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Protection against Overvoltages on
Telephone Lines
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Special measures must be raken to protect ouiside plant. exchanges and
stehseribers’ appararus against overvoltages, especially in arcas where there
are open wire liney. The tvpe and extent of the protective arrangements dependy
on the structure of the plant. the occurrence of disturbances and on the carth-

ing condiriony,

The auwthor here presents an account of the protective svstem adopted by
the Helsinki Telephone Company and of the improvements in the form of

lower fauwlt rate that have been achieved.

Overvoltages on telephone lines can be caused both by atmospheric dis-
charges and by power lines, by induction or by direct contact. It is essential
to protect both the telephone lines and the exchanges and subscribers’ appa-
ratus connected to them against damage caused by overvoltages. and the
Helsinki Telephone Company has made thorough investigations of the possi-
bilities of improving its protective arrangements.

The Helsinki Telephone Company covers an arca of about 3700 km? in
the south of Finland. About 100 km? of this district consists of purely urban
area in which the cables run almost completely in conduit or are buried in
the ground. The rural area covers 3540 km® with a subscriber density varying
hetween 0.4 and 266 subscribers/'km?. In the latter area there are about 125.000
pair-kilometres of cable and about 6200 pair-kilometres of open wire, 40 per
cent of the cable being overhead with an average capacity of 20 pairs. Of
the total length of subscriber cable about 75 per cent is overhead. Some 45
per cent of the junction cables are overhead cables with an average capacity
of 30 pairs.

The urban networks have operated reliably but in the rural networks there
have often been disturbances and interruptions of service during thunder-
storms.

Despite the northerly situation of Finland there are some 20-30 days of
lightning per year. The specific earth resistance 1s also high. which adds to
the fairly frequent faults in telephone equipments. As is known, the effective
distance for atmospheric discharges increases with the specific earth resistance.
It 1s also difficult to obtain sufficiently effective earthing of overvoltage pro-
tectors — protective earthing. The bedrock in the surroundings of Helsinki is
primitive rock consisting of granite and gneiss. If the rock is intact its specific
resistance 1s especially high, about 50,000 ohm-metres, but owing to waler-
filled cracks 1t varies locally between 10,000 and 50.000 ohm-metres. This
bedrock 1s covered by moraine. the thickness of which varies hetween a few
metres and some tens of metres. The moraine, which was formed during the
Ice Age, has a very high specific resistance. There are also areas of clay n
the neighbourhood of Helsinki which were earlier covered by the sea. The
clay is sediment which has been washed up hy the water.

These circumstances have necessitated special measures for earthing of
overvoltage protectors. In our network these protectors are usually located
at the junction between open wire and cable in order to protect the cable
against the overvoltages which arise in the open wires as a result of atmospher-
ic discharges and power networks, The specific resistance of the earth Is
measured, usually by the tetrode method (fig. 1). The measurements are
made at a sufficient number of places to provide a clear and definite picture
of the so1l conductivity in the area. On the basis of these measurements the
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Fig. 1

Measurement of the specific resistance of the
carth by the tetrode method

distribution point is located at the most suitable position from the earthing
point of view. Earths are arranged either vertically or horizontally, and the
earth resistance in summertime must be less than 20 ohms and in wintertime
max. 60 ohms. Our specifications stipulate that the copper wire used for
horizontal earths shall be min. 6 mm?. For vertical earths we use 1-1'."
copper-plated steel pipe through which a copper wire Is drawn and termimated
in a loop which is short-circuited. We also use copper-plated solid steel rod.

Under difficult earthing conditions Sanick gel may be used to reduce the
earth resistance. From earths installed in our area we have come to the follow-
ing results as regards the earth resistance:

Without Sanick gel With Sanick gel
50 ohms 45 ohms (90 7,)
100 % 78 s (789%)
200 . 120 .o (6070
500 % 210 5 (42:9%)
1000 5 300 & (3095)

In Finland the sheaths of buried. conduit and overhead cables, and the
suspension wires of the latter, are mterconnected throughout the whole net-
work. The protective earth at distribution points is also connected to the cable
sheaths. At the exchange the sheaths are connected to the common earth bar
in the cable vault, to which the exchange earth is also connected. In our
experience this avoids the danger of disturbances due to potential differences
between different types of soil.

At the end of the fifties the Finnish power company adopted the principle
of rigid earthing which, in the event of an accidental earth. gives rise to a
greater magnitude of current than the earlier earthing method. The greater
current induces greater voltages in the telephone lines. which in some cases
means that the lines must be protected. At present it 1s considered that the
limit should be 430 V, which means that the telephone line must be protected
if the voltage induced into it from an accidental earth on a power line is
higher than 430 V.

Protective System of the Helsinki Telephone Company

It has long been practice to use carbon arresters, i.e. a spark gap between
two carbon electrodes. to protect the equipment at the terminal pomnts of a
telephone line against overvoltages. Carbon arresters have generally been
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combined with a fuse placed in front of the carbon arrester to protect it
against too great quantities of clectricity, which would destroy the electrodes.
The disadvantage of this combination is that the life of the carbon electrode
is short despite the protection afforded by the fuse, that with a carbon arrester
one cannot guarantee protection against voltages below 800-1000 V., and
finally that the line i1s broken every time the fuse blows. The latter problem s
all the most serious since the subscribers concerned often have a long way to
their nearest neighbour and are therefore greatly dependent on a rehable
telephone service. The cost for the telephone administration per repairman’s
visit is also high in view of the long distances to the remote subscribers. It
therefore pays to install equipment on the subscribers’ lines which ensures
satisfactory service. even if the equipment is fairly expensive;

Owing to the disadvantages of the carbon arrester it was necessary to replace
it by a protector which withstands so large a quanuty of electricity that no
fuse is required. and which functions at lower voltages and so provides the
necessary protection against overvoltages induced from accidental earths on
power lines. In view of the considerable development that has taken place in
rare gas tubes, these were adopted by the Helsinki Telephone Company about
five vears ago. The tubes, which are made by L M Ericsson, are designed to
fit the holders previously used for carbon arresters. The previous fuses were
also removed from the protector boxes and replaced by dummies.

The rare gas tube emploved by us has a striking voltage of about 210V
r.mes. in a.c. operation and below 1000V for a wave form of 1: 50, Since the
tube 1s preionized, the time lag 1s less than in an air gap and below 0.3 ps at a
wave front of 5 kV/ps. It withstands very high momentary currents. eg.
10000 A for 1600 ps. At a lead of longer duration the tube is short-circuited
by a bimetallic mechanism, whereby the power developed in the tube is
reduced and its discharge capacity increased. Thus shortcircuiting occurs, for
example, at a current of 10 A within one second. After the overvoltage has
disappeared the bimetallic contact opens and the rare gas tube again functions
normally.

The Finnish Telephone Administrations have made 1t general practice in the
last two decades to protect their outside plant and telephone equipments only
at points of the outer network where the open wire lines change to cable
They have also departed from the practice of placing protective equipment on
the exchange M.D.F. This makes for an important saving of space.

Of the present 140 exchanges in our area 20 are completely served by cables
and therefore have no overvoltage protectors. The remaining 120 exchanges
are predominantly located in the countryside. The distribution points in 75 of
these arcas so far have been equipped with overvaoltage protectors consisting
of rare gas tubes and with fuses replaced by dummies. The earthing of these
overvoltage protectors has been done as already described. On subscribers’
premises where the drop wire consists of lead-sheathed cable, the only protec-
tive measure has been to earth the sheath, allowing a maximum earth re-
sistance of 300 ohms. In one of our exchange areas, in the spring of 1962, we
introduced on tral single-pair fuse boxes mounted on poles at the subscribers’
premises. equipped with rare gas tubes and dummies. In these cases the
earth resistance 1s max. 20 ohms.

On examining the results achieved by these measures it is found that the
following number of lightning faults have occurred in our network: 1829 in
1960, 1275 in 1961, 688 in 1962, and 596 in 1963, It will be seen from figs. 2,
3 and 4 how these faults are distributed among the exchange areas during the
vears 1961, 1962 and 1963.

[f we now look at the statistics from 1961, for example, we see that the
number of Tightning faults in that year was 240 for cable faults and 1035 for
other faults. Of the cable faults 155 occurred on lead-in cables, 81 on primary
or secondary overhead cables, and 4 on primary or secondary buried cables.



Fig. 4. Number of lightning faults in 1963
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Lightning faults in Lapinkyli group area
1960—1963

The Lapinkyla group area comprises the following
exch : Evitskog, Huh 1. Kylmalia, Lapinkyla,
Nishy, Siuntio and Veikkola.

The remaining faults occurred when fuses had hlown and the carbons had
been damaged. This happened in areas which had not been modernized
through the introduction of rare gas tubes. dummies and controlled earths.

Since our network comprises a total of 684 km of buried cable and 1985 km
of overhead cable. the fault rate is thus 0.58 per 100 km of buried cable and
4.08 per 100 km of overhead cable.

Results

Comparing the results with those from previous years, a clear improvement
is observed, as is evident from the table below showing the lightning fault
statistics from 1960-1963 in the Lapinkyld area. At the same rate as proper
carths have heen introduced and rare gas tubes and dummies have been
provided at the distribution points, the situation has decidedly improved.
Especially it may be said that the buried cable situation is satisfactory. This
1s not because buried cable as such is better protected against lightning over-
voltages than overhead cables. The better resistance of buried cable is due to
its larger size and armouring, so that the sheath has a better safety factor,

It will be observed that the greatest number of faults were on the lead-in
cables to subscribers’ premises. These cables are small and the sheath safety
factor therefore poor, and they are accordingly very sensitive to overvoltages
They have, moreover, heen connected to bare wire lines without overvoltage
protection. This has resulted in flashover to the lead sheath. From our
experience the majority of these overvoltages have entered the subscribers
cables from the bare wires.

To gain more experience, in the spring of 1962, as already mentioned. we
built one of our exchange areas (Haavisto) in such a way that the subscriber
lead-in points were also protected by rare gas tubes and dummies and with an
earth resistance of max. 20 ohms. The results during last summer came fully
up to our expectations. In future we shall protect also these transition points
by rare gas tubes and dummies.

Finally it may be said that one is often guilty of neglect in respect of
telephone earths since we not enough is known about the significance of earths
as protection and as disturbance-eliminating factor. It must be pointed out
that, once an earth has been satisfactorily arranged. it cannot be left to its
fate. Farths and overvoltage protectors must be kept under observation and
measurements must be made at regular intervals in order that the necessary
action may be taken in good time.

The cost of earthing arrangements varies between 40 and 140 Finnish
marks (US § 12-40) each. Then, of course, there is the difference in price
between a rare gas tube and a carbon arrester plus fuse. The cost as a whole,
however, is small if it is considered that the measures for radical improvement
of protection and earthing have resulted in a great reduction of the number
of lightning faults.

- _ _ Termination points in Line faults ~ Exchange faults Total
. Termination pm_nts mn cxchange area with s o : -1
Year exchange area without conteolled catthsiand per pe = per pL. Iernu- per P r =
controlled earths Fate. S Hbes annum nation SR nation SEnUT natio
1 per annum per annum per annum
1 -
1960 701 — 306 0.44 42 ‘ 0.06 348 0.50
196l 341 402 82 0.11 19 0.03 101 0.14
1962 - 798 43 0.05 77 ’ 0.10 120 0.15 ||
1963 | _ 865 64 0.07 43 | 005 107 012 |
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The Automatic Telephone Network in Curacao

A.G.C. VAN BRUG

Fig. 1

Curagao’s geographical situation

EN TELEFOONDIENST CURAGCAO

UDC 621.395.74
621.395.34
LME 508 830

In this article the author presents a survey of the growth of the Curagao
awtomatic telephone network from the opening of the first exchange 25 years
ago up 1o the present day.

Curacao, the largest island in the Netherlands Antilles, is situated in the
Caribbean Sea about 40 miles off the coast of Venezuela (fig. 1). It is 170 sq.
miles in area and has 132,000 inhabitants. Its capital is Willemstad.

The climate is tropical. The average temperature 1s 27.5 € but the constant
north-east trade-wind prevents this temperature from being specially trouble-
some.

The economic conditions are dominated by the fact that the island has one
of the largest natural harbours in the world and a large oil refinery belonging
to the Shell group. Trade and tourism are also important factors in the
economic life of the island.

Constitutionally the Netherlands Antilles, to which Curagao belongs, are an
independent part of the Kingdom of the Netherlands.

The need for a telephone service on Curacao was felt as early as in 1892 and
on January 23, 1892, the first licence to build a telephone network was
granted. The result was not particularly successful either financially or techni-
cally. One cause of this was the constant change of licensee.

These changes of ownership, of course, did not favour developments, and
after pressure had been brought to bear especially by trading and industnal
circles the company was placed under public ownership on January 22,
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1927. The existing equipment was modernized and replaced by a manual
magneto system of L M Ericsson make. This system comprised 3 operators’
positions each serving 100 lines, which were later extended to 5 positions for
altogether 500 lines. The hine plant, which for the most part consisted of
overhead wires, was also renewed.

Although this modernization brought a clear improvement over earlier
conditions, it was soon realized that an automatic exchange would be preferable
to the manual system. In 1937 funds were granted for the acquisition of an
automatic exchange. After mature consideration and study of the situation the
government ordered from L M Ericsson an automatic exchange for 1500
lines. The equipment was installed in premises belonging to “Telefoondienst™
under the supervision of an Ericsson expert. The building was situated in the
Punda district. at that time the most important part of Willemstad (fig. 2).

This first automatic exchange was opened by the governor on July 3,
1939, just 25 years ago. The exchange was equipped with 500-line switches
(see trunking diagram in fig. 3). It had a 4-digit numbering scheme (1000-
2499, extendable to 7999). There were also a number of group selector levels
reserved for special services (00-05). and two group selector levels for auto-
matic traffic with the Emmastad exchange owned by a Shell subsidiary,
Curacaosche Petroleum Industrie Maatschappiy. Digit 9 was used as area code
for traffic with this exchange, which was of Strowger type.

Fully automatic traffic was now possible between these two exchanges. The
Punda subscribers, after dialling 9, had to await a new tone and then dial
the subscriber’s number. The Punda register was thereby bypassed and the dial
pulses were forwarded to the Emmastad exchange. Calls from Emmastad to
Punda passed through normal line relays in Punda. In principle the same
procedure is followed today,

On economic grounds equipment for only 1200 subscribers was installed
despite the 1500-line capacity of the Punda exchange. The registers were
equipped with rotary selectors. The automatic exchange had great advantages.
the number of subscribers quickly rose, as also did the traffic intensity. The
tariff system emploved at that time—stepwise increasing tariff—also con-
tributed to the rise of traffic intensity, i.e. the number of calls had little effect
on the cost to subscribers. During the first years of World War 11 there were
difficulties in procuring new equipment. The number of link circuits could not
be increased and there were often traffic stoppages. The waiting time for dial
tone was sometimes 20 seconds or more. As an emergency measure the con-
versation time during peak traffic periods was limited, the operators breaking
off the call if it went on too long. This solution was far from practical since
it could be employed only during a short period and with little result.

To cover the large need for telephone connections in the important residential
area of Mahaai, a PABX plant of type OL 435 was emploved as public exchange
in 1942, again an emergency measure. All-automatic traffic was now possible
to and from the Punda exchange. For this purpose a number of outlets from
the 03 level of the group selector in Punda had been connected as internal
numbers of the PABX at Mahaai. There were 8 junctions with Mahaat,

Apart from Mahaai there was also a small manual exchange at the remote
Dokterstuin, with only one junction to Punda. The Dokterstuin exchange was
operated by the police.




Fig. 4

Trunking diagram of Curagao network in 1952
(without incoming group selectors)
S Line finder

GY Group selector
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INTLV Internal final selector

REG  Register
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After the war the necessary expansion of the Curagao network could be
started. At the Punda exchange new selectors and new registers were installed
to eliminate the traffic stoppages during busy hours. The PABX at Muhaai
was replaced by an ordinary automatic exchange. A new exchange was built
at Otrabanda west of St. Anna Bay.

The Otrabanda exchange filled a great need. Belore its installation the
subscribers in that district were connected to the Punda exchange via a subma-
rine cable across St. Anna Bay. was very vulnerable.
Several times a year it was damaged by anchors from incoming ocean vessels,
which Otrabanda.
after the

This cable, however,

isolated  the subscribers i This problem was solved.
opening of the Otrabanda
The junction traffic to Punda and Mahaai, however,

through this submarine cable.

at  least as regards local traffic.

exchange. still passed

The Mahaai exchange had a capacity of 500 lines, which was extended to
1000 1950 (5000-5999), and Otrabanda 1000 lines (3000-3999).
Both exchanges could be regarded as detached groups from the Punda ex-
change. The trunking scheme from 1952 is shown in fig. 4. It was a com-

lines in

plicated scheme and the junction lines were used very uncconomically. Every
group of 500 numbers required its own junctions to the other exchanges.
which in turn had their own incoming final selectors (L11). Quite soon
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Fig. 5
Trunking diagram of Curagao telephone net-
work around 1954 (with incoming group se-

lectors)
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therefore—during the years 1953 and 1954—another course was adopted. All
incoming traffic was directed via special incoming group selectars. This
simplified the trunking scheme, as will be seen from fig. 5. The line capacity
in 1952 was 3500 and the number of subscribers 3275,

But in the long run not even this solution was adequate for the growing
need of subscriber connections and for the growing traffic. As a result of
the flourishing economic situation new residential areas were built which
required new telephone connections. After the opening of the Punda ex-
change the number of connections within the existing network had trebled and
the traffic quadrupled (figs. 6 and 7). In order to meet this growing need for the
future as well, it was necessary to alter the entire plan of the network. Around
1953 this guestion was brought up for examination. This first requirement
was that the new plan should permit easy adaptation to the need for telephone
connections both in the near and distant future. The peculiar geographical
structure of Curagao was an important factor. Two trading centres, Punda
and Otrabanda. had to be taken into account These lwo centres constitute
the town of Willemstad with a surrounding zone of residential areas around
the Schottegat and sparsely populated outer areas. It was also required that
existing exchanges should be incorporated into the new plan without any
great difficulty. 1t was decided to have a system of district exchanges inter-
connected through a lattice-shaped network. Satellite exchanges could be con-
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nected to these district exchanges as required. This plan made it necessary
to change to a 5-digit numbering scheme. The Punda. Mahaai and Otrabanda
exchanges had 1o be adapted (o this scheme and a fourth exchange was
planned at Rio Canario. A satellite exchange was later to be bhuilt at the
Hato airfield connecting with the Rio Canario exchange

Phe first step an putting this plan into effect was to replace the mechanical
registers at Punda by crosshar registers in 1953, A new S00-line exchange
was built in the Rio Canario residential arca. The registers at Otrabanda and
Mahaai were adapted for the new scheme, the necessary junction apparatus was
mstalled and the junction network extended

On June 5, 1955, the 5-digit numbering scheme was introduced. At the same
tme the Rio Canaro and Hato exchanges were put mto operation. The new
plan had thus become a reality.

Through this alteration of the network structure the principles of the future
Curagao network had now been established. New extensions could easily be
made and new requirements met for many years ahead. The installed capacity
on June 5, 1955, was 5700 lines and the number of subscribers around 3800,

The registers at Punda and Otrabanda were equipped with a special switching
facility. As already mentioned. these exchanges were linked by the cable
across St. Anna Bay. This cable was very vulnerable. A switch had therefore
been installed on the registers at Punda and Ortrabanda with which the traffic
could be redirected from Punta to Otrabanda, or vice versa, via Rio Canario
when a fault occurred.

In the following years the network increased steadily in capacity and tele-
phone density (figs. 6. 7 and 8). The need for connections in the outer areas
also increased. An exchange was therefore installed at St. Rosa (a satellite
to Mahaai) in 1939, In 1961 came the Dokterstuin and Brievengat exchanges
(both satellites of Rio Canario). The Dokterstuin exchange replaced the pre-
vious manual exchange. After the installation of this exchange (on February
27. 1961) the entire Curacao network was now automatic.

Since the distance between the Dokterstuin and Rio Canario exchanges is
about 15 miles. 1t was necessary to introduce special measures for signalling
between them. An elevated signal voltage of 36 V was therefore used at the
Dokterstuin exchange,
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The installation of new and the extension of already existing exchanges. and
equipment alterations, had so far always been done under the supervision
of an expert from L M Ericsson. Since 1956 this work has been entirely
entrusted to the island’s own personnel. The first complete exchange installed
by its personnel was St Rosa in 1959,

On July 3, 1964, 25 vears alter the opening of the first automatic exchange,
the total capacity was 9100 lines with 7650 subseribers on 4 district and 4
satellite exchanges. The trunking scheme is shown an fig. 9

Naturally the cable network as well has been greatly extended during the
past 25 years, In recent years particular attention has been paid to the use of
underground cable to the greatest possible extent.

To keep the attenuation in the network within reasonable limits, the fongest
junction circuits have been equipped with negative impedance repeaters. These
repeaters have a very favourable effect. One example 15 the long distance cir-
cuit between Otrabanda and Mahaai. Without these repeaters the attenuation
at 300, 800 and 3000 ¢/s was 4.6, 7.5 and 15.5 db. respectively. After the
installation of repeater equipment the attenuation was reduced to 3.0. 2.5 and
4.7 db. respectively.

All connections between Curagao and other islands in the Antilles consist
of radio links. The traffic with Aruba and Bonaire 1s operated on a semi-
automatic basis. Investigations are at present being made concerning the
possibility of full automatic traffic between the islands. Direct radio-telephone
connection exists also with New York, Amsterdam, Caracas, Paramaribo
(Surinam) and Barbados.

Finally it may be said that in the past 25 years the choice of the Ericsson
AGF-system has proved a good choice. Even the oldest equipment is still
working fully satisfactorily. The maintenance required is very slight, especially
in consideration of the tropical climate.



Relay Interlocking with Push-button Control
and Train Describer System at Stockholm

Central Station

B. LEJDSTROM, SIGNAL ENGINEER, SWEDISH STATE RAILWAYS, STOCKHOLM

Fig. 1

A drawing showing how the control room will
he arranged in future.

In addition 1o the local mterlocking tleft), the hirst
part of which has now heen commisianed, the raoem
house a CTH The CT(

remote-control some 700 stations just

will also office (right),
office  will

outside the mterlocking area.
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UDC 656.257

L. ME 86Y
This article presents the main features of a new interlocking plant at Stock-
holm Central Swation based on entirely new  principles. Among the new
featnres are a train describer svstem and a kevboard for setting up train routes.

At the end of April 1964 the first part of a new relay interlocking plant at
Stockholm Central Station was put into service. When fully installed the plant
will be about six times as large as at present and will then control some 100
main-line signals, 250 position-light shunt signals, 225 electrically operated
points, 850 train routes and 525 shunting routes. The number of train and
shunting movements per day will be about 2006). The controlled area is rather
more than 13 Kilometres long in a north—south direction.

The signals within the area have so far been controlled from four power-
operated lever frames which, after 30 years of hard service, need to be
replaced. They will be successively dismantled as each new part of the plant
becomes ready for service. The new plant is expected to be completely installed
by 1966, It will save manpower and allow more effective traffic routing and a
hetter survey of the traffic situation,

The control office is situated at Stockholm Central Station. The office is on
a level with and adjacent to the platform system, so that quick and convenient
which
patcher’s room, and the trains and platforms. The arrangement of the control

communications exists between the office, also serves as train des-

room 1s shown in fig. 1.

External Plant

In respect of external equipment the plant is constructed in the conventional
manner with track circuits, point machines and signals of normal design. A. C.
track circuits are used within the central area. while more remote track cir-
cuits, which are generally longer, are fed with D. C.
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Five-light main-line signals are used on tracks
where the speed may not exceed 40 km b, and
on other tracks shunt signals supplemented by
a green aspect.

In addition to the proceed aspect the signals also
show the aspect of the signal ahead.

Fig. 3
Position-light shunt signal with four white

apertures and one green

Fig. 4
The
Station

control office at  Stockholm Central
In the backeround is the indication panel with the
track system for the part of the plant at present

in use.

white

Stop

Train movements on tracks on which speeds of 40 km/hour are allowed
will be controlled by main-line signals, other train movements by position-

light shunt signals with green light thg. 2).

Each main-line signal is preceded by a distant signal. In the shunt signals
the green light serves also as distant signal for the subsequent main-line or

shunt signal (tig. 3).
The plattorm tracks have special departure signals for passenger trains.

All main-line and shunt signals are operated from the control office. whereas
the departure signals are operated by the train guards from switches on the
platform. The departure signals are dependent on the other signals and can
show the departure aspect only if the corresponding exit signal shows proceed.

Points and derailers, which are to be operated from the control office. have
electrical mechanisms. Certain points have local switches. These points can be
locally operated by the shunting personnel on permission from the control
office. All points can also be manually operated with a crank in the event of
power failure or other fault.

Points and derailers which are seldom operated are designed solely for local
manual operation and are locked in position by electric locks.

Internal Plant

The main parts of the internal equipment are the control apparatus and the
illuminated track diagram in the control office (fig. 4). The necessary relays

and power supply equipment are placed in relay rooms under the control

office.
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Fig. 5
Keyhoard for establishment of train routes

Fig. 6

Detail of indication panel

The track svstem with text erc. s enzraved on
hlack plexiglas, the track system in grey and text
in white, The symhbols for track circuits are orangze-

coloured
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The plant is operated from three Keyboards (fig. 5). each of which controls
nine sections of the plant in whole or in part. At low traffic periods, there-
fore. the entire plant can be controlled from a single keyboard. Each keyboard
contains 45 keys of which the ten in the bottom left-hand row are numbered
0-9. These are used for selection of signals, points, derailers and track circuits
etc., all of which have three-digit numbers between 201 and 999, The 200
lowest numbers are reserved for control of Alvsjo Station south of Stockholm
Central Station. The remaining Keys on the right are numbered 1-35 and are
used for establishment of routes and for swiiching of points and signals etc.

A route is established by keying the numbers of the signals at the start and
end of the route and then pressing an execute button for the route.

The illuminated track diagram is about 1.5 » 10.5 m (fig. 6). The track
system is shown on plexiglas sheets. Under the sheets are lamps which lighten
or darken in response to the various indications.




Fig. 7

Train descriptions are sct-up in rectangular

display units. The picture shows description

00010 in display unit 0340,

Fig. 8
Keyhoard for train describer system

['he indications are displayed in various symbols according to the nature of
the indication. The same aperture may show indications in different colours
and in steady or tlashing light. The indication lamps are normally extinguished
and light only when the attention of the control office personnel needs to be

summoned or as an acknowledgement of an executed control.

The operation of the plant is facilitated by a train describer system which
Keeps the control office personnel informed of the descriptions of trains
within or approaching the area. The descriptions are set up in rectangular
display units over each track or part of a track on the track diagram. When
a train is on a track, its description is set up in the relevant display position
(fig. 7) and then follows the train as long as it is within the signal-controlled

darea.

The train describer system is operated from a separate kevboard (fig. 8)
from which the descriptions of trains leaving the area are keyed into the
system. This keyboard has ten keys numbered 09, To set up a train descrip-
tion, the operator first Keys the three-digit number of the relevant display
unit and then the train description. Destination and description can be checked
in the verifying display unit on the Keyboard. After this check the description
is transferred to the track diagram with the start key 5. Wrongly keyed
numbers can be cancelled both as regards destination and train description.




Fig. 9
Telecommunication relay rack

|8

Descriptions of trains entering the area are automatically transmitted to the
control office from adjacent stations. They are displayed first in a position
corresponding to the transmitting station and are thercafter moved down to
the area display positions when the train enters the controlled area. The
“remote” display positions are seen at the top left of the track diagram (fig. 4).

The descriptions for departing trains are transferred in the same way under

remote control to adjacent stations.

The relay equipment consists of safety relays which ensure the safety of
train movements. Telecommunication relays are used in the train describer
system and also for repetition of keyset signals and other tunctions of a non-
safety character in the actual signal plant. The telecommunication relays are
mounted in relay sets of plug-in type (fig. 9). For the power supply of the
plant there are rectifiers for the relayvs and converters for the A.C. track
circuits. A standby unit is automatically switched-on in the event of a fault

in the normal supply.

Concluding Remarks

Fxperience hitherto of the part of the plant that has been in operation has
been thoroughly satisfactory both as regards the safety and control and the
train describer systems. This bodes well for the future when the plant is fully
mstalled and its many advantages in respect of saving of manpower and
improved tratfic capacity and supervision can come into their full right.




RITT Method of Instruction

A.

EHNBOR G,

INSTRUKTIONSTEIEKNIK AB, STOCKHOLM

LUDC 371.3:681.84
LME 00339

Instraction units for systematic operation and experience learning are now
wsed by several manufacturing firmy and schools in Sweden. Thiv method,
called the RITT method (Rational Instruction and Training with recorded
Tapes), in conjunction with specially designed apparatus, is a rational and
efficient training aid, not only in indusiry hut also in many other fields for
teaching manual skilly, instruction in the use of tools, machines, instrunients
ete,, and ay “check lists” for complicated manufacturing processes and the like.

The article presents an account of the method, ity applications, advantages
and the results achieved.

The RITT method originated at L. M Ericsson nearly five years ago when
the company had a pressing training situation on hand and attempted to meet
it by recording working instructions with the Ericorder tape recorder which
was then made within the group. The first results were not particularly
promising, but the idea was worked upon further. Today we have a well
established method of instruction, founded on theoretical and practical ex-
perience, for the main aspects of which patents have been filed. The apparatus
has also been adapted to the instruction method, the original tape recorder
having been entirely redesigned into an instruction unit suited for the particular
purpose. with a separate recording equipment. An Ericsson subsidiary, In-
struktionsteknik AB. is now in charge of the marketing of the method and
apparatus.

The Method

If the problems are to be seriously attacked and satisfactory results are to be
obtained, very extensive and qualified work is required on the preparation of
the tape recorded instructions. The following brief description will give an
idea of how this work is done and how the instruction is used.

The working routine 1s first studied on site, If there i1s any earlier MTM*
analysis or film available. it is fairly easy to analyse the routine. Once the
method study has been completed and the routine has been established. a
manuscript 1s prepared. To start with, the pupil must be taught how the place
of work is to be organized and what tools and other equipment are required.
Thereafter the actual routine is described in a technically and pedagogically
correct manner. This detailed description of the working process teaches the
pupil how the work is done in accordance with the stipulated method. but it
gives him no training in quickness,

To enable the pupil to increase his pace of work, the instruction is now
repeated a number of times but within successively shorter periods. This s
done by systematically omitting certain words on ecach occasion without
affecting the clearness ol the instruction.

In the recording of the manuscript it is essential to accurately time the pauses
in the recording corresponding to the times needed to perform the various
operations.

Before the instruction is put to use. it must be thoroughly tested in practice.

This can be done both at the manuscript stage and after the manuscript has
been recorded. The complete instruction is then used as follows:

* Method-time-measurement
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Fig. 1

Instruction unit KTHB 2351 with control hox

Fig. 2
Headset RLID 9811 with transistor receiver for
magnetic loop
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An instructor takes the pupil in charge and explains the functioning of the
apparatus. Both of them then put on headsets and the instructor carries out
the job in accordance with the instruction, the pupil looking on and listening
in the earphones. In this way the pupil obtains a clear picture of the work
both through his auditory and visual faculties. When the instruction has been
run through, the instructor and pupil change places and the pupil does the
job while the instructor checks that he is following the instruction. If the pupil
is not clear about any operation the apparatus is stopped, the tape is wound
back and the operation is repeated.

Apparatus

A special Instruction Unit has been developed at L M Ericsson. To with-
stand the stresses of industrial environments it is robustly constructed. and the
latest type is also tropicalized.

The unit 1s designed for magnetic tape in a cartridge. The cartridge is easily
inserted and removed. It is also effectively protected against dust and dirt.

In order that the instruction unit shall be casy to operate, and perhaps
especially to prevent alteration of the recorded instruction, the unit is designed
for playing back only. It has a separate wire-connected control box with keys
for playback, fast wind and rewind. stop and repeat. A pulse device stops the
rewound tape automatically at different stages of the instruction, the stop
being preselected during recording of the routine. This technigue enables the
pupil to quickly find any desired part of the instruction for repetition of a
particular operation. If only a phrase or a few words of the instruction are 10
be repeated. he presses the repeat key. The tape is then wound back about 10
seconds and the instruction thereafter continues automatically.



Fig. 3

Instructor and pupil run through an instruction

on relay adjustment

The unit has sockets for two headsets. one for the instructor and one for

the pupil. It has no loudspeaker, however, since this would disturb others in
the vicinity and would not require the same concentration when listening.

A magnetic loop system may also be employed. A loop which generates a
magnetic field is set up round the working position and connected to the
instruction unit. The pupil uses a pair of earphones with a transistor receiver.
In this way he can listen to the instruction while having full freedom of
movement within the area inside the loop.

A special recorder is used for recording of instructions. For copying of a
complete instruction an instruction unit is connected to the recorder.

W —— — ———— —————

%
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Fig. 4

Sketch of magnetic loop system
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Advantages of the RITT Method

The advantages of magnetic tape instruction by the RITT method may be
summarized under the following points;

[ Several elements in the design of the recorded instruction and of the in-
struction unit are calculated o make the learning process effective, ie.
step-by-step presentation, reinforcement. the pupil can work at his own
pace and “ask” the tape a question at any time. increased concentration,
simultancous  engagement of auditory and visual senses. Although the
relative effects of these various elements have not yet been completely
ascertained, all practical experience hitherto points to an appreciable reduc-
tion in the time of learning. This not only reduces the cost of instruction
but means that operatives become productive more quickly and. when
working on a piccework system, they more quickly come up to the intended
rate of pay. Secondary effects are the smaller turnover of personnel and
reduced costs of recruitment.

[ The instruction unit does not render a human instructor unnecessary but
relieves him of much work, and his work is of a more gualified kind, He
can more easily form an opinion concerning the suitability of a pupil for a
particular job and can devote more time to really difficult operations ete.

All pupils obtain equally good instruction and there is less reason for
friction between instructor and pupil.

] The instruction is identical on every occasion and is only changed if the
operational method is changed. The tape can serve as a book of reference,
It is filed as long as the job continues. is an effective aid for checking
working methods and provides an objective basis for piece rate negotiations.
Safety regulations can be learnt at the same time as the working methods.

] The pupil has direct contact with the person who devised the working
method. This creates a better guarantee of obtaining the qualified personnel
required for a particular operation. The calculated gains from any working
method can be realized to the full and rejects are reduced.

The preparation of an instruction tape is therefore a natural sequel to
MTM work.

T The taped instruction greatly simplifies the teaching of foreign personnel
since it can be prepared in their own language.

It also facilitates the instruction of handicapped persons, for instance
the blind, as well as people who cannot read.

[

These improvements in the method of instruction mean that expensive
machinery can be more effectively used and looked after.

]

1 When certain operations are transferred to other factories, there is an
assurance that the work will be done properly. Obviously, when selling
know-how, this will be of more value if it includes taped instructions.

Practical Experience

Training by the RITT method is in progress at a large number of Swedish
companies and institutions, Among them may be mentioned ASEA. SKF.
Volvo. Atvidaberg, the Oresund Shipyard. Svenska Stilpressning AB (pressed
steel products) and Tretorn (rubber products). Other training applications are
tor nursing, prison warders. vocational schools, and within sales and service
companies such as Scania-Bilar (motor cars) and Hasselblads Fotografiska AB
(photographic equipment).



Fig. §

Training
teaching

on a school lathe and language

Exact times and results of training are wsually lacking by conventional
methods, Nor s there time nor the opportunity in industry to carry out
statistically reliable comparative studies. Nevertheless the following statements
made at a conference on August 20, 1962, organized by ASTI (The Swedish
Work Study Technical Institute, Stockholm) provide clear evidence of the
important advantages to be gained through the use of the method.

L Sandberg, Work Study Engineer, Volvo:

We have used tape recorded instructions for teaching machine operators. es-
pecially for work on the assembly line. We have found that the time of learning
has been reduced to about one-third of that required earlier.

L Maitsson, Production Manager, Hasselblads:

Our work comprises the developing of coloured film. During the height of
this last season we taught about 30 employees with tape recorders. The great
advantage of the method has been that the time of learning of the primary
process was reduced to half of that earlier required.

B Andren, Work Study Departiment, SKF:

We have prepared some 10 instructions which have been used for training
about 100 employees. We found that the method has many advantages and
it is our intention to greatly increase its use,

B Myhrvold, Manager, Nordiska Tvitten (Laundry):

We have used the method for instructing women in the ironing of shirts and
we have found it far superior to the method we previously employed.

The following may be quoted from an investigation at L. M Ericsson’s Soder-
hamn Factory. Training time on soldering of 500-line switches was reduced
from 12 to 6 weeks per emplovee when using the RITT method. and on
winding of coils from 14 to 10 weeks.

A very large number of people have been trained at L M Ericsson since the
method was first brought into use. Foreign labour have been trained by
instructions in Finnish, Greek and Italian. Finally it may be mentioned that
jobs transferred to L M Ericsson's factories in Spain and Australia have been
accompanied by working instructions in Spanish and English,

12
1



L M Ericsson Exchanges Cut into Service 1964

CITY EXCHANGES

Public exchanges with 500-line selectors AGF

Town

Bolivia
La Paz

Brazil

Goiania Area

Colombia

Medellin area

Ecnador

Guayaquil
Quito

Ethiopia
Addis Ababa

Finland

Pieksiamaki

Seinidjoki

Tammisaari/
Ekends

Tampere/ Tammer-
fors

Traly
North lraly

Legnago
Mogliano
San Bonifacio
Schio

Stra
Valdagno
Verona

Vicenza

South lraly

Alcamo

Avellino

Caltagirone

Canicatti

Caserta

Castellammare di
Stabia

Catania

as

Formia

Town

- | Number
Exchange of lines
Centro (extension) 1000
Campinas (extension) 2000
Centro (extension) 2000
Bosque (extension) 2000
Bueros Aires (extension) 2000
Poblado (extension) 1000
Centro (extension) 500
Sur fextension) 500
Mariscal Sucre (extension) 500
Central {extension) 500
Filwoha (extension) 500
(extension) 250
{extension) 500
(extension) 500
(extension) 1000
(extension) 300
(extension) 100
(extension) 100
(extension) 500
(extension) 140
(extension) 300
Centro (extension) 500
Borgo-Trento (extension) 500
(extension) 1000
{extension) 1000
(extension) 1000
(extension) 1000
(extension) 500
(extension) 500
(extension) 1500
Nesima (extension) 1000
Ognina (extension) 3000
{extension) 200

24

Giarre Riposto
Lecce

Mazara del Vallo
Messina

Maodica
Napoli/Naples

Palermo

Reggio Calabria
Salerno
Siracusa
Torre del Greco
Lebanon

Beyrouth

"

Mexico
Jalapa
Mexico DF

2

Uruapan

Netherlands’
West Indies

Curagao

Norway
Hisoy
Porsgrunn
Skien

Panama

Colén
Panama City

Sweden

Boris

Enkoping
Eskilstuna
Falkoping

|

Number

Exchange 6% Tines

(extension) 500

(extension) 1000

(extension) 800

Nord (extension) 500

(extension) 500

Museco (extension) 2000

Nolana (extension) 1500

Calatafimi {extension) 2500

Liberta (extension) 3500

(extension) 500

Centro (extension) 1500

Pastena 2000

(extension) 1000

(extension) 800

Chiah (extension) 1000
Furn-el-Chebak

(extension) 1500

(extension) S00

Apartado (extension) 1000

Morales (extension) 500

Piedad (extension) 1500

Portales (extension) 1000

Roma {extension) 3000

Sabino (extension) 500

San Angel (extension) 500

Saro (extension) 1000

Tacubaya (extension) 500

Valle (extension) 2000

(extension) 1000

Mahaai {extension) 500

500

(extension) 500

(extension) 1500

(extension) 500

Panama 4 (extension) 500

Panama § (extension) 1000

(extension) 500

(extension) 1000

(extension) 2500

(extension) 500




Number ) Number
Town Exchange S Tines Town Exchange of lines
Gothenburg Suburban area | Saltsjobaden  (extension) 500
Centre area Masthugget  (extension) 2000 n Storiingen {extension) 1000
* Vasa (extension) 2000 Sundbyberg  (extension) 2500
Suburban area | Askim (extension) 1000 " Tullinge {extension) 500
" Biskopsgirden (extension) 1000 N Arsta (extension) 3000
= Frolunda (extension) 2000 Angby (extension) 1500
Halmstad (extension) 2000 Orby {extension) 500!
Hilsingborg (extension) 500 Trollhittan (extension) 500
Jakobsberg (extension) 1000 Uddevalla (extension) 1500
Karlstad (extension)| 2500 Viistervik {extension) 1000
Klippan (extension), 500 Viisteras (extension) 1000
Kristianstad (extension) 500 Amiil {extension) 500
Koping (extension) 1000 Orebro (extension) 500
Linkoping (extension) 1500
Lund (extension) 500 Tuwrkey
N""'\"_ﬁPi"g (extension) 1500 Adana (extension)| 2000
Norrtalje (extension) 300 Ankara Bahgelievler  (extension)| 2000
Stockholm ) : o Merkez Santral(extension) 3000
Cenlrfi area G_r_oup_ statmns(cxtcns!(m) 2000 Yenisehir (extension) 4000
Hogalid iextensian) 2500 Iskenderun (extension) 1500
Kungsholmen (cxtcns!onl 2000 | Tabaie Boinovi (extension) 100
Suburbﬁ.n arca | Enskede (extension) 500 [ Buca (extension) 100
Farsta (extens!on) 1500 - Karsiyaka (extenision) 1000
Hzmcllcn (extension) 1000 Merkez Santral (extension) 2000
Hanviken (C.\tt’."nSfOn] 1000 Natsin (extension) 2000
Huddinge {extension) 2000
Linnersta (extension) 1000 Venesiala
Milarhojden (extension) 3000 L .
Norrviken (extension) 500 Meérida (extension) _.ﬂ
Rasunda (extension) 3000 Total 144390
Public exchanges with crossbar switches
i Number | . Number
Town Exchange 3Flings Town Exchange of Tines
Argentine Sydney Lakemba 1000
Salta 8000 3 Liverpool 1400
Miranda 1400
Australial North Ryde 600
New South-Wales Pcakhurg 1000
Bailin 200 Potts Point 800
Blacktown 1000 Pymble 1600
Civie 2000 Sc?lon 3000
Cilbiii 2000 Willoughby 800
Corrimal 2800 Woy Woy 1000
gz‘::;;;um ;ggg Queensland
Mudgee 1400 Brisbane Aspley 2400
Sydney Bankstown 1000 i | Chapel Hill  (extension) 200
2 Burwood 1000 Chermside 1400
Cronulla 4000 o Currumbin 1000
Dural 600 Mitchelton 800
Edgecliff 1000 Brisbane Nundah 1600
Epping 1000 & Salisbury 400
< Guildford 600 Toowong 800
Harbord 1000 Bundamba 900
Havmarket (extension) 1000 Cairns 1000
Hurstville 1000 Gympie 1800
Kingsgrove 800 Ipswich 3800
Kogarah 600 Mt. Gravatt 1400

! The equipment for these exchanges has been manufactured in Australia on L M Ericsson-license.

