¢/s
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Automatic Transmission Measuring

Equipment for Telephone Circuits
[. Equipment Description

P CARLSTROM, TELEFONAKTIEBOLAGET LM

Fig. 1 X
A and B check the transmission
of the

changes A and B.

Test units

characteristics circuit  between  ex-
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ERICSSON, STOCKHOLM

LIDC 621.317.74: 621.395.73
LME 7121
An cquipment developed by Telefonaktieholager L M Ericsson for measuring
the ransmission characteristics of awtomatic telephone circuits iy described.
The equipment permits the control of measurements within a network from a
central point. For awtomatic measwrements punched cards are wsed both for
comtrol of the measurenienty and for recording the results. Manual measure
ments are controlled front a keyyer and the results are displayed on a lamp
pancl. The article is based on a paper presenied ar the Meeting of Norwegian
Telephone Engincers at Lillehammner on May 27, 1962,

The introduction of direct distance dialling involves new methods for the
use of long distance circuits.

With manual working, direct trunks are employed as far as possible. Direct
distance dialling, with rapid signalling methods and rapid switching systems,
increases the wse of transit switching. Under alternative routing arrange-
ments, calls between two exchanges may pass through entirely different kinds
of transmussion system. In order that differences in the quality of trans-
mission shall not be too noticeable to subscribers, the owverall loss of the
circuits must be the lowest possible consistent with echo and stability require-
ments. Such highly qualified utihzation ol the circuits ncreases the need for
circuit supervision and for control of circuit characteristics by measurements.

The greater volume of work created by the increasing number of trunks.
and by the more comprehensive series of measurements required, calls for
mechanization of the measuring operations. With the present methods of
manual testing, the circuits must be taken out of service for a fairly long time
and personnel must be employed simultaneously at the two terminals, which
causes many organizational problems, at the same time as part of the traffic
capacity of the network 1s lost. With a mechanical procedure the work can
well be done at nightiime when there is httle traffic. Normally it is only noise
which must be checked during heavy traffic periods. If the normal swiltching
equipment is used for the test connections, the risk of introducing circuit faults
by taking circuits out of service for testing 1s eliminated; the circuit 15 in the
same condition after as before testing

Since one wishes to know the characteristics not only of the individual
circuit but also of a group of circuits (the mean equivalent and its standard
deviation), the test programme should be readily variable and the results
should be presented in a form adapted for statistical analysis.

The equipment described below 1s used for automatic measurement of the
transmission characteristics of telephone circuits.

A telephone circuit is to be tested between exchanges A and B (fig. 1).
The measuring equipment consists of units 4 and £, which allow measure-

ment of the equivalent at 800, 400 and 2 800 ¢/s, as well as the measurement
of noise.

L=

Test unit A

Circuit

_— -

Test unit B

Exchange A Exchange B



Fig_ 2 X 7862
The equipment measures the circuit equivalent
and circuit noise.

The measurements is centrolled from test unit 4. For connection of the
individual of the normal switching

equipment of the exchange or of special test selectors

trunks to be tested. use is made either

Use of the normal
switching equipment is to be preferred since the line signalling equipments,
circuits for signalling over the speech paths within the exchange. pads. hybrid
units ete. associated with the trunk and affecting its transmission characteristics,

are then included in the test.

The trunk is connected to the controlled equipment. unit B. via the normal
switching paths in exchange B. For setting up and taking down this connec-
tion, use is made of the normal line and register signals for the circuit. One
thus obtains a functional test of the circuit at the same tme as it is set up
for measurement of transmission

Procedure

The measurements are carried out on a 2-wire basis. For measurement of
the equivalent, one end of the circuit is fed for 3 seconds from one of three
generators supplying zero level and having the frequencies 800, 400 and 2 800

The signal level reaching the other end of the circuit is measured and
gives a direct indication of the circuit equivalent., The signal indicator relay
of the level measuring set operates when the level of the incoming signal
exceeds — 299 N at the reference point (fig. 2). For lower levels the relay
releases. During the measurement the incoming test tone is attenuated by the
successive switching-in of pads until the level at the reference point is
— 299 N. The level of the incoming test tone is then the inserted loss less
299 N.

The switching-in of pads is controlled from the signal indicator relay in the
level measuring set; the process is shown in fig. 3. The switching is effected
in 14 steps. The loss inserted in any given step 1s dependent on whether the
signal indicator relay is operated or released. The first step in the measure-
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The cquivalent is evaluated by the successive

switching-in of pads

The figures at the top indicate the relays i the ¢

The arraws poant to the loss inserted in the next
Ther
indicator.

t o Signal indicator operated

A " released

= and A Joss introduced ) or climinated (
decide whether the mput level is stable
R Input level stable

¥ unstahle
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hain,
st

slope indicates the condition ol the signal

) o

ment is to determine the figure in the neper range, wnich is done by switch-
ng-in a1 N pad in the ST (Start) step. If the signal indicator relay is there-
after stll operated (arrow upward), a 2 N pad is switched-in in step /. If
the relay then releases (arrow downward). the 1 N pad is swiiched-in again

2

in step 2 and the equipment advances to step 3 for setting of the decineper

range, and so on.

In step /2 a control pad is switched-in (+) or out (—) to determine whether
the level of the test tone 1s stable or not. In step // so great a loss has been
inscrted that the level at the reference point hies within — 299 =001 N. If
the signal indicator relay s then operated, the level is rather higher than
— 299 N. The switching-in of the 0.06 N control pad in step /2 then brings
the level at the reference pomt well below — 299 N, cawusing the signal -
dicator relay to release. R in step /3. If the signal indicator relay s released
in step //, the level at the reference point is rather below — 299 N, The
switching-out of the 0.06 N pad in step /2 then brings the level at the ref-
erence point above — 299 N and the signal indicator relay operates, R in
step /3. If the relay does not change condition on the switching in or out of
the control pad as related above, the level at the reference point in step [/
will be outside — 299 = 006 N and the input level will have been unstable
during the measurement, F in step /3.

The range of the equipment 15 from — 299 N to + (.99 N with accuracy
of setting in steps of | ¢N, The accuracy of the generator is better than =+ |
¢N, The accuracy of the level measuring set s better than =2 ¢N at 800 ¢/s
and better than = 4 ¢N at 400 and 2 800 ¢ s

The object of the noise measurement is to determine whether the noise
exceeds a preset threshold value or not. The noise 15 evalvated as the root
mean square value of the psophometrically weighted noise voltage during a
period of 5 seconds. If the noise exceeds the threshold value. the noise in-
dicator relay operates to indicate that the noise on the circuit is too high.
The noise threshold can be strapped to —4 N, — 35 N or — 6 N referred o
0.775 V and cannot be made dependent on the nominal or measured equivalent
of the circuit

IFor noise measurement the circuit s terminated with 600 ohms.

Control and Recording of Results

The circuit to be measured 1s connected between the selector stages in
exchanges A and B, which are assumed to bhe marker-controlled crosshar
exchanges in a register-controlled network (fig. 4).

The controlling test set A 15 terminated on an inlet in the switching net-
work at exchange A via which it can be switched to every outgoing (and
two-way) circuit. For connection to a circuit. use i1s made of an individual
number specific to the circuit,

The controlled test set B is terminated on an outlet in the switching net-
work at exchange B via which it can be reached from every incoming (and
two-way) circuit. One of the special service codes of the exchange is used
for connection to the test set.

The tests can be controlled manually or automatically, The programme is
fed into the control unit of test set 4. which controls the setting up of the
connection at exchange 4 to the circuit to be tested. the register signals be-
tween exchanges A and B for connecting 1o test set B, the signalling equipment
for signalling of the programme to the control unit in test set B, the effectua-
tion of the test and the recording of the results.

The measurements in exchange B and the signalling of the results to test
set A are controlled in the same way by the control unit in test set B.
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Fig. 4 X 7862 For automatic control there is a punched card for every circuit to be

For automatic contrel punched cards are used

for programming and recording of the results;

for manual control a keyset and lamp panel

measured. This control card contamns the necessary information for setting
up the test connection, carrving oul the measurements. and analysing, evalu-
ating and recording the results. The recording is effected by the punching of
a card for every circuit measured. The result card contains information of
the identity of the circuit and of the measured values.

Test set 4 is fed with a pack of control cards for the circuits to be in-
cluded in a series of measurements. The control unit reads one control card
at a time, makes the measurements and punches a result card for each
circuit. From the control card. readings are made of the individual number
at exchange A of the circuit to bhe measured. the code of exchange B at
which the circuit terminates, and the special service code of test set B at
that exchange. The individual number is used by the marker at exchange
A for setting up the connection between the switching inlet for test set 4 and
the circuit. From the outgoing junction relay set for that circuit a seizure
signal 1s sent to the mcoming end of the circuit at exchange B and seizes an
incoming register. The numerical information required for connecting the
circuit to test set B is transmitted from the register in test set A to the in-
coming register in exchange B. When the connection has been established.
exchange B sends an answer signal to exchange A.

All signalling for the setting up of the test connection 1s done with the
line and register signalling equipments normally used between exchanges
A and B,

MFEC signalling i1s used between test sets A4 and B tor control of the measure-
ments and transmission of the results. Different combinations of two out of
six of the frequencies 1380, 1500, 1620, 1 740, 1 860 and 1 980 ¢/s are used
for signals and digits in the direction 4 to B, and of frequencies 1 140, 1020,
900. 780, 660 and 540 ¢/s in the direction B to A.

Measurements of the equivalent can be made i both directions at
frequencies of 800, 400 and 2 800 ¢/s, and also of the circuit noise.

What measurements shall be made on any given occasion depends on the
type of circuit (cf, C.CI.T.T. Red Book. Vol. IV, Recommendation M 64).
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On one occasion the equivalent may nesd to ke measured for all cireuits
at 800 ¢/s. for certain circuits also at 400 and 2 800 c's, while certain circuits
shall be checked for noise. The control unit in test set A decides which
measurements shall be made for a given circuit by combining the periodicity
class of the measurement (e.g. weekly. monthly. half-yearly), indicated by the
throwing of a key, with the class of circuit, indicated by the punching of the
control card. Thus the measurements to be made are determined individually
for each circuit. The equipment provides 20 circuit class indications and 6
periodicity classes.

For the measurement of the equivalent, test set A4 signals an order to test
set B stating at which of the three frequencies the measurement shall be made.
Thereafter test set 4 connects test tone of zero level to the circuit for about
3 seconds. Test set B measures the level of the receved tone. so providing
a direct measurement of the equivalent in the A-—B direction, and signals
the result back to test set 4. Test set B then sends a test tone of zero level
for about 3 seconds to test set 4. which measures the level of the received
tone. indicating the equivalent from B to A. Il other measurements are to he
made, test set A signals a new order to test set B, eg. measurement of
equivalent at one of the other two frequencies. or measurement of noise. For
measurement of noise both test sets connect their noise measuring sets to the
circuit simultaneously for 5 seconds. The result of the measurement at B
is signalled to A as acceptable or unacceptable noise.

When the programme for a circuit has been completed, test set 4 orders
test set B to transmit a clear-back signal. On reception of the same, test set
A breaks the connection through exchange A. The circuit is cleared in the
normal way and a clear-forward signal is sent to exchange B. The connec-
tion to test set B 1s broken and the test set is released.

In test set A4 there is now stored information from the control card for the
measured circuit and the results of the measurements. Before the next
control card is read, the results are analysed and a result card is punched.
viz. the identity number of the circuit, read from the control card, and the
values of equivalent and noise. From the control card the test set has
received particulars of the nominal equivalent of the circuit and now
calculates and punches the deviation from the nominal value at the various
frequencies for both directions of transmission. The control card has also
indicated the maximum permissible deviations upwards and downwards. The
test set investigates whether the deviations lie within the prescribed limits.
For a circuit tha' s passed in respect of equivalent and noise, a “pass” is
punched on the result card, and also the date and time of the measurement.

On the control card the nominal equivalent is indicated in centinepers, the
maximum permissible deviations in whole decinepers. The measured values
and the calculated deviations are punched on the result card in centinepers.

If a circuit is engaged when a lest connection is set up. test set A4 wails
for the circuit to become free. The time of waiting can be set as desired. If
the circuit does not become free within that ume. a copy of the circuit control
card 1s punched as result card. Since the control card is unpunched in the
position for completed measurement on the result cards, 1t can be sorted out
manually from the pack of result cards. The control cards reproduced in this
way are used for the control of new test connections on circuits which did not
become free at the first attempt. The waiting time for an engaged circuit set
on test set A4 should be such that the number of circuits not tested at the
first attempt is kept within reasonable limits.

The pack of result cards contains the deviation from nominal equivalent
of each circuit. Statistical analysis, including determination of the standard
and mean deviation. can be done by sorting the result cards in accordance
with normal punched card routine.



Fig, 5 X TR0
The equipment makes direct measurements of
outgoing circuits from the home exchange as
well as remote-controlled measurements  of
outgoing circuits from another exchange

Test
sefl

G
G

Manual measurements are controlled from a keyset on test set 4 and the
results are displayed on a lamp panel. The equipment does not analyse the
results. A separate order is given for each individual measurement, Every
possible measurement can be repeated any number of times on the same test
connection,

Organization of a Transmission Measurement Network

The described equipment can be used both for direct and for remote-con-
trolled measurements (fig. 5). A direct measurement §s a measurement of an
outgomg circwit from the exchange i which the controlling test set (A4) is
located. The switching and measuring processes have been described above.

A remote-controlled measurement is a measurement of a cirewt from
another exchange equipped with a test set (€'} with simplified controlling
functions. The controlling equipment 15 test set A, which reads the control
card for the circuit to be tested. Every control card carries the area code of
the exchange from which the circuit proceeds. If test set A4 finds that the
circuit proceeds from an exchange €. it directs a connection to a test set
(' at that exchange. The number of test set € in the numbering scheme of
exchange €' 1s punched on the control card. Any ol the circuits between ex-
changes A and € can be used as control circuit.

Switching and control information for the measurement 1s signalled over
the telephone circuit between test set A and test set €

Test set A signals to test set ¢ in MFC the number in exchange (' of the
circuil to be measured and the number of test set B in the exchange to which
the circuit runs, When the test connection has been set up between test sets
C and B, test set A4 directs the measurements by signalling orders for each
measurement Lo test set €

Test set ¢ signals the result of each measurement back to test set 4. On
completion of the programme, test set 4 analyses the results and punches a
result card as for a direct measurement, Test set €' receives an order to release
the test connection.

If the next circuit to be measured runs from the same exchange C. the
already established connection to test set € is used for the measurement.

Exchange B
Direct measuremenf

relay sl

Rem

megsutement

—cantralled

Control el

Exchange €
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[t is thus possible to concentrate 1o a central point in the network the
operations of automatic control of the measurements and of recording of the
results. From every test set A and C. furthermore. manually controlled
measurements can be made—direct and remote-controlled measurements
from test set A, and direct measurements only from test set €.

A single automatic direct measurement on a circuit (measurement of
equivalent at one frequency. or measurement of noise) takes about 20 seconds,
a single remote-controlled measurement about 30 seconds. Each additional
measurement takes about 10 seconds. A test set A can thus control the
measurements on about 100 circuits per hour or 1000 circuits per night.

Conclusion

Automatization of the routine measurements in a telephone network fa-
cilitates their planning and organization. They can be performed speedily
and at low-traffic periods, so improving the traffic capacity of the network.
Especially for measurements of international circuits great care is required
in planning and organization, since different administrations are responsible
for the two ends of a circemt, C.CLTT. (Question 111V 1961-1964) s
studying how routine maintenance measurements can be facilitated by the
use of automatic equipment. Field trials are to be made with such equipment
in burope. The specifications for the field trial equipment are given in
CCLTT. document COM IV No. 3 of July 14, 1961. The data for our
measuring equipment comply in all essential respects with the specifications.
For the transmission and recording of the results C.C LT T. specifies the use
of telegraph signalling and teleprinters. This s a natural course for an inter-
national trial network since international specifications for such equipment
already exist. In the international measurements the results are registered af
both ends of the circuit.



GUEEY NEWS from

All Quarters of the World

L. M Ericsson Signs Contracts in Ecuador
for 35 million Kronor

L M Ericsson has signed two con-
tracts with the government of Ecuador
for telephone installations for the capi-
tal city of Quito, the port of Guaya-
quil, and their rural areas. The equip-
ments, worth 35 million Kronor, are
to be delivered over a period of five
vears and will consist partly of exten-
stons of earhier Ericsson exchanges
and partly of new exchanges and
trunk installations in the provinces of
Pichincha and Guavyas.

L M Ericsson has had interests in
Leuador for many years. The flirst
contract was signed in 1945, and the
two abovementioned cities have today
a4 total of 36.000 lines in service, all
of system AGIE.

Automatic equipment ARM  for
the trunk traflic between Quito and
Guayaquil is to be put into service
this summer. New exchanges will he
built with crossbar switches,

{Right ) The signing of the contract in Quito. (From left) Dr. Francisco Acosta Y épez, Minister
of Communications, Messrs. Sven Wenhammar and Bengi Loostrom of L M Ericsson, and Col.
Jorge Echeverria, head of the Quito Telephone Administration.

(Below) The signing of the contract for Guayaquil. Seated (from left) Mr. Sven Wenhammar,
L M FEricsson, Mr. Enrique Alarcon, head of the Guayaquil Telephone Administration, Dr.
Francisco Acosta Yépez, Minister of Communications, the Notary Public, and Mr. Paladines.

Governor of the Province of Guayas.

Large Colombian
Order for
Telephone Equipment

L M FEricsson has received orders
worth about 25 million Kronor for
automatic telephone exchange equip-
ment from the telephone operating
companies ol Bogota, capital of Co-
lombia, and Medellin, one of the
largest industrial cities in Colombia.

The main part ol the equipment
will be of Ericsson crosshbar system
and will be used both for extensions
of earlier Ericsson exchanges and for
new exchanges.

Colombia 1s an old Ericsson market
and one of the best telephone-cquipped
countries in South and Central Amer-

1ca,
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Canada New Market for Ericsson
Crossbar

L M Ericsson’s [irst public auto-
malic exchanges in Capada were cut
over on  February 17, Situated at
L’Annonciation Labelle in the
province of Quebec these exchanges
are of Ericsson crossbar system ARK
523, each with 600-line capacity.

and

(Above) The opening of the L’Annonciation
exchange, (From left) Mr, Rolland Pelletier,
Mayor, Mr. Rolland Lachapelle. Bell Tele-
phone Co. of Canada, Rev. Simon L Allier,
Pastor of L Annonciation, Mr. H. E. Leonard,
Bell Telephone Co. of Canada, and Mr. Eric
Carnell, 1. M Ericsson Lid., Montreal.

I'hree exchanges of the same capac-
ity have been ordered by The Bell
felephone Company of Canada, and
three also by The Maritime Telegraph
& Telephone Company. These ex-
changes are expected to be ready this
autumn.

(Below ) Dr. Carlos Julio Arosemena, Presi-
dent of Ecuador, declares the link open for
traffic in a telephone call to the Mayor of
Salinas. (Standing, from left) Mr. Enrigue
Alarcan, head of the Guavaquil telephone
administration. Major Manuel Chicaiza, Chief
Adjutant of the Air Force, and Mr, Miguel
Salem Dibo, Minister of Public Works and
Communications,

40-year-old Telephone
Exchange 1n
Rotterdam

Roughly 2000 million register oper-
ations have so far been performed by
S00-hne  selector ex
change. West 1. in Rotterdam. Hol-
land., which had its 40th anniversary
on May 10, 1963, and which is sull
domng its job very satsfactorily. The

the Ericsson

exchange (photo below) was originally
equipped for S000 lines. but now has
10,000 lines

Opening of Long
Distance Connections
in Ecuador

On April 11 a radio hLink was
opened between the port of Guaya-
quil and the seaside resorts Playas and
Salinas on the peninsula of Santa
Flena in Ecuador. The inauguration
ceremony was attended by the Pres-
ident of Ecuador. Dr. Carlos Julio
Arosemena,

The connection, which forms
part of the expansion plans for which
I. M FEricsson has been granted a
contract by the Ecuador government.
consists of an Elektrisk Bureau radio
link 3RL10 with a base band width of
max, 24 circuits, The carrier terminals
are of type ZAR 12,

Calls will for the time being be
handled manually. but automatic
operation will be introduced n con-
junction with the opening later this
vear of the ARM stages ordered for
Quito and Guayaquil. when the traffic
between the two latter cities will also
he on an automatic basis.

new



A Communication Gallery was opened at the
Birla Industrial and Technological Museum in
Caleutta, India, on March 16. After only
four years of life the Museum has already
aroused a lively interest on the part both of
students and of the general public. The Com-
munication Gallery has been assisted by grants
from a number of large Indian and forcign
companics and institutions. Telephone cquip-
ment was presented by L M Eriesson, The
inauguration ceremony was presided over by
Professor  Humayun  Kabir,  Minister  of
Scientitic Research and Cultural Affairs, who
is here scen inspecting a working model of
L. M Ericsson’s crosshar system. On Professor
Kabir's right is Mr. A. Bose, B.1.'T. Museum,
and on his lefi Mr. A. B. Bhattacharya, head
aof Eriesson Telephone Sales Corporation AB,
Caleuotta.
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A “Telecommunications Week™ was ¢ nized
in Lishon in the last week of March. An
interesting  selection  of  telecommunications
equipment  was shown at the exhibition by
Sociedade Ericsson de Portugal Lda. In the
photograph (left) Mr. 1. Bento Miguel of
S.E.P, is demonstrating Ericsson products to
the President of Portugal. Admiral Américo
Tomaz. To the right of Mr. Miguel is seen
Mr. Gongalves de  Proenga.  Minister  of
Labour.

IThe Swedish Board of Telecommunications,
headed by Dircctor General Hakan Sterky
and Technical Directors B. Bjurel and F.
Fsping, has visited the Ericsson headguarters
for information about and demonstration of
automatic  transmission  equipment.  (Below,
left) Mr. Nils-Goran Themnér demonstrating
the equipment,

A delegation from Turkey has heen on a visit
to Midsommarkransen, (Below, from  left):
Chief  FEngincer Omer  Duru.  Ambassador
Veysel Versan, Chief Engineer Fadil Sarioglu,
Technical Director Zeki Gunsoy, and 1. M
Ericsson’s representative, Haldun Yasarogha,
in the Permanent Exhibition Room,




8.3 Million Increase in World Telephones 1961

Sweden retains second place after
the LIS A in telephone density accord-
ing to  the statistics  published 1in
“The World's Telephones 19627 by
American Telephone and Telegraph
Company

I'he number of telephones in the
increased in 1961 by 83 mil
lion, 63 per cent of this figure being
in countries outside the U.S A. There
are now |30 million telephones in the
world, 136 million of which are con-
nected to automatic systems. Sweden
ts rapidly approaching the 3 million
mark. The world telephone density
rose from 47 to 49 per 100 in-
habitants. Great differences exist be
tween different parts of the world

world

North America had 41.0 telephones
per hundred mmhabitants, Oceania 20.2,
Europe 7.7. South America 2.3. Cen-
tral America 1.6, Africa 0.8, and Asia
0.6, LIS A leads the world with 41.78
telephones per hundred inhabitants
lhereafter come Sweden with 3851,
Canada 32.66. New Zealand 3237,
Switzerland 3190, Last are Brazil and
India with 1.42 and 0.12 telephones.
respectively, per hundred inhabitants

Among the major telephone coun-
tries Switzerland alone has 100 per
cent automatic telephones. Thereafter
follow the Netherlands with Y9.9 per
cent, LS. A 972 Sweden 91.9. At the
end of 1961 more than 90 per cent of
the world's telephones were automatic.

Countries with at least 500,000 telephones and 15 per 100 population

Telephones per 100 population
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55.450 Kronor in
Annual LME Grants

The Telefonaktieholaget I M Erics-
son Foundation for the Promotion of
made

Flectrotechnical Research has
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13 awards this
24950 kronor. The company’s Foun-
dation for Travel and Other Educa-

yedar, amounting to

Grants has awarded 30.500
Kronor to 21 employees of the Erics-
son Group and to 6 emplovees of the
Swedish  Telecommunications  Ad-
ministration,

tional

Sigfrid Haggberg

In Memoriam

Sigfnd Haggberg has passed away
A remarkable life came 1o
through an accident on March 1.
1963, fifty years to the day after the
start of his career in the service of
Swedish telephony. In 1913, at the
age of 25, he had joined the Stock-
holm Telephone Company. In 1918 he
went over to the L M Eriesson Cable
Works and in 1922 started the career
in Poland which was to last for the
rest of his life. As Technical Director
in the telephone company operated
jointly by the Polish government and
L M Ericsson, he was the mainstay
of Ericsson’s actuivities in Poland for
forty years. During this long period
in his homeland he fought
through wvicissitudes  of  the most
varying kinds, was imprisoned by the
Nazis and remained under the shadow

an end

second

of a death sentence from 1942 to
1944, yet returned to life with un-
broken mental powers.

L M Ericsson counts Sigge Hagg-
berg among the few great Vikings who
have led the company through its
diverse international fortunes. He was
fearless. self-sacrificing. buoyant 1n
spirit and, above all. wise in the
broadest sense of the word. His
achievements won  recognition 1In
many ways. one being the award of
the rarely conferred Gold Medal of
the General Export Association of
Sweden

The L M Ericsson management and
his colleagues pay tribute to Sigge
Haggberg's memory and to his great
achievements. An innumerable host
of other friends in Sweden and Poland
share in the sorrow at his death.

Sven T Aberg
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JacoBagus, C: European Subscriber Dialling. Ericsson Rev. 40(1963):2,
pp. 38—52.

The first automatic international service was between the frontier areas in
neighbouring countries. As the technique developed and the traffic demand
grew, automatic service has extended to larger areas. C.C.I.T.T. has for a
long time been studying means of introducing a fully automatic in-
ternational service in Europe and has issued comprehensive recom-
mendations covering the technical aspects and traffic considerations.

Various aspects of European subscriber dialling are presented in this
article. The article is based on a paper read at “X convegno inter-
nazionale delle communicazioni” in Genua in October 1962. It is
published with the kind permission of The Civic Committee of Columbus
Celebrations.

