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Ericsson Review celebrated its half-centenary at the expiry of 1973. An article 
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Pushbutton dialling unit with LC oscillator tor 
DIALOG telephone. 
The round plate carries on the front the 
pushbutton set seen on the telephone set 
in the background. 



Electronic Telephone Sets 
Arne Boeryd 

This article is a revised version of a paper presented at the IEEE 
Meeting EUROCON-71 in Lausanne, October 18—22, 1971. 
The author discusses from the technical and economic aspects the 
possibility of introducing electronics in telephone sets and reports 
the development at LM Ericsson in this field up to 1974. 

UDC 621. 395. 721: 
621. 38 

LME 822 
928 

The chief functions of a telephone set, 
as is known, are largely 

1. to close a DC loop connecting the 
subscriber to the exchange via the 
local cable, 

2. to generate coded signals repre­
senting digits and/or letters needed 
by the exchange machinery for 
setting up the connection, 

3. to convert electrical signals from 
the exchange into acoustic signals 
from the telephone set in order to 
attract the attention of the called 
party, 

4. to convert acoustic signals (speech) 
into electrical signals for transmis­
sion to the other party's receiver, 

5. convert the electrical signals back 
into audible speech. 

A future telephone set should therefore 
be able 

6. to generate code signals repre­
senting digits and letters for trans­
mission to computers and present 
the answers issued by the computer 
in visual and/or acoustic form to the 
subscriber. 

During the nearly one hundred years 
that the telephone set has been in use, 
functions 1—5 have been achieved by 
means of metallic springsets, magnetic 
circuits and carbon granules. 

The component which has permitted 
transmission of speech signals without 
amplification over considerable dis­
tances is the carbon transmitter which, 
besides converting the acoustic into 
electrical signals, at the same time in­
troduced amplification of 40—50 dB 
with a feed voltage of about 3—4 V. 

The next important step in the history 
of the development of the telephone set 
was taken in the twenties when the CB 
telephone set was equipped with a dial, 

which permitted the subscriber himself 
to transmit the coded signals for setting 
up of the connection. During the thirties 
an electrical hybrid circuit was intro­
duced which separates the transmitted 
and received signals from one another 
and balances them for optimal sidetone 
attenuation on connection of the 4-
terminal network to the 2-wire local 
line. 

The next step in the development came 
in the fifties when semiconductor de­
vices were introduced in the sending 
and receiving channels to adjust their 
sensitivity as function of the line re­
sistance and thereby compensate for 
variations in the sending channel in the 
local exchange and in the receiving 
channel in the telephone set. This com­
pensation of the local line attenuation 
is most simply done in the receiving 
channel. To achieve compensation in 
the sending channel is more complic­
ated owing to the DC supply loss of the 
carbon transmitter and its non-linear 
current-voltage characteristic. 

With the exception of the developments 
indicated above, active electronic ele­
ments such as vacuum tubes, transis­
tors etc. for improvement of the cha­
racteristics and/or reliability of the tele­
phone set have not been used to a 
great extent. The main reason for this 
has been economy, but also to a very 
great extent the limited DC power 
available in the telephone set. 

Electronic microcircuits, LSI (Large 
Scale Integration) components, both 
linear and digital, together with resis­
tors and capacitors in film technique, 
became of great significance in the 
design of telephone sets as from the 
1970's. This new technique, however, 
must prove its economic and mainte­
nance superiority compared with exist­
ing technique before it comes into use 
on a wide scale. An advantage of micro­
electronics for transmission, signalling 
and ringing is, of course, the almost 
complete freedom offered in the ex­
ternal design of telephone sets. Greater 
attention can be paid both to practical 
and aesthetic points of view. 

Existing exchange equipments and 
telephone sets have a fairly long life 
and several decades elapse 'fore a 
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new technique has become fully estab­
lished in a telephone network. During 
this time, therefore, the old equipment 
must be able to work together with 
units which have better and different 
characteristics. The manufacturing 
technique for today's telephone sets, 
moreover, is strictly rationalized and in 
some respects automatized, which 
means that the transition to a new tech­
nique will take a relatively long time 
and involve heavy investments both for 
manufacturer and user. Owing to these 
factors the introduction of electronics 
in the telephone set takes place only 
when the new technique has proved its 
operational and economical superiority. 

Electronic circuits and 
DC characteristics of the 
telephone set 
To allot to the subscriber's line as great 
a portion as possible of the permissible 
loop resistance and to give the tele­
phone set as low a resistance as pos­
sible during dialling, the DC resistance 
for a telephone set has traditionally 
been as low as possible, of the order of 
100—300 ohms. The direct currents 
needed to operate line relays etc. in 
existing systems are of the order of 
20—10 mA. With unchanged telephone 
set resistance these currents result in 
a working voltage of only 4—2 V for 
eventual electronics. 

In the borderline case there is practi­
cally no working voltage left after a 
polarity guard, if any, unless a circuit 
for voltage conversion of the direct 
current is introduced in the telephone 
set for feed of the circuits. 

An ideal voltage to drive the electronics 
would be 12—15 V. The voltage can be 
reduced to an order ot 5—6 V, apart 
from the addition for the polarity guard. 
The problem can be overcome by 
making use of the fact that the line re­
lay will hold to a much lower current 
than is required for its operation. By 
short-circuiting of the telephone set 
during the first 100—200 ms the func­
tion of the line relay on connection is 
ensured and a higher voltage drop can 
be allowed during dialling and trans­
mission. 

Dialling 
Frequency generation with 
analogue technique 

The component in a telephone set 
which necessarily requires active elec­
tronic circuits is the pushbutton audio 
frequency dial, in which each digit is 
characterized by two simultaneous fre­
quencies instead of the number of DC 
pulses corresponding to the digit dial­
led with a rotary dial. 

As is known, the following frequencies 
are recommended by CCITT: 

The frequency tolerances under all 
working conditions between + 50° C 
and — 30° C during the lifetime of the 
dial, and including manufacturing tole­
rances, must lie within ± 1.8%. This 
requires a careful choice of compo­
nents and temperature compensation. 

The oscillators for pushbutton dialling 
which have been used hitherto are of 
LC type. Figs. 1—3 show the LC oscilla­
tor at present made by L M Ericsson. 
The amplifier is an emitter-follower 
with a gain of < 1. The feedback circuit 
is connected between the base and 
emitter and the winding of the tuned 
circuit is connected inductively to the 
coil in the feedback circuit. To main­
tain the oscillation the transformer ratio 
between emitter and base must be > 1. 
To minimize the build-up time of the 
oscillator, magnetic energy is stored 
in the coil through the voltage drop 
which takes place across diodes V6— 
V7 when the handset is raised. The 
oscillator is connected directly to the 
line in the same way as the dial. 

The LC oscillator, however, has several 
disadvantages. The ferrite coils are 
physically fairly large and, in their at­
tachment, are mechanically sensitive 
to shock. The trimming procedure in 
manufacture is time-consuming and 
must be done manually, which prevents 
an automatic production technique. 

Fig. 1 

LC oscillator, circuit diagram 



Fig. 2 

LC oscillator, functional diagram 

As a consequence of the development 
of integrated linear amplifiers and film 
circuit technique, with the possibility 
of automatic trimming of resistances to 
a sufficiently high accuracy, the RC 
oscillator becomes attractive. Of the 
various film circuitries available the 
tantalum technique appears to be the 
most appropriate, since resistors and 
capacitors can be produced in anal­
ogue processes. Resistors and capaci­
tors in tantalum technique, further­
more, show great stability to aging; 
temperature compensation is achieved 
by matching the temperature coeffi­
cients for the resistors and capacitors 
to the same value but with different 
signs, which gives a temperature co­
efficient close to 0 for the necessary 
frequencies within the temperature 
range of interest. 

L M Ericsson's RC oscillator is shown 
in fig. 4. The oscillator consists of two 
identical amplifiers, each having a fre­

quency selective feedback network 
which is brought into oscillation at the 
desired frequency. The feedback cir­
cuit is a twin T resistance-capacitance 
network. The accuracy of the capaci­
tors is of an order of 2 % and the re­
sistors can be individually trimmed to 
0.1 % of their nominal value. The final 
trimming of the circuit is done by ad­
justment of a resistor in a given fre­
quency group, giving a final accuracy 
of all frequencies of an order of 0.3 %. 

Through a low-pass filter the feed cir­
cuit of the oscillator has been separat­
ed from its AC output. The oscillator 
amplifiers work with a voltage drop 
practically independent of the line cur­
rent, and determined by a suitable 
choice of diode resistance network. 
On a long line the main part of the line 
current passes through the diode re­
sistance network. With increased line 
current, base voltage arises in a cur­
rent regulating circuit which counter-

Fig. 3 
LC oscillator, connected in telephone set 
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acts the rise of voltage across the feed 
circuit of the oscillator. From the DC 
point of view the oscillator exhibits a 
variable resistance which on a short 
line draws more current than would a 
constant resistance. In this way one 
obtains a DC characteristic for the 
oscillator unit which is practically iden­
tical to that of the transmission circuit, 
so that the risk of transients owing to 
sudden change of a voltage drop on 
switching between telephone set cir­
cuit and dialling circuit is eliminated. 

The output impedance of the oscillator 
and the levels for the two frequency 
groups are selected individually and 
are entirely independent of the current 
regulating circuit. 

Frequency generation by 
digital technique 

The development of the MOS (Metal 
Oxide Silicon Gate) technique, result­

ing in digital counters and storage cir­
cuits of LSI type with extremely small 
power requirement for their function, 
opens the way to the solution of fre­
quency generation for pushbutton dial­
ling by using digital technique. 

The principle is shown in fig. 5. A crystal 
oscillator, with a frequency of 1 MHz 
passing through the two binary coun­
ters AD and BD, of which AD is a 10-bit 
counter and BD a 9-bit counter, gives 
the larger counter a division factor up 
1024. This results in a minimum fre­
quency of 976 Hz. For a 9-bit counter 
the corresponding division factor is 
512, giving a minimum frequency of 
1953 Hz. By adding an extra flip-flop 
in each output one obtains a division 
factor of 2, which results in minimum 
frequencies of 488 and 976 respectively. 
Through the gates GA and GB and 
pushbutton contacts each counter can 
be zeroed after four division factors 
within the range of the bit speed for 

Fig. 4 

RC oscillator, circuit diagram 

Fi oscillator amplifier, frequency group 1 
Fi oscillator amplifier, frequency group 2 
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each counter. In this way a frequency 
stability of 0.15 % is obtainable for the 
necessary pushbutton dialling frequen­
cies. 

The filtering of the output can be achiev­
ed in different ways, for example with 
a low-pass filter on each oscillator out­
put. With an active low-pass filter, three 
capacitors and three resistors, the 
overall distortion can be kept below 
5 °/o. The output level for the oscillator 
is then determined by the amplifier 
which connects the two oscillators to 
the line. 

The introduction of audio frequency 
pushbutton dialling systems, except in 
the USA, has hitherto taken place only 
on a limited scale. In parallel with field 
trials of audio frequency pushbutton 
dialling systems, decadic electronic 
pushbutton dialling systems for resist­
ance diode dialling have been tried out 
on a large scale by, among others, the 
Swedish Telecommunications Adminis­
tration. 

"Dial impulses" generated 
electronically 

The earlier mentioned development of 
the MOS technique has opened the way 
to electronic generation of DC pulses 
within the frequency interval 10—20 Hz, 
i.e. "dial pulses". The first generation 

of decadic electronic pushbutton dial­
ling units for generation of dial pulses 
were fed from a chargeable battery. 
The battery either received a continu­
ous charge, about 2 mA, during ringing 
(parallel charge) or, during conversa­
tion, from the line current of the tele­
phone set (series charge). The power 
requirement for the available binary 
storage and counting circuits has suc­
cessively diminished, so that push­
button units for dial pulses can be con­
structed today for feed from the line 
current with auxiliary current from a 
buffer capacitor (1,000—300 /(F). A 
block schematic of L M Ericsson's bat-
teryless electronic pulsing unit is 
shown in fig. 6. The frequency selective 
element of the oscillator unit consists 
of a 3-component RC network. The 
oscillator generates a square wave 
with frequency 20 kHz. The generated 
voltage pulses serve both as clock sig­
nal generator and feed voltage for the 
storage and logic unit. The feed voltage 
(approx. 15 V) is obtained through the 
fact that theoscillatorgenerator passes 
a 3-step cascade generator of diodes 
and capacitors. 