[
n



‘ Number

Town !| Exchange [ of lines
South Australia
Adelaide Brighton 1000
i Edwardstown 1000
Flinders 5400
Modbury (extension) 1000
Nightchff 600
Paradise {extension) 2000
St. Mary's 1000
Woodville 1000
Tasmania
Hobart Bellerive l 300
2 Lindisfarne 400
Launceston St. John 1000
Western Australia
Perth Morley 1800
" Scarborough  (extension) 400
Tuart Hill 2400
Wembley 2000
Victoria
Melbourne Blackburn 2000
(4 Bulleen 3000
Burwood 1000
Clayton 2000
Fawkner 2000
Jordanville 1000
Newport 3000
Northcote 1000
” North Melbourne 1000
Springvale 1000
Tally Ho 2000
West Essendon (extension) 400
Montrose 1000
Brazil
Barbacena (extension) 600
Brasilia (extension) 4000
Presidente Prudente 2000
Santo André Area | Maua {extension) 200
Chad*
Fort Lamy (extension) 400
Colombia
Bogota DE Chic (extension) 4000
Medellin area Bello (extension) 600
= Envigado 2000
ok [guana 3000
Denmark
FRTAS
Odense (extension) 2000
Rudkobing (extension) 1000
Svendborg 6000
JTAS
Aalborg (extension) 2000
Aarhus Nord (extension) 1000
b Svd (extension) 1000
Vest (extension) 1000!
Esbjerg fextension) 1000
Grenaa (extension) 400
Grindsted 1600
Hobro (extension) 200
Holstebro 4000
Ikast (extension) 400
Kolding 9000
Lemvig 1600

Number
Town Exchange of tinas
Nvkoping Mors 2000
Odder (extension) 200
Randers (extension) 1000
Struer (extension) 400
Varde {exteusion) 400
KTAS
Albertslund 3000
Allerod 3000
Espergierde (extension) 1000
Helsingor (extension) 1000
Hillerod 6000
Copenhagen Ballerup (extension) 1000
it Borups Alle  (extension) 3000
Brondbyoster (extension) 1000
Farum (extension) 1000
Herlev (extension) 3000
Holte 4000
- Hvidovre {extension) 1000
Kastrup (extension) 1000
Lille Varlose (extension) 1200
w Lyngby {extension) 3000
b4 Naerum (extension) 1000
" Nora (extension) 4000
Norregade (extension) 12000
Radovre (extension) 2000
Sundbyoster  {extension) 5000
Soborg (extension) 1000
Taastrup (extension) 1000
i Valby (extension) 1000
Vallensbek  (extension) 1000
Korsor 3000
Nykobing F (extension) 1000
Slagelse {extension) 1000
Egypt (UAR)
Assiut 3000
Benha 1000
Cairo Abbassia {extension) 5000
" Opera (extension) 10000
Minia 3000
Ethiopia
Asmara 3000
Finland
Helsinki/Helsing-
fors Grisa (extension) 400
& Haaga/Haga (extension) 600
Heikinlaakso/
Henriksdal (extension) 160
Herttoniemi/
Hertonds  (extension) 600
Kaarela/
Karhale (extension) 1000
Kallvik 1000
Kilo 1000
Kapyla/ Kottby(extension) 600
Leppidvaara/
Alberga (extension) 600
Meilahti/
Mejlans (extension) 1000
Oulunkyla/
Aggelby (extension) 600
Pakila/
Bagghdle  (extension) 400

* This equipment, System CP 400 is deliverad by Société des Téléphones Ericsson, Colombes or their licensees.
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Number

Town Exchange of lines
Helsinki/Helsing-
fors Pihlajamiki/
Ronnbacka (extension) 400
Puotila/Botby (extension) 3000
Sorndinen/
Sornis (extension) 2000
Tapiola/Hagalund 2000
Viherlaakso/Grondal 1600
Oulu/Uledborg Tuira (extension) 1000
Pietarsaari/

Jakobstad (extension) 1000
Pori/Bjorneborg Koivisto 2000
Tampere/

Tammerfors Epild (extension) 200

i Messukyld (extension) 200
Turku/Abo (extension) 3000
Vaasa ' Vasa Roparniis 1000
France®
Annemasse 3200
Bergerac 2000
Bourg en Bresse 3200
Brennilis 200
Castres 2400
Chalons sur Saone 4000
Dreux 2000
Niederbronn 400
Poissy 4000
Royan 3200
Saint-Tropez 2000
Troyes 8000
Gabon®
Libreville (extension) 400
Teeland
Akranes 1400
Indonesia
Padang 3000
Ireland
Dublin Malahide 800

0 Nutley (extension) 1000
Italy

North Italy |
Padova (extension) 5200
Treviso (extension) 400
Venezia/Venice Mestre (extension) 2200
Verona Borgo-Roma (extension) 1000

South Italy
Acerra 600
Acireale 3400
Afragola 800
Angri {extension) 100
Aversa (extension) 200
Bagheria (extension) 400
Bitonto 1000
Capri 2200
Castellana Grotte 700
Castelvetrano (extension) 800
Catania Barriera 2800y
Corato 1000

. Number
Town Exchange ol lines
Enna 2200
Fondi {extension) 200
Lentini (extension) 500
Misilmeri 600
Monopoli (extension) 200
Napoli/Naples Casoria 800
2 = Miano 5000
Poggioreale  (extension) 1200
! = Ponticelli 1600
' " San Giovanni f{extension) 1000
Nocera Inferiore (extension) 600
Nola (extension) 600
Palermo Stadio 6000
Paterno (extension) 400
Pomigliano (extension) 200
Positano 400
Procida 700
Putignano (extension) 200
Ruvo di Puglia (extension) 600
Taormina (extension) 200
Trapani {extension) 1600
Vico Equense (extension) 200
Cameroons*
Yaoundé (extension) 400
Congo®
Pointe-Noire (extension) 400
Lebanon
Hammana 600
Jounieh 1200
Mexico
La Paz 800
Meéxico DF Santa Clara  (extension) 1000
g Santa Fe 800
" Satelite 2000
Tlalnepantla  (extension) 600
Netherlands
Barendrecht (extension) 400
Maassluis (extension) 800
Rotterdam Hoogvliet (Pernis)
(extension) 2000
3 Schiebroek 11 [ 5000
Niger?
Agades 100
Niamey (extension) 400
Norway
Mo i Rana 2000
Molde 2500
Mosjoen 2000
Portugal
Province of Macau | Macau 1000
Sweden
Motala (extension) 800
Nykoping (extension) 1000
Skovde (extension) 1000
Visby (extension) 800

® This equipment, system CP 400 was delivered by Société des Téléphones Ericsson, Colombes or their licensees.




| Number

Town Exchange | o lifies

Thailand
Bangkok Chaiyapruek 5000
Lampang 1000
Nakorn Sawan 1000
Pitsanuloke 1000
LIbol 1000
Tunisia
Sousse 2400
Sfax 4000
Turkey
Alvon 1000
USA*
Winter Garden,

Florida (extension) 250
Winter Park.

Florida (extension) 2500

Town

Exchange

of lines

Number

Perry, Georgia
North Madison,
Indiana
Chillicothe, Ohio
Galion, Ohio
Mansfield, Ohio
Steward Road,
Ohio
Hood River,
Oregon

Yugoslavia*
Beograd

Nis

Novi Sad
Titograd
Zadar
Zagreb

(extension)

(extension)
(extension)
(extension)
{extension)

(extension)

Dunay

Karaburma
(extension)
(extension)

(extension)
Centar

Total

430510

400

200
500
300
1000

1000

100

2000
1000
1000

400
1000

600
6000

1 These exchanges, System NX-1 were delivered by North Electric Co., Galion, Ohio.
' The equipment for these exchanges has been manufactured on L M Ericsson-license by the Yugoslavian factory Nikola Tesla,

Zagreb.

RURAL EXCHANGES

Number

Public rural exchanges with cross-
har switches, svstem ARK, ART,
NX-2 cut into service 1964,
Australia’ 96
Canada =
Denmark 9
Ecuador 1
Finland 57
Greenland 1
Iceland I
Ireland 12
Italy 14
Lebanon 1
Mexico 6
Netherlands i
Norway 15
Sweden ==
Thailand 2
USA® 12
Yugoslavia? 29

Total 256

Number
of lines
incl. ex-
tensions

12780
400
4100
100
5850
400
200
2220
2600
200
360
400
[530
4200
300
5310
5100

46570
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TRANSIT EXCHANGES

Transit exchanges with crossbar switches,
svstem ARF, ARK, ARM, ART or with
500-line selectors, system AGF

Canada
Colombia
Denmark
Egypt (UAR)
Finland
Iceland
Ireland

Italy
Lebanon
Mexico
Netherlands
Norway
Sweden
Yugoslavia

Total

Number of
junctions

200
800
10800,
2300
2960
120
160
2200
300
1120
2000
460
8205
6700

38325

15

The equipment for these exchanges has been manufactured on
L M Ericsson-license.
These exchanges, system NX-2, were delivered by North Elec-
tric Co., Galion, Ohio.
The equipment for these exchanges has been manul’ac@ured
on L M Ericsson-license by the Yugoslavian factory Nikola

Tesla, Zagreb.



GUEETNEWSS from

All Quarters of the World

1964 — Record Year for LM
Ericsson Public Automatic

Systems

A preliminary survey now exists of
the inflow of orders for and com-
missioning of public telephone ex-
changes by the Ericsson group dur-
ing the past year.

More than 600.000 local automatic
lines were installed, of which nearly

500,000 connected to crosshbar ex-
changes. Several new records were
set up in, among other countries,

Australia and Denmark, where over
114,000 and 106,000 local lines. re-
spectively, were installed during the
year. As regards our transit systems,
large scale installations have taken
place in Denmark. Egvpt (UAR).
Finland and Yugoslavia. Transit ex-

changes with a total multiple capacity
of 38000 lines have been cut over
during 1964,

Orders on hand at January 1, 1965,
amounted in tound figures to 1.9
million local lines, an increase of
about 22 ¢/ during 1964. As men-
tioned in this and earlier numbers of
Ericsson Review, large orders have
been received both from new and
old markets. Among the former may
be noted large contracts with Costa
Rica, El Salvador, Saudi Arabia.
Spain and Malaysia, and important
orders have come also from old-
established markets such as Colom-
bia, Mexico, Finland and Ireland.

Signing of the Venezuela contract. (Seated from left) Mr. N. Kjellander, Compania Anénima Erics-
son, Sr. A. Rodriguez-Tamayo, Managing Director of Compaiia Anonima Nacional de Teléfonos
de Venezuela, Sr. E. Tovar Cova. Telecom., and Sr. A. Ramirez-Torres, Chairman of Compaiia
Anonima Nacional de Teléfonos de Venezuela.

Large L. M Ericsson
Orders from
Venezuela and Spain

I.M ELricsson has received a large
order from Venezucla for telephone
cquipment to a value of 25 million
kronor. This equipment will be uvsed
for the modernization  and
expansion  of lelecom-
current

radical
Venezuela's
munications as part of the

five-year plan.

The order comprises 29 automatic
trunk exchanges distributed through-
out the country, an automatic in-
ternational  exchange, and manual
exchanges, After the completion ol
I. M Ericsson's undertakings the en-
tire Veneczuelan trunk network will
have been converted to subscriber
dialling.

The tender specilications were ex-
tremely detailed and complied fully
with the rules of the World Bank.
The order was won by L M Ericsson
in competition  with the principal
telephone manufacturers of the world.

This contract is of great significance
for LM Ericsson's future business
with Venezuela and the choice of
Ericason system may be expected to
influence future negotiations for simi-
lar equipment.

Among the Latin American coun-
tries  which have earlier ordered
equipment of the same type are Bra-
zil. Colombia, Costa Rica. Ecuador,
Mexico. El Salvador and Panamua.

Spain has placed a large order with
L M Ericsson for equipment for telex
exchanges. The contract is worth
some 20 million kronor apart from
installation costs,

The equipment will be used for
modernization and expansion of the
Spanish telex network including the
Balearic and Canary Islands.

The contract covers the delivery
and nstallation of 65 terminal ex-
changes and 6 transit exchanges, all
of the Ericsson crossbar system for
telex. and associated v.I. telegraphy
cquipments and carrier systems for
overhead lines. The transit exchanges

for Madrid. Barcelona and Bilbao
will provide facilities for all-auto-
matic traffic with the remainder of

Furope.



Opening of New LM
Ericsson Exchanges

ALGERIA. A new crosshar switch
exchange CP 400 for the government
building in Algiers was  officially
opened at the end of 1964 by Presi-
dent Ben Bella. Among those present
were the Vice President of the Coun-
cil, Mohammed Said. the PTT Min-
ister, M. Zaibek, the Minister of
Social  Affairs, M. Nekkache, the
Head of the Long Distance Division.
M. Hassani, the ambassadors of the
Soviet Union, Korea and Albania,
M. Gaude of the French Embassy.
the  Managing Director Vice
President of STE, Duprez
and  Rosselin, the Director of the
STE agency in Algiers, M. Cottavoz,
and technicians from the Telephone
Administration. The Head of the In-
land  Telecommunications  Division.
M. Snoussi, showed the visitors Tound

and
Messrs.

the new installation and gave an ac-
count of the more important charuc-
teristics of the CP 400 system.

INDONESIA. A new crosshar ex-
change has recently been opened at
Padang, Sumatra. It 1s housed in a
new telephone building and has an
initial capacity of 3000 hnes. This
exchange is one of the series of new
exchanges for the conversion of the
Sumatra network to automatic opera-
tion.

NIGERIA. A new crossbar ex-
change has been opened in Lagos in
the government “Independence Build-
ing”. This exchange 1s of type CP 400
and was delivered in 1964 by STE.
Paris. It has a capacity of 4500 exten-
sions, 45 outgoing and as many in-
coming exchange lines.

LEBANON. An ARM exchange
was officially opened at Tripoli in
December 1964 by the PTT Minister,
Antoine Sehanoui, in the presence of
the Governor of Lebanon, Bachir Al
Awar, the Director of Telephony, A.
Chémali, two former PTT Ministers
and a number of representatives of
the Administration. and of the church
and local government. With the open-
ing of this ARM exchange the 8000

k™

President Ben Bella and (left) M, Hassani speaking to the operators during the inauguration of the

new crosshar exchange.

Tripoli subscribers  have automatic
connection with 65,000 subscribers in
the Bevrouth district. The cutover
completed according  to
gramme and the equipment 1s work-
ing extremely well,

TURKEY. The first crossbar ex-
change in Turkey, at Afyon. Ana-
tolia, was opened in August last year.
The cutover, comprising 1000 lines
ol system ARF 102, attracted con-
siderable interest both from the local
population and the administration.
The exchange is housed in a new
building  which contains  ad-
ministrative offices and replaces an
older automatic exchange o! Rotary
tvpe. In conjunction with this in-
stallation a brief information course
on LM FEricsson's crossbar system
was held at Ankara, which met with
a lively interest among the personnel
of the head administration. Another
1000 AGF lines have recently been
ordered for extension of the Ankara
exchange Yenisehir,

was pro-

also

Relay Interlocking on
Geographical Circuit
Principle at Swedish

Railways

In November 1964 the Swedish
Raillways commissioned a relay inter-
locking of an entirely new type.

The new crosshar exchange at Padang
is housed in a building of rather unusual
appearance.

Safety relays and non-safety relays
are combined in relay sets with one
set for each point, signal, etc. There
are altogether seven types of relay
sets. the smallest of which contain 2
safety relays and 8 non-safety relays,
and the largest 32 and 13, respectively.
The relay sets are interconnected with
40-conductor cables.

The relay sets and interrack cables
are tested in the factory., They take
very little time to install. On a
change n the track system or signal
system the relay interlocking can be
casily altered or added to by transfer
of existing relay sets or the addition
of new sets,

The safety relay is the new JRF
relay with 8 contacts. The relays are
assembled in BCH relay sets mounted
on BDH racks.

The new signalling plant comprises
about 80O points and 70 signals and
thus employs some 150 relay sets.
Relay sets, racks and cables were
supplied by L M Ericsson, which has
also received orders from the Swedish
Railways for another 1200 relay sets
tor a second relay interlocking of the
same type.

BDH rack with BCH relay sets for centrally
switched points. (Inset) a safety relay JRE.




The Director General of P. N, Postel, S. H. Simatupang, lays
the Toundation stone for a new telephone exchange building at
Pakanbaru, Sumatra, in Indonesia. The initial installation
will comprise 1000 lines of Ericsson’s ARF system. Interested
spectators at the ceremony were (in the background, from left)
the head of the Pakanbaru telephone exchange, Djarwoto
Moeljodiwirjo, the head of the West Sumatra and Riau telecom-

munications districts, R. Soenarjo Martosendjojo, and the

Governor, Brigadier General Hadji Kaharuddin Nasution,

NYSSA, New York Society of Security
Analysts, is an association whose members
deal in, administer and act as consultants
in questions concerning securities, The as-
sociation has regular meetings at its offices
in New York, to which business executives
are invited to speak about their companies
and to answer guestions from members.

It is mostly American companies that are
represented at NYSSA meetings. On April
1 this year, however, L M Ericsson was in-
vited—the first meeting in three years at
which a foreign company was represented.
The fact that it was 89 years to the day
since Lars Magnus Ericsson started his
operations may perhaps be considered as
pure chance. There is at present a very
great interest in L. M Ericsson in the United
States, as evidenced by the fact that 5 per
cent of its shares are held there,

The photograph shows the L. M Ericsson
President, Mr. Biorn Lundvall, on the rost-
rum. On the right of Mr. Lundvall is the
President of North Electric, Bill Graham,
and on his right L M Ericsson’s Vice Presi-
dent in the USA, Nils Sterner.

In November last year Ericsson do Brasil took part in an exhibition at Museu de
Arte Moderna at Rio de Janeiro. Some 350,000 persons visited the exhibition, at
which the Eriesson stand was one of the most attractive features, The inauguration
was attended by Miss Universe (inset, right), who is here seen trying out an Erico-
fon.

STE received a similar order from
PTT in the spring of 1964, on that
occasion for equipment worth 16.4
million kronor.

Medals for Ericsson Vet-
erans

Some 300 of the Ericsson staff as-
sembled at the 1964 Gold Medal
festivities held at the Stockholm Town
Hall in the middle of December. Al-
together 68 Ericsson employees had
attained their “golden age” and had
come to receive their medals and
monetary gratuities. This was the
twenty-first Gold Medal Celebration
and. since 1944, 1014 Ericsson em-
ployees have now received gold
medals.

French Order for 23
Million Kronor
Two of the oldest gold medallists, Rune Wahl-

_,T'hc GI‘?)_LIIP’S French SItII‘r.‘ildlil]"_\".. fgg_ stedt of the head factory, and Miss Gertrud
ciéte des Teléphones Ericsson (STE).  zegerstrom. Griindal factory.

has recently received its largest order
hitherto, from the PTT. the French
telephone administration. This order,
for telephone exchange equipment of
type SOCOTEL for new rural ex-
changes, is worth 23 million kronor
after deduction of the 20 per cent
French surplus value tax. The delivery
period is 22 months and the PTT will
install the equipment,

SOCOTEL equipment is most close-
Iy allied to the ARK system and was
designed in cooperation hetween
French telephone manufacturers and
the PTT on the basis of STE's cross-
bar system CP 400.




Erik A. Englund
in Memoriam

Erik Adolf Englund died on Janu-
ary 21 at the age of 85.

EA—as he was known to his friends
-was taken on as lines engineer in
1900 by the Stockholms Allmiinna
Telefon AB (ST). In 1901 he was
sent to Russia to assist with the in-
stallation work undertaken by ST in
Moscow. This plant was later tollowed

by installations  at, among other
places, Charkov, Kiev, Archangel.
EA remained in Russia untl 1917
and transterred to L M Ericsson in

conjunction with the take-over of the
ST installations by the Swedish Tele-
communications Administration. Dur-
ing the twenties, however. he re-
established relations with the Soviet
Union and the Baltic States. One
result was that LM Eriesson’s 500
switch  system  was introduced in
Moscow and Rostov,

In  conjunction with the outside
plant installations in Russia new ma-
terials methods had to he de-
veloped and EA’s achievements in
this field left their mark on Swedish
outside plant engineering for several
decades to come.

At the end of the First World War
the world was crying out for tele-
phones and an experienced lines engi-
neer need not be without employment.
Outside plant projects in Italy. Greece.
Turkey, Portugal and. later. Latin
America, as also railway cable in-
stallations in Sweden, were planned,
contracted and executed under EA's
leadership. Once  again 1t became
necessary to modernize materials and
improve methods and EA's, at once,
imaginative  and  practical turn  of
mind—a rather unusual combination
—produced  results which stand 1o
this day.

and

Gunnar Abere

Ericsson Technics

Ericsson Technics No. 1. 1965, has
recently appeared. This number con-
tains two dissertations. one lor the
degree of doctor of technology and
one for the degree of licentiate of
technology. both in  the subject
“Communication Networks and Svs-
tems™ at the Royal Institute of Tech-
nology. Stockholm

Curt Ahlberg, in his dissertation
“On  the Dynamic  Behaviour of
Electromagnetic  Relays™.  presented
a new theory for the operate and
release motion of the relay armature.
Motion time, speed and acceleration
are analysed. The effect of the mass
on the motion is explained. The self-
governing capacity of the armature,
which did not appear in earlier pres-
entations  of armature  motion, 18
illustrated, and means of utilizing it
for reducing the acceleration peaks
in the motion are demonstrated. Ar-
mature and contact vibrations are
thereby reduced and the speed of
operation can be accelerated.

Jose Gerstl Valenzuela, in his dis-
sertation “Study of Certain Types of
Cyelic Gradings for Random Hunt-
ing”", has made a contribution to the
constant efforts to improve the de-
tailed design of telephone  systems,
which should assist in deciding on the
most suitable methods for executing
gradings in respect both of efficiency
in tratfic handling and of ease in in-
troducing alterations and extending
existing systems.

The author studies a given type of
grading with random hunting. used
in the ARF 10 system among others.
Bv means of equations of state he
obtains a  previously unknown ex-
pression for the distribution of the
number of busy devices in the de-
vices ol a grouping which are ac-
cessible from an inlet group.

The results have a great significance
also for the calculation of congestion
in link svstems with grouping. They
were presented at the Fourth Inter-
national Teletratfic Congress in Lon-
don in July 1964,

Father of T I M becomes

Doctor of Technology

The first clectromagnet was con-
structed in 1825 and the first relay in

1839, It might therefore be supposed
that everything worth knowing about
these components in modern auto-
matic telephony had been known
for a long time past. Detailed pheno-
mena of the apparently simple opera-
tion and release of the armature have
therefore been considered unworthy
of notice. Insofar as the armature mo-
tion has attracted any interest at all,
rescarchers have been content with
stereotyped notions of an accelerating
motion which 1s suddenly stopped and
1s associated with armature and con-
tact vibrations. which in turn shorten
its life and limit its usability to rela-
tively low frequency applications,

A new theory advanced by Curt
Ahlherg  throws new light on the
armature motion, It shows that a
relay has an armature reaction which
regulates the speed of motion in full
analogy with the armature reaction
in ¢ DC motor. and that the speed s
by no means always accelerated but
under certain conditions may
he retarded.

cven

The new theory was presented in a
defended  at the Royal
Institute of Technology in Stockholm
on March 25, 1965. The principal
examiner was Stig Ekelof, Professor
of Theoretical Electricity at the Chal-
mers  Institute  of  Technology. The
second and third crities were Sam
Enger, LM Ericsson Signalaktiebo-
lag., and Olof Bager. Telefonaktiebo-
laget . M Lricsson.

dissertation

Curt Ahlberg graduated from the
Steckholm Institute of Technology in
1925 and was taken on by L M Erics-
son an o 1926, The Swedish photo-
clectric time announcer, TIM,
produced under his leadership in the
company’s research and development
department. He has also worked in

Wil

the telesignalling  section of LM
Ericsson  Signalakticholag  and  was
transterred to the technical manage-

ment of the parent company as con-
sultant in 1962,

From the public discussion of Curt Ahlberg’s thesis, (From left) Curt Ahlberg, Professor Stig Fkelof.
Sam Enger and Olof Bager,




|
|
\

UDC 621.316.933
621.395.73
LME 7392 761

ERNA, H.: Protection against Overvoltages on Telephone Lines. Eriksson
Rev. 42(1965): 1, pp. 2—6.

Special measures must be taken to protect outside plant, exchanges and
subscribers” apparatus against overvoltages, especially in areas where
there are open wire lines. The type and extent of the protective arrange-
ments depends on the structure of the plant. the occurrence of dis-
turbances and on the earthing conditions.

The author here presents an account of the protective system adopted
by the Helsinki Telephone Company and of the improvements in the
form of lower fault rate that have been achieved.

UDC 371.3:681.84

LME 0339

UDC 621.395.74
621.395.34
LME 808 830

vaN BRUGGEN, A. G. C.: The Automatic Telephone Network in Curagao.
Ericsson Rev. 42(1965): 1, pp. 7—13.

In this article the author presents a survey of the growth of the Curacao
automatic telephone network from the opening of the first exchange 25
years ago up to the present day.

Instruction units for systematic operation and experience learning are
The article presents an account of the method, its applications, ad-
vantages and the results achieved.

now used by several manufacturing firms and schools in Sweden. This
machines, instruments etc., and as “check lists” for complicated manu-

other fields for teaching manual skills, instruction in the use of tools,
facturing processes and the like.

EHNBORG, A.: RITT Method of Instruction. Ericsson Rev. 42(1965):
method, called the RITT method (Rational Instruction and Training with
recorded Tapes), in conjunction with specially designed apparatus, is a
rational and efficient training aid, not only in industry but also in many

1, pp. 19—23.

UDC 656.257
LME 869

LeipsTROM, B.: Relay Interlocking with Puch-button Control and Train
Describer System at Stockholm Central Station. Ericsson Rev. 42(1965):
1, pp. 14—18.

This article presents the main features of a new interlocking plant at
Stockholm Central Station based on entirely new principles. Among the
new features are a train describer system and a keyboard for setting up
train routes.
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» EUROPE »

Denmark

L M Ericsson A/S Kebenhavn F,
Finsensvej 78, tel: Fa 6868, 1gm:
ericsson, telex: 9020 ericsson kh
Telefon Fabrik Auvtomatic AjS
Kebenhavn K, Amaliegade 7, tel:
C 5188, tgm: automatic, telex: 5264
Dansk Signal Industri A|S Keben-
havn F, Finsensvej 78, tel: Fa
6767, tgm:signaler

Finland

OIY L M Ericsson AJB Helsinki,
Fabianinkatu 6, tel: A 8282, tgm:
ericssons, telex: 12-546

France

Société des Téléphones Ericsson
75 Colombes (Seine), 36, Boulevard
de la Finlande,tel: (1)2423500,
tgm:ericsson

Paris 17¢, 147, rue de Courcelles,
rel: (1)227 95 30, tgm: eric

Great Britain

Swedish Ericsson Company Lid.
Twickenham Middx, Regal House,
London Road, tel: Popesgrove
8151 tgm: teleric

Production Control (Ericsson)
Ltd. Twickenham Middx, Regal
House, London Road, tel: Popes-
grove 8151, Igm: producirol

Ireland

LM Ericsson Ltd. Dublin 2,32, Up-
per Mount Street, tel: 61931, tgm:
ericsson, telex: 5310

1taly
SETEMER, Soc, per Az. Roma, Via
G. Paisiello 43, tel: B68.854,

B84/8.855, tgm: setemer

SIELTE, Soc. per Az. Roma, C. P.
4024 Appio, tel: 780211, tgm:
sielle

FATME, Soc. per Az. Roma, C.P.
4025 Appio, lel: 4694, 1gm:
faime

Metherlands

Ericsson Telefoon-Maatschappij,
M.V, Rijen (N.8r.), tel: 01692-555,
tgm: erictel, felex: 14354

Voorburg-Den Haag, 227 Koningin
Julianalaan, tel: 814501, tgm:
erictzl-haag, felex: 31109

Morway

AJS Elektrisk Bureau Osio 3 .P.B.
5055, tel: Centralbord 4613 20,
tgm: elekiriken, telex: 1723

A/S  Industrikentroll Osle 1,
Tealergaten 12, tel: Centralbord
335085, tgm: indtroll, telex: 1117

AlS Norsk Kabelfabrik Drammen,
P.B.205,tel: 83 76 50, tgm: kabel

AlS Morsk Signalindustri Osle 3,
Middelthunsgt. 17, P.B. 5055, tel:
46 18 20. 1gm: signalindusiri

Portunal

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

Spain

Cia Espafinla Ericsson, 5. A,
Madrid 13, Tarre de Madrid,
Princesa 1, tel: 2411400, tgm :
ericsson

Sweden

Telefonakliebolage) L M Ericsson
Stockholm 32, tel: 08/120000, tgm:
telefonbolaget, telex: 15910

AB  Alpha Sundbyberg, tel: 0B
232600, 1gm: aklicalpha

AB Ermi, Korlskrona 1, tel: 23010,
tgm: ermibolag

AB RifaBromma 11,1e!:08/262610,
tam: elrifa

AB Svenska Elektronrér Stock-
holm-Tyresa 1, tel: 08/7120120,4gm:
electronics, telex: SER/1275
Instrultionsteknik  AB,  Stock-
holm 44, lel: 08/6BCB70, tgm:
instruldec

L M Ericssons Driftkontrollaktie-

bolag Solna, tel: 08/83 07 00, tam:
ericdata

L M Eriessans Signalakticbolag
Stackholm Sv, tel: 08/6480700 tgm:
signalbolaget

L M Ericssons Svenska Forsdalj-
ningsakiiebolag Stockhalm 1, Box
877 tel: 0Bf22 31 00, tgm: ellem
Sieverts Kabelverk AB Sundby-
berg, tel:0B/282860,tgm:sieverts-
fabrik

Svenskao Radiockliebolaget Stock-
halra 12, Alstromeraatan 14, tel:
0B/22 31 40, tgra: svenskradio
Switzerland

Ericsson Telephone Sales Corp.
AB, Stockholm, Zweignieders
lassung Ziirich Zirich 32, Post-
fach,tel:325184,1gm: telericsson
West Germany

Ericsson Verkaufsgesellschaft m.
b. H. 4 Diisseldarf-Rath, Postfach
B8, tel: (0211)63 3031 tgm: erictel,
telex: DSSD B 58 6871

» ASIA -

India

Ericsson Telephone Sales Core
poration AB New Defhi 1, P.O.B,
£69, reg.mail: 1/3 Asaf Ali Road
{Delhi Estale Building), tel: 272312,
tam: inderic

Caleutta, P, O. B, 2324, rel: 45-
4494 tgm: inderic

Indonesia

Ericsson Telephone Sales Core
poration AB Bandung, Djalan
Ir. H. Djvanda 151—153, tel:
8254, tgm: javeric

Oinkarta, Dinlan Gunung Sahari
24, tel: OG 48531, tgm: javeric
irag

Telefonalkticbolaget L M Ericsson,
Technical office Baghdad, P, O, B,
493, tel: 87033, tgm: ellameco
Lebanon

Telefonaktiebalagat L M Fries-

son, Technical Office Beyrouth,
Rue du Farlement, Immeuble
Bisharo!, Yel; 252627, 1gm: ellem
Turkey

Ericsson Tiirk Ticaret Ltd. Sirketi
Ankara, Rumeli Man, Ziya Gé&-
kalp Cad., tel: 123170, tam:ellem
Istanbul, lstanbul Biirosu, Liman
Han, Kat 5, Mo. 75, Bahgekanpi,
tel: 22 B1 02, tgm: ellemist

lzmir, lzmir Biirasu, Kisilkaya
Han, Kat 3, Mo. 13, Halif Ziya
Bulvari, iel: 27832, 1gm: ellemir

Egypt (UTRY
Telefonaktiebolaget LM Ericsson,
Eqyp! Branch Caire, P, O. B, 2084,
tel: 46 581, 1gm: elleme

Morocco
Sécict: Marocaine des Tel“phones
Ericsson Casablanca, 24, rue

Mohamed Sedki, tel: 288-75 tgm:

teluni

Rhodesia, Bechvanaland and
Malawi
Ericsson Telephone Sales Cor-
poration Ltd, Salisbury, Rhodesia,
P.O.E. 2891, tlel: 25737, tgm:
ericofon

Tunisia

Telefonaktiebolaget LM Ericsson,
Technical Office Tunis, Boite Pcs-
tale 780, tel: 240520, 1gm:ericsson

« AMERICA -

Argentine

Cia Ericsson S A, C. |. Buenos
Aires, Casilla de Correo 3550, tei:
332071, tgm: ericsson

Cla Argentina de Teléfonos 5. AL
Buenos  Aircs, Belgrano 894, rel:
332076, tam: calel

Cla Entrerriana de Teléfonas
S. A. Busnos Aires, Belgrano 894
tel: 3320 76. tgm: catel
Industrias Eléctricas de Quilmes
5. A, Quilmes, FNGR, 12 de Oc-
tubre 1090, tel: 203-2775, 1gm:
indelgui-buenosaires

Brazil

Ericsson do Brasil Comércio e

Inddsiria S. A. Rio de Janeiro,
P. 3801, tel: 43-N9%930, 1gm:

ericsson, telex: rio 310

Canada

LM Eriesson Lid. Montreal @, P.O..
2300 Laurentian Boulevard, City
of St. Laurent, tel: 331—3310,
tgmi: caneric, felex: 1-2307

Chila

Cla Ericssan de Chile, 5. A
Santiage de Chile, Casilla 101 43,
tel: B25 55, tgm: ericsson

Colombia

Cla Ericsson Ltda. Bogotd, Apar-
tada Adreo 4052, fel: 41 11 00,
fgm: ericsson

)
Lgv-m—mw; gm:
ericsson
Guayeauil, Casilla 376, tel: 16893,
tgm: ericsson

Mexico

Teléfonos Ericsson . A,
D.F., Apartado 9958, tel:
tgm: ericsson

México
464640,

Peru

Cla Ericsson S, A, Lima, A

2981, tel: 34941, 1gm: E:ﬂ:mod.
Soc. Telefénica del Pery, §, A
Arequipa, Apartado 112, |a|:6llﬂ]:
tam: telefonica

El Salvador

Telefonaklizbolaget LM Ericssan
Technical Office San Solvadgy.
Apartado 188, tel: 4989, mﬁ;_
ericsson

Uruguay i

]
Cla Ericsson S. A, Montevideo,
Casilla de Correo 575, tel: 92611,
fgm: ericssan 5

USA

The Ericsson Corporafion New
York, N. Y., 10017, 100“ N:':
Avenve, tel: MUrrayhill 5-4039.
tgm: erictel, telex: etelsac 2241 35
North Electric Co. Galian, Ohl,
P. O.B. 688, fel: (419-) 468.2420'
tgm: northphone-galionochis,
felex: 419-464-4860

Venezuelo

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

* AUSTRALIA & OCEANIA «

Auvustralia

L M Ericsson Pty. Lid, Broadmea-
dows (Victorio), P, O, B, 41 lel:
307-2341, tgm: ericmel

Morth Sydney (NSW), 182 Blue's
Point Road, tel: 921147, 1gm:
ericsyd

Teleric Ply. Ltd. Broadmeadows
{Victaria), P. O, B. 41, tel: 307-
2341, tgm: teleric

North Sydney (NSW), 182 Blue's
Point Road, tel: 921147, tgm:
teleric

Representatives

« EUROPE ~

Austria _

Telecom G. m. b. H. Wien XI,
Gelerecksirasse 6, tel: 741581,
tgm: teleric, telex: elecirodiesel

wn 2436

Belgivm

Electricité et Mécanigque Suvédei-
ses Bruxelles 5, 56 rue de Stassarl,
tel: 111416, tam: elecirosuede

Greece

“ETEP" 5. A. Commerciale &
Technique Athens 143, 57, Aka-
dimias Streel, tel: 625971 tgm:
aefer-athinai

leeland
Johan Ronning HI/F Reykjovik,
P. O. B. 45, tel: 10632 tgm:
rénning

Yugoslavia

Merkantile Inozemna Zas'upsiva
Zaarch, Po¥l pretingé 23, tel:
36541, tgm: merkantile, telex:
02-139

« ASIA -
Cambaodia
The East Asiatic Company Ltd.
Phnom-penh, .Q.B. 129, el
762-1070, tgm : pyramide

Ceylon

Vulcan Trading Co. (Private) Lid.
Coformbo 1, New Cafioor Building,
40, Church Street, tel: 35-36, tgm:
vultra

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

Hong Kong & Macao
The Swedish Trading Co. Ltd.