UDC 621.375: 621.397.6
LME 752, 8547

MvYHRMAN, A: Video Amplifving Equipment for Television Program
Transmission. Ericsson Rev. 40(1963):2, pp. 53—61.

The spread of television has given rise to the need for transmission
facilities capable of handling the very wide band of frequencies of
the picture signal. This article describes video amplifying equipment
developed by L M Ericsson for cable transmission, intended for local
distribution of television pictures.

The equipment has been designed for and delivered to the Swedish
Board of Telecommunications. The broad lines of the specification have
been arrived at by the joint efforts of the Board and of L M Ericsson.

UDC 621.317.74
621.395.73
LME 7131

CARLSTROM, P: Awtomatic Transmission Measuring Equipment for
Telephone Circuits. 1. Equipment Description. Ericsson Rev.

40(1963):2, pp. 62—68.

An equipment developed by Telefonaktiebolaget L M Ericsson for
measuring the transmission characteristics of automatic telephone circuits
is described. The equipment permits the control of measurements within
a network from a central point. For automatic measurements punched
cards are used both for control of the measurements and for recording
the results. Manual measurements are controlled from a keyset and the
results are displayed on a lamp panel. The article is based on a paper
presented at the Meeting of Norwegian Telephone Engineers at Lille-
hammer on May 27, 1962.




The Ericsson Group

Associated and co-operating enterprises

s EUROPE +«

Denmark

L M Ericsson A/S Kebenhavn F,
Finsensvej 78, tel: Fa 6868, tgm:
ericssons

Telsfon Fabrik Automatic A/S
Kebenhavn K, Amaliegade 7, tel:
C 5188, tgm: automatic

Dansk Signal Industri A/S Keben-
havn F, Finsensvej 78, tel: Fa
6767, 1gm:;ignaler

Finland

QJY LM Ericsson A[B Helsinki,
Fabianinkatu 6, tei: AB2E2Z, tgm:
ericssons, telex: 57-12546

France

Sociélé des Téléphones Ericsson
Colombes (Seine), Boulevard de la
Finlande, tel: CHArlebourg 35-00,
tgm: ericsson

Paris 17e, 147 Rue de Courcelles,
tel: CARnot 95-30, tgm: eric
Ateliers Vaucanson, Poris XX, B.
P. 28.20,1el: MENiimaoniant B3-40,
tgm: atelcanson

Great Britain
Swedish Ericsson Company Lid.
London, W. C. 1, 329 High Hol-

born, tel: HOLborn 1092, tgm:
teleric
Production Control (Ericsson)

Lid. London, W. C. 1, 319 High
Holborn, tel: HOLborn 1092,
tgm: productrel holb

1taly

SETEMER, Soc. per Az. Roma, Via
G. Pumello 43, ftel: BG6B.B54,
B68.855, tgm: setemer

SIELTE, Soc. per Az. Roma, C. P.
4024 Appio, lel: 780221, tgm:

den Haag—Scheveningen,
lacestraat, ftel: 555500
erictel-haag, telex: 44-31109

10, Pa-
tgm:

Marway

A[S Elekirisk Bureau Oslo NV, P.B,
5055, tel: Centralbord 4618 20,
tgm: elekiriken, telex: 56-1723
AlS Industrikontroll Osla, Teater-
gaten 12,tel: Ceniralbord 335085,

tgm: indtroll

AlS Morsk Kabelfabrik Drammen,
P. B. 205, tel: 1285, tgm: kabsl

AfS Morsk Signalindusiri Oslo,
Bygde allé 12, tel: Ceniralbord
56 5494, tgm: signalindustri

Portugal

Sociedade Ericsson de Portugal,
Lda. Lisboa, 7, Rua Filipe Folque,
tel: 57193, tgm: ericsson

Spain

Cia Espafela Ericsson, 5. A.
Madrid 13, Torre de Madrid 3er
p so, oficina 9, Plaza de Espafia,
tel : 241 1400, tgm : ericsson

Sweden

Telefonaktiebolaget L M Ericsson
Stockhalm 32, tel: 19 00 00, tgm:
telefonbolaget, telex: 19910

AB Alpha Sundbyberg, tel 1282600,
tgm: aktiealpha-stockholm

AB Ermi, Karlskrona 1, tal: 23010,
tgm: ermibolag-karlskrona

AB Rifa Bromma 11, 1el: 26 26 10,
tgm: elrifa-stockhalm

AB Svenska Elektronrér Stock-

L M Eriessons Sventka Férsdlj-
ningsaktiebolag Stackhalm 1, Box
877, tel: 22 31 00, tgm: ellem

Mexikanska Telefonaktiebolaget
Ericsson Stockholm 32, tel: 190000,
tgm: mexikan

Sieveris Kabelverk AB Sundby-
berg, tel: 282860, fgm: sieveris-
fabrik-stockholm

Svenska Radicaktiebolaget Stack-
holm 12, Alstramergatan 14, tel:
22 31 40, tgm: svenskradio

Switzerland

Ericsson Telephone Sales Corp.
AB, Siockholm, Zweignieder-
lassung Ziirich Zdrich, Postfach
Ziirich 32, tel: 325184, tgm: tel-
aricsson

West Germany

Ericsson Verkaufsgeselischaft m.
b. H. Diisseldorf, Postfach 2925,
lel: B44 61, tgm: ericlel, lelex:
418537379

+ ASIA -

India

Ericsson Telephone Sales Cor-
poration AB New Delhi 1, P.O.B.
£69, reg.mail: 1/3 Asaf Ali Road
(Delhi Estate Building), 1el: 272312,

tam: inderic

Calcutra, P. ©. B. 2324, tel: 45-
4494, tgm: inderic

Indoneasia

Ericssan Telephone Sales Cor-
poration AB FBandung, Djalan

Dago 151, tel: 8294, tgm: javeric

Djakarta, Djalan Gunung Sahari
26, tel: Kota 22255, tgm: javeric

Lebanon

Telefonaktiebolage! L M Erics-
son, Technical Office Eeyrouth,
Rue du Parlement, Immeuble
Bisharat, tel; 252627, tgm: ellem

« AT

Egypt (UAR)
Telefonaktiebolaget LM Ericsson,
Egypt Branch Caire, P. O. B. 2084,
tel: 457 77, tgm: elleme

MNorthern and Southern Rho-
desie, NMyasaland

LM EricssonTelephoneCo. (Ply.)
Ltd.{Branch Office of LM Ericsson
Telephone Co. Pty. Lid. in Jo-
hannesburg) Bulawayo, Southern
Rhodesia, P.O.B. 1974, tel: 64 704,
tgm: ericsson
South Africa, South-West
Africa

L M Ericsson Telephone Co.Pty.

Ltd. Johaonnesburg, Transvaal, P.
O. B. 2440, tel: 33-2742, tgm:
ericofon
Tunisia

Telefonakliebolaget LM Ericsson,
Technical Clfice Tunis, Boite Pos-
tale 780, fel: 240520, tgm:ericsson

« AMERICA -

Argentine

Cia Ericsson S. A. C. |, Buenos
Air=s, Casilla de correo 3550, tel:
332071, tgm: ericsson

Cla Argentina de Teléfonos S. A.
Buenos  Aires, Perd 263, tel:
30 50 11, tgm: catel

Cla Entrerriana de Teléfonos
S. A. Buenos Aires, Perd 263, tel:
30 50 11, tgm: catel

Industrias Eléctricas de Quilmes
S. A. Quilmes FNGR, 12 de Oc-
tubre 1090, tel: 203-2775, tgm:
indelqui-quilmas

Brazil

Ericsson do Brasil Comércio e
Inddstria 5. A. Rio de laneiro,

C. P. 3601, tel: 43-0990, tgm:
ericsson, telex: Rio 155
Canada

LM Ericsson Ltd. Montreal 9, P.Q.,

ol y g
igm: ericsson

Ecuvador
Teléfonos Ericsson C. A,
Casilla 2138, fel: 16100, 1g
ericsson

Guayaquil, Casilla 376, tel: 1
tgm: ericsson

Mexico
Teléfonos Ericsson S. A. Méxice
D.F., Apartado 9958, tel: 4564640,
tgm: coeric

Industria de Telscomunicacién
5.A. de C.V. México 6, D.F., Lond-
res No. 47, tel: 250405, tgm: in-
dustel

Peru

Cla Ericsson 5. A. Lima, Apurlado
2582, tel: 34941, tgm: ericsson
Soc. Telefénica del Perd, 5. A,
Arequipa, Apartado 112, hl 6060,
tgm: ielefonica

Uruguay

Cia Ericsson S. A. Monfevideo,
Casilla de Correo 575, fel: 9-26
11, tgm: ericsson

USA

The Ericsson Corporation New
York 17, N. Y., 100 Park Avenus,
tel: Murrny "Hill 5-4030, tgm:
erictel, telex: NY 224135

Morth Electric Co. Galion, Ohis,
P. O. B. 417, tel: Howard 8-2420,
tgm: northphone-galionohio, tel-
ex: 470-U

Venezuela

Cla Andnima Ericsson Caracas,
Apartado 3548, tel: 543121, igm:
ericsson

Teléfonos Ericsson C. A. Caracas,
Apartado 3548, tel: 543121, tgm:

tevela

« AUSTRALIA & OCEANIA «

Australia

L M Ericsson Pty. Lid. Melbourne
C 1 (Victoria), 20 Collins Street,
tel: 635646, 1gm: ericmel

. > h NSW), 182 Blue's
sialte hol 20, tel: - s 2300 Laurentian Boulevard, City Morth Svdney | .
sznics ) 440305, tgm ik of St. Laurent, fel: 331—3310, qut Road, tel; 92—1147, tgm:
FATME, Soc. per Az. Roma, C.P. el® urkey . < . ericsyd
b | et : . X : - ; ; . tgm: caneric, telex: 1-2307 sy
4025 Appio, tel: 780021, 'gm: | p Ericssons Driftkontrollaktie- Ericsson Tirk Ticaret Lid. Sirketi Teleric Pty. Ltd. Melbourne C 1
fatme bolag Solna, tal: 27 27 25, tgm: Ankara, Rumeli Han, Ziya Go- gpj) Victoria), 20 Collins St tel:
olrarsistockholim kalp Cad., tel: 23170, 1gm: ellem = (Yeetorial; plins atctet, el
Metherlands P e ! Cla Ericsson de Chile, S. A. 635646, tgm: feleric
Ericsson Telefoon-Maatschappij, L M Ericssons Signalaktiebslag lstanbul, Istanbul Birosu, Liman Santiage, Casilla 10143, tel: Morth Sydaey (NSW), 182 Blue's
N.Y. Rijen (N.Br.), tel: 01692-555, Stockholm Sv, fel: 6807 00, tgm: Han, Kat 5, No. 75, Bahgekapi, 82555, tgm: ericsson-santiago- Point Road, tel: 92—1147, tgm:
tgm: erictel, telex: 44-14354 signalbolaget tel: 22 81 02, tgm: eliemist dechile teleric
. Hong Kong . Syria Mozambique Nicaragua
AgenCIeS Lhe ks"“'ed's:;' .gudj;ng1g§. Lidl' Georgiades, Moussa & Cie Da- ). Martins Marques Lourenge Edmundo Tefsl Managua, DN,
3;-,';'31 °S”9i Moo Wl g tel!  mgs, Rue Ghassan, Harika, tel: Margues, P. O. B. 456, tel: 5953, Apartado Postal 24, fel: 3401,
« EUROPE » oy AHER G S BRI 1-02-89, tgm: georgiades fgm: linsmarques tgm: edfelco
Belgium Iran Thailand Nigeria

Electricité et Mécanique Suédai-
ses Bruxelles 5, 56 Rue de Stassart,
tel: 111416, tgm: elecirosvede

Greece
“ETEP'" S. A, Commerciale &

Technique Athens 143, 57, Aka-
dimias Street, tel: 629, 9?1 tgm:

aetar-athinai

Iceland

Johan Rénning H(F Reykjovik,
P. ©. B. 45, tel: 14320, tgm:
rénning

Iraland

Communication Systems  Lid.
Dublin 4, 138 Pembroke Road,
Ballsbridge, tel: 680787 fgm:
crossbar

Yugoslavia
Merkantile Inozemna Zastupsiva

Zagreb, Polt pretinaé 23, tel:
36941, tgm: merkantile, telex:
02-139

« ASIA »
Burma

Burma Asiatic Co. Ltd., Ericsson
Department Rangoon, P.O.B. 1008,
1el: 10999, tgm: ericsson

Cambodia

The East Asiatic Company Lid.
Phnom-penh,  P.O.B. 129, tel:
762-1070-1071, tgm: pyramide

Ceylon

Vulcan Trading Co. (Private) Lid.
Colombo 1, New Caffoor Building,
40, Church Street, tel: 36-36,1gm:
vulira

Cyprus
Zeno D. Pierides Larnaca, P.O.B.
25 tal: 2033, tgm: pierides

Irano Swedish Company AB,
Teheran, Khiabane Sevom Esfand
1B, tel: 367 61, tgm: iranoswede

Iragq

Usam Sharif Company W.L.L.
Baghdod, Sinak-Rashid Street, lel:
87031, tgm: alhamra

Japan

Gadelius & Co. Lid. Tokyo C,
P. O. B. 1284, tel: 408-2131, tgm:
goticus, telex: 19079

Jordan

The Arab Trading & Develop-
ment Co., Ltd. Amman, P. Q. B. 1,
tel: 25981, tgm: aradeve

Korea

Gadelius & Co. Ltd. Seoul, I.P. O.
Box 1421, tel: 2—9866, tgm: gade-
livzco

Kuwait
Latiff Supplies Lid. Kuwair, P. O.B.
67, tel: 2404, tgm: latisup

Lebonon

Swedish Levan! Trading (Elie

B. Hélou) Beyrouth, P. O. B. 931,
tel: 231624, 1gm: skefko
Pakistan

Vulcan Industries Lid. Karachi
City, P. O, B. 4776, tel: 325 08,
tgm: vulcan

Philippines

U.S. Industries Philippines Inc.

Manila P. R,, P. O. B.
889351, tgm: usiphil

Saudi Arabia

Mohamed Fazil Abdulla Arab
Jeddah, P. O. B. 39, tel: 2690, fgm:
arab

125, tel:

Singapore and Malaya
The Swedish Trading Co. Ltd.
Singapore 1, 42 Chartered Bank
Chambers, Eattery Road, tel:
94362, 1gm: swedelrade

Ericsson Agency Office, Tele-
phone Organization of Thailand
Bangkok, Ploenchiir Road, tel:
57036-8, tgm: telthai

Vietnam

VYo Tuyen Dien-Thoai Viet-Nam,
Saigon, 34 Dai-lo Thong-MNhut,
tel: 20805, tgm: telerad

« AFRICA »

Ethiopia
Swedish Ethiopian Cempany
Addis Ababa, P. O. B. 264, tel:

11447, tgm: etiocomp

Ghana

The Standard Efectric Company
Acerd, P.O.B. 17, 1el: 627 85, tam:
standard

Kenya, Tanganyika, Uganda,
Zanzibar

Transcandia Lid. Nairobi, Kenya,
P. ©. B. 5933, fel: 21931, tgm:
franscanda

Liberia
Swedish Agencies Liberia Co.
Monrovia, P.O.B. 506, tel: 745,

tgm: salco (Exceptsales to public
institutions)

Libya
The Gulf Trading Co. Tripali,
P.O.B. 417, tel: 5715, tgm: gul-
fraco

Mauritius
Mauritius Trading Co. Lid, Pori

Louis, P.O.B. 201, tgm: agentou
Morocco
Elmar 5. A.—SEYRE Tangier,

Francisco Viteria, 4, tel: 122.20,

tgm: elmar

1.P.T.C. (West Africa) Lid. Lagos,
P.O.B. 2037, tel: 26531, tgm:
consul
Suvdan

TECOMA Technical Consulting
and Machinery Co. Litd. Khar-
tourn, P.O.B. 866, tel: 2224, ext.
35, tgm: sutecoma

= AMERICA -

Bolivia
Johanssen & Cia, 5. A. Lo Paz,

Casilla 678, tel: 2700, igm: jo-
hansson

Costa Rica

Tropical Commission Co. Ltd. San
José, Apartado 661, tel: 3432,
tgm: troco

Curacao M. W. I

5. E. L. Maduro & Sons, Inc.
Curagao, P. O. B. 172, 1el: 1200,
tgm: madurosons-willemstad

Dominican Republic

Garcia & Gautier, C. por A,
Sante Domingo, Apartade 771,
tel: 3645, tam: gartier

Guatemala

Mils Pira Ciuded de Guelemala,
Apartado 36, fel: 62258, tgm:
nilspira-guatemala

Honduras

Quinchén Ledn y Cla Teguci-
galpa, Apartado 85, tel: 1229,
tgm: quinchon

Jam

Merr

Panama

Productos Mundiales, 5. A. Pa-
nama, R.deP., P.O. B. 4349, tel:
3-0476, tgm: mundi

Paraguay

S. A. Comercial e Indusirial H.
Petersen Asuncidn, Casilla 592,
tel: 9868, tgm: pargtrade

Puerto Rico

Splendid Inc. San Juan, P, O. B.
4568, tel: 3-4095, 1gm: splendid

El Salvador

Dada-Dada & Co. San Salvador,
Apartado 274, tel: 4860, tgm:
dada

Surinam

C. Kersten & Co. M. V. Pare-
maribo, P. O. B, 1808, tel: 4444,
tgm: kersten

Trinidad, W. L.

Leon J Aché Lid. Port-of-Spain,
100 Frederick Street, tal: 32357,
tgm: achegram

UsA
Clark Waller Corporation New=

ark 2, M. 744 Broad Siresl,

tel: MI'ChIH 3-7333, tgm: wire-
walter-newarknij. (For intercom)
Slate Labs. Inc. Mew York 3, N. Yo
215 Park Avenue South, tel: Ore=
gon 7-8400, tgm: statelabs
electron tubes)

« AUSTRALIA & OCEANIA®

MNew Zealand
ACC A Clacsala i6L 70004 Welli

Buil

354,
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40th Anniversary of Ericsson 500-Line Selector
Exchange in Rotterdam

G H WIENEKE, FORMERLY HEAD OF THE ROTTERDAM TELEPHONE ADMINISTRATION

UDC 621.395343

LME 8342
(n .\h;_\' 10 this year L M Ericsson's oldest 300-selector exchange in the
world, ar Rotierdani—Delfshaven, Holland, completed 40 vears of service. It
was in the carly days of automatic telephony that L M Ericsson developed it
SO0-selector system, and for many years this remained the most widespread
and successful of the company's switching svstems. It way Rotterdam, too,
thar provided the firse valuable experience of @uiomatic operation, which
proved the advanced design and efficiency of the 500 system. It may therefore
be of interest to give a resumé of the eventy which led wp to the decision to

install this exchange, and of its performance during these 40 vears.

Choice of System

During the years following the first world war Rotterdam suffered from a
serious shortage of lines. The Botersloot manual exchange had been extended
to 14400 hnes. but this was no longer sufficient. and in the early twenties
there were 3.000 subscribers on the waiting hst. It was therefore necessary to
open new satellite exchanges. The first of them was to be built in Delfshaven
in west Rotterdam, and it was thought that automatic equipment could be
installed for 10,000 lines. The choice lay between a Strowger step-by-step
system. the American Rotary system—which was already operating at the
Hague and was made in Antwerp—and the recently introduced Swedish 500-
selector system. Mr. Boom. head of the Rotterdam Municipal Telephone
Admimistration, was faced with a difficult choice. But he was convinced of

the advantages of a system based on switches with a large line capacity, and

Fig. [ X 8435
View through the length of the switchroom
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Fig. 2 X 8434
Schematic of a 10,000 line system
Line finder

Fig. 3 X 2726
Final selector

Fig. 4 X 2723
Numbering of multiple field in a group selector
rack

20 mes
500
LF 1G5
20 504+ 20 LNES = -
37 . j20x 500
= 10000 = 10000
20 LiNES / ‘

the 500-line groups in the Swedish system allowed better utilization of the
switches and much simpler operating conditions. He considered it an advantage
that the switching apparatus in the 500 systerm was of plug-in type and could
therefore be easily adapted to variations in traffic intensity. Another advantage
was that a Swedish 10.000 line group required very much less floor space than
comparable equipment of other systems. Great value was attached also to the
flexibility of junction traffic with the manual exchange provided by the
Swedish system, since 1t was thought that it might take several years before
the manual exchange could be converted to automatic operation.

The Swedish system had admittedly not yet been tried out in practice. But
Mr. Boom possessed such confidence in L M Ericsson’s engineering ability
and in the robustness of the system that he advised the Rotterdam municipality
to adopt this system for the new exchange. This they did. and it may be said
that the admimistration has not had cause to regret their decision.

The first order was for 5.000 lines and a 500-line PBX-group. It was decided
that the traffic from the automatic to the manual exchange should as far as
possible be handled automatically. Traffic in the opposite direction was to be
passed via a few individual circuits at each of the operators™ positions in the
manual office. In the Delfshaven exchange these circuits terminated on the
multiple of a finder group with connection to semi-automatic registers.

An mmportant question o be decided was: semi- or full-automatic? It was
said that the Rotterdam business community could not be induced to dial
their numbers themselves. For safety’s sake it was decided to have only three
full-automatic 500-line groups and seven semi-automatic. The ntention was,
however, to make the entire Delfshaven exchange automatic at a later date.
and thereafter the Botersloot exchange as well.

The System in Operation

The installation of the equipment went ahead very quickly and the cut-over
took place on May 10, 1923, Four 500-line groups with full interworking
facilities between the manual and the trunk exchange could be put into opera-
tion: and now the first practical experience of the new 500 system began to
flow in. The use of the PBX group had to be delayed. however, principally
because the requirements on PBX working could not yet be formulated.

An extremely useful device was found to exist in the register control desk.
which could bhe employed for various traffic supervision purposes and was
therefore soon rechristened the traffic control desk. All fuil-automatic reg-
isters could be checked at this desk for correct translation and correct opera-
tion within the hmits of resistance and leakance of the lines. It was also
possible to talk to the calling subscriber via the register during the setting up
of the connection. The lamp signals on the register desks showed the progress
of dialling and operation of the switches. It was found that subscribers could
make the strangest of mistakes. Apart from failure to wait for dial tone or to
dial the number at all, they often dialled the digits in the wrong order owing

5




Fig. 5 —
Auto-manual Operator’s positions

Fig. 6 X 277

Complete register for a 10,000-line sysiem

(Nl

)
]

Fig. 7 N 2725

Connection of registers to register finders

GS Group selectors
RS Register finders
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to the Dutch way of wording their numbers. Sometimes. too, they used the
finger stop as pointer for the digit dialled so that all digits were one too high.
One subscriber even thought that the five-digit numbers had some connection
with the five fingers of the hand. which all had to be placed at one time into
the holes of the dial and the dial then turned until finger after finger met
the stop.

The semi-automatic registers connected to each operator’s position could be
positioned on the desired number with a keyset.

Semi-automatic setting up of connections, however, was slower than auto-
matic. If an attempt was made to set up a connection n the two ways
simultaneously, and the automatic setting up of the connection started at the
same time as the operator answered a semi-automatic call. the automatic
connection always got through first. Later. when the subscribers learnt to
handle their dials and the apprehended protests of the business community
remained unvoiced, the 1dea of conversion from semi- to full-automatic opera-
tion began to gain ground. Automatic operation proved to be the proper

COUrse,

Maintenance

Since the causes of faults could be quickly and reliably traced, maintenance
was very simple, and routine testing and preventive maintenance were hardly
required. The possibility of maintenance on these principles, of course, was
due to the advanced design of the system. In the years following 1923, when
telephone experts from the whole world came to Rotterdam to study the
system, we often heard criticism of this method of maintenance. It was thought
that it might work for a time. but that it would end in a major breakdown
which would be very difficult to repair. Yet in the 40 years in which the
Delfshaven exchange has been operating, no such breakdown has occurred.
On the contrary—though not until the fifties—the maintenance experts revised
their opinion and started to realize the soundness of the principle of corrective
maintenance that had long been advocated by L M Ericsson.

The Delfshaven Exchange and the Development
of the Rotterdam Network

The history of the Delfshaven exchange is closely associated with the
growth of the Rotterdam network as a whole. The main phases of this develop-
ment were: The extension of the overall number capacity of the system, the
extension of the Delfshaven exchange and its conversion from semi- to full-
automatic operation. and finally the introduction of subscriber-dialled trunk
traffic.

The original number capacity of the system was 60.000. Thanks to its
extreme flexibility its capacity could be easily increased to 80,000, This met
the requirements for a considerable time, since the number of connections
decreased slightly during the economic crisis from 1930 to 1935, But after
1935 a new extension was necessary, now to 150,000 lines.
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Adaptation to the New Technique

Telephony had developed extremely quickly since 1925, not least in Holland.
During this period the switching techmque itself has undergone a revolutionary
advance, and this has placed great demands on the flexibility and adaptahility
of the existing equipment. Since May 1962 all telephone traffic in Holland is
automatic.

Even the oldest 10.000-line group at Delfshaven, after 40 years of un-
interrupted service, has been easily adapted to the latest developments in
switching technique. There are therefore good grounds for expecting that the
equipment will continue to render reliable and efficient service for many vears

to come,
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Automatic Transmission Measuring
Equipment for Telephone Circuits

2. Measurement of Attenuation and Noise

H KARL,

Fig. 1
Simplified block schematic of the attenuation
measuring equipment

X 8114

0 — sending equipment

MO — telephone circuit to be measured

Dl — attenuator

MF — measurmg amplifier (amplifier with built-in
rectifier)

RS — reference voltage source

LF — d.c. amplifier

SI — signal indicator

Uppg — level at reference point
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sion measuring equipment for telephone circnits in Ericsson Review No. 2,

ERICSSON, STOCKHOLM

UDC 621.317.74
611.395.73
LME 7121

Thiv article is a continnation of the description of the awtomatic transmis-
-
19631 The present article deseribes the mode of operation and the units for

measuring the circuit equivalent and cirenil noise,

The transmission properties of a telephone circuit are usually checked by
measuring the equivalent of the circuit. By this 1s understood the insertion
loss of a circuit when terminated with a resistance of 600 ohms at both ends.
In order fully to describe the transmission properties ol a communication
circuit one should also know its propagation delay. its noise level and its
distortion.