The storage and logic unit consists of 
code converters for conversion of 
pushbutton code to 4-bit binary code, 
four parallel working 20-bit shift regis­
ters for storage of up to 20 digits, a 
count-down chain for division of 20 

Fig. 5 
Frequency genera t ion for pushbu t ton dialling 

AD 10-bit counter 
BD 9-bit counter 
FFA Flip-flop filter, frequency group A 
FFB Flip-flop filler, frequency group B 
LPA Low-pass filter, frequency group A 
LPB Low-pass filter, frequency group B 

FFB 



Fig. 7 

Decadic elec tronic pushbu t ton dialling wi th 
transis tor switch (10—20 Hz) 

a "open circuit" current 0 
"short circuit" voltage drop approx. 6 V 

b "open circuit" current approx. 2 mA 
"short circuit" voltage drop approx. 2 V 

kHz to 10, 16 or 20 Hz, and logic for 
coordination of the desired frequency, 
pulse ratio and interdigit pause. 

In transmission position the capacitor 
C is charged to the working voltage of 
the transmission circuit. When a button 
is pressed, circuit B opens and the vol­
tage across the capacitor rises, so 
starting the oscillator. When a sufficient 
working voltage has been attained, the 
storage unit is zeroed by circuit F, after 
which the storage and counter unit re­
ceive the code from the pushbutton set. 
A is disconnected and the pulsing is 
carried out by circuit B on orders from 
H. The pulsing, which is done with a 
transistor switch, can either be carried 
out in accordance with fig. 7 a, in which 
case the "open circuit" current is 0 and 
the "short-circuit" voltage drop about 
6 V, or in accordance with fig. 7 b, in 
which case the "short-circuit" voltage 
drop is about 2 V and the "open circuit" 
current about 2 mA. The pulsing unit is 
connected to the telephone in exactly 
the same way as the conventional dial. 

Transmission unit 
The transmission quality of a telephone 
connection is entirely determined by 
the quality of the sending and receiving 
channel of the telephone set. Every 
effort should therefore be made to im­
prove their quality. 

The availability of microcircuit ampli­
fiers today offers the means for a great 
step forward in the improvement of the 
speech quality, both as regards speech 
level and naturalness. Conversation 
and listening tests have been carried 
out at different laboratories in the world 
in order to find the optimal range as 
regards transmission level. Studies 
have also been made of actual tele­
phone calls for the same purpose. Ex­
pressed in reference equivalents rela­
tive to NOSFER these studies indicate 
an optimum of 5 to 15 dB, to be com­
pared with the recommendation of max. 
36 to 40 dB. 

The future target set by several tele­
phone administrations for the overall 
attenuation between two local ex­
changes is 10 dB. Assuming the same 
balance between sending (SRE) and 
receiving (RRE) reference equivalents 
as recommended at present, the de­
sired values at the limiting line resis­
tance will be: 

Assuming the limiting line resistance to 
be 1,500 ohms (5 km 0.4 mm cable) with 
a weighted attenuation of 8.5 dB, the 
sensitivity of the set at the limiting line 
current will be 

Fig. 6 

Pushbu t ton dialling unit for decadic pulsing 
(10—20 Hz) 

A Break contact. Voltage drop max. 2 V 
B Pulsing and series control circuit 
C Buffer capacitor 
D Pushbutton selector 
E Oscillator — time base 
F Zeroing circuit 
G Shunt control circuit 
H MOS circuit 
T Transmission circuit 



Fig. 8 (left) 

Microphone amplifier with discrete component 

Fig. 9 (right) 

Microphone amplifier in integrated design 

Fig. 10 
The DIALOG has the transmitter and speech 
circuit placed within a common cover 

a Electronic speech circuit, non-encapsulated 
b Electronic speech circuit, encapsulated 
c Speech circuit with associated transmitter 

On change of the gain factor by 
5.6 •10 3 dB per ohm line resistance for 
both sending and receiving channels, 
the overall reference equivalent will be 
within the optimal range 5—15 dB, both 
during conversation between local sub­
scribers and on long-distance calls, 
with maximal loss of 10 dB between 
the local exchanges. This is on the as­
sumption that the telephone sets are 
equivalent. 

The relation between the average 
speech power in dBm and the sending 
reference equivalent in dB has been 
empirically found to be 

P = —SRE—7 dBm 

The mean speech power will thus be 
— 14 dBm with a standard deviation 
of ± 5 dB and a peak-to-peak factor of 
about 12 dB. 

To prevent speech clipping even at the 
maximum speech voltages the ampli­
fiers should transmit voltages up to 3 V 
free of distortion, which requires a 
working DC voltage for the amplifier 
units of 6 V. 

Transmitters of the future 

The goal of optimal transmission level 
for all subscribers can in practice not 
be attained with carbon transmitters. 
Linear microphones designed on dif­
ferent principles will in future be avail­
able for use in telephone sets. 

Among the types which may be con­
sidered are 

piezo-electric 
piezo-resistive 
semiconductor 
electret 
electromagnetic 
electrodynamic 

Of these various principles the electret 
appears to offer the greatest advan­
tages, both technically and economic­
ally, and is therefore being intensively 
studied by leading telephone manufac­
turers. Thorough experience of design 
and production exists, on the other 
hand, within the field of electromagne­
tic and electrodynamic microphone 

elements and these principles can 
therefore be put to immediate use. 

If the goal of optimal transmission level 
for all subscribers is to be attained, 
sensitivity control of the two directions 
of transmission is required, as noted 
earlier. This is desirable in order to 
avoid too high speech levels in the tele­
phone network, to reduce the risk of 
crosstalk, and to permit effective side-
tone attenuation and prevent acoustic 
feedback. This sensitivity control can 
be regulated either by variations in the 
direct current of the local line or by 
equipping the telephone set with auto­
matic level control, which both limits 
the outgoing speech signals and pro­
vides a constant sound level during re­
ception. 

The non-linear characteristics of the 
carbon transmitter, which prevent its 
detection of moderately high noise 
levels and limit the power at high 
speech levels, should also be noted. 
The necessity of simulating this power 
when using a linear transmitter with 
associated amplifier has been studied 
in conversation tests. The limited ad­
vantages revealed by these studies, 
however, do not appear to justify the 
complexity of such a design. The auto­
matic sensitivity control during recep­
tion may also have catastrophic conse­
quences in the event of line noise in 
combination with low speech levels. 

Figs. 8 and 9 show a solution adopted 
by L M Ericsson for sensitivity control 
of the sending channels. The change of 
sensitivity as a function of the line cur­
rent (line resistance) is determined by 
the value of the resistances R7, R8 in 
fig. 8, the voltage drop across which 
causes a variable attenuation in the 
network R1—D1 on the amplifier input. 

The placing of the sensitivity control 
circuit in the amplifier input ensures 
low output distortion. Furthermore, the 
control circuit does not affect the am­
plifier output impedance, which re­
mains practically constant at different 
line currents. 

Fig. 9 shows a further development of 
the sending amplifier designed for in­
tegrated fiim circuitry as regards am­
plifier elements and passive compo-



Fig. 11 

Electronic speech circui t , func t ional diagram 

Fig. 12 (left) 

Sending (SRE), receiving (RRE) and side tone 
reference equivalen t (SIRE) relative to NOSFER 
as function of length of line 

Cable = 0.4 mm 
R = 280 ohm/km 
C = 50 nF/km 
Feed 
48 V, 2X400 ohm 
48 V, 2x250 ohm 

Fig . 13 (right) 

Elec tronic speech circui t 

DC data as funct ion of l ine resistance 
Feed 
48 V, 2X400 ohm 

nents. This microphone amplifier to­
gether with an electromagnetic micro­
phone or electret microphone can be 
connected to existing types of induc­
tive transmission circuits for telephone 
sets. 

The mere replacement of the carbon 
transmitter by a linear microphone and 
amplifier admittedly brings an improve­
ment of quality. The cost of the im­
proved unit, however, will during the 
foreseeable future be considerably 
higher than that for the carbon trans­
mitter. This cost situation can, how­
ever, be essentially changed if available 
technique is used for replacement of 
all circuit elements for the transmission 
unit in the telephone set. On the basis 
of microphone amplifiers as in fig. 9, 
which in field trials have exhibited the 
expected satisfactory characteristics 
as regards transmission and mainte­
nance, an electronic speech circuit has 
been developed. In this speech circuit 
most of the amplifiers for sending and 
receiving have been collected together 
in a linear monolithic amplifier. The am­
plifiers are placed on a thick film circuit 
which contains the necessary resis­
tances for trimming and wiring. The 
necessary capacitor chips are also 
placed on the thick film circuit. As pro­
tection against mechanical and clima­

tic action the complete transmission 
unit is enclosed in an epoxy capsule. 

A problem which may be expected to 
arise in conjunction with the introduc­
tion of amplifier elements in telephone 
sets is the risk of detection of radio 
signals. This can be counteracted to 
some extent by electric decoupling of 
critical points in the amplifier. Further­
more, transmitter elements should be 
placed immediately adjoining the am­
plifier. In the design produced by L M 
Ericsson for the DIALOG telephone the 
transmitter and speech circuit (fig. 10) 
are placed in one unit and the complete 
unit can be easily screened against 
electromagnetic radiation. The speech 
circuit has been designed for use 
either of an electromagnetic micro­
phone or an electret microphone. In 
the case of an electromagnetic micro­
phone identical components have been 
chosen for transmitter and receiver, 
namely L M Ericsson type RLD 517. 

The functional diagram of the speech 
circuits is shown in fig. 11. Transmis­
sion data in the form of reference equi­
valent relative to NOSFER for sending, 
receiving and sidetone are shown in 
fig. 12. DC characteristics and tele­
phone set impedance will be seen in 
figs. 13 and 14, and the sending fre-
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quency characteristics in fig. 15 (elec­
tromagnetic microphone). Fig. 16 
shows the receiving frequency charac­
teristic. 

A transmission unit of this kind greatly 
improves the speech transmission qual­
ity with undistorted and almost equal 
speech signal irrespective of the length 
of subscriber line. The transmission 
data of the telephone set, furthermore, 
remain constant during the entire life 
of the set. Transmission values in the 
form of reference equivalents for send­
ing and receiving are such that the 
design of local networks can be sim­
plified. The length of local line and the 
line resistance are determined entirely 
by the signalling conditions of the ex­
change equipment as they are at pre­
sent. If the signalling conditions are 
maintained, the transmission data re­
commended by CCITT will be fulfilled 
with a good margin to spare. For tele­
phone sets with carbon transmitter the 
local line is usually designed to comply 
with the transmission characteristics of 
the telephone set, and conductor dia­
meters of 0.5—0.6 mm have had to be 
used for long local lines.Since theelec-

tronic speech circuit permits the use 
of conductor diameters of 0.4—0.32 
mm, considerable savings can be made 
in the expansion of new local networks 
if the possibilities of the electronic 
speech circuit are utilized. The elimi­
nation of the carbon transmitter, which 
at present is the weakest link in the 
telephone set from the maintenance 
point of view, has a favourable effect 
on the maintenance cost of a telephone 
set. 

Ringer 
The method of calling the subscriber's 
attention has hitherto been an electro­
magnetic bell. This bell can be replaced 
by an electronic ringer which produces 
the desired signal within the audio fre­
quency range. In the future it may be 
desirable to replace the present 20— 
25 Hz, 90—100 V ringing signal by sig­
nal voltages of other magnitude and 
type. This will require replacement of 
the electromagnetic bell. 

Electric tone calling devices have al­
ready been introduced to a certain ex-

Fig. 14 
Impedance of locaf network (0—2 km, 0.4 mm 

cable) 
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Fig. 15 (left) 
Frequency response, sending 

Fig. 16 (right) 

Frequency response, receiving 

tent, mainly for luxury telephone instru­
ments. The ERICOFON is an example 
of such an instrument. The cost of such 
devices has, however, not yet proved 
competitive compared with the ordina­
ry electromagnetic ringer. 

Figures 17 and 18 show two designs of 
tone calling devices which have come 
into commercial use. Figure 17 shows 
a circuit which for several years has 
been used in the DIALOG and which 
was introduced by the Norwegian Tele­
communications Administration. 

The active element in this tone ringer is 
for economical reasons the same as is 
used for sending amplification. The 
linear microphone (electrodynamic) is 
used in the on-hook position as a 
sound source for the ringer. The oscil­
lator is fed by the rectifier voltage 
across C4. The oscillation is produced 
by the feedback circuit for the receiver, 
i.e. the inductive transmitter, in parallel 
with the capacitor C5 and inductively 
connected to the transistor base 
through the induction coil T1. The 
oscillator is tuned for a frequency of 
around 2,500 Hz modulated by the 
ringing frequency. 

Figure 11 shows a tone ringer working 
as blocking oscillator. The on-off ratio 
is determined by the capacitor C1 and 
the audio frequency by capacitor C3 
and the inductance of the sound source 
(receiver). The audio frequency for 
signalling is around 1,800 Hz and the 
blocking frequency 10—15 Hz with a 
pulse-pause ratio 1—1. This solution is 
used in the ERICOFON. 