Hongkaong, P. B. 108, tel:
35521, tgm: swedelrade

Iran

Irano Swedish Company AB,

Teheran, Khiabane Sevom Esfand
29, tel: 31066, tgm: iranoswed

lrag

Usam Sharif Company W.L.L.
Boghdad, Sinak-Rashid Street, tel:
87031, tgm: alhamra

Japan

Gadelivs & Ce. Ltd. Tokyo C,
P.O.B. 25981, tel:403-2141,1gm:
goticus, telex: 22-675

Jordan

The Arab Trading & Develop-
ment Co., Lid. Amman, P. O.B.1,
tel: 25981, tam : aradeve
Korea

Gadelius & Co. Lid. Seoul, I.P. C.
Box 1421, tel: 2—9866, tgm : gade-
liusco

Kuwait

Morad Yousuf Behbehan| Kuwair,
Arabia, P, O. B. 146, tel: 2251,
tgm: barakat

Lebanon

Swedish Levant Trading (Elie
B. Hélou) Beyrouth, P. O. B, 931,
tel: 231624, lgm: skefko
Malaysia

The Swedish Trading Co. Singa-
pore Branch Ltd. Kuala Lumpur,
P, O. B. 2298, tel: 68112, tgm:
swedetrade

Singopore 1, 42, Chartered Bank

Chambers Battery Road, fel:
94362, tgm: swedetrade
Pakistan

Vulcan Industries Ltd. Karachi

2, West Pakistan, P. O. B. 4775,
tel: 2358128, 22 8566, tgm: vulcan

Philippines

W.5. Industries Philippines lnc.
Manila P. O. B. 125, fel: 889351,
tgm: usiphil, telex: 344

Saudi Arabia

Engineering Projects & Products
Co. Riyodh, P, O, B. 987, tel: 2166,
2167, tgm: eppcol

Syria
Constantin  Georgiades Damas,
Rue Ghassan, Harika, fel:

1-02-89, tgm: gecrgiades

Thailand

Trading Office, Telephone Or-
ganization of Thailand Bangkok,
Plaenchit Road, tel: 57036-8 tgm:
telthai

Vietnam

Vo Tuyen Dien-Thoai Viet-Nam,
Saigon, P.O.B. 10 49, tel: 22 660,
tgm: telerad

« AFRICA -

Congo

LLP.T.C. Congo Léapoldville, Ave,
Minisire Rubbens, Building *'Le
Leggia®™, P. O. B. 679, tel: 5345,
{gm: induexpan

Ethiopia
Mosvold Company (Ethiopia) Ltd,
Addis Abeba, P.O.B 1371, tel:

47070, 1gm : mosvold

Ghana

The Standard Electric Company
Accrd, P.O.B. 17, tel: 646 15, tgm:
standard

Kenya, Tanzania, Uganda

Transcandia  (Telecommunica-
tions)Ltd. Nairobi, Kenya, P, ©. B,
5933, el 271 03, 1gm: transcanda

Mauritius
Mauritius Trading Co. Ltd. Part
Louis, P.O.B. 201, tgm: agentou

Morocco (Tangier)

Elmar 5. A.—SEYRE Tetuan,
Apartado 440, tel: 3701, tgm:
elmar

Mozambigue

). Martins Morques Lourence
Marques, P. O. B. 456, tel: 5953,
igm: tinsmarques

Nigeria
ILP.T.C. (Wes! Africa) Ltd. Lagos,

P.Q.B. 2037, ftel: 16531, tgm:
consull

South Africa,
Africa

Dryden Communications (Pty.)
Lid. Jehannesburg, P. O. B. 2440,
tel: 838-5454, tgm: qualsteels

South-West

Sudan

TECOMA Technical Consulting
and Machinery Co. Ltd. Khar-
toum, P.O.B. B66, tel: 2224, ext.
35, tam: sutecoma

Tunisia

Ateliers MZcaniques du SAHEL,
Sousse, Route de Monastir/Djem-
mal tel: 21.011, tgm: amesa

+ AMERICA -~

Bohama Islands

Angloe American Electrical Com-
pany Lid., Freeport Grand Baha-
ma, P.O.B. 104

Bolivia
lohansson & Cia, 5. A. La Poz,
Casilla 678, tel: 2700, tgm: jo-
hanssan

Costa Rica

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

Dominican Republic
Garcia & Gautier, C. por A.
Santo Dominge, Apartade 771,
tel: 3645, tgm: gartier

Guatemala

MNils Pira Civded de Guatemala,
Apartado 36, tel: 62258, tgm:
nilspira

Honduras

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

Jamaica and Brit. Honduras
Morris :

MNetherlands Antilles
S.E.L. Maduro & Sons, Inc. Willems
stad, Curagao, P, O. B, 172, tel:
1200, tgm: madurosons

Micaragua
Sonitel Centroamerica S. A, Ma-
nagua, Apartfado 1271, tel: 4476,
tgm: sonitel

Panama

Sonitel, S. A. Panama, R. P,

Apartado 4349, fel: 5-3640, tgm:

sonitel ‘
Paraguay

S. A. Comercial e Indusirial H.
Petersen Asuncién, Casilla 592,
tel: 9868, tgm: pargirade |

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

Surinom )
C. Kersten & Co. N. V. Par
maribo, P. O. B. 1808, fel:
tgm: kersten

Trinidad, W. I. I
Leon j. Aché Ltd, Pori-of-3p
100 Frederick Street, tel: 32357,
tgm: achegram

UsA
State Labs. Inc. New York 3, N. Y
215 Park Avenue South, fel: Drl:
gon 7-8400, tgm : stalelabs, fefex:
Y 1-1807 (For electron tubes)

« AUSTRALIA & OCEANIA®

New Zealond
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Equalizers for Telephone Channels

W.

TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

UDC 621.3,7255
LME 743
The existing telephone networks belonging to releconmumunications adminis-
trations have been established with a view to permitting satisfactory speech
connections between subscribers. However, the introduction of data trans-
mission places new requirements on the nerwork transmission characteristics.
These can be fulfilled by introducing supplementary equipment in the circuiis
used for dara transmission. The equipment developed by the LM Ericsson
Telephone Company for this purpose is described in this article.

The increased demand for rapid transmission of information in coded form
between data equipment at different points, makes it necessary for adminis-
trations to provide data transmission lines which in length correspond to, for
example, trunk circuits in a telephone network. A satisfactory telephone
circuit is, however, not necessarily a satisfactory connection for transmission
of data. Telephone circuits have been planned and constructed so that they
satisfy reasonable requirements by the telephone subsecriber as far as the
faithfulness of reproduction of the shades of information contained in the
human speech is concerned. The data equipment naturally lacks the ability of
evaluating subtle tones, but demands in return a perfect transmission of the
signal shapes which carry out the transfer of information.

These different requirements from the transmission technique point of view
become evident in that in speech transmission, the main requirement is that
there shall not be too great a difference in attenuation at different frequencies
within the speech band (variation of equivalent). If the various frequencies
arrive with a few milliseconds time difference (the difference in transmission
time depending on the variation of group delay and the phase distortion
respectively), an average ear will not notice this.

The state of affairs is different in the case of data communication. Both
attenuation distortion and phase distortion interfere when sending pulses, but
as a rule it is phase distortion which limits the use of a telephone circuit
for data transmission.

When it 1s a question of long and arbitrarily chosen circuits for data trans-
mission, administrations are therefore faced with the following question. Is 4
completely new network to be built, or is it possible and economical by special
measures to make the existing telephone circuits usable for data transmission?

In general, the answer depends on the order of data speeds used for trans-
mission of information. Investigations thus show that the general telephone
network, as a rule, is suitable for transmission of 600 bits/sec. or in certain
cases 1200 bits/sec. without special arrangements. For higher data speeds the
phase and attenuation distortions occurring in modern carrier and loaded
cahle circuits can often be compensated in a satisfactory manner by using so-
called equalizers connected in series with the line. If these are designed on a
modular principle, as described in this article. this permits simplified storage
and a simplified application, thereby making the equalizing method economi-
cally advantageous.
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Channel Equalization

Distortionless transmission of pulses requires the attenuation in the trans-
mission band to be constant [A(f) = A,] and the phase shift in the band to be
linear with frequency [B(f) = k-] as shown in fig. 1. The channel phase
shift can also be expressed as the group delay 7, [r, — dB(/)/df]. Distortionless
transmission requires the group delay to be constant throughout the trans-
mitted band.

When connecting a distorting channel and an cqualizer in series, a trans-
mission medium is obtained which only in the ideal case fulfills the given
requirements tor completely distortionless transmission. Fig. 2 illustrates the
equalization of a loaded line within a frequency band 0-f, ¢/s. When equaliz-
ing, the loss of the equalizer is added to the line attenuation and the equalizer
phase shift i1s added to that of the line. The equalized line therefore has
greater loss in the passband, greater phase shift and group delay than bhefore
cqualization.

When equalizing, it is in practice not possible. among other things for
economic reasons, to realize the desired ideal [A(f) = A, B(fy = k-f]. The
deviation from the ideal case (residual error) leads to a remanent pulse
distortion even after equalization, resulting in increased sensitivity to external
interference. A transmitted pulse becomes distorted due to the magnitude and
shape of the residual error. Mathematically, the residual error causes a series
of pulse echoes which are superimposed on each other. When equalizing, the
residual error usually occurs in the form of waves of different amplitudes
and wavelengths. For baseband signals (having spectral components between
0 and a cut-off frequency f ) and single sideband modulated signals thaving
spectral components between the carriers f. and f, + f ) the following rules of
thumb apply in the case of a sinusoidal residual error:

0 A sinusoidal residual error in attenuation results in two pulse echoes
located symmetrically with regard to the transmitted pulse 1.e. a sym-
metrical transmitted pulse does not become asymmetrical but becomes
wider (fig. 3 a).

0 A sinusoidal residual error in the phase characteristic results in two anti-
metric pulse echoes relative to the transmitted pulse. i. e. a symmetrical
transmitted pulse becomes asymmetric and wider (fig. 3 b).

1 A sinusoidal residual error of shors period gives rise to echoes situated
relatively far away from the transmitted pulse (fig. 3 c).

] A sinusoidal residual error of long period gives rise to echoes situated
relatively close to the transmitted pulse (fig. 3 d).

[J The magnitude of the echoes is proportional to the amplitude of the
sinusoidal residual error (fig. 3 e).

A sinusoidal residual error produces a single pair of echoes. When ap-
proximating arbitrary rtesidual error graphs however. by applving Fourier
analysis, a number of pulse echoes are obtained which contribute to the pulse
distortion. When transmitting double sideband modulated signals. the in-
fluence of the residual error can be calculated after expressing them in terms
of the equivalent baseband signals.

The residual error which can be tolerated. and therefore the necessary
equalization, mainly depends on the shape of the transmitted signal and thereby
on its spectral distribution. It is usual to assume a constant spectial distribution

N
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Pulse distortion due to sinusoidal residual error
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throughout the band to simplify the application of equalizers. It is also
desirable to state a simple specification of the permissible residual error.
preferably independent of the waveform of the residual error.

Phase and attenuation residual errors can be specified by their rams. or
peak values. Theoretical investigations show that the first alternative describes
most favourably the relationship between the shape of the residual error and
its influence on the transmitted signal. On the other hand, practical treatment
leads to the necessity of calculating a graph by the method of least squares.
a procedure which often means graphical integration. When equalizing tele-
phone channels, residual error graphs are however often encountered where
they can without great disadvantage be characterized by the peak value of the
residual error. This appreciably simplifies the caleulation. Instead of the peak
value of the phase residual error the peak value of the group delay residual
error can be given, thereby further simplifying the setting of the tolerances.
The group delay residual error is the deviation from a constant: the phase
residual error, on the other hand, is the deviation from a straight line of
positive gradient with respect to frequency. To illustrate the difference be-
tween different tolerance settings, a phase residual error graph for an
equalized carrier circuit is shown in fig. 4, together with the associated graph
of group delay residual error obtained by differentiating the phase residual
error graph. It will be seen that the residual error for 7 is large 2t the edges
of the band and decreases toward its centre.

Technical Data for Equalizers
In the equalizers developed by LM Ericsson, passive. four-terminal net-
works consisting of capacitors, inductors and resistors are used. Three types
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Phase equalizing networks ZHD 10120—10121
for carrier circuits
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Phase equalizing networks ZHD 10120—10121
for carrier circuits
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ol network have been designed tor use in equalization of loaded circuits and
carrier circuits and are as follows:

® phase cqualizing networks for carrier circuits
@ phase equalizing networks for loaded circuits

® attenuation equalizing networks tor loaded circuits

The networks can be connected together like “building bricks™ for equaliza-
tion of a large number of different combinations of channels.

As already mentioned in the introduction. when sending pulses over distort-
ing telephone networks, it is found that phase distortion causes more inter-
ference than attenuation distortion. For many circuits it 1s therefore sufficient
to have phase equalization alone. Phase equalizing networks in addition have
an inherent attenuation characteristic which in certain parts of the trans-
mitted band counteract the variation ot attenuation with frequency of the line.

(] Phase egualizing networks for carrier circuits are used for edqualizing a

telephone circuit consisting of CCITT carrier circuits in tandem, The net-
works consist of one or more all-pass sections. the resonant frequencizs of

2] A4,
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Fig. 7
Phase equalizing networks ZHD 10113—10115
for loaded lines

B Phase shift
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Fig. 8

Phase equalizing networks ZHD 10113—10115
for loaded lines
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which lie distributed along the frequency axis so that an approximately
sinusoidal residual error is obtained. Fig. 5 shows the phase shift und
group delay characteristics of the equalizing networks and fig. 6 shows
their variation of attenuation with frequency.

Phase equalizing networks for loaded circuits are used for equalizing
telephone circuits composed of loaded cables. To match the networks to
the most usual loadings, a standard group delay graph has been agrecd
upon as a result of a large number of measurements. This mean graph is
mainly based upon a loading of 132/55 mH — 1600 m, but it agrees very
well for most standard loadings. The equalizing networks are designed for
equalizing loading circuits having a group delay response corresponding to
the mean standard graph. The networks are characterized by the variation
of group delay occurring between 800 c¢/s and 2500 ¢/s. Networks have
been designed to compensate for a variation of group delay of 0.2, 0.4, 0.8
and 1.6 ms. Fig. 7 shows the phase shift and group delay characteristics of
the phase equalizing networks, and fig. 8 shows their variation of attenua-
tion with frequency.
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Fig. 9

Attenuation equalizing networks ZHD 10127
for loaded lines
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for loaded lines

A p Equivalent

3°

v - o7 25 ke s
& - - A i - - - -
e
————

bt A | H—“\_"‘"—-- T

w.’i
-a

bl |

-
-4
-5

1 Attenuation equalizing networks for loaded circuits are designed for
equalizing circuits having variations of attenuation of 6. 8 and 12 db
respectively in the frequency band 800 c¢/s to 2600 ¢/s. The phase and
attenuation characteristics of the networks are shown in figs. 9 and 10,

The equalizing networks have been designed to have an unbalanced im-
pedance of 3.6 kohms, and matching to a balanced 600 ohms line is made by
means of matching transformers at input and output. The technical data for
the equalizing networks are given in table 1 and ftor the matching units in
table 2.

The parameters of the equalizers can be determined by measurement of the
distortion of the transmitted channel in the frequency or domain by measure-
ment of the channel pulse echo in the time. Using the same methods, the
equalized channels can be checked to determine the shape of the residual errors
or their influence on the transmitted signals.

The mechanical design of the units s in accordance with L M Ericsson’s
standard method for transmission equipment. The units used for channel
equalization (equalizing units, transformer units and dummy units) are placed
in a shelf for mounting in a 19 inch rack or in a transportable container. Each
shelf will hold 12 umits.

To obtain great flexibility in use. the different units can be combined in
various ways. The shelf has therefore heen wired so that by strapping in a

o5




Tahle |

Code:

Equalizer
1 unit, network

Parameter

Frequency Range

Attenuation
in pass band

Remarks

' |
Phase equalization | ZHD 10120, type | (T 1y | | carrier channel 8002700 ¢/s - 2db Residual error
Carrier circuits ZHD 10120, type 2 (T 23| 2 carrier channels 8002700 ¢/s = 3db for CCITT
ZHD 10121, type 3 (T 3) | 4 carrier channels 8002700 ¢/s < 5db channel |+ 15|
| (figs. 5 and 6)
Phase equalization | ZHD 10113, type 1(T 1)| 0.2 ms :::.L!{W - 3002600 ¢/s 1 db figs. 7and §
Loaded circuits ZHD 10113, type 2(T 2)| 0.4 ms b:h‘:“:_:‘\ 3002600 ¢/'s 2db
ZHD 10114, type 3(T 1) | 0.8 ms [ ¢ :;d 3002600 ¢/s 3db
ZHD 10115, type (T 4) | 1.6 ms “"\U{I ik 3002600 ¢/s 4 db
| |
Altenuation equa- [ zHD 10127, type 1(T 1)y 12 db | variation 200 —2600 ¢'s 17 0.6 db) at Phase distortion
lization ZHD 10127, type 2T 2)| 8 db l of 2002600 ¢/s 11 0.6 db} 800 between 800 and
Loaded circuits ZHD 10127, type 3T 3)( 4 db | attenuation] S00—2600 c/s 5+0:6 -.}hl c/s 2500 ¢/s =15
(figs. 9 and 10)

Table 2

Matching unit Code

Remarks

ZHD 10112

Matching between balanced channel 600 ohms and unbalanced equalizer 3600 ohms

return loss with equalizer

- 15 db

Transformer unit ’
I

Dummy unit ZHZ 11322

replaces equalizer in certain network combinations

Fig. 11.

Equalization of loaded line

7, Group delay of loaded circoit 183 km,
13258 mH— 1600 m

7., Group delay of equalizers in tandem

7o Group delay of equabized loaded crreuir
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terminal block at the side of the shelf, network combinations consisting of 4
varying number of equahzing units can be obtained. The following combina-

tions can be mentioned as typical examples:

| transformer
1 transformer
I transtormer

I transtormer

I transformer unit + 5

unmit + 1
unit +
unit +

unit + 4

equalizing unit

2 equalizing units + | dummy unit

3 equalizing units

equalizing units

Lox rond
2ok 2nd
Zow Wity
Tk Kus

equalizing units + 1 dummy unit

Different combinations can be obtained in the same shelf. Certain equalizing
units contain several different types of network and by means of strapping on
the front of the equipment, the required tvpes of network can be connected.




Fig. 12
Equalization of two carrier channels in tandem
B~k - Phase distortion

B—k - f [Degrees]

kejs

Apphlications of Equalizers

As an example, the equalization of a 183 km long line with loading 132/55
mH — 1600 m 1s shown in fig. 11. In the frequency range 600-2200 ¢/s the
group delay residual error after equalization is within = 0.16 ms.

Finally, fig. 12 shows the phase residual error occurring when equalizing
carrier channels in tandem. The residual error between 800 ¢/s and 2600 c¢/s

1s limited to less than |+ 9°|.

Equalization of several different data transmission channels has shown that a
relatively rough equalization increases the quality of the channel appreciably.

The construction of the equalizing network in accordance with the “modular
principle” facilitates and shortens the work involved in channel equalization.
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L M Ericsson Laser for Rangefinding

O LOFTSJIO & A,

Fig. 1

I. M Ericsson laser in action
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L M Ericsson has been engaged on development work within the field of
laser for some time past. A first result of this work is the laser rangefinder
made ar the Military Electronics Division of L M Ericsson. In its present desion
the rangefinder can withour difficulty be carvied and operated by one man,
After minor modifications it can, of course, also be permanently installed, for
example in an aircraft or tank, Among the civil nses of the rangefinder may
e mentioned the measurement of clowd altitiede for metecrological and air-
traffic requirements, and in land survey. Among military applications are
accurate rangefinding for different kinds of fire control, e.¢. for artillery and
coast artiflery units. The rangefinder can also be used in tanks and naval
vessels, and as rangefinding element in the siehts of ground attack aircraft.

Principles of Laser

Before describing the design of the rangefinder it may be worth while to say
a few words about the principle on which laser radiation can be produced and
about the characteristics of the laser generating elements for different purposes.

The word LASER is an abbreviation of “Light Amplification by Stimulated
Enusston of Radiation™.

In order to explain its physical import. we must consider the various states of
energy which the electrons in an atom may assume. Some of the electrons in an
atom mayv appear in different discrete orbits around the atomic nucleus, the
particular orbit being determined by the energy of the electron. When the
clectron jumps from one orbit to another. this 1s accompanied either by absorp-
tion or emission of energy i the form of radiation. The frequency of this
radiation is determined by the relation v - /i = E. where 1 = the frequency of the
radiation. /1 = Planck’s constant and E = the change of energy level when the

clectron changes from one orbit to another.

The electron changes from an orbit with a lower energy level to an orbit
with higher energy level if it is supplied with energy £ = v - h (a photon) in the
torm of radiation with the frequency v. Often, however, the higher energy
levels are unstable, and the electron will tend to return spontancously to
lower energy level. This tendency can be considerably increased if a photon
of frequency v corresponding to the transition between the two energy levels
hits the atom. Therefore, if a photon of the right frequency hits an atom which
has already been excited to o high level. a kind of resonance occurs, and two
photons instead of the incident single photon will be emitted from the atom.
This phenomenon is called stimulated emission and can under suitable con-
ditions be used to amplify an electromagnetic wave,

The earliest application of this principle of amplification was the maser.
MASER is an abbreviation of Microwave Amplification by Stimulated Emission
of Radiation. The resemblances between maser and laser are so great thal
many consider that laser should properly be called Optical Maser,




The type of laser with which we are concerned is an oscillator employing
this principle of amplification. In the oscillator the atoms are excited to a higher
energy level either by illumination of the active laser material with light from.
tor example, a flashbulb® or by passing an electric current through it. When an
clectron in the material thereafter changes to a lower energy level, radiation
is generated which in turns stimulates an adjacent atom, and so on. so amplify-
ing the radiation. The characteristic feature of the laser is that this process
can be so arranged that the radiation becomes monochromatic, i.c. of practi-
cally a single frequency, and coherent, i.e. the phase of the outgoing wave is
unambiguously determined by time and position coordinates. Thus laser light,
in contrast to ordinary light, possesses properties which in these respects re-
semble those of the radiation which we have long heen able to generate at
microwave frequencies.

The principles of how the laser action can be achieved were elucidated
during the 1950°s by, among others, A.L.Schawlow and C.H Townes who, in
1956, suggested that the active laser material be placed between parallel mirrors
at a suitable distance from one another. In 1960 laser action was demonstrated
in practice by researchers at Hughes Aircraft Company. and since then a
large number of different laser svsiems have been built,

Laser action can be obtained both in gaseous and in solid media and one may
distinguish between three main types of laser which have hitherto been put to
practical use, namely gas lasers in which a gas mixture is excited by means. for
example, of an electric discharge. ¢rvstal lasers™™ in which the active medium
consists of a crystal containing suitable excitable ions which are supplied
with energy from a flashbulb, and finally laser diodes in which the laser action
arises in a P-N junction when an electric current passes through the diode.

By using substances of different composition in the active laser material the
laser radiation can be given varying properties in respect, for example, of the
wavelength of the radiation, and laser radiation has been produced at a lurge
number of wavelengths from the ultraviolet 1o the infrared range.

Gas lasers and diode lasers are still used. mostly for generating continuous
radiation or pulses with high repetition frequency and low pulse power. where-
as crystal lasers may be used for generating pulses of short duration and high
power. It is the latter type of lasers which are normally emploved in range-
finders, usually with a ruby crystal (aluminium oxide doped with chromium) as
active laser material. This is because, with the pulsed ruhy laser. one can
generate short light pulses with a high pulse power, so that a good range
resolution can be achieved simultaneously with a comparatively large maximum
range. With the ruby laser one can produce pulses of duration less than 100
nanosec (107 sec) and a pulse power of several MW,

The rangefinder designed by L M Eriesson is built up around a laser of this
type. and in the sequel we shall limit the discussion to the ruby laser. In this
laser the atoms are excited to a higher energy level with the aid of a flashbulb
from which the ruby crystal absorbs light within the green wavelength range.
The light which is then emitted on the return of the atoms to a lower energy
level lies within the visible red wavelength range.

* The frequency of the light absorbed by the laser material does not normally coincide with
that of the emitted laser light. This is so because more than two energy levels in the atom
are used. The electrons are first excited to a higher energy level with short hfe, thereafter
changing to a more stable level (metastable level), and the laser light is not generated until
the electrons change from the latter level to the basic state. The transition between the two
excited levels is usually not accompanied by emission of light but results solely in heating of
the laser material.

** In exceptional cases the material need not be crystalline. An example of this 15 the nea-

dymium laser in which the active laser material consists of glass doped with neodymium,
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To obtain a coherent laser radiation the emitted laser light must be reflected
back into the ruby crystal by means of mirrors. The generation of a well-defined
laser pulse 1s effected by regulating the quantity of light reflected back into the
laser crystal, e.g. by changing the angle between the two reflecting surfaces.
When the reflecting surfaces are parallel, the energy of the reflected light is
greatest and at that moment a large number of atoms return to a lower energy
level under emission of coherent laser radiation. Since the space between the
two mirror surfaces can be compared to a microwave cavity, one says that one
varies the Q-value and the method is called “Q-switching™.

The ruby crvstal is usually given the form of a rod of length considerably
greater than its diameter. The mirrors are placed at the ends of the rod per-
pendicular to the longitudinal axis and one mirror is made slightly transparent
for laser light. The other mirror may be movable (it may consist, for example.
of a rotating prism). so that the two mirror surfaces can be brought into
parallelism at the moment when the ruby crystal has been supplied with suf-
ficient energy from the flashbulb. When the mirror surfaces are parallel
(maximal Q-value) the laser pulse is emitted.

Rangefinding with Pulsed Ruby Laser

Since the power of the ruby laser is high and the duration of the pulse short.
the pulsed ruby laser allows considerable range resolution.

Furthermore, since the light i1s coherent and monochromatic, it can be con-
centrated by means of suitable optics within a very small angular range, which
hoth allows a considerable angular resolution and also increases further the
energy of light with which an object can be illuminated. This makes it possible
to measure the range to small objects at comparatively large distances. To
measure the range to an object, one simply transmits a laser pulse which
tlluminates the object. and after reflection from the ohject the pulse is picked
up by a receiver. By measuring the time elapsing from transmission of the laser
pulse until the reflected pulse has been received, one obtains a measure of the
range. In practice the time measurement is done by making the outgoing laser
pulse start an electric “clock™ which is stopped when the reflected pulse is
picked up by the receiver. A counter connected to the “clock™ can then directly
indicate a numerical value of the range. If one wishes, one can also present the
video signal from the optical receiver on an oscilloscope.

The receiver may consist, for example. of a photomultiplier with associated
optics and amplifier so assembled that the axis of the receiver optics is parallel
to that of the laser.

Since the width of the laser beam (lobe width) is very small (between 0.2 and
2 milliradians). considerable accuracy is required in aligning the rangefinder
on the target and a sight i1s therefore usually included in the optical system.
The alignment is therefore normally done in daylight, but this hardly disturbs
the receiver since the optical bandwidth is very small. Owing to the high con-
centration of energy in the emitted laser pulse, special measures must be taken
to protect the personnel using the rangefinder against eye injury. Since the
flashbulb is fed with high voltage, special protective circuits must also bhe n-
troduced to avoid high voltage accidents,

Problems and Limiting Factors

In the design of a laser rangefinder a compromise must be made between
opposing demands and limiting factors.



Fig. 2
External design of laser rangefinder

In a certain application one may imagine, for example, that a high pulse
repetition frequency is desired, i.e. the ability to carry out a large number of
measurements in a short time. The pulse repetition frequency, however, is
limited by the heating of the ruby crystal, which results in a reduced pulse out-
put. A high pulse repetition frequency, therefore, results in a reduced maximum
range unless the cooling of the ruby crystal is improved correspondingly. In
another application one may be interested, instead, in as large as possible a
maximum range. The maximum range is determined by the magnitude of the
reflected energy from the target in relation to the sensitivity of the
receiver. One can increase the received energy, for example by reducing the lobe
widths of the laser beam and receiver optics, but this may result in impracti-
cable demands on the accuracy of angular alignment.

Atmospheric variations cause great variations in the maximum range since
absorption and spread of the laser beam are greatly affected by the content of
water vapour and water drops in the atmosphere.

Smoke and particles of soot in the atmosphere also limit the optical range
and may lead to errors in measurements since they give rise to strong reflexes
which may be confused with the reflex from the target. There are, however.
ways of avoiding this.”

If the laser rangefinder is to be made portable and handled by one man, the
need for low weight involves various limitations. The capacity of batteries and
power units for charging the capacitor bank which feeds the flashbulb cannot
then have so high a capacity as one would desire. and this leads to a low
measuring frequency (pulse repetition frequency). The possibilities of effective
cooling of the ruby crystal and flashbulb are likewise reduced by the require-
ment of low weight. If the environmental requirements are severe, the choice
of components is strictly limited.

Objectives

In the development of laser equipment the goal has been to create a flexible
basic equipment which, with small modifications, can be used for many
applications.

The first application chosen was to build a portable equipment (fig. 2) for
ranges of 5—15 km depending on type of target, weather, etc.

* Small objects not visually observed before firing the rangefinder may also give rise Lo re-
flexes, and so to unexpected range indications. In some cases, however, this may be an ad-
vanlage.
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Fig. 3
Block schematic
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In some cases the requirements were reasonably moderate. Certain modifica-
tions have already been prepared or can be introduced after minor changes. The
maximum permissible total weight is about 25 kg, but it is already possible 1o
come down to about 20 kg, This is almost entirely a question of the choice of
power supply.

A measuring frequency of 2—3 meuastirements per minute was considered
adequate for the equipment, principally to avoid undue strain on the batteries.
The cooling arrangements allow an increase of the measuring frequency to o
maximum permissible total weight is about 25 kg. but it is already possible to
come down to about 20 Kg. This is almost entirely a question of the choice of

power supply.

Great care has been devoted to making the equipment simple in use. It is
started up by trigger action. Laying and rangefinding are done as with u ritle
by aiming and pulling the trigger. The sight is integrated with the receiver
optics. which eliminates problems of adjustment.

Protection of personnel against eye injury due to reflexes from nearby objects
has been included. and automatic switching circuits to protect against high
voltages have been built into the equipment.

The lobe width has not been made extremely small since in many applications
lobe widths below 1 mrad must be considered unnecessary. The lobe width can,
however, be reduced by replacement of the transmitter optics, which is a simple
modification. A further reduction of the lobe width can be achieved by altering
the dimensions of the ruby rod. As regards the receiver opties there are two
alternative lens systems. Which of these svstems is chosen depends on the
weight distribution desired in the gun section. Use with, as well as without, a
support may be desired.

The optical tilter bandwidth has been made relatively large so that the equip-
ment is less dependent on temperature. This is because the laser wavelength
changes according to the temperature of the ruby crystal.

The accuracy of the range presentation is =5 m since this may be considered
sufficient in most cases. The hinary counter. however, 15 designed for a range
aceuracy of £2.5 m.

Expensive components, such as the photomultiplier in the receiver. can be
replaced to comply with varyving environmental requirements,

Design Features and Operation

Fig. 3 shows the block schematic of the rangefinder and the sight image ob-
tained. The figures within brackets in the sequel refer to this schematic,
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Laser Transmitter

The ruby (1) is supplicd with light energy from a flashlight (2) via the
elliptical reflector (3). The light is given a reciprocating movement in the
longitudinal direction of the ruby rod by reflection in o fixed mirror (4) and a
rotating prism (5) which functions as a Q-switch. The mirror is of multi-coated
type with approx. 5 % lLight transparency. The flashlight is synchronized with
the rotation of the prism so that the prism assumes the correct position only
when a sulficient energy has been supplicd (o the ruby. In this position a laser
pulse is transmitted through the transparent mirror to the transmitter optics.
Ruby rod and flashlight are cooled by o fan.

The aperture angle of the transmitted laser beam s reduced by a lens system
(6} consisting of a negative and positive lens,

Receiver

After reflection against the target a small part of the transmitted laser pulse
impinges upon the receiver lens (7), passes a diaphragm (8) and a bandpass filter
(1) tor the laser wavelength concerned. The two lenses (9) guide the beam
into the correct path through the hilter and focus it on the cathode of the
photomultiplier (11),

When the light pulse meets the cathode of the photomultiplier, an electrical
pulse is obtained which is amplified in the multiplier. The signal is further
amplitied in a transistor amplifier (12) which is followed by a threshold detector.

Rangefinding

The time at which the laser pulse is transmitted is recorded by a photodiode
(13) which is activated by the laser pulse. The photodiode emits a trigger pulse
to a range counter. A stop pulse is obtained from the receiver.

Trigger and stop pulses are fed to the binary counter (14) which presents the
range in binary decimal form (4 digits). The range 1s fed out to a mechanical
counter (15). Zeroing takes place only on renewed firing.

Laving equipment

Aiming takes place through the receiver optics via a mirror system. The dia-
phragm aperture of the receiver optics is seen in the sight as a black dot (19),
which is aimed at the object of which the range is to be measured. Digital range
presentation is included in the sight (16). This arrangement implies that only
two optical axes need be made parallel.

Power supply

The power source consists of a 24 V storage battery. Two DC converters
deliver high voltage for flashlight and photomultiplier (17). The flashlight is
fed by 8 electrolytic capacitors which were chosen in view of the desirability
of keeping down the weight. For the relay system, motors and counters, differ-
ent voltages are taken from the storage battery. The power unit and binary
counter are carried in a pack on the back.

Safety devices

Safety circuits are incorporated for protection of personnel and equipment,

When any of the cables between the gun and the equipment carried on the
back is disconnected, all voltages are automatically switched off and the capac-
itor bank is discharged. A switch also disconnects the voltages when the covers
of gun or pack (18) are opened. A warning lamp is lit when the capacitors are
charged.
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Fig. 4 The sight has a shutter mechanism as protection against reflexes from near-
Left, laser gun; right, pack with power supply by objects. Firing cannot take place until the shutter is in position. i.c. when
and:biaary) coynten the field of view has been screened off, In addition, a filter can easily be placed

in the sight for further protection.

The photomultiplier is protected against unintentional illumination from sun-
light, for example, by a special diaphragm which opens only when firing takes
place. The optical bandpass filter also hmits the effect of sunlight.

The trigger has a mechanical safety catch.

Measuring procedure

When the main switch is turned on, the capacitor bank starts to charge and
the cooling fan starts. When the charge has nearly reached the required level
for laser action, the fan is stopped automatically. This is an indication that
rangefinding can start. The firing mechanism is out of operation until the fan
has stopped.

Firing takes place in two stages. At the first trigger pressure the photomulti-
plier with amplifier. stop pulse generator, Q-switch motor, automatic syn-
chronizing mechanism and counters start. The counters are zeroed.

When the binary counter has determined the range, the range value is trans-
ferred to the sight indicator. Thereafter all voltages which were connected al
the time of firing are switched off and the flashlight capacitor bank starts (o
charge again. The cooling fan starts and a new measuring cycle can begin.

Laser gun and pack with power supply are shown in fig. 4.

Applications

Some examples of the military applications for the rangefinder are shown
in tig. 5.
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Fig. §
Examples of use

For fire control in field and coast artillery units the positions of target
and impacts can be quickly and accurately determined at large distances from
the observation points, Rapid rangelinding from tanks, naval vessels. ground
attack aireratt, armed light aireraft and helicopters s possible with simple
cquipment. In these cases the available hixed power sources allow o higher

measuring frequency.

Rapid measurement ol cloud alttude s of considerable value 1o meteorolo-

gists and in civil and military aviation, Land surveys can be simplified.

The laser can be simply incorporated with other equipment for aiming and
finding of bearings, e.g. TV opties or light amplifiers. In the latter case the
cquipment can be used in the dark. Remote-controlled rangelimding will also

be possible.

Future Developments

The laser rangefinder described 15 well adapted tor a number of uses. For
many applications, however, improved performance is needed in different re-
spects and often, too. moditications in the mode of operation and design.

Present developments are being directed to improvement of the ruby laser
and to the use of other laser components,

As regards the ruby laser the main aims are to reduce its weight and volume
and to simphify its structure.

Work is proceeding on a passive Q-switch in which saturation of the absorp-
tion in an optical filter gives the desired change of Q-value. and studies are also
being made of the use of microcircuits. one reason being to reduce the size of
the range counter.
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As already noted, other types of laser than the pulsed ruby laser allow a high
pulse repetition frequency. Developments are proceeding on a semiconductor
laser which can deliver thousands of pulses per second. Continuously pulsed
laser rangefinders for anti-aircraft fire control units are an example of the
probable future applications for such lasers.

1. M Ericsson is working on laser developments on behalf of the Swedish
Armed Forces.

Technical Data

Principle
Ruby laser with rotating prism as Q-switch

Measuring frequency
Ca. 2 measurements per minute, 40 measurements per battery charge. With
other power supply max. 5 measurements per minute.

Pulse data
Length ca. 70 ns (3 db width)
Wavelength 0.6943 wm

Lohe width
Ca. 2 mrad (can be reduced)

Laser head
Flashlight max. 600 Ws/flash
Ruby 37 long, sapphire-clad
Rotating prism. 15,000 r.p.m.

Transmitter opticy
Enlargement—ca. 6.5 times

Receiver optics
Alt. I Focal aperture @ 110 mm
Lobe width ca. 3 mrad
Alt. 2 Focal aperture @ 80 mm
Lobe width ca. 4 mrad
Optical filter bandwidth 0.005 /m

Amplification
Photomultiplier 10°—10" times
Transistor amplifier ca. 30 times

Sights
Mirror system via receiver optics

Range measurement
Binary counter: clock frequency 30 ¢/s
Counter range: 0—19.99 km. Presentation in the sight
Accuracy*35 m

Safery svstems

Eve protection. High voltage protection
Power supply

Batteries: 20 cells of 1.24 V, 3.5 Ah

Dimensions
Gun: 810 % 145 » 175 mm (without handle)
Pack: 450 %320 » 215 mm (without carrier)

Weicht
Total ca. 25 kg, including pack (gun weight ca. 7 kg).



AKD 791, P.A.B.X. with Code Switches
for 300—4800 Extensions

B. LIE & S. KILANDER, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

Fig. 1
Code Switch exchange AKD 791

uDC 621.395.24
LME 8372

Very hich requirements are placed on the conmmunications systems in large
husiness and other organizations, especially on the telephone syvstem. The
svstent must be reliable and flexible, incur very low maintenance and other
operating costs, and offer all modern wraffic faciities. 1t muse be adapred 1o the
needs of the enterprise and be easily maodifiable when organizational changes
occur.

L M Ericsson's P.ABX. svstein AKD 791 introduced in this article fulfils
all these requirements.

L M Ericsson’s PABX. AKD 79/ (tig. 1) is designed for large enterprises
or groups of enterprises. It has an initial economic capacity of about 300 ex-
tensions and a practical ultimate capacity of about 4800 extensions in its
standard design. The number of connecting circuits for internal calls. and of
exchange lines for external calls. can be varied as desired. The exchange is de-
signed to carry a very large traffic but can be adapted to normal or low traffic

conditions by equipment reductions.
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Fig. 2

Operator’s console

Fig. 3
Fxample of arrangement of operator’s switch-
hoards
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AKD 791, 1 ats standard design, offers the traffic facilities required of a
modern P.ABX. today. With additional equipment various extra traffic fucil-
ittes can be provided. such as automatic call-back, automatic transfer of un-
answered calls to an answering point common to a number of extensions, pug-
g equipment with answer from any extension telephone, direct access (e
single digit) calls. ete.

AKD 791, in its standard dzsign. is based on the “number group™ principle
Ihis means that extension numbers need not be associated with specific mul-
tiple positions. Several extensions with different internal directory numbers,
for example, can be connected to the same line and later. if required, be given
their own hnes without change of the internal directory number. The number
group principle also permits extensions with high traffic to be moved from
their respective multiple positions to other multiple positions, so allowing u
hetter tratfic distribution, while retaining their original internal directory
numbers. The internal directory can thus be kept up to date for a relatively long
period and the operators” work is simplified.

The extension telephones are ordinary subscriber telephones of the same
type as in public telephone systems. Spectal apparatus such as loudspeaking
telephones, secretary telephones. telephones with keyset instead of dial. can also
be connected. Keyset telephones, however, require certain additional equip-

ment in the exchange.

The operators” equipments are designed to simplify the work of the operators
to the greatest possible extent. Incoming calls are switched extremely guickly,

vet without loss of the perfect service needed in relation to outside subscribers.

Al switching is done on the operator’s console or switchbhouard, which are fitted
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Strapping within a number group

with push-buttons and supervisory lamps (tig. 2 and 3). The exchange 1s also
cquipped for in-dialling, i.e. external calls can be dialled direct to the desired
extension without the aid of an operator,

Being equipped only with relays and relay-contact switches, AKD 791 re-
quires a minimum of maintenance, Special arrangements exist for simplification
of Tault tracing, one such arrangement heing a supervisory equipment which
keeps a record of the work of the exchange. Advance selection of switching
paths through the exchange is also possible for testing circuits on which faults
are suspected.

Owing to its compact structure AKD 797 takes up very little space. Nor does
it impose special requirements on the switchroom.,

Normal Traffic Facilities

Internal Calls

All internal calls are set up automatically with the dial or kevset. A three- or
four-digit numbering scheme may be employed,

Number Group

The standard exchange has a number group equipment. This is in principle a
translation unit. Identification of the called extension is done on a wire or
strap in the translation unit. The wire is jumpered from the terminal correspond-
ing to the extension’s internal directory number to the terminal corresponding
to the extension’s multiple position (fig. 4). The former terminal tield is much
larger than the latter, so that a large vacant number stock can be maintained.

Figs. 4 a and b show examples of the strapping of a number group in which
three persons share a single extension line. They have their individual internal
directory numbers— 1130, 1131 and 1132—which they retain when they are
given extensions lines of their own (fig. 4 h).