For a telephone circuit it is considered quite sufficient to know its equivalent
and noise level, The automatic transmission measuring cquipment for telephone
circuity, therefore. contains apparatus only for measurement of the circuit
equivalent at 400, 800 and 2,800 ¢/s. consisting of sending equipment and level
measuring set, and for measurement of noise (noise measuring set). The per-
formance of the equipment is based on CCITT recommendations.= *

Attenuation Measuring Equipment

The attenuation of a telephone circuit is measured by sending from one end
a test signal of defined level and measuring the voltage at the other end. If
the output voltage of the signal generator is calibrated against a pure resistance
of 600 ohms and the measured circuit 15 terminated with 600 ohms at both
ends, the difference between the transmitted and received levels s identical
with the equivalent of the circuit. The principle 1s shown in fig. 1. An auto-
matic attenuation measuring equipment, accordingly. does not differ in princi-
ple from a manual. The difference les in the fact that an automatic equipment
must itself be able to evaluate and record the result. Long-time stability is
also desirable so that the equipment may operate for long periods without
recalibration.

The block schematic of the equipment developed by L M Ericsson is shown

n fig. 2.

Reference point
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Fig. 2 X 7880
Block schematic of attenuation and noise
measuring equipments

Ik — calibration unit
LS — d.c. stahilizer
LO — d.c. converter

(included only when the exchange battery
voltage is 36 or 48 V)

0 1-3  — osaillators

NS 1-3  — level stabilizers

DP — pads

T1-2  — line transformers

DL — attenuator

KD — control pad

F 1-2 — amplifiers

MF — measuring amplifier

RS — reference voltage source
LF — . c. amplifier

BO — blocking oscillator

51 — signal indicator

NI — level indicator

PF — psophometric hlter

BF — noise measuring amplifier
BI — noise indicator

R 1-7 — control relays

LR — alarm relays

URF — level at reference point

measuring and test signal paths
control signal paths

Sending Equipment

The test frequencies are generated in three separate oscillators for 800 ¢/'s
(07), 400 ¢/s (02) and 2.800 ¢/s (03). Owing to the principle of measurement
employed the accuracy of the equipment as a whole 1s a direct function of
the accuracy and stability of the voltages delivered by the sending equipments.
The test signal voltages generated in the oscillators are therefore stabilized in
a level stabilizer.

The oscillators are bridge-stabilized LC-transistor-oscillators, The basic
circuit is identical for the three oscillators: they differ only in the frequency-
determining LC link. The oscillators are designed for good frequency stability,

The three level stabilizers N/-N3 work on the following principle. The in-
coming signal is amplified in a single-stage transistor amplifier. The amplitude
of the signal is thereafter stabilized in a symmetrical hmiter made up of zener
diodes. The fundamental frequency of the signal is filtered out by a low pass
filter.

The level stabilizers maintain the signal level constant against

a) variation of the output voltage of the oscillators within = 0.35 N,
h) variation of the ambient temperature between + 10 and + 45" C,
¢) variation of the supply voltage within = 10 % .

d) variation due to ageing,.
The total alteration of the signal level is then less than == 0.01 N.

The pads DP take up the manufacturing tolerances of the individual units.
These pads can be adjusted in steps of 0.01 N. thus permitting the 0 N output

19
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Circuit diagram of an attenuation network for
the attenuator D

The illustrated network is for 0-3 N
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level of the sending equipment to be set to an accuracy better than 1| %.
Adjustment and subsequent checking of this level are done with the built-in
calibration unit /K which is connected across the contacts of relay R4 to the
output of the sending equipment and terminates it with 600 ohms.

Each test frequency is thus generated by a separate group of sending equip-
ments, each consisting of an oscillator, a level stahilizer and a pad. Connection
of the respective frequencies to the circuit to be measured is made by relays
RI. R2 and R3 which are controlled by a special control unit.! The output is
I mW (absolute voltage level 0 N/600 ohms).

Level Measuring Set

As shown in figs. 1 and 2. the incoming test signal passes through an
attenuator-amplifier chain which compensates for the attenuation of the test
tone in the circuit under test. The test signal is then rectified and compared with
a highly stable reference voltage (RS). If the two voltages are equal, the dif-
ference voltage at the input of the subsequent d.c. amplifier (LS) will be 0 V
and the signal indicator S/ will not react.

The level at the reference point is then

Ul =0— 200 N — Aoy — Ay

irrespective of the setting of the attenuator. The notations are as follows:
0 00 N level of the sending equipment
-~ 299 N the Towest measurable level
Ain the attenuation of the control pad KD

A, the attenuation of the line transformer 7'/,

As soon as the level at the reference point becomes greater than U yp. the
difference voltage at the input of the d.c. amplifier becomes positive and the
signal indicator causes the attenuator DL to increase the altenuation until the
level at the reference point reaches the value U/, If the level at the reference
point is less than (/,,. the attenuation m the attenuator is reduced. The
attenuation A, set on the attenuator is a measure of the equivalent of the
circuit A, which is

Ap=299 N—A4,,

The subtraction 299 N — 4,,, is done already in the evaluation of the setting
of the attenuator. The value delivered from the level measuring set via the
“result wire™ is accordingly the value of the circuit equivalent A

The input impedance of the level measuring set is 600 ohms within the
400-2.800 ¢/s band. The level measuring set is matched to the circuit to be
measured by means of the line transformer 77. As shown in the block diagram
in fig. 2, the signal voltage is thereafter passed to the attenuator Df.. which
consists of three attenuation networks in series, the first being variable be-
tween U and 3 N oin steps of 1 N. the second between 0 and 0.9 N in steps of
0.1 N, and the third between U and 0.09 N in steps of 0.01 N. The resistors
which determine the attenuation are switched in by relays which are controlled
by the signal indicator 1 (fig. 3). After the attenuator there follows a control
pad (K'0) for various control purposes; this is also switched by relays controlled
by the control unit. For measurement of the circuit equivalent the control pad
has an attenuation of 0.06 N. The test signal is thereafter amplified in the
preamplifier '/, a two-stage transistor amplifier with F = 3 N,

Line transtormer T/, attenuator DL, control pad KD and preamplifier FJ/
are used for measurement hoth of circuit equivalent and of circuit noise. After
the preamplifier, therefore. the measuring equipment branches into a level
measuring set and a noise measuring set.



Fig. 4
Measuring
source

amplifier and reference

X 8427
voltage

For measurement of the circuit equivalent the test signal is passed by
relay R7 to the measuring amplifier MF. The latter 1s an amplifier-rectifier
and delivers a non-earthed d.c. voltage corresponding to the arithmetic mean
value of the test signal. The magnitude of the dc. voltage 1s directly pro-
portional to the a.c. voltage on the input of the measuring amplifier. The
rectified test signal 1s smoothed and compared with the reference voltage RS.

The reference voltage source RS is a zener diode with low temperature
coefficient. To render the reference voltage still more independent of tem-
perature, the diode is placed in a thermostat. The variation of the reference
voltage for a variation of the ambient temperature between + 5 and + 50° C
1s less than 1 part in 2.000.

The measuring amplifier MF and the source of the reference voltage RS
are shown in fig. 4.

The difference voltage between the test signal and the reference voltage is
amplified in the dc. amplifier LF. The amplifier is chopper-stabilized, i.e. the
d.c. voltage signal on the amplifier input is converted to a square wave signal
by periodic short-circuiting of the amplifier input. The signal i1s amplified in
a broad band a.c. amplifier, rectified again at the output by another chopper
and smoothed. Transistors are used as input and output choppers. They are
synchronously driven by a free-running blocking oscillator BO which generates
a sguare wave voltage with a pulse frequency of 1,500 ¢/s.

The output signal of the d.c. amplifier 1s fed into the signal indicator SI.
Its purpose is to convert the electronic evaluation into a mechanical function:
if the difference voltage at the d.c. amplifier input is — + 20 mV. the signal
indicator relay operates. The relay contacts thereafter control the attenuator
DL.

The level measuring set also contamns a level indicator NI which checks
whether a test signal in fact arrives at the level measuring set (“check result”
in block schematic, fig. 2). The electrical design is similar to that of the signal
indicator.

On completion of the measurement an automatic check of the result 1s made
as follows.

After a measurement the level 7, at the reference point may have a value
such that

Upp — 001 N< Upp <Upp+0.01 N
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Fig. 5 X 8420
Block schematic of a CCITT psophometer

PF  — psophometric filter

¥ — amplificr

hV L — sguare-law detector

1 — poiater mstroment
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Thus the signal indicator still signals either roo high level () or too low
level (—). In the -+ position. therefore, the attenuation of the control pad KD
increases from 006 N to 0.12 N. The signal indicator shall then change to
= sign, otherwisz the measured circuit equivalent 4, is incorrect owing to in-
stability of the test signal arriving at the level measuring set during the
measurement. If the signal indicator signals a — sign, the attenuation of the
control pad diminishes from 0.06 N to 0 N. The signal indicator should then
change to -+ sign.

Like the sending equipment the level measuring set is also checked solely
with the built-in calibration unit /K without the aid of external measuring
equipment. The sender of the measuring equipment itself 1s here used as
standard signal source and is connected to the input of the level measuring set
(line transformer 7/). The attenuator DL and the control pad KD is adjusted
to such level that the reterence point 1s equal to U, . The control of the at-
tenuator and of the control pad and relays R/=R7 has thereby been taken over
by the calibration unit. The d.c. voltage on the input of the d.c. amplifier is
adjusted to 0V by variation of the amplification of the measuring amplifier,
and the signal indicator should now indicate the —sign.

Noise Measuring Set

Contrary to the attenuation measuring equipment, the noise measuring set
does not present the result in numerical terms but simply checks whether the
noise voltages of the transmission circuit exceed a permissible noise power
P, or not. The reason why a correct value of the noise voltage level of a
circuit 1s not obtained otherwise than by measuring the rom.s. value is that the
noise voltages add in a random manner, e their sum cannot be treated as
a periodic curve with known form factor. One instead measures the power
level of the noise voltages

1 Pgr 1

I & 'f-'rﬂr"l
2T mwW i

600 (2

R (0775 VT-')

by forming the r.m.s. value U7, % of the noise voltage U/, as it occurs during
a period of § = 1 seconds after passing a psophometric filter designed according
to the CCITT recommendations. Ry, here corresponds to the resistance across
which the squared voltage U/, = can be measured. The threshold of un-
acceptable noise should be — 6 N, switchable to —5 N or —4 N (referred
to 0.775 V).

F

If, for manual measurement, a CCITT psophometer is used as shown in
fig. 5. the deflections of the pointer instrument [ vary in time with the noise
voltage.® The observer keeps the instrument under observation during a given
period and assesses the mean power of the noise. One may also say that the
observer integrates by eye.

With automatic control there must be an objectively evaluating unit which
measures the mean power of the noise and issues a signal when it exceeds the
threshold value. The first process i1s carried out in an electronic integrator.
the second in a signal indicator.

During the measurement of noise the sender of the measuring equipment
is 1solated from the transmission circuit. Both ends of the circuit are instead
terminated with the noise measuring equipment which has an input impedance
of 600 ohms.

The incoming noise signal takes the same path as the test signal for
measurement of the circuit equivalent, ie. from the input via the line trans-

Noise voltage — o o E '01
R Ly o
PF F I

KVL
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Square-law network of noise indicator

a) Circuit diagram
b) Square-law charactenistic of the network
parabola curve

approximation

former 77, attenuator DL, control pad K[ and preamplifier F/ to relay R7.
In the meantime the attenuator has been set by the control unit to O N, The
control pad will have a value of either 0 N, I N or 2 N according to whether
the threshold value for unacceptable noise is 1o be —6 N, —5 N or —4 N,
Accordingly the level for a sinusoidal signal at the reference point is always

Upp=—6N—Ay,
when it is equal to the threshold value.

Relay R7 now connects the noise voltages to the noise measuring set during
a period of 5 % 1 seconds. The noise voltages amplified in the preamplifier are
weighted in a psophometer filter and are amplified a further 1.4 N in a voltage
amplifier F2 before being fed to the noise measuring amplifier BF. Like the
measuring amplifier MF the noise measuring amplifier BF is an amplifier-
rectifier and delivers a non-earthed, non-smoothed. full-wave rectified signal
which corresponds to the arithmetic mean value of the noise signal.

To obtain the r.m.s. value the linearly rectified noise signal is then squared
in the noise indicator BI. The squaring function is performed in a network of
diodes and resistors. The network and its characteristic are shown in fig. 6.
The characteristic is a polygon which approximates a parabola through a close
succession of linear segments, The squared signal is integrated and linearly
amplified in a d.c. transistor amplifier with the integration capacitor in the
feedback network (Miller integrator). After passing through the integrator the
noise signal is checked by the indicator section of the noise indicator, The
threshold value of the unit 1s formed by a combination of a transistor and
zener diode so designed that the indicator relay operates when the signal at
the reference point exceeds the value U,y

The calibration and check of the noise measuring set are done exclusively
by internal means: the 800 c¢/s tone from the sending equipment is passed
by the calibration unit /K to the noise measuring set during a period of 5
seconds. The control pad has then been set to 6 N, The amplification of the
noise measuring amplifier 1s so adjusted that the noise indicator relay operates
after precisely 5 seconds’ measuring time.

Power Supply

The measuring equipment is supplied from the exchange hattery. The voltage
variations of the battery are smoothed out in a dec. stabilizer LS which
maintains the output voltage constant within a maximum deviation of
+ 0.5 % for a variation in battery voltage of = 20 % . The active elements
consist of transistors.

If the exchange battery voltage is above 24V, a d.c. converter LO which
can be strapped to 36 V and 48 V is connected between the d.c. stabilizer LS
and the battery.

The output voltage of the stabilizer is controlled by the calibration unit TK.

Calibration Unit

The calibration unit /K contains all instruments and controls required for
adjustment, control and recalibration of the attenuation measuring set and
noise measuring set without the need for external measuring instruments such
as test tone generator, level test set. or the like. Fault tracing can also be done
by the built-in calibration umt.

The absence of external measuring imstruments excludes the possibility of
error due to the use of different instruments on different occasions, The dif-
ference in accuracy between different instruments is, in fact. of the same order
as the accuracy of the measuring equipment itself, The relative accuracy is
therefore very much greater. In addition. the calibration unit greatly simplifies
the maintenance work.



Fig. 7 X #4238
Attenuation and noise measuring  equipment
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Mechanical Features of the Equipment

The mechanical construction of the apparatus follows the new Ericsson
principles for electronic equipments in telephone exchanges,® based primarily
on the printed wiring board and on transistorization and miniaturization ol

electrical apparatus to allow an increasing use of electronic circuits. All units
of the measuring equipment are constructed on this principle with the ex-
ception of the relays. line transformers, calibration unit and reference voltage
source. Fach printed wiring board constitutes a functional unit such as an
amplifier. oscillator etc. The measuring amplifier is shown in fig. 4. Fig. 7
shows the complete attenuation and noise measuring equipment plugged into

telephone exchange relay mountings

Technical Data

General

3 / ' ' , 420 %
Power supply BN 3 Vor —48W I” .
— 10 %
Power consumption approx. 32 W
Operating voltage of individual units -15V
Ambient temperature 10 to + 457 (
Sending Equipment
Frequency 400, 800, 2.800 c/s = == 30/,
Impedance 600 ohms, balanced
Nominal level 0N
Adjustment tolerance -+ 0.005 N
Distortion factor 3 %0
Level Measuring Set
Frequency range 400—=2.800 c/s (fig. 8)
Impedance 600 ohms, balanced
Measuring range — 299 N to + 099 N at a noise

threshold of —6 N
280 N o +099 N at a noise
threshold of — 5§ N
1.80 N to + 099 N at a noise
threshold of 4 N

(in steps of 0.01 N)



Fig. 8 X 8421
Frequency response of level measuring set

The shaded area indicates the deviation due to varia-

tion of the ambient temperature between + S5 and
i 50" C for six prototypes,

X THBS

Fig. 9 X 9157

Long-time stability of the attenuation measur-
ing equipment

The diagram shows the variation in output level of the
sending equipment and the deviation of the level
measuring set from nominal during a period of 60
days.

.

+0.02

0 o
-0.02
102 3 ) 2 3 10*

Operational sensitivity approx. 1 mN
Accuracy (with newly calibrated
equipment)

at 800 ¢/s better than = 0.02 N

at 400 and 2,800 ¢/s better than = 0.04 N
Noise Measuring Set
Duration of measurement s i o
Level —6N, —5Nor—4N

(the set issues a signal when the

Frequency range
Frequency response
Impedance

Deviation of square-law characteristic
from a parabola measured as per

CCITT recommendations
Linearity
Accuracy (with newly calibrated
equipment)

Delay before the measuring set is

ready for a new measurement

rm.s. value of the noise voltage
measured during 5=+1 s exceeds
the specified threshold)

50—5.000 ¢/s

as per CCITT recommendations

600 ohms, balanced

= + (.02 N

as per CCITT recommendations

better than = 0.03 N at 800 c¢/s

(At other trequencies the tolerances
of the psophometer curve allowed
by CCITT must be added.)

approx. 150 ms
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Fig. 10 % 9157
Stahility of the attenuation measuring equip-
ment when first put into service
The diagram shows the variation in output level of
the sending equipment and the deviation of the level
measuring set from nominal during its first 8 hours
in service.
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Conclusion

The automatic transmission measuring equipment for telephone circuits is
designed to assist telephone administrations in their efforts to automatize and
rationalize the maintenance and supervision work needed for any engineering
equipment. As a natural consequence the first thing required of an automatic
measuring equipment 1s long-time stability with at least the same accuracy as
possessed by the manual equipments that have been used hitherto. The accuracy
of the equipment has been attained through the measuring circuits employed.
Through a careful choice of components and circuits—such as the use of
transistors as active elements and of amplifiers with very high negative feed-
back—the requirements of temperature stability and long-time stability have
been more than adequately met. The variations in output level of the sending
equipment and in accuracy of the level measuring set over a period of two
months are shown in fig. 9. The equipment had then been in service around-
the-clock withour recalibration. After another three months' around-the-clock
service, i.e. after five months' around-the-clock service without recalibration.
the accuracy was still within the tolerances recommended by CCITT:

= 0.01 N for the sending equipment
=+ 0.02 N for the level measuring set at 800 ¢/s
= (104 N for the level measuring set at 400 and 2,800 ¢/s

= (.35 N for the noise measuring set at 800 ¢/s
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Economic Optimum in Design of Loaded
and Unloaded Telephone Cables
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The dimensioning of an unloaded telephone cable for physical circuits iy
dependent on the desired attenuation and the resistance. Bui an economic
optimum problen is alvo involved, depending on how the cable cost ar the

desired attenuation varies with the mutwal capacitance and conductor resistance.

In the design of a loaded telephone cable consideration must also be paid 1o
a number of technical factors, but an cconomic optimuwm problem is again
involved. If the plant iy treated from this point of view, the dimensioning of
the cable can be undertaken separately and on the same principles as for an
unloaded cable.

Since the end of last century, when paper-insulated telephone cables came
into use, there have been no major changes in the mutual capacitance. On the
other hand the costs of cables have changed through the use of new materials,
especially plastics, and through variations i prices of the raw materials. The
change in cost of unloaded cables has been particularly great in recent years
owing to the great drop in the costs of loading coils. compared with cable
costs, as a result of improved coil design.

It was therefore thought advisable to consider the question of telephone
cable design as an economic optimum problem based on present cable types
and costs.

Notations and Formulae

The following notations are introduced:
¢ = mutual capacitance of cable per km
(" = mutual capacitance of a loaded section
r = loop resistance of cable per km
R = resistance of a loading coil
I = inductance of a loading coil
| = inductance per km
g — shunt conductance of cable per km
s = length of a loaded section in km
[ = frequency
m=2-a-f
fo= cut-off frequency
z — attenuation in N/km
Z = impedance
y = group velocity in km/sec.

For unloaded telephone cable the attenuation at low frequencies is

e/ TTE
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Cost of S0-quad paper-insulated star quad cahle
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Cost of 27-quad polyethylene-insulated screen-
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For loaded cable the following relations hold:

Lo, o viaainh viaie s simmets s & 2)
Cm=pel , an v eiis PG DREHE WasRE (3)
1 1
fo=——= S —— (4)
g\ L+ C s-m\il-c
1
W= s N, (5)
VL€ Vi«
Egs. 4 and 5 give
o (6
,\_7_}"] ....................... )
/L !
Z=\ ==X i s s mees sk 7
vC ¢ L)
Egs. 3. 5 and 7 give
1
LS e v e s e e sieie et (8)
g
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’ =[:( 3(!..)) 2-»-]\- A c} \/] (1)= """"" @
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The attenuation has its minimum at unchanged values of r. ¢ and g, when
the inductance has been increased so much that
rooor rec
—==orl=-

I' é g

For technical reasons the loading cannot be increased to the point of
minimum attenuation. If. therefore, the degree of loading is increased without
change of cable data. this always means a reduction of attenuation.

For rough calculation of loaded cables at low frequencies the attenuation
may be written in simplified form:

1 / {
=N/ e s s an s (10)
Introducing the group velocity according to eq. 5:
ar
LT TR e e swegrs wibi st e (11)

By making the group velocity a parameter, the attenuation of a loaded cable
will be a function of r-¢ in the same way as the attenuation of an unloaded
cable in accordance with eq. 1 15 a function of r - c.

The group velocity v, at an arbitrary frequency f within the transmitted

frequency band is
()

If the highest transmitted frequency is f, and the lowest is f.. the phase
distortion between the frequencies f, and f. will be

e



R‘é.f;:“ which expression, if f. is small compared with f,,. gives
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100 { I | =]

| | _ ; " \I (::.) .................. (13)

The crosstalk attenuation A4 between two side circuits with characteristic

85 impedances Z, and Z, due to the capacitive coupling 1s
HO 8
A=In MEPEFS . . vv e wan (14}
= ko \- Zl Z-_,
where A = the capacitive unbalance in pF.
50
Unloaded Cable
%5
The variation of cable cost with the mutual capacitance and with the
| altenuation as parameter is shown in figs. 1-6 for some different types of
= Jo 35 <0 <5 50 cable. The mutual capacitance in figs. 1-4 has been taken as the overall
nF/km  average mutual capacitance for a specified cable section (see Technical Speci-
_ Mutual capacitance freqtions for Junction, Trunk, Carrier and Coaxial Cables, BK 2. issued by
Fig. 3 ‘s _ _ ¥09 the Royal Board of Swedish Telecommunications) and in figs. 5-6 as the
Kool Bl<uad peges-inmiicen-muliigle. tyin maximum permissible average capacitance of a length of cable. The curves
quad cable with lead sheath and polyethylene s , ; :
cover hold also for loaded cable at a specific relationship between the attenuation
and the group velocity in accordance with eq. 11.
Table 1. Attenuation, group velocity and wire diameter for curves 1—3 in figs. 1—4,
Unloaded Loaded cable Wire diameter mm
Curve cable
Riliitive urve : " . i
clatve x 3 i x
cost Qs N km at at at |
i 800 ¢/s [ km sec. N/km km/sec. N'km |25 nF/km |50 nF 'km
- ' 1 | 0.071 15000 | 0015 | 30000 [ 0.030 0.79 1.13
2 0.082 15,000 0.020 22.500 0.030 .67 0.96
3 0.100 15.000 0.030 15,000 0.030 0.54 0.77

Attenuation values for unloaded cable and examples of attenuation and
group velocity for loaded cable are shown in table 1. The tabulated values
relate to curves 1-3 in figs. 1-4. The attenuation values for curves 1-2 in figs.
5 and 6 are given in the same way in table 2. The tables also show the limits
of variation of the wire diameter for each curve.

Table 2. Attenuation and wire diameter for curves 1—2 in
figs. 5 and 6.

Wire diameter mm

: *
Curve N km at ] ]
no. 800 ¢ s at at
" 35 nF/km 60 nF km
S { f 1 } 0.096 | 0.64 ‘ 0.86
% 35 B8 48 % mo 2 0.135 0.47 061 |
nF/km

Mutual capacitance

Fig. 4 X 2710 . _ )
C:ﬂ of 27-quad polyethylene-insulated screen- The curves in figs. | and 2 are constructed for star quad cables. Fig. 1 shows

ed multiple twin quad cable with polyethylene the cost of paper-insulated and lead-sheathed underground cable with poly-
sheath ethylene cover. The lowest cable cost is obtained for a mutual capacitance
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below 25 nF/km. Fig. 2 shows the cost of polyethylene-insulated. screened and
polyethylene-sheathed underground cable. The lowest cable cost is obtained
for a mutual capacitance of about 37 nF km.

Figs. 3 and 4 relate to multiple twin quad cables. Fig. 3 shows the cost of
paper-insulated and lead-sheathed underground cable with polyethylene cover.
The lowest cable cost i1s obtained for a mutual capacitance of about 30 nF/km.
Fig. 4 shows the cost of polyethylene-insulated, screened and polyethylene-
sheathed underground cable. The lowest cable cost is obtained in this case for
a mutual capacitance above 50 nF/km.

Figs. 5 and 6 are constructed for symmetrical pair cables. Fig. 5 shows the
cost of paper-insulated lead-sheathed cable. fig. 6 the cost of self-supporting
plastic-insulated cable, i.e. polyethylene-insulated polyethylene-sheathed cable
with built-in suspension wire and figure-of-eight sheath. The lowest cable cost
is obtained for a mutual capacitance below 35 nF km in fig. 5 and about 46
nk/km in fig. 6.

The curves represent cable types as at present made in Sweden to the
specifications of the Royal Board of Telecommunications. The cables in figs.
1-4 comply with the aforementioned Technical Specifications (BK) and in
figs. 5 and 6 with Specifications Pa-663 and Pa-672. The materials in the
cables are based on present prices, 1.e. copper 31 cents per Ib, lead 8§ cents per
Ib. and polyethylene 25-26 cents per |b depending on the quality.

The curves are based on cables of normal diameter. For reasonable variations
of the cable make-up. and so of the cable diameter, the curves will have the
same character. But for very small or very large cables, or for cables with
especially small-gauge wires, or in fact for cables which differ considerably in
structure from the types described. it is safest to draw up a cost estimate in
each particular case.