Summary 
Some of the electronic solutions have 
been described which can be used to­
day for the primary functions of the 
telephone set. When all of these func­
tions may come to use in one and the 
same set is, however, hard to predict. 
The different possibilities as regards 
dialling, transmission and tone ringing 
will probably be introduced gradually 
and separately in existing telephone in­
struments, initially for large-scale field 
trials in order to gain experience of the 
reliability of the circuitry and of sub­
scribers' reactions to electronic solu­
tions. 



Fig. 17 (left) 

Tone ringer with microphone amplifier in feed­
back circuit 

Fig. 18 (right) 

Blocking oscillator as tone ringer 

No mention has been made of the elec­
tronic solutions which wil l be required 
in future private and private branch ex­
change systems in the event that ana­
logue transmission is replaced by digi­
tal transmission of speech signals, 

with encoding and digital /analogue 
conversion in the actual telephone set. 
A descr ipt ion of the telephone set func­
tions concerned belongs logically to 
an account of these systems. 
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Coaxial Cable Systems: 
Operational Experience and 
Future Prospects 
Nils-Goran Englund 

It is now about ten years since the first transistorized coaxial cable systems 
were introduced. The design of these systems was very naturally influenced 
by the experience gained from valve-type systems, particularly as regards 
maintenance. 
Transistorized systems have, however, proved to be so reliable that a 
substantial simplification is possible. Changed economic conditions and 
development in network planning also influence the design of the coaxial cable 
systems of today. This article discusses the operational experience gained 
from existing systems and also gives some viewpoints regarding 
modern system design. 
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Valve-type coaxial cable systems re­
quire relatively comprehensive preven­
tive maintenance. When the first tran­
sistorized systems were discussed at 
the beginning of the 1960s, a certain 
amount of uncertainty prevailed con­
cerning several essential factors. There 
was insufficient information available 
about the life and ageing characteris­
tics of transistors. It was difficult to 
assess the amount of maintenance that 
would be required. The result was that 
transistorized systems were provided 
with test points, alarm and fault loca­
tion facilities to the same extent as in 
valve-type systems. Thus each buried 
dependent repeater was equipped with 
a test terminal strip above ground for 
checking the power feeding voltage, 
the regulation condition etc. A need 
was foreseen of equipment for inter-
modulation supervision and noise 
blocking at the terminal stations. 

L M Ericsson's first transistorized sys­
tem ZAX 300 had a capacity of 300 
channels (1.3 MHz). This was quickly 
followed by a 960-channel system (4 
MHz), ZAX 960. Experience from these 
systems resulted in certain modifica­
tions, all of which had been carried out 
when the 2700-channel system ZAX 
2700 (12 MHz) was introduced in 1968. 
Since then a large number of systems 
have been installed. The operation of 
the systems has been followed up very 
closely, and long-term tests have been 
made in cooperation with the Swedish 
Telecommunications Administration. 

The results of these investigations are 
discussed below. The requirements 
and objectives that a modern coaxial 
system must satisfy in order to achieve 
an economic optimum are also given. 

Reliability 
The first systems to be installed very 
naturally had a number of teething 
troubles. The most serious of these was 
that the amplifiers were damaged by 
induced overvoltages in connection 
with lightning strikes. Sweden is a 
country with a relatively moderate 
lightning intensity, but as the conduc­
tivity of the earth is very low, the 
cables and amplifiers are subjected to 
large stresses. 

Extensive tests were undertaken in 
order to arrive at an adequate protec­
tion for the amplifiers. The aim was that 
the electronic equipment should be able 
to withstand the same electric stresses 
as the cable. In the solution finally 
decided upon, the primary protection 
is provided by gas-type arresters that 
are supplemented by a secondary pro­
tection in the form of diode bridges. 
This protection satisfies all reasonable 
requirements. As an example it can be 
mentioned that a direct strike 12 metres 
from a dependent repeater did not 
cause an interruption of the traffic 
although some of the supervisory pairs 
in the cable were damaged. 

At the same time that the lightning 
problem was solved, a special classifi­
cation was introduced for the compo­
nents used in the line amplifiers. This 
classification is roughly equivalent to 
military specifications for similar com­
ponents. On the basis of the fault sta­
tistics for multiplex equipment that 
have been compiled by L M Ericsson it 
has been possible to calculate the ex­
pected reliability. This reliability, ex­
pressed in MTBF (mean time between 
failures), is estimated to be between 
800 and 1,000 years per one-way line 
amplifier. 

The reliability of the 12 MHz system has 
been kept under observation since the 
system was introduced in 1968. Hitherto 
only four amplifier faults causing traffic 
disturbances have been reported. This 
number is so small that any statistical 
calculations would be quite meaning­
less, but on the other hand this result 
is not incompatible with the calculated 
values of MTBF. Of the four faults that 
have been reported, three were the 
result of dry joints and the other was a 
transistor failure. 
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With a MTBF value approaching 1,000 
years per amplifier, breakdowns due to 
component failures can be expected to 
occur once every ten years on small-
core coaxial cable systems of 100 kilo­
metres. For purposes of comparison it 
may be mentioned that the number of 
cable faults in the Swedish long-dis­
tance network is approximately three 
per 100 km and year. Thus cable dam­
age is the predominant reason for 
breakdowns on coaxial cable systems. 
Consequently, as far as the reliability 
of a coaxial system is concerned, there 
is nothing to be gained by making the 
requirements for the electronic equip­
ment even more stringent. 

Equalization and regulation 
The deviations from the nominal levels 
that occur in a coaxial cable system 
can be divided up into two groups: 

— fixed deviations, which are ob­
tained because the gain of the line 
amplifier does not compensate the 
cable attenuation exactly 

— deviations that vary with time, main­
ly caused by the temperature varia­
tions of the cable, which give rise 
to attenuation changes of approxi­
mately 0.2 per cent per deg. C. 

The fixed deviations are corrected at 
the time that the coaxial system is in­
stalled. General purpose, manually ad­
justed equalizers (for example cosine 
or bump equalizers) or fixed, indivi­
dually constructed equalizer networks 
are used for this. The general purpose 
equalizers make possible a rapid ad­
justment of the level, but they are rela­
tively expensive. Fixed equalizer net­
works require more work at the instal­
lation stage, but they are very much 
cheaper. 

The traditional method of correcting 
the level deviations that vary with time 
is to utilize a pilot signal, the frequency 
of which lies above the frequency band 
of the transmitted line group. The level 
variations of the pilot signal are used 
for controlling an automatic regulating 
network which holds the output of the 
amplifier at a constant level. 

During recent years a number of alter­
native regulation principles have gain­
ed a certain degree of popularity, for 
example temperature control and re­
motely controlled regulation. 

With temperature control, the variations 
in ambient temperature are used for 
direct regulation of the gain. At first 
glance such a solution appears to be 
very attractive because the tempera­
ture variations of the cable are the main 

Fig. 1 
An amplifier must be able to func t ion under 
varying environmen tal condi t ions 
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causeof the level changes on the route. 
It is, however, technically complicated 
to utilize the cable temperature direct, 
and thus it is usual to include a tem­
perature sensing component in the 
amplifier. 

In order to protect the repeater hous­
ing against local temperature varia­
tions caused by rain, insolation etc., it 
should be buried completely, so that 
the lid is about 50 cm below the surface 
of the ground. However, burying the 
housing in this way would be disadvan­
tageous from the point of view of cable 
maintenance, and for this purpose it is 
extremely desirable that the coaxial 
tubes are readily accessible for testing. 
Consequently many administrations 
specify that the housing must be in­
stalled with the lid above the surface 
of the ground, see fig. 1. If temperature 
controlled amplifiers are to be used, it 
is not possible to utilize existing re­
peater housings when converting older, 
valve-type systems. Even if the housing 
is completely buried, there are certain 
restrictions that must be observed 
when carrying out the installation: 

— the cable and the repeater housing 
must be laid in similar ground 

— the cable must not be laid under 
bridges or in tunnels without taking 
special measures 

— the repeater housing must not be 
placed in a manhole. 

Apart from the above factors there are 
other disadvantages: 

— thermal equilibrium is not obtained 
in the housing until about five hours 
after the power has been switched 
on. This complicates the work in 
connection with the line-up of the 
system and is very inconvenient 
when faults occur. 

— the temperature in the housing is 
affected by the number of systems 
in operation. This means that if one 
system is installed initially and an­
other system is added later, the 
level of the first system must then 
be adjusted to compensate for the 
change in temperature. 

— it is doubtful whether temperature 
control, even under ideal condi­
tions, provides any economic ad­
vantage. 

Another way of carrying out the level 
regulation is to remotely control the 
amplifiers from the terminal stations. 
At the receive side the level of the in­
coming pilot is checked. Variations in 
the level are reported to the send side, 
which then transmits control signals 
to the regulating amplifiers. The big­
gest disadvantage of this method be­
comes apparent when the temperature 
variations in the cable are not the same 
over the whole of the pilot section (for 
example under bridges, in tunnels, or 
when the ground is thawing out). In 
such cases large level variations can 

Fig. 2 
Pilot regulation. 
12435 kHz is used as the main pilot. On long 
routes equipment for automatic regulation, 
controlled by the 308 kHz and 4287 kHz pilots, 
can be equipped at the terminal stations 



Fig. 3 

Level stability. 

Results of long-term tests, over a period o( 
one year, on a 240 km route. The temperature 
variation in the cable was ± 6 deg. C 

be obtained out on the route, despite 
the fact that the levels at the terminal 
stations are correct. This can give rise 
to an increase in the noise and a reduc­
tion of the overload margin. 

In the L M Ericsson ZAX 300 and ZAX 
960 systems all the line amplifiers are 
equipped with pilot regulation. In the 
ZAX 2700 system pilot regulation is 
usually provided only for the amplifiers 
at every fourth repeater, the remainder 
having fixed gain, in order to reduce 
the costs for the regulating equipment. 
Regulation at every fourth repeater is 
sufficient if the temperature variations 
are < ± 10 deg. C, which is the case 
in most countries, for underground 
cables. For special applications, for 
example if the cable is taken under a 
bridge and is subjected to large tem­
perature variations, the distance be­
tween pilot regulated repeaters can be 
reduced. 

Pilot regulation gives a reliable and 
flexible system. The efficiency of the 
system is then independent of the way 

that the cables are run and the exact 
siting of the repeaters. When conver­
ting from one system to another the 
existing repeater housings can be used 
without restriction. Long-term tests, 
which have been carried out on L M 
Ericsson's 12 MHz system in order to 
check the level stability, have given 
very good results. Measurements have 
been made regularly during the course 
of one year on a 240 km route, equip­
ped with two systems. On one of the 
systems only the main regulating pilot 
12435 kHz was used. On the other sys­
tem the terminal stations had been 
provided with equipment for automatic 
regulation controlled by the pilots 308 
kHz and 4287 kHz, see fig. 2. 

During the course of the tests the 
maximum deviation from the nominal 
level at the mean temperature was as 
shown in fig. 3. The system with one-
pilot regulation showed a maximum 
variation approaching ± 0.7 dB. This 
value was reduced to ± 0.4 dB if three-
pilot regulation was used. 

Fig. 4 

Noise. 
Test results from a 240 km route. The system 
was loaded with white noise with a power 
equivalent to —15 dBmO/channel 

p. intermodulation noise 
p thermal noise 



Fiftieth Anniversary of Ericsson Review 
SIGV. EKLUND 

The need for a company journal designed to serve as mouthpiece for the L M Erics­
son Telephone Company and for the subsidiary companies of the Group had been 
discussed already in the early twenties. In 1924 the thought was realized through the 
issue of the first number of "The L. M. Ericsson Review". 

Fifty annual volumes of the journal have now been published. The following brief 
notes about its life and different forms during half a century may perhaps be of in­
terest. 

The first years, 1924—1932 
"The intention of this journal is to 

spread a knowledge of the work done by 
the company and its associated enter­
prises and to form a link between the 
latter and the parent company." 

These lines are taken from the intro­
duction to The L. M. Ericsson Review — 
Tidskrift for Allmdnna Telefonaktiebola-
get L. M. Ericsson, when the new journal 
issued its first number in Swedish in 1924. 
Apart from an article on "the develop­
ment and present size of the L M Erics­
son Group", there was a 10-page descrip­
tion of the company's automatic 500-line 
selector system, illustrated by a few pho­
tographs of the recently opened automatic 
exchange in Rotterdam, one of the first 
major exchange equipments to be deliv­
ered up to that time. 