There are commonly certain extensions which ring more than others (the
“heavy callers™). These extensions should as far as possible be placed in differ-
ent extension groups so as to obtain as smooth as possible a traffic through the
exchange. It may therefore be necessary sometimes to regroup some extensions
in the multiple when the exchange has been in operation for some time. Re-
grouping of the heavy callers, however. should not imply that they change
their directory numbers. Thanks to the number group. which allows any
directory numbers to be strapped to any multiple position, the internal
directory numbers of AKD 791 can be retained irrespective of future regroup-
ings (fig. 4 ¢).

Priority

Priority can be allotted to any extension desired. On mecting an engaged
number, a priority extension can enter the circuit by dialling 2. A warning tone
is then issued to indicate that a third party is on the line. Priority connections
cannot be established on circuits engaged on trunk calls.

n
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Categorization of Extensions
In respect of external calls the extensions can be categorized as follows:

] Non-restricted extensions. Can set up all kind of calls.

International trunk-restricted extensions. In the event of an attempt to dial
an international call the extension is disconnected in the P.A.B.X.

] National trunk-restricted extensions. These can dial local calls but are dis-
connected n the event of an attempt to dial international or trunk calls.
Such calls must be put through by an operator.

[1 Semi-restricted extensions. These can receive but not nitiate external calls,
External calls must be put through by an operator.

] Restricted extensions. Can be used for internal calls only.

International and national trunk restriction requires some extra equipment
in the exchange (see “Extra Traffic Facilities™).

If desired, the exchange can be wired so that different ringing signals are
received on external and internal calls.

External Traffic

Outgoing Calls

Normally all outgoing calls are set up automatically. The extension dials a
prefix (usually 0), is connected to the main exchange, /C, and can then dial
the external number. In its standard design AKD 797 is equipped for ten out-
going routes to different main exchanges.

Enquiry and Transfer

During a conversation with an external subscriber an extension can set up an
enquiry call to another extension by dialling one digit followed by the extension
number. The internal conversation cannot be overheard by the external sub-
scriber. The extension returns to the external call by dialling a further digit. As
long as the third party does not replace his handset, the extension can switch
between the external and internal parties any number of times by dialling one
digit.

An external call can also be transferred between extensions any number of
times without the operator’s assistance.

Enquiry calls can also be made and transterred to an operator.

Operator Functions

Incoming calls are answered by one or more operators. If there are several
operators. an allotter ensures that the calls are evenly distributed among them.

The incoming exchange lines can be divided into a large number of groups.
each of which is served by one or more operators. while some operators may



serve all groups. The latter can then work as concentration operators Jduring
low-traffic periods when most or all groups are normally not attended, as re-
placement operators in the event of an operator on any one group not heing on
duty, and as auxiliary operators if the traffic on any group is so heavy that the
waiting time with the ordinary operator is too long.

A division can also be made within the various groups, e.g. to distinguish be-
tween local and trunk calls. The category of call 15 indicated on lamps on the
operators” equipment. The operator answers and puts through the call solely
with the aid of push-buttons, The condition of the extension—free, engaged
with call waiting. etc.—is also marked by lamp signals.

The operators have a number of facilitics, some of the most important ol
which are mentioned below:

Waiting Faciliry

I the wanted extension 15 engaged, the operator can place the incoming call
on a waiting circuit. As soon as the extension hecomes free, the call is put
through automatically.

Announcement of Trunk Cally

If an incoming call is urgent (e.g. a trunk call), the operator can enter the en-
gaged extension circuit and announce the call. A warning tone is at the same
time issued on the engaged circuit.

Parking

It the operator is engaged on putting through a call when a new call arrives.
she can park the original call while answering the new one. After putting
through the new call she can return to the parked circuit.

Transfer to Other Operator

An incoming call can be transferred to another operator or group of
operators in which, for example, there are operators with special linguistic
ability.

Operator Recall

In order that an external subscriber shall not be forgotten when an operator
hus parked his call or placed it on a waiting ¢ircuit ete., the operator’s attention
is recalled after a predetermined time by automatic reconnection of the sub-
scriber to the operator. Some form of signal, moreover, is always sent to the
subscriber during the waiting period ete., so that he does not get the impression
that his call has been forgotten.

Consecutive Cally

If the calling subscriber wishes to speak to several extensions in succession,
the operator can connect the call in *series™. After every completed conver-
sation the call is then returned to the operator. who puts it through to the next
extension.

Nicht Service

When the operators have completed their duties for the day, incoming calls
are automatically directed to predetermined night extensions from which they
are answered and transferred to the called parties,

N
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Night service may be arranged on a common basis, all incoming calls being
connected to a single extension (e.g. the janitor). or on an “individual™ basis,
the calls being directed to different extensions depending on the exchange lines
on which they arrive.

Kevset for Dialling Outgoing Calls

To save time. the operators set up external calls as well with the aid of push-
buttons. The operator’s console also has subscriber meters for recording the
conversation period on chargeable trunk calls,

Operators’ Lines and Record Lines

Fvery operator has her own internal directory number, so that cach can he
called individually, The operators can also be called on record lines with
common or individual number.

Anywering Machine

In order that operators shall not need to repeat the nume of the firm every
time they answer a call, an answering machine can be connected for this pur-
pose.

Number Memaory

The operator’s console can be fitted with an extra unit, 4 “number memory ™,
which records the extension number keved by the operator. When the exchange
line recalls the operator, the extension number is automatically signalled on her
position equipment,

The memory is zeroed as soon as the call leaves the operator, whether duc
to the extension answering or to the subscriber replacing his handset,

Extra Trafthc Facilities

Internal and External Calls

AKD 791 can, it desired, be equipped for several extra traffic facilities.
Among these the most important are:

Push-button Dialling

Subject to the addition of certain equipment tor pulse reception ete. the tele-
phone dials can be replaced by keysets, Push-button and ordinary dial telephones
can be connected to the exchange in any desired combination.

Group Calls

Several extensions can be combined into a group with a commaon group num-
ber, and calls then go to any free extension in the group. This is useful when
one wishes to speak to any one of a number of persons on a similar job, such
as filing personnel ete. All extensions in the group can also be called individu-
ally on their own extension numbers.

With another type of group call facility an extension is called first on his own
number. It he is engaged or has arranged for transfer of incoming calls in his
ahsence. the call is put through automatically to a free extension in the group.



Automatic Call-back

If an extension is engaged, the calling extension necd not call again but can
be automatically put through to the wanted extension as soon as the latter be-
comes frec.

The supervisory circuit for this purpose is brought into operation by dialling
a code digit on receipt of the engaged signal and therealter replacing the hand-
set. The call-back signal goes first to the calling party. When the latter answers,
the extension who has just become free is rung and the connection is established.

The extension who initiates this procedure is not blocked during the supervisory
period but can use his telephone for other calls.

Automatic Transfer of Unanswered Calls

It a person is not in his room or does not answer o call within about 10
scconds, the call is connected to an answering set common to a number of ex-
tensions. Ringing signals are then sent to both telephones and the call can be
answered on either of them.

The number of extensions with this transfer facility, and the number of
answering sets, is unlimited.

Paging

A visual paging system can be connected to the exchange. The procedure is
that the wanted extension number is sent in code form to lamp panels. Paging
can take place in two separate areas simultaneously.

When the wanted person notices his combination on the lamp panels, he goes
to the nearest telephone and dials a code digit. Connection is then established
automatically with the caller.

The paging equipment is intended mainly for use by the operators but can
also be used by the extensions. The operators can in such case interrupt a pag-
ing call from an extension and take over the equipment themselves when im-

portant calls come in.

The equipment can be adapted to a radio paging system.

Conference Equipment

Up to six extensions can be interconnected for a telephone conference.

ternal subscribers can also be connected to the conference.

Tie Lines to Other Private Exchanges
AKD 791 can interwork with other private extensions on a linked numbering
basis, i.e. an extension dials the prefix and extension number in one sequence.

Trunk Discrimination
If the public system allows automatic international or trunk traffic. the
P.A.B.X. can be equipped for discrimination of outgoing dialled calls. Any de-

N
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sired extensions can be debarred from dialling such calls or allowed to call only
on certain trunk routes. Unrestricted extensions are unaffected by the discrimi-
nating equipment and can dial calls on all routes.

Metering

The exchange can be equipped with individual subscriber meters which are
connected to each extension from which calls are to be charged. This pre-
supposes the transmission of the necessary fee pulses from the main exchange.

Central Dictation

A special code number is used for calling an automatic dictating machine,
The machine 1s operated with the earth button on the telephone set or hy dial
pulses for start. record, playback, etc.

Tape Recording of Conversations

Before or during an external conversation one can call an operator to connect
a tape recorder for recording of the conversation.

Night Watchman Control

By dialling a special code number a record is obtained of the calling exien-
ston and of the time of calls. An alarm is issued if calls to the control equipment
are not made at given intervals,

In-dialling

If an external subscriber knows the internal directory number of an exten-
sion, the operator’s work is limited to receiving the number and setting up the
connection. A very large part of the operator’s work consists of such connec-
tions, but she renders no particular service in these cases.

In AKD 791 such calls can be put through to the extension automatically if
the main exchange allows the transmission of signals between the exchanges.
This means that the subscriber can ring through to the wanted extension without
the assistance of an operator, In AKD 797 an in-dialling equipment s needed
for this facility, in which all external incoming calls are reccived and the dial-
led number is analysed. According to the number dialled the call s then put
through direct to the extension or switched to an operator.

The lesser work for the operators means that the number of operators can
be reduced.

System Structure

Switching Stages and Marker Organization

The P.A.B.X. AKD 791 consists of an extension stage SL, switching stage F5.
and traffic-carrying devices such as connecting circuits, exchange lines. enquiry
units, ete. (fig. 5).



Fig. 5

Trunking diagram

DMR Line to dictating machine
FDR-C Exchange line

FDR-X Tie hine to other private exchange

FFR Enquiry circoit

FSA, B Switching stages

HC Main exchange

ITh Trunk discrimination

NG Number group

oPl Operator's console

OPR Operator’s relay eqguipment
REG-I In-dialling register

REG-L Extension register

REG-O Operator’s register

REG-OR  Reuwisters for translation of kevset code

REG-R on outzeing calls
REG-OR (operator)
REG-R (extension)

HE Call-back unit

RRS RR finder

RS Register finder

SLA, B, € Extension stages

SNR Internal connecting cireuit

SNR-PS  Connecting circuit, paging
SNOR Operator’s link
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The extension stage SL can be divided into substages A4, 8 and €, which on a
grouping basis form a 300-line unit.

The exchange is buillt-up on a single marker system. This means that a group
of 300 extensions forms a closed unit working with s own marker organiza-
tion.

In the same way a group of devices. e.g. connecting circuits and register, form
their own marker organization.

By making the markers in the various groups as independent as possible and
limiting their interworking to a minimum, an optimal traffic-handling capacity
is attained for these devices.

The single marker system has many advantages, among which short holding
times and simple functions,

The marker connection relays have been decentralized to the respective
devices. This means that the marker need never be larger than is required for
the particular size of exchange.

The exchange is characterized by the fact that the € stage is reversed in
relation to the 4 and B stages (fig. 5). The C stage is so arranged that the ¢
vertical is directly connected to a given B vertical. Traffic-carrying units ter-
minate on the multiple of the C stage, which has 480 or 360 outlets.

By this reversal of the C stage the final capacity of the exchange is independ-
ent of the number of extensions and is dependent solely on the traffic to be

carried by devices terminating on the C-stage multiple.

Expansion of the exchange is done by connecting groups of 300 extensions
in parallel to the common ' multiple.
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Fig. 6
Code switch
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Switching Equipment

I'he SLC multiple common to the exchange accommodates the traffic-carry-
ing units—connecting circuits, exchange line relay sets. record line relay sets,

and various special equipments such as central dictation equipment.

I'he tie lines terminate on the A4 multiple (on an extension position). The
connecting circuits together with the enquiry units are divided into groups of

30, each equipped with its own marker.

The connecting circuits are not seized on external calls. They are used. how-
ever, lor wrattic witn other private exchanges und can therefore be through-

connected.

The registers are reached via the connecting circuits or enquiry units and are
divided into groups of ten. Each such group of ten registers is connecied via

special selectors RS to two groups of connecting circuns.

The registers are normally designed for reception of dial pulses but can he

cquipped for reception of kevset signals.

In order that the registers shall not be held for an unnecessarily long time,
they are equipped tor automatic release if dialling does not start within 7—10

seconds,

The exchange lines may bhe one-way or two-way and—Ilike the connecting
circuits—are formed in groups of 30, each with its own marker.

These groups can be combined into larger groups or divided into smaller
groups which, in respect of incoming traffic, can be served by different oper-

ators.

T'he exchange lines are connected via two switching stages F5SA and FSB and
links SNOR to the operators’ equipments OPR and OPIl. Each operator has
her own register REG-O.

Mechanical Structure

Components

The components in AKD 791 consist principally of relays and code switches.
The code switch (fig. 6) is a type of pressure-contact switch with binary ope-




Fig. 7

Relay set

Fig. 8
Rack

Fig. 9
M.D.F. jack
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ration ol a selected outlet. The switch performs very small mechanicul move-
ments in the setting-up of connections. Wear s therefore minimal and the

rehainhty of the switch very high,

I'he preventive maintenance which is so important in step-by-step or mator-
driven systems is altogether unnecessary in code switch systems (see also article
on Code Switch in Ericsson Review No. 3, 1964).

Rucks

The racks (hig. 7) are of the same type as used in L. M Ericsson’s wellknown
crosshar switch exchanges. They are robust, easy to assemble and adaptable to
different premises. Since all relay sets are connected by plug and jack. the racks
can be set up in pairs, back to back. At the top of each rack there s space for
fuses. alarm lamps, etc.

All internal wiring of the racks is done in the factory, whereas the inter-rack
cabling is done at the time of installation. Rack height 2400 mm.

Relay Sets

All relay sets are of uniform type. They are robustly constructed and are
connected to the exchange cabling by plug and jack. All relay sets can therefore
be easily removed for inspection and replaced again. The code switches as
well are assembled in the same way and can be plugged-in individually (fig. §).
Each relay set has its own dust cover.

Muain Distibution Frame

To reduce the floor space requirements for the M.D.F. and to simplify
jumpering work, a special frame has been designed for AKD 791, For termi-
nation of the jumpers this frame is equipped with jacks instead of screw ter-
minals. The jumpers are inserted into the jacks. the bushes of which are so de-
signed that the wire is under high pressure at four points along the bush, so

ensuring very good contact (fig. 9).
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Fig. 10
Lamp-button unit
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The jumper wire is a two-coloured twin conductor made of suitable material,

After removal of the plastic insulation and forming of the wire in a special tool,
a jumper is obtained with a double plug at cach end. One is plugeed into the
jack on the line side. the other into the jack on the exchange side.

Operator's Equipments

There is a choice of two types of operator’s equipment: a switchboard of
tropical wood in different designs (fig. 3 shows an example) or a console in
pastel-zrey polystyrene for placing on a table (fig. 2). Both equipments contain
a built-in panel with push-buttons. supervisory lamps and keyset, and in some
cases also meters for charging trunk calls. The push-buttons are formed as
“lamp-buttons™. i.e. buttons with built-in supervisory and call lamps, which
reduces the dimensions of the panel and simplifies the operator’s work. The
lamp-buttons are placed on mounts to form units which can normally be re-
leased from the panel individually for inspection or replacement. The units
connect to the panel cable by plug and jack (fig. 10).

The handset is of the latest design and is characterised by its good trans-
mission properties and low weight. It plugs-in to the switchboard or console
and can thus be easily replaced by a headset.

The switchboard can be provided with extra signal equipment if desired. c.g.
cquipment for blind operators.

Power Equipment

Operating Voltage

The exchange normally operates on 48 V but variations between 44 and
56 V can be allowed without affecting the reliability of operation. The voltage-
sensitive components (transistors and the like) permit peak voltages up to 60 V
for max. | second.



Fig. 11
Rack layout

Fig. 12

Equipment layout

Free ceiling height 2700 mm (1067)
U M.D.E.

2! Power equipment

3 Batteries

4+ Signal equipment

' Repair position

61 Number group with terminal field
T Service observation

S LD

1 Spare for extra cquipmenis

The power equipment consists of a charging unit and floating batteries. The
charging unit should be dimensioned to cover the normal power consumption
of the exchange during the busy hour (see Technical Data) with 4 margin to
spare for future expansion.

Signal Voltage

In addition to the battery voltage. 48 V a.c. is required for signalling between
markers and ringing and tone voltages for signalling to the extensions. The 48 V
a.c. voltage is normally taken from the mains via a separate transformer,
300 VA/1000 extensions. There must be a standby unit against power failures.
The frequency may vary between 25 and 150 ¢/s. Tone signals and ringing
voltage are obtained from a battery-driven equipment,

Installation and Space Requirements
Since the racks in AKD 791 are of the same type as those for public ex-
changes. the installation is very similar to that of public exchanges (fig. 11).
Space should be reserved for the anticipated final capacity of the exchange.
The equipment lay-out (fig. 12) shows the space required for an exchange with
the following capacity:

Extensions 900 Anticipated final capacity 1800
Connecting circuits SNR 50 5 5 5 100
Exchange lines FDR 85 5 2 5 170
Operators’ equipments OF 6 = @ 5 12

The size of the manual switchroom will, of course. depend on whether the
operators have switchboards or consoles.
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Service Observation

Even if the number of faults in modern equipments is very low, there must
be continuous control of the quality of service, which should be done on a
fully automatic basis. The tracing of faults, on the other hand, should take
place only when faults come to light, which is relatively seldom. and manual
equipment suffices for this purpose.

The supervision of AKD 797 takes place largely through information ob-
tained from the common switching units. These units contain circuits which, in
the event of fault, can call the recording devices and transter to them informa-
tion concerning the phase of the connection in which a disturbance has
occurred.

All markers are equipped with these “fault-informing™ circuits. The sign of
a disturbance (a fault) is that the marker has been held for longer than a pre-
determined time. Through this supervision of the marker, faults can be identi-
fied in common switching units.

The standard service observation equipment is as follows:

1 A lamp strip on each rack for signalling faults from equipment on the rack
(certain selector racks, however. excepted).

[7 A lamp panel per suite, indicating alarm from a rack in the suite.

] An equipment containing common alarm lamps for the exchange. counters
for congestion on connecting circuits, outgoing exchange lines, enquiry
links, record lines to operators and operators’ links: also counters for
service fatlure alarms.

All alarms are graded in respect of urgency.

In addition to the standard equipment, very advanced equipment for super-
vision and traffic measurement can be supplied.

To assist fault tracing AKD 791 can offer a new facility. From a special ex-
tension position on the SLA multiple one can select a predetermined path
through the exchange. By path is here meant a vertical, link, connecting circuit,
register, exchange line ete. In this way the units concerned are blocked against
normal extension calls but are used for test calls. The path can be tested without
disturbing normal traffic.

Technical Data

Capacity and traffic-handling

Theoretically AKD 791 can be built up for any number of extension lines.
But as only a certain number of switching units (connecting circuits, exchange
lines, enquiry units ete.) may be connected for a given grouping, the number
of extensions must not be greater than that the various units can “swallow™ the
traffic to and from them. For up to 4800 extensions, however. the traffic-
handling capacity is very good: 0.15—0.20 erlang per extension with 2"
congestion.

The C-stage multiple, to which the traffic-carrying units are connected.
normally has 480 outlets, Each connecting circuit requires two outlets, while
the other units require one outlet each. The maxinuum nuwmber of units, there-
fore, depends on the distribution between them.

The present remarks concerning the capacity apply to exchanges of standard
type. AKD 791 is a very flexible exchange, however, and larger capacities can
be discussed in each particular case.



Operating voltage

48 V: the exchange is guaranteed to function between 44 and 56 V.

Feed

Individual. The resistance of the feed coils is normally 2 2400 ohms but
other resistances can be arranged if desired.

Release

First party. When an extension replaces, the switching path is released and
busy tone is sent to the other party.

Line resistance

Max, 1000 ohms including telephone set,

Leakage resistance
Min. 20,000 ohms.

Pulsing

The dial speed may vary between 8 and 13 pulses per second. The pulse
ratio may vary between 30/70 and 50/50,

Current ("(JJ.'..\‘LHH‘.?}.'.;(JH

Since the verticals of the code switch are devoid of current during conversa-
tion, the current consumption of the exchange is determined principally by the
traffic-carrying units and by egquipment interworking with them. The number
of traffic-carrying units is always adapted to the present traffic irrespective of
the number of extensions. This results in good utilization of these units and
means that one can calculate the current consumption of the exchange during
the busy hour simply as a function of the number of traffic-carrying units. with-
out consideration of the number of extensions and traffic per extension.

Approximaie current consumpiion during busy hour:

Per 30 SNR incl. REG-L 15 A
Per 30 FDR-C 10 A
Per 2 operators 6 A



Traffic Signals
Malmo

for Dalaplan Road Junction,

O. AHLSTROM & K. HANSSON., MALMO CITY MUNICIPAL SERVICES DEPARTMENT. MALMO

Fig. 1

NMap of southern Malmi with Dalaplan in the

centre
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ILME 86Y
This article contains an account of the traffic conditions and of the planning
of the stenalline svstenm for the larce road juncion ar Dalaplan, Malmi. [

alvo describey the LM Ericsvon signalling system chosen for the junciion.

A road traffic signalling system supplied by L M Ericsson was commissioned
in April 1964 at Dalaplan. Malmd. Dalaplan 1s one of the major junctions
in the city, situated on the southern side where highway 101 from Ystad
joins highway E 6 (tig. 1), In the vicimity of the junction and close to the
traffic routes which meet at this point, large residential areas have been buill

and are sull growing up. such as Blekingsborg, Almhog, Nyvdala, Hermodsdal,
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Fig. 2

Dalaplan prior to reconstruction

Soderkulla and Borgmiistaregarden. Another traffic-generating factor at the
junction is the vicinity of the largest sports arena in the city, the Stadium. In
summer the junction is passed to a large extent by people travelling to and
from the beaches and the weekend cottage areas at Skanor and Falsterbo and
along the Scanian south coast. These conditions result in the varving traffic
configuration with peaks not only in mornings and evenings, but also seasonal
and holiday peaks. in conjunction with fine bathing weather and with sports
events. The total mmcoming tratfic to the junction during 1964 was 43,000

cars/annual mean day.

Plans for Traffic Regulation

The existing and the expected increase of tratfic load rendered some form
of traffic regulation at the junction necessary. The layout of the junction
prior to its reconstruction is shown in fig. 2. Having regard to the tratfic
distribution, it was considered best to retain the general layout with two four-
street crossings and to install signals. A proposal on these lines was drawn up
and the reconstruction was completed for the most part during 1963 (fig. 3).
In view of the planned design of the signalling plant, among other things. it

Fig. 3 was considered necessary to run a pedestrian tunnel under the main east-

o . R_ % i AT
Dalaplan after reconstruction west 8-lane carnageway,
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Table 1

The traftic intensity is measured every third
minute on four approaches and is classitied as
high (H), mediom (M) and low (L), This
classification is used for automatic selection of
programme (P 1 — P 6).
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Specifications for the Signal Equipment

For signal control of two crossings as close as those at Dalaplan, very strict
coordination is required having regard to the limited space and risks of traffic
congestion. From the capacity point of view, morecover, it is desirable that the
signals on each approach route should be separately timed so that traffic
losses due to the coordination requiremerts shall be as small as possible.

Central Control System JZC 11

The requirements to be met by the planned signalling system were thus known
and it was merely a gquestion of finding a system which complied with them.
L M Ericsson offered its new central control system JZC [/, which proved
appropriate.

JZC 11 is a time-controlled system designed for coordinated control of
signals at a series of street crossings. The coordination is effected by means
of different preset signalling programmes. The choice of programme is vehicle-
controlled, so that the signals follow the changes of traffic intensity very
closely. The system also allows a simplified form of vehicle-control of indi-
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vidual crossings by the installation of certain auxiliary equipment, by means
of which minor corrections of the green period at a crossing can bhe made
without affecting the remainder of the signalling system. The resulting gain
in green period can he utilized, for example. for improved coordination.

In a time-controlled system with vehicle-controlled choice of programme,
the equipment for o single group of signals is comparatively simple. One can
theretfore have a lurge number of groups of signals at a relatively low cost.
so improving the traffic flow,

Choice of Programme

For measurement of the tratfic intensity, detectors have been laid in the
carrtageway in four of the six approaches to Dalaplan. The number of vehicle
pulses from these detectors during a given period is compared in the controller
with two preset limits for each set of detectors, and the traffic intensity is
classified on the basis thereof as low, medium or high. A suitable length of
period has proved to be 3 minutes. The lower traffic intensity limit is 10-15
vehicles per 3 minutes and 2 lanes, and the higher 30-50 vehicles per 3
minutes and 2 lanes,

According to the combination of low, medium and high traffic intensity on
the four approaches during the period, the programme selector selects a pro-
gramme corresponding to that combination. The eighty-one different com-
binations are thus distributed over all programmes in use (table 1).

The vehicle-controlled programme selection is the new feature in this
equipment that has been most noticeable to traffic-users, and the results
hitherto have been extremely promising. The choice of programme can also
be effected, however, by means of a timer if for any reason vehicle-controlled
selection cannot be employed. The various programmes can also be switched
manually.

Switching of Programme

After the central equipment has decided which programme is to be adopted,
it passes on this information to the local equipments at the next change of
cycle, after which they switch to the desired programme at a time in the
cycle that is suited to each local traffic situation. Thus it is not necessary for
all local equipments to switch to the new programme at the same time, and
this facilitates the choice of programme.

The cycle time of the programme in use is measured in steps at, in this
case, one-second intervals. In the formulation of programme, therefore, a
group of signals can be connected at any time in the cycle (fig. 4). The only
restriction is that opposing groups of signals must not show the green aspect
simultaneously.

The Dalaplan plant has 12 vehicle signal groups and 15 pedestrian signal
groups. Four of the latter—P, Q, A and O—are normally extinguished and
light only at times when it is desired that the pedestrian tunnel shall be kept
closed (fig. 5). The pedestrian crossings controlled by these groups of signals
are then closed and opened through gates in the railings.
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Fig. 4. Traftic situation at different periods (the figures indicate the time
in seconds when a given situation applies in the cyele for programme 1)
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Dalaplan with its groups of signals and lane
markings

~—= Vehicle signal
~*t= ditto with right-turn arrow in green aperture

- ;= ditto  with left-turn arrow in green aperture
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Timing of Signals

Fairly accurate traffic surveys are required for calculation of the timing
data for this type of installation. The length of measuring period was fixed at
3 minutes after practical trials, a time which proved to provide sufficiently
rapid changes of programme without too great disturbance of the traffic. The
various programmes were timed on the basis of traffic counts and capacity
calculations. The limits of traffic intensity on the various approaches were

. ditto thereafter determined and the combinations of low, medium and high traffic
-~ divo intensity were distributed among the various programmes so that a suitable
) ::;:: combination, and so a suitable programme, was obtained at the desired times.
Of the seven programmes available in this installation six are used at
present, namely a normal programme with 65-second cycle time, a morning
programme with 75-second cycle time, an evening programme with 85-second
Table 2 cycle time, a night programme with 45-second cycle time, and two pro-
o - g : grammes for events at the Stadium, one with 85-second cycle time for traffic
The times in the cycle at which the signals
change in different programmes
Pl P2 P3 P4 PS P6
Cycle = 655 Cycle = 755 Cycle = 855 Cycle = 455 Cycle — 80s Cycle = B5s
Signal i £ 5 2 5 £ 5 £ 5 £ 5 £
] = £ = = =] = L = L =}
group = z = 7 £ ot 5 % £ 7 £ 7
2| 5|5 5|8 3| 5|8 I 5|5 1515
| B8l B|l=ls]|8|B8|l=|l=2|B8|lB8|=]lm|lBj8|2|=|8|8|=|=|23!8]lo
o — = < o = = o o = = T ] = = 2 2] = = ] o | = = ]
2| 00| 2|2|0|0|| 2|00 || 2|00 2]|2]0 2|00 &
A 43| 45| 56| 59| 54| 56| 68| TI| 56| 58| 73| 7640 42| 2 5149 51| 67| 70|49 51| 74| 77
B 54| 56|65 3|60 6275 3] 23] 25[40|43] 42| 44| 5| 8| 49| 51| 68| 71|20 22]49] 52
(8 27129 38 41| 25] 27| 49| 52| 22 24| 51| 54| 21 | 23 35| 38| 28| 30| 44471 19| 21| 44| 47
D +R 63| 0| 38| 41 1 3149 5279 81| 5154 8| 10| 35|38 73| 75| 44| 47|80| 82| 44| 47
E +§ 45 47| 58| 61| 56| 58| 73 1| 58[60| 74| 77| 41| 43| 3| 6| 50| 52| 68| 71| 51| 53|64 67
F 4+ N 81022 25 3| 5|20 23|79 81 17)20| 810 16| 19| 73| 75| 22| 25| 80| 82| 14| 17
G+ X 42| 44 58| 61| 43| 45| 63| 66| 56| S8 | 81| 84| 35| 37| 43 1|43 45] 74| 77| 54| 56| 84| 2
H +Z 63 0| 12( 15069 71| 16| 19] 2| 4| 21| 24| 3 S| 1141 0 2{14)17] 5 7| 29| 32
J + A 41| 43| 54| 57| 42| 44 | 59| 62| 55| 57| 72| 75| 34| 46| 43 11 42(44 | 71| 74| 53| 55| 67| 70
K 20122 37| 40| 23| 25|39 42| 27| 29| 41| 44 17 19|30 33| 19| 21| 37! 40 35| 36| 49| 32
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Table 3

The signals can also be controlled manually
with buttons 1—6, either ¢ach crossing sepa-
rately or both crossings in coordination. The

figures show the phases for the different buttons.

12

situations before the event and the other with 80-second cyele time after the
event (table 2). The plant can also be controlled manually from a control
panel at each crossing with a choice of 6 different phases. The cycle can,
however, be completed in three of the six phases. and there is the choice cither
of coordinated control or of separate control of each crossing (table 3).

Future Control of Signals at Dalaplan

It 15 planned that additional local equipments shall be installed at Dala-
plan. Most of them will be used for control of the major crossing along the
3-kilometre Nobelvigen which forms part of highway E 6 through Malmo. It
will then be necessary to have one or more detector points for measuring the
traffic intensity along that street.

A possible line of development for the future signalling system is that a
number of master controllers will control the signalling plants within their
respective areas. The areas should be so limited that coordination is obtained
for naturally associated signalling systems and that the traffic intensity on
the larger routes within the area can be measured from not too great a
number of points. In the determination of the area limits it is also important
to ensure that buffer zones are formed between the areas, which can take up
and smooth out conflicting traffic flows from different areas. The buffer
might consist of an uncontrolled crossing, vehicle-controlled signal-regulated
crossing or a non-level crossing, depending on the local conditions.

Coordinated control Separate control
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M NEWS from

All Quarters of the World

Maintenance Conference 1965
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The delegates on their way from the opening ceremony in the Head Office Exhibition Room
to the Conference Room at Midsommargarden,

For a manufacturer of telephone
exchange equipments it is essential not
only to sell the equipments but also
to follow their destiny during their
life-span. One way of doing this is to
keep close contact with our customers’
maintenance staffs, and in the course
of the years, therefore, conferences
on maintenance questions have been
arranged at the head office in Stock-
holm.

The conference this year, from
May 3 to June 4, was attended by
46 delegates from the major adminis-
trations in Sweden, Denmark, Nor-
way. Finland, Iceland and the Faroes.

From the visit to the Visteras District of the

The conference dealt with mainte-
nance problems within the fields of
subscribers’ apparatus, outside plant.
and  transmission  and  switching
equipments. Organizational questions,
supervision of  all-automatic  and
trunk traffic, and the dawning of the
data age, set their mark on the con-
ference. Terminology and service sta-
tistics guestions were also discussed.
This year’s conference was the first
of a new series. The next will be held
in 1966 for our English-speaking
customers, followed by a Spanish-
language conference in 1967,

Swedish Telecommunications Administration

are seen (from left): E. Jensen, Norwegian PTT, J. Kiil, Danish PTT, J. Skulason, lceland
PTT, N. Ericsson, Swedish Telecommunications Administration, and S. A. F. Pauli, Head of
Installations Division, Visteras, who demonstrated the planning routines.

New L M Ericsson
Records in 1964

The progress that has characterized

.. M Ericsson's activities in recent
vears continued during 1964, Con-
solidated  sales  and  bookings  were

higher than in any previous year in
the company’s history.

Group sales amounted to 1653 mil-
lion kronor compared with 1481 mil-
lion in 1963, an increase of 12 % |

Orders  received by the Group
reached the figure of 1947
million kronor, an increase of 28 %
1963, Despite increased ship-
ments the backlog of orders rose dur-
ing the year from 1739 to 2032 mil-
lion kronor.

The number of employees within
the Group rose slightly, being 41,700
at the year end compared with 40,600
at the end of 1963, This increase was
entirely within the overseas organiza-
tion.

The board’s proposal, in view of the
expansion of the business, to increase
the company’s capital stock by
85,445,000 kronor to 22
kronor by a bonus issue of 1,708,902
B shares, the shareholders receiving
one new B share in return for four
old A and B shares, was approved hy
the Ordinary General Meeting.

record

Over

Donation of Shares for
Jubilee Fund

L. M Ericsson, ASEA and Svenska
Radioaktiebolaget have donated to the
Stockholm Institute of Technology
shares in the two former companies to
a market value of some 170,000 kro-
nor and around 9000 kronor in cash.
The donation was made as a mark of
honour to Waldemar Borgquist, for-
mer Director General of the State
Power Board, on his 80th birthday. It
will be used to establish a fund aimed
at promoting the future development
of electrotechnics in accordance with
statutes ratified by the donatory.

Organizational Change

Mr. Nils Sterner retired from the
vice-prestdentship of the company on
pension on June 30, 1965,

At the same time the Board of
Directors  nominated Mr.  Gunnar
Svalling as vice president from July
1, 1965,
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Automatic Transmission Equipment
for British Post Office and Deutsche

Bundespost
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Lahoratory equipment for automatic measurement of transmission characteristics of telephone
circuits. In the foreground a punched card reader for control of the measurements.

Ericsson Review No. 2. 1963, con-
tained an account of an automatic
transmission measuring equipment for
national circuits. Since that publica-
tion L. M Ericsson has developed a
corresponding equipment for inter-
national use.

Great interest has been shown in
this equipment, which complies with
the CCITT requirements for field
tests within the European network.
Orders have earlier been received
from Norway, Denmark and Finland,
and now also from Britain and W.
Germany.

The British order 1s for equipment
for London’s international Exchange

Intercontinental
Telex in Canada

The telex section of the intercon-
tinental switching centre at Montreal,
supplied by L M Ericsson to Canadian
Overseas Telecommunication Corpo-
ration (COTC), has now
operation. This was at the beginning
of June this vear and. if the caleula-
tions hold, the corresponding centre
at Vancouver will open tts telex oftice
at the end of July.

The establishment of the telex con-
nection constitutes the second stage in
COTC's  linking-up of the British
Commonwealth round-the-world tele-
phone and telex network. The tele-

phone sections of the project were

come Into
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in Faraday Building and trunk ex-
change in Manchester—the German
for Fernmeldeamt 1, Disseldorf,

The equipments are normally in-
tended for punched tape control but
can be adapted for punched cards.
The results of measurements on inter-
national circuits are presented on tele-
printers. The recording of engaged
and faulty circuits is effected with a
separate teleprinter, which at the same
time punches a tape. The tape can
thereafter be used for repeated meas-
urements on those circuits,

Field trials are soon to be made in
Helsinki, Copenhagen, Stockholm and
clsewhere.

brought
Montreal

into practical operation at

and Vancouver some 18
months ago. The centres connect up
the COMPAC cable between Australia
and the Canadian West Coast with the
Atlantic cable and Early-Bird connec-
tion with Europe.

The telex offices handle semi-auto-
matic telex traffic from the Canadian
network to Europe. the United States
and South America via Montreal. and
to Australia. Japan and New Zealand
via Vancouver,

Incoming traffic to the Canadian
network is fully automatic. as is also
the intercontinental transit traffic. for
mstance  the  Australia-Britain
nection which is transited

con-
throtgh
Canada.

In this context it may be mentioned
that L M Ericsson has earlier received
orders for telex swilching equipments
for Sydney. the Fiji Islands and lce-
land.

Premiere for All-
Automatic Trunk
Traffic in Tunisia

“L M Ericssons achievements have
been of extremely great importance
for the building-up of the Tunisian
telecommunications. The rapidity of
this development has been aided in
particular by the training of Tunisian
technical personnel under Swedish
leadership.”

This statement was made by the
Minister of Communications, M. Far-
hat, in his address to President Bour-
guiba at the opening of Tunisia's first
two all-automatic trunk centres link-
ing Tunis and Sfax, with multiple
capacity of, respectively, 600 and 400
lines of ARM equipment.

Also present at the opening cere-
mony was the Swedish Ambassador,
Per-Bertil Kollberg.

The aim is that in due course the
entire telephone network shall be fully
automatic. A further step in that di-
rection is the opening of the first rural
exchange at Manouba near Tunis,
This exchange is of type ARK.

At the opening of the Tunis exchange Pres-
ident Bourguiba dialled the first call to the
Governor of Sfax. Beside the President (from
the left) are the Technical Director of the
PTT, H. Mili, Ambassador Kollberg, the
Chairman of the National Assembly, Dr.
Minister of

Sadok Mokaddem, and the
Finance, M. Ben Salah.




During his goodwill tour around the world H.R.H. Prince Bertil visited L M Ericsson Pty. Ltd.,
Broadmeadows, Victoria, Australia. On behalf of the staff Mr. Sten Snekker (right) presented
Prince Bertil with an authentic boomerang and didgeridoo. The didgeridoo is a 4 ft. 6 in. long
wind instrument wsed at ritual native dances. Both souvenirs had been made by natives of the

Waradjerie tribe in N. Australia.

For the first time in L M Ericsson's history a foreign subsid-
iary has held its Ordinary General Meeting and Board Meeting
on the premises of the parent company. This was when the
board of Société des Teléphones Ericsson (STE) were on a
recent visit.

During a tour of the Bollmora plant Mr. P. Ahlstrim dem-
onstrated different telehone sets to (from left) M. Ch. Bischoff,
A. Duprez, president of STE, and M. M. Meunier. In the
background Mr. C.-H. Strom, L M Ericsson, and Mr. F.
Stranninge, STE (slightly concealed).

Chief Engineers Julio Bayona and José Parra of the Spanish
Telecommunications Administration, Madrid. have been on a
visit to L. M Ericsson. Sr. Parra is seen trying out an 1878
model telephone. Obviously Mr. Lars Mjiberg of L M Ericsson
has something funny to say on the considerably younger Ericofon,

5

Among SAS’ goests on the Tanzania-Stock-
holm  premiére flight were the Tanzanian
Minister of Communications, Sheikh Make-
me and wife, During their visit to Stockholm
they visited L. M Ericsson's  Midsommar-
kransen factory. In the photograph, taken in
the Exhibition Room, Sheikh Makeme (right)
and the Tanzanian Ambassador to Sweden,
P. P. Muro, are studying two transparent
models of the Ericofon and Ericovox. Standing
heside Sheikh Makeme is L M FEricsson’s
president, Bjorn Lundvall, In the background
C. G. Nordstriom of the Communications De-
partment, Stockholm (right), and H. Augustin-
son of L. M Ericsson.

In May this year an engineer’'s congress—"Primera asamblea ingenieria
eléctrica”—was held a1t Caracas. Venezoela, which aroused great interest,
A reception at the end of the congress was attended by over one hundred of the
leading personages of the city.

Two Ericsson delegates, Dr. Yngve Rapp and Mr. Arne Boeryd, delivered
highly applauded addresses on the planning of telephone networks from the
points of view of economy and intelligibility.

(From left) Dr. Alfredo Ramirez-Torres, chairman of Cia Nacional de Telé-
fonos de Venervela, Dr. Félix Martinez Espino O, Secretary General of the
Caracas Chamber of Commerce, Mr. Nils Kjellander, president of Cia Andnima
Ericsson, Caracas, Dr. Yngve Rapp, I. M Ericsson, Ambassador Knut Bern-
stram, and Mr. Arne Boeryd, L M Ericsson.

One of L M Ericsson’s stands at the yvear’s Hannover Fair.,




L. M Ericsson’s
New Plant at Boll-
mora

The plant at Bollmora. some 12
miles south of Stockholm, taken over
by L M Ericsson in 1963, has now
been completed and altered to suit the
company’s requirements. The ERGA
Division started to move in in 1963
and, as new parts of the plant have
been completed, additonal ERGA de-
partments have been accommodated
there.