For paper-insulated cables made with sheaths of other material than lead,
c.g. aluminium or steel or solely polyethylene, the curves hold good only if
the sheath cost is the same as for the types described. If the sheath cost is
lower. the minimum cable cost shifts towards lower capacitance than that
shown in the curves. For high sheath cost the reverse applies.

If in plastic-insulated cables the solid polyethylene conductor insulation can
be replaced by cellular polyethylene, which results in a cheaper insulation and
smaller cable dimensions, and so lower cost of sheath, the minimum cable
cost shifts towards lower capacitance than that shown in the curves. The same
result follows from a lowering of the price of polyethylene.

A lowering of the price of copper would shift the minimum cahle cost to-
wards larger conductor diameter and higher capacitance. The reverse would
apply if the price of copper were raised.

It becomes apparent from the curves that for optimum economic design of
unloaded paper-insulated cable, a lower mutual capacitance should be used
than is usually indicated in cable specifications. This is only on condition, how-
ever, that account need not be taken of the resistance and so of the conductor
diameter or outside diameter of the cable, which increases with reduction of
mutual capacitance for unchanged attenuation. For unloaded plastic-insulated
cables, on the other hand, the specitied values of mutual capacitance appear
to be in the vicinity of those required for optimum ecenomic design.

As regards the actual cable in a loaded cable system the same remarks
apply as to unloaded cable. but in this case attention must be paid to the
additional technical requirements in respect of loaded cable.
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Loaded Cable

In figs. 7-10 the sum of the cable and loading costs has heen calculated as
function of the mutual capacitance at an atlenuation of (.030 N/km and a
cut-off frequency of 4300 ¢/s for the same types of cables as in figs. 1-4
According to eq. 6 the distance between loading coils is inversely proportional
to the cut-off frequency. A high cut-off frequency requires a short distance
between Joading coils and higher loading costs. Here a cut-olf frequency of
4.300 ¢/s has been chosen, which permits the transmission of frequencies up to
3400 ¢'s in accordance with CCITT's recommendations. Curves 1-3 in each
figure have been drawn with the group velocity as parameter. and curves 4-7
with the impedance as parameter, Table 3 shows the values of attenuation.
cut-off frequency. group velocity and impedance for cach curve,

Table 3. Attenuation, cut-off frequency, group velocity and

impedance for curves 1—7 in figs. 7—10.

Curve ' Sy y 7z
no. N/km Cs km 'sec. ohms

1 0.030 4,300 30,000 —
2 0.030 4.300 22,500 -
3 0.030 4,300 15.000 —
4 0.030 4,300 — 950
5 0.030 4,300 — 1,250
6 0.030 4,300 1,700
7 0.030 4,300 — 2,200

The first thing revealed by figs. 7-10 is that the sum of cable and loading
costs falls quickly with group velocity. i.e. with heavier loading. In loaded
cables in Sweden the group velocity is at present about 18.000 km/sec.; abroad
the figure is usually rather higher. For the national part of an international
circuit CCITT recommends that the group delay shall not be longer than
S0 ms and that the difference between the longest and shortest group delay for
the relevant frequency range shall be less than 10 ms. For a distance of 50 km
and a group velocity of 18.000 km/sec. the group delay will be about 3 ms
and the phase distortion according to eq. 13 at a cut-off frequency of 4.300 ¢/s
and a highest transmitted frequency of 3,400 ¢/s will be about 1.8 ms. As will
be seen, these values are fairly small compared with CCITT's recommenda-
tions. And in fact loaded circuits which have a low group velocity compared
with carrier circuits are not employed over particularly long distances in
national sections of an international circuit. A group velocity of the order of
18,000 km/sec. in a loaded cable plant should, therefore, be fully adequate in
the great majority of cases.

If the group velocity alone had to be taken into account. the lowest cost
would come at the minimum pomt of the curve constructed for the lowest
conceivable group velocity. But this would involve disregarding the impedance,
which cannot be too high in a loaded cable since according to eq. 14 the
crosstalk attenuation is inversely proportional to the impedance. For multiple
twin quad loaded cables. therefore. the impedance should not be above about
1.600 ohms and for star quad loaded cable not above about 2,000 ohms.

In figs. 7-10 the slope of curves 4-7 with constant impedance is such that the
cost diminishes with increased mutual capacitance. For curves 1-3 with con-
stant group velocity, however, the slope differs according to the type of cable.
For paper-insulated cable the lowest cost comes at the point of intersection
between the curve for the lowest conceivable group velocity and the curve for
the highest conceivable impedance. The Royal Board of Swedish Telecom-
munications has recently introduced a new form of loading for multiple twin
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quad cable with paper insulation, the impedance being put a 1,600 ohms, the
group velocity at 17.000 km/sec., and the cut-off frequency at 4300 ¢/s. This
gives according to fig. 9 a mutual capacitance of 39 nF ‘km. which is the figure
given in the Swedish cable specifications. Other data are: distance between
loading coils max. 1,250 m, coil inductance 118 mH. For the phantom circuits
the attenuation is in principle the same as for the side circuits, the coil in-
ductance being 55 mH. which gives an impedance of 850 ohms, a cut-off
frequency of 5.000 ¢/s. and a group velocity of 19,500 km)/sec.

For a loaded star quad cable with paper insulation the mutual capacitance
according to fig. 7 at a group velocity of 17,000 km/sec. and an impedance of
1.930 ohms is 32 nF/km, which 1s the figure given in the Swedish cable speci-
fications. Other data for this loading are: cut-off frequency 4.300 ¢/s, distance
hetween loading coils max. 1,250 m, coil inductance 145 mH.

For plastic-insulated cable (figs. 8 and 10) the slope of curves 1-3 with
constant group veloaity differs from that for paper-insulated cable. This
means that the lowest cost no longer comes at the highest conceivable im-
pedance as happened with paper-insulated cable. Starting, as before, from a
cut-off frequency of 4300 ¢/s and group velocity of 17.000 km/sec., giving a
distance of 1.250 m between loading coils. the lowest cost for a star quad cable
(fig. 8) comes at a mutual capacitance of 39 nk/km and an impedance of
1,600 ohms. For a multiple twin quad cable (fig. 10) the corresponding values
are 52 nF/km and 1.150 ohms.

If the impedance is increased in a loaded cable with given attenuation, one
obtains a higher conductor resistance and so a smaller wire diameter. The same
applies to unloaded cable if one chooses low capacitance values.

Various systems of signalling may be employed. D.c. signalling 15 cheaper,
but its usability is limited by the fact that the loop resistance must not be too
high. Ac. signalling has a very much greater range than d.c. signalling, but is
more expensive; it also requires line transformers.

Loaded multiple twin quad cables. in which the phantom circuits are also
utilized, are cheaper per circuit than loaded star quad cables if attention is
paid solely to cable and loading costs. On long loaded circuits. on which a.c.
signalling must be employed irrespective of quad type. therefore, multiple twin
guad cables are cheaper than star quad cables. On fairly short loaded circuits,
on the other hand. d.c. signalling can be used with star quad cables, and these
may then be cheaper than multiple twin quad cables. In such cases. to limit the
loop resistance. it may be necessary to use a lower impedance in the loaded
star quad cable than would be desirable from the point of view of optimum
economic design,



SIKATEN — a New Insulating Material

B GUSTAFSSON SIEVERTS KABFEFLVEREK AB SUNDBYBERG

UDC 621.315.616.96
LLME 5546
Polyethyvlene iy widely used in the manufacture of teleplone cable owing io
iy good clectrical properties. Tty wuse in power cables, on the other hand, has
been limited by ity low melting point, 105=115° ¢
By cross-linking of the molecules in the plastic in rowghly the same wav as
in the videanization of rubber, a new material has been created, SIKATENT,
which does not melt but carbonizes at 250-300° ¢

Polyethylene has been used in cable-making for several decades and its
consumption 1s growing al an ever increasing rale.

Factors which have contributed to the popularity of this plastic—apart from
the fact that its production started at an early stage—have been its low price,
good electrical properties, ease of processing and dyeing, and its nsuscepti-
bility to chemical action,

The great disadvantage of polyethylene. on the other hand, is its low
softening and melting temperature. 1051157 C. Many attempts have heen made
to overcome this problem and some progress was achieved during the fifties
through improved production methods which yielded a more uniform product
with higher degree of crystallization and fewer molecular branches. A larger
size of molecule with lower melting index 1s also a step in this direction.

These modifications did not, however, lead to any essential improvement.
It 1s all the more gratifying, therefore. that a chemical vulcanization process has
now been brought to the stage at which it is technically fully possible to make
products of vulcanized polyethylene in conventional equipment for the manu-
facture of rubber. For this reason the product is said to be vulcanized. but
other adequate designations are cured or cross-linked polyethylene,

The insusceptibility of polyethylene to take part in chemical reactions is due
to its almost complete lack of double bonds and polar groups. The belief was
long held. therefore, that cross-linking of the finished material could be effected
only under very special conditions, It was found at an early stage. for example,
that by irradiating polyethylene with electrons it could be given properties
indicative of cross-linkage, such as lesser solubility in xylene, change of tensile
strength, and better temperature stability.

Several irradiation processes have been developed in the cablemaking in-
dustry which to some extent are being successtully employed. But cross-
linking of polyethylene by irradiation requires rather large dosages of high
energy radiation, so that the procedure is expensive and can only be used for
special purposes.

Another way of cross-linking polyethylene is to irradiate the plastic with
ultraviolet light. In order that the irradiation shall be effective. a small
quantity of UWV-sensitive material such as benzophenone must be admixed
with the plastic. Under the influence of ultraviolet light on benzophenone a
radical is formed of the same type as in the decomposition of peroxide by the
radical mechanism. Organic peroxides have long been used for cross-linking of
plastic and rubber, e.g. polyester and silicon rubber. Since the late fifties much
work has been done in the attempt to cross-link polyethylene with peroxides
and we now possess a considerable knowledge of this interesting subject.

Sieverts Kabelverk has closely followed these developments both by keeping
a watch on the literature and by devoting several years to experiments in the
laboratory. Sieverts was therefore the first cable manufacturer in Sweden to
introduce and gain practical experience of vulcanized polyethylene, SIKATEN.

* Trade name of Sieverts Kabelverk's vulcanized polyethylene,
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Composition and Processing

For the preparation of a polyethylene mixture for vulcanization one usually
starts from LD polyethylene with a fairly low melting index. HD polyethylene
can admittedly be used but has no particular advantage over LD polyethylene,
which is cheaper.

For outdoor applications a few per cent of carbon black is usually admixed
with the polyethylene as protection against oxidative disintegration, and it is
therefore natural that carbon black—polyethylene mixtures have attracted great
interest, The admixture of large quantities of black. ¢.g. 60 % . in unvulcanized
polyethylene improves its mechanical properties to some extent (fig. 1), but
on the other hand the material becomes stiff and brittle. The reason for the
brittleness 1s that the polyethylene has a great tendency to crystallize. The
crystalline regions give off filler. carbon black, to the amorphous part. It has
been found that the carbon black content in the amorphous part may be
twice as high as in the crystalline. and the result is stress corrosion with
tendency to rupture.

Larger quantities of black have a greater effect in improving the mechanical
properties of vulcanized than of unvulecanized polyethylene (fig. 1). This is
because. in being vulcanized, apart from reacting with itself. the polyethylene
is also linked chemically to the black. There i1s no tendency to brittleness in
this case in view of the lesser susceptibility to crystallize.

FFor vulcanized polyethylene used as insulating material a black of fairly
large particle size. for instance type MT. is employed. A finer black results in
too great a deterioration of the electrical properties.

Apart from black. small guantities of antioxidants. usually nitrogen com-
pounds, are used to protect the polyethylene from oxidative disintegration,
especially 1f the product 15 to be exposed to high temperatures during a long
period. These antioxidants must be chosen with great care since they have
often been found to have a disturbing effect on the vulcanizing process. In the
same way as in rubber technology, furthermore, additions of different types
may be used to modify a particular property of the final product or to improve
the workahility.

One of the difficulties in chemical vulcanization of polyethylene is to find
a peroxide which 1s so stable that it can be admixed in the compound from
which the finished product is to be made. At the same time it is required that
the decomposition, when it starts at an elevated temperature, shall proceed
rapidly and uniformly so as to ensure quick and efficient vulcanization.

An additional condition, of course. is that the decomposition products of the
peroxide do not affect the properties of the final product.

The ingredients are usually muxed in a Banbury mixer. To ensure good
dispersion of the black the temperature is raised to a level well above the
melting point of polyethylene. for instance to 150-170° C.

Properties of Vulcanmized Polyethylene

As already stated. ordinary unvulcanized polyethylene has been widely used
in cable manufacture thanks to its excellent electrical properties. its resistance
to moisture. 1ts lightness and flexibility. its good mechanical properties, its
resistance to cold. chemical stability. resistance to ozone. and low price.

The chief disadvantage of unvulcanized polyethylene is its low softening
temperature (105-115°C) and. to some extent, its poor fire resistance, its
tendency to crack on contact with certain organic surface-active elements
(stress-cracking). and its poor dimensional stability owing to the crystallizing
tendenctes of the plastic.



Tensile strength in

.

80

60

20

Tensile strength in ", of original value

o of original value

Ageing in hot air at 120 ¢

a SIKATEN

b PYVC

¢ Butyl rubber
d Natural rubber

e ——
| a
- £
-\
I | |
1 2 3
months
Fig. 2 X 2700

100
a0
60
40 =
Iej
0~
| i
1 2
months
Fig,. 3 X 2701
Ageing in hot air at 150 C
a SIKATEN
b Butyl rubber
", deformation
d
80+
or b
W -
a
20 -
1 L Il 1
80 100 120 140 °C
Fig. 4 X 2702

Deformation test
according ty ASTM D 734

a SIKATEN

b PVC

¢ HD paolyethylene
d LD polyethylene

Vulcanized polyethylene retains all the good properties of the original
material in practically unchanged state. Some deterioration of the electrical
properties as a result of the addition of black 1s mevitable, but the material is
nevertheless superior in this respect to most other plastics that are used for
cable mnsulation.

Vulcanized polyethylene carbonizes at 250-300° C without melting. The
stress-cracking tendency of unvulcanized polyethylene has entirely disappeared
and the dimensional stability and fire resistance have appreciably approved.
the latier thanks to the additon of black. The vulcanized material also has
exceptionally good resistance to ageing in hot air,

The properties of SIKATEN are hsted in table 1. The properties of butyl
rubber, natural rubber and PVC (normal cable-insulating grades) are shown
for comparison.

Table 1.
LD Butyl Natural PVC
SIKATEN poly- rubber rubber |. e
L : , : msulation
ethylene | insulation |insulation
Ultimate tensile strength
(Rplem=)omsaymesms 140 140 40 100 150
Ultimate elongation (") 200 400 400 400 250
Dielectric constant (50
CI8) v i 50(2.3) 2.25 35 a5 7
Power factor (50 ¢/s) .. 1 107+ 1 - 104 1 1022 < 1024 10—
(5 1074
Volume resistivity €2 cm. 10" (10') 10t 10" 10 10"
Breakdown strength
KV/mm (50 ¢/s, 1 kV/s) 15(25) 25 25 25 30
Cold resistance ....... Excellent Excellent | Good Excellent | Poor
Abrasion resistance ... .| Excellent Excellent | Poor Maoderate| Good
Tear resistance ... ..... Excellent Excellent | Moderate| Poor Excellent
Muoisture resistance ... .|  Excellent Excellent | Good Moderate| Good
Resistance to deforma-
tion at 1500 C ... .. Excellent Melts Moderate| Good Poor
Resistance to oils ... .. Good Moderate| Poor Poor Good
Fire resistance ........| Moderate Poor Poor Poor Excellent
Durability
at 100 C viivasso|  Excellent Moderate| Good Poor Moderate
at 1200 svassmenss Good Melts Moderate Poor
at 150 C Moderate Melts Poor — —

The figures in brackets apply to high voltage grades.

Figs. 2 and 3 show the behaviour of the material on hot air ageing. The
tensile strength in per cent of the original value is given as function of the
testing time at 120 and 150° C respectively. The curves for butyl rubber.
natural rubber and PVC are drawn for comparison at 1207 C, and for butyl
rubber at 1507 C: the two other materials have so poor durability at 150° C
that tests at this temperature would be pointless.

The elongation in per cent of the original value follows the tensile strength
curves, generally speaking, except for PVC, for which the elongation diminishes
and the tensile strength increases,

The good mechanical properties of vulcanized polyethylene at elevated tem-
perature may be illustrated by deformation tests as specified in ASTM D 734
(fig. 4). The curves for LD and HD polyethylene and for PVC are shown by
way of comparison.

Deformation tests in accordance with Swedish specifications SEMKO SA
1957, § 11, have been performed on 2.5 mm? cable insulated with vulcanized
polyethylene, butyl rubber and PVC at 150" C and 2 hours loading. The de-
formation of vulcanized polyethylene was 5 % at 300 g. while for butyl rubber
and PVC it was as much as 70 % and 100 % at 300 g and 175 g. respectively.
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To see how a cable behaves under overload—short-circuiting—comparative
current loading tests were made on 2.5 mm? cables insulated with vulcanized
polyethylene, butyl rubber and PVC (fig. 5).

The good low temperature stability of vulcanized polyethylene compared
with PVC is illustrated in fig. 6.

The new muaterial has a very low water absorption even at elevated tem-

perature (fig. 7). Its electrical properties are therefore little affected by moisture.

Fig. & shows the dependence of the insulation resistance of SIKATEN on
temperature, compared with PVC and butyl rubber. The impaired resistance
of insulating materials at elevated temperature is an important factor when
cables are used at high temperatures.

Cable Applications

The temperature stability of most of the traditional rubber and plastic
materials for cables 15 so hmited that they are placed n the 60-80 degree
class. By using a polymeric plasticizer in PVC it has been possible to bring
one grade of PVC up into the 100 degree class. But what was gained in high
temperature stability was lost in low temperature stability. To get above
1007 C a material in a quite different price class must be used. The difference
in price between PVC and silicon rubber. which is next superior to 100 degree

PVC and can be used up to 170° C., 1s 5 dollars per kg.
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The maximum temperatures normally specified for the most common cable
insulations and for SIKATEN are listed in table 2. It will be seen that a
considerably higher working temperature is obtained for cable insulated with
SIKATEN. This means that a smaller SIKATEN-insulated cable can be
selected for the same current loading.

Table 2
‘ Working temperature, C, for cable insulated with
adimg e
haading SIKA- p][mﬁ- PVC | Buyl | Natural Faper
TEN ethylene | 100 ]nnrmul rubber rubber
Normal ... 120 65 100 65 80 [ 6075 | 85
Short-circuit . 250 90 150 135 2000 ) 150200 200

Fig. 9 shows the loading capacity of single core cable with different in-
sulations and designed for an ambient temperature of 45° C.

Cables and cords are often designed chiefly on the basis of mechanical
stress. Since vulcanized polyethylene has very good mechanical properties, it
may be expected that insulations with this material can in due course be
reduced in thickness, so bringing a further saving in cost.

From what has been said it is apparent that vulcanized polyethylene should
find a very wide range of applications for cable insulations which are today
made of natural rubber, butyl rubber, polyethylene and PVC, e.g. for ships’
cable. connecting wire, ignition cable, feeder cable for electric furnaces, and
remote control cable for industry with severe local conditions such as high
temperature and strongly corrosive atmosphere. Thanks to its excellent
electrical properties vulcanized polyethylene should also be of value for high
voltage applications: compared with PVC and butyl insulation it is subject
to lower loss and allows a higher working temperature.

Fields in which tests have already shown SIKATEN-insulated cable to give
excellent results are as heating cable for special purposes and as Turkish bath

cahle.

SIKATEN-insulated cable is also used for leads in electric motors, It stands
up well to the stresses caused by sharp metal edges at high temperatures,




Fig. 10 shows how the lighting can be arranged in a modern provisions
store with spot lights. The lamp fitting is attached to a ventilated ceiling and
the part of the shade which enters the ceiling must therefore not contain
ventilating holes (fig. 11). There has earlier been great difficulty in the use of
ordinary installation cable at the high temperatures encountered with this type
of fitting. The advent of SIKATEN cable has therefore been greeted with
satisfaction.

It has been said in the cable industry that vulcanized polyethylene is without
exaggeration the most significant mmnovation in the materials field in the last
[5 years. Considering that innumerable new materials are developed every
year, it will be appreciated that high expectations are placed on vulcanized
polyethylene. which may be said to meet a great and long felt need.
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Universal, All-Plastic Cable Terminal Box

G ABERG, TELEFONAKTIEBOLAGET L M ERICSSON, STOCKHOLM

3 UDC 621.315.673
LME 7375

L M Ericsson's Network Department has developed a new, universal type of
cable terminal box which can be used in all climates, on a wall or pole, indoors
or outdoory, and iy suited both for plastic-insulaied and for paper-core lead
covered cables. Requiring no mainienance, and having a wide range of
applicationy, the box iy calcwlated to reduce the total initial and operating
costs of a telephone network.

Between the multipair cable from the exchange and the single-pair subscriber
lines there is always a distribution point. At this point a distribution box s
placed which terminates the cable and permits a quick and effective connection

to be made between the cable conductors and the distribution pairs. This is
required irrespective of whether plastic-insulated or paper-core lead-covered
(PCLC) cable 1s used in the cable network, whether the distribution point is
indoors or outdoors, on a wall or pole, and irrespective of the type of distribu-
tion system and size of the network. The distribution box may therefore be
said to constitute the least common denominator of the city cable plant.

I'o shorten the expensive distribution lines, there should be a large number
of distribution points strategically spread throughout the entire city network.
The number of ling pairs per distribution point should therefore be restricted,
switably to 10 pairs. The percentage of fill for these pairs will then generally
be low. The capacity on a pair basis will be roughly double that of the ex-
change capacity.

A suitably designed distribution box. combining efficiency and low price.
and simplifying the manual work to be performed in it, can contribute es-
sentially to reducing the overall initial and operating costs of the network. An
appreciable economy in the form of standardization and simpiified stockholding
would be attained if a single type of cable terminal box could be used in all
climates. for pole or wall mounting. and if it were equally well suited to plastic
or PCLC cables. Furthermore it may be desirable that the same distribution
box should be usable outdoors and indoors.

Fig. 1 X 2738
The new distribution box on a tubular steel
pole

With these goals in view a cable terminal box has been designed at L M
Ericsson’s Network Department. The properties of the modern plastics have
been utilized for the construction of a universal type of box (figs. 1 and 2)
which, with the exception of the terminals of anti-corrosion treated brass, is
entirely of plastic.

The bottom of the box has knock-outs for the admission of the 10-pair cable
and the individual single-pair lines, The latter may be brought in from the
rear, from the side or from below. The top of the box is attached to the
bottom by plastic strings which serve as “hinges”. The top is simply pressed
onto the bottom and remains in position owing to the resilience of the plastic.
In special cases the top may be locked with two screws, likewise of plastic.
The single-pair distribution lines, which are assumed to be plastic or neoprene
insulated. should preferably be brought in from the side. By placing neoprene
bushings. SRG 12702, in the holes, the inside of the box is rendered practically
dustproof and insectproof. The same facility exists if the single-pair lines are
brought in from the rear.

The inner block (fig. 3) carrving the terminals is also of plastic. It is made

Fig. 2 vora1 0 three models, with screw terminals or with outward or inward pointing tags
NEJ 20105 for the multipair cable, all models having screw terminals for the single-pair
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Fig. 3 X TEB2
The three models of the inner block
(From left) NEM 17001, NEM 17005 and NEN 50501

Fig. 4 X 2730
NEJ 20122

g

lines. The design of the box results in long leakage paths between the terminals,
which, in conjunction with the plastic material employed, ensures very high
mmsulation, The wires of the single-pair lines may be up to 1.3 mm in dia-
meter. The rear side of the terminal block is shaped as a trough in which the
cable can be conveniently placed and which, if desired, can be filled with
resin compound. Normally this extra protection is not necessary, A 10-pair
plastic cable is brought in through a simple neoprene bushing. PCLC cable
is spliced to a sealing thimble in the box (fig. 4) which provides a hermetic
seal of the cable end. A PCLC cable may also be placed under continuous
pressure (pressurized cable),

To simphfy stockholding and to enable the local installation personnel to
choose the most suitable combination, the box and certain of its components
have been given code numbers. The box is always supplied with the individual
single-pair bushings in a separate bag. The fittings for entry of the 10-pair
cable may be ordered separately or with the box, and can be supplied for
plastic or PCLC cable. The fixing screws, which should be No. 10 wood
screws, and the bracket NSD 5720/, which is used for erection on tubular steel
poles. should always be ordered separately. The components with code numbers
are tabulated below.

The box i1s 155 mm high, 116 mm wide and 31 mm deep. It weighs 365 g.
Patents are pending.

Bushing and sealing thimble,

Code numbers i 2 ;
il required, for 10-pair cable

lermmals ‘

NEJ 20104 . . .. ‘ Outward tag/screw MNone

NES 20005, . ... 2 » ” 670449 for plastic cable

NENZ0F2T ., ... 2 " " HI5NY NDK 130] for PCLC cable*
NEJ 20131 . ... r Screw/screw ‘ None

NEJ20135. ..., " » 670449 for plastic cable

NEJ 20002, . ... Inward tag/screw None
NES 20106 ... ‘ ” " " 670449 [or plastic cable
NEJ 20122, ... .| » 3 " 6355899 NDK 130/ for PCLC cable*

In these cases the bushing and sealing thimble are supplied connected to the terminal
block. The only work to be done on site 1s to connect the PCLC cable to the conductors
projecting from the sealing thimble with an ordinary straight splice. No resin compound
filling is therefore required.



Distinguished Visitor:

President Bourguiba

The President of Tunis, Mr. Habib
Bourguiba, and his wife made an of-
ficial visit to Sweden at the beginning
of June. Their full-packed programme
included a call at the Ericsson head-
quarters at Midsommarkransen.—L M
Ericsson, as is known, has very large
interests in Tunisia, being responsible
for the re-equipping of the Tunisian
telephone network.

Being hard pressed for time. the
President had only a bare half-hour
to spare. He was accompanmed by,
among others, his Minister of Com-
munications, Mr. Rachid Driss. and
Foreign Minister. Mr. Mongt Slim—
both well known from previous visits

All Quarters of the World

WS from

at L. M Ericsson

to the head factory—and the Swedish
Minister  of  Communications, Mr
Gosta Skoglund.