As appeared from the description of 

the Group the company had already 
branched out in a number of directions. 
With its manufacturing companies, oper­
ating companies, sales and installation 
companies, and an extensive chain of 
agents, it formed a worldwide network. A 
Swedish-language addition alone could 
not fulfil the purpose of being an informa­
tion medium for an international reader­
ship. From the start, therefore, English 
and Spanish editions were issued with the 
same content as the Swedish. The need to 
make the journal available within other 
language areas led in 1927 to the addi­
tion of French and German editions. 

The object of the journal, as formu­
lated in its first number, was realized 
through articles describing the company's 
products and through the news items and 
brief articles informing about various 
aspects of the company's life — orders 
received, installations carried out, and 

SIGV. EKLUND, DHS 
Editor of Ericsson Review 1943—1972 

also biographical data. Naturally a large 
number of the articles at that time were 
concerned with the field of automatic 
telephony. LM Ericsson's 500-line system 
had then started its triumphant march 
across the world. Apart from automatic 
telephony, general telephone equipment 
design and the telephone conditions on 
foreign markets, many articles were de­
voted to the description of telecommuni­
cation plants of different kinds, and also 
railway interlocking and signalling plant. 

Reorganization of the journal 
in 1933 

The contents of The L. M. Ericsson Re­
view at that time had to a fairly large ex­
tent consisted of purely theoretical ar­
ticles, as was especially noticeable after 

The first number of The L.M. Ericsson Review Ericsson News started in 1927 as a separate news sheet 

I 



L. M. Ericssons 
Nya Te le fonappara ter 

//i /9_?5 (i radical change was made in the entire journal, which was given a more modern form 

material of a more general nature was in­
troduced as from 1927 in Ericsson News. 
It was therefore questionable whether its 
emphasis at that time was consistent with 
its original object. This, in conjunction 
with the considerable cost increases, 
called for a review of the company's pub­
lication. After the composite number 4/6 
1932 no further number was issued during 
that year. Attention was instead concen­
trated on preparations for reorganization 
of the journal. 

What appeared especially to have been 
lacking in The L. M. Ericsson Review was 
articles of acquisition value for sales. It 
was considered that a new journal should 
contain, for example, popularly written 
descriptions of new products, descriptions 
of interesting plants, popular articles on 
telephone operation, notices of major 
orders within the Group, and also bio­
graphical data and advertisements of 
Ericsson products. An impartial, chiefly 
technical, publication accompanied by 
news items was the goal to be aimed at. 

The planned reorganization, however. 
had as its object not merely a partially 
new editorial programme but also a reduc­
tion of costs, and at the same time a typo­
graphical metamorphosis. It was found, 
for example, that a tidying up of the typo­
graphy could lead to an improved eco­
nomy as a result of better use of paper 
and reduction of the typesetting costs. 

After the half-year pause in its publica­
tion the journal came out again in 1933 in 
a new and considerably more modern 
form. Product and plant descriptions now 
dominated the contents and an editorial 
innovation was resumes of the contents of 
the simultaneously started publication 
Ericsson Technics. The latter formed a 
separate organ for the purely scientific 
material which had been published in The 
L. M. Ericsson Review prior to the re­
organization, and was intended to present 
a representative picture of the scientific 
development work of the Group. 

THE 

L.M, ERICSSON 
REVIEW 

Purely typographically The L. M. Erics­
son Review appeared in 1933 as a new 
journal. The cover, with the name printed 
in display colour, contained a full-page 
photograph with a motif associated with 
the work of the Group. Gothic type was 
introduced in headings and ingresses, the 
illustrations were adapted to the type page 
width, three-column type and smaller size 
of type started to be introduced for less 
important material. 

During 1934 the same course was fol­
lowed both as regards content and typo­
graphy, but in 1935 new changes were 
made, chiefly for cost-saving purposes. 
The 2- and 3-column type was replaced 
by a single broad double-column page 
with a single-column margin on the left 
for illustrations. The size of illustrations 
was also standardized to three formats: 
width of illustrations column, width of 
text column and type page width. 

The war years 1940—1945 
As from the outbreak of war in 1939 

the situation for the company's journals 
quickly changed. Ericsson Review for the 
last quarter of the year, however, was 
issued in all languages. In the following 
year, 1940, the situation was such that 
four numbers were issued in Swedish 
alone, but supplemented somewhat later 
by two Spanish numbers which contained 
the chief contributions from the four 
Swedish numbers. This procedure, which 
was used in order to some extent to cater 
chiefly for the South American markets, 
was repeated in the 1941 volume. 

Apart from the fact that the paper 
situation necessitated a reduction both of 
quantity and quality of printing paper, the 
journal was issued as usual in its Swedish 
edition during the war years. 



Fire-Alarm Installation in the 
Samaritaine Stores at Paris 

In 1935 Ericsson Review was given the appearance which it has largely retained until 1974 

With the end of the war in 1945 the 
issue of foreign editions was resumed, but 
not to the same extent as before the war. 
The German and French editions were 
shelved pending the return of normal 
conditions. The long break in publication 
of the English edition made it advisable to 
collect some of the articles published 
during the war in a composite English-
language edition in 1945. A similar com­
posite number was issued in supplementa­
tion of the normal Spanish edition. 

Owing to the stoppage of the flow of 
technical information concerning the 
company's activities during the war years 
and to the positive attitude to the compo­
site numbers issued in 1945, the 1946 
English and Spanish editions as well were 
increased by two numbers each. 

The German edition was not resumed 
until 1950, the French edition not until 
1964. The publication of foreign language 
editions was then the same as before 1940. 

Ericsson News — a news sheet 
At an early stage it was considered that 

the interests of the company and of the 
readership would not be fully met within 
the normal scope of the journal and with 
the previous frequency of publication, 
usually six double numbers per annum. 
After the first three annual volumes, 
therefore, it was decided to add to Erics­
son Review a separate news sheet which, 
under the name Ericsson News, would be 
published once a month. This should 
contain brief notices concerning orders 
and deliveries of major interest, and data 
concerning the activities and development 
of the company and its associated enter­
prises. 

The new Ericsson News was published 
for the first time in April 1927 and distri­
buted to all who had hitherto received The 
L. M. Ericsson Review, but also to per­
sons and institutions who might be as­

sumed to be interested in brief articles and 
notices concerning the activities of the 
Group. Owing to the heavy rise of costs 
and the serious crisis for the company 
in 1932, Ericsson News was discontinued 
for the time being. 

At the end of the thirties the need to 
distribute general news material concer­
ning the Group again came to the fore. 
The thought was therefore brought up 
again, this time in the form of four pages 
in the Swedish edition of Ericsson Review, 
of creating a "journal within the journal". 

The resumed news sheet, however, 
came to a stop again with the outbreak of 
war in the autumn of 1939. To quote 
from No. 4/1939: "In view of the present 
world situation and the necessity of not 
spreading news of Swedish industry's 
deliveries and activities in other respects, 
it has become difficult to make the con­
tents of Ericsson News as comprehensive 
as would be desirable. As the journal can 
therefore no longer fulfil its function of 
being of use to its readers, its publication 
will cease for the time being." 

The much tried 4-page news section 
could be reintroduced in 1952, this time 
under the name Ericsson News Through­
out The World, later changed to Ericsson 
News. To a large extent it was edited on 
the same principles as its predecessors, 
even if typography and illustrations were 
changed to meet the demands of the time, 
and was introduced in all language edi­
tions. The limited space now necessitated, 
as before, a considerable sifting of the 
contents, in which a fairly abundant illus-
trational material from the working life 
of the Group had also to be given space 
as a counterweight to the other more tech­
nical content. 

The goals and their realization 
The goals of Ericsson Review, to which 

the name was simplified after "The L. M." 
had been discarded in 1935, had from its 

I I I 



start in 1924 been those which are set out 
in the introduction to this article. It was to 
be a technical journal comparable to any 
other good technical publication, but lim­
ited to the subject-field and sphere of in­
terests associated with the activities of the 
Group. 

The editorial pattern and layout which 
the journal received in broad outline after 
the radical reorganization in the thirties 
have been mainly retained, as this appear­
ed best to correspond to its purpose from 
functional and economical aspects. Minor 
adjustments have naturally been made in 
the course of the years, but the journal 
has retained its character with but little 
influence from changes of typographical 
mode. 

In its contents the journal has come to 
reflect in the course of the years the 
Group's development work and results 
in the form of equipment and system de­
sign. The articles of earlier volumes con­
cerning the 500-line selector system have 
been followed by articles concerning in­
creasingly complicated telephone ex­
change systems. The subject-group which 
may be said to have been introduced as 
early as No. 2/1933 of the journal, with 
an introduction to L M Ericsson's carrier 
systems, has recurred increasingly often 
in the list of contents in step with the 
development of carrier telephony. 

Many articles in Ericsson Review can 
hardly be said to be light reading. The 
reason is that a technique which in time 
has becoming increasingly complicated 
demands special knowledge in order to 
be understood, a knowledge which even 
the technically fairly well oriented reader 
often lacks. The articles are, however, di­
rected to specialists within our circle of 
customers and are therefore not only de­
fensible but inevitable if the journal is to 
correspond to its renomme. 

Authors of Review articles have been 
mainly members of the Group staff, who 
naturally possess the greatest knowledge 
concerning its products and systems. Ar­
ticles from outside sources, especially 
among our customers, have however been 
welcome owing to the impartiality which 
may be expected in a writer from outside 
the Group. It may be desirable to point 
out that contributions also from members 
of the staff have never been allowed to 

At the end of the thirties News became a 
"journal within the journal" 

deteriorate into a one-sided eulogization 
which might damage the sound technical 
reputation the journal has attempted to 
create for itself. 

Production, technique and sales are so 
many-faceted within the telecommunica­
tions field, and the spheres of interest re­
presented by different groups of the read­
ership are so different, that one number 
could not possibly give all readers the 
technical content that would be desirable. 
The editor's task has had to be limited to 
providing in the long term a successive 
technical flow of information which ex­
tends through the annual volumes. 

In this task of judging readers' reactions 
the editor of a journal with mainly free 
distribution is only partially able to draw 
upon the signs which increases or reduc­
tions of circulation otherwise give. The 
reactions of other kinds which spontane­
ously come to the hearing of the respons­
ible publisher, authors or the editor are 
also few in number. It is therefore difficult 
to say whether Ericsson Review has fully 
succeeded in its task. It is, however, un­
deniable that a perusal of the 50 volumes 

Ericsson News, after its stoppage in 1939, 
was reintroduced—now under the name 
"Ericsson News Throughout The World" and 
with three text columns 

provides rich information concerning the 
colossal advances that have been made 
within telecommunications during half a 
century. It also gives a picture of a com­
pany that is indefatigably moving ahead 
within its field. If the readership has the 
same opinion, part of the goals will have 
been achieved. 
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The total cable attenuation of the 240 
km route is approximately 2000 dB at 
12 MHz. The temperature variation, 
which during the tests reached ± 6 
deg. C caused a variation of the cable 
attenuation of ± 24 dB. Thus this varia­
tion was compensated so accurately 
that the residual error was only ± 0.4 
dB. As far as is known, such a good 
level stability has never before been 
achieved on any coaxial cable system. 

Noise and intermodulation 
As a basis for the design of transmis­
sion systems, CCITT has recommend­
ed that the total noise contribution 
from a hypothetical reference circuit of 
2,500 km shall not exceed 10,000 pW. 
Of this the noise contribution from the 
line equipment shall not exceed 7,500 
pW, which is equivalent to 3 pW/km. 

Modern transistorized systems are de­
signed to satisfy this requirement with 
a good margin. Measurements made 
on L M Ericsson's 12 MHz system 
shows a noise contribution that increa­
ses up to approximately 1 pW/km in the 
worst channel, see figs. 4 and 5. 

Several administrations, particularly in 
countries with long system lines, now 
specify very much lower noise contri­
bution values than 3 pW/km, and in 
many cases these more stringent re­
quirements are fully justified. It is, how­
ever, unfortunate if the noise contribu­
tion from a coaxial system is used as 
the most important measure of the sys­
tem quality. 

Optimization of a system means striking 
a balance between conflicting objec­
tives. It is not at all certain that the best 

Fig. 5 
Noise as a function of the level for four 
different frequencies 
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solution will give the lowest noise con­
tribution, for example, for the following 
reasons: 

— in order to increase the margin to 
the overload limit it is desirable to 
keep the nominal level out on the 
line as low as possible. This na­
turally leads to an increase in the 
thermal noise in relation to the sig­
nals, but on the other hand it re­
duces the risk of overloading, 
which is an advantage, for example 
when data is to be transmitted over 
a large number of channels. 

— a low nominal level also gives low 
intermodulation noise, which is im­
portant when transmitting signals 
with high-level discrete frequen­
cies, for example television and 
video telephony. 

Maintenance, supervision 
and fault location 
A characteristic feature of modern 
coaxial systems is their very high re­
liability. Preventive maintenance has, 
in the main, been eliminated. This 
means that an ever increasing number 
of stations can be unattended. 