The site area is about 645,000
sq. ft. and the present floor area
194,000 sq. ft. Of this figure 86.000
sq. ft. are allocated to office accom-
modation and 108,000 to laboratories
and workshops.

The ERGA Division is responsible
for the design and sale of telephone
instruments and private automatic ex-
changes. The products are manufact-
ured at the parent company’s facto-
rics in Sweden and abroad.

A modern anechoic chamber, the
“quiet room”, has been arranged for
acoustical  precision  measurements,
especially on microphones, loudspeak-
ers and other sound generators.

For

there

measuring acoustical energy
is an echo room in which the
efficiency of loudspeakers and other
sound generators 1s determined. The
room is designed to allow variation
of the reverberation time in order to
simulate the acoustical properties of
different premises.

There are also sound cabins for de-
termination of volume reference equi-
valents, intelligibility and judgement
tests.

Thanks to the modern design of the
laboratories and the excellent instru-
mentation, the national and interna-
tional goodwill enjoyved by L M Erics-
son within telephonometry can be up-
held

The designers’ offices are specially
furnished with cffice and laboratory

1. M Ericsson’s Bollmora plant,

et unt €

Model of Bollmora plant, The white buildings represent planned additions to the plant.

which are a stimulus to

rationalized work.

facilities,

In the exchange laboratory the
laboratory positicns are also combined
with writing accommodation and con-
venient facilities for hanging of dia-
grams. Special supporting iron struc-
tures facilitate the assembly and dis-
mantling of  switching equipment
racks. The laboratory has access to a
smull wiring shop for experiments eand
manutacture of special relay sets for
dehivery to customers. The sales de-
partment has a well furmished exhibi-
ton  room

and conference

which films can be shown.

room n

The circuitry laboratory for automatic ex-
changes.

Measurements on the Ericovox loudspeaking
telephone in the ““quiet room™.
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WioL, W.: Equalizers for Telephone Channels. Ericsson Rev. 42(1965):
2, pp. 34—41.

The existing telephone networks belonging to telecommunications adminis-
trations have been established with a view to permitting satisfactory speech
connections between subscribers. However, the introduction of data trans-
mission places new requirements on the network transmission character-
istics. These can be fulfilled by introducing supplementary equipment in
the circuits used for data transmission. The equipment developed by the
L M Ericsson Telephone Company for this purpose is described in this
article.

UDC 625.746
LME 869

UDC 621.317.39
621.375.9
LME 7292

Lortsit, O. & AVERDAL, A.: L M Ericsson Laser for Rangefinding.
Ericsson Rev. 42(1965): 2, pp. 42—50.

L. M Ericsson has been engaged on development work within the field of
laser for some time past. A first result of this work is the laser rangefinder
made at the Military Electronics Division of L M Ericsson. In its present
design the rangefinder can without difficulty be carried and operated by
one man. After minor modifications it can, of course, also be permanently
installed, for example in an aircraft or tank. Among the civil uses of the
rangefinder may be mentioned the measurement of cloud altitude for
meteorological and airtraffic requirements, and in land survey. Among
military applications are accurate rangefinding for different kinds of
fire control, e.g. for artillery and coast artillery units. The rangefinder
can also be used in tanks and naval vessels, and as rangefinding element
in the sights of ground attack aircraft.

AHLSTROM, O. & Hansson, K.: Traffic Signals for Dalaplan Road

Junction, Malmé. Ericsson Rev. 42(1965):2, pp. 66—72.
Malmé. It also describes the L M FEricsson signalling system chosen for

planning of the signalling system for the large road junction at Dalaplan,
the junction.

This article contains an account of the traffic conditions and of the

UDC 621.395.24
LME 8372

L, B. & KiLANDER, S,: AKD 791, P.A.B.X. with Code Switches for
300 — 4800 Extensions. Ericsson Rev. 42 (1965): pp. 51—65.

Very high requirements are placed on the communications systems in large
business and other organizations, especially on the telephone system. The
system must be reliable and flexible, incur very low maintenance and
other operating costs, and offer all modern traffic facilities. It must
be adapted to the needs of the enterprise and be easily modifiable when
organizational changes occur.

L M Ericsson’s P.A.B.X. system AKD 791 introduced in this article
fulfils all these requirements.




M The Ericsson Group

Associated and co-operating enterprises

+ EUROPE »

Denmark

L M Ericsson A[S Kebenhavn F,
Finsensvej 78, tel: Fa 6B&8, tgm:
ericsson, telex: 9020 ericsson kh
Telefon Fabrik Automatic AJS
Kebenhavn K, Amaliegade 7, tel:
C 5188, tgm : automatic, telex: 5264
Dansk Signal Industri A/S Keben-
havn F, Finsensvej 78, tel: Fa
6767, tgm:signaler

Finland

OfY LM Ericsson A/B Helsinkl,
Fabianinkalu &, tel: A 8282, tgm:
ericssons, telex: 12-546

France

Société des Téléphones Ericsson
75 Colombes (Seine), 36, Boulevard
de la_Finlande,tel: Paris (1)
2423500, tgm: ericason

Paris 172, 147, rue de Courcelles,
tel: Paris (1)227 95 30, t1gm: eric

Greal Britain
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L M Ericsson’s H. F. Line Equipment for
Small-Diameter Coaxial Cable

STRONSLI TELEFONAKTIEBOLAGET LMERICSSON, STOCKHOLM

Fig. 1

Optimal coaxial tube diamefer as function

of number of channels in the system
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UDC 621.395.455/457
LME 8424
This article presents briefly the economic arguments in favour of the small-
diameter coaxial cable systems and describes L M Ericsson’s repeater equip-
ments with 1.3 and 4 Mc/s bandwidth for this type of cable. These equipments,
and the methods for their conneciion to the cable, have been developed in
consultation with the Swedish Board of Telecommunications,

Through the advent of the silicon-planar technique within the transistor
field, the h.f. line designer of today has amplifying elements at his disposal
which have opened up entirely new possibilities. The very high reliability and
insignificant aging of the silicon-planar transistors, combined with low current
consumption, permit burial of intermediate repeater stations and considerably
simplified remote power feeding. This has resulted in a lower cost of the
intermediate repeaters compared with vacuum tube repeater equipment which,
for maintenance reasons, should preferably be placed indoors.

To attain the minimum price per channel-kKilometre, an optimal balance is
required between cable cost and repeater cost. This lower cost of amplification
may therefore warrant a change of the cable dimension.

Economic Considerations

An increase of the coaxial tube diameter results in a higher cable price and
lower repeater cost per kilometre, and vice versa. Simple calculations show
the minimum channel-kilometre price for a tube diameter D, to be k. N0

where k& = constant
N = number of channels

The value of the constant k depends on which costs one is considering. Fig. |
shows three curves for D, .. Curve | relates to the first cost. curve 2 to the
annual cost on the basis of 30 and 15 vears depreciation period. respectively,
for cable and repeater equipment at a rate of interest of 6 per cent per annum.
Curve 3 relates to the annual cost, but at 30 and 10 years depreciation,
respectively, at the same rate of interest.

100 kil 00 00 2000 3000

— = M channels



Fig. 2
Structure of small-diameter coaxial tube,
type A, with balloon insulation

Fig. 3
Attenuation constant =z as function of the

frequency for small-diameter coaxial tube,
type A, at -+ 10°C

The curves show that the small-diameter coaxial cable standardized by
C.C.LT.T. with the diameter ratio 1.18/4.43 mm has an optimal system size
of N =900 channels when the annual costs are considered. On the basis
solely of first cost, the nearest optimal system size will be about 2700
channels.

For purposes of conversion a 2700-channel system will under all circum-
stances be economically advantageous compared with the installation of new
cable.

The saving in per cent of the first cost for three sizes of system through the
use of small-diameter coaxial cable instead of the heavier 2.6/9.5 mm cable has
been calculated below. The costs of laying ol the cable have not been included
since they are virtually independent of the diameter of the coaxial tubes.

System 300 Y60 2700
Saving 500 ¢ 20 ¢ 0

Another factor which makes small-diameter coaxial cable attractive also
on heavy-traffic routes is that the cost of standby equipment in a multitube
small-diameter coaxial system 1s small compared with the conditions in a
normal coaxial cable system with small number of tubes.

Small-Diameter Coaxial Tube

Two coaxial tubes have been standardized by C.C.L'T.T., both having the
dimensions 1.18/4.43 mm, which gives an impedance of 75 ohms. The dif-
ference lies mainly in the structure of the outer conductor. Type A has an
outer conductor consisting of a 0.15 mm thick copper tape. formed to a tube
with a longitudinal slit, surrounded by two layers of copper-plated steel strip
(fig. 2). Type B has an outer conductor thickness of 0.18 mm and steel strip
without copper-plating.

Owing to their different designs of outer conductor. the two types have
slightly differing attenuation curves below about 500 ke/s. The insulation of
type A consists of a polythene tube of outside diameter equal to the inside
diameter of the coaxial tube, the polythene tube being crimped on to the
inner conductor at intervals of about 20 mm (fig. 2). This procedure makes
for simple manufacture and the inner conductor is well centered, which
ensures high homogeneity. The cable also has a high dielectric strength and
a minimum of dielectric adjacent to the inner conductor. Type B is supplied
with different forms of insulation and may have a slightly higher attenuation
constant in the high frequency range.

12
dby/ km |

N O

60 100 200 400 Tog 1000 2000 4000
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Terminal repeater
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Fig. 4
Block schematic of h.f. line equipment for
small-diameter coaxial cable

Equalization network for station cable
Pilot suppression filter

Mop-up equalizer on send side, if required
Pre-emphasis network

Pilot gencration equipment

Generation of test frequencies for supervision
of intermaodulation

De-emphasis network

Equalization equipment

K Line amplifier unit

L; Egquipment for frequency comparison pilot
L.  Pilot recewver for supervision of a line section

O mEmonw>

-
K- o

L,  ™Noise blocking receiver

L.  Recciver for supervision of intermodolation
M Mainteaance test point

P Remote power feed unit

Rel. Reference voltage
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Cable Dependent repeater Cable Dependent repealer
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Type A has been considered the best and is the standard type in Sweden.
The reasons for this are its good impedance characteristics and high dielectric
strength, and the anticipated better crosstalk characteristics, since the copper-
plated steel strips ensure good electrical connection across the slit in the outer
conductor. This is important having regard to the future extension of the
small-diameter coaxial system to 12 Mc/s.

L. M Ericsson’s h. f. line equipment 1s designed for use in conjunction both
with type 4 and type B. Fig. 3 shows the attenuation per Kilometre at + 107 C
for type 4 as function of the frequency.

Repeater Spacing

One of the most important factors in the economy and technical performance
of a h.f. line is the choice of repeater spacing. This has been made 8 km for
the 300-channel system having regard to the available repeater elements,
remote power supply, and future convertibility.

When converting to a larger system it is convenient to halve the repeater
spacing and the following series of systems is realized:

Repeater spacing Svstem Bandwidth
8 km 300 channels 1.3 Mc/s
4 . 960 e 42
20 g 2700 5 124 .

These numbers of channels are in full accordance with what has already
heen standardized for the 9.5 mm coaxial cable. At its last plenary meeting
C.C.LT.T. also standardized 4 km as repeater spacing for Y60-channel small-
diameter coaxial cable systems,

Electrical Features of the Line Equipment

Fig. 4 shows a block schematic of a terminal repeater station and (WO
itermediate repeater stations with remote power supply.

In broad outline the arrangement is the conventional one for a four-wire
coaxial cable system.



Fig. 5
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1.3 Mgc/s system = kefs

The function of the intermediate repeater is to compensate for the attenua-
tion of the signal over a cable length equal to the repeater spacing, in the
1.3 Mc/s case 8 km, corresponding to 49.2 db at the highest frequency. The
required gain curve is achieved by a combination of a three-stage amplifier,
the gain of which rises with the frequency. and a special gain equalizing net-
work at its input. The dependence of the gain on the frequency is achieved
by means of negative feedback which varies with the frequency. This is
essential to the use of pre-emphasis in the system and thus has a great
significance on the repeater spacing that can be achieved with given types of
transistors. Fig. 5 shows the level conditions in the 1.3 Mc/s repeater. A
three-stage amplifier was chosen since it is the type which makes best use of
the transistors.

Each intermediate repeater is equipped with automatic level regulation
under the control of the main pilot.

Owing to temperature variations in the soil the cable attenuation varies by
about 29/ per "C, which for the 1.3 Mc/s system and = 10° C represents
about = 1 db per repeater section. For this purpose regulation at each third
intermediate repeater station would be acceptable, but great advantages are
gained by providing each intermediate repeater with a pilot receiver.

Each regulator has a range of =4 db. Of this quantity =1 db is allotted
to temperature correction as noted above. The remaining = 3 db can then be
allocated as follows:

O =1 db for manufacturing tolerance of the cable.

1 =2 db can be used to take up tolerances in the length of repeater sec-
tions, which in the 1.3 Mc/s case corresponds to about = 300 m, without
needing to lengthen the cable.

This principle results in simplification of the installation work and eliminates
the need for different types of amplifiers. On replacement of a line amplifier
no adjustment of the gain need be made.

If desired, the manufacturing tolerance for the cable and the repeater
section tolerance can be eliminated at the time of installation. The entire
regulating range of == 4 db is then available for temperature correction, which
means that overhead cable can be used.
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Fig. 6

Oscillogram  of transient response of  line
regulating equipment for a section consisting
of 26 intermediate repeater stations

Ordinate: (.06 db per division

Abscissa: 0,2 second per division

Fig. 7

Simplified circuit diagram for line amplifier
Power separation tter

Gain equalizer

Ampliber

Pilot receiver

L O

Pilot alarm
6 Test point
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I'he principle of using a pilot receiver in each intermediate repeater also
means that the supervision of the intermediate repeaters can be based on
testing of the outgoing pilot level. This permits the simplest and most reliable
method of fault tracing. The regulators, which are of proportionzl type, are
accurately designed in respect of envelope gain, and therefore no stability

problems arise even on long pilot sections (several regulators in cascade).

Fig. 6 shows an oscillogram of the transient response of the line regulating
equipment over a distance comprising 26 intermediate repeaters when the
transmitted pilot level 1s changed in steps of 1 db. Note the short regulating

tme and that no overshoot occurs,

A simplified circut diagram of a repeater with associated regulator is

shown in fig. 7.

The repeater equipment has been designed for very high reliability,
Miniaturization has therefore not been taken too far. The number of com-
ponents has been kept as low as possible, and only silicon-planar transistors

have been used.

I'he function of the terminal repater on the left in fig. 4 is, on the send
side, to handle the band from the modulating equipment, adding the pilots
required for the h. f. line and producing the desired output level characteristic.
On the receive side the equipment restores the frequency band from the cable
to a flat level curve and filters out the line pilots. The receive side also
contains an equalizing equipment, the function of which is to eliminate the
inevitable variation of equivalent of the h. f. line. This variation may suitably
be divided into a fixed portion and a portion which varies with time, cach
being treated separately in the equalizing equipment. The fixed portion
caused by systematic addition of inevitable small deviations in each inter-

5

mediate repeater from the ideal gain curve. By means of advanced calculation
and manufacturing technique it has been possible to reduce these deviations
to very small values, but despite this great accuracy it 1s necessary to insert an

equalizing network after some 20 intermediate repeaters.

I'he portion which varies with time is caused in the same way by systematic
addition of small deviations of the regulation characteristic of the repeaters
from the ideal and is eliminated by means of a simple manually adjustable
network. Manual adjustment was adopted since the variations take place very
slowly: they are a function of the variation of the cable temperature according
to the season of the vear. The temperature dependence of the repeaters them-

selves 1s negligible.




Owing to the stability of the intermediate repeaters the form of the varia-
tion is constant. The use of cosine equalizers is therefore not warranted and
they have been avoided in order to attain the simplest possible adjusting
procedure.

Pilot Equipment

To achieve the greatest possible flexibility in operation, the line equipment
has its own pilol generation. Pilot suppression is also provided on the send
and receive sides. In this way the modulating equipments are always satis-
factorily protected. while at the same time the pilot injection is protected
from interference and full protection is obtained on through-connection be-
tween h. f. lines.

The termunal repeater equipment also has facilities for the through connec-
tion and distribution of the frequency comparison pilot. The arrangements for
injection and extraction of this pilot must lie in the line equipment. Traffic
rearrangements can then be made without affecting the distribution network
for the frequency comparison pilot, which is important from the point of
view of achieving a clearly arranged and easily handled network. Suppression
of the frequency comparison pilot follows the same principle as for the line
pilots.

Remote Power Supply

The power requirement for an intermediate repeater is 18 volts, 60 mA d. c.
per repeater and direction of transmission. The power is transmitted on the
inner conductors of the two coaxial tubes at constant current. The repeaters
are connected in series and receive their voltage from a zener diode. In the
case of a two-way intermediate repeater the voltage drop is then 36 V. The
nominal current output is 75 mA. thus allowing 15 mA in the zener diode.
With a 500 V feed between the inner conductors, 10 two-way intermediate
repeaters can be supplied in the 1.3 Me/s case. and the distance between the
supply points will be max. 168 km. This agrees well with the spacing at which
equalization is needed, and a power-feeding intermediate repeater station is a
variant of the terminal repeater equipment.

The intermediate repeater stations have been provided with a switching
facility which. in conjunction with a mobile supply unit. permits the elimina-
tion of all feeding voltages on a cable section and metallic earthing of the
inner conductors without traffic interruptions.

This arrangement ensures the greatest possible safety of maintenance staff,
with the possibility of using higher feed currents. which is of significance for
the future economic utilization of small-diameter coaxial cables by conversion
to larger systems. Different safety arrangements have been discussed within
C.C.I.T.T., among other things the limitation of the current to 50 mA, but
this has been considered insufficient.

The mid-point of the supply voltage is connected to earth via a high im-
pedance in the supply point, This means that the sensitivity of the system to
undesired external induction is halved and that unilateral earth faults do not
jeopardize the remote power supply. These faults can be located by measure-
ment of unbalance currents, The supply unit which has to supply a constant
current of 75 mA has been designed as a transductor regulator to ensure the
maximum reliability and resistance to induction voltages.

Overvoltage Protection

Owing to their thin semiconductor lavers, high-frequency transistors are
sensitive to overvoltages. A well designed protector against voltages induced
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Fig. 8
Simpliticd diagram of fault-location equip-
ment

P Pilot alarm relay
PL Pilot alarm control
Tk Temperature compensation

Terminal repeater A

| -BPLS_:.|
EE
P
el
M- e e
| uB" -~

1

l
|
|
|
|
|
|
|
|

in the cable will therefore be of greatest significance for the reliability of
the h.f. line. The long metallic circuits required by the d.c. supply render
such protection even more necessary,

The introduction of protector elements must. however, be done with the
greatest caution. Repeater equipments are nowadays buried and must there-
fore operate with a minimum of maintenance. The use of carbon arresters or
rare gas tubes is not compatible with this principle and should therefore be
avoided.

LM Ericsson have therefore based their overvoltage protector solely on
semiconductors in combination with filters. It consists of a transverse pro-
tector, patented by L M Ericsson, on the inputs and outputs of the repeaters
and a longitudinal protector in the power supply path.

The overvoltage protector allows the equipment to operate with the outer
conductors of the coaxial tubes earthed, which was highly desirable from the
point of view of personal safety. All metallic objects with which staff may
come into contact are in this way always at earth potential.

Fault Tracing and Supervisory Equipment

Any faults on long h. f. lines, primarily cable faults, must be immediately
reported to the terminal stations and the staff there must be able accurately
to locate the fault without comprehensive and time-consuming measurements,
despite the many repeaters involved. It is important that the principle should
be as simple as possible in order to arrive at the minimum fault rate for the
fault-locating equipment.

Since the fault-locating equipment must operate when there is a fault in
the main system, it was considered advisable to make it as independent of the
main system as possible. Interstitial pairs in the cable are therefore used for
the purpose.

By basing the fault-locating arrangements on the systematic use of pilot
receivers, the latter have been further exploited so as to permit a simple fault-
Jocating system. Fig. 8 shows a simplified diagram of the system. Every pilot
receiver has a mercury-wetted relay which, on loss of the pilot. applies a
short-circuit to one interstitial pair in the cable. Level alarm is therchy
obtained at both terminal stations and., by measuring the loop resistance for

Dependent repeater Terminal repeater B
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the pair up to the short-circuit point, the location of the fault can be read on
a station-graduated bridge. One pair is required for each direction of trans-
mission. Up to 50 stations can be supervised in this way. The supervising
section may therefore consist of two power-fed sections and a power-feeding
intermediate repeater need not be attended.

A circuit patented by L M Eriesson, by sensing the current-voltage condition
on both sides of the fault, permits the correct issue of alarm even in the event
of an open on a power feed loop. Otherwise accurate location would be im-
possible, since all repeater stations in the loop would be dead and give an
alarm.

The fault-location equipment incorporates an accurate level supervision
device after the last amplifier in the receive section of the terminal repeater
equipment. This pilot receiver has an adjustable alarm limit and can be
furnished with recording instruments so as to check the stability of the line
(block schematic, fig. 4).

For customers who so desire, equipment for intermodulation supervision
and noise blocking can be added in the terminal repeater.

The function of the noise blocking equipment is to short-circuit the line
output when the noise level per channel exceeds —40 dbm0 (limit adjustable).
This prevents the disturbance of traffic on other circuits by noise which—for
example in the event of a cable faulti—might be transmitted via group through-
connections.

Even if the h.f. line has pilot-controlled level supervision, it may be
desirable to supplement this by intermodulation measurement. With heavy
feedback in the repeaters these may show the correct gain but nevertheless
have too high a non-linear distortion.

On the send side the measuring equipment injects two frequencies be-
tween the useful band and the regulating pilot, in the 1.3 Mec/s system 1309
ke/s and 1313 ke/s. The intermodulation product 2f,—f., which 1s 1317 ke/s,
is obtained in each repeater. Since the frequencies lie within a narrow band,
the product adds on a voltage basis, and its level can be checked in the
receiving station. The principle is shown in the block schematic in fig. 4.

Speaker Circuit

A speaker circuit can be arranged, if desired, along the line. The main use
of this circuit is when there is a fault in the system, and it must therefore be
as independent of the system as possible. For this reason a four-wire cireuit
with terminal amplification has been adopted on ordinary interstitial pairs in
the cable. The dimensions and loading of the pairs should be such that the
attenuation at 800 ¢/s between the terminal points does not exceed 40 db.
The amplifiers need be placed only in terminal and power-feeding intermediate
repeater stations.

A portable telephone set for plugging into the intermediate repeater stations
enables conversations to be established between them or to the terminal
stations.

D. c. signalling is employed and provides a simple means of selective calling.
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I'he four-wire circuit permits a long speaker circuit connection without
stability problems, which is a general requirement.

I'he terminal repeaters also contain the necessarv hvbrid for directly
connecting to various two-wire trunks in the repeater station.

A. c. signalling is used on the two-wire side.

Mechanics

Terminal Repeaters

The terminal repeater—containing high frequency equipment. power supply
equipment. fault locating and alarm equipment, and speaker circuit equip-
ment—is made up of plug-in, electrical and mechanical functional units
mounted on a single-sided bay according to L M Ericsson’s standard principles
as described in Ericsson Review No. 4, 1960, The exception is the units which
contain send and receive line amplifiers, which are constructed on the
principles described below for repeater amplifiers. This was done in order to
avoid variant types of equipment, with the trouble which this involves in
spare parts stocks. The lower part of the bay s therefore slightly differently
arranged in order to provide space for these line amplifier units.

Fig. 9 shows a terminal repeater bay for the 1.3 Mc/s system. At the top is
the distribution frame which allows convenient connection of the bay equip-
ment to the station cable. Thereafter follow power pack and remote power
feeding unit. In the middle of the bay is the fault locating and speaker
circuit equipment, surrounded by the high frequency equipment. The lower
part of the bay accommodates send and receive line amplifiers. All main-
tenance test points are shortcircuitproof and placed on the sides of the bay,

The bay accommodates two complete h. . line equipments containing all

i
h

the above-mentioned auxiliary equipments.

Used as a power-feeding intermediate repeater. the capacity is reduced to

one svstem per bayv.

LD

Intermediate Repeaters

The intermediate dependent repeater stations must be of a type which can
be huried. Arrangements should. however, exist for easy access to the line
amplifier equipment so as to cut down the time taken to replace a faulty unit
to acceptable limits. The replaceable equipment should consist of hermetically
sealed units which are insensitive to moisture. This is of vital significance for
preventing unnecessary disturbances of operation on account of moisture
damage. The units must be so placed as to eliminate the risk of freezing in
the soil in wintertime,

For human safety all accessible equipment should be at earth potential.

Fig. 9 . . . ) . . .
| N It 1s also desirable that the coaxial tubes of the main cable terminate on
Terminal repeater bay for 1.0 c s system . . . . . . L
o ———— distribution frame into which the repeater equipment is plugged. The coaxial

iree dust covers , oye
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Fig. 10

Dependent repeater housing with stub cables

Fig. 11
Dependent repeater with cover removed

Note terminal panel with terminals

———

A U A A

tubes are then easily accessible for cable fault tracing. This solution is also
advantageous during conversion operations and allows the quickest possible
replacement of a faulty repeater.

Checks of the functioning of the equipment should be possible without
extensive excavation work.

To fulfil these requirements it was necessary to develop a special mechanical
structure.

This is shown in figs. 10 and 11 and consists of a watertight cylindrical
steel housing of 470 mm diameter. At the top is a terminal panel incorporating
terminals for line amplifiers and switches for the power supply. The housing
has stub cables for simple connection to the main cables. The cables are
fitted with gastight plugs to permit sectioning of the gas pressurization, if any,
of the main cable.

The use of stub cables allows convenient adaption to different sizes of main
cable. If there are quads in the main cable, they are not taken into the
repeater housing but led in a separate cable between the two branch joints
shown in fig. 12. If desired, a cable can be arranged up to a small test pillar
above ground, in which the functioning of the equipment can be checked.
The pillar also contains a termination for a speaker circuit telephone. All
test points are protected against short-circuits, so that any damage to the
equipment abave ground causes no disturbance of the traffic.
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Fig. 12
Example of connection of main cable to
repeater housing

Fig. 13
Line amplifier for 1.3 Mc's system

{Below) with cover removed

38

All apparatus in the signal path is combined into plug-in, hermetically
sealed units, one per system and direction of transmission, connected to the
repeater housing terminal panel. The combination of all high frequency
equipment into a single unit results in maximum precision of the gain curve.
The principle also has the advantage of requiring a minimum of terminals in
the housing.

Fig. 13 shows such a line amplifier unit for 1.3 Mc/s bandwidth.

The 4 Mc/s line amplifier has exactly the same mechanical design. The
repeater housing is constructed so as to be usable for the 4 Mc/s system
without modification.

On conversion from a 1.3 Mc/'s to 4 Mc/s system, new housings are so
located that the repeater spacing is halved and the 1.3 Mec/s repeaters are

replaced by 4 Mc/s repeaters.

The housing accommodates up to 4 systems, i.e. 8 amplifier cylinders.
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Technical Data

System type

1.3 Mc/s 4 Mece/s
Frequency band (ke/s) 601300 604188 or 604028
Number of channels 300 900 or Y6()

Signal levels to terminal (multiplex). Sender/receiver (dbr)

Nominal levels in line interconnection point. Sender receiver (dbr)
Impedances for inputs and outputs (ohm)

Output level to cable for highest channel (dbr)

Pre-emphasis (db)

Gain per intermediate repeater station at pilot frequency (1364 and
4287 Ke/s) (db)

Weighted noise per channel at zero level point for loaded system
(—15 dbm0O/channel) (pW/km)

Near-end and far-end crosstalk attenuation per station within and
between systems (db)

Line-regulating pilot (ke's)
Level (dbm0)

Regulating range per intermediate repeater station at pilot frequency
(db)

Residual error at pilot frequency from regulator at max. regulation
(db)

Equipment for frequency comparison pilot (ke/s)

Remote power supply

Max. number of dependent repeater stations per power unit
Max. distance between power-feeding stations (km)

Supply current {mA)

Supply voltage (V)

Data for a line section = 280 km
Variation of equivalent with frequency after line-up: spread (db)

Level stability (db)

min. — 37/max. — 22
—-36/-23

75 unbal.

-33

10

492

90,95
1364

- 10

< =0.15
60

d. c.. series

10

500 V

min. —37/max. — 22

~36/-23 or —33/-33

75 unbal.
— 10

10

435

90/95
4287

-10

< x0.15
60 or 300
d. c., series
13

108

550 V
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AKD 735, Code Switch P.A.B.X. for
30 Extensions

A GUDMARK & B ROMARE, TELEFONAKTIEBOLAGET L M ERICSSON, STOCKHOLM

UDC 62].395.25

LME 8372
This article presents a Code Switch P.A.B.X. designed to cover requirementy
up to 30 extensions and 7 exchange lines. The new P.ABX., AKD 735, is a

register-controlled code switch unit working on the bypath principle,

LM Ericsson’s new 30-line P.ABX.. AKD 735, is characterized by high
traffic capacity, low maintenance expenditure and silent operation. The
equipment is accommodated in a grey-enamelled rack which takes up little
space and harmonizes well with modern office furnishings (fig. 1). The ex-
change is based on the code switch (with pressure contacts of precious metal),
the small operating movements of which result in a minimum of wear. The
exchange therefore has a long life and costs very little in maintenance,

The maximum capacity of the exchange is 30 extensions, 7 exchange lines
and 4 internal connecting circuits,

AKD 735 has a very high traffic capacity. When fully equipped, up to 15
extensions can be conversing at the same time. AKD 735 can also be furnished
with all the traffic facilities required by a modern enterprise.

Fig. 1
Code switch exchange AKD 735
(Right) with doors open
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Fig. 2

Operator’s console

The standard model of AKD 735 incorporates a number ol traffic facilities
such as enquiry calls, transfer, automatic camp-on, priority, busy lamps, two

types of night service connection, clc.

With additional equipment various special services can be obtained such as
automatic paging. supervision of dialled trunk calls, group calls, etc. The
operator’s console (fig. 2) is of modern design with a grey plastic cover. Since
cach extension is represented by its own key on the console, incoming calls

can be put through very quickly.

I'he extension telephones are normal telephone sets with earth button.

Traffic Facilities
Internal calls. The extensions have two-digit numbers and the operator 4
one-digit number. Four internal conversations can take place simultancously.

External calls. Calls to the public exchange are initiated by a single-digit
prefix.

Incoming calls are indicated on the operator’s console. Connection to the
extension 1s effected by pressing a key. Under night service conditions calls
can be answered from one or more extensions.

Priority. Any extension can be given priority, which implies that the ex-
tension can enter an engaged circuit. A faint busy tone is issued to the con-
versing parties to indicate that a third party is on the line.

Extension categories. The extensions can be divided into four categories, viz.:
1 Unrestricted extensions with full traffic facilities.

[0 Trunk-restricted extensions with facilities for all kinds of traffic except
dialled trunk calls. (Trunk discrimination equipment is required for this
purpose.)

[ Semi-restricted extensions with full internal traffic facilities. These can
receive incoming calls from the public exchange, but external calls can
only be set up with the assistance of an operator.

1 Restricted extensions which can be used for internal calls only. All external
traffic is barred.

The extensions can be allotted individually to any desired category.

Enquiry calls. During an external conversation an enquiry call can be made
to another extension, to the operator, or via an exchange line to a public ex-
change subscriber.

Transfer. External calls can be automatically transferred any number of
times either to an extension or to the operator.

Night service. There are two types of night service. viz.:

(] Individual night service, which implies that incoming calls are
automatically put through to predetermined extensions connected to the
respective exchange lines. The exchange lines can also be combined into
groups.

[0 Common night sce¢rvice, which mimplies that incoming calls are
signalled on one or more separate bells. The call can be answered on any
non-restricted extension.

Serial calls. An incoming call can be put on a “series circuit” by the
operator, which means that it is automatically reconnected to the operator
after each completed conversation. In this way the operator can connect the
call to a number of extensions in the desired sequence.

Parking. The operator can place an incoming call on a parking circuit. In
order that a parked call shall not be forgotten, the operator is recalled auto-
matically after about 30 seconds.
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Fig. 3
Operator’s console
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Recall to operaror. If an incoming call is not answered by an extension
within about 30 seconds. the operator 1s recalled automatically. 1f an in-
coming call is placed on an automatic waiting (camp-on) circuit for an
engaged extension and the latter does not become free within about 30
seconds, the operator is also automatically recalled. This ensures good
telephone service

Busy indication. The individual extension keys on the console are fitted
with busy lamps. This makes for quicker switching and better telephone
service.

Announcement of incoming call. The operator can announce incoming calls
both to free and engaged extensions. When the operator enters an engaged
circuit to announce a call, a special warning tone is issued.

The exchange can be supplied with extra equipment for the following traffic
facilities:

Group calls to a group of extensions dealing with the same Kind of
business. Extensions allotted to a group number can also be called on their
individual numbers.

Visual paging both from extensions and from operator.
Automatic tie lines to other private exchanges.

Subscriber meters for metering dialled trunk calls when the public exchange
has facilities for transmission of metering pulses.

Trunk discrimination equipment, which prevents unauthorized extensions
from initiating calls over the trunk network.

Operator’s Console
The operator's console (fig, 2 and 3) allows efficient telephone service.

On the left-hand side of the console are the exchange line keys. Fach
exchange line is represented by a key, a call lamp and a supervisory lamp.

The switching equipment, which is placed on the right. consists of 15 keys
including splitting key and Keys for night service, serial calls, paging, cancella-
tion, bell signal, and transfer to extensions.




Fiz. 4
Code switch

Fig. 5
RAF relay (left) and RAH relay

There are 30 extension keys for putting-through incoming calls to the
extensions. Each Key corresponds to one extension number (20-49). In each
of the keys there is a lamp which, if the extension is engaged, lights when
the operator answers the call or presses the test key. An exchange line call
that has been connected to an extension can be visually supervised until the
extension has answered.

The dial, which is used by the operator when setting-up external calls, has
been placed on the right of the console for greater ease of dialling. Three
subscriber meters can be placed under the dial.

Equipment
Code Switches and Relays

The code switch (fig. 4) has a capacity of 10 inlets and 30 outlets and a
6-pole multiple. The small dimensions of the switch are due to the use of a
new type of contacts and a new method of multipling between the verticals.

The moving contact consists of a wire spring with a cylindrical contact tip.
The fixed contact is V-shaped. This arrangement and the high contact
pressure ensure excellent contact performance. In operated position the
moving contact is locked in the vee, so that the contacts are insensitive to
impact or vibration. The contact action ensures verv efficient self-cleaning
of the active contact points.

The relays (fig. 5) are the well-known RAF and RAH relays which are used
also in public exchanges.
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‘ Rack

Fig. 6
Fuse and lamp panel

Fig. 7
a. Steel ball
b. Wheel

Fig. 8
AKD 735 swung out from wall

Fig, 9
Position of M.D.F.
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The rack has a light-grey enamel finish and 1s made of extruded sheet steel,
Its dimensions are: height 1948 mm. width 1025 mm and depth 250 mm,

At the top of the rack are fuses for all switching units (fig. 6). Blocking
buttons for the exchange lines are placed on the respective relay sets.

The rack has a retractabie wheel and can be swung out from the wall to
allow access to the back of the P.AB.X. (fig. 7). The front is fitted with
locked doors and the back with cover-plates. also with locks (fig. 8).

The rack is supphied cabled for its maximum capacity. The fixed cabling on
the rack terminates i multipole jacks into which the relay sets and switches
are plugged. The imcoming cables enter the rack at the top left-hand corner
and terminate on an M.D.F. located under a panel on the left-hand side of
the rack (fig. 9).

Operator’s Console

All switching operations are done with push-button keys. In each key are one
or two lamps which facilitate the supervision of established connections. Five
such keys are mounted as a unit. The push-button contact springs and lamps
are wired to u multipole plug. The key units plug into the console (fig. 10),
The entire console is covered with a grey plastic casing. The plastic tops of
the buttons are easily removable for change of lamp or engraving. The handset
plugs into the console, The dial is used only for setting up external calls and
is placed on the right of the console, as dialling is normally done with the
right hand.

Fig. 8 Fig. 9




Fig. 10
Operator’s console with dust cover removed

Fig. 11
Battery eliminator BMN 2425
(Right) with cover removed

Power Supply

The P.A.B.X. is designed for an operating voltage of 48 V. which may
fluctuate between 48 V and 56 V without loss of reliability.

At places where power failures are relatively rare a battery eliminator is
recommended as it requires no maintenance. The battery eliminator should be
rated 48 V, 8 A, and have an extra tapping for 90 V., 5 VA AC for ringing
current. In the event of a power failure the exchange lines are automatically
connected direct to certain predetermined extensions. A suitable battery
climinator for these exchanges is BMN 2425 (tig. 11).

At places where a battery and charger are required. the batteries should be
of sealed type for 48 V. Sealed batteries have several advantages over previous
types—they take up less space and do not require a separate battery room.

The charger should be rated 48 V., 4 A. It should have an extra tapping tor
90 V ringing current. When operating off a battery and charger the P.A.B.X.
is equipped with a transistorized ringing current unit.




Fig 12,
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Trunking diagram
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Line and cut-off relavs combined with iden-

tification eguiment
Marker

Operator’s relay set
Operator’s console
Exchange hine relay set
Register

Connecting circuit

Line Hnder — fnal selector
Exchange line

The tones are generated by a transistor unit placed on one of the exchange
relay sets and have a frequency of 425 ¢/s. The length of the tones and
ringing signals is controlled by relays in the exchange.

Switching Procedure

The trunking diagram of the P.A.B.X. is shown in fig. 12,

Internal Calls

When the extension raises his handset. his line is identified by 1D, which
seizes the marker A/, The marker connects the extension to a free register
REG, after which marker and identifier release. REG extends dial tone 1o the
extension, who can then dial the wanted 2-digit number.

On receipt of the called number, REG seizes the marker M. The calling
and called lines are now connected to a free connecting circuit SNR. M and
REG release simultaneously with the transmission of the first ringing signal,
Intermittent ringing continues concurrently with the transmission of ringing
tone to the caller. When the called party raises his handset. connection is
estahlished. If the called extension is engaged, the caller hears busy tone. If
the caller has priority, he can enter an engaged circuit by dialling one digit.
A faint busy tone is sent to the conversing parties as a sign that a third party
is on the line.

As soon as either of the extensions replaces his handset, his line is cleared.

Outgoing Calls to Public Exchange

When an extension raises his handset and receives dial tone from REG,
he can dial the prefix of the public exchange. This prefix may be either 0 or
1. On receipt of the prefix REG connects the extension to a free FDR-C
and then releases. The extension now receives dial tone from the public ex-
change and can dial the wanted subscriber’s number.

Incoming Calls from Public Exchange

Incoming calls are registered on an exchange line relay set FOK-C, and a
call lamp on the operator’s console OP/ lights. The call is answered by the
operator pressing the key in which the lamp is lit. Connection with the
operator is now established. The operator puts the call through to the wanted
extension by pressing the extension’s line key. On the console there are three
lamps, one green. one vellow and one red, which indicate whether the exten-
sion is free. engaged or restricted. If either of the first two lamps are alight,
the operator can leave the connection by depressing the X button. If the
extension is engaged. the call can be placed on an automatic camp-on circuil.
If the red lamp lights, the operator has no possibility of putting the call
through to the wanted extension.

Enguiry Calls
Enquiry calls can be made by an extension during a conversation on an

exchange line. There are three types of enquiry calls,

An enguirv to the operator is initiated by pressing the earth button on the
telephone set and. on receipt of dial tone, dialling Y. The operator observes the



call through the lighting of the call lamp in the exchange line key. After the
operator has answered the enquiry call, the extension can transter the call,

An enquiry to another extension is initiated by pressing the earth button,
REG is then connected in parallel with FDR-C' and dial tone s returned.
When the extension has dialled the number, he is connected to the wanted
extension and REG releases.

On completion of the enquiry call the extension presses his earth button
once again and is reconnected to the public exchange subscriber. If the con-
sulted extension does not replace, the former extension can reconnect to him
by pressing the earth button once again.

An enquiry call on another exchange line can be made by pressing the
earth button and, on receipt of dial tone from REG, dialling the prefix to the
public exchange. The extension is thereby connected via the already occupied
FDR-C, SLV and a new FDR-C to the public exchange. On the receipt of
dial tone from the public exchange he dials the subscriber’s number. After
completion of the call the extension returns to the original connection by
pressing the earth button, whereupon the last used FDR-C' is restored.