The chairman of the hoard of L M
Ericsson,  Dr.  Marcus Wallenberg.,
presented an address of welcome, after
which Mr. Sven T Aberg gave a brief
account of L M Ericsson and its ac-
tuvities. The traditional round was
then made of the Exhibition Room,
where President Bourguiba demon-
strated his interest in many of the
exhibits

The Ericovox was, as usual, in the
foreground. In the photograph below
Mr. Eric Lundgvist 1s demonstrating
the mstrument to the President. with

many interested lookers-on. From the
left in the front row, starting from
Mr. Lundgvist. are Mr. Rachid Driss,
Minister of Communications, Mr, Ah-
med Ben Salah, Minister of Finance,
Mr. Habib Ben Ammar, Permanent
Secretary of the Ministry of Defence.
and Mr. Skoglund, Swedish Minister
of  Communications. Between Mr,
Driss and Mr. Ben Salah in the back-
ground is seen Dr. Marcus Wallen-
berg.

President Bourguiba was presented
by Mr. Aberg with an Ericovox with
Ericofon (picture above) under the
glad eye of Mr. Gosta Skoglund.

The photograph at the top shows
President Bourguiba nscribing  his
name for display in the Exhibition
Room.



L M Ericsson Installation for Recife,
Third City of Brazil

Recife 1s Brazil's third largest city,

with over 800000 inhabitants, capital
of the State of Pernambuco and main
centre in north-eastern Brazil, an area
with some 25 million inhabitants. Re-
cife is an important cultural, adminis-
trative and commercial centre with a
lively harbour. Modern

city. which 1s growing apace. A stark
contrast 1s offered by its neighbour-

ing town and one-time capital of Bra-

zil. Olinda. with 1its old churches.

The need for satisfactory telecom-
munications has long been acute. The

—

pe-
—
-
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multistorey
buildings dominate the centre of the

two towns have been served by an
outmoded telephone plant of only
some 6,000 hines. In 1960 a newly
formed telephone company. Com-
panhia  Telefonica de Pernambuco.
contracted with Ericsson do Brasil for
a new telephone plant for Recife and
Olinda, comprising seven exchanges
of altogether 20,600 hines of Ericsson
Crossbar equipment. and an entirely
new cable plant.

The digging of the first under-
ground cable conduits started in May
1960, and since then a very extensive
cable network has been laid. princi-

Recife is a highly modern and fast expanding
city, (Left) A view of the Santo Antonio dis-
trict,

(Below) Inauguration of one of the Recife ex-

changes.

pally underground. The exchange
equipment has been mostly supplied
by the parent company. while Erics-
son do Brasil has carried out wiring
and testing.

On January 17. 1963,
changes totalling 14000 Tlines were
placed in service. A 1.000-line ex-
change followed in February. and a
2.000-line exchange in May. The en-
tire project is to be completed by the
Summer.

three ex-

N

Bjorn Lundvall

Organizational Changes

Mr. Hugo Lindberg, having attained
pensionable age, will retire on July 31,
1963, from his appointments as Exe-
cutive Vice President and Chief Ad-
ministrative Officer of the Ericsson
Group. The Board of Directors has
appointed Vice President Bjorn Lund-
vall as his successor,

In order to delegate the responsi-
bilities within the management of the
rapidly expanding group, the Board
has appointed the following Executive
Vice Presidents as from July 1, 1963:
Mr. Malte Patricks. Chief Operations

Officer: Mr. Christian Jacobaus,
Chief Technical Officer; Mr. Arne
Stein, Chief Sales Officer; Mr. Hans

Werthen, Chief Production Officer.
Mr. Gunnar Svalling. Vice Presi-

dent, Finance, has been appointed an

executive officer.

Mr. Nils Svensson,
Personnel Department.
pointed Vice President.

Mr. Sten Engstrom. Chief Engineer,
has been appointed Head of the Long
Distance Division,

Head of the
has been ap-



The commercial counsellors and commercial attachés in Stockholm
from fourteen countries visited L M Ericsson at the end of May. (Above)
The group is listening to an address in the Exhibition Room.

Miss Anna Nymalm of Helsinki recently visited L M FEricsson,
Midsommarkransen. She was on her way to Copenhagen, her trip
being a departing gift from management and colleagues at the Hel-
sinki Telephone Association, from which she retired on pension at
the end of April this yvear at the ripe age of 94.

At the end of May L M Ericsson had a visit
from Liberia, (Above left) Mr. S. H. Butler,
Commissioner of Communications, and Mr.
L. Grigsby, Inspector of Post and Telegraph,
converse on Ericsson telephones from different
centuries.,

{Above right) Mr. I. Boberg, Sales Manager
of L. M FEricssons Signal AB, demonstrates a
block-controlled model railway to Cevlon's
Minister of Industry and Culture, Mr. Maiihri-
pala Senanavake, during his visit to Midsom-
markransen. In the background are (from left)
Consul General B. Hallstrim, Colombo, and
Messrs G. Fernstedt, B. L. Thul, and H. Lind-
berg of L. M Ericsson.

In connection with a lecture, “This is Egypt™,
by Mr. Adly Fuad Bishara, head of an Egyvp-
tian study group at L M Ericsson, the company
received a visit from the Embassy of the United
Arab Republic in Stockholm. In the photo be-
low Ambassador Salah El-Din Gohar (second
from right) is given a demonstration of the
Dialog by Mr. E. Lundgvist. With him are
{from left) Asst. Chiel Engineer Abdulazis
Kamel (UARTO), Counsellor Mahmoud
Seliem, Personal Secretary Salah Saleh, and
Mr. Bishara,




SRR
o

e

Appointment in Danish
L. M Ericsson

Mr. Frans Liisberg has been ap-
pointed Vice President and Executive
Officer of L M Ericsson’s Danish sub-
sidiary. L M Eriesson A'S. as from

April 26, 1963, Mr. L. C Norrelund
remains the president of the company,
Mr. Liisberg was born at Frederiks-
berg in 1921, After graduating as
M.Sc. in 1945 he joined the company
in the same vear and has since been
engaged on sales to the Danish tele-
phone administrations, He has had an
active part in the breakthrough of our
crossbar switching technigue in Den-
mark, mmitiated by the opening of the
Aarhus exchanges in 1953 and con-
solidated to the extent of over 300,000
local  lines n today, with
another 200,000 lines on order.

Mr. Lusberg 1s well-known to many
of the group’s staff from their nu-
merous visits to Denmark for discus-
sion and negotiations with our Dan-
ish clients, and likewise to our cus-
tomers among the various telephone
administrations all over the world
which have sent delegates to Denmark
to study our crossbar systems.

service

L M Ericsson has acquired new production
facilities through the purchase of the ABN-
bolagen factory at Bollmora outside Stockholm,
The new premises. which will be occupied prin-
cipally by AB Svenska Elektronrir and Divi-
sion Erga, have a gross floor area of nearly
200,000 sq.ft. The site has space for new build-
ings "amounting to an additional 270,000 sq.fi.
The staff will start moving in this autumn, and
the entire Bollmora plant will be occupied
during 1964, It is cxpected that some 600
persons will be working there.

New Reference List

A new reference list of public auto-
matic exchanges has been issued as
of January 1. 1963, The number of
automatic  lines delivered by the
Ericsson Group and installed at Jan-
uary 1. 1963, 4,952,000  as
against 4,565.000 one year earlier. The
number of lines on order at the same
date was 1,514,000, The total of lines
installed and on order was 6466000
against about 6,000,000 in the previ-
aus year.

Of the total lines installed 74 per
cent are connected to 500-selector ex-
changes (78 per cent in the previous
vear) and 26 (22) per cent to crosshar
exchanges. The corresponding figures
for lines installed during 1962 are 29
(47) per cent for 500-selector and 71
(53) per cent for crosshar exchanges.

wds

For the cover of its 1962 Annual Report the
Australian Post Office chose an L. M Ericsson
crosshar switch design as seen below,

The Australian telephone network is heing
rapidly expanded on the basis of Ericsson
crosshar. The latest addition to the A, P. O.
series of crossbar exchanges is Petersham,
Sydney, where 2,800 lines were cut-over on
May 18, 1963. The ultimate capacity of the

exchange is 8,000 lines, The LD.F.s are shown
in the photo on the left,




UDC 621.315.673

LME 7375

Universal, All-Plastic Cable Terminal Box. Ericsson Rev.

pole, indoors or outdoors. and is suited both for plastic-insulated and for
paper-core lead-covered cables. Requiring no maintenance, and having a
wide range of applications, the box is calculated to reduce the total initial

of cable terminal box which can be used in all climates, on a wall or
and operating costs of a telephone network.

L. M Ericsson's Network Department has developed a new, universal type

40(1963): 3, pp. 99—100.

ABerG, G

Rev.

ICS50N

hly the same

UDC 621.395.343
LME 8342

WIENEKE, G H: 40th Anniversary of Ericsson 500 Line Selector Exchange
in Rotterdam. Ericsson Rev. 40(1963): 3, pp. 74—77.

On May 10 this year L M FEricsson’s oldest 500-selector exchange in the
world, at Rotterdam—Delfshaven, Holland, completed 40 years of service.
It was Rotterdam that provided the first valuable experience of automatic |
operation, which proved the advanced design and efficiency of the 500
system. The article gives a resumé of the events which led up to the
decision (o install this exchange, and of its performance during these
40 years.

UuDC 621.317.74
621.395.73
LME 7121

KARL, H. Automatic Transmission Measuring Equipment for Telephone
Circuits. 2. Measurement of Attenuation and Noise. Ericsson Rev, 40
(1963): 3, pp. 78—386.

This article follows on from the description of the automatic transmission
measuring equipment for telephone circuits in Ericsson Review No. 2.
1963, The present article describes the mode of operation and the units
for measuring the circuit equivalent and circuit noise.

UDC 621.315.616.96
LME 5546

ic in roug

SIKATEN — a New Insulating Material. Er:

3, pp. 93—98.

By cross-linking of the molecules in the plast
way as in the vulcanization of rubber, a new material has been created,

to its good electrical properties. Its use in power cables, on the other hand,
SIKATEN, which does not melt but carbonizes at 250-300° C.

Polyethylene is widely used in the manufacture of telephone cable owing
has been limited by its low melting point, 105-115° C.

GusTAFssON, B

40(1963)

UDC 621.3.054.3
LME 8414

CRONVALL, L: Economic Optimum in Design of Loaded and Unloaded
Telephone Cables. Ericsson Rev. 40(1963): 3, pp. 87—92.

The dimensioning of an unloaded telephone cable for physical circuits is
dependent on the desired attenuation and the resistance. But an economic
optimum problem is also involved. depending on how the cable cost at
the desired attenuation varies with the mutual capacitance and conductor
resistance.

In the design of a loaded telephone cable consideration must also be
paid to a number of technical factors, but an economic optimum problem
is again involved, If the plant is treated from this point of view, the
dimensioning of the cable can be undertaken separately and on the same
principles as for an unloaded cable.




The Ericsson Group

Associated and co-operating enterprises

+ EUROPE »

Denmark

L M Ericsson A|S Kebenhavn F,
Finsensvej 78, tel; Fa 6868, 1gm:
ericssans

Telefon Fabrik Automatic A(S
Kebenhavn K, Amaliegade 7, tel:
C 5188, tgm: automalic

Dansk Signal Industri AfS Keben-
havn F, Finsensvej 78, tal: Fa
6767, 1gm: signaler

Finland

O/Y L M Ericsson A[B Helsinki,
Fabianinkatu 6, tel: AB282, tgm:
ericssons, telex: 57-12546

France

Société des Téléphones Ericsson
Colombes (Seine), Boulevard de la
Finlande,tel: CH Arlebourg 35-00,
igm: ericsson

Poris 17e, 147 Rue de Courcelles,
tel: CARnot 95-30, tgm: eric
Ateliers Vaucanson, Paris XX, B.
P. 28.20,tel: MENilmontant B3-40,
tgm: atelcanson

Great Britain

Swedish Ericsson Company Lid.
London, W. €. 1, 329 High Hol-
born, tel: HOLborn 1092, 1gm:
teleric

Production Conirol (Ericsson)
Ltd. Lendan, W. C. 1, 329 High
Holborn, tel: HOLborn 1092,
tgm: productrol holb

ltaly
SETEMER, Soc. per Az, Rema, Via
G. Paisiello 43, tel: B6B.854,

86B.855, tgm: seiemer

SIELTE, Soc. per Az. Rema, C. P.
4024 Appio, tel: 7BOIZ1, 1gm:
sielle
FATME, Soc. per Az. Romo, C.P.
4025 Appio, tel: 780021, 1gm:
fatme

Netherlands

Ericsson Telefoon-Maatschappij,
M.V. Rijen (N,Br.), tel: 01692-555,
tgm: erictel, telex: 44-14354

Voorburg-Den Haag, 227 Koningin
lulianalaan, tel: 814501, fgm:
ericlel-haag, telex: 31109

Morway

AlS Elekirisk Bureau Oslo NV, P.B.
5055, tel: Ceniralbord 461820,
tgm: elekiriken, telex: 56-1723

AfS Industrikontroll  Osle 1,
Teatargaten 12, tel: Centralbord
335085, tgm: indtroll

AlS Morsk Kabelfabrik Drammen,
P. B. 205, tel: 1285, 1gm: kabel

A5 MNorsk Signalindustri Oslo,
Bygde allé 12, tel: Centralbord
56 5494, 1gm: signalindustri

Portugal

Socisdade Ericsson de Poriugal,
Lda. Lishoa, 7, Rua Filipe Folque,
tel: 57193, tgm: ericsson

Spain

Cia Espafola Ericsson, 5. A,
Madrid 13, Torre de Madrid 3er
piso, oficina 9, Plaza de Espaiia,
tel : 241 1400, tgm : ericsson

Sweden

Telefonakliebolaget L M Ericsson
Stockhelm 32, 1al: 19 00 00, 1gm:
telefonbolaget, telex: 19910

AB Alpha Sundbyberg, tel: 282600,
tgm: aktiealpha-stockhalm

AB Ermi, Karlskrona 1, tel: 23010,
tgm: ermibolag-karlskrona

AB Rifa Bromma 11, tel: 26 26 10,
tgm: elrifa-stockholm

AB Svenska Elektronror Stock-
holm 20, tel: 440305, tgm:
elecironics

L M Ericssons Driftkontrollaktis-
bolag Soinag, tel: 27 27 25, tgm:
ericdata-stockholm

L M Ericssons Signalaktiebolag
Stackholm Sv, tel: 68 07 00, tgm:
signalbolagat

L M Ericssons Svenska Férsdlj-
ningsakliebolag Stockhalm 1, Box
877, tel: 22 31 00, 1gm: allem

Mexikanska Telefonakliebolaget
Ericsson Stockhelm 32, tel: 190000,
tgm: mexikan

Sieverts Kabelverk AB Sundby-
barg, tel: 282860, 1gm: sieverts-
fabrik-stockholm

Svenska Radioaktiebolaget Stock-
holm 12, Alstrémergatan 14, tel:
22 31 40, tgm: svenskradio

Switzerland

Ericsson Telephone Sales Corp.
AB, Stockholm, Zweignieder-
lassung Zurich Zarich, Postfach
Zirich 32, tel; 325184, 1gm: tel-
ericssan

West Germany

Ericsson Verkaufsgesellschaft m.
b. H. Disseldorf, PosHach 2925,

tel: 844 61, 1gm: ericlel, telex:
41-8587979

« ASIA =
India

Ericsson Telephone Sales Cor-
poration AB Mew Delhi 1, P.C.B.
669, reg.mail: 1/3 Asaf Ali Road
(DelhiEstate Buiiding), 1el: 272312,
tgm: inderic

Calrutta, P. O. B, 2324, tel: 45-
4454, tgm: inderic

Indonesia

Ericsson Telephone S5ales Cor-
poration AB Bandung, Djalan
Dago 151, tel: 8294, 1gm: javeric

Djakarta, Djalan Gunung Sahari
26, tel: Kota 22255, tgm: javeric

Lebanon

Telefonaktiebolaget L M Erics-
son, Tachnical Office Beyrouth,
Rue du Parlement, Immeuble
Bisharat, tel: 252627, tgm: ellem

Turkey

Ericsson Turk Ticare! Lid, Sirketi
Ankore, Rumeli Han, Ziya Go-
kalp Cad., tel: 23170, tgm: ellem

Istanbul, Istanbul Biirosu, Liman
Han, Kat 5, Mo. 75, Bahgekapi,
tel; 22 81 02, tgm: ellemist

« AF

Egypt (UAR)
Telefonaktiebolagel LM Ericsson,
Egyp! Branch Cairo, P. O, B. 2084,
tel: 497 77, tgm: elleme

MNorthern and Southern Rho-
desia, Nyasaland

LM Ericsson TelephoneCo. (Pty.)
Ltd. (Branch Office of LM Ericsson
Telephone Co. Pty. Ltd. in lo-
hannesburg) Bulawayo, Southern
Rhodesia, P.O.B. 1974, tel: 64704,
tgm: ericssen
South Africa, South-West
Africa

L M Ericsson Telephone Co.Pty.
Ltd. Johannesburg, Transvaal, P.
O. B. 2440, tel: 975-3615, tgm:
ericofon

Tunisia
Telefonakliebolaget LM Ericsson,

Technical Office Tunis, Bolte Pos-
tale 780, tel: 240520, tgm:ericsson

« AMERICA =

Argentine

Cia Ericsson 5. A, C. . Buenos
Aires, Casilla de correo 3550, tel:
332071, Igm: ericsson

Cla Argenlina de Teléfonos 5. A.
Buenos  Aires, Peru 263, fel:
3050 11, tgm: catel

Cla Entrerriana de Teléfonos
S. A. Buenos Aires, Peri 263, tel:
30 50 11, tgm: catel

Indusirias Eléctricas de Quilmes
S. A. Quilmes FNGR, 12 de Oc-
tubre 1090, tel: 203-2775, tgm:
indelqui-buenosaires

Brazxil
Ericsson do Brasil Comércio e
Inddstria 5. A. Rio de Janeiro,

C. P. 3601, tel: 43-0990, tgm:
ericsson, felex: Rio 155

Canada

LM Ericsson Lid. Manireal 8, P.Q.,
2300 Laurentian Boulevard, City
of Si. Lourent, tel: 331—3310,
tgm: caneric, telex: 1-2307

Chile
Cla Ericsson de Chile, 5. A,

Santiage, Casilla 10143, tel:
825 55, tgm: ericsson-sanliago-
dechile

tgm: ericsson

Ecuador

Teléfonos Ericsson C. A,
Casilla 2138, fel: 16100, tgm
ericsson

Guayaquil, Casilla 376, tel: 1
fgm: ericsson

Mexico [
Be;éfu:os Erics;&;n S. A Mix
.F., Apartado 9958, tel: 464640,
tgm: coeric
Industria de Telecomunicacién
5.A. de C.V, México &, D.F., Lond=
res No. 47, tel: 250405, tgm: in«
dustel )

Peru |
Cia Ericsson S. A, Lima, Aparta
2582, tel: 34941, tgm: wri n
Soc. Telefénica del Perd, §, A,
Arequipo, Apartado 112, 1el: 6060,
tgm: telefonica

Uruvauay
Cla Ericssan 5. A, Monfevides,
Casilla de Correo 575, tel: 9-26-
11, tgm: ericsson ]

USA

The Ericsson Corporation New
York 17, M. Y., 100 Park Avenus,
tel: Murray Hill 5-4030, tgm;
erictel, telex: NY 224135

North Electric Co. Galion, Ohis,
P. O. B. 417, tel: Howard 8-2420,
tgm: northphone-galionohio, tel-
ex: 586-U

Venezuela

Cla Anénima Ericsson Caracas,
Apariado 3548, tel: 543121, tgm:
ericsson
Teléfonos Ericsson C. A, Caracas,
Apariado 3548, 1el: 543121, fgm:

tevela

* AUSTRALIA & OCEANIA o

Austrelia

L M Ericsson Piy. Lid. Melbourne
C 1 (Victorig), 20 Collins Stres!,
tel: 635646, 1gm: aricmel

MNorth Sydney (NSW|, 182 Blue's
Poinl Road, tel: 92—1147, tgm:
ericsyd

Teleric Py, Ltd. Melbourne € 1
(Victoria), 20 Collins Streef, lel:
635646, tgm: teleric

Narth Sydney (NSW), 182 Blue's
Pcint Road, tel: 92—1147, Igm:
teleric

Agencies

« EUROPE »«

Belgivm

Electricité et Mécanique Suédoi-
ses Bruxelles 5, 56 Rue de Stassart,
elecirosuede

tel: 111416, 1gm:
Greeace
“ETEP" 5. A. Commerciale &

Technique Athens 143, 57, Aka-
dimias Street, tel; 627.571, tgm:
aeler-athinai

lceland
Johan R&nning H(F Reykjavik,
P. O, B. 45 tel: 14320, tgm:
rénning
Ireland
Communication Systems  Lid.

Dublin 4, 138 Pembroke Road,

Ballsbridge, lel: &B0787 tgm:
crossbar
Yugoslavia
Merkantile Inozemna Zaslupsiva
Zapreb, Polt pretinaé 23, tel:
36941, tgm: merkantile, telex:
02-139

= ASIA -
Burma

Burma Astatic Co. Ltd., Ericsson
DepartmentRangoon, P.O.B. 1008,
tel: 10999, tgm: ericsson

Cambodia

The East Asiatic Company Lid.
Phnom=-penh, 0B, 129, el
762-1070-1071, tam: pyramide

Caylon

Vulcan Trading Co. (Private) Lid.
Colombo. 1, New Caffoor Building,
40, Church Street, tel: 36-36,1gm:
vultra

Cyprus
Zeno D. Pierides Larnaca, P.O.B.
25, tel; 2033, tgm: pierides

Hong Kong

The Swadish Trading Co. Ltd,
Hongkong, P. O. B. 108, tel:
35521-5, tgm: swedetrade

Iran

irano Swedish Company AB,
Teheran, Khiabane Sevom Esfand
18, tel: 367 61, 1gm: iranoswede

Iragq

Usam Sharif Company W.L.L.
Boghdod, Sinak-Rashid Street, tel:
E7031, tgm: alhamra

Japan

Gadelius & Co. Ltd. Tokyo C,
P. O. B. 1284, 1el: 40B-2131, tgm:
goticus, lelex: 19079

Jordan

The Arab Trading & Develop-
ment Co., Ltd. Amman, P, O.B.1,
tel: 25981, tgm: aradeve

Korea

Gadelius & Co. Ltd. Seoul,|.P. O,
Box 1421, tel: 2—9866, tgm : gade-
liusco

Kuwait
Latiff Supplies Lid. Kuwait, P, O. B,
67, 1el: 2404, 1gm: latisup

Lebanon

Swedish Levant Trading (Elie
B. Hélou) Beyrouth, P. O. B. 931
tel: 231624, tgm: skefko

Pakistan
Vulcan Industries Lid. Karachi
City, West Pakistan, P. O. B.