The faults that do occur, and which are 
mainly the result of cable damage, can 
have very serious consequences be­
cause of the large number of circuits 
involved. Traffic disturbances can how­
ever be limited by taking various meas­
ures when planning the long distance 
network, for example by 

— building up a mesh-shaped network 

— dividing up the routes on several 
different paths 

— routing basic groups or whole line 
groups over the standby routes. 

When a fault occurs, an alarm is ob­
tained that points out the part of the 
equipment that is faulty. Alarms at un­
attended stations are transmitted to 
the control station for the route. On 
the basis of the information obtained, 
standby routes are connected up either 
manually or automatically. 

Bearing in mind the very few failures 
that occur on transistorized equip­
ment, the maintenance staff's know­
ledge of the system construction and 
function is likely to be less than in the 
case of the corresponding valve-type 
systems. It is therefore important that 

Fig. 6 
Relative route construction cost. 

The calculations have been made for a 100 km 
route with a 6-tube cable 
N = normal coaxial cable (2.6/9.5 mm) 
S = small-core coaxial cable (1.2/4.4 mm) 

repeater equipment 
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the fault locating equipment is a simple 
and reliable as possible. 

then be undertaken at a suitable time 
when there is very little traffic. 

In the LM Ericsson 12 MHz system, 
a d.c. method is used for locating cable 
faults. The faulty repeater section is 
indicated on an instrument at the 
power feeding station. Faults in the 
repeater equipment are located with 
the aid of oscillators, one of which is 
included in each repeater housing. 
Each oscillator transmits an individual 
frequency. 

Equipment faults are cleared by fitting 
a spare unit in place of the faulty one. 
Cable faults can be repaired temporari­
ly with the aid of special rapid connec­
tion devices, which connect through 
the coaxial tubes in the damaged 
cable. The final permanent repair can 

Economic aspects 
At the time of valve-type systems there 
was a balance between the cost of the 
electronic equipment and the cost of 
the cable in a coaxial system. With the 
introduction of transistorized systems, 
however, the cost of the electronic 
equipment was drastically reduced. 
Developments in the field of electronic 
components during the last ten years 
has made possible even further price 
reductions, whereas cable prices and 
the cost of laying cables has by and 
large risen in step with the general in­
crease in prices. This development 
shows that, from an economic point of 
view, an optimum result is obtained by 

Fig. 7 
Relative route construction cost per circuit. 
(The same prerequisites as in fig. 6.) 
N = normal coaxial cable (2.6/9.5 mm) 
S = small-core coaxial cable (1.2/4.4 mm) 

repeater equipment 

cable 



utilizing the cable for even larger sys­
tems. Nowadays {he normal coaxial 
cable (2.6/9.5 mm) is justified only for 
60 MHz systems. 

Small-core coaxial cable (1.2/4.4 mm) 
is very suitable for 12 MHz systems and 
even for 4 MHz systems when the 
traffic requirement is limited. On the 
other hand it is very doubtful whether 
it will be possible to justify 1.3 MHz 
systems in the future. 

Fig. 6 shows a comparison of the route 
construction costs for different coaxial 
cable systems. The calculations have 
been carried out for a line section of 
100 km with normal and small core 
coaxial cable respectively. The cost of 
the cable and the laying costs have 
been included and also the cost of the 
repeater equipment and its installa­
tion. The distribution of the route con­
struction costs per circuit kilometre is 
shown in fig. 7. 

The change to transistorized coaxial 
systems also resulted in a substantial 
reduction of the operational and main­
tenance costs. Power consumption fell 
by more than a power of ten, preventive 
maintenance was eliminated and repair 
costs were reduced. All in all the direct 
operational and maintenance costs for 
transistorized systems constitute only 
about 5 % of the corresponding costs 
for valve-type systems. 

The future of coaxial 
cable systems 
Coaxial systems and radio-relay links 
have been the dominating transmission 
media in the long-distance network for 
telephony for very many years. This 
development can be expected to con­
tinue for another ten years or so, before 
digital systems with high capacity have 
left the experimental stage and become 
commercially competitive. Naturally 
for certain applications satellites and 
sea cables are attractive alternatives, 
but quantitatively these are not so im­
portant. 

The choice between coaxial systems 
and radio-relay links is influenced by 
a number of factors. As a general rule 
radio-relay links have the advantages 

that the route construction costs are 
lower and the time needed to install 
them is less. On the other hand the 
coaxial cable alternative provides the 
possibility of successively increasing 
the number of circuits by converting to 
larger systems. The cables that were 
originally intended for 4 MHz systems 
(960 circuits) have proved to be satis­
factory for 60 MHz systems (10,800 cir­
cuits). The long life of coaxial cables, 
the conversion possibilities, their re­
liability and the low maintenance costs 
makes for a very competitive annual 
cost per circuit. 

Even the traditional "radio-relay link 
countries" have begun to evince an 
increasing interest in coaxial systems 
during recent years. Contributory rea­
sons for this are that 

— the traffic requirement on certain 
routes is so great that the capacity 
of radio-relay links is insufficient 

— the frequency bands that are allo­
cated for radio-relay links are al­
ready exploited to such a high de­
gree that the introduction of further 
radio-relay links is becoming in­
creasingly difficult. This applies 
particularly in the vicinity of most of 
the large cities and towns in the 
world. 

The coaxial cables that are installed 
represent a very large capital invest­
ment, and there are very strong rea­
sons for increasing their capacities 
even further. Investigations that have 
been undertaken recently indicate that 
the existing tube construction can be 
used for frequencies well above 60 
MHz. Preliminary investigations of sys­
tems with bandwidths in the region of 
150 to 200 MHz are going on in several 
countries. Another alternative, which 
appears to be promising, is to intro­
duce digital coaxial systems with high 
capacity. This development line is 
favoured by a general tendency to­
wards the digitalisation of telephony. 
A digital system with a capacity in the 
order of 1 Gbit/s (equivalent to roughly 
15,000 telephone channels) can be­
come a reality within 10 years. Com­
pared with waveguides and optical 
fibres such a coaxial system should 
prove to be extremely competitive. 
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Automatic Transmission Measuring 
Equipment, ATME 2, for International 
Telephone Circuits 
Arnold Soderberg 

LM Ericsson started ten years ago to manufacture the automatic transmission 
measuring equipment described in Ericsson Review',2 7963. It is made 
in two models, ATME 1 for international circuits and ATME N1 for national. 
As a result especially of the experience gained with ATME 1 and of new 
technical depelopments, CCITT have drawn up new recommendations for 
an automatic transmission measuring equipment for international circuits, 
ATME 2. LM Ericsson have been represented on the working group concerned 
within CCITT and have since developed ATME 2 in accordance with these 
recommendations3. ATME 2 has considerable advantages over ATME 1. 

UDC 621. 317. 799: 
621.395. 126 

LME 8076 
1548 
1001 

Fig. 1 

Transmission measuring equipment ATME 2 
with directing and responding equipment Type 
a on the left-hand rack. On the right-hand 
rack exchange interlace equipment and 
responding equipment Types b and c. On the 
rack to the rear, individual test block for 
individual selection in ARM. Tape punch, 
tape reader and typewriter are used as 
input/output devices. 

The need for automatic measurement 
of transmission characteristics on in­
ternational circuits becomes more 
acute with the rapid increase of inter­
national traffic. A number of administra­
tions have already experienced through 
ATME 1 the considerable technical and 
economical advantages provided by 
such a measuring equipment. Com­
pared with ATME 1, ATME 2 offers the 
following significant advantages among 
others: 

— the signalling system for communi­
cation between directing and re­
sponding equipments is less sensi­
tive to disturbances. The signalling 
functions partly on the compelled 
sequence principle and the fre­
quencies of system No. 5 are used. 

— the absolute noise value can be 
measured instead of merely setting 
a threshold which indicates accept/ 
reject. 

— the speed of attenuation and noise 
measurement is five times greater, 
so that three sets of circuit measure­
ments can be made per minute. This 
reduces the circuit occupation time 
and the entire measurement pro­
gram can be carried out more 
quickly. 

— TASI circuits and circuits contain­
ing echo suppressors can be 
measured. 

— ATME 2 can be called up by a 
maintenance centre from which it 
can be controlled and to which the 
results of measurements can be 
transmitted. 

— three stores for individual line data 
have been introduced which, among 
other things, increase the measure­
ment capacity. 

The speed has been achieved through 
the use of electronic equipment. The 
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Fig. 2 

Directing and responding equipment of ATME 2. 
Directing equipment is required at the 
exchanges from which, and responding 
equipment at the exchanges to which, 
measurements are to be made. The arrows 
indicate the direction of connection for 
measurement. 

sole exception is the interface unit for 
the international exchange, which is 
based on conventional relay technique 
in order to be able to interwork with 
the exchange equipment in the most 
suitable way. 

ATME N1 and N2 for 
national networks 
L M Ericsson have also delivered auto­
matic transmission measuring equip­
ment ATME N1 for national networks. 
A more advanced equipment called 
ATME N2 is at present being designed. 
It will contain the same measuring de­
vice as ATME 2. In national networks 
it is necessary to be able to make re­
mote-controlled measurements of cir­
cuits proceeding from another ex­
change, which is possible with ATME 
N2. The corresponding need does not 
exist in the international network. This 
fact, and the circumstance that R2 
signalling frequencies are used in the 
national variant, constitute the main 
differences between ATME 2 and 
ATME N2. 

Operation and measuring 
facilities, ATME 2 
With ATME 2 attenuation measure­
ments can be automatically made at 

400, 800 and 2,800 Hz, noise measure­
ments on the absolute value principle, 
and certain line signals and busy flash 
signals can be tested. The measure­
ment program and line data are fed 
into ATME 2 from an electrical type­
writer and tape reader, whereas the re­
sults of measurements are recorded 
on an electrical typewriter or tape 
punch (fig. 1). 

Measurements of circuits between two 
international exchanges are made with 
a directing equipment in the exchange 
from which the measurements are pro­
grammed and where the results are re­
corded, and with a responding equip­
ment at the remote exchange (fig. 2). 
If ATME 2 is to be used for measure­
ments both of outgoing and incoming 
circuits, it is provided both with direc­
ting and responding equipment. Other­
wise it is equipped solely for the meas­
urement task in question. The directing 
and responding equipments are there­
fore designed to work entirely indepen­
dently of one another. They can be 
placed on separate racks and in sepa­
rate exchanges. 

Directing equipment 

Input and output units I/O (fig. 3) are 
included in the directing equipment for 
input of measuring programs and out-
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put of the result. There may be two 
groups of such devices and each group 
can incorporate an electrical type­
writer, a tape reader and, if desired, two 
tape punches. One group of devices 
can then be directly connected and the 
other group placed centrally and con­
nected via modem. CCITT's alphabet 
no. 5 is used for communicat ion in both 
direct ions. 

The typewriter is used for input of data 
common to all circuits and for printed 
output of the results. Input of circuit 
and route data is done with the tape 
reader. 

One tape punch is used for recording 
of the results of measurement and the 
other for recording of input data for 
circuits which have been engaged too 
long and were therefore not available 
for measurement. The tape from the 
latter punch can be inserted in the 
tape reader for input, whereupon these 
circuits are reintroduced into the meas­
uring program. The interworking be­
tween I/O units and the direct ing equip­
ment is control led by the interface IOG. 

The logic unit IOL is in charge of input, 
recording and output of data. The logic 
process in IOL and the transfer of data 

Fig . 3 

ATME 2, block schema t ic . Direc t ing and 
responding equipmen ts connec ted to 
exchanges o t type ARM. 
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are controlled by a microcomputer 
MPC which has a fixed program. The 
program store has a maximum capacity 
of 4,096 instructions and is extendable 
in modules of 256 or 512 instructions. 
Data from I/O units are converted in the 
interworking unit IA from series to par­
allel form and thereafter recorded in 
the stores. A store STR 4 is intended 
for common data for the circuits to be 
measured. There are also three stores 
STR 1—3 for individual circuit data, 
which means that three circuits can 
be recorded simultaneously. This in­
creases the measurement capacity and 
reduces the number of circuits which 
must be remeasured owing to their 
being engaged, as will be explained be­
low. When data for a circuit have been 
read into a store, an attempt is made to 
connect to this circuit. If it is engaged, 
an attempt is made with another circuit 
recorded in the next store. If this cir­
cuit as well is engaged, an attempt is 
made with the third circuit. Data for 
engaged circuits are left in the stores 
for 15 min, except in the case when all 
three circuits are engaged simultane­
ously. In the latter case the time is re­
duced to between 0 and 9 min. The 
time can be programmed according to 
local requirements. 