Transfer

If an extension wishes to transfer an external call to another extension
authorized to take external calls, he first sets up an enquiry call. When the
enquiry circuit has been established he replaces his handset and the rung
extension takes over the call.

If the call cannot be established, either because the called extension is
restricted. because the call is unanswered or because dialling is not completed.
the calling extension is rerung. This provides a good assurance that the external
connection is not lost,

Night Service

Two types of night service can be set up from the operator’s console.

Individual night service. When the operator leaves her position she presses
the button marked N/. The lamp then lights in that button.

Incoming calls are registered in FDR-C, which seizes the marker M. The
marker connects the code switch SLV to the extension line allotted to that
exchange line. Intermittent ringing signals are sent from FDR-C. When the
extension raises his handset, connection is established. 1f the extension does
not answer the call, FDR-C releases after a given period.

If the extension is engaged. a short tone is sent to the extension in return to
indicate that an exchange line call is waiting. The waiting call is put through
as soon as the previous conversation has terminated.

The night-connected extensions can be connected individually to the respec-

tive exchange lines. Several exchange lines can also be combined into a group.
Incoming calls to that group are directed to a single extension.

97



98

Common night service. The operator presses button N2 on her console before
going off duty. The lamp lights in that button.

Incoming calls are signalled on one or more bells placed at strategic points
in the premises. The call can be answered from any non-restricted extension
by raising the handset and dialling the public exchange prefix. If the call is
not answered, it is cleared in the same way as under individual night service,

Automatic mght connection is established if the operator forgets to press
either of the night service buttons.

Serial Calls

If a subscriber wishes to speak to more than one extension. the operator
presses the serial call button. She thereafter puts the call through to the first
extension in the usual way. When the conversation with the first extension has
been completed, FDR-C recalls the operator, who then connects to the next
extension. When the last conversation has been concluded the operator presses
a restore button and FDR-C is released.

Installation and Maintenance

Relay sets and switches are connected to the rack cabling via multipole
plugs. This means that all switching units can be easily mserted and removed,
which greatly assists testing and maintenance.

When the rack has been placed in its final position, the extension and
exchange line cables and the cable from the power equipment are connecled
to easily accessible terminal blocks on the left-hand end of the rack. After
jumpering and strapping for extension categories have been completed in
accordance with the customer’s desires, the relay sets are plugged-in. The
rack has multipole jacks for plugging-in of the operator’s console.

The extension telephones are connected to the exchange on three wires, one
of which may be a common wire.

Technical Data
The operating voltage for AKD 735 is 48 V. but the exchange operates
satisfactorily between 44 V and 56 V.

Line Data

Extension line resistance: max. 1000 ohms including telephone set.

Insulation resistance between the two branches of a line or hetween one
branch and earth: min. 25,000 ohms,

Line resistance between push-button telephone set and positive terminal:
max. 400 ohms,

lhe line and insulation resistances of the exchange lines are dependent on
the performance of the public exchange.

Feed

The resistance of the feed coils is 2« 400 ohms.



Dial

The dial speed may vary between 8 and 13 LP.S. and the impulse ratio
(make/break) between 30/70 and 50/50.

Attenuation

The transmission loss 1s max. 1.3 db on internal as well as external calls,
measured between 300 and 3400 ¢/s. The crosstalk attenuation within the same
frequency range is above 78 db.

Psophometric Noise
Noise caused by hum from the battery eliminator or crosstalk from tone and
signal circuits does not exceed 0.5 mV on internal or external calls.

Tones
The frequency of the tones is 425 ¢/s.
1. Dial tone is a continuous tone.
2. Busy tone: approx. 0.3 sec. on
approx. 0.35 sec. off
3. Ringing tone: approx. | sec. on
approx. 4 sec. off
4. The warning tone on priority connections is a faint busy tone.

Ringing Signals
The frequency of the ringing signals is 50 ¢/s with battery eliminator and
25 ¢’s with charging rectifier. The voltage is Y0 V.

The first ringing signal is always sent as soon as a connection has been set
up. The subsequent signals are sent at intervals of approx. 1 sec. on, 4 sec. off.

Main Features

1. High traffic capacity

L]

Low maintenance cost

'

Silent operation

4. Automatic enquiry and transfer

S. Automatic camp-on busy

6. Priority for sclected extensions

7. Serial call facility

8. Two alternative night service facilities

9. Facilities for paging and automatic tie lines to other private exchanges

10. The P.A.B.X. can be equipped to the desired exchange line capacity and
thereafter extended simply by plugging-in the desired number of units

11. Small space requirement, since the P.A.B.X. can be placed against a wall

12. Tropical finish

13. The equipment is enclosed behind doors with locks

14. Operator’s console of attractive appearance and easy to operate
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Radio Alarming of Fire Brigade

G. ANDERSSON LM ERICSSON TELEMATERIEL AB STOCKHOLM

UDC 621.396.9
614.842
LME 861 852

Of the svstems used hitherto for alarming of part-time staff within a fire
defence organization there have been three main types, namely strens, signals
issued to the firemen's telephones via a signal distributor, or belly installed in
the firemen's homes and connected in series to an alarm loop.

None of these svstems has been considered to meet the demands of today,
and therefore LM Ericsson Telemateriel AB, in close co-operation with
Svenska Radioaktiebolager, have adapted the ERICALL radio paging system,
designed by the latter company, for fire alarm purposes.

The result of this team project is reported in this article.

Fig. 1
kevset

In order to gain experience of the usability of the system for the purpose,
an ERICALL system was installed at the new fire station at Oxelosund during
1963 and was in full operation by February 1964, During the period of six
months from the start of the full-scale test. detailed statistics were kept of
failure of signals, false signals, battery consumption, repairs etc. An analysis
of the statistical data showed that supplementary equipment must be added
and how the receiver should be redesigned for adaptation of a normal
ERICALL system into a fire brigade alarm system.

ERICALL — Normal System Design

The trial system consisted of an ERICALL system of normal design, which
may be brietly described as follows.

A complete system comprises a keyset, encoder with relay register and tone
generator, transmitter with aerial, and up to 392 receivers.

The kevser (tig. 1) has eight numbered buttons with associated indication
lamps.

The encoder (fig. 2) contains a relay register, AF generator and power pack.
The register is operated from the keyset and the combination of three successive
tones modulates the transmitter carrier.

The transmitrer (fig. 3) is crystal-controlled and works with amplitude modu-
lation at a frequency of 27.45 Mc/s.
The aerial is usually of ground plan type with a radiator and three ground

plan elements directed obliquely downwards.

The receiver is sized 142 = 57 < 16 mm and issues audible as well as visible
signals in response to an alarm call. The selective calling principle is used, so
that a call actuates only the called receiver.

Operation

In addition to the eight numbered huttons with indication lamps, the control
board has a green lamp which lights when the mains voltage is switched on.
a red lamp which indicates that an alarm is being issued, and a stop button
for interrupting an alarm signal.

Each button corresponds to one of eight audio frequencies within the range
Fig: 3 250—425 ¢'s in the encoder. The AF code which modulates the transmitter

Encoder carrier 15 composed of three of these frequencies.
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Fig. 3
Transmitter
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Time schedule for AF code transmission

To describe the operation of the system briefly, we assume that code 123 is
to be transmitted. On the depression of button 1, this is recorded in the encoder
register, the tone generator starts and the red lamp on the keyset lights. When
button 2 is pressed, this is recorded by a second group of registers, and when
button 3 is pressed, by the last group of registers. The register has now been
informed which audio frequencies are to be transmitted and in which order.
Simultancously with the depression of button 3 the transmitter starts and
tone 1 (250 ¢/s) is sent on the line linking the encoder and transmitter. Tone 1
now modulates the transmitter carrier during (0.5 second. By means ol delayed
action relays, tone | is then disconnected and followed by tone 2 (275 ¢/s).
The interval between the tones is about 0.3 second. Tone 2 is also sent to the
transmitter during 0.5 second and, after 0.3 second, is followed by tone 3
(300 ¢/s). When tone 3 has been sent for the same period as tones 1 and 2,
both the tone and the transmission are cut-off, After about 5 seconds the entire
procedure is repeated and continues at roughly S-second intervals for 45
seconds, after which the register relays release and the encoder is ready to
receive a new call.

During transmission of an AF signal the corresponding white lamp on the
keyset lights.

The AF code is sent to the transmitter on a two-wire line which may be up
to 10 kilometres in length. The transmitter is also started on this line by change
of polarity of a DC voltage from the encoder.

The AF voltage is amplified in the transmitter and the resulting signal is
then amplitude-modulated.

The HF signal from the transmitter is received by all receivers in the system.
The low-frequency signal following after detection of the HF signal is
amplified and actuates three frequency-tuned relays in the receiver. If the tuned
reeds of the relays, which are in series, have the correct frequency and lie in
the correct sequence, the receiver signalling device comes into operation. The
alarm signal ceases on depression of the receiver restore button but is started
again by the next AF code.

The time schedule for AF code transmission is shown in fig. 4.

Use of the System for Fire Alarm

The trial operation at Oxelosund provided experience which indicated that
the normal ERICALL system should be supplemented by special equipment
adapted to fire alarm purposes and that certain equipment should be redesigned.
Svenska Radioaktiebolaget therefore developed an entirely new receiver and
L M Ericsson Telemateriel AB designed the necessary supplementary equip-
ment as indicated under the following points:

1 The receiver has two signal characters for calling both individually and on
a group basis.

[0 Replacement of the receiver mercury cells by nickel-cadmium cells.

[] Stronger signal to call attention even when the possessor of the receiver
is asleep.

[] Elimination of risk of false signals.

] Increase of range of the system.

1 Equipment for remote control of group alarm and its supervision,
O Dwvision of group alarm into six groups.

[ Automatic connection of other alarm units in the event of mains failure
or fault in the system.
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Fig. §

Receiver

Fig. 6
Alarm unit
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The system in its present form consists—apart from Keyset, encoder and

transmitter with aerial equipment—of the following units:

Selecior unit containing six Kkevs for selection of alarm group, pressure

contacts for issue of major and minor alarm. and lamps for fault indication.
Relay ser for automatic issue of group alarm to a preselected group,

Power transmirter with about 50 W output. In conjunction therewith the

frequency has been changed to the more exclusive 29.75 Mc/s.

Monitoring unit containing, among other equipment. a receiver which checks

that the transmitter delivers normal power for group alarm.

Monitoring relay controlled by a pulse from the monitoring unit on execu-
tion of an alarm. Failure of an alarm brings into operation equipment for

fault indication and connection of other alarm units,

Note, In order to be able to fulfil their function on mains failure the

monitoring units are designed for connection to a 24 V battery.

Receiver (fig. 5) hoth for individual and group alarm. Individual alarm is
indicated by a white light and a continuous audible signal. Group alarm 1s
indicated by a red light and an intermittent audible signal. The receiver s

equipped with spring chps and its dimensions are 142 > 57 < 16 mm,
Power supply: three 1.5 V carbon-zine, mercury or nickel-cadmium cells.
Receiver for group alarm alone. Of similar design to that described above.

Alarm unit (fig. 6) with plug-in connection for the recetver, The unit 1ssues

a powerful audible signal and is supphed from the receiver batteries.

Alarnt unit similar to the above but with built-in rectifier for charging of
batteries. Designed for connection to the commercial lighting network, 220 V,

S0 ¢/fs.

Brief Description of Operation

In contradistinction to the receiver for radio paging. the receiver i this
system has two relays for individual alarm and two for group alarm. The
relays tor individual alarm light the white lamp on the receiver and start the
sounder oscillator, The signals have a constant character. The relays for group

alarm light the red lamp and start the sounder oscillator.

Since the alarm code consists of only two tones, the maximum number ol
combinations will ke 56, i.e. 6 codes for group alarm and 50 for individual
alarm.

To prevent interference from radio paging systems in the vicinity, the radio
frequency has been changed hy permission of the Swedish Board of Tele-

communications to the exclusive 29.75 Mc/s frequency used for fire services.
The figures in brackets below refer to the block diagram (fig, 7).

Individual alarm calls are set up from the keyset (9) in the manner already

described.

Group alarm signals can be issued either locally by means of the alarm
buttons on the selector unit (3) or by remote control via the Telecommunica-
tions Administration lines and special transmission equipment, the last element
of which is a siren relay set (1). The relay set (2) starts and converts the starting

pulse into three pulses. each of which passes its make contact on the presel



Fig, 7
Block schematic
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group position of the selector unit, the pulse being sent successively to those
of the relays in the encoder (4) register which correspond to the transmitted
code.

Corresponding audio frequencies modulate the signal from the transmitter
(5). possibly with power amplifier (6), and start the group alarm devices (red
light and intermittent buzzer signal) in the receiver (7) concerned.

When the relay set starts, the holding current is removed from the monitoring
relay (10) but, being delayed in release about 10 seconds, the monitoring unit
(8). the receiver of which starts in response to each of the six codes, has time
to set up a holding circuit on another path. On starting of the monitoring
receiver, a bell (11) or other signalling device operates as acknowledgement
that the alarm has been executed.

If the signal is not transmutted, and 1s therefore not recorded by the
monitoring receiver. the monitoring relay releases after about 10 seconds and
then opens the pneumatic valve (12) which connects the siren into circuit (13).
The siren signal can be interrupted after a given time and the signal character
varied by means of a code signal transmitter. On release of the monitoring
relay the fault lamp on the selector unit also hights.

The monitoring equipment is supplied from a 24 V battery (14).

Range
The range is dependent on several factors and varies from place to place.
The most important factors are:

Typc of aerial
Height of aerial
Power output
Receiver sensitivity

Terrain
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Aerial

There is very little possibility of amplification in the horizontal plane with
the frequency used. Aerials with amplification arrangements are bulky and
expensive.

Height of Aerial

The wave propagation at 29 Mc/s within short ranges is practically linear,
i.e. in principle one can attain the maximal visual range provided that the re-
ceiver sensitivity and transmitter efficiency are sufficient. The visual range is
\ 2-rh, where h = height of aerial and r = radius of the earth. Doubling of
the height of the aerial increases the visual range 1.4 times (40 <7 ). The aerial
should be placed as high as possible. On economic grounds one should make
use of existing buildings. masts or the like.

Power Output

One means of obtaining a larger range. better coverage within a desired
area, and stronger signal in shadow areas, is an increase of the aerial power,
The normal power output is S W, On an increase to 50 W the field strength
will be \/10. i.e. rather more than three times as great. A further increase of
the power involves unduly large and expensive transmitters. A power level of
S0 W has therefore been found to be suitable for coverage of large areas.

Receiver Sensitivity

The ERICALL receiver needs a field strength of at least 50 pV/m in order
to function. By way of comparison a car radio receiver needs a field strength
of about 1 pV/m. The sensitivity of the receiver was selected on the basis of
price and dimensions.

Terrain

The terrain affects the propagation of radio waves to a high degree and the
range therefore varies from case to case. Over wet ground or water the range
is greater than over dry ground. Elevations in the terrain cause radio shadows.

Summary

As appears from the foregoing account it is difficult to give general figures
of range, but in practice it has been found that the following approximate
ranges can be reckoned on (out-of-doors at street level):

In area of In area of
Power Acrial multi-storey low

buildings buildings
5 W 30 m 1.5 km 3.5 km
500W 30 m 6.0 km 12.0 km

Concluding Remarks

Among the advantages of radio alarm compared with the other systems
mentioned, the foremost is the lower cost for municipal fire brigades. Then
comes the fact that the individual member of a fire brigade can move freely
within the duty area. whereas earlier he was forced to remain within hearing
distance of a telephone or alarm bell. Experience from Oxelosund and the
ten other places which today use the ERICALL system has shown, too, that
the personnel are very much in favour of the method.



Subscriber-Dialled Trunk Traffic
in Tunisia
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From the ceremony in the presidential palace at Skanés in conjunction with the opening of the
Sousse exchange: (from right) President Bourguiba, M. Salah Bezzaouia, M. Abdallah Farhat,
Minister of Communications, and Mr. Malte Patricks, Executive Vice President of L. M Ericsson.

The autormatization of the Tunisian
telephone network is advancing ra-
pidly. Since the opening of the ex-
changes in Tunis and Sfax. referred
to in the last number of Ericsson
Review, two further trunk exchanges
have been opened at Sousse and Bi-
zerte. These four ARM exchanges to-
gether have a multiple capacity of
1380 lines.

The opening of these new ex-
changes implies that the four largest
towns in Tunisia—Tunis, Sousse, Sfax
and Bizerte—have been linked to-
gether via the all-automatic trunk net-
work. All subscribers connected to
automatic exchanges can now dial
trunk calls to all other automatic sub-
scribers in the country.

During the ceremony at the pre-
sidential palace at Skanes in conjunc-
tion with the opening of the new
ARM exchange at Sousse, President

Bourguiba, in his address to Mr. Mal-
te Patricks of L M Ericsson, said:

“1 am satisfied with the work that
L M Ericsson has done in Tunisia.
It was a happy inspiration to choose
this Swedish company. — — — The co-
operation established between Tunisia
and Swedish technicians has been very
fruitful.”

LM Ericsson Deliveries
to Colombia for 21
Million Kronor

LM Ericsson has completed three
major contracts in Colombia for the
delivery and installation of telephone
exchanges in conjunction with the ex-
pansion of the telephone networks of
Bogota, Medellin and Cartagena.

These contracts amount to some 21

million kronor.

I. M Ericsson’s two main customers
in Colombia are the two municipal
telephone  companies,  Empresa  de
Teléfonos de Bogota and Empresas
Publicas de Medellin, which bought
their first automatic telephone  ex-
changes from LM Ericsson in 1946
and 1937, respectively. Since the in-
stallation of the equipment on these
last contracts the total telephone ex-
change capacity of Bogota is 171,000
and of Medellin 112,600 lines.

L. M Ericsson 1s also main suppher
of telephone equipment to many
other municipal telephone enterprises
in Colombia and in recent years has
also large deliveries to the
national telephone company, Empresa
Nacional de  Telecomunicaciones,
which is responsible for the national
trunk traffic.

made

Through its work on the Colombian
market 1. M Ericsson has in recent
vears been the largest Swedish ex-
porter to that country. In 1964 L M
Fricsson accounted for about 50 per
cent of Swedish exports to Colombia.

LM Ericsson Telemateriel AB
— New Sales Company

On September 1, 1965, L. M Erics-
sons Svenska Forsiljnings AB (Swed-
ish sales company) altered its style to
L M Ericsson Telemateriel AB. The
reason for this change of name is that,
having hitherto worked exclusively on
the Swedish market. the company
will in future sell on foreign markets
as well.

L. M Ericsson Telemateriel AB will.
as before, sell internal telephone sys-
tems, industrial signalling equipments
such as fire alarm. time control sys-
tems and data systems,
Others of its products are telecom-
munication  components,  telecom-
munication cable and outside plant.

collection

In conjunction with these broadened
sales activities a design department is
being created for dealing with techni-
cal problems and development of new
products.

The head of LM Ericsson Tele-
materiel AB is Mr. Per-Bertil Janson.
who will be assisted by Mr. Anders
Jorgensen as head of technical ac-
tivities Mr. Sven Osterlund as
head of sales.

and
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From the opening of Sweden's first code switch exchange at Drevviksstrand:
Hakan Sterky is seen hetween Mr. Biiorn Lundvall (left), President of 1.

Malte Patricks, Executive Vice President,

First Swedish Code

In September 1965 the new auto-
matic exchange of the Swedish
communications  Administration  at
Drevviksstrand, Stockholm. was cut
over. This exchange is the first ex-
change operating on the L M Erics-
son code switch system (deseribed in
Review No. 3. 1964) to be
mnstalled in Sweden and the second
in the world after the Norregade ex-
change in Copenhagen.

The new exchange, an AKF 10
system with imtial capaciy of 4000
subhscriber lines, 1s housed in a build-
g which will permit expansion up
to 30.000 lines.

The most striking | the
code switch Is its compact structure.
A comparison with the 6-horizontal
crosshar switch shows that the code
switch has 70 per cent more contacts
within a smaller volume. The front
arca of the code switch is about one-
third that of the crosshar switch,

In his opening address Mr. Hakan
Sterkyv, Director General of the Board
of  Telecommunications,  stated  that
Sweden today has the highest per
capita telephone density in the world
counted on the number of direct ex-
change lines. and after the
United States on the basis of number
of telephone sets. which in Sweden s
now about At the present
rapid rate of expansion Mr. Sterky
forecast that by 1980 Sweden will have
6 million telephones.

Among other representatives ot the
Adminmstration

lele-

Fricsson

cature ol

second

3.5 nmulhon.

lelecommunications
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Dircetor General
M Iricsson, and Mr.

Switch Exchange

at the opening ceremony were Mr.
Bertil Bjurel, Deputy Director Gener-

al, and Mr. Torsten Larsson, Techni-
cal Director. Among LM Ericsson
representatives  were  the President.

Mr. Bjorn
Vice President, Mr.,

Lundvall, and Executive
Malte Patricks,

From the telephone jubilee a

Telephone Jubilee at
Ericsson do Brasil

The production of telephone sets at
Lricsson do Brasil recently passed the
half-million mark and is rising as g
rapid rate of about 80.000 per annum.
To celebrate this jubilee in the history
of the factory. mvitations were ex-
tended to General Amaury Kruel and
Dr. José Mech, Secretary of Public
Works in Sio Paulo, and o number
of other prominent personages from
Sao Paulo, to wvisit the plant at Sao
Jose dos Campos,

The General arrived in a helicopter
and was greeted with applause by the
factory workers. The Swedish Consul
General at Sao Paulo, Erik Svedelius,
Chairman of the Board of Ericsson
do Brasil, spoke at the ceremony and
presented Geeneral Kruel with a white
DBH 15 telephone with a commemo-
rative medallion embossed on it

I'he event was shown on television
and at short-film cinemas, and was
reported extensively in the press. In
the Sao Paulo parliament Ericsson do
Brasil was specially mentioned for its
important contributions to the manu-
facture of telephone equipment.

t Ericsson do Brasil (EDB): (from left) Mr. Ragnar Hallberg, EDB,

Sr. José Marcondes Pereira, Mavor of Sio José dos Campos, Sr. Geraldo Nobrega, EDB,
General Amaury Kruel with the 500,000th telephone, Robert Brunn, Manager of Sio José dos
Campos factory, Consul General Erik Svedelius, and Dr, Jos¢ Mech, Secretary of Public Works

at Sao Paulo.
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LM Ericsson Acquires
New Central Warehouse

In the middle of July the erection
of a new central warchouse started
on a 670,000 sq. ft. site at Flemings-
berg about 16 miles south of Stock-
holm. The gross floor area will be
about 290,000 sq. ft. and the building
is expected to be completed by the
middle of 1967.

Reception,  storage, packing and
dispatch  of goods from the new
warehouse will be rationalized as far
as  possible.  New  systems will be
employed to some extent and in point
of fact it would be more correct to
call the installation a packaging
tactory.

Some 150 workers are expected to
be employed at the warchouse. The
entire installation i1s calculated to cost
21 million kronor.

Model of L M Ericsson’s new central warehouse at Flemingsherg

Mr. Gunnar String, Swedish Minister of Finance, on a visit to L. M Some seventy factory and office staff from L M Ericsson’s subsidiary,

Ericsson, was shown round the exhibition room by the President, Mr. FATME, in Italy were on a trip to Sweden during the summer to make

Bjorn Lundvall. (From left) Mr. Hugo Lindberg, Mr. Bjirn Lundvall, a more intimate acquaintance with the Fricsson group. During their

the Minister of Finance, and Mr. Arne Stein. visit to Midsommarkransen they made a tour of the factory and were
shown over the exhibition room. The visit ended with a lunch and a
showing of the new PR film **Four Ericofons™.

The Chilean Ambassador in Stockholm, Sr.
Fduarde Hamilton, in happy mood during his
visit to L M Ericsson. On his left is Mr,
Bengt Loostriom, L M Ericsson (photograph
left).

The Brazilian ambassadors to  the United
States, Juracy Magalhies, and to Sweden,
Luis Bastian Pinto, recently visited L M Erics-
Midsommarkransen factory, In  the
ibition room they saw, among other things,
a maodel of the offices and factory. (From
right) Sres. Pinto and Magalhdes, and Mr.
Arne Stein, L. M Ericsson.




G. H. Wieneke
in Memoriam

- )

Alter a brief period of severe illness
G. H. Wieneke died on August 30 at
an age of 68 years. After graduating
as an engineer he was taken on by
the municipal telephone administra-
tion in Rotterdam on February 1.
1921, where the automatization of
telephone operations was then planned.
With his great technical ability he had
an active part in the realization of
these plans and the choice fell on
LM Ericsson's then recently de-
veloped 500-switch ssyvtem. He there-
after devoted his entire interest and
efforts to the complicated problems
of telephone operation.

When. in 1961, he celebrated his
fortieth anniversary in the service of
telephony. he was greeted with many
expressions  of appreciation of  his
work and he could look back on a
successful accomplishment. He rapidly
advanced within the local telephone
admimistration and had the pleasure
of seeing a rapid subscriber growth,
but he also lived through the 1940
catastrophe  when  Rotterdam
bombed and the largest telephone ter-
minal completely fire.
With unwearving energy he organized
the rebuilding and
remarkably short time in getting the
service operating again on a limited

was
destroved by

succeeded noa

scale

With
periods during the wars and during
reconstruction of the war-damaged
Dutch telephone network, his work
was in Rotterdam where he was head
ot the government-operated telephone
until his retirement on
sion in 1962

A keenlv interested and prominent
technician, he followed from the start
and. with his colleagues. contributed
to the development of L M Ericsson’s
SO0-switch svstem and. after the war,

the exception of two short

network pen-

to the introduction of the new cross-
bar systems in Holland. L M Ericsson
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sets a high value on this fruitful tech-
nical co-operation.

In the course of the many
L M Ericsson engineers have had the
advantage of working in Rotterdam
and, thanks very much to his efforts.
have gained an insight into the practi-
cal problems of telephone operation
which have been of inestimable value
to us in our work. We shall remember
G. H. Wieneke as the farsighted
friend and technician who was always
ready to discuss and analyse prob-
lems large and small. Regquiescat in

yedrs

pace!
G. H. Ericyson

Opening of New
Exchanges in Lebanon

On July 15 a new crossbar exchange
was opened at Bhamdoun about 12
miles from Beirut in the presence of,
among others, the PTT Minister, M.
Sehnaout, and the Governor of Mont
Liban, M. Fawzi Bardawil.

T'he new exchange building at Reyfoun

The new exchange has an initial
capacity of 2000 ARF lines and
handles fully automatic traffic, via
the Aley exchange, to Beirut, Tripoli
and Jounieh.

The work on the automatization of
the remainder of the national net-
work is proceeding according to plan.
Altogether five rural exchanges are
now in operation, the last of which,
at Reytoun, was inaugurated by the
PTT Minister, M. Sehnaoui, in the
presence of, among others, Bishop
Steir, of Reyfoun,

During the year orders have been
received for extensions of some 20
larger and smaller Ericsson exchanges,

The Minister of the Lebanese PTT, M. Antoine Sehnaoui, cuts the symbolic tape at the opening
of the Bhamdoun exchange. Beside the Minister (right) is Emir Magid Arslan and (left) Director
General Antoine Chemali and, behind the latter, M, Fawzi Bardawill.

From the year’s International Aviation and Space Exhibition in Paris the radar cquipment devel-
oped within the Military Electronics Division of L M Ericsson for the VIGGEN aireraft (right).
was shown for the first time. Beside it will be seen the DRAKEN radar and, partly concealed.
an equipment for digital transmission of radar pictures on ordinary telephone circuits; at the far

left is a radar test equipment,
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TronsLy, S.: L M Eriesson's H. F. Line Equipment for Small-Diameter
Coaxial Cable. Ericsson Rev. 42(1965) 3, pp. 78—89.

This article presents briefly the economic arguments in favour of the
smalldiameter coaxial cable systems and describes L M Ericsson’s repeater
equipments with 1.3 and 4 Mc/s bandwidth for this type of cable. These
equipments, and the methods for their connection to the cable, have been
developed in consultation with the Swedish Board of Telecommunications.
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LME 8372

GupMArk, A. RoMARE, B.: AKD 735, Code Switch P. A. B. X. for 30
Extensions. Ericsson Rev. 42(1965) 3, pp. 90—99.

This article presents a Code Switch P.A.B.X. designed to cover require-
ments up to 30 extensions and 7 exchange lines. The new P.AB.X,

AKD 735, is a register-controlled code switch unit working on the bypath
principle.
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ANDERSSON, GUNNAR: Radio Alarming of Fire Brigade. Ericsson Rev.
42(1965) 3, pp. 100—104.

Of the systems used hitherto for alarming of part-time staff within a fire
defence organization there have been three main types, namely sirens,
signals issued to the firemen’s telephones via a signal distributor, or bells
installed in the firemen’s homes and connected in series to an alarm loop.
None of these systems has been considered to meet the demands of
today, and therefore L M Ericsson Telemateriel AB, in close co-operation
with Svenska Radioaktiebolaget, have adapted the ERICALL radio
paging system, designed by the latter company, for fire alarm purposes.
The result of this team project is reported in this article.
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Signal Conversion Equipment for Parallel
Data Transmission on Telephone Lines

W. WIDL TELEFONAKTIEBOLAGET L M ERICSSON STOCKHOLM

1 serial channel

“t

4 parallel channels

Fig. 1

Bandwidth usage for scrial and parallel trans-
mission

If, Bandwidth for 1 serial channel

17, Bandwidth for | parallel channel
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Information which iy to be transimitted exists at the sending side ay a rule
stored. for example as holes punched in a tape or card. as magnetic markings
on a magnetic tape or ferrite store, as contact closures i a mechanical counrer.
At the receiving yide the information is again fed into a store for further pro-
cessing inoa subsequent data processing equipment.

So far, serial data transmission has been predominant in the case of data
transfer between sets of terminal equipment. The signal elements carrving
mformation are in this case sent after each other in time, and the data flow
oceupies a single bur relatively wide channel. L M Ericsson's equipment for
sertal transmivsion iy described in Ericsson Review No. 3, 1962 and in TELE
No. I, 1965,

Recendy, yet another 1ype of tranymission, viz. parallel transiission of data,
has come into use. The signal elements carrving information are compressed
into short blocks. In thiy method, the elements are transmitted in parallel i
time and cach signal element in a block wses ity own relatively narvow band
channel. Parallel transmission offers an cconomical transmission alternative
which iy resistant 1o interference, particularly when operating together with
rerminal equipment which has parallel input and output of data.

It can therefore be appropriate to illustrate the mose important differences
hetween sertal and parallel transmission. In this article, both methods of trans-
mission are compared, and in addition a description is given of a signal con-
version equipment for parallel dara transinission.

Some Comparisons of Serial and Parallel Data
Transmission

In the case of binary data flow. information occurs at the data transmitter
in the form of two direct voltage levels which are converted in the trans-
mitter to voice frequency signals, These occupy a certain frequency band on
the line depending on the modulation rate, method of modulation and type of
filtration. At the receiver the two data voltage levels are restored, The effect
of distortion and noise in the transmission channel can be reduced by suitable
design of the equipment. The transmission system under discussion transmils
the data levels in turn; the system uses serial transmission. If a number of
serial systems are connected in parallel, the data levels are transferred simul-
taneously to a number of inputs and outputs in parallel; the arrangement
giving rise to parallel transmission. The line frequency band available for
transmission s used in its entirety for a single data channel when using serial
data transmission. In the case of parallel data transmission, the frequency band
is divided up into a number of narrower channels.

For economic reasons the data channels in a parallel system cannot be as
expensively equipped as the single channel of the serial system. The simpler
construction of the parallel channel associated with the necessity of separaling
the parallel channels leads to a poorer utilization of the transmitter channel
bandwidth compared with the serial system (fig. 1). Thus a serial system with
phase shift modulation and single sideband transmission attains a bandwidth
efftectiveness of almost 1.9 (bits/s.)/Hz. On the other hand an §-channel
parallel system with frequency modulation only attains about 0.6 (hit/s.)/Hz.



The channel bandwidth requirements are directly proportional to the modu-
lation rate and are therchy also inversely proportional to the signal element
length. At the same data transfer rate (bit/s.) the parallel system works al a
lower modulation rate than the serial system. The signal power on the line is
furthermore divided among a number of parallel data channels when there is
parallel transmission. The signal power in cach parallel channel is therefore
less than the signal power in the single channel of the serial system. To
tHlustrate this, a comparison between a binary serial system and different
paratlel systems 1s shown in table 1.

T(J'Jr:lr‘(' !r
Data Data | Num- Information | Modula-|  Signal Transmii-
trans- trans- | ber of per signal tion clement ter power
ission fer | chan- element and rate fength per
equipment rate | nels channel channel
bits/s. (bits) (bauds) (s.) (dbm)
" . : 1
serial Ih | 1 Ih kg -6
fh
. '. 8
parallel I 8 | fi — -15
8 I
parallel i 4 2 /o i <12
4 ,‘h

The data signals are subject to interference and distortion in the transmission
channel, The influence of interference depends to a large extent on the
spectral distribution of the interference. A short spike impulse. for example,
leads to an approximately constant amplitude spectrum. The amplitude of the
intereference pulse obtained after demodulation is proportional to the channei
bandwidth while the interference pulse width is inversely proportional to the
channel bandwidth. The greatest risk of interference occurs when the inter-
ference pulse amplitude occurs at the instant of sampling. The interference risk
is assumed to be proportional to the relationship K = 4/U, where U = data
voltage, and A4 = the interference amplitude when sampling. An n-channel
parallel system and a serial system with the same type of demodulator are
compared, assuming that

Ay A O

H=—r ==
Af, 4, U,

(1f = channel bandwidth, v+ = index for serial channel. p = index for parallel
channel).

Then K, =1/ n- K

§a

i.e. the simplified method of consideration leads to the
conclusion that the parallel system is subject to less interference due to short
duration pulses or breakdowns than the serial system.

If the transmission channel is subjected to white noise and with the same
assumptions as mentioned above, irrespective of the bandwidth, the signal-
to-noise power ratio is the same for cach channel, i.e. the serial and parallel
systems are influenced by white noise to the same extent.

In the case of practical systems is is not possible for economic reasons to
obtain optimum design of the channels of the parallel system. as mentioned
earlier. in the same way as in the case of the single channel in a serial sys-
tem. The parallel system is therefore more sensitive to white noise interference
than the serial system. However, this is not an inconvenience as the noise oc-
curring in a telephone network is primarily of pulse character and not noise
interference.

The possibilities of transmission by the most important media, loaded circuits

or carrier circuits, are limited by the delay distortion. Suitably designed
data conversion equipment tolerates delay distortions of up to a time corre-
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Fig. 2

Delay distortion for serial transmission

Fig. 3
Delay distortion for parallel transmission

T, Signal! element length for serial transmission
T Sienal element length dor parallel transmission

J;H Delay distortion
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sponding to the length of a signal element (£ 7). The group delay graph 1, for
the same loaded circuits ts shown in figs. 2 and 3. The delay distortion fr,
is the difference between the group delay graph of the loaded circuit and
a horizontal line through the group delay at the channel centre frequency.
The circuit is vused for a serial channel in fig. 2 and for four parallel chan-
nels in fig. 3. The delay axis is graduated in multiples of signal element lengths.
Comparing figs. 2 and 3 shows that due to the relatively long signal elements
and narrow channel bandwidths of the parallel system. the signal elements in
each parallel channel are distorted much less than in the case of serial transmis-
sion. The total delay distortion of the serial channel throughout the band is
about 1.5 7,. the maximum delay distortion of the parallel channels is about
0.2 7,! Signal elements in each channel are sent out simultaneously from the
sending side of the parallel system. the signal elements received in parallel,
however, have mutual time differences as seen in fig. 3 if there is delay distor-
tion. Provided that the maximum time difference (between £, and P, in
fig. 3) is 1,. the time differences can be eliminated by sampling in synchronism
with the modulation rate. The parallel system according to fig. 3 thereby tol-
erates approximately twice as much delay distortion as the serial system ac-
cording to fig. 2. The delay distortion is compensated in serial transmission by
connecting phase shifting networks (equalizing in frequency domain) or com-
binations of delay networks and pads (equalizing in time domain) in tandem
with the line, Automatic equalization of serial channels thereby leads to
relatively complex equipment.

In addition to the analogue equalizing methods discussed above, digital equal-
ization can be used in parallel transmission—e.g. by individual delay of the
sampling pulses of the channels. a method permitting relatively simple automat-
ic equalization.

When data communication occurs. the mformation to he transmitted 15 as
a rule quantized in blocks, eg. n = 8 binary signal elements are combined to
form a character. A serial system with a modulation rate of f, (bauds) thereby
permits a data transfer rate of f, = f,/n characters per second.

In the case of parallel data transfer. i.e. the signal elements constituting a
character are transmitted in parallel and each signal element uses its own chan-
nel. the modulation rate in each channel is identical with the data transfer
rate f, =f, characters/s.

Many simple data terminal equipments such as punched tape readers and
punched card readers and punches generate and receive the characters respec
tively in parallel form. For interworking with serial conversion equipment, the
terminal equipment requires parallel serial and serial/parallel converters; data
conversion using parallel data equipment operates without these converters.
thereby offering a simpler data communication system. Character-by-character
transfer furthermore requires transfer of timing information for regeneration
of modulation and data transfer rate on the receiving side.



Fig. 4

Block schematic
JA—H Trapsmitted data

4A—H Received data

9 Data carrier detector
13 Transmitter signal element timing
15 Receiver signal element timing
18 Transmitred supervisory channel data
19 Received supervisory channel data
20 Transmit supervisory channel carrier
22 Supervisory channel carnier detector
E Character error detector
] All-zero detector
L Line
AGC  AGC amplifier
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FM modulator

ON-OFF modulator
Sampling circuits
Summing amplifier

FM demodulator
Analogue-digital converter

OMN-OFF demodulator

Encoder, decoder

Timing pulse encoder, decoder

If the same transmission channel is used for data and timing information the
permissible signal power is shared between the two types of information. An
attempt is made to have a low signal power for transmission of timing in-
formation and simple equipment for regeneration ol data transfer rates at the
receiver. For regeneration of the modulation rate, the serial systems with high
band effectiveness use the timing information which is transferred by the level
changes between different signal elements of the data flow. It is true that the
method requires no signal power at all for transfer of timing information, bul
in return more or less complicated timing regeneration circuils are required.
depending on the code restriction in the data flow. The modulation rate which
is essential for timing regeneration can be transferred with the help of the
(n + 1)st channel in the case of the parallel data system. The relatively low
band effectiveness is thereby reduced somewhat further. but with a suitable
code in the timing pulse channel a simpler timing regeneration equipment 1s
obtained.

With suitable design. parallel transmission offers a relatively economic and
robust (i.e. resistant to interference and distortion) method of transferring data
up to about 800 bits's. on telephone channels. As an example of parallel trans-
mission L M Ericsson’s signal conversion equipment ZAT 03 is now decribed.

Signal Conversion Equipment for Parallel Data
Transmission

As mentioned earlier, parallel transmission together with parallel operating
terminal equipment requires no serial-parallel converters, Simple and economic
matching to a large number of different terminal equipments with parallel in-
puts and outputs is made easier by having flexible transmission equipment, The
flexibility is obtained by using, for example. “the building brick principle”™. This
principle is applied in L M Eriesson’s signal conversion equipment ZAT 07F
for parallel data transmission so that it will cater for a large number of dif-
ferent types of operation. By simply exchanging plug-in units. equipment is
obtained with or without
® code translation,
timing channel,
timing pulse regeneration with flywheel effect.
supervisory channel in the backward direction,

error detection equipment.

with a transmission capacity of 4. 6 or 8 binary channels,
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Fig. 5
Control of group oscillator

Fig. 6

Channel frequency positions
Gy, Fregqueney groups | —4
Ggy Backward channel

Gy Timing channel

114

TL

Equipment shown in fig. 4 1s fully built out for transmission of an 8-column
punched tape in the forward direction and including the supervisory channel in
the backward direction. The numbers given on the local side interface refer to
CCITT recommendations for serial systems.

Code Translation

At the output of the data terminal equipment there is information in a code
intended for data processing: a machine code. In many cases the machine code
1s not optimum for transmission purposes and adaptation to the transmission
channel requires recoding from the machine code to the transmission code.
Usually the risk of errors with electronic data transmission s greater than
the nisk when processing data. Error detection and correction of transmission
errors are simphfied when the transmission code shows greater redundancy
than the machine code. The transmission code redundancy is limited by the
transmission capacity of the parallel channels, 1.e. 8 binary channels. At the
input of the encoder, an incoming character is characterized by n mechanical or
electrical contacts. If 27 characters possible. a maximum of 256 different
characters can thus be transmutted.