4776, tel: 325 04, tgm: vulcan

Philippines

U.5. Indusiries Philippines Inc.
Manila P. R., P. O. B. 125, tel:
889351, tgm: usiphil

Saudi Arabia

Mohamed Fazil Abdulla Arab
Jeddah, P. O. B. 39, tel: 2690, 1gm:
arab

Singapore and Malaya
The Swedish Trading Co. Lid.
Singapore 1, 42 Chartered Bank
Charnbers, Ballery Road, tel:
94362, 1gm: swedelrade

Syria

Georgiades, Moussa & Cie Da-
mas, Rue Ghassan, Harika, tel:
1-02-89, tgm: georgiades
Thailand

Ericsson Agency Office, Tele-
phone Organitation of Thailand
Bangkok, Ploenchitr Road, fel:
57036-8, 1gm: telthai

Vietnam

Yo Tuyen Dien-Thoai Viet-MNam,
Saigen, 34 Dai-lo Thong-Nhut,
tel: 20805, 1gm: telerad

» AFRICA «

Ethiopia

Swedish  Ethiopian Company
Addis Ababa, P. O. B. 264, tel:
11447, tgm: etiocomp

Ghana

The Standard Electric Company
Accrd, P.O.B. 17, tel: 627 85, tgm:
standard

Kenya, Tanganyika, Uganda,
Zanzibar
Transcandia Ltd. Nairobi, Kenya,

P. O. B. 5933, tel: 21931, tgm:
transcanda

Liberia

Swedish Agencies Liberia Co.
Monrovia, P.O.B. 506, tel: 745,
fgm: salco (Excepl sales o public
institutions)

Libya

The Gulf Trading Ce. Tripoli,
P.O.B. 417, tel: 5715, 1gm: gul-
traco

Mauritius
Mauritivs Trading Co. Lid. Port
Louis, P.O.B. 201, tgm: agentou

Morocco

Elmar 5. A.—SEYRE Tangier,
Francisco Vitoria, 4, tel: 122-20,
tgm: elmar

Taantia Sehim &3

Mozambique

1. Martins Marques Lourengo
Marques, P. ©. B, 456, 1el: 5953,
tgm: linsmarques

Migeria

ILP.T.C. (West Africa) Lid. Lages,
P.O.B. 2037, tel: 26531, 1gm:
consult

Svdan

TECOMA Technical Consulting
and Machinery Co., Lid. Khar-
toum, P.CO.B. BE6, tel: 2224, ext.
35, tgm ! sutecoma

« AMERICA -

Bolivia
Johansson & Cia, 5. A. La Paz,
Casilla 678, tel: 2700, 1gm: jo-
hanssan

Costa Rica

Tropical Commission Ce. Lid, San
Jos2, Apartado 661, fel: 3432,
tgm: troco

Curagao N. W. |,

5. E. L. Maduro & Sons, Inc.
Curagao, P. O. B. 172, tel: 1200,
tgm: maduresons-willemstad

Daminican Republic
Garecia & Gautier, C. por A.
Santo Domingo, Aparlade 771,
tel: 3645, tgm: gartier

Guatemala

Nils Pira Ciudad de Guafemala,
Apartado 36, tel: 62258, tgm:
nilspira-guatemala

Honduras

Quinchén Leén y Cla Teguci-
galpa, Apartado B85, tel: 1229,
tgm: quinchen

Micaragua
Edmunde Tefel Managua, D.N.,
Apartado Postal 24, tel: 3401,
1gm: edfelco

Panama

Sonitel, S, A. Panama, R. de P,
Apartado 4249, 1el, 5-3640, tgm:
sonitel

Paraguay

5. A. Comercial a Industrial H,
Petersen Azuncién, Casilla 592,
tel: 9868, tgm: pargirade

Puerto Rico

Splendid Inc. San Juan, P. O. B
4568, lel: 3-4095, 1gm: splendid

El Salvador

Dada-Dada & Co. San Salvador,
Apartado 274, tel: 4860, tgm:

dada

Surinam ]
C. Kersten & Co. N. V. Pare
maribo, P. O. B, 1808, tel: :
tgm: kersten

Trinidad, W. L. p
Leon J Aché Lid. Perf-af-Spaify
100 Frederick Street, fel: 32357
tgm: achegram

usa

Clark Walter Caorporation New=
ark 2, N. J., 744 Broad Stres
tel: Mitchell 3-7333, tgm: wirs
walter-newarknj. (For inte )
State Labs. Inc. New York 3, N. Yo,
215 Park Avenue South, tel: Ore
gon 7-8400, igm: statelabs (
electron tubes)

s AUSTRALIA & OCEANIAs

MNew Zealand
ASEA Electric (N Z) Ltd. Welli

Marris

354, !.__. -
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A United States Air Force Four-wire
Electronic Switching Development

F KOZIEN & R C BENOIT, JR.,

Fig. 1 X 784
Factical version of Central Office showing
shelter design and transportation

106

ROME AIR DEVELOPMENT CENTER, GRIFFISS AIR FORCE BASI

UDC 621.395.345
LME 83024
The Central Offices, Telephone, Electronic AN/ FTC-27-29 and AN/TTC-19
& 20 are high speed 4-wire circuit switching equipments which have been
implemented by the United States Air Force for universal use in tactical and

fixed plant environments, See figy. | and 2

Their design iy based on the Time-Division-Multiplex Technigue and in as
voctation with the Highway Switching Principle 1o provide the switehing and
transimission network. They are fully ransistorized and adaptable for applica-

ticnt in local, randem and long hawd switcling nodes

The transnussion characteristios of this equipment are such that it is directly
compatible with anv transmission neiwork rthat consists of HF, VHF, UHF,
troposcatier, nicrowave or metallic circwdts with or without carvier multiplex
or a combinaton thereof for processing voice, digital dara, graphics, ete., with
a quality berrer than present commercial srandards. frs high quality trany
miission characteristioy make it wseful for insertion into a military convnunica
tion system consisting of six tandem linky of approximately 6,000 miles, where

the lengrh of a tvpical Tink may be as much as 2,500 miles
These equipmenty have been extensively factory and field tesred with highly
vatisfactory resulty and I,m':'\r'nr'f’_\ wre HlJJr_fd.".f.f‘H{IH within wn ."Hr’t'_s,’lf'h'.l‘luJ svsten

crviromment performing local and long haul tandem switehing functions

Introduction
The requirements and nature of military communications systems are radi-
cally changing in light of new technology and operational concepts. Until very

recently. practically no automatic switching equipment with alternate routing




was in operation in the military network. The military network consisted of

direct trunks between manual switching centers and point-to-point trunks (hot
2 lines). When alternate routes were found necessary, manual patching or manual
re-routing was adopted as the standard mode of operation. Moreover, in the
event of critical requirement in the military network, a duplicating alternate
back-up facility which duplicated the normal one was provided; one carrying
traffic while the other was on stand-by. This mode of operation was slow.
unreliable, inefficient and costly and most important. could not cope with the
present as well as future tactical and strategic concepls of communication

Existing commercial equipments did not possess the flexibility, speed. trans-
mission characteristics, features and survivability required to comply with the
unigue communication requirements for a quick reaction. positive control and
real time communication system as imposed by today’s nuclear and space age.

To fulfill these requirements, the United States Air Force, in association
with the North Electric Co., and its parent organization, L M Ericsson, under-
took a task for the design, implementation and production of a fully solid state
l' switching center. The degree of success achieved by this task resulted in the

delivery of six fixed plant and nine mobile switching centers for integration
/ into a system complex, At the present time these switching centers are opera-

tional in a six-site system configuration and are satisfactorily supporting the
Fig. 2 <251 Intended system operational requirements.

Equipment bay housing four racks

Discussion

The AN/FTC and AN/TTC series equipments are electrically, operationally
and functionally the same. the basic difference being in the packaging and the
degree of complement with respect to line terminations, trunk terminations.
number of registers. number of highways, etc. The smallest switching center.
which 15 a nomnal 100-line system, is a suitably depleted version of the
nominal 330 line umt. The largest version provides 504 line appearances.
allowing 402 external lines, including trunks. The balance is used for registers.
conference circuits, test lines, etc.

Switching Technique

The switching network utilizes the Time-Division multiplexing technique
in combination with the Highway Switching Principle. In accordance with this
principle a number of subscriber lines. together with incoming and outgoing
trunks, are connected to a common highway by means of individual line
contacts. Each incoming highway is interconnected with each outgoing by
means of inter-highway contact switches. Switching between any input and
output is established by closing the respective line and inter-highway contact
switches periodically in synchronism during very short ume intervals or time
slots. By timesharing the common transmission path in this way. a number
of connections corresponding to the number of time slots or pulse positions
can be established. A total of 36 hne terminations and 20 puise positions
(links) per highway (Full Duplex transmission path) have been found to be
suitable from the transmission and traffic handling point of view

Transmission

The voice frequency inputs are pulse amplitude modulated (PAM) at a
12.5 ke/s repetition rate which 1s derived from a 250 kce/'s master clock. Each
sample is of a 4 microsecond duration and occurs at a frame repetition rate
of 80 microseconds, The 4 microsecond sample includes a guard time of 2
microseconds to discharge the highway of any residual charges and ready it
for the succeeding pulse position, thus limiting the crosstalk between pulse
positions to an absolute minimum. The resonant transfer technique is utilized
to transfer energy from input to output with a minimum loss of energy.
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Fig. 3
Response
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Delay distortion

Transmission Characteristics

Typical attenuation distortion (response) and delay distortion curves for a
transmission path through the switching center are as shown in fig. 3 and 4.

The attenuation distortion is approximately 0.08 db. while the delay distor-
tion 15 approximately 10 micro-seconds over the frequency range from 325 to
3,450 ¢fs.

Insertion loss at 1.000 ¢/s resulted in a mean value of 0.044 db with a
standard deviation of 0.071 db.

An input return loss average of 32.05 db was attained at the low end of the
frequency range and 27.23 db at the high end. Corresponding figures for the
output return Joss were 26,71 db and 39,55 db, It may be mentioned, since
these measurements were taken, that additional adjustments of circuit values
have further improved the margins at the ends of the frequency band, which
are the most critical frequencies for return loss,

Idle channel noise is better than 15 dba (F1A weighting).

Only the worst cases of equal level crosstalk will be mentioned. Other
crosstalk levels have been found to be so low that measurement results were
obscured by errors in the test equipment. Contrary to what may have been
expected, crosstalk from one time slot to the succeeding one is very low (better
than 75 db crosstalk attenuation). The worst case encountered is crosstalk
hetween the send and receive circuit of the same connection. often referred to
as near-end crosstalk, where the average of 84 measurements was 69 db. The



corresponding average figure between other transmission paths in the same
or adjacent time slots, but between two highways, was 76.7 db.

Other transmission characteristics that may be of interest are harmonic
distortion and intermodulation distortion. The total harmonic distortion at
—4 dbm test tone level averaged — 63 dbm. The rom.s. sum of intermodulation
products due to two equal level test tones of — 7 dbm cach. averaged — 57 dbm.

Functional Capabilities

The specific requirements placed on the equipment have necessitated the
incorporation of many special and unique features. A prime feature of the
system design as a whole was, however, the degree ol rehability and route
accessibility which called for a duplication of control equipment and power
supphes together with a dispersion of facihities on a number of highways.
These and other considerations made the introduction of the following features
necessary.

The MDF patching and cross-connection procedures have heen superseded
by a number group memory of semi-permanent type which allows an arbitrary
assoclation of catalogue and exchange line number. The number group also
contains code words designating different features which can be associated
with a line.

A memory of similar type is used to store routing information for register
use. The registers are capable of automatic alternative routing of inter-office
calls. One prime and two alternative routes may be provided by the register.
At tandem points a restriction code may be introduced to restrict the number
of alternatives.

Fach trunk group or route may be divided into two parts, one for data
transfer and one for normal telephone traffic. This is required due to the
incorporation into the system of a data transmission and switching capability.

A feature of the system 1s that all requests for feature services are checked
before execution by the common control equipment. This makes 1t possible to
use only one type of standardized keyset on all telephone instruments. the
allocation of facilities being controlled by the number group.

Priority and pre-emption are features which may be allocated any given
extension. If all registers are busy, a call from a priornity privileged extension
will pre-empt a non-priority extension holding a register. Similarily a priority
call will pre-empt any non-priority call in progress. should a switching path not
be available at the tme. Pre-emption extends even to trunks. The priority over-
ride and pre-empt feature is only resorted to at the request of the extension at
the commencement of a call. All paths and trunks used in a priority connec-
tion are priority-marked.

Only one level of priority is allowed.

A short priority pre-empt warning tone is sent to the conversing parties,

A feature of the switching equipment that is unique 1s the capahility for
switched hot-line operation used in order to obtain the operational charac-
teristics of a direct connection while retaining the advantages of efficient trunk

utilization and alternate routing.

The number of the party to be called from a stored address extension is
stored in the number group. This stored address number 15 transferred to the
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register immediately the calling party goes off hook. thereby allowing the
register to establish an immediate connection with a predetermined subscriber
by a direct or alternative route. Extensions programmed for this service are
assigned priority privilege and receive priority request from the stored address
S0 as to assure availability of a connection in the event of traffic congestion

An assistance operator 1s provided. This service may be accessed by keying
00. From this position foreign networks may be accessed and other operator
services performed,

Upon receipt of spurious digits or non-assigned numbers, the calling party
s automatically routed to an intercept operator. This also occurs when severe
blocking conditions are encountered on trunk calls.

A subscriber may test his own telephone instrument and line equipment by
keying a special code (02) which causes the transmit and receive pairs to be
interconnected at the exchange. This feature is also used for routine testing
of the exchange.

A further feature of the system is its priority ringing signal. The non-
priority ringing signal is an intermittent signal while the priority ringing signal
is continuous, thus enabling the called party to distinguish between the two.
There is also a difference in the phase of the ringing tone but this is used only
for iterpretation purposes in machine subscriber sets,

All subscribers of the electronic switching center can establish conference
calls. Each keyset is equipped with a “C" button which is depressed prior to
keying the required subscriber’s number. The conference originator controls
the conference and can add or change conferees at any time without releasing
the conference unit. Conferences may be established either on a priority or
non-priority basis, Nine five-party conference circuits are provided.

Conference connections are established through the switching center in the
normal way between end instruments and the conference unit. The conference
unit i1s equipped with amplifiers in an active hybrid arrangement. thereby
maintaining transmission quality essentially at the same level as that for
normal party to party connections.

A portable read-write unit may be connected to the number group or the
register translator in order to program the switching center. To enter directory
number. class of service and “stored address™ information it is connected to
the number group, while office code and trunk routing may be entered if it is
connected to the register translator. The read-write unit may be used to read,
write or erase information in the appropriate memories by operating keys on
the control panel.

Instrumentation

In a system using advanced electronic techniques, the problem of “on-line”
maintenance must be given special consideration. This is particularly true
when the system. unlike electronic computers. is allowed no programmed
down-time. To cope with this problem. special emphasis has been given to
trouble indication devices and fault location methods. An automatic routine
tester is used to continuously monitor the overall performance of the center.
It i1s connected to a line on each highway and sequentially places test calls in
all comhinations, including simulated trunk calls over a MDF patch loop. It
checks levels and frequencies of all supervisory tones encountered and
attenuation and phase shift of each established connection, after first testing
the noise level on the speech path. Any objectionable crosstalk is also detected
in this manner.



Register monitoring equipment enables all registers and receivers to be
monitored. tested, blocked and unblocked.

A marker test set is provided to determine the status of the marker at any
instant. In the event a marker stops during its program. it will display the
address to the instruction memory in the marker at the point of failure. It will
also read out the terminal number and directory number of the line involved.
and the state of various logic circuits and flip-flop memories. describing the
exact state of the equipment at the time of fatlure. It may also be used to
manually step the instruction program and to manually read, write or erase in
the contact memory.

While 1t may appear difficult to trace a call in a TDM switchboard. with
the marker test set it is possible to completely trace a call through the center
The marker test set has a built-in search routine which may be applied to the
marker. The marker. being able to read the contact memory information. can
provide read-outs to the marker test set. Knowing one terminal number to
which 1t 1s connected. the other may be determined in a matter of seconds as
well as the time slot used and other pertinent data.

Reliability

In order to achieve a high degree of reliability. all common control equip-
ment has been duplicated. In the event of failure of the primary unit, auto-
matic switchover to the standby unit takes place. Included in the common
control equipment group for this system are: marker. scanner, number group.
pulse distribution, and registers.

Traffic Metering

An electronic center that uses memory devices is ideally suited for the
application of traffic measuring techniques. In this center the line supervision
memory contains up-to-date information on the state of any line in the
switching center and the number group continuously provides the access
number. Advantage is taken of this information storage to provide traffic
metering equipment that will, on demand. provide accurate information on the
traffic status of the switching center.

Storage (Memories)

The storage devices are composed of ferrite core matrices. There are two
types of memories, the non-destructive and the destructive types.

The non-destructive type is utilized to store semi-permanent information
relating to the directory number, class marking. routing. etc.. and cannot be
destroyed due to power failure or other faulty criteria. The destructive type
is utilized to store information which is utilized only for the duration of the
call and is erased (cleared) to accept new information for processing new
connections, Typical examples are the line supervision memory and the
contact memaories.

Numbering Plan

The numbering plan was designed with a maximum number of five digits;
the first two for office code and the remaimming three digits designating the
station number within a particular office.
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In order to permit subscribers to key only the 3-digit station code for local
calls, the numbering plan was arranged as follows:

Office Codes Station Numbers
X IXX
6X 2XX
7X IXX
8X 4XX

Special Codes
' Access code for conference
P Code for priority
9X  Reserved for future use (access to foreign networks, etc.)
0X  Access code to operators and special lines

Note: in the above X" indicates any digit.
Although S-digit numbering i1s needed for inter-office dialling, calls originat-

ing and terminating within the same office can be completed by keying either
the 3-digit station number or the complete 5-digit directory number,

Line Signalling and Supervision

Request for service from subscriber lines is accomplished by means of a
direct current loop closure as in conventional systems.

Digit signalling from the subscriber instrument to the central office uses
multi-frequency tone signals consisting of a dual-frequency tone for each
digit and auxihary signal. The frequencies used are from two groups of fre-
quencies as follows:

Group 1 Group Il
1.020 ¢/s 1,620 ¢/s
1.140 ¢/s 1.740 ¢fs
1.260 ¢/'s 1.860 ¢/s
1,380 ¢/s 1.980 ¢/s

The above frequencies are combined (one frequency from each group) to
represent the digits (0-9) in addition to the auxiliary signals in accordance
with the following table,

Tt!h!rt’ i
Digit or Auxihary Signal Frequency (c¢'s) Comments
I 1.020 plus 1,620
2 1,020 » 1,740
3 1,020 »  1.860
4 1,140 » 1.620
5 1,140 » 1,740
6 1,140 »  1.860
7 1.260 » 1,620
8 1,260 » 1,740
o 1,260  » 1,860
() 1380 » 1,620
P 1.380 » 1,740 Priority Request Signal
C 1.380 » 1,860 Conference Access Signal

To gain freedom from the d.c. circuit limitations of metallic circuits and for
compatibility with non-metallic circuits, d.c./tone signalling converters are
provided. These converters automatically detect seize and release signals and
convert them to their respective modes.
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Fig. 5
Desk subscriber set

Trunk Signalling and Supervision

To handle inter-office calls requiring trunk connections, each trunk line is
provided with a voice frequency signal detector in lieu of d.c. loop detecting
means. This enables non-physical circuits to be used for trunking. By proper
selection of the trunk supervisory signal and by careful design of the voice
guard circuit, a single frequency supervision signal has been adopted for both
seizure and release between switchboards. The chosen frequency and its
characteristic 1s as follows:

Signal — Frequency 2,400 ¢/s
= 2 i plus
o o = 1 i { -
Seize Signal 80 ms s 20 ms
. 3 plus
Release Signal — 600 ms . 75 ms
minus

The seizure signal is transmitted as a continuous tone until an acknowl-
edgement re-start or proceed-to-send signal 1s received. The register will
then proceed to transmit the digital information. Each digit is initiated either
by a re-start signal or a proceed signal from the receiving center. The proceed
signal indicates that the next digit in the sequence shall be transmitted and the
re-start signal indicates that the number shall be retransmitted from the be-
ginning. The inter-register digit signals are the same as those used for the
subscriber key sets. Upon receipt of a digit the receiving register sends the
frequency complement to the originating register by way of acknowledgement.

The complementary acknowledgement and the proceed-to-send signals for
each individual digit provides a means of error detecting and checking and
insures that the digit has been correctly received. By this means a digit signal
which is faulty when received may be called for repeatedly untl correctly
received. The employment of specific proceed-to-send signals enables the
signalling facility to detect missing digits due to premature or faulty dialling or
other anomalies, such as fadeouts. In addition to these safeguards. the uniform
two-element content of the two-out-of-eight frequency codes 1s self-checking
in itself because the absence of one of the frequency elements or the presence
of a third indicates a false signal. The digit frequencies are the same as out-
lined under line signalling.

Terminal Instruments

A variety of subscriber sets are being provided together with the electronic
switchboard. These subscriber sets are designed to satisfy the specific demands
of the various users. A desk subscriber set with push button dialling and tone
ringing will normally serve the administrative requirements of the system.
Priority ring signal is distinguished as a continuous rather than interrupted
signal. This 15, however, a feature of the switching center rather than the end
instrument (fig. 5). The set will have a priority button so that priority calls
can be originated, and a conference button which provides the user with access
to the conference facility in the switchboard.

The second subscriber set is called a field subscriber set. fig. 6. and has all
the features of the desk set in addition to being ruggedized to meet all the
environmental requirements of a military communication system. In addition,
the field subscriber set may be equipped with a local battery for direct point-
to-point operation.

The third subscriber set is tailored for radar console usage. fig. 7. It is
called a console subscriber set and will be mounted as an integral part of a
console. It consists of two parts: a control panel in an island in the center
shelf of the console. and a central facility mounted inside the console itself.
The control panel provides the operator with a series of push buttons which
give him complete control of the audio input and output to his position. The
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Fig. 6
Field subscriber set

Interior yiew

Fig. 7
Radar console subscriber set

Control panel
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central facility houses all the electronics controlled by the operator. The
console subscriber set uses a modularized construction in keeping with the
remainder of the consoles. The extent of the communication requirement in
each console 1s therefore governable by the task which the console operator
has to fulfill. The control panel can have up to seven lines terminating at the
switchboard. Two of the lines are for normal telephone calls. The others are
reserved for ground-to-air radio sets at any remote location. Associated with
each radio line unit will be the stored address of the radio set and the switch-
board to which it is connected. When placing a call to an aircraft, the operator
will have a visual display of the site from which he can best communicate. He
will then select the line unit reserved for that site and push the stored address
button for his prime radio set. In the event of radio equipment failure he
may instead select a multi-channel radio set at that site by using another stored
address for an alternate radio set. He will then use his key punch to channel




Fig. 8

Machine subseriber set

X

440

the radio set to the frequency of his choice. When calls originate from an
aircraft, they will always appear at a line unit which 1s associated with a
particular site

In addition to those stored addresses already mentioned. the console operator
may store up to eight other addresses of parties frequently called. The stored
address feature will allow ringing to start at the called party within one second
from the time the button is depressed. For calls other than those for which an
address has been stored. a key punch is provided. The console operator may
also elect to place priority calls and conference calls as explained before. He
will have a push-to-talk button for radio sets and a special identification code
lamp for radio sets which assures that equipment is ready for use. In addition.
he will have a hold and a release button.

At a radio set a special device is necessary to take the place of an operator,
We call this device a machine subscriber set, fig. & When a call comes in
from an aircraft. the ground receiver squelch or carrier operated relay will
send a signal to the machine subscriber set which in turn will send an off-
hook signal to the switchboard. The line circuit in the switchboard will have a
stored address for that console subscriber set which is responsible for that radio
set. When a ring trip is returned, a special identification code signal will be
exchanged. If a ring trip signal and the identification code are not received
within five seconds, an alarm will sound at the machine subscriber set so that
an attendant may assist. When a call is placed from a console subscriber set,
the machine subscriber set will detect ringing. return ring trip. and exchange
the 1dentification code. The machine subscriber set also has two detectors for
carrier-on. carrier-off control generated by the push-to-talk button in the
console subscriber set



Crossbar P.A.X.
for 16 and 30 Extensions

G STEIMAR, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

UDC 621.395.2
LME 8354

The high reliability and speed of the crosshar switeh has made it one of the
most important components both in public and private relephone exchanges
.M Ericsson hay used the crosshar switch in ity 16 and 30 line P.AX ., denored
ARD 624 and ARD 636

PAX. types ARD 624 and ARD 636 require httle maintenance and are
simple to install. Being silent in operation and taking up little space, they can
be placed in any office room. Normal dial telephones are used with these
P.AX

ARD 024 (fig. 1) 1s designed for 16 extensions and two connecting circuits

ARD ni6 (fig 2) is designed for 30 extensions and four connecting circuits

e

Fig. 1 W #1451 ; ’/"-"’j
. 2 R
P.AX. ARD 624 |

(right) with cover remoyed
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Fig. 2 X 7890 In their standard form these P.A.X. are equipped for the following facilities
P.AX. ARD 636

{right} with cover rémoved

Ordinary dialled calls

Inimediate access to extensions 30 and 34-39 in the 30-line system by
dialling the last digit alone. The extension numbers 1n the 16-line system
are 2-9. 11-18. and in the 30-line system 10-39. The single digit numbers
for immediate access should be allotted to extensions who receive large

numbers of calls.

Prioriry, 1.e. the facility of entering an engaged circuit. Can be provided
for any required number of extensions by simple strapping arrangements

First party releave, implymg that an extension s free for a new call as

soon as he replaces his handset
The following additional facilities can also be provided:

Tie lines (FDR-X) to other private automatic exchanges. Tie line calls are

preceded by a single-digit code
Voice paging. requiring the addition of a relay set PSR.

Triangular cally, One or more extensions can be equipped with a relay set
KFR, permitting the entry of a third party into an established connection
(conference calls). This facility occupies one hne position in the multple, and
an extension possessing the facility must have an carth button

In the course of a conversation he can ring up a third party on the extra
line by pressing the earth button, and all three extensions can then converse
with one another.
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Fig. 3
Battery eliminator BM™ 2424

(below) with cover removed

[z2] REG

Fig. 4
Switching diagram

BR  Cut-off relay

1D Identifier

REG Rugister

SNR Connecting circuit
s Finder

LY Final selector
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Mechanical Design

The components—crossbar switches. relays. capacitors, etc.—are of the same
design and high quality as in L M Ericsson’s public telephone exchanges. The
components are mounted on a wall rack with hinged frame (figs. 1-2) protected
by an enamelled steel cover. Owing to the accessibility of the components and
the small dimensions of the racks, the switchboards are permanently wired in
the factory.

The dimensions of the switchboard are:

ARD 624: height 860 mm. depth 205 mm. width 260 mm

ARD 636: height 840 mm. depth 200 mm. width 620 mm

Fuses and terminal blocks for jumpering and strapping are assembled on a
single bar

All details of the switchhoard are designed to withstand severe climatic
conditions. All cabling consists of plastic-insulated wire.

Power Equipment

I'he operating voltage, 48 V. 1s normally obtained from a battery eliminator
which also produces the necessary buzzer tone (100 cycles) and ringing current.
A suitable battery eliminator is BMN 2424 (fig. 3). which delivers a voltage of
48 V and a maximum current of 2 A. The unit has tappings for 110, 127, 150
and 220 V. 50-60 ¢'s. The Y0 V ringing voltage is obtained from an extra
winding on the unit’s transtformer. If desired. the P.AX. can be operated off
a battery and charging unit for 48 V. in which case a ringing voltage unit will
be required in addition.

Operation

When an extension raises his handset, his line is identified by 1D and is
connected via an SNR to REG (fig. 4). which returns dial tone. If dialling
does not start within 5 seconds. or if the time between the first and second
digits exceeds 5 seconds. REG s released and busy tone is returned to the
extension via SNR

After the number has been dialled. REG ascertains whether the called ex-
tension is free or engaged. If free. it is connected via LV to the connectling
circuit, REG s released and the first ringing signal 1s sent. This 1s followed
by intermittent ringing signals, and the caller hears ringing tone. When the call
1s answered. the ringing signals cease and connection 15 established. If the ex-
tension s engaged, REG 1s released and busy tone 1s returned to the caller
from SNR.

It a priorty extension calls an engaged extension, REG releases and busy
tone 1s returned as before. but the caller can enter the connection hy dialling
an additional digit. A warning tone is then sent to all three parties. If the
priority extension replaces his handset. the warning tone ceases and the
original conversation can continue

Since the exchanges are designed for first party release. an extension 1s free
for a new call immediately after replacing his handset.

On tie line calls SNR s through connected and the current feed is taken
over by FDR-X.



Installation and Maintenance

These exchanges with their small dimensions and permanent cabling are
very simple to install. The backplate is first erected on the wall and the equip-
ment frame is then screwed onto it The power leads and extension lines are
connected o easily accessible terminal blocks. Once the necessary strapping
has been done according to the customer’s wishes, the PA X is ready for
testing and putling into service.