Noise measurement is done during 
heavy traffic periods, during which the 
increased measurement capacity is 
especially advantageous as it reduces 
the number of circuits which must be 
reintroduced into the measuring pro­
gram on account of their having been 
engaged too long. 

The results of the measurements are 
recorded in the particular store which 
holds the input data of the circuit. The 
output of data to the output units is con­
trolled by the microcomputer MPC 
which forms part of IOL. For the cir­
cuits which have been accessible for 
measurement the result is delivered to­
gether with the identity numbers of the 
circuits. For non-accessible circuits in­
put data are delivered on punched 
tape. The tape is used in a new attempt 
at measurement. 

In conjunction with printout the time 
must also be indicated. This is read 
from a calendar unit CAL which deli­
vers particulars of month, day, hour 

and minute. CAL is set to the correct 
time from the typewriter and a check 
recording is obtained. 

The logic unit MLU for control of the 
measuring and signalling sequence re­
ceives the information stored in the 
various stores and thereafter transfers 
the necessary data via an interface unit 
EXA to the exchange for connection to 
the circuit concerned, control of meas­
uring and signalling sequences, and 
transfer of the measurement results to 
the stores. MLU interworks with other 
units via an interworking unit IB con­
sisting of test and control devices. The 
logic process in MLU is controlled by 
a microcomputer MPC. The microcom­
puter is of the same type as that in 
IOL, but is in this case programmed for 
control of the logic process in MLU. 

Measurements are normally made on 
the assumption that the nominal loss of 
the circuit is 0.5 dB, but other nominal 
values of loss may naturally occur in 
practice. The actual loss of the circuits 
must then be fed into a store in the di­
recting equipment, in which case the 
measured values are not recorded un­
til they been adjusted by the arithmeti­
cal unit ARU in MLU. 

The performance of the measuring de­
vice MDU is dealt with below and the 
principle of its structure is described 
later under a separate heading. 

MDU is all-electronic and its compo­
nents and circuitry have been selected 
for high rapidity, accuracy of measure­
ment and reliability. For instance field 
effect transistors are used for the step­
wise connection of pads during com­
parative measurements. A measure­
ment of attenuation at one frequency is 
carried out, for example, in max. 170 
ms as compared with CCITT's recom­
mendation of max. 500 ms. 

Attenuation measurements can be 
made at 400, 800 and 2,800 Hz. The 
send level, which is nominally +2 dBm, 
can be adjusted within an accuracy of 
± 1 mB. The nominal level on the re­
ceive side is — 9 dBm with upper and 
lower measurement limits of — 3.9 and 
— 18.9 dBm. 

For noise measurement the speech 
channel is terminated at one end with 



600 ohms and the absolute value of the 
psophometr ical lyweighted circuit noise 
is measured at the other end. The re­
ceiver on the measuring side has a 
nominal level of — 9 dBm with upper 
and lower measurement limits of 
— 39.0 and — 74.0 dBmp. 

Should the result of any of the meas­
urements fall outside the limits, this is 
indicated to the control equipment 
with corresponding printout as a result. 

The circuit to be measured is con­
nected to the connect ing unit CRU via 
the exchange interface unit EXA. Un­
der the control of MLU, CRU connects 
circuits as required to the measuring 
device MDU or to tone generators TG 
and code receivers KMT. All measure­
ment paths are connected through cov­
ered relays with mercury-wetted con­
tacts. 

Tone generators TG and code receivers 
KMT are used for signall ing between 
the direct ing and responding equip­
ment after receipt of an answer signal 
from the responding equipment. The 
frequencies of signall ing system no. 5 
are used, but the signall ing scheme is 
specif ic to ATME. The logic process of 
the signall ing is entirely control led by 
MLU, while TG and KMT merely con­
trol the sending and receiving of the 
signal frequencies ordered. 

The exchange interface unit EXA con­
nects ATME 2 to the international ex­
change, which may be of different 
types. Only in exceptional cases need 
the regular equipment of the exchange 
be altered. 

If the exchange is of type ARM 20 (fig. 
3) there is an individual selection fa­
cility, in which case the circuit to be 
measured is accessible on the regular 
individual selection number via the re­
gular selector stages of the exchange. 
In an exchange lacking this facility, on 
the other hand, the interface unit must 
contain special access selectors in or­
der to provide access to the circuits for 
measurement. In the case of different 
register signal systems one register 
type is usually required per system. 

For matching of the measuring device 
to different levels depending on the 

geographical situation of the exchange 
etc. the interface unit contains pads 
and amplif iers which are set according 
to the level plan of the exchange once 
and for all. 

Responding equipment 

In accordance with CCITT's recom­
mendations there are three types of 
responding equipment (f ig. 3): Type a 
for transmission measurement and sig­
nall ing system funct ional test ing: Type 
b for signall ing system functional tes­
ting of the same kind as in Type a and 
intended for use when Type a is lacking 
or entirely occupied by transmission 
measurements: and Type c for check of 
busy-flash line signal. 

Responding equipment Type a con­
tains, from the hardware aspect, the 
same control unit MLU as the direct ing 
equipment but programmed to fulfil the 
requirements placed on the responding 
equipment. The measuring device 
MDU, tone generators TG, code receiv­
ers KMT and connect ing unit CRU are 
identical to those of the direct ing 
equipment. The exchange interface 
unit FUR-P is of line relay type and 
must be adapted to the exchange in 
question. 

On a call from the direct ing equipment 
to a free responding equipment an an­
swer signal is t ransmit ted. Exchange of 
signals thereafter takes place in ac­
cordance with the special signall ing 
scheme of ATME 2, based on the fre­
quencies of system no. 5, after which 
the logic process in the responding 
equipment is control led by MLU. 

On connect ion for measurement of a 
circuit a check is made that its normal 
line signall ing funct ions satisfactorily. 
The clearback signal is not checked, 
however, so that equipment of Type a 
has been supplemented for the fo l ­
lowing signal l ing system functional 
tests. 

After receipt of the answer signal the 
direct ing equipment sends an assis­
tance operator signal if included in the 
normal signall ing scheme. In reply to 
this signal the responding equipment 
sends a clearback signal and after 500 
ms a new answer signal. When this sig-
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nal has been received by the directing 
equipment the circuit is cleared. If 
there is no assistance operator signal, 
code 11 in ATME 2's signalling scheme 
is sent instead. 

Responding equipment Type b is de­
signed as an independent code an­
swering equipment and performs the 
same function in respect of signal sys­
tem test as described for Type a. 

Responding equipment Type c is used 
for supervision of the busy flash signal 
and is a busy-marked code answering 
equipment. It sends a busy flash signal 
when called. This equipment, however, 
can often be replaced by strapping in 
the regular exchange registers. The 
strapping results in busy on a call to 
the number reserved for the purpose. 

Salient feature of the 
measuring device 
Measurement of one speech channel 
of a four-wire circuit is done in the di­
recting equipment. Thereafter the other 
speech channel is measured in the 
responding equipment and the result is 
transferred to the directing equipment 
with ATME 2's own signalling system. 
In the following survey the measure­
ments only in one direction will be dealt 
with, since they are performed in the 
same way in the other direction (fig. 4). 

Send unit 

The three measurement frequencies 
400, 800 and 2,800 Hz are generated 

by a corresponding number of oscilla­
tors with level supervisors and alarm 
circuits. For the special locking tone 
required for tests of TASI circuits, 2,800 
Hz is also used. Disconnection of echo 
suppressors is done with 2,100 Hz tone 
generated by a separate oscillator. In­
stead of an oscillator for 800 Hz, a 1,000 
Hz oscillator can be supplied on re­
quest. 

Attenuation measurement 

The measurement tone sent from the 
send unit is received at the other end 
of the circuit by the receive unit. There 
it passes through amplifier F, contact 
R and signal detector D1, where it is 
rectified and fed to one input of the 
comparison unit J (fig. 4). To the other 
input of this unit is fed a reference DC 
voltage generated by the reference 
voltage source UREF. The reference 
voltage passes through the pads DL, 
in which it can be lowered by alto­
gether 35 dB in steps of 0.1 dB. The 
pads are connected into circuit by field 
effect transistors which permit an ex­
tremely rapid measuring process. The 
successive connection of the pads is 
controlled indirectly by the clock 
oscillator OSC. The latter is started by 
a pulse from the control unit ST when 
the measuring sequence is to stop and 
feeds a counter chain RK, which in 
turn steps the pads DL in steps of 0.1 
dB. 

In the comparison unit J a comparison 
is made between the level of the meas-

Fig. 4 

P r i nc i p l e of m e a s u r i n g d e v i c e 

S Sending unit 
MO Object to be measured 
F Measuring ampl i f ier 
R Relay for swi tching between noise and 

attenuation measurement 
D1 Detector for attenuation measurement 
D2 Detector for noise measurement 
J Compar ison c i rcu i t 
DL Pads 
UREF Reference voltage source 
RK Count ing chain 

OSC Clock osci l lator 
UTL Read-out c i rcui t 

ST Control unit 
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uring signal received from the circuit 
and the reference DC voltage. When, 
after passing through the pads, this 
voltage has fallen to the same level as 
that of the measuring signal, the com­
parison circuit J sends a stop signal 
to the clock oscillator and stepping of 
DL ceases. The time during which step­
ping of DL has taken place is propor­
tional to the attenuation connected. 
The stepping time is translated into an 
attenuation value which via UTL is fed 
to the control unit. 

Noise measurement 

The control unit connects a 600-ohm 
termination at one end of the speech 
channel. At the other end the measure­
ment is carried out. The circuit noise 
passes through amplifier F and relay 
contact R1, after which it is fed to de­
tector D2, which consists of a psopho-
metric filter, a square-wave rectifier 
and an integrator. In the comparison 
unit J the integrated DC voltage is com­
pared with the reference voltage from 
the cascade-connected pads DL on the 
same principle as for attenuation meas­
urement. 

Supervision 
Before each measurement the meas­
uring device automatically supervises 
the programmable pads. In the event of 
a fault the equipment is blocked and 
an alarm is issued. The outgoing send 
level is also supervised automatically. 

The measuring device can also be su­
pervised by measurement of supervi­
sory pads connected into circuit by the 
control equipment. The result is printed 
out and an automatic indication is ob­
tained as to whether the values are 
within the permissible limits. By means 
of a special supervisory unit, equipment 
can also be calibrated manually. 

Input and output 
Input of circuit data and output of the 
results of measurements are done with 
the I/O devices in the following manner. 

Circuit and route data 

From a typewriter the following com­
mon data can be fed in as required: 

— numbers of the routes to be meas­
ured 

— measuring routine, which together 
with the individual class number of 
the circuit decides which measure­
ments are to be carried out 

— printout of all results of measure­
ments or only of those outside the 
tolerance limits 

— control of measuring time common 
to all routes through indication of 
start and possibly also stop time. 

The following individual circuit and 
route data are fed in from the tape 
reader: 

— control of measuring time per route 
through indication of start and stop 
time 

— identity number of circuit 

— circuit access number 

— individual class number of circuit 

— call number of responding equip­
ment 

— nominal loss of circuit and permis­
sible deviation 

— measuring signal level either 0 
dBmO or — 10 dBmO. 

Printout of results 

With the arithmetical unit ARU a check 
is made that measured values are with­
in the tolerance limits. There are two 
such limits. One marks that the circuit 
must be repaired and the other that it 
must be removed from service. 

The results of measurements can be 
printed out on the typewriter and in 
parallel on a tape punch, or solely on a 
tape punch. It is possible to print out on 
the typewriter only those values which 
are without the tolerance limits and, on 
the tape punch, all measurement re­
sults. The latter can then be analysed 
statistically in a computer. 

Some examples follow of the informa­
tion — apart from the exact values of 



measurement — which can be quickly 
read from the printout for a circuit. 

— "For attenuation and noise meas­
urement and for the signalling sys­
tem test all results were within the 
tolerance limits." 

— "For attenuation and noise meas­
urement the level at 800 Hz in the 
direction A—B and the noise level 
in the same direction were outside 
the tolerance limits." 

— "In the signalling system functional 
test no clearback signal was ob­
tained." 

Signalling 
All signalling for setting up of a meas­
urement connection is done with the 
line and register signal systems nor­
mally used between exchanges on the 
directing and responding sides. One 
thus obtains a good functional check 
in conjunction with the connection of 
a circuit for measurement. 

Signalling between directing and res­
ponding equipment for control of the 
measurements and transfer of the re­
sults is done with a signalling scheme 
specific to ATME 2, which uses the 
same frequencies as signalling system 
no. 5. The results of measurements in 
such case are transmitted in pulsed 
form. Sending of measurement orders, 
on the other hand, is done in compelled 
sequence in order that the connection 
and disconnection of the measuring 
device may take place synchronously 
on the directing and responding sides. 