At the output of the receiver decoder a character appears again at a number
of binary outlets. The number of binary outlets of the decoder need not bhe
identical with the number of binary inputs of the encoder. The encoder and
decoder can easily be replaced so as to adapt the signal conversion equipmentto
different communications systems. The data flow appears once again at the
decoder in the form of electrical or mechanical contact functions. The example
in fig. 4 shows a code translation for a punched tape copying system.

Modulation and Demodulation of the Forward Channels

The data flow occurs at the encoder output in the form of d.c. levelschannelled
into a maximum of 4 groups of 3 conductors. The potential of the conductors.
symbolized in fig. 5 by mechanical contacts forming a group. influences the
frequency determining circuit of an oscillator. Closure of contact A thus gives
rise to the lowest frequency f, in the frequency group, closure of contact B
results in f., closure of contact € results in f,. and no contact closure results in
the rest frequency f,. For the above-mentioned method of signalling the data

0 0s 1.0 15 20 f kHz




Fig. 7
Level positions for an arbitrary data flow, mod-

ulation rate 75 bauds

flow enters 3 binary inputs with a code restriction permitting & maximum of
one contact closure for each signal element. Instead of one contact closure of
A, f; can be generated by 2 simultancous closures of B and ¢ In this case
the signalling method uses 2 binary inputs without code restriction. The possi
bility of selection of the signalling method simplifies the design of the encoder.
T'he contact closures shown in fig. 5 are generated in the encoder; capacitances
1 the hnes between termnal and transmission equipment thus do not influence

the data signal frequencies of the oscillatory circuit

A Tully built-out data transmutter shown in hig. 4 contains 4 data signal
oscillators and one timing signal oscillator. Fach oscillator generates one of
several possible frequencies. The signal frequencies are combined. amplified

and fed out to the line via a hybrid transformer

Table 2 shows the relationship between the signal state, contact function and

data signal frequencies; fig. 6 shows the frequency position of the groups

Table 2

]
; Data signal
Contact closure | i
Signal state E frequency
at inputs ?
IWL_'T grllLIP |

|
| I 0 | Ador B+ C \ f |
| 1o B i 2 |
0 1 c 1,
| 00 | /i |

At the data receiver the line frequency signals pass through a hybrid trans-
former. a band-pass filter and an a.gc amplifier. The frequency groups are
separated in band-pass filters. Each frequency group i1s demodulated by its
f.m. discriminator. An analogue signal is obtained at the output of each data
discriminator, having one of four possible levels corresponding to the signal
frequency at the discriminator input.

As an tllustration, fig. 7 shows the four level positions within a frequency
group for an arbitrary data flow with a modulation rate of 75 bauds (eye pat-
tern).

The levels are separated by 3 voltage thresholds. The discriminator design is
particularly simple if both voltage thresholds and signal frequencies in a
frequency group have been arranged to be equidistant. (Choice of capacitor
according to fig. 5 gives practically equidistant frequencies and adjacent signal
frequencies. provided that (C = () Small frequency intervals reduce the
bandwidth requirements of the group when transferring data and moreover
permit larger frequency separations between the groups. In this way, the
transmitting filters have been eliminated and requirements of the receiver
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filters for channel separation have been made less stringent. As an illustra-
tion, fig. 8 shows the envelope of the distinct spectral lines of the amplitude
spectrum occurring when signals alternately change from the extreme group
frequencies f, and f,. The line drawn in full applies to 100 bauds and 120 Hz
between extreme frequencies. the dashed line shows the case for 75 hauds and
180 Hz frequency difference.

Analogue-digital Conversion

The baseband signal obtained after demodulation of each group—Tfour possi:
ble voltage levels—is converted to digital data signals which in turn are fed via
3 lines Lo the decoder (corresponding to contact closures A, B and € in fig. 5)
When converting, the baseband voltages are sampled in synchronism with the
data transter rate which is either sent via a separate timing channel or 15
recovered from the data flow. Using a timing pulse channel, a synchronous
character regeneration is obtained up to the maximum system transfer rate of
100 characters/s, If there is no timing channel. the data frequencies (f;. fu. [+
and the rest frequency f, are sent out alternately in each group. The idle pos
tion in each group is detected as " All zero”. After about 25 ms. ~All zero i
indication, signal sampling starts and thereby permits a rate of up to 20

characters s,

Timing Pulse Channel
The timing signals are generated in the data processing sender in synchronism
with the data transfer rate. The timing signals entering the data transmitter
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timing pulse encoder are tor example converted into a series ol voltage level
changes. which n turn give nise to alternate transmission of the two voice
frequencies in the tming channel. The timing channel has been located hetween
groups 2 and 3 (fig. 6) so as to reduce the influence ol delay distortion when
sampling.

After demodulation in the receiver a square wave is obtained having a funda-
mental frequency ol hall the data transfer rate. At the output of the timing
pulse decoder, one sampling pulse is obtained for each character.

Interference to transmission changes the time interval between sampling
pulses, the pulse series showing jitter which leads to telegraph distortion when
regenerating characters. Greater interference can even result in the addition or
climination of characters. In many applications, use is made of a predeter-
mined data transfer rate with a maximum tolerance of 10 % . In such cases a
timing pulse oscillator with flywheel effect has been developed which reduces
the jitter effect. After synchronism has been obtained, the timing pulse oscillator
for the terminal equipment generates a square wave signal having a fundamental
frequency corresponding to the data transfer rate.

By suitable choice of timing pulse encoder and decoder the timing pulse
channel can also bear supervisory signals in the forward direction in addition
to the uming pulse information.

Error Detection

The equipment can be provided with two different types of error detection:
digital or analogue. On detecting a digital error. either the machine or trans-
mission code is checked. Error indication by the parity method has been made
easier by the relationship between data signal frequencies and signal states
(Gray code) given in table 2. It will be seen that the signal states correspond-
ing to two adjacent frequencies differ by a binary one. Owing to the effect of
interference, instead of a certain data signal frequency the adjacent frequency
is detected. The incorrect frequency group can thus be discovered by a parity
check.

Error indication can also occur when non-permissible characters are received.
For example, when transmitting an 8-column tape using a 4-out-of-8 machine
code, only 70 characters of 256 possible giving 4 holes per character are used.
If a character having more or less than 4 holes appears in the decoder. an error
15 indicated. In analogue error detection, the changes in level of the received
frequencies occurring when there is interference can be mdicated,

Backward Channel

Information in the backward direction is mainly used for control functions
for error correction. The backward channel consists of a binary f.m. channel
with the possibility of breaking each frequency independently. In this way three
different states can be transmitted, frequency f,,. trequency f,. or no fre-
quency. The signals pass through an output amplifier, pass through a hybrid
when the data flow in the forward channel is separated, and are fed out to
the line. The received signals pass through a band-pass filter, a limiting ampli-
fier and are finally demodulated in an f.m. discriminator. An amplitude de-
tector is used to detect signal-free periods and when this occurs the output
signal from the discriminator is locked in a predetermined position. The back-
ward channel operates at a maximum rate of 75 bauds and is located in the
frequency range 3S0—300 Hz, see fig. 6.
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Technical Data

Modulation rate
up to 100 bauds

Frequencies
Forward channel:

Backward channel:

Line requirementy

group |
group 2
group 3
group 4

960
1230
1650
1920

timing channel 1480

I

1000 1040

1080 Hz

1270 1310 1350 H»z
1690 1730 1770 Hz
1960 2000 2040 Hz

1520 Hz

450 Hz

Temporarily or permanently connected telephone circuit

Line side
Forward channel:

transmitter output impedance
output level per frequency
receiver input impedance

input level per frequency (min.)

Backward channel: transmitter output impedance

Local side

600 ohms
- 12 dbm
600 ohms
- 52 dbm

600 ohms

output level (adjustable in steps of 2 dh) 0 to -6 dbm
receiver input impedance
input level (min,)

Signals to transmitter:

input impedance 3 kilohms = 10
mark
space

Signals from transmitter:

600 ohms
40 dbm

contact closed or voltage + 0.5 to =12V
contact open or voltage + 3 to + 12V

output impedance

mark
space

relay output

clectronic output

0

contact closed
contact open

mark — 10 ohms
space - 10 kilohms

025V

F6V 4 10%

Ambient temperature

0-50° C

Power supply
220 Vae = 10'%

Mechanical Design

The units are designed using silicon diodes and assembled on printed wiring
boards. These can be mounted in a shelf on a 19-inch bay or in a cabinet.
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Fig. 9

Receiving terminal of punched tape transmission
system

a  Telephone set

b Signal conversion receiver

¢ Control panel, error correction and control equip-
ment

d  Tape punch

Fig. 10

Bit error probability as a function of the sig-
nal-to-noise ratio for different modulation rates
(noise bandwidth 3600 Hz)
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In many applications the data signal conversion equipment is connected to
intermediate equipment. for example, for error correction, automatic discon-
nection etc. The mains supply units provided with the signal conversion equip-
ment are also intended to supply power to simple intermediate equipment. In
fig. 9 is shown a receiving terminal of a punched tape data transmission sys-
tem consisting of a telephone set. signal conversion receiver. control panel,
error correction and control equipment together with a tape punch.
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Svstem Measurements

The measurements on the system have been made with a test circult permit-
ting white noise having a bandwidth of 3600 Hz to be injected at a certain
signal-to-noise ratio into the data signal conversion receiver input (fig. 4). The
test circuit consists of a data test transmitter generating a quasi-random in-
formation flow in serial form. The serial flow 1s converted into 8 parallel
binary data flows in a serial/parallel converter. After passage through the
data signal conversion equipment the new data flow in serial form is obtained
once more. The bit error rate is calculated by comparing the serial data flows
of the transmitter and the receiver. The hit error rate is shown in fig. 10 as
a function of the signal-to-noise ratio for different modulation rates (The data
transfer rate in hits/s, 1s 8§ times the modulation rate in bauds).

As mentioned previously, 8 signal elements can form a character. If there s
a sufficiently low bit error rate (p, < 10°=) the character error rate is obtained
from the bit error rate p = 8p,.

lurraeter

Summary

Parallel transmission offers a relatively economic and interference resistant
alternative when operating with parallel data terminating equipment. The
parallel signal conversion equipment developed by L M Ericsson employs a
frequency range discussed by CCITT and should therefore be capable of being
used on most telephone circuits. Measurements on switched circuits have given
results for character error frequency of better than 10°7. For data processes
requiring more stringent requirements as regards error reliability e g character
error probability of between 1077 and 105, error correction systems combined
with the hine units for automatic reply functions have heen developed.



On the Dynamic Characteristics of the
Electromagnetic Relay

C. AHLBERG, TELEFONAKTIEBOLAGET L M ERICSSON,

Fig. 1
Growth of relay current at five voltages with
the relative values 2, 3, 4, 5 and 6

STOCKHOLM

UDC 621.318.56
LME 7350

I the spring of 1965 C. Ahlberg presenied a theory' for the motion of an electro-
magnetic relay. To simplify the solution of a time integral, the load characteristic
of the relay is first converted to show the air gap flux as function of the permeance
of the magnetic civeuit instead of showing the load as function of the air gap. The
“mechanical™ load characteristic consists of straight lines which become  slightly
curved after conversion to “magnetic” coordinates. These curved lines are therve-
after assumed (o be straight. Formulae for velocity, acceleration and time of pas-
sage are deduced on the basis of this approximation.

Professor Stig Ekelof of the Chalmer's University of Technology has made the
Sanie upp.-'.'f.\J'HMH'.:;H c.'fh'r the conversion o a !}"H_\—JHu_a'm'mmmh'(’ Jorce system

of coordinates and has thereby radically simplified the formula for the time of passage.

Since Alf Lundin of the Chalmer’'s University of Technology has shown® that
velocity and acceleration formulae can be set up without using this approximarion,

being therefore mare closely velated ro yeality, the author has revised the formulae

This article presents a summary of the theory, using Ekelof’s time formula and
the new velocity and acceleration formulae in place of the original ones. The basic
ideas are the same as in the cited thesis'. The intermediate steps in the derivations

are omitted from considerations of space.

A common formula for the operate time of a relay is
t=TIn (1)

where /, 1s the final value of the relay current. /, its value when the armature
assumes the critical position, and 7 is the “time constant™ of the relay. The
formula gives only an approximate value of the operate time. It would be exact
if the relay current varied exponentially with time as in an inductor with constant
inductance. Cf. (23) below.

The current does not vary exponentially, however, as will be seen from the
well-known oscillograms in fig. 1. These show the growth of the current at five
voltages with relative values 2, 3, 4, 5 and 6. The downward points in the curves
mark the times of impact of the armature against the magnet. Prior thereto the
armature moves at varying velocity and the inductance increases during the
operate motion to two or more times its initial value. 7 can therelore not be
predetermined but must be calculated from measured values of ¢ with the aid of
eq. (1). T varies with /. but remarkably little. This is because the increase of
inductance takes place mainly during the last part of the operate time. when the
armature performs the greater part of its movement, and which mn relution to the
entire operate time is usually short. It is not shorter, however, than that different
operate times are measured on “early™ and “late”™ contacts. 1 s therefore not
unique for the relay.

Not yet published
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Other formulae as well take the armature motion into account. But the num-
ber of contact springs taking part in the motion varies during the motion,
Strictly speaking, therefore, it is not a single relay which performs the motion,
but the motion may be likened to a “relay race”™ in which several relays succeed
one another. The operate or release time is the sum of the “running times” of
the different relays. Every formula for the total time in which the relay is con-
sidered as an unchangeable structural unit must therefore be a free construction
hased on arbitrary, although perhaps empirically verified. assumptions. A formula
of this kind can nevertheless be very useful for calculation of operate times. Iis
disadvantage lies in the fact that it does not reflect how the design of the relay
affects the ume, and it 1s therefore of no value for the designer. In the worst case
it may even mislead him.

Formulae for velocity and acceleration of the armature appear to be lacking in
the relay literature. 1t is of great interest to control the velocity, however, since a
high velocity, particularly immediately before the end positions of the armature,
causes contact bounce and armature rebound. and accordingly wear both of
contacts, impact surfaces and pivot.

Since the early forties great attention has been paid to wear on account of the
rising demands for speed and long life of telephone and other switching systems.
To reduce wear and increase velocity, the designers reduce the mass of moving
parts to a minimum. As regards wear this measure appears obvious, but it is not
clear whether the velocity increases when the mass is reduced and whether the
increase can be carried to any desired length.

As regards acceleration, it is a commonly held view that it is positive during
the entire armature motion. Certain time formulae are even based on this assump-
tion. But i a relay 1s fed with rather too low a voltage, it is a well-known fact
that the armature may stop in an intermediate position. The motion must thus
have been retarded during its latter portion, so that the hypothesis of accelerated
motion is at all events dubious.

To elucidate this and other questions concerning the motion ol the armature,
I contributed a theory for the dynamic properties of the electrodynamic relay.
The theory 1s based on the approximation that the mass 1s negligible. One reason
for this approximation is the experience that a small mass offers many advantages.
The other reason is that earlier researchers have not succeeded in solving analyt-
ically the simultaneous differential equations governing the electrical and the
mechanical motion without disregarding the mass. For further simplification
friction 1s also disregarded.

To start with, we may look once again at fig. 1. From the oscillograms one
cannot decide when the armature starts to move, but one can see when it ends its
motion. It is in motion. however, before the current attains its first maximum.

As long as the armature is in motion, it will be seen from the diagram that the
current is very much less dependent on the feed voltage than before and after
the motion. The current appears to be stabilized within a given range. This appears
obvious from the following argument. The current. and so the pull, grows from
zero to a final value. At some instant the pull overcomes the counterforce acting
on the armature and the armature changes position. This, of course, always
takes place at the same pull and amperage irrespective of the feed voltage. But
the argument is incomplete since it does not explain why the growth of the current
1s arrested.

The explanation must be that, when the armature moves, it generates an addi-
tional counter-e.m.f. in the coil which regulates the current, and hence the pull,
to a value which both covers the counterforce of the contact springs and gives the
armature the necessary velocity to generate once again the same additional count-
er-c.m.l. If the mass is not too great, accordingly. it is the spring force which
determines the pull and the amperage. Since the mass is not zero, the current
grows slightly with the armature acceleration, i.e. with the feed voltage. asin
fig. 1.
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Fig. 2
Load and pull characteristics at different am-

pere-turns

Fig. 3
Load line and pull curves with base & of tri-

angle and subtangent ¥

Relation between Counter-e.m.f.. Armature Motion
and Impressed e.m.f.

During the armature motion there i1s constant equilibrium between, on the one
hand, the instantaneous value of the pull and, on the other, the nstantaneous
values of the load, friction forces and mass Torces. In the following presentation
the mass and friction will be disregarded, as stated above.

The mode of variation of the pull of the relay with armature air gap and ampere-
turns is assumed to be known through the static pull characteristics (cf. fig. 2).
This diagram shows the lifting force £ transmitted by the armature to the load at
different magnetomotive forces as function of the length of air gap o in the direc-
tion of the field. The mode of variation of the load with the air gap is assumed to
be known from the load characteristic, an example ol which is shown by the
broken line 1 2 3 4 ete. in fig. 2.

The dynamic process in fig. 2 is composed of 7 sections. For a study of the
motion we imagine a section limited by two arbitrary points ¢ and b as in fig. 3.
In this figure there is a “load line™ ab and a lifung force curve corresponding to
the instantancous m.m.f., M. Under the influence ol the load and lifting force
the armature now takes up a position in which these forces are equal, 1.¢. the air
gap O being equal to the o-coordinate for the point of intersection between the
load line and the hfting force curve. When the latter moves upwards or down-
wards with time, the armature follows the movement of the point of intersection.
How then is the counter-e.m.l. in the coil affected by this armature motion?

The counter-e.m.f. per turn of the winding is
drf)mcd
dr

where @41 the mean flux per turn in the core. @, ;is governed by the relation!
I
(‘rjmed = (D(L T _J_) (2}

where @ is the tractive flux through the pole lace,
A is a constant close to 1.
lis a permeance approximately equal to one third of the leakage per-
meance between the core and the return path for the flux. and
.1 is the permeance of the magnetic circuit defined by
o

A=

(3)

where A7 is the m.m.f. of the coil.

For the air gap flux we convert Maxwell's formula for the pull between parallel
surfaces to:

D2 =2p,AfF (4

where i1, is the permeability of free space,
A 1s the geometrical pole face area of the magnet.
fis the lever arm ratio between load and pull, and
Fis the lifting force.

In fig. 3 the load line has been prolonged to the pomnt of intersectiond,, with the
A-axis, which it cuts at the angle . The load F at point £10 is

F=htgg (5)
where b is the base of the load triangle according to the diagram:
b = f.\”;, = I") (6'1

The permeance is governed by the relation!

1
=%t i ]

where x and [ are characteristic constants of the magnetic circuit.
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In fig. 3 the tangent of the lifting force curve M at point £/0 has also been drawn,
The equation of the lifting force curve can be formed from (3), (4) and (7), and
from it the following expression is derived:

S=é(d+§) (8)
2\" " 8

where s is the length of the subtangent in fig. 3.

The counter-e.m.f. per turn is now obtained by derivation of (2). After combina-
tion with equations (3) — (8) or their derivatives the following expression can now
be formed:

(Ppeg MLk \db .
— 4 g =
dt 2bs\2fI dr @

According to the explanation above, the counter-e.m.f. of the coil will now
regulate the current which the impressed e.m.f. E drives through the resistance
R, so that the m.m.f. will be M when the air gap is 0 (see fig. 3). If the number
of turns of the coil is N, the current will accordingly be

dr’pmud
E-N
M dr

N R
We introduce the final value of the operate m.m.f.

NE
My=—
R

and the “resistance constant™ of the circuit

R
B ;'\'Iz

I

and obtain

]
dPieq —r (M, - M) (9a)
dr

“"hiLh iS l 'ISLrled n { )} ilnd gi\"es
3 A .'1 b.\' .

dr I M k
i o e b
P

Velocity of Armature

Accordingto fig. 3,0 =0 ,, — h. The operate velocity is accordingly v, = — do/dt =
=dh/dr and the release velocity v, =dd/dr= —dh/ds.

From (10) we obtain directly

rM.—M bs
o £

= (11
I M k

In the release motion it 1s assumed that the circuit is closed and that its resis-
tance 15 R. Since M, =0 the release velocity will be

il by, (12)
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Acceleration of Armature

The operate acceleration is &, = d*b/dr* and the release acceleration ay= - d*pdr.
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Fig. 4
The load characteristic in fig. 2 converted into
magnetic system of coordinates (h—M

Taking into account that M is variable, we derive (10) and after certain inter-
mediate steps obtain

d=h rEM - M by ( M,—-2M M, - M by
5 =k o b+ 5473 (13)
der 2 M k £ M Mk
Fs—-b +s5=b
24 24 :

The operate acceleration we obtain directly from (13):
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In the release motion M, =0, so that the release acceleration will be

F* by by

or=25 7 36253 ' (15)
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Time of Passage of Armature from Position « to Position
b or Vice Versa (Ekelof’s Formula)

The load characteristic is drawn in a system of coordinates with @ as ordinate
and M as abscissa (fig. 4). The load lines, which in fig. 2 are straight, become
shghtly curved after the conversion to magnetic coordinates. Ekelof makes the
approximation that the load lines are straight and deduces a formula for the time
of passage between the end points ¢ and b along an imaginary straight line ab
in the following manner.

From (2), (3) and (9a) we get

| dd\ dMm
dr = - k _
o (H d;i-f).:w_‘,_ M (16)

But
b @, - D,
dM M, - M,

where @, is the flux and M, the m.m.f. at point ¢ while @, and M, are the same
quantities at point h. According to (4) @ - \Elu,}_!'j'-i'!"- Vs il F is measured in
Ws/mm. With Fin gf, @ =1.57-10 7 \ f4F Vs, The tume of passage for opera-
tion is obtained by integration of (16):

l . w\ﬂ—\R) M, — M,
=\ I+ 15Tk 107\ fA In (17)
fat r( N v My — M, M, - M,
where I, and £, are the loads at points ¢ and b.
Analogously the time of passage for release, when M, -0, 18
1 -V \H) M,
tha = {+ 15T K107\ fA In—- (18)
b= ( \/ M, =M, M,
In cases when M, = M, = M, formula (17) changes to
k - . \ ‘Fn -\ F(.r
L= 157104 19
: ; VAN (19)
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and formula (18) to

k. —\E-\E
b ST AO N oV Ee (20)
r M
It the load line in fig. 3 is vertical, then
oy =~ (141,57 k107 f_i\ﬁ')l M, =M, 2
LI M an) M =M, D
and
| e \Fj) M,

g STE10TyfA— ) 1In— 22
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In the special case when the vertical load line stands on the d-axis, M, =0 and

Lap =

"1+ 15780077 f’i"a T 23
A Vi W M, M.~ M, 3)

Formula (23) gives the ume of growth of the pull of a relay with locked arma-
ture. By comparison with (1) we can form an idea of the composition of the “*time-
constant™ 7 in this formula,

Effect of Eddy Currents

The eddy current circuits can be approximately replaced by an imaginary one-
turn winding covering the entire magnetizing coil. 1f its resistance is denoted by
r.. the effect of the eddy currents will be expressed by formulae which include
et rois replaced by

i
e

1+ —

r.l'

The resistance r, can be determined from measurements of ¢ when r is varied
while, for example, M, or the power in the entire relay circuit is kept constant.
Unfortunately r.is not constant at different powers or m.m.f.s and does not always
provide a good correction for eddy currents. I r, is large in relation to r, however,
the approximation is acceptable.

Analysis of Velocity Formulae (11) and (12)

The operate and release velocities grow with r. They also grow with r,. The
operate velocity grows furthermore with M.

The dependence on the leakage and on the position and slope of the load line
and the lifting force curve is more complicated. The velocity may both grow and
diminish with growing s, but always grows with growing b with the following
exception.

With growing h, the velocity is negative from a given value of b at which it
changes from + ~ to — ~. The smaller the leakage, however, the greater is this
value of A, which becomes infinite for /= 0. Physically this phenomenon is explained
as follows.

During operation an e.m.f. is generated in the coil which, according to Lenz’
law, constantly opposes the impressed e.m.[. and is the sum of two parts. One
part is generated by the flux which leaks from the core over to the return path
without passing through the working air gap. The other part is generated by the
Mux which passes both core and air gap. According to (2) and (3)

d)mcd =kM.1+ Ml



The first term represents the share of the wir gap flux and the second term the
share of the leakage flux in @,,.q. 11 /is very much greater than . I, the leakage flux
will dominate. @, .y and the counter-e.m.f. generated from it are then little de-
pendent on . I, e, on the armature motion. The current grows exponentially as
in a fixed inductor. In fig. 3, accordingly, the instantaneous pull curve M will
shift continuously upwards. I the load line then slopes more than the pull
curve, the point ol intersection between them moves towards smaller values of
O, Il the slope is less than that of the pull curve, on the other hand, the point of
intersection moves towards larger values ol 0. To attain equilibrium, accordingly,
the armature must move backwards in the latter case. But if /[ is ol the same
order of magnitude as .1, the armature motion has a greater influence on @,
than in the former case, and s0 on the counter-e.mit, and the latter now regulates
the current to the lifting force requirements. The instancous pull curve moves
upwards or downwards (1. fig. 1), with the result that the point of intersection
with the load line always moves towards smaller values of 0.

During the release motion a corresponding process takes place, but in the
reverse direction.

But a relay armature cannot move backwards—except in certain phases of
superimposed transient oscillations—i.e. away [rom the magnet in operation and
towards the magnet in release. The theory concerned with the motion of the
equilibrium position can therefore be applied to the armature only so long as
the velocity is positive. In the reverse case the theory can be replaced by the fol-
lowing physical considerations. Since the armature cannot move backwards in
order to diminish the surplus force tending to drive it forwards, it moves forwards
under the influence of the surplus force and the latter increases instead of diminish-
ing. A real armature will then accelerate its motion and so continue into a section
of motion which, according to the theory, has a positive velocity.

In a section of motion in which the counter-e.m.f. is able to regulate the current
to the load, the motion may be called “controlled™ or “stable™; otherwise it may
be called “uncontrolled™ or “unstable™. According to (11) or (12) the stability
condition is obviously

i__..s-,b>0 (24)
281 -

With a knowledge of the relay constants k. /f and /. the first term in (24) can
be easily calculated. The stability can then be examined in fig. 2 in all desired
positions of the armature after measurement or calculation of the subtangents
s and bases b.

The question we raised in the introduction as to whether the velocity can be
increased unlimitedly by diminishing the mass can now be answered. In controlled
sections of the motion the velocity is finite even if the mass is zero. In uncontrolled
sections it grows towards infinity when the mass falls towards zero.

To obtain a numerical basis for the formulae a test relay was prepared, the pull
and load characteristics of which are shown in fig. 2. A suitable number of asso-
ciated values of F, M and 0 can be read off in the diagram. after which the ratio

My Fis caleulated and drawn as a function of 0. All points lie with good approxi-
mation on the straight line

M

—==a+co
F

But
1 M 1 M a+co
e A T — =a+ [
A @ 1LSTI0N A VE LST0Ty fA
With a knowledge of a, c. f and A, the values for the test relay are found to be
x=3.6 - 10% At/Vs and J=15.6 - 10% At/Vs mm. From flux measurements it is
found that A=1.15 and /=9.81 - 10 % Vs/At. Time measurements at constant
My show that r, =59 - 10°% (). The relay coil has N =9000 turns and R~ 509 (),
from which it is calculated that r=6.29 - 109 )%,
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We may take as example line 3—4 in fig. 2. The data for the line are

at point 3 at point 4

d =1.05 mm 0 =0.84 mm
F=13¢gf F=275¢f
M=T77.6 At M =298 At

h =0.0104 mm b =0.22 mm
s =0.623 mm s =0.518 mm

At the final ampere-turns, Ms=414 At, the operate velocity is calculated at
point 3 to be v,,=3.3 mm/s. At point 4 the velocity is calculated to be v, =7.6
mm/s. On the assumption that the coil is short-circuited, the relzase velocity at
point 3 will be v, =0.76 mm/s and. at point 4, vy, =1.75 mm/s,

The velocity thus diminishes in section 4—3 during the release motion. Since
all velocities are positive, the stability condition is fulfilled in both positions.

As a check of the calculations a mean velocity of 5.5 mm/s in section 34
was measured on an oscillogram for d=f{r) at 414 At. The mean value of the
calculated vy and v, is 5.45 mm/s!

Analysis of the Acceleration Formulae (14) and (15)

The acceleration formulae are rather complicated. To start with we calculate
the acceleration, at My=414 At, for the test relay at points 3 and 4 on the load
line 3—4. We find, for position 3, a,, =420 mm/s* and a;, = — 56 mm/s* and, for
point 4, a,, — 10 mm/s* and a;, = — 2130 mm/s%

The release motion is thus retarded. as it should be since the velocity was found
to be lower at point 3 than at point 4.

The operate motion 1s accelerated but the acceleration diminishes and 1s very
small at point 4 which, for this relay, constitutes the “critical”™ position of the
armature.

A question of great interest i1s under what conditions the motion can be retarded
in accordance with (14) and (15). The first condition both in operation and release
15 that the motion is controlled. see (24). In operation, furthermore,

M, —-2M M,- M b
b+ g3 == 2 -0 (25)
M Mk j
. T A -
3“'( ] g
and in release
B2 &g (26)
k
—— i — b
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In operation A, must obviously not be greater than that the second term 10
(25) is negative and greater than the sum of the first and third terms. Solving Vs

from inequality (25) gives
( A bk
2 8 —| ==— B

M, < i M (27

201
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Another question of interest is how great at the most the disregarded mass
forces mav be in sections of motion that are controlled. We calculate them al
points 3 and 4 of line 3—4 with a knowledge of the moment of inertia of the
armature and of the lever arm of the pull.
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Here the moment of inzrtia is 0.7 - 10 % ms® kgl and the lever arm 14 - 10 % m
If @ is measured in m/s*, the mass force is found to be

0.7-10 0 100

= 1).36 o
142,106 9}“« 0.364 ¢ gl

e

The caleulated values for point 3 are +0.153 gl in operation and - 0.002 gl in
release. For point 4 the mass [oree in operation is + 0.004 gl and in release
0.775 gf.

In all these cases the mass forces are negligible compared with the contact
spring loads of 13 gf at point 3 and 275 gl at point 4.

In uncontrolled sections of motion the mass forces are, of course, greater,

Analysis of Formulae for Time of Passage

If the load line in fig. 3 slopes so little that M, is smaller than M,, both the
logarithmic factor and the second term of the parenthesis in (17) and (18) will be
negative. If then /is small, r,, and r,, will both be positive, but in the opposite case
negative. In the latter case, as stated above, the theory for the motion of the
equilibrium position cannot be applied to a relay armature. As the real velocity
1s very great, the time of passage through uncontrolled sections is very short and
contributes little to the total time of passage.

To assess the extent to which the theory for the motion of the equilibrium
position is applicable to the motion of a relay armature, a series of oscillograms
was recorded showing the operate motion of the earlier mentioned test relay.
The times from energization of the armature until it reaches the positions marked
in fig. 2 have been both measured and calculated and inserted in figs. 5—15. In
these diagrams ' signifies the ratio between M, and the operate value M, =298 At.
The calculated times of passage for the uncontrolled sections 2—3, 4—5. and 6—7
have for the sake of simplicity been assumed to be zero, although this is not exact
even for a massless armature.

Fig. 5 shows the times of passage from position 1 to position 4. The agreement
between calculated and measured times is very good up to =22, Above this
value superimposed armature oscillations disturb the motion, so that the measured
times show sudden changes. The oscillations arise as a result of the discontinuous
change of load on the armature when in position 3 it comes into contact with
the contact springs. These oscillations could not arise without mass of the arma-
ture and springs. They can, however, be almost entirely eliminated in a mass-
loaded relay if the armature bears upon the contact springs with a light pressure
from the start. This can be achieved by simple replacing of the helical spring
which in most telephone relays holds the armature in position. No other change
of the adjustment of the relay is required.

Figs. 6—15 show close agreement between calculated and measured times for
sections of motion with low velocity, in which the mass has no appreciable effect.
For section 1—2, in which the armature is stationary, the agreement is remarkably
good.

The times which have been assumed to be zero do not, of course, agree with the
measured limes since these are prolonged by the mass. In sections in which the
velocity is great on entry to the section, the time of passage is shortened since the
armature makes use of its kinetic energy from the preceding section. The mass
therefore has a smoothing effect on the velocity as, for example, during the
passage from position 2 to position 4 or from position 4 to position 6. It seems
as though the mass has no appreciable effect on the total time of passage from
I to 7 but does have an influence on the times of passage through individual sections.
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Means of Reducing Contact Bounce and Armature
Rebound

A means ol eliminating rebound of the armature against the contact springs
in position 3 has been described above, namely to move the helical spring so that
the armature bears against the contact springs in the idle condition. In the sequel
we shall consider the spring vibrations and the armature rebound which arise on
abrupt stopping of the motion in the end positions, and which grow with the
kinetic energy of the armature and springs. Since the energy is proportional to
the square of the velocity but only to the first power of the mass, it diminishes
more with a Jlowering of velocity than with a reduction of mass.

According to the definition the operate time is completed when (in our case)
position 5 1s reached. The release time is completed when position 4 is reached.
If a sufficient retarding of the armature could be achieved after these positions
have been passed, the vibrations could be eliminated without reduction of mass
and without change of the operate or release times. Is a retardation of this kind
possible to achieve?

The motion from position 6 to position 7, or vice versa, 1s usually (and in our
case definitely) uncontrolled, since b 1s large in (24). It will be both controlled and
retarded if b is reduced by introducing between positions 6 and 7 an additional load
which commences at a zero value and then rapidly grows when the armature
approaches position 7.

The release motion from position 4 to position 3 is usually already controlled
and retarded, since b is sufficiently small in the load triangle. But during its passage
through the uncontrolled sections 7—6 and 54 a real armature has acquired
s0 great a Kinetic energy that the “natural™ retardation in section 4 -3 is not
sufficient to lower the velocity to a value at which no rebound takes place. This
is the reason why this retardation is not observed in relays. One remedy, obviously,
is again the aforementioned load increment between 6 and 7 since this reduces
the Kinetic energy in position 6, and therefore in position 4, so much that the
armature can be braked to the necessary extent during its passage from 4 to 3.

The additional load between 6 and 7 does not affect the operate time 13,
It influences the release timz by slightly prolonging the time of passage from
7 to 6, whereas tne ume for reduction of the pull from the initial value to the
elevated value F7 is shortened all the more. The total release time is thereby short-
cned.

Often this shortening of the release time is desirable, but in delaved relays the
means of delay employed must be made more efficient if the delay is to be un-
changed.

On closer thought the use of an additional load for retarding the motion is
fairly obvious in respect of the operate motion, but the fact that it must start
at a zero value may be readily overlooked. Such an additional load is used in a
magnet in L M Ericsson’s XY selector.

Another means of lowering the final velocity of the armature is to increase the
lever arm ratio. The abscissa of the load characteristic is thereby shortened and
all load lines become steeper. The armature velocity is lowered over the entire
path of motion, but the lowering of the velocity is compensated by the fact that
the path is shorter. In the formulae the change of leverage occurs as follows.
When the pull end of the lever moves a distance b, the load end moves a distance
which we denote b, Obviously b'=/h. As the motion of the load is not affected
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by a change ol the leverage. b is constant and b changeable with /. On the other
hand s, which is associated with the magnetic circuit, is independent of . We
introduce b" in the velocity formulae and find

An initially negative denominator in the formulac can become positive and an
uncontrolled motion thus become controlled by increase of the leverage ratio.
IT the motion is already controlled, the increase of leverage reduces the release
velocity. 11 A is matched o M afier the increase of the leverage ratio, so that
MM s unchanged, the operate velocity is also reduced.

We mtroduce & also in the retardation conditions (25) and (26):

i F My 2M s+ 3 M, - M s " 0 (30)
! M M kN
2817
1
poo . _.f b's
7 -2s=3— +S-{{-u (31)
2 fil f

We see that once the aforementioned denominator has become positive by
increase of /., the release acceleration is negative as revealed by (31) and, if M,
2AL, according to (30) the operate acceleration can also be negative or become
negative through further increase of f.

A third method ol lowering the final velocity of the armature is to enlarge the
pole face. The constant /# can be written! /') 4, where 3" remains around the value

\ g=795 - 10° At mm/Vs.
\_

\ The length of the subtangent can be written
\\
. 1 o
\ ‘,\ 4= fi) + T /’)
N\ 3(8+3
An enlargement of the pole face thus increases s, and an examination of the
Fig. & et M =877 =33

stability condition (24) and of the retardation conditions (25) and (26) shows
that the enlargement can change an uncontrolled and therefore accelerated motion
to a both controlled and retarded motion. The new expression for s is introduced
in the velocity formulae:

= : 4
J I M k 4 (34
— + ke o -2b6
p
b(é + —Jf-l')
=2 P (35)
P

How the velocity in an already controlled section is affected by the enlargement
of the pole face is not easy to see from (34) or (35). The effect is very dependent
on 0, i.e. on the armature position in which the velocity is analysed. The enlarge-

T~ ment of the pole face may either increase or diminish the velocity or, in a given
armature position, leave it unchanged. Its effect is therefore essentially to stabilize
and retard uncontrolled sections of motion.

Still another measure may be taken to reduce the final velocity. The leakage
3 iy mm 5 constant / can be reduced by shortening the coil so that the winding is concen-
Fig tef(B) Mgemasiar 739 trated towards the working air gap.

131



The significance of / for the velocity and acceleration is immediately apparent
from the formulae. An uncontrolled motion can be made controlled and retarded
by diminishing /. If the motion is already controlled, this measure increases the
velocity if b = s and diminishes it if » —~ s both in operation and release. M is
little affected by the change.

Quicker Relays with Longer Life

It is well-known to all who use relays as components in rapid switching systems
that contact bounce and armature rebound reduce the speed of the system. For,
in order to operate reliably, the relay should preferably come to rest in the new
position before it changes position again. The more the designer attempts to
shorten the operate and release times of the relay by known means, the more is
the gain of time eaten up by the vibrations. It is also well-known that contact
bounce and armature rebound cause wear and so limit the life of moving parts,
There has long been a desire, therefore, for inexpensive means of reducing or
eliminating these disturbing effects of the kinetic energy. Examples of such
means have been described above, which enable the relay user to speed up the
relays and at the same time increase their life.

Summary

Observed properties in a family of curves of relay current growth indicate
that, when the armature is in motion, the relay seems to regulate the current so
that momentary equilibrium exists between pull, load, friction forces and mass
forces. I the friction and mass are disregarded, laws can be set up which state
where the armature should be at every mstant in order that equilibrium shall
prevail. Formulae for velocity. acceleration and time of passage for a given section
of motion can be derived.

An analysis of the formulae shows that the armature would need to move
backwards during certain parts of its motion in order to maintain equilibrium.
Since the armature of a neutral relay can only move forwards, equilibrium can-
not be achieved during those parts of its motion but the armature performs an
accelerated “uncontrolled™ or “unstable”™ movement forwards. In the operate
motion “forward™ signifies towards the magnet and, in the release motion, away
from the magnet.

Along sections where equilibrium is maintained during forward motion, the
motion is said to be “controlled”, Controlled motion may be either accelerated
or retarded.

Analysis of the formulae gives the designer information about how the design
of the relay is related to velocity, acceleration and time of passage.

The mass has no significance in “‘controlled™ sections but causes transient
armature oscillations and spring vibrations at the end positions or when contact
springs dre added to or eliminated from the motion. In uncontrolled sections the
mass reduces the acceleration. The motion is often alternatively accelerated and
retarded, in which case the mass has a smoothing effect on the theoretically jerky
motion. It appears as though the mass has only an insignificant effect on the overall
time ol passage.

The leakage has a great significance in producing uncontrolled sections of
motion.

Accelerated sections of motion can be shortened by different means or even
converted into retarded sections. There is reason to retard the motion if the
contact bounce and armature rebound are injurious to the function or life of the
relay. In such cases it is not necessary to make all sections retarded. It may suffice
to retard the sections subsequent to that in which the last contact operates.

Vibrationless relays can be given shorter operate and release times than other
relays. They also have a longer life.

Reference
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TELEALARM —Equipment for Issue of Alarm
on Automatic Telephone Network

U NILSSON L M

Fig. 1
Alarm signal transmitter TA 104
(Right) with cover removed

ERICSSON TELEMATERIEL AB STOCKHOLM

UDC 654924
LLME &6l

There is roday a very great need for supervision of various forms of equip-
nent, the more sooay increasingly advanced awtomatic equipments come into
tse. Too late action after a fauly hay occurred may resule in serions financial

losses.