Switchboards with mechanical selectors require regular preventive main-
tenance if they are to operate satisfactonly, Preventive maintenance 1s un
necessary with crossbar switchboards and their maintenance costs are theretore
very low. If the P.A X, has been thoroughly tested at the tme of instailation.
the only mamtenance required under normal conditions should be an annual
inspection and check-up of the power equipment

Technical Data

The operaring voltage for the switchboards 1s 48 V. but voltage fluctua-
tions between 42 and 56 V can be admitted without jeopardizing their opera-
tion.

Current consymption about 0.4 A per conversation. Maximum current
consumption during switching 1 A.

Line dara. The loop resistance may be [.100 €} including the resistance of
the telephone instrument.

The leakage resistance between the two legs of a line or between one leg
and earth may be as Jlow as 25,000 (),

Feed

The feed coils have a resistance of 2 - 400
2 %250 ©).

. which can be adjusted to

Main Features of P.A.X. types ARD 624 and ARD 636
1. High traffic handling capacity and rapid switching

2. Practically no maintenance

3. Silent operation

4. Priority for any desired number of extensions

5. Connection of tie lines

6. Voice paging

7. Triangular conversations, 1e. entry of a third party into an established
connection

& Immediate access to certain extensions hy dialling one digit
9. Wall mounted
10. Supplied by battery eliminator

11. Simple wiring,
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Transistorized Repeaters for Physical

Circuits

L ELARSSON, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

Line
1
Fig. 1 N 2728
2W 2W intermediate repeater
Line Exchunge
A
Fig, 2 a7ag

Fig. 3 x 2730

2W 2W terminating repeater
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UDC 621.375:621.395
621.382.3
LME 84111

Different types of repeaters for physical circuity have been included in
L M Ericsson's manufacturing program for a long time. The new repeater
which has been developed differs from the carlier ones in that the units have
heen built up on printed wiring boards and the amplifiers have been transis-
torized. The lavour of a bay with new repeaters has been adapted for use in

loaded runk lines in a network with subscriber trunk dialling .

Repeatery for loaded trunk lines have been in use in the Swedish telecom-
munications network for a long time. The specifications for this repeater have
therefore been worked out in intimate collaboration with the Swedivh Board
of Telecommunications. In addition, the repeater fulfills the recommendations

of CCITT, where applicable

Arrangement

Repeaters for two-wire physical circuits can be divided nto two types
depending on their use.

The first type consists of repeaters for long rural lines. The feature of this
type s that the amplifier gain should be high. These repeaters are most
surtably designed as 2 wire 2 wire (2 W 2 W) intermediate repeaters, see fig. 1.

I'he second type consists of repeaters for the physical circuits which are in-
cluded 1n a trunk connection. The feature of this type is that the amplifier
gain should be relatively low. The importance of this group increases at the
same rate as subscriber trunk dialling 15 introduced. In the case of automatic
operation over trunks, the requirement that the equivalent of transit routes
shall be low s made more stringent

in generzl only one repeater s required per line. The best location of such
a repeater is usually at one of the ends of the line. There is thus a demand
for terminating repeaters. In the case of 4-wire operation in transit exchanges.
the hybrid and balance network which would otherwise be nearest the exchange
are omitted. Such a repeater is called 2 wire' d wire (2 W 4 W) terminating

repeater, see fig. 20 A 2 W2 W terminating repeater is shown in fig. 3.

In order to satisty the demand for these two types economically, the new
repeater can either be mounted in a bay or in independent shelves.

A bay for up to sixty terminating repeaters. see fig. 4. has heen arranged
with a view to its use in trunk circuits,

A shelf accommodating two intermediate repeaters. see fig. 5. has been
arranged with a view to its use in rural circuits. The shelves can be assembled
in bays or wall-mounted frames together with power supply equipment.

In order that the field of use of the repeaters shall be as universal as
possible. no special type of signalling repeater has been included in the repeater
equipment. A facility has instead been provided of connecting the signalling
equipment to the capacitors at the middle of the centre tapped transformers.



Fig. 4
Repeater hay ZDA 801

Fig. 5
Repeater shelf ZDA 6401

Line transformers are normally used to match the impedance of the line to
the exchange or to make use of the phantom circuit in quad cables. Difficulties
may arise when adjusting the amplifier balance 1f amplification s to be in-
troduced into a circuit with line transformers. In general. an extra line trans-
former must be included between the hybrid and balancing unit. In the new
repeaters, the need for line transformers has been avoided by matching the
line and balance windings of the centre tapped transformers direct to the line
impedance. To obtain sufficient balancing for the phantom circuit, the trans-
formers have been wound so as to be double balanced. Such a transformer is
termed a line and hybrid transformer. The circuit diagram for a transformer
with centre tap for direct connection to the phantom circuit 1s shown in fig. 7.
Fig. 8 shows the circuit diagram for a transtormer with capacitors at the
centre tappings of the line and balance windings. Such a transformer 15 used
in those cases when one has to extract sub-audio frequency signals to a
signalling repeater. The output for the phantom circuit 15 obtained in this case
from the signalling repeater

The hine and hybnd transformers are mounted on printed wiring boards
with aluminium dust covers occupying one width module, see fig. 6. The trans-
formers are wound on toroidal cores and two transformers are cast in one
plastic block

The maximum amplification which can be used in a repeater 1s mainly
determined by the capacitive crosstalk in the cables. In practice. not more
than about 18 db (2.1 N) gain can be introduced in the case of a 2 W2 W
intermediate repeater or about Y db (1 Nj) gamn m the case of a terminal
repeater. With a hybrid loss of 3 db (04 N), the amplhtfier m a 2 W2 W
repeater has to have 24 db (29 N) gain and 12 db (1 4 N) gan in the case of
2 W/4 W repeater. If the 2 W/4 W repeater is to be used with pad swiiching
to provide excess gamn toward the unamphfied network. then in this case
there 1s also a use for amphfiers with 24 db gain. The amplifier used in the
repeater has a maximum gain of 24 db. The gain can be varied in steps of
0.1 N n the range 19 db 1o 24 db by using U-links. Coarse regulation of the

gain can be made with hixed pads in the bay side

For equalizing the hine attenuation at high frequencies the amplifier feed-
hack circuit has been made frequency dependent so that the gain ncreases at

high frequencies. This increase of gain can be regulated by using U-links

The frequency characteristics of the amplifier with and without the equaliz-
ing circuits are shown n fig. 12, When changing from one equalization graph

to another, the gamn at 800 ¢ s remains practically constant
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The amplifier unit also contains a low-pass filter for giving the repeater a
suttable upper cut-off frequency related to the cut-off frequency of the line,
This is designed so that the two amplifiers in an intermediate repeater must be
provided with filters. In a terminating repeater where the possible gain ob-
tainable in practice is less. only one amplifier need be provided with a low-
pass filter,

The frequency responses of the different filters are shown in fig. 13

An amplifier with filter is shown in fig. 9. On the short side of the unit will
be seen the U-links for adjustment of the amplifier gain and for the equalizing
circuits.

From the technical point of view. the amplifier can be described as a two-
stage d.c. coupled transistorized amphifier with bridge negative feedback at the
input and output. Not only the gain but also the input and output impedances
are thereby stabilized.

The adjustment of the balance has been made particularly clear by its
It 1s built as a Hoyt type
balance where the values of the different components can be varied by means

method of mounting on a printed wiring board

of straps. see fig. 10 b, The range of adjustment of all components except the
inductance 1s so large that it covers all practical applications. The range of
adjustment of the inductance values corresponds to the most usual loading

values

In the case of 2 W2 W terminating repeater. the hybrid transformer lying
on the exchange side need not fulfill such stringent requirements as the lme
and hybrid transformer on the line side. Furthermore the balance need not
have the same strapping facilities as a Hoyvt Balance For this case a 4 W
terminating unit having 600 ohms impedance toward the exchange side with a
built-in compromise balance 1s available.

The Bay

The repeater equipment in the bay (fig. 4) occupies fifteen shelves containing
sinty 2 W 4 W terminating repeaters and four shelves containing supplementary
equipment. A picture showing details of a shelf with terminal repeaters is shown
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in fig. 11. Each shelf contains four repeaters. The pads for coarse adjustment
of the gain are located at the left hand side of the bay front. To the left of
these are located test jacks for checking the gain of the repeater amplifiers or
for monitoring purposes. The common fuse for all repeaters mn one shell s
located at the right hand side of the bay front

IT the repeaters are to be arranged as 2 W/2 W terminating repeaters. the 4 W
terminating units must be placed in the shelves for supplementary equipment,
This does not cause any inconvenience as the wiring from the four-wire side ol
the 2 W 4 W repeaters is cabled via these shelves. Connection s thus made at
the same time as the 4 W terminating unit s plugged into its position in the
bay. The 2 W 2 W intermediate repeater can be built up in two ways. The first
way Is to connect two 2 W4 W terminal repeaters together. This connection 1s
obtained by replacing the amplifiers in one of the repeaters by a special
dummy unit. In this arrangement the bay only can accommodate thirty inter-
mediate repeaters. The second way 1s to place the hine and hybrid transformers
in the shelves for supplementary equipment. The 2 W4 W repeaters are therchy
supplemented with line and hybrid transtormers on the four-wire side. In
this case the extra balances must be placed outside the bay

As mentioned previously the hybrid transformers are also designed as line
transformers. This means that the wires in each incoming quad must be kept
together right through to the transtormers. The wiring to the transformers in
the bay has therefore been made with quadded cable

In addition to the repeater equipment the bay contains a telephone unit,
speaker circuit jacks, alarm unit. terminal strips and power supply equipment.

Shelf

The shelf fig. § provides space for mounting two 2 W2 W intermediate
repeaters. A 2 W/2 W terminating repeater is obtained by replacing one of the
line and hybrid transformers in a repeater by a 4 W terminating unit and a
2 W 4 W terminating repeater is obtained by replacing one of the transformers
by a dummy unit. The shelf can be mounted in a bay or on a wall-mounting
frame with power supply equipment.

Supervision and Test Facilities

Test equipment s available for checking of balance so as to assist the
putting into service of the repeaters. This equipment is in principle designed
so that gain i1s introduced into the repeater until singing occurs.
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out having to change the normal setting of the amplifier. The singing margin

Gain of amplifier without filter a e R
can therefore be read off directly as the additional gain introduced.

I, without correction

W—I%.  with correction together with flters 1—%

Y —VIL with correction together with Alters V1

Measuring equipment for checking of gain is also available to assist in

maintenance of the repeater. This equipment 1s designed so that tesls can be
made without having to remove the amphfiers from service. 1.e. they can bhe
made as bridging measurements. So as not o cause interference with a call in
progress the measurement 1s made for a short duration (pulse). Furthermore.
the input and output of the test equipment are selective and arranged so that
the impedance 1s low at the test frequency and high at other frequencies In
this way the interference effect of the test signal is further reduced.

Technical Data

Bay capuacity

Alternative 1. 2 W4 W termunating repeaters ... 60
Alternative 2. 2 W 2 W termunating repeaters ... . 60
Alternative 3. 2 W 2 W intermediate repeaters . ... 30 or 60
Shelf vapacity

2WA W or 2W2W repeaters ... 2

Glain

2 Wid WOREpEAIer wum summain PR N TN up to 2.5 N
2UWUZ W irepeater s ssumimn s s, Sodersrieas Bplte 20 N

in steps of .1 N

Crosstalk

Effective crosstalk attenuation between two repeaters

s greater than .. ... .. 85 N

FPower supply

Alternative 1. Mains supply . ... ... o 127, 220 V., 5060 ¢/s
Alternative 2. Battery supply ... .. ... ... ... ..... 24 Y d.c

Alternative 3. Battery supply . .......... ... ..... 36V de

Power consumption per repeater (24 'V supply) .... 1.2 W
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Fig. 13

Frequency response of the low pass filters of
the different amplitier varianis
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J00—2.8300 ¢/s
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MNepers
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Amplifier
Gain .o 2229 N
Frequency range

Amplifier without filter ... ... ... ... . 3004100 ¢ /s

Amphfier with filter. either of alternatives: 300—2,000 ¢/s, 3002200 ¢'s,
300—2.400 ¢/s, 300—2.800 ¢ /s,
300—3 400 ¢/s, 300—4.100 ¢ s

Output power at 50 harmonic distortion

IS PESATET VAN . oo smmms nims s sesase S0 mW

Input/output mmpedance ................ 600 ohms

Line and hybrid transformer

Ereguenty Al oo camnsse s sann s i oL 300—3.400 ¢s

Line impedances. either of the alternatives: ... ... .. 400, 600, 800, 1200,
1.600. 2,400 ohms

[nipedarnice: 10 AMPHTErs wwssries semaainms Seesil 600 ohms

Attenuation; line to amplifier .owscovasas v o 038 N

Crosstalk attenuation. side-phantom is not less than 11 N

4 W rerminating unit

Frequency Ta0Be . . . . .o e smnm e s mm e o v s s 300—3.400 ¢ 5
Impedance. exchange side and amplifier side ... - 600 ohms
Attenuation. line to amphtier ... .0 ... 038 N

Balancing unit (see fig. 10 b)

B ssmsnvssivtars st amise SR b +1msGeii SO Ta T SR RS HE SR 0—3.210 ohms
CYANEIE G« cmama miomn R b S R 0—90 nF

i ssvaravmimss VSRS, SRS S NGR a AROR S TR SRR AR 0—5.5 uf

Rig o cmons s A A el B S RS 25—107 ohms
Lo v sewes oUEES SO RS e TS, B 8.5 1155 18 19,

28.5.40. 533 mH
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The development of improved soft magnetic ferrite material has provided an
opportunity for a thorough redesign of loading equipment made by the L M
Ericsson Telephone Company. The use of ferrite por cores and new methods
of manufacturing coil windingy and coil units hay resulted in grear savings in
weight and volume of the loading equipment. The following article contains
a survey of the new desions and diagramys to assist in the design of loaded
cables.

I. M Ericsson’s first designs of loading coils which were made at the end
of the 1920's consisted of a ring core of pressed fine grain soft magnetic iron
dust. The magnetic characteristics of the core material led to coil designs
having large volume and great weight. in particular for coils intended for
the loading of long distance cables.

In subsequent years great improvements were made in the magnetic char-
acteristics of the core material and the methods of manufacturing cores and
coils. This resulted in the reduction of the loading coil volume and weight in
different stages so that the coils which were made in the beginning of the
1950°s had a volume and weight which were only a fifth of those for loading
coils of the 1920°s and in addition they had better technical characteristics
from most points of view.

The technical and practical requirements tor design improvements in load-
ing coils built on a ring core were thereby mainly completely exploited.

The rapid development of soft magnetic ferrite material which occurred in
the years after World War Il has opened up new possibilities also in the field
of design of loading coils. Especially in the most recent years, ferrite material
has been produced having such magnetic properties that it is particularly
suitable for cores of loading coils.

Soft magnetic ferrite material is produced by high temperature sintering of
a mixture of extremely finely divided metallic oxides, usually oxides of iron.
zinc and manganese.

The sintered ferrite material has high permeability (g = 2 000—2 500} and
relatively low losses.

1. M Ericsson has developed a new series of loading coils intended for load-
ing of cables, based on cores of ferrite material. This series comprises the fol-
lowing three different tvpes of coil:

1. Coil type REG I8, intended for loading long distance cables. It is designed
as a coll for loading pair or star quad cables or as a set of coils for loading
the side and phantom circuits of multiple twin cables.

2. Coil type REG 16, ntended for loading of toll and short distance pair
cables and star quad cables.
3. Coil type REG 14, intended for loading of subscribers™ cables.

Cores and Coils

When using ferrite material in cores for loading coils, an air gap must be
introduced into the magnetic circuit which reduces the effective permeability
to about a tenth of that of the material alone. The reasons for this are the
low loss resistance and high magnetic stability which are demanded of the
loading coils. For reasons of crosstalk the air gap must be introduced as sym-
metrically as possible in relation to all the winding sections which leads to a
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Fig. 1

Section of a ferrite pot core with coil
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Fig. 2
Winding diagram of a phantom coil

Fig. 3
Loading coils with ferrite pot cores
L. to r., types REG 18, REG 16 and REG 14

X B429

pot type core bemng the best solution. The pot type cores which are used
the new coil designs are included in the pot core series with optimum sizes
agreed upon by the International Electrotechnical Commission (IEC). A
cross-section of a pot core with coil in position is shown in fig. 1 with the
air gap placed symmetrically in the centre limb of the core.

The sections of the coil are also wound using a new method which permits
the Towest possible effective capacitance in the coil circuits for a given sym-
metry and balance requirement. The schematic design of the four sections
of a loading coil for a phantom circuit is shown in fig. 2. The greater the
number of mutual transpositions between coil sections, the better is the side
symmetry and thereby the higher the crosstalk attenuation between the three
speech circuits of the coil. At the same time the effective capacitance in the
speech circunts increases, which i1s a drawback from the transmission point
of view. The number of transpositions is therctfore lmited as far as the cross-
talk attenuation permits and therehy the effective capacitance 1s reduced. The
greatest effect from the point of view of symmetry is obtained 1t transposi-
tions are made at the points of the coil body which are most affected by the
magnetic leakage field trom the pot core ie. nearest to the transition between
the cyhindrical part of the core and its flat surface and also in the neighbour-
hood of the air gap in the centre limb.

The three different types of coil are shown in fig. 3. The main difference
between the different types of coil is in the d.c. resistance and hysteresis
factor; other things being equal. these properties determine the coil volume.
the requirements in this aspect are however different for coils intended for
different uses. For long distance cables with low attenuation requirements,
thick copper conductors are as a rule used in the line cable and it is then
justifiable to use loading coils having low loss resistance. For short cable
circuits, however. thinner copper conductors are used in the cables and these
can with advantage be loaded with coils having a fairly high loss resistance,
as the resistance of the loading coils is only a few percent of the resistance
of the line cable. A subscriber cable having a copper conductor diameter of
0.4 mm has its line resistance increased by only two percent when loaded with
30 mH/km and loading coils of tvpe REG 14,

A lower cost of loading ts obtained by such a differentiation of the coil
characteristics and suiting these to the requirements for different fields of use.
The d.c. resistance and hysteresis factor of the ditferent types of coil are
given in table 1.

Table 1. d.c. resistance and hysteresis factor for different types coil.

Hysteresis factor according to

Coil type ‘ d.c. resistance (a/H) CCITT (o/H-mA at 800 c's)
REG I8 35 101
REG 16 70 17T |

REG 14 | 175 07T |
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Fig. 4 shows the increase in loss resistance with frequency for an 88 mH

coil of the three different types.

All types of coil are manufactured in a large range of values of inductance
from 20 mH to 177 mH. A special design of type REG 18 with extremely low
hysteresis factor s manufactured for values of inductance between 4 and 14
mH for loading of lines intended for distribution of broadcast radio programs,

Coil Units

Three loading coils are needed at each loading point when loading a mul-
tiple twin cahle. one in each side circuit and one in the phantom circuit. These
three coils must be matched to each other as far as crosstalk is concerned and
it 15 therefore necessary to combine the three coils into one mechanically co-
herent unmit, a quad conl unit.

On the other hand. loading coils for pair cables or side circuits in star quads
can technically be made so that each coil forms a separate unit. From the
manufacturing economics point of view, it is however. more advantageous
to combine a number of these coils into one mechanical unit. a coil unit. Only
tor special purposes is it suitable to use coil units containing only one or two

coils.

Loading coil units are cast in an epoxy resin which after curing forms a
solid mechanical protection round the coils and also makes them practically
insensitive to moisture.,

Coils 1n a unit are located so that the centre axes of two adjacent coils are
always at right angles. In this way. the magnetic coupling between the coils
is reduced without the need of having special sereening arrangements and the
crosstalk attenuation s greatly improved. In addition, this location of the
coils permits trimming of their inductance values hy means ol a ferrite rod
which is pushed into the centre hole of the core after being cast in the coil
units. The spread in inductance values can thereby be mamtained within very

close limits.,
An example of the location of the coils in a unit 1s shown in fig. 5,

The outside dimensions of the unit have been determined from a module
system. This has great advantages in that the method used tor mounting the
units in loading coil cases 1s the same for all types of unit and that one can
mount several coil unit types in the same loading box simply. This 1s desirable
for aertal cables containing long distance hines as well as local lines.

The weight and volume of the new coil units is only about a guarter of
those of the previous design. Three different coil units are shown in fig. 6.




Fig. 7 %

Loading coil case with joint box, earlier design

Fig. 8 X 8431
Torpedo type loading coil case

Dimensions in mm

The different types of coil unit are given in table 2

Table 2. Type designations for different coil unit

Unit type Contains the following coils
Oy I'yvpe
ZLB 1}2* 2 REG IS
LB 113 i REG I8
ZLB L14** 3 REG 18
ZLB 341 | REG 16
ZLB 342 2 REG 16
LB 344 4 REG 16
ZLB 405 5 REG 14

" Broadcast radio program coils

U Sade arrcunt/phantom coil umt for multiple twin cahie

Loading Coil Cases

The great reduction in weight and volume of the loading coil umits due 1o
the introduction of fernte pot cores means that loading coil cases can bhe
designed using other principles than those used previously

Louding Coil Cases for Burving in the Ground

The earlier design of loading coil cases for cable plant buried in the ground
consisted of a cast iron lower part in which the loading coil units were housed
and an upper part of tinned sheet brass and shaped as a joint sleeve. In this
sleeve the line cable conductors were connected to the conductors of the stub
cable leading to the coil units in the lower part of the loading coil case. A cast
iron protector was mounted outside the sleeve and this also served to secure
the line cable to the loading coil case.

This type of loading coil case design 1s shown in fig. 7
The new type of coil case design for buried cables is shown in fig. 8

This coil case consists of an inner part, the joint sleeve, of unned sheet brass
i which the loading coil units are mounted in a cradle secured by screws in
the bottom of the lower part of the joint sleeve. The joint sleeve is designed
with connecting muffs for the line cable and a longitudinal soldering channel
for scaling with solder atter jointing of the line cable has been completed. The
outer casing of the loading coil case 15 made of sheet steel and provides
mechanical protection for the joint sleeve and at the same time secures the

line cable to the case.

Fig. Y shows a case of this design jointed to a line cable. The outer casing
of the box has been removed. The two ends of the line cable are connected

to the lead-in wires on either side of the loading coil unit assembly

The coil units are mounted n this assembly so that the axes of adjacent
coils in different coil units are at right angles as shown in fig. 10. To make
jointing more easy the lower part of the jointing sleeve can be removed from
the assembly during this operation. The hd of the jointing sleeve is provided




Fig. 9 X B432
Torpedo type loading coil case jointed into a
cable
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Schematic diagram of the location of coil units

in a loading coil case

Fig. 11 X B433
Loading coil cases for mounting in footway

manholes or on poles
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with a tapped hole to permit connection of pressurized gas and manometer for
pressure test after sealing the whole loading coil joint. No insulation com-
pound 1s used in the joint. The case design used for cable plant with gas pres-
sure control is available in four different sizes. the largest of which can house

up to 512 coils type REG 16,

The new loading case design has several important advantages over the
earlier design. The shape and small size of the cases require very much
smaller holes in the ground where they are to be installed—a particularly favour-
able feature when located in rocky terrain. 11 a coil 15 damaged by a lLght-
ning hit or similar in the cable, it can be easily changed on site without having
to remove the case from the cable. The case weight is very low. one case con-
taining 250 coils type REG 16 weighs only 51 kg whereas the corresponding
case of earlier design weighed 180 kg.

Loading Coil Cases for Mounting in Foorwayv Manholes
or on Poles

Loading coil cases placed in footway manholes or on poles are, as a rule,
manufactured with one or two stub cables which are joined to the line cable
ina T-joint or in two through joints, respectively. The previous designs of case
tor these purposes used cast iron.




Fig. 12 X 2722
Loading coil case installed in an aerial cable

The new case designs for placing in manholes or on poles are all shaped ay
cylindrical tinned brass tube. Owing to the low weight and volume of the
loading coil units, it has been possible to use this case design in practice for
up to 720 coils type REG 16. The box is hermetically sealed and may he used
for cable plant with gas pressure control.

The stub cable has copper conductors insulated with two layers of paper,
The conductors are either of multiple twin type or in pairs. depending on
whether the loading coil case contains coils for side-phantom loading or in-
dividual coils for loading of the pairs. The cable sheath is of lead alloy and is
ol extra thickness to be able to withstand the rough treatment to which it is
exposed during installation. There is a polythene sheath on the outside of the
lead sheath to act as a corrosion protector.

Fig. 11 shows two different sizes of loading coil cases.

Fig. 12 shows one of these loading coil cases mounted on a pole and jointed
to the aerial cable.

In a special design of these types of case, the case of the loading coil case
consists of a polythene tube and the stub cable has polythene insulated con-
ductors and polythene sheath, intended for jointing to a cable having plastic
insulated conductors and polythene sheath.

Joint Case Loading

When loading a cable having a few circuits it is an economic advantage
to place the loading coil units in the jointing tubes used for joining lengths
of the cable instead of using a separate loading coil case. The small dimensions
of the new loading coil units make this method of loading suitable for up to 50
coils type REG 16 in the same joint.

Design of Loaded Telephone Cable Plant
Loading of a cable reduces its attenuation in the voice frequency band.

Two typical examples of this effect are shown in fig. 13. The amount of
reduction in attenuation is dependent on how the loading is carried out and
what transmission properties are otherwise required of the loaded line. The
deciding factors for the transmission quality of the loaded cable are its attenua-
tion, cut-off frequency and velocity of propagation. When the permissible
values of these primary data have been decided upon. the requisite values of
loading coil inductance, distance between coils, cable capacitance and con-
ductor diameter can be calculated.

A diagram is shown in fig. 14 from which can be read the necessary de-
sign of the cable and loading to obtain stated cable primary constants and
vice versa.

The following svmbols are used in the diagram

s = cut-off frequency in ke/s

§ = distance between loading coils in km

v = propagation velocity in km/s

C = cable capacitance in nF/km

{ = amount of loading in mH 'km

Z = characteristic impedance of the loaded hine

u = attenuation of the loaded line at 800 ¢/s in mN/km
Q.. = cable conductor diameter in mm




Examples

A: A telephone line with
Z=1600 €. f, =4000 ¢
p= 15000 km/s, ¢ < 35 mN-km

Diagram 1: [ = 107 mH/km
¢ =42 nF/km
Diagram 2: v = 1.2 km

1.e. loading cotl inductance L =/ < v = 128 mH
Diagram 3: O, = 0.7 mm
B. Given a cable having ¢ =35 nkF/km and O., =09 mm. determine the

attenuation constant when v = 25 000 km/s
Diagram 1: Z=1140
Diagram 3: =25 mN/km
What distance s between loading coils shall be used with L = 88 mH?
Diagram 1: [ = 46 mH/km

s= L/l =88/46 = 1.91 km

What is the cut off frequency f,?