Components, construction 
practice, power supply 
The logic units and measuring device 
are made up of integrated circuits of 
TTL (Transistor Transistor Logic) type. 

The various stores are of semiconduc­
tor type, whereas miniature relays are 
used at various control points. All 
measurement paths are connected via 
enclosed relays with mercury-wetted 
contacts. 

The components are placed on printed 

circuit boards plugged into shelves. 
The latter in turn are plugged into a 
rack of height 2,900 mm. 

The exchange-dependent interface 
unit is made up of normal relays as­
sembled in plug-in relay sets. 

An ATME 2 with directing and respond­
ing equipment and interface unit for 
ARM 20 normally consists of two racks. 

The electronic equipment requires 
4- 12 V and + 5 V. These voltages are 
generated by DC—DC converters 
which are fed with 48 V from the ex­
change batteries. 

Summary 
With the increasing automatization of 
internationaland national long-distance 
traffic it has become necessary to 
carry out automatic transmission meas­
urements and other tests, e.g. of the 
setting up and clearing of connections. 
For more than 10 years L M Ericsson 
have supplied suitable equipment for 
this purpose in the form of ATME 1 and 
ATME N1, which have been admirable 
aids in the maintenance work of ad­
ministrations. With the greatly improv­
ed models ATME 2 for international cir­
cuits and ATME N2 for national cir­
cuits, administrations now have even 
better means for improvement of the 
quality of transmission at reduced cost 
and, in general, for better service of 
subscribers. 
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WORLDWIDE 
NEWS 

Worldwide expansion of LM Ericsson's 
computer-controlled exchanges 

L [VI Ericsson now have altogether 24 computer-controlled telephone exchanges in 
operation or on order for eight countries. The first was put into service at Tumba 
outside Stockholm in 1968. The total capacity of these exchanges is 170,000 trunk 
lines which, expressed in terms of subscriber lines, is equal to about 1 million lines. 

L M Ericsson is alone in having put into 
service computer-controlled transit ex­
changes in which the operational and su­
pervisory functions are controlled by sev­
eral pairs of processors working in par­
allel, the so-called multiprocessor system. 

This technique offers considerable ad­
vantages for meeting the extremely va­
rying requirements placed especially on 
automatic trunk exchanges for long dis­
tance national, international and inter­
continental telephone traffic. 

The first multiprocessor-controlled 
trunk switching centre in the world was 
placed in service in Rotterdam two years 
ago and L M Ericsson are still alone in 
the world in having so advanced a tech­
nique in operation. 

Present orders represent a value of over 
US $ 20 million and include three com­
pletely new exchanges, at Aarhus in Den­
mark, at Guadalajara in Mexico, and a 
second exchange of the same types as be­
fore at Rotterdam. Extensions have also 
been ordered for the already contracted 
computer-controlled exchanges at Hel­
sinki and Abo in Finland and Monterrey 
in Mexico. 

The many new orders and the satisfac­
tory experience of operation show that 
L M Ericsson's computer-controlled ex­
change system has become an interna­
tional success. Since the opening of the 
first exchange at Tumba in 1968 com­
puter-controlled trunk exchanges have 
been put into operation in Rotterdam, in 
Mexico City, Aalborg, Copenhagen and 
Stockholm. 

In Sydney, Australia, L M Ericsson 
have recently put into operation a com­
puter-controlled exchange for intercon­
tinental telephone traffic, the first in the 
southern hemisphere. 

The telephone building in Copenhagen is the 
illustration on the cover of a booklet on a 
new computer-controlled exchange, kh nc. 

CTC with integrated 
circuits 

The first plant based on L M Ericsson's 
recently developed CTC system JZA 700 
is now being installed on the Zaragoza-
Lerida-San Vicente de Caldes railway line 
in Spain. 

System JZA 700, which is based on in­
tegrated circuit technique, is the third 
generation in the development of CTC 
systems by L M Ericsson over more than 
twenty years. 

Although JZA 700 requires consider­
ably less space than the relay systems for 
corresponding control and indication ca­
pacity, system JZA 700 has a number of 
facilities which are lacking in the relay 
system. The transmission speed is also 
considerably higher. 

The system consists of a basic unit and, 
as the number of stations, information re­
quirement etc. increase, extension units 
can be installed precisely in the number 
required. The customer need therefore not 
pay for unutilized overcapacity and the 
initial investment is low. 

JZA 700 is also adapted for interwork-
ing with a computer-based electronic train 
describer system and stored-program-con-
trolled train dispatching. 

Apart from the earlier mentioned in­
stallation, L M Ericsson have orders for 
six other JZA 700 plants. 

Rifa develop bipolar LSI 
The Semiconductor Laboratory of AB 

Rifa are developing a bipolar LSI (Large 
Scale Integration! technique with high 
packing density. The technique is called 
Collector Diffusion Isolation (CDI), and 
was originally developed by Bell. Rita's 
CDI differs, however, in certain respects 
from the earlier CDI structure. The Rifa 
process includes lateral PNP transistors 
and Schottky diodes, which are lacking in 
other CDI structures. Rifa have also made 
use of the distinct advantages offered by 
the CDI technique for making of ion-
implanted n-type precision resistors with 
a high sheet resistivity. 

The CDI transistors differ from con­
ventional planar IC transistors in that the 
low-resistivity collector diffusion becomes 
the active collector, whereas in the stan­

dard technique the high-resistivity epit­
axial material acts as the collector. The 
thin epitaxial layer, which is only 1.5 ,»m 
in the CDI technique, becomes the p-
type base. The isolation between the com­
ponents is achieved by means of an n-
type collector isolation ring which at the 
same time acts as a deep collector contact 
and thus reduces the saturation voltage of 
the transistors. 

The very thin structure and the current-
sinking capability of the transistors allows 
very compact design. 

An interesting application is low-power 
Schottky TTL in which, in the more com­
plex circuits, the active area can be re­
duced to about 30 % of that needed with 
conventional technique. 
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A good balance sheet result 1973 
Ericsson G r o u p order bookings rose in 

1973 by 39.9 percent to US $ 1,559.1 mil­
lion from 1.1 14.3 million in 1972. Markets 
outside Sweden accounted for 86.8 per­
cent of the bookings. T h e order backlog 
at the year-end was US $ 1,493.4 million 
(1.071.4 million at year-end 1972.) 

G r o u p sales increased by 21.4 percent 
to US $ 1,145.6 million as against 943.8 
a year earlier. Sales outside Sweden ac­
counted for US $ 940.2 million (765.2 
million) or 82.1 (81.1 percent) . 

Income before special adjustments and 
taxes was US $ 194.2 million (118.9 mil­
lion) equal to 17.0 percent of sales (12.6 
percent) . 

The reported net income in 1973 was 
US $ 61.5 million (39.6 million). 

Consolidated 
income 

statement 
(Mill, of dollars) 

1973 1972 

Selling, administrative, 
research and develop­
ment expenses 

Depreciation 
Interest 

Income before special 
adjustments and taxes 

Special adjustments 
Transfer to reserve for 

accounts receivable 
and investments outside 
Sweden, net 

Transfer to (from) special 
inventory reserve 

Transfer to reserves for 
future investments 

Income before taxes 
Taxes on income 

Minority interest 

Net income 

Adjusted net income 
Adjusted net income 

per share US $ 

Adjusted net income represents net in­
come increased by special adjustments 
and reduced by the income taxes which 
would have been paid if the adjustments 
had not been made. In the adjustment of 
the net income the minority interest has 

Production technicians from L M Ericsson factories in various countries gathered in February I 
March on a six-week course on production mechanization at the head factory in Stockholm. 
The aim of the course was to give participants a more profound and up-to-date knowledge 
within the sphere of industrial automation. Classroom instruction alternated with visits of 
study to most of the Swedish production units of the Ericsson Group. The author of all 
compendia and head instructor was Oskar More. LM Ericsson (left in the photograph). 
On his right is seen Joe Young, L M Ericsson Pty, Australia: Michele Bartoletti and Michael 
Jones from FATME. Italy; Waldir Alves Pereira, Ericsson do Brasil; Blackery Graham, 
LM Ericsson Pty, Australia; and Hakan Ledin, LME, Stockholm, who is showing the par­
ticipants a model of L M Ericsson's main plant in Stockholm. 

been included where relevant. T h e calcu­
lated depreciations accord closely with the 
booked depreciations. 

Capital expenditures for property plant 
and equipment totalled US $ 86 million 
in 1973 (81.5 million). 

The number of employees at the year-
end was 75,630 (70,650). of whom 28,560 
(27,400) in Sweden. 

Unappropr ia ted earnings of the parent 
company at December 31 , 1973 amounted 
to US dollars 57.8 million. 

The Board of Directors propose a divi­
dend of Swedish Kronor 5: 50 per share 
(5.00 on the capital as increased in 1973). 

All amounts are expressed in US dollars 
using the rate of Swedish Kronor 4.55 to 
1 US dollar. Consolidated and Parent 
Company figures are subject to audit. 

The Annual Meeting of Shareholders 
to consider the Board's proposal was held 
in Stockholm on May 28, 1974. 

CTT converts without 
interruption of traffic 

On the Lisbon—Opor to route a conver­
sion has recently taken place of a 960 to 
a 2,700 channel system without any in­
terruption of traffic in the course of the 
work. 

Portugal 's two largest cities, Lisbon and 
Oporto , have for a long time been linked 
by 6-pair coaxial cable and the traffic has 
earlier been transmitted by means of two 
vacuum tube 4 M H z line equipments . T o 
meet the increased traffic requirement be­
tween the two cities, the Portuguese tele­
phone administration, CTT, plans to re­
place the older 4 M H z equipments by 12 
MHz equipment on the existing coaxial 
cable. 

For the implementat ion of these plans 
C T T placed an order with L M Ericsson 
for the delivery and installation of a 12 
MHz system which in the first stage will 
replace one of the 4 M H z systems. For 
the 375 km coaxial cable it was necessary 
to insert some fifty intermediate repeaters 
and to install new equipment in as many 
existing station buildings. 

500 selector jubilee 
T h e first automat ic exchange in Stock­

holm, Nor ra Vasa, celebrated its 50-year 
jubilee on January 13. 

It was on January 13, 1924, that the 
exchange was opened for public traffic 
and L M Ericsson's 500 selector system 
(AGF) thereby made its debut in Sweden. 
The world premiere for the system had 
been in Rot terdam in May of the previous 
year (Ericsson Review 2/73). 

More than 2 million subscribers in 
Sweden are connected to 500 selector ex­
changes constructed by L M Ericsson. 
Since 1923 the company has delivered 500 
selector systems serving more than 5 mil­
lion subscribers throughout the world. 
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Joint telecommunications venture in UK 
Thorn Electrical Industries Ltd and L M Ericsson have established a joint British 

company in order to uphold the interests of Thorn and L IVI Ericsson on the rapidly 
growing telecommunications market in the UK. 

The new company, Thorn-Ericsson Te­
lecommunicat ions Ltd., is capitalized in­
itially at £ 1 million with Thorn holding 
51 per cent and L M Ericsson 49 per cent 
of the equity. 

Thorn Ericsson Telecommunicat ions 
Ltd (TEL) owns the shares in Swedish 
Ericsson Telecommunicat ions Ltd, earlier 
one of L M Ericsson's subsidiaries in the 

Mr G. J. Strowger (left), Managing Director 
of Thorn Electrical Industries Ltd, and Bjorn 
Lundvall, President of L M Ericsson, sign an 
agreement for the formation of a joint com­
pany, Thorn-Ericsson Telecommunications 
Ltd. 

UK, and a production company Thorn-
Ericsson Telecommunicat ions (Mfg) Ltd. 
T E L is responsible for the direction and 
supervision of the two companies and 
also for certain common functions such 
as administrat ion, financing and coordi­
nation of sales efforts to the British Post 
Office Corporat ion. Swedish Ericsson will 
continue its successful penetration of the 
UK private market , while Thorn-Ericsson 
Telecommunicat ions (Mfg) Ltd will be 
responsible for product development and 
manufacture within the scope of the ven­
ture. 

The chairman of the Board of Thorn 
Ericsson Telecommunicat ions Ltd is Mr 
G. J. Strowger (Managing Director of 
Thorn Electrical Industries), and the de­
puty chairman Fred Sundkvist (Execu­
tive Vice President of L M Ericsson). The 
Board consists of four other members , 
two from Thorn and two from L M Erics­
son. 

The General Manager is Mr. E. T. 
Stephens, who remains Managing Direc­
tor of Swedish Ericsson Telecommunica­
tions Ltd and Thorn Ericsson Telecom­
munications (Mfg) Ltd. 