Telectronic SA, of Swirzerland, make rwo alarm signal transmitters for this
prrpose, types TA 104 and TA 104 B. L M Ericsson Telemateriel AB are the
gencral agents of this firm.

The ransmitters have been approved by the Swedish Board of Telecom
munications for connection to the public telephone neowork.

Operation

The alarm signal transmitter (fig. 1) rings up the persons responsible for the
maintenance of the equipment. The transmitter contains a tape recorder unit
and a relay unit with transistorized amplifier. Both the number dialled and
the actual message are recorded on tape, the total running time of which 1s
about 11 minutes. This means that messages can be sent to up to 8 telephone
subscribers. The tape is placed in a magazine which is casily changed.

Automatic alarm units of thermal indicator type, current and voltage relays
ete., are normally employed for equipment supervision. In system T4 104 the
alarm units can be placed on two alarm circuits. For the supervision of larger
plants an alarm transmitter type T4 104 B can be connected to four alarm
circuits.

During transmission of alarm a green lamp hights on the transmitter. At the
end of the alarm the green lamp goes out and a red lamp lights instead. This

indicates that the alarm signal has been transmitted and that the apparatus
must be restored before a new alarm signal can be sent.




Fig. 2

Block schematic

A Alarm signal transmitter
B 2-wire telephone line

€ Telephone exchange

I} Suhscribers
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Examples of alarm system
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The transmission of alarms can be interrupted by call-back from the called
subscriber. To do this. the subscriber replaces his handset momentarily at the
end of the message. He then rings up the number to which TELEALARM
is connected and replaces his handset again after hearing ringing tone,

Different means of remote control are possible through different strapping
arrangements:

1 After call-back from the subscriber the alarm is interrupted and the tape
returns to the starting position.

The ringing signal and transmission of the message continue after the

subscriber has rung back until the tape has run out. The alarm is thereafter
cut off.

After the subscriber has rung back, the alarm is interrupted and the tape
stops without returning to the starting position.

The alarm signal transmitter can be wired for non-reception of a call-back
signal. The receiver of the alarm must then proceed to the supervisory
point to stop the alarm.

TELEALARM can be wired for manual or automatic resetting to super-
visory condition.

Manual resetting is done with a key fitting the door of the alarm trans-
mitter.

The various alternatives are arranged by strapping of the relay unit.

If the subscribers’ numbers are engaged when an alarm is transmitted,
repeated calls are made until the transmitter gets through to one of the
subscribers.

A block schematic of TELEALARM is shown in fig. 2

Alarm Transmitter

TA 14 is enclosed in a metal case sized 350 - <171 mm and weighing
8 kg. The terminal block is placed on the has:p}dtr.-, T:,-Iuphom: ling, telephone
set, power supply and alarm units are connected to the terminal block.

The tape recorder and amplifier unit are placed inside the door. The units
are casily replaceable, being connected by plug and jack. On the door there
are push-buttons for testing the transmitter alarm circuits (fig. 1).

The door lock actuates the restoring keys of the transmitter.

The electrical and mechanical design of the apparatus comply with the high
requirements that must be placed on equipment of this type.



Recorder TAZ 104

ig. 4

Yiagram of programmed tape

Telephone number
Message
Clearing signal

Applications for TELEALARM

The applications of TELEALARM for supervisory purposes are practically
unlimited. Some examples of its use are described below.

Industrial Supervision

TELEALARM permits efficient rationalization of the supervision of in-
dustrial equipment by reducing the need for manual supervision, Through the
use ol appropriate alarm units values such as temperatures, pressures. fluid
levels, current and voltage, can be reported when they reach critical limits, The
operating personnel are thereby enabled to take quick action for the preven-
tion of damage and interruption of service.

Supervision of Property

Residential properties are now often combined into large units with a single
carctaker. The caretaker has not usually time to keep the various installations
under continuous supervision. There is therefore a great need for automatic
alarm.

An alarm transmitter in each block provides quick advice of voltage failure,
too low temperature, emergency signals from lifts, etc. The messages, trans-
mitted to the caretaker’s telephone, may be of the following nature: * Automat-
ic warning from Telealarm. An emergency signal has come from lift 3 in the
property at High Street 157 — the message being repeated twice.

Protection against Burglary and Hold-up

TELEALARM can be used in conjuction with an alarm installation against
burglary and hold-ups in banks. cash offices, shops etc.

As the alarm transmitter presents a verbal message. the receiver need not
keep min mind different identification signals in order to decide where the
alarm comes from. The receiver understands immediately what action should
be taken.

Protection against Fire Damage

When a fire alarm installation cannot be connected directly to the fire
brigade, TELEALARM offers a good solution of the fire supervision prob-
lem. Flame detectors. smoke detectors or thermal detectors can be used as
alarm generators.

Programming
Tape recording for TELEALARM is done with recorder TAZ 104 (fig. 3).

The telephone numbers and messages with which the alarm transmitter is
to be programmed are recorded on the tape. An example i1s shown in fig. 4,
the impulse ratio being 60/40. TAZ 104 can also be supplied for other impulse
ratios,

+12db
gdb |




136

The recorder has a visual counter for checking telephone numbers and
clearing signals. A timer supervises automatically that the recording time is
not exceeded. Scotch tape 150 1s used for the recording.

Power Equipment

The alarm transmitter requires a 12V DC supply. The voltage may vary
by £ 20 .

The power equipment consists of
a charging rectifier BMA 202X071, 12 V, 0.5 A
a lead acid accumulator type 6 SPg, 12V, 20 Ah
a fuse set type FOB 8352,

Installation and Maintenance
The alarm transmitter s designed for wall mounting and should be placed
on a vibrationless base. It should be set up in dry premises, the temperature

of which may vary between - 5 and + 40° C.

Using TA 104 with a burglary alarm installation the transmitter should. of
course. be placed within the protected premises.,

Normally TELEALARM requires no maintenance apart from testing of the
installation and checking of the acid level of the battery.

Patents

TELEALARM s patented m Australia, Austria. Brazil, Britain, Trance.
Germany, Japan, Sweden, Switzerland and the United States.

Electrical Data

. [Max. recordin we
| ) Number of . = ‘] Bl Jdle power ) Po E Working
| TYPe| wlarm circuits | HMe per alarm | consumplion feetat
3 alarm circuils circuitE consumpuon during alarm voltape
| ] |
A 104 ] 2 5.5 min. 0 [ 600 mA 12V {
A 104 B 4 5.5 min. i} | 600 mA 12 V

*For normal length of messages 3—4 subscribers can be called per alarm circuit, 1 only one
alarm circuit s used (for 74 /04 B two alarm circwits) the total recording t:me of abour !
minutes can be used for that circuit. In such case 6—8 subscribers can be rung.
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New Telephone System for Finnish
Railways with MFC Signalling

The Finnish railway telephone net-
work is at present undergoing exten-
sive modernization. The first change
1s the conversion from mmpulsing to
the technically more advanced and
very much quicker MFC signalling
method. The conversion took place ac-
cording to plan at the end of August
this year. and without appreciable in-
terference with the traffic. Only one
fourth of the Finnish railway network

now lacks an automatic telephone
system.
At the same tme a new transil

centre was opened in Helsinki. It is
extremely well protected. being built
25 metres below ground in granite,
so that such important requirements
as dustfree environment. uniform tem-
perature and humidity are well satis-
fied. The underground environment
has been made as “human ™ as possi-
ble. The staff even have pot-plants in
the very neat and attractive premises.

The Helsinki exchange consists of
a PABX. of type ARD 331 and of
a transit exchange type ARM 301. It
has at present [ 200 extension, 58

exchange and 60 frunk circuits. The
exchange has automatic trunk circuits
to Turku. Tampere, Oulu. Pieksi-
miki and Kouvola. From these places
connections can be extended to a
large number of group and terminal
¢xchanges and selective calling cir-
cuils. Automatic alternative routing
arrangements exist between the ex-
changes, 1.e. a call is not stopped by
a blocked route but the system allows

automatic selection of a free route
up to the subscriber.
A demonstration for representa-

tives of the Finnish Communications
Administration, press and L M Erics-
son was arranged by the Finnish Rail-
ways Board a week or so after the
commissioning of the new telephone
system. The Director General of the
Railways Board, Mr. E. Aalto. pre-
sented an address of welcome in which
he spoke, among other things. of the
development of Finnish railway tel-
ephony. Mr. K. Toivola, also of the
Railways Board. thanked L M Erics-
son’s representatives for a sound job
and good teamwork with the railway
staff.

Build in rock 25 metres underground, the telephone exchange of the Finnish Railways at Hel-
sinki is the first railway telephone exchange in the world to operate on a MFC signalling system.

Richard J. Anderson (left), editor and pub-
lisher of Fipancial World Magazine, congrat-
ulates Carl O. Lennmalm, resident director
of L. M Ericsson, New York, on the company’s
prize for the 1964 Annual Report,

American Award for LM
Ericsson’s Annual Report

L M Ericsson’s Annual Report for
1964 won Second Prize in the annual
appraisal made by the American “ Fi-
nancial World Magazine ". For the
first time non-American  companies
formed a class of their own. The First
Prize in this class was awarded to the
Rank Organization in Britain.

Some 5000 annual reports were
reviewed. The awards were presented
at a banquet at New York Hilton Ho-
tel, at which the President of the New
York Stock Exchange. Mr. G. Keith
Funston, was main speaker.

L M Ericsson’s annual reports have

earlier gained recognition for their
conient. design and typography, and
the 1963 report won a Mert Award
In a which included
American corporations as well.

competition



From the inauguration of the new Code Switch P.AB.X. at Tuborg Breweries. (From right) Mr.
Gunnar Thomsen, Tuborg Breweries, Mr, Otto Siewert, L M Ericsson, Stockholm, Mr. Gelmark
Sirensen, KTAS, and Mr. Frants Liisherg, 1. M Ericsson A'S, Copenhagen. The photograph on
the right shows Tuborg’s new administration building in which the P.AB.X. is installed.

First AKD 791 P.A.B.X.
Installed Abroad

The first large PABX. of L M
Ericsson’s new type AKD 791 based
on the code switch was recently in-
stalled in Denmark

This PABX. had been bought by
the Copenhagen Telephone Company
(KTAS) for the Tuborg Breweries and
s mitially  equipped for 600 exten-
stions, 40 exchange lines. 30 internal
connecting circuits and 3 operators’
positions

After the cut-over the exchange was
inspected by Mr. Thomsen, Managing
Director of Tuborg Breweries, in the
presence of representatives of KTAS
and of L M Ericsson’s Danish subsid-
tary and the parent company in
Stockholm. Mr. Thomsen expressed
his great satisfaction with the opera-
tion of the exchange and at bemng
L M Ericsson’s first customer for this
new system which he wished success
in all countries of the world.

Relay Interlocking for India

Ericsson Telephone Sales Corpora-
tion AB. New Delhi. has signed a
contract with the Eastern Railwayv.
India. for the supply of equipment
for a relay interlocking for the large
Howrah Station at Calcutta. The main
part of the equipment will be supphed
by L M Ericssons Signalaktiebolag

Howrah Station is one of the lar-
gest in India and carries a heavy vol-
ume of long-distance and local traf-
fic. The area to be controlled by sig-
nals ncludes 160 points, 130 signals.
including 65 dwarf signals, and 170
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track circuits. The relay interlocking
will be equipped with a train describ-
er system.

The contract amounts to around 4
million kronor

Appointments
The Swedish  Academy of Engi-
neering Sciences (IVA) has elected

Dr. Yngve Rapp. of Teletonaktiebola-
get L M Ericsson’s Research and
Development Division, member of the
Academy and Mr. Bjérn Lundvall,
president of 1. M Ericsson, member
of the Industrial Council of the Aca-
demy. with Dr. Christian Jacobaus,
Executive President of L M
Ericsson and member of the Academy
since 1957, as his  deputy.

Vice

Dr. Rapp has elaborated principles
and methods for planning of urban
and trunk networks, using an electron-

ic computer for the most demanding
numerical calculations. These methods
are intended to provide telephone ad-
ministrations with a means and a
framework tor deciding on longterm
investments. In recent years Dr, Rapp
has read a number of papers which
have aroused wide interest at con-
ferences inside and outside Europe.
A large number of projects have al-
ready been worked out in different
countries and others are under prep-
aration.

The Academy of Engineering Scien-
ces, with was founded in 1919 for the
promotion of technological and scien-
tific research, was the first academy
ol engineering sciences in the world.
Similar institutions have been created
in the other Scandinavian countries.
In the United States an academy of
engineering sciences was founded in
1964

Organizational Change

On September 1, 1965, Mr. Hans
Sund became Manager of the Mil-
tary Electronics Division of the par-
ent company and at the same time
was appointed Vice President of the
Company.

The track and signal diagram of Howrah Station is here being discussed by (from left) Mr, M. K.
Menon, Ericsson Telephone Sales Corporation in Caleutta (ESC), Messrs. S. K. Chatterjee and
R. D. Stephenson, Eastern Railway. Caleutta, and Mr. G, Mathew, ESC.




Mr. Bjorn Lundvall, President of L M Erics-
son, demonstrates old models of Ericsson tele-
phones to Sr. Carlos Reis Filho (left), head
of Companhia TelelTonica Brasileira, the largest
telephone company in Brazil.

I'he Vencruclan Ambassador to Sweden, Sr.
Aquilles Beniter S, and the Swedish Ambassador
to Vencruela, Mr. Knut Bernstrom (second
and third from left), recently visited 1. M
Ericsson’s main factory. They were taken on a
tour of the factory by Mr. 1. Lundqvist. Here
they are studving an automatic test cquipment
for relay sets.

B
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The Minister of Communications of Saudi Arabia, Ahmed Zaidan (left), met some of his fellow-
ountrymen, am h hi , during a recent visit to L. M Ericsson’s head factory. Three of : . . . .
counirymen, among whom nis son uring A rece visi (1] riesson s 1 clo [} I'he I'-}ﬁ»l \{11‘1(‘[ !’nz_c W S % ?ll_\sm_i,_

them are employees of the Saudi Arabian Ministry of Communications and are in Sweden fo 3 5 e
Professor Alexander Prochoroy, of the Soviet

learn telephony. Union, was in Sweden in November and paid
a visit to L. M Ericsson. He was shown over
the exhibition room by the Technical Director
of the Company, C. Jacohzus (right).

Elsa Andersson and Viola Engstrim, employed in the grid winding division of AB Svenska Elektron-
rir (SER), have heen awarded altogether 1216 kronor by the company management. In SER's
manufacture of long-life tubes it is essential that the tolerances for the grids are as small as
possible. These two women, seen behind one of the grid winding machines, had come on the idea
that the grids would have a very much more uniform quality and that many machine resetting
operations could be saved if the braking motors on the winding machine were started so long in
advance of the actual winding of the grids that thermal stability had heen attained.

(e

Mr. Beheiry of the African Devel-
opment Bank, Abidjan, Ivory Coast,
in conversation with Mr. Thisell
during a visit he paid in the autumn
to L. M Ericsson at Midsommar-
kransen,
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Aircraft undergoing tests.

L M Ericsson Automatic
Test Equipments for
Swedish Air Force

Telefonaktiebolaget 1. M Ericsson has
received an order from the Swedish
Air Force for automatic test eguip-
ments to be used, among other pur-
poses. for control of and tracing of
faults in the electronic equipment of
the new Swedish combat plane. the
37 Viggen ".

It s anticipated that altogether 44
test equipments will be delivered over
a period of 10 years. valued at a
total of 44 mill. kronor. The first de-
livery, comprising 4 equipments, 18
scheduled to take place as from Au-
gust 1. 1966,

In the past 10 years L M Ericsson
has used automatic test equipments
of different kinds for its own produc-
tion control with extremely good re-
sults.

This experience has been of great
value in the design of L M Ericsson’s
new test equipment for automatic
control and fault testing of aircraft
electronics.  With  this  equipment
thousands of tests of the various elec-
tronic equipment in a modern ground
attack or fighter aircraft can be made
within a few minutes.

When the vehicle carrying the test
equipment has heen driven up to the
aircraft-which may have landed just
before the technical staff need merely
make sure that the cables have been
correctly connected to the aircraft
test terminals and that the test equip-
ment has heen programmed for the
type of aircraft concerned. The pro-
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gramme is recorded on magnetic tape
I'he actual tests and the presentation
of the results are performed automa-
tically by the test equipment

The cguipment may he compared
with an electronic computer. The cor-
rect test values with their tolerances
are stored on programming tape. The
test equipment sends signals to the
various electronic units in the aircraft
The answering signals from the latter
are automatically compared with the
tolerance limits recorded on the pro-
gramming tape. In the event of devia-
tion outside the tolerance limits or
other fault, the test equipment indic-
ates the exact nature and location of
the fault.

[ M Ericsson’s new test equipment
will greatly reduce the time spent
on inspection of aircraft between mis-
s10ns.

The test equipment 1s self-checking
in order to preclude a wrong test result
on account of a fault in the test equip-
ment itself. This self-checking feature
comes automatically nto play, for
instance. as soon as the eguipment
has discovered any fault in the con-
trolled equipment.

The change from manual to auto-
matic testing reduces the nisk of hu-
man There s therefore a
greater probability that all electronic
cquipments of the arrcraft are in op-
timum condition before the craft starts
on a mission. This increased safety
for pilots 1s an important factor.

Crror.

The switching devices which con-
nect the test points to the stimuli and
measuring circuits of the test equip-
ment, like many other of its circuits
and components, were developed in
an extensive research programme con-
ducted by L M Ericsson on telephone
exchanges of the future. Their relia-
bility has thus been extremely thor-
oughly tested, since the environmen-
tal and functional requirements on
telephone exchange equipments are
also very severe.

The digital data processing unit in
the test equipment is also based on
many years of experience. In 1956
L M Ericsson started to develop a
fully electronic type of telephone
exchange. A model of this exchange
was exported and has been in con-
tinuous operation for several vears,
A complete computer was designed
for control of this exchange. The work
in this field has since continued, and
the data processing unit in L M Erics
son’s automatic test equipment is ba-
sed on the technique used in the dig-
ital computers controlling the elec-
tronic telephone exchanges now being
developed and made by L M Erics-
SO0

Telex Contract with Chile

On October 28 L M Ericsson signed
a contract with the government pur-
chasing authority in Chile—La Direc
cion de Aprovisionamiento del Esta-
do—rfor the delivery of telex equip-
ment to the national telephone au-
thority. El Servicio de Correos vy
Telégrafos de Chile.

The contract comprises 13 automat-
ic terminal exchanges for altogether
660 subscribers, 2 manual exchanges
and 4 trunk exchanges with a total
capacity of 500 lines for automatic
transiting of telex calls between the
capital, Santiago. and Valparaiso,
Talca and Concepcion.

This order constitutes the first step
in the automatization of the Chilean
telex network and provides for future
international traffic via radio and
cable.

The delivery is expected to be
completed during the second half ol
1967,

The order was obtained in hard
competition with most of the internd-
tional manufacturers of telex equip-
ment and is the largest yet received
by L M Ericsson in South Americd.

From the signing of the telex contract are seen (from left) the Swedish Ambassador, Count Gustay
Bonde. Sr. Luis Azdcar, Notary Public, Mr. Lars Silfverling, 1. M FEricsson, the Chilean Vice
President, Sr. Bernardo Leighton. the Director of the Government Purchasing Authority in Chile,
Sr. Mario Araos, and the Director General of the Chilean PTT, Sr. Mario Parada.

-

i




f
ly

1ve

ion on
ion is given

155
§s10n ©

UDC 621.391
LME 81

allel transmi

data has come into use. The signal elements carrying information are
compressed into short blocks. In this method, the elements are transmitted

4, pp. 110—120.

ission, viz. par

Iternative which is resistant to interference, particularly when

operating together with terminal equipment which has parellel injection

allel in time and each signal element in a block uses its own relat
and extraction of data.

narrow band channel. Parallel transmission offers an economical trans-

It can therefore be appropriate to illustrate the most important differ-
ences between serial and parallel transmission. In this article, both meth-

ods of transmission are compared, and in addition a descript

WipL, W.: Signal Conversion Eguipment for Parallel Transm
mission a

of a signal conversion equipment for parellel data transmission.

Telephone Lines. Ericsson Rev. 42(1965)
Recently, vet another type of transm
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UDC 621.318.56
LME 7350
the cited thesis. The in-
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UDC 621.391
LME 81

WibL, W.: Signal Conversion Equipment for Parallel Data Transmission
on Telephone Lines. Ericsson Rev. 42(1965): 4, pp. 110—120.

Information which is to be transmitted exists at the sending side as a rule
stored, for exemple as holes punched in a tape or card, as magnetic
markings on a magnetic tape or ferrite store, as contact closures in a
mechanical counter. At the receiving side the information is again fed
into a store for further processing in a subsequent data processing equip-
ment.

So far. serial data transmission has been predominant in the case of data
transfer between seis of terminal equipment. The signal elements carrying
information are in this case sent after each other in time, and the data flow
occupies a single but relatively wide channel. L M Ericsson's equipment
for serial transmission is described in Ericsson Review No. 3, 1962 and
in TELE No. 1, 1965,

Two cards—card |

UDC 621.318.56
LME 7350

AHLBERG, C.: On the Dynanuc Characterstics of the Eleciromagnetic
Relay. Ericsson Rev. 42(1965): 4, pp. 121—132.

In the spring of 1965 C. Ahlberg presented a theory for the motion of an
electromagnetic relay. To simplify solution of a time integral, the load
characteristic of the relay is first converted to show the air gap flux as
function of the permeance of the magnetic circuit instead of showing the
load as function of the air gap. The " mechanical” load characteristic
consists of straight lines which become slightly curved after conversion
to “magnetic” coordinates. These curved lines are thereafter assumed
to be straight. Formulae for velocity. acceleration and time of pas-
sage are deduced on the basis of this approximation.

n

4, pp. 121—132.

ideas are the same as

1C

Since Alf Lundin of the Chalmer’s University of Technology has shown

(not yet published) that velocity and acceleration formulae can be set
The article presents a summary of the theory, using Ekelof’s time for-

mula and the new velocity and acceleration formulae in place of the orig-

| ones. The bas

termediate steps in the derivations are omitted from considerations of

the same approximation after the conversion to a flux-magnetomotive
space.

force system of coordinates and has thereby radically simplified the

Professor Stig Ekelof of the Chalmer’s University of Technology has made
formula for the time of passage.

Relay. Ericsson Rev. 43(1965)

Card 2

ina

AHLBERG, C.: On the Dynamic Characteristics of the Electromagnetic
up without using this approximation, being therefore more closely related

to reality, the author has revised the formulae.

UDC 654.924
LME 861

NissoN, U.: TELEALARM—Equipment for Issue of Alarm on Auto-
matic Telephone Network. Ericsson Rev. 42(1965): 4, pp. 133—135

There is today a very greal need for supervision of various forms of equip-
ment, the more so as increasingly advanced automatic equipments come
into use. Too late action after a fault has occurred may result in serious
financial losses.

Telectronic SA, of Switzerland, make two alarm signal transmitters for
this purpose, types TA 104 and TA 104 B. L M Ericsson Telemateriel AB
are the general agents of this firm.

The transmitters have been approved by the Swedish Board of Telecom-
munications for connection to the public telephone network.
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Associated and co-operating enterprises
and technical offices

« EUROPE »

Denmark

L M Ericsson A/S Kebenhavn F,
Finsensvej 78, tel: Fa €868, tgm:
ericsson, telex: 9020 ericsson kh
Telefon Fabrik Automatic A/S
Kebenhavn K, Amaliegade 7, tel:
CE 3133. tgm: avtomatic, telex:

Dansk Signal Industri A/S Keben-
hovn F, Finsensvej 78, tel: Fa
6767, fgm: signaler

Finland

OfY L M Ericsson A/B Helsinki,
Fabianinkaty 6, tel: 12141, tgm:
ericssons, telex: 12-546

France

Société des Téléphones Ericsson
F-92-Colombes, 36, Boulevarddela
Finlande, tel: Paris (1)242 35 00,
tgm: ericsson

F-75- Paris (17e,) 147, ruede Cour-
celles, tel: Paris (1)227 95 30,1gm:
eric

Great Britain

Swedish Ericsson Company Lid.
Twickenham Middx, Regal House,
London Road, tel: POPesgrove
8151, tgm: teleric

Production Control (Ericsson)
Ltd. Twickenham Middx, Regal
House, London Road, tel: POPes-
grove 8151, tgm: teleric

Ireland

L M Ericsson Lid. Dublin 2, 32, Up-
per Mount Street, tel: 61931, tgm:
ericsson, telex: 5310

Italy
FATME, Soc. per Az. Roma, C.P.
4025 Appio, tel: 4694, tgm:
fatme
SETEMER, Soc. per Az, Roma, Via
G. Paisiello 43, tel: B6B.854,

tgm: setemer

SIELTE, Soc. per Az. Roma, C.P.
4024 Appio, tel: 780.221, tgm:
sielte

Netherlands

Ericsson  Telefoonmaatschappij,
N.V. Rijen (N.Br.), tel: 01692-3131,
tgm: erictel, telex: 14354
Voarburg-Den Haag, P.O.B. 3060,
tel: 81 4501, tgm: erictel-haag,
telex: 31109

Morway

AJS Elektrisk Bureau Oslo 3, P.B,
5055, tel: Centralbord 46 18 20,
tam: elektriken, telex: 1723

A/5 Industrikontroll Osle 6,
Grenseveien 8688 tel: Central-
bord 68 34 64, 1gm: indiroll, telex:
1117 A/S MNorsk Kabelfabrik
Drammen, P.B. 205, tel: 837650,
tgm: kabel Af5S Norsk Signalindu-
stri Oslo 3, P.B. 5055, tel: 46 1820,
tgm: signalindustri

Portugal

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

Spain
Cla Esparola Ericsson, 5. A.
Madrid 8, Torre de Madrid,
Princesa 1, tel: 241 14 00, tgm:
ericsson

Sweden

Telefonaktiebolaget L M Ericssen
Stockholm 32, tel: 08/120000, tgm:
telefonbalaget, telex: 19910
AB Alpha Sundbyberg, tel: 0B/
28 26 00, tgm: aktiealpha, telex:
10082

AB Ermi Karlskrona 1, tel: 0455/
23010, tgm: ermibolag

AB Rifa Bromma 11, ftel: 08/
262610, tgm: elrifa, telex: 10308
AB Svenska Elekironror Stock-
helm-Tyress 1, tel: 08/71201 20,
tgm: electronics, telex: 1275
Instruktionsteknik AB Stockholm
44, tel; 0B/6B 08 70, tgm: instruk-
tec

L M Ericssons Driftkontrollaktie-
bolag Solna, tel: 08/83 07 00, tgm:
ericdata

L M Ericssons Signalaktiebolag
Stockholm Sv, tel: 0B/68 0700, tgm:
signalbolaget

L M Ericsson Telemateriel AB,
Stockhalm-Tyreso 1, Fack, tel: 08/
7120000, tgm: ellem, telex: 1275
Sieverts Kabelverk AB Sundby-
berg, tel: 08/28 28 60, tgm: sie-
vertsfabrik

Svenska Radicaktiebolaget Stock-
holm 12, tel: 0B[22 3140, tgm:
svenskradio

Switzerland
Ericsson Telephone Sales Corp.
AB, Stockhelm, Zweignieder-
lassung Zirich 8032 Zirich, Post-
fach, tel: 3251 B4, tgm: telericsson
telex: 52 669

Turkey

Ericsson Tirk Ticaret Lid. Sirketi
Ankara, Rumeli Han, Ziya Go-
kalp Cad., tel: 123170,1gm:ellem
Istanbul, lstanbul Birosu, Liman
Han, Kat 5, Mo. 75, Bahcekapi,
tel: 22 81 02, tgm: ellemist
Izmir, lzmir Birosu, Kisilkaya
Han, Kat 3, No. 13, Halif Ziya
Bulvari, tel: 27832, tgm: ellemir

West Germany

Ericsson Verkaufsgesellschaft m,
b. H. 4 Diisseldorf-Rath, Postfack
88, tel: (0211)63 3031, tgm: erictel,
telex: DSSD 8 58 6871

o ASIA «
India
Ericsson Telephone Sales Cor-
poration AB Calcutta 22, P.O.B.
2324, tel: 45 44 94, tgm: inderic
New Delhi 1, P.O.B. 669, tel:
27 2312, tgm: inderic

Indonesia

Ericsson Telephone Sales Cor-
poration AB Bandung, Djalan
Ir. H. Djuanda 151—153, tel:
8294, tgm: javeric

Djakarta, Djalan Gunung Sahari
26, tel: OG 48531, tgm: javeric

Irag

Telefonaktiebolaget LM Ericsson,
Technical office Baghdad, P. O. B.
493, tel: B7033, tgm: ellemco

Lebanon

Telefonaktiebolaget LM Ericsson,
Technical office Beyrouth, Rue du
Parlement, Immeuble Bisharat,
tel: 2526 27, tgm: ellem

Thailand
Ericsson Telephone Corp. (Far
East) AB Bankok, P.O.B, B24, tel:

. 55511, tgm: ericsson

Egypt -
Telefonaktiebolage! LM Ericsson
Technical office Egypt Branch
Caire, P.O.B. 2084, tel: 46 581,
igm: elleme

Morocco
Société Marocainedes Téléphones
Ericsson Cosablanca, 38, rue

Mohamed Sedki, tel: 288-75 tgm:
teluni
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Ecvador

Teléfonos Ericsson C.A,
Casilla 2138, tel: 16100,
ericsson

Guayaquil, Casilla 376, tel:
fgm: ericsson

Mexico
Rhodeasia, Bech land and Tajéf, Eri
Malawi D.F., ricsson S.A,

Ericsson Telephone Sales Cor-
poration Ltd. Salisbury, Rhodesia,
P.O.B. 2891, tel: 25737, tgm:
ericofon

Tunisia
Telefonaktiebolaget LM Ericsson,

Technical offiice Tunis, Boite Pos-
tale 780, tel: 240520, tgm:ericsson

Zambia

Ericsson Telephone Sales Corp.
AB. Ndola, P.O.B. 2256, tel: 3885,
tgm: ericofon

« AMERICA »

Argentine

Cla Ericsson 5. A.C.l. Buenos
Aires, Casilla de Correo 3550, tel:
332071, tgm: ericsson

Cla Argentina de Teléfonos S.A.
Buenos Aires, Belgrano 894, tel:
332076, tgm: catel

Cia Entrerriana de Teléfonos
S.A, Buenos Aires, Belgrano B%4,
tel: 3320 76, tgm: catel
Industrias Eléctricas de Quilmes
S.A. Quilmes, FNGR, 12 de Oc-
tubre 1090, tel: 203-2775, tgm:
indelqui-buenosaires

Brazil

Ericsson do Brasil Comércio e
Indistria S.A. Rio de Janerio,
C.P. 3601, tel: 43-0990, 1gm:
ericsson, lelex: rio 310

Canada

LM Ericsson Ltd, Montreal 9, P.Q,,
2300 Laurentian Boulevard, City
of St. Laurent, tel: 331—3310,
tgm: caneric, telex: 1-2307

Chile

Cia Ericsson de Chile, S.A.
Santiage de Chile, Casilla 101 43,
tel: 825 55, tgm: ericsson

Colombia

Cia Ericsson Lida. Bogotd, Apar-
tado Aéreo 4052, tel: 41 11 00,
tgm: ericsson

Apartado  M-9958,
4646 40, 1gm: coeric
Teleindustria, S.A, de GV,
Naucalpan, Est. de Mexico, Apar.
tado 297

Peru
Cia Ericsson S. A. Limo, Aparfadg
2982, tel: 34941, tgm: ericssan
lelex: 3540202

. Telefdnica del Pard, §A
Arequipa, Apartado 111-101&',‘-
60 60, tgm: telefonica R
El Salvador
Telefonaktiebolaget LM Eri
Technical office San Sal
Apartado 188, fel: 4989,
ericsson

Uruguay
Cla Ericsson S.A. Monte

Casilla de Correo 575, tel: 9 '.
tgm: ericsson

USA
The Ericsson Corporation
York, N.Y., 10017, 100 F

Avenue, tel: MUrrayhill
tgm: erictel, lelex: etelsac 620149
MNerth Electric Co. Galion, Ohi,
P.O.B. 688, tel: (419-) 468-24 20,
tgm: northphone-galionohis, !
telex: 419-464-4860 |

Venezuela
Clia Andnima Ericsson Carocas,
Apartado 3548, tel: 543121, Igm:
ericsson

= AUSTRALIA & OCEANIAW
Auvstralia n
L M Ericsson Py, Lid. Broodm
dows (Victoria), P.O.B, #
307-2341, tgm: ericmel
North Sydney (NSW), 182
Point Road, fel: 9211 47
ericsyd

Teleric Pty. Lid.
(Victaria), P.O.B.
2341, tgm: leleric A
MNorth Sydney {NSV;;, 182 B
Point Road, tel: 921147, ig!
teleric

Representatives

¢« EUROPE »
Austria
Telecom G. m. b. H. Wien XI,
Geiereckstrasse 6, tel: 741581,
tgm: teleric, telex: electrodiesel
wn 2436

Belgium

Electricité et Mécanique Suédoi-
ses Bruxelles 5, 56, ruede Stassart,
tel: 111416, tgm: electrosuede

Greece

"ETEP"' 5.A. Commerciale &
Technique Athens 143, 57, Aka-
dimias Street, tel: 629971 tgm:
aeter athinai, telex: 5708
Iceland

Johan Rénning H(F Reykjavik,
P.O.B. 883, tel: 10632, tgm:
ronning

Yugoslavia

Merkantile Inozemna zastupstva
Zagreb, Pod¥t prefinac 23, tel:
36941, tgm: merkantile, telex:
21139

o ASIA «

Burma

Myanma Export Import Corp.
Import Agency Division Rangoon,
P.O.B. 400, tel: 10999, tgm:
myaceico

Cambodia

The East Asiatic Company Ltd.
Phnom-Penh P.O B. 625, tel:
3334, tgm: pyramide

Ceylon

Vulcan-Laval Ltd, Colombo 1, 40,
Church Street, tel: 36-36, Igm:
vultra

Cyprus

Zeno D. Pierides Larnaca, P.O.B.
25, tel: 2033, tgm: pierides
Hong Kong & Macao

Swedish Trading Co. Lid. Hong-

kong, P.O.B. 108, tel: 231091,
tgm: swedetrade

Iran

Irane Swedish Company AB,
Teheran, Khiabane Sevem Esfand
29, tel: 310 &6, tgm: iranoswed

Irag

Usam Sharif Company W.L.L.
Baghdad, P.O.B. 493, tel: 870 31,
tgm: alhamra

Japan

Gadelivs & Co. Ltd. Tokye C,
P.O.B. 1284, tel: 403-2141, tgm:
goticus, telex: 22-675

Jordan

The Arab Trading & Develop-
ment Co,, Ltd, Amman,P.O.B. 1,
tel: 259 81, tgm: aradeve

Korea

Gadelivs & Co. Ltd, Seoul, I.P.O.
B. 1421, tel: 22—9866, tgm: gade-
liusco

Kuwait

Morad Yousuf Behbehani Kuwaoil,
State of Kuwait, P.O.B. 146, tel:
32251, tgm: barakat

Lebanon

Swedish Levant Trading (Elié
B. Hélou) Beyrouth, P.O.B. 931,
tel: 231624, tgm: skefko
Malaysia and Brunei

Swedish Trading Co. Ltd. Kuala
Lumpur, P.O.B. 1298, tel: 15316,
tgm: swedtrade

Pakistan

Vulcan Industries Ltd. Karachi
2, Wes! Pakistan, P.O.B. 4776,
tel: 2356828, 228566, tgm:vulcan
Philippines

U.5, Industries Philippines Inc.
Manila, P.O.B. 125, tel: B8 93 51,
tgm: usiphil, telex: 344

Saudi Arabia

Engineering Projects & Products
Co. Riyadh, P.O.B. 987, tel: 271,
tgm: eppcol

Singapore

Swedish Trading Co. Lid. Singa-
pore 1, 42 Chartered Bank Cham-
bers, Battery Road, tel: 94362,
tgm: swedtrade

Syria

Constantin  Georgiades Damas,
Rue Ghassan, Harika, tel:
1-02-89, tgm: georgiades
Vietnam

Vo Tuyen Dien-Thoai Viet-Nam,
Saigan, P.O.B, 10 49, tel: 22 660,
tgm: telerad

« AFRICA
Congo
ILP.T.C. (Congo) Léopoldville 1,
P.O.B. 8922, tel: 5345 tgm:
induexpan
Ethiopia

Mosvold Company (Ethiopia) Ltd.
Addis Abeba, P.O.B. 1371, tel:
14567, tgm: mosvald

Ghana

The Standard Electric Company
Accrd, P.O.B. 17, tel: 646 15, tgm:
standard

Kenya, Tanzania, Uganda
Transcandia Telecommunication
Sales Ltd. Nairobi, Kenya, P.O.B,
7296, tel: 25941, tgm: trantel
Liberia

Post & Communications Tele-
phone Exchange, Menrovia, Cor-
ner Ashmun & Lynch Street, tel:
22222, tgm: radiclibe
Mavuritius

Mauritius Trading Co. Ltd. Port
Louvis, P.O.B. 201, tgm: agentou

Morocco (Tangier)
Elmar 5. A.—SEYRE Tetuan,
Apartado 440, fel: 3701, tgm:

elmar

Mozambique

J, Martins Marques & Co Lda.
Lourenco Marques, P.O.B. 2409,
tel: 5953, tgm: marquesco

ESSELTE AB. ETHLM &8

Nigeria
ILP.T.C. (West Africa) Ltd. Lagos,
P.O.B. 2037, tel: 2653, tgm:

consult, telex: shell pb 35

South Africa, South-West
Africa, telex: pb 35

Dryden Communications (Pty.)
Ltd. Johannesburg, P.O.B. 2440,
tel: B3B-5454, tgm: qualsteels

Sudan

TECOMA Technical Consulting
and Machinery Co. Ltd. Khar-
toum, P.O.B. 866, tel: 72224, ext.
27, tgm: sutecoma

Tunisia

Ateliers Mécaniques du SAHEL,
Sousse, Route de Monastir/Djem-
mal, tel: 21,011, tgm: amesa

« AMERICA

Bahama Islands

Anglo American Electrical Com-
pany Ltd., Freeport, Grand Baha-
ma, P.C.B. 104

Bolivia

lohansson & Cla, S.A. Lo Poz,
Casilla 678, tel: 22700, tgm: jo-
hanssan

British Guiana

General Supplies Agency George-
town, P.O.B. 375, tgm: benwlks
Costa Rica

Tropical Commission Co. Ltd, San

José, Apartado 661, tel: 3432,
tgm: troco, telex: CR-126

Dominican Republic

Garecla & Gautier, C. por A.
Santo Domingo, Apartado 771,
tel: 3645, tgm: gartier
Guatemala

MNils Pira Ciudod de Gugiemala,
Apartado 36, tel: 62258, tgm:
nilspira

-

galpa, Apartado 85, fel: 2:54
tgm: quinchon
Jamaica and Brit. Ho
Marris E. Parkin Kingston,
354, fel: 24077, 1gm: morri
Metherlands Antilles
S.E.L. Maduro&Sons, Inc,
stad, Curagoo, P.O.B, 304, f
11200, tgm: madurosons
Nicaragua

Sonitel Centroamerica §.
nagua, Apartade 1271, tel
tgm: sonitel
Panama §
Sonitel, 5.A. Ponama,
Apariade 4349, tel: 5-3640, 1
sonitel
Paraguay 5
S.A. Comercial e Industrig
Pelersen Asuncitn, Casilla 3
tel: 9868, tgm: pargtrade
Puerto Rico

Novae Electronics Inc. San Judn
F17, Park Lane Suruménp fel:
782-1054, tgm: novaelec

El Salvador

Dada-Dada & Co, San Salvadst,
Apartada 274, fel: 4860, lgm:
dada |
Surinam

C., Kersten & Co. N\": Pare-
maribo, P.O.B. 1808, fel:
tgm: kersten

Trinidad, W. 1.

Leon J. Aché Lid. rm_f-;&g-
100 Frederick Streef, felz 3294
tgm: achegram

usa
State Labs. Inc. New le.s:-rv
35 e
tel: (21 " " %
labs, felex: (212) 867-6996
electron fubes)

+ AUSTRALIAE OCEANIA®
Mew Zealand
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