Diagram 2:  f, =4 200 c¢/s

It will be seen that in the formulae for diagram 3, the attenuation which
arises due 1o dielectric losses in the cable is not included in the stated attenua-
tion graphs. This attenuation lies between 0.5 and 1.0 mN/km at 800 c¢/s for
normal paper insulated cables.

The diagram can be used to advantage when making economic decisions
in the design of a loaded cable network, when the consequences of tightening
or relaxing the transmission requirements can be read off and applied to the
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Fig. 14 X B434
Diagram used for the design of loading on
cables
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tactors which decide the cost ie. cable design, distance between loading coil
cases and the cost of installation of the loaded cable network.

Certain practical limitations should be respected when making a design. The

characteristic impedance of the loaded line should not be greater than 2 000
ohms. For values higher than this. problems of crosstalk arise which are ex-
pensive to solve. Extreme values of cable conductor diameter and capacitance
should be avoided.

Patents

(]

Swedish patent 173 372
“Method of winding an inductance coil having two or more winding arms. and
the inductance coil wound using said method.”

Swedish patent application 473/62 .
“Loading coil case arranged in a casting resin.”

Swedish patent application 534/62 . ) .
“Method of procedure for impregnation of coils and their casting in hardening
resins.”



New Overvoltage Protectors for
Subscribers’ Installations

A HENCKEL TELEFONAKTIEBOLAGETL M ERICSSON, STOCKHOLM

Fig. 1 X 2742

Circuit  diagram of subscriber’s overvoltage
protector NFD 50101
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The continued spread of the relephone into remote and isolated places has
brought the question of the reliability and safery of line plant into new
prominence. This factor, and the increased demands of subscribers for quick
service i the repair of faulis, has necessitated modern and efficient meany
of protection for subscribers’ installations. which are described in thiv article.

With the increasing substitution of open wire by cable plant the need for
overvoltage protection of subscribers™ installations has greatly diminished in
cities, especially in the central districts. The conditions are otherwise in the
countryside. Even if open wire lines are disappearing there as well and being
replaced by overhead cable, damage to telephone sets by lightning or by over-
voltages induced from power lines is still very common in rural areas. And
there i1s the attendant nisk of fire and danger to human life unless adequate
protection is provided.

This. to be sure, is no new phenomenon. Damage to telephone plant by
lightning has been known. and lightning protection in one form or another
has existed. as long as the telephone itself. But experience has shown that the
protection provided has not always been adequate. Modern protector apparatus
has therefore been developed which provides a far better guarantee than
hitherto of good telephone service and reduces damage from overvoltages to
a minimum.

In the telephone set the main risk 15 breakdown of the insulation in a
capacitor or springset, but trouble may occur also in the induction coil,
receiver, bell etc. The cause of these faults is usually a potential difference
between the two legs of the telephone line. When fire has broken out, it has
generally been because of flashover between the instrument cord and, for
instance, a radiator. which has set fire to a curtain or the like.

For the protection of telephone sets a tranyversal avervaltage prorector has
been designed. This consists of a combination of a gas discharge tube and a low
pass filter (fig. 1). The low pass filter, which i1s connected between the gas
discharge tube and the telephone set. protects the telephone apparatus against
high frequency transient oscillations of high amplitude which may be set up
when the overvoltage protector comes into operation. The gas discharge tube, a
rare gas tube, 1gnites when the overvoltage between the line legs attains or
exceeds the striking voltage level and short-circuits the line., As soon as the
overvoltage has been eliminated. the rare gas tube is extinguished, the short-
cirewit 1s removed and the line is restored to use. The rare gas tube withstands
several hundred striking operations at heavy overvoltage and therefore has a
considerable working life. As will be seen from fig. 1. the transversal over-
voltage protector is connected acrosy the two legs of the line—hence its name.
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Fig. 2 X B445 I

Radiaiar

Circuit diagram of combination of heavy duty
protector and transyersal overvoltage protector

Especially when there are earthed objects such as a radiator, water pipe or
power conductor in the immediate vicinity of the telephone set, the transversal
overvoltage protector should be supplemented by a 3-pole heavy duty pro-
tector (fig. 2), placed out-of-doors, to protect the subscriber's installation
against high longitudinal overvoltages between either or both legs of the line
and earth. The heavy duty protector operates only at voltages of more than
three thousand volts. Its earth electrode should be connected to the same point
as other earthed objects through which discharge may take place.

Transversal Overvoltage Protector NFD 50101

Fig. 3 shows a transversal overvoltage protector NFD 50101, the circuit
diagram of which 1s shown in hig. 1. It consists of a block of vory-white epoxy
resin. 85 x4 « 25 cm. in which the rare gas tube and the filter circuit
elements are embedded. NFD 5070] has two screw terminals marked ‘L™ for

connection to the line and two marked A’ for connection to the subscribers

apparatus, The unit has a styrene dust-cover. It 1s fitted close to the telephone
wall terminal and s connected between the latter and the line

Heavy Duty Protector NFA 2022

This longitudinal protector NFA 2022 is shown in fig. 4. It consists essen-
tially of three cylindrical electrodes separated by air gaps. The electrodes are
made of a copper alloy which is especially resistant to high power flashover.
Should the electrodes nevertheless be deformed by a heavy flashover. they
can quickly be rendered operative again. They need merely be unscrewed and
turned until new and eflective spark gaps are formed between unburnt por-
tions of their surfaces, and are then screwed tight agamn. If the flashover was
so heavy as to weld the electrodes together. new electrodes can be inserted
All this can be done on site without needing to take down the protector from
its mounting

High Protection—Low Maintenance Cost

As we have seen. subscribers may be exposed to the risk of serious dis-

Fig. 3 turbances or even personal injury from atmospheric or other overvoltages

Transversal overvoltage protector NFD 50101 induced in their telephone sets. If transversal overvoltage protectors NFID 50107
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Fig. 4
Heavy duty protector NFA 2022

right) with cover remaed

|36

—supplemented. if necessary. by heavy duty protectors NFA 2022—are fitted
at the subscribers” premises. the subscribers will be guaranteed the best
possible protection against service failure and against danger to life and
property. The maintenance costs of the telephone administration are also
reduced. Rural subscribers are often remote from their telephone exchange or
district maintenance service, and the cost of each service turn-out is high. If the
telephone itself 1s damaged by lightning and, consequently, the fire brigade or
other urgent assistance cannot be summoned in time, the effect may be
catastrophic. The form of protection described can save much time and
maoney. An investment of this kind is always warranted, and the question for
the telephone administration. therefore, is generally not: “Can we afford this
investment?” —but:  “Can we afford to be without modern and efficient
subscriber’s protector units?”



M NEWS from

All Quarters of the World

African Monarch Visits . M Ericsson

King Mwambutsa IV of Burundi
paid a call at L M Ericsson. Midsom-
markransen, during his official visit
to Sweden. Mr. Sven T. Aberg greeted
the King on his arrival (photo, right)
and, after a brief presentation of
L M Ericsson’s activities, the King and

his suite were shown round the Exhib-
ition Room. They also made a tour
of the factory: the picture below
shows Mr, Eric Lundgvist explaining
a detail of the manufacture to the
King. At the end of his visit the King
was presented with an Ericofon.

President Nyerere
at L. M Ericsson

Dr. Julius K. Nyerere. President of
Tanganyika, made an official visit to
Sweden in September, in the course of
which he called on L M Ericsson at
Midsommarkransen.

Mr. Sven T. Aberg bid the Presi-
dent and his suite—which ncluded a
Swede, Barbro Johansson, member of
the Tanganyikan parliament—wel-
come o L M Ericsson. After a brief
account of the Ericsson group and the
development of telephony. the visitors
were shown over the exhibition. At
the conclusion of his visit the Pre-
sident was presented with three Erico-
fons in white, blue and red

(Ahove) Mr. Aberg greeting Pre-
sident Nyerere on his arrival. (Left)
The President tries out an Ericofon.
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¥ — o David joined L M Ericsson’s sub-
- = ol - sidiary.  North  Electric  Company,
5 Galion, Ohio, on September | as

L M Ericsson Factory Opened at Visby

L M Ericsson’s new factory at Vis-
by on the island of Gotland
opened on June 28 The ceremony
was presided over by the chairman of
the county council. Martin Wahlback,
in the presence of the entire staff and
some 40 guests.

The Vishy plant is the

Wds

Stockholm area. It 15 a new example
of the policy of decentralization pur-
sued by the company for many years

Its operations will include
forming; wiring and testing of relay
winding, mounting and
of relays, sernal production of me-
chanical parts. enamelling and electro-
plating.

sets;

19th of the
group’s Swedish factones outside the

cable

lesting

I'he Visby factory—45th of ail
Ericsson factories—covers more than
100000 sg.ft. on one level. The area
of the site 15 over 500 000 sq.ft.

In a speech at the opening cere-
mony. Mr. Hugo Lindberg—in thank-
ing all those who had cooperated in
the undertaking—stated that the es-
tablishment of a factory in Gotland
had aroused some surprise since the
island was earlier thought to be more
or less "impossible™ as an industrial
location. But L M Ericsson has every
reason to be satisfied with its choice.
and the factory will be a valuable
asset to the local community. With
its 550 employees it will be Gotland’s
largest industry.

Rural Automatization in Lebanon

inde-
pendent state in 1946 and has under-
gone a rapid development since that
tume. It particular 1m-
portance as financal centre
Middle East. It 1s not only
tains that earned 1t the re-
putation of bemng the Switzerland of
the Middle East

lLebanon was declared an

POSSESSES A

Is moun-
have

for the

The rapidity of progress s well
illustrated by the development of tele-
communications, In 1950 Lebanon
had about 13 300 telephones. all con-
nected to manual exchanges. The first
automatic exchange was opened in
1954, an  Ericsson  S00-selector  ex-
change. Since 1950 the number ol
telephones has heen more than quintu-

assistant to the president.

Brigadier McDavid recently retired
on pension from the United States
Air Force, in which he had been
Director for Communications-Electro-
nics. He s therefore an extremely
valuahle asset to the North Electric
organization in which he will be
charge of special missions, directly
responsible to the president.

pled, being 68 500 on January 1, 1962,
of which Y44 per cent automatic.
Lebanon occupies a foremost position
in telephony among Asiatic countries.

An extensive project of rural auto-
matization is under way. The
project will comprise some 30 Erics-
son ARK crossbar exchanges. At the
same time the trunk network is being
successively expanded, and in Decem-
ber 1963 it is expected that direct
connections will be opened between
Berrut and Tripoli

MW

A new automatic exchange (2 000 lines AGF)
has been opened at Zahlé. The Director Gener-
al of the Lebhanese P.T.T.. M. Chemali, looks
on while the Prime Minister, M, Karamé,
cuts the symbolic tape, accompanied by the
Minister of Communications, M. René Moua-
wad (behind the Prime Minister, right)and the
Minister of Agriculture, M. Joseph Skaff (be-
hind Prime Minister, left), and other prom-
inent persons.



(Below) In conjunction with the opening of
the Opera exchange Mr. Stein made a visit to
LARTO s central archive for installation and
maintenance documents. This archive is ex-
emplary in its organization and Mr. Stein was
ereatly impressed with the meticulous order
maintained in this important function.

New Automatic Exchange Opened
in United Arab Republic

Ielecommunications in the United ihe switchroom (above) 1s being in-
Arab Republic are in a state of rapid  spected by H. E. the Minister of
development. A further advance was  Communications, Dr. Mustafa Khalil,
made 1in July with the opening of a  the Director General of UARTO.,
new 10 000-line  Ericsson  crosshar or. Mahmoud Mohamed Riad. and
automatic exchange. Opera, in Catro Mr. Arne Stein. L M Ericsson.

Below are seen the Ethiopian Ambassador to Sweden, Mr, Abate
Agede (centre), and Counsellor Assefa Temtim. who were given a
alimpse into telephone history by Mr. E, Lundgvist during a visit to
L. M Ericsson’s headquarters.

In August L M Ericsson received a visit from General Pachirn Nimibutr,
head of Telephone Organization of Thailand, on a journey with his family
to Sweden and other countries. General Nimibutr is seen above signing his
name in the visitors’ book.
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Equipment for Long Distance Carrier
Circuit in Brazil

Paraquay |

After lengthy planning work by
L M Ericsson and the Brazilian tele-
phone company TELEOESTE. one
of the longest open  wire carrier
circurts in the world has been opened
between Campo Grande and  Sao
Paulo.
k"‘ﬁ—u—-—. _ / Recife
~—
B RASILIEN
Mato / B

Grosso )

Brasilia

Carumba

Campo 6.'.7.1.?‘1‘

o 5o Pt
]

r"ﬂTo.-'c- g8 laneiro

The carrier system 15 type ZAA &
for eight telephone channels. Over a
distance of nearly 500 miles  the
runs on the only open-wire
pair that exists between Campo Gran-
de and Bauru. This line belongs to
the railway and was built for tele-
graphy: 1t is an entirely untransposed

2 mm with the
wires spaced about 16 inches apart
and follows the railway through the

crreut

3 copper wire line

maost desolate country

From Bauru to Sao Paulo. Brazil's
second city, a distance of some 220
miles, the circull runs on open wires
of very good quality belonging to
Companhia [elefonica Brasileira
(CTB)

[he circuit is now being prolonged
by the addition of a ZAAF 4 system

for four telephone channels. also sup-

140

phed by L M Ernesson. It is to be
installed between Campo Grande and
Corumba, about 300 miles, again on
the railway’s open wire hne. With
this latter section a direct connection
will be obtainable from Brasihia via
Rio de Janeiro and Sao Paulo to
Corumba on the Bolivian border, a
distance of almost 2 500 miles.

There have been many difficulties
to overcome on the Bauru—Corumba
section. No less than 115 filters had
to he connected along the line to
avoid disturbance of the railway tele-

graphy. Eight diesel generators were

Mesbla is the name of the
largest chain of department
stores in Brazil, with bran-
ches in all important towns.
L M Ericsson has delivered
to the main store in Rio de
Janeiro a 400-line crosshar
P.AX., system ARD 231,
(Photo right).

Training in C. T. C.

The Swedish Railways have very
extensive facilities for training their
personnel. Traming in signalling tech-
nigque is given at the Signals School
at  Angelholm. where entire inter-
locking plants been installed
and various types of signalling equip-
ment have been got together

The railway signalling course in-
cludes the remote control of signals
by C.T.C. The training of personnel
for C.T.C. maintenance was pre
viously done at L M Ericssons Signal-
aktiebolag in Stockholm. but since
1963 the courses have been arranged
at Angelholm. The Swedish Railways
have purchased from L M Ericsson a
demonstration plant for teaching the
methods of fault tracing and main
C.T.C. equipment and
also for instructing traffic and engin-
eering personnel in C'T.C. operation

(Left) Mr. Sigvard Nilsson of the
Swedish Railways instructing a group
ol signal repairmen in C.T.C

have

tenance of

installed for the intermediate repeater
stations.

Through precision in planning and
installation the quality of the tele-
phone channels has been brought up
to international standard, which is a
great advance on what would be ex-
pected with untransposed line of this
type and over such distances.
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Kozien, F & Benort, R C JR.: A United States Air Force Four-wire Elec-
tronic Switching Development. Ericsson Rev. 40(1963): 4, pp. 106—115.

The Central Offices, Telephone. Electronic AN/FTC-27-29 and AN/TTC-
19 & 20 are high speed 4-wire circuit switching equipments which have
been implemented by the United States Air Force for universal use in
tactical and fixed plant environments. The design of the equipments is
based on the Time-Division-Multiplex Technique and in association with
the Highway Switching Principle to provide the switching and transmis-
sion network. They are fully transistorized and adaptable for application
in local, tandem and long haul switching nodes. The equipments have
been extensively factory and field tested with highly satisfactory results
and presently are operational within an integrated system environment
performing local and long haul tandem switching functions.

prominence, This factor, and the increased demands of subscribers for

quick service in the repair of faults, has necessitated modern and efficient
means of protection for subscribers’ installations, which are described in

brought the question of the reliability and safety of line plant into new
this article.

The continued spread of the telephone into remote and isolated places has

HEeNCKEL, A: New Overvoltage Protectors for Subscribers’ Installations.
Ericsson Rey. 40(1963): 4, pp. 134—136.

UDC 621.3.054.3
g equipment, The

LME 8414

UDC 621.395.2
LME 8354

Stemar, G: Crosshar P.A.X. for 16 and 30 Extensions. Ericsson Rev.
40(1963): 4, pp. 116—119.

The high reliability and speed of the crossbar switch has made it one of
the most important components both in public and private telephone ex-
changes. L M Ericsson has used the crossbar switch in its 16 and 30 line
P.AX. ARD 624 and ARD 636, which are described in this article.

y. The use of ferrite pol cores and
windings and coil sets has resulted
gns and diagrams to assist in the

an opportunity for a thorough redesign of loading equipment made by

the L M Ericsson Telephone Compan

The development of improved soft magnetic ferrite material has provided
new methods of manufacturing coil

FRENNING, J & RAUB, W: Loading Equipment. Ericsson Rev. 40(1963): 4,

pp. 126—133.
in great savings in weight and volume of the loadin

article contains a survey of the new desi

design of loaded cables.

UDC 621.375:621.395
621.382.3
LME 84111

LarssoN, L E: Transistorized Repeaters for Physical Circuits. Ericsson
Rev. 40(1963): 4, pp. 120—125.

Different types of repeaters for physical circuits have been included in
L M Ericsson’s manufacturing program for a long time. The new repeater
which has been developed differs from the earlier ones in that the units
have been built up on printed wiring boards and the amplifiers have been
transistorized. The layout of a bay with new repeaters has been adapted
for use in loaded trunk lines in a network with subscriber trunk dialling.
Repeaters for loaded trunk lines have been in use in the Swedish tele-
communications network for a long time. The specifications for this
repeater have thercfore been worked out in intimate collaboration with
the Swedish Board of Telecommunications. In addition, the repeater ful-
fills the recommendations of CCITT, where applicable.
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Teléfonos Eriesson C. A, Caracar,
Apariado 3548, tel: 543121, tgm:
tevela j
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Australia

L M Ericsson Ply. Lid. Melbourne
€ 1 (Victoria), 20 Collins Sira'z
tel: 635646, tgm: ericmel |
North Sydney (NSW), 182 Blue's.
Point Road, tel: 92—1147, lgm:
ericsyd il
Teleric Pty. Ltd, Melbourne C1
{Victoria), 20 Collins Street, fel:
£3 5646, tgm: teleric .
Morth Sydney (NSW), 182 Blus's
Point Road, tel: 52—1147, Ig
teleric

Agencies

» EUROPE »

Belgium

Eleciricité et Mécanique Suédoi-
ses Bruxelles 5, 56 Rue de Slassarl,

tel: 111416, tgm: elecirosvede
Greeace
“ETEP'* 5. A. Commerciale &

Technique Athens 143, 57, Aka-
dimias Sireet, tel: 6299 71-75,
tgm: aetzr-athinai

Iceland
lohan Rénning HI/F Reykjavik,
P. O. B. 45, tel: 10632 tgm:
rénning
Ireland
Communication Systems Lid.
Dublin 4, 138 Pembroke Foad,
Balisbridge, 1tel: 6BOTB7 tgm:
crossbar

Yugoslavia
Merkantile Inozemna Zastupsiva

Zagreb, Polt pretina¢ 23, tel:
36941, tgm: merkaniile, lelex:
02-139

+ ASITA
Burma

Burma Asiatic Co. Lid., Ericsson
DepartmentRangeon, P.O.B. 1008,
tel: 10999, tgm: ericsson

Cambaodia

The Easl Asiatic Company Lid.
Phnom-penh, P.O.B. 129, tel:
762-1070-1071, tgm: pyramide

Ceylon

Yulcan Trading Co. (Private) Lid.
Colombo 1, New Cafloor Building.
40, Church Sireet, tel: 36-36,tgm:
vultra

Cyprus

Zeno D. Pierides Larnaca. P.O.B.
25, tel: 2033, tgm: plerides

Hong Kong

The Swedish Trading Co. Lid.
Hongkong, P. ©. B, 108, lel:
35521-5, tgm: swedeirade

Iran

Irano Swedish Company AB,
Teheran, Khiabane Sevam Esfand
28, tel: 367 61, tgm: iranoswede

fraq

Usam Sharif Comnany W.L.L.
Boghdad, Sinalk-Rashid Street, tel:
E7031, t\gm: alhamra

Japan

Gadelius & Co. Lid. Tokye C,
P. O. B. 1284, tel: 408-2131, tgm:
goticus, telex: 22-675

lordan

The Arab Trading & Develop-
ment Co., LId. Amman, P. O.B. 1,
tel: 25931, tgm: aradeve

Karea

Gadelius & Co. Lid. Seoul,1.P. O,
Box 1421,tel: 2—%865, tgm : gade-
liusco

Kuwait
Latiff Supplies Ltd. Kuwait, P. O.B.
&7, tel: 2404, 1gm: lalisup

Lebanon

Swedish Levant Trading (Elie
B. Hélou) Beyrouth, P, O. B, 931,
fel: 231624, tgm: skelko

Malaysia

The Swedish Trading Ceo. Lid.
Singapore 1, 42 Chartered Bank
Chambers, Baltery Road, tel:
94362, tgm: swedetrade

Pakistan

Vulcan Industries  Ltd. Karochi
City, West Pakistan, P. O. B.
4776, tel: 32506, tgm: vuican

Philippines

U.5. Indusiries Philippines Inc,
Manila P. R, P. O, B. 125, tel:
8893 51, 1gm: usiphil

Saudi Arabia

Mohamed Fazil Abdulla Arab
Jeddah, P. ©. B. 39, tel: 2690, tgm:
arab

Syria

Georgiades, Moyssa & Cie Da-
mas, Rue Ghassan, Harika, tel:
1-02-89, tgm: georgiades
Thailand

Ericsson Agency Office, Tele-
phone Organization of Thailand

Ba-gkok, Ploenchitr Road, tel:
57036-38, tgm: felthai
Vietnam

Vo Tuyen Dien-Thoai Viet-Nam,
Saigon, 34 Dai-lo Thong-MNhut,
tel: 20805, tgm: telerad
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Ethiopia

Swedish Ethiopian Company
Addis Aboba, P. O. B. 264, tel:
11447, tgm: eliccomp

Ghana

The Standard Eleciric Company
Accrd, P.O.B. 17, tel: 627 B5, t1gm:
standard

Kenya, Tanganyika, Uganda,
Zanzibar

Transcandia Ltd, Nairohi, Kenya,
P. O. B, 5933, tel: 21931, tgm:

transcanda

Liberia

Swedish Agencies Liberia Co.
Monrovia, P.O.B. 506, tel: 745,

tgm: salco (Except zales to public
institutions)

Libya
The Gulf Trading Ce. Tripoli,
P.O.B. 417, tel: 5715, tgm: gul-

fraco

Mauritius

Mauritius Trading Co. Ltd. Port
Lowis, P.O.B. 201, tgm: agentou
Morocco

Elmar 5. A.—SEYRE Tangier,
Francisce Viloria, 4, tel: 122-20,
tgm: elmar

Esania Sihim 63

of S5t Laurent, fel: 331—3310,
tgm: caneric, felex: 1-2307
Chile

Cla Ericsson de Chile, 5. A,
Santiage, Casilla 10143, tel:
825 55, tgm: ericsson-santiago-
dechile

Mozambique

J. Martins Marques Leourengo

Marques, P. O. B. 456, tel: 5953,
tgm: tinsmarques

Migeria

1.P.T.C. (West Africa) Ltd. Lages,
P.O.B. 2037, ftel: 26531, tgm:
consult

Sudan

TECOMA Technical Consulting
and Machinery Co. Ltd. Khar-
toum, P.O.B. 866, tel: 2224, ext.
35, tgm: sutecoma
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Bolivia

Johansson & Cia, 5. A. La Paz,
Casilla 678, tel: 2700, tgm: jo-
hansson

Costa Rica

Tropical Commissian Ce. Ltd. San

Jose, Apartado 661, tel: 3432,
tgm: troco

Curagao M. W. L.

5. E. L. Maduro & Sons, Inc.

Curageo, P, O. B, 172, tel: 1200,
1gm: madurosons-willemstad

Dominican Republic
Garcia & Gautier, C. por A.
Santo Domingo, Apartado 771,
tel: 3645, tgm: gartier

Guatemaola

Mils Pira Ciudad de Guatemala,
Apartada 36, tel: 62158, tgm:
nilspira-guatemala

Honduras

Quinchén Ledn v Cla Teguci-
galpa, Apartade B85, tel: 1229,
igm: quinchon

Micaragua

Edmundo Tefel Managua, DN,
Apariado Postal 24, tel: 340‘[’
tgm: edfeico

Panama
Sonitel, 5. A. Panama, R. de Py
Apartado 4349, tel. 5-3640, 1gm:
sonitel f

Paraguay

S. A. Comercial @ Industrial
Petersen Asuncién, Casilla 5%
tel: 9868, 1gm: pargirade

Puerto Rico

Splendid Inc. San Juan, P. O. By
4568, tel: 3-4095, tgm: splendid

El Salvador
Dada-Dada & Co. Sen Salvador,
Apartado 274, tel: 4860, g
dada

Surinam

C. Kersten & Co. N. V.
maribo, P. O. B. 1808, tel:
fgm: kerslan

Pa

Trinidad, W. L

Leon } Aché Lid. Port-of-
100 Frederick Sireei, fel: 3
tgm: achegram

USA

Clark Walter Corporation Ni
ark 2, N. J., 744 Broad Stresl
tel: Mitchell 3-7333, 1g_m:wl -
walter-newarknj. (For intercom
State Labs. Inc. New York 3, N.
215 Park Avenue South, tel: O
gon 7-8400, tgm: siatelabs
electron tubes)

in
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New Zealand