President of Mexico opens new LM Ericsson 
factory 

Teleindustria Ericsson's factory for te­
lecommunications equipment has been 
opened by the President of Mexico, Luis 
Echeverria Alvarez, at Tlalnepantla out­
side Mexico City. More than US $ 8 mil­

lion has been invested in the factory 
hitherto. 

Present at the opening ceremony were 
also the Ministers of Industry and Educa­
tion, the Governors of the three Mexican 

Saudi Arabia orders 
worth $ 15 m. 

L M Ericsson have received three or­
ders totalling over $ 15 million from Saudi 
Arabia. 

One of the orders signed with the Saudi 
Arabian Ministry of Communicat ions 
covers switching equipment , telephone in­
struments and line equipment valued at 
about $ 6.5 million. This equipment is to 
be delivered within the next two years. 
It will be used for extensions of existing 
installations and for new installations in 
nine cities in the country. 

Another order from the Ministry of 
Communicat ions is an extension, worth 
around $ 4 million, of the $ 17 million 
order received by L M Ericsson from 
Saudi Arabia a year ago. 

At the same time L M Ericsson in part­
nership with the British cable manufac­
turer BICC has been awarded a substan­
tial order for telephone cable from Saudi 
Arabia. Ericsson's share of this order is 
approximately $ 4.5 million. The cable 
ordered is to be delivered within the next 
18 months. 

From the opening ceremony at Teleindustria Ericsson's factory at Tlalnepantla outside 
Mexico City: The President of Mexico, Luis Echeverria Alvarez (centre) and the Governor 
of the Federal State of Mexico, Prof. Carlos Hank Gonzales (right) are shown round the 
factory by the President of Teleindustria, Nils Kjellander. 

Federal States, the Mayor of Tlalnepantla, 
and a large number of prominent Mexi­
cans. Sweden was represented by, among 
others, Dr Marcus Wallenberg and the 
President of the G r o u p . Bjorn Lundvall. 

In conjunction with the opening cere­
mony L M Ericsson made a donati ton of 
1 million pesos (c. US $ 80,000) for edu­
cational purposes. Dr Wallenberg, in his 
opening address, spoke of the great signi­
ficance which the transfer of technical 
and production know-how through a com­
pany such as Teleindustria has for the 
development of a country like Mexico. 
This transfer of know-how, stated Dr 
Wallenberg, has a great significance not 
only for the company 's customers and 
employees but also for its native subcon­
tractors. 

L M Ericsson have been active in Mexi­
co for nearly 70 years. The new plant, 
which employs 1,700 persons, accommo­
dates not only factory buildings, but also 
office, laboratories and a training centre 
for Latin American telecommunicat ions 
technicians. The total floor area is around 
35,000 m-. As a result of the rapid expan­
sion of the company the new premises are 
already too small and an extension ot 
14,000 m- has been started upon. This in­
volves an investment of around US $ 2.5 
million and is expected to be completed 
by the end of this year. 
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Harald Alexandersson In Memoriam 

Harald Alexandersson died at his home 
at Torremolinos, Spain, on January 31, 
after recently attaining the age of 70 
years. 

Harald Alexandersson joined L M 
Ericsson in 1928. He soon became en­
gaged in railway telephony and, during 
the thirties, using a new principle, suc­
ceeded in designing a new selective calling 
telephone system which has since been 
standardized by a number of railway ad­
ministrations, among which the Swedish. 
The system is still being produced. After 
a period as director at AGA Baltic AB, 
Harald Alexandersson became President 

Information service per 
telephone 

Information for telephone subscribers 
can now be provided by special tape re­
corders, the control equipment of which 
has been designed by L M Ericsson. 

The equipment is now ready for intro­
duction on the world market. 

The information may consist of a gen­
eral news service, weather forecasts, 
sports results, train running times , or 
publicity announcements. The content 
can be easily changed and the length of 
message varied from 5 seconds to 5 min­
utes. 

The equipment consists of rack-moun­
ted tape recorder units, distribution equip­
ment and control panel with microphone 
for recording. 

When a call from the telephone ex­
change is received by the information 
unit, the message is played back from the 
tape recorder. At the end of the message 
the tape is automatically wound back to 
starting position. 

Two tape recorders are placed on one 
rack. When one tape recorder is connected 
for playback, the other is connected for 
recording. These functions can be switch­
ed over from the control panel at any 
time. 

of Svenska Radioaktiebolaget in 1944. It 
fell to his lot to solve the troublesome 
problems of returning to civil production 
after the end of the war. As from 1950 
Harald Alexandersson was Departmental 
Head and later Chief Engineer at L M 
Ericsson. He was in charge of the work of 
mechanical design within the telephone 
exchange field. A number of new designs 
saw the light of day under his manage­
ment. The item that is particularly asso­
ciated with the name of Harald Alexan­
dersson is the code switch. This switch, 
which was designed at the end of the 
fifties, has come into wide use in PBX's, 
rural exchanges and also in the stored-
program-controlled exchanges of AK.E 
type. The code switch is probably one of 
the most reliable switches that has been 
produced. 

Harald Alexandersson was an extreme­
ly ingenious and imaginative designer. He 
had a real talent for creation. He also 
possessed a thorough general knowledge 
of precision mechanics and electronics. 
His contributions were therefore of great 
value to L M Ericsson. Harald Alexan­
dersson really ennobled the work of de­
sign to an engineering art. 

We who worked with Harald Alexan­
dersson or followed his work have lost a 
good friend and comrade. We were all 
aware of the enthusiasm and joy in crea­
tion which he radiated. We join with his 
nearest relatives in expressing our regret 
at his loss. Christian Jacobaeus 

NEW BOOKS 
• "Maintenance of L IVI Ericsson 

Crossbar Exchanges in Rural City and 
Transit Networks — Customer Findings" 
is the title of a compilation of four articles 
published in Ericsson Review during the 
last two years. 

The authors, representatives of tele­
phone administrations in Denmark, Tu­
nisia, the Netherlands and Yugoslavia, 
confirm the many advantages attained 
through the introduction of L M Erics­
son's Controlled Corrective Maintenance 
(CCM) method. 

• "Why Intercom?"— this question 
is asked in the title of a new brochure on 
internal telecommunication systems pro­
duced by L M Ericsson Telematerial AB. 
It presents the results of measurements 
made by the company at four Swedish or­
ganizations. 

The measurements show that each of 
the 1,093 intercom telephones at these 
organizations is used for no less than 
3,000 calls per annum. The measurements 
also show that the average length of an 
intercom conversation is 42 seconds. 

World telephone statistics 
The total number of telephones in the 

world increased during 1972 by 7.4 % 
and, according to AT&T's latest annual 
statistics "The World's Telephones", was 
312.9 million at Jan. 1, 1973. The cor­
responding increase in 1971 was 6.8%. 

The average telephone density in the 
world increased during 1972 from 7.8 to 
8.2 telephone sets per 100 inhabitants. 

During the last ten-year period the to­
tal number of telephone sets in the world 
has increased by 94.2 " H. 

The telephone density per 100 inhabi­
tants on the various continents was on 
January 1, 1973 (preceding year's figures 
in brackets): 

North America 61.3 (58.4) 
Central America 3.4 (3.1) 
South America 3.3 (3.3) 
Europe 16.0 (14.8) 
Africa 1.0 (1.0) 
Asia, including the Asiatic parts of 
Turkey and the Soviet Union 2.0 (1.8) 
Oceania 29.4 (29.2) 
The country with the highest telephone 

density is the U.S.A. with 62.75 telephone 
sets per 100 inhabitants, followed by 
Sweden with 59.25, Switzerland 53.95, 
Canada 49.98, New Zealand 44.61 and 
Denmark 37.93. 

Five small countries reported a tele­
phone density of more than one tele­
phone per two inhabitants. 

Automatic traffic is accessible to 
96.8 °/o of the world's telephone sub­
scribers and has been introduced on a 
100 " i) basis in 64 countries. 

International Conference on 
Computer Communication 

An International Conference on Com­
puter Communication (ICCC) is to be 
held in Stockholm on August 12—14, 
1974. 

The host of the conference is the Swed­
ish Telecommunications Administration, 
assisted by Swedish enterprises within the 
computer and telecommunication field, 
among which L M Ericsson. 

A folder with information about the 
conference is being distributed with this 
issue of Ericsson Review. 
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The Ericsson Group 
With associated companies and representatives 

EUROPE 

SWEDEN 
Stockholm 
1. Telefonaktiebolaget LM Ericsson 
2. L M Ericsson Telemateriel AB 
1. AB Rifa 
1. Sieverts Kabelverk AB 
1. Svenska Radio AB 
5. ELLEMTEL Utveckl ings AB 
1. AB Transvertex 
4. Svenska Elgrossist AB SELGA 
1. Mekanomatik 
4. Holm & Ericsons Elektriska AB 
Alingsas 
3. Kabeldon AB 
Kungsbacka 
3. P. Borens Fabriks AB 
Malmo 
3. Bjurhagens Fabrikers AB 
Norrkbplng 
3. AB Norrkopings Kabelfabrik 
Nykoping 
1 . Thorsman & Co AB 

EUROPE (excluding 
Sweden) 

DENMARK 
Copenhagen 
2. L M Ericsson A/S 
1. Dansk Signal Industri A/S 
3. GNT AUTOMATIC A/S 

FINLAND 
Jorvas 
1. Oy L M Ericsson Ab 

FRANCE 
Paris 
1. Societe Frangaise des 
Telephones Ericsson 
2. Thorsmans S.A.R.L. 

Boulogne sur Mer 
1. RIFA S.A. 
Marseille 
2. Etablissements Ferrer-Auran S.A. 

IRELAND 
Dublin 
1. L M Ericsson Ltd. 

ITALY 
Rome 
1. FATME Soc. per Az. 
5. SETEMER Soc. per Az. 
2. SIELTE Soc. per Az. 

NETHERLANDS 
Rljen 
1. Ericsson Telefoonmaatschappi i 

B.V. 

NORWAY 
Oslo 
3. A/S Elektr isk Bureau 
2. SRA Radio A/S 
4. A/S Telesystemer 
4. A/S Industr ikontrol l 

Drammen 
3. A/S Norsk Kabelfabrik 

POLAND 
Warszaw 
7. Telefonakt iebolaget LM Ericsson 

PORTUGAL 

Lisbon 
2. Sociedade Ericsson de Portugal 

Lda 

SPAIN 
Madrid 
1. Industrias de Telecomunlcacion 
S.A. (Intelsa) 
1. L M Ericsson S.A. 

SWITZERLAND 
Zurich 
2. Ericsson AG 

UNITED KINGDOM 
Horsham 
4. Swedish Ericsson Telecommu­
nications Ltd. 
2. Swedish Ericsson Company Ltd. 
2. Swedish Ericsson Rentals Ltd. 
London 
4. EB Marine Communicat ions Ltd. 
3. Thorn-Ericsson Telecommunica­
t ions (Mfg) Ltd. 

WEST GERMANY 
Hamburg 
4. EB Marine Nachrichtentechnik 
GmbH 
Hannover 
2. Ericsson Centrum GmbH 
Liidenscheld 
2. Thorsman & Co GmbH 

Representatives In: 
Austria, Belg ium, Greece, Iceland, 
Luxembourg, Yugoslavia 

LATIN AMERICA 

ARGENTINA 
Buenos Aires 
1. Cia Ericsson S.A.C.I. 
1. Industrias Electricas de Qui l -
mes S.A. 
5. Cia Argentina de Telefonos S.A. 
5. Cia Entrerr ianade Telefonos S.A. 

BRAZIL 
Sao Paulo 
1. Ericsson do Brasil Comercio e 
Industria S.A. 
4. Sielte S.A. Instalacoes Eletricas 
e Telefonicas 
Rio de Janeiro 
3. Fios e Cabos Plasticos do 
Brasil S.A. 
Sao Jose dos Campos 
1. Telecomponentes Com6rcio 
e Industria S.A. 

CHILE 
Santiago 
2. Cia Ericsson de Chile S.A. 

COLOMBIA 
Bogota 
1. Ericsson de Colombia S.A. 
Call 
1. Fabricas Colombianas de Mate-
riales Electr icos Facomec S.A. 

COSTA RICA 
San Jose 
7. Telefonaktiebolaget LM Ericsson 

ECUADOR 
Quito 
2. Telefonos Ericsson C.A. 

MEXICO 
Mexico D.F. 
1. Teleindustr ia Ericsson, S.A. 
1. Latinoamericana de Cables 
S.A. de C.V. 
2. Telefonos Ericsson S.A. 
2. Telemontaje, S.A. de C.V. 

PANAMA 
Colon 
2. Teleric Sales Corporat ion 
Panama City 
2. Telequipos S.A. 

PERU 
Lima 
2. Cia Ericsson S.A. 

EL SALVADOR 
San Salvador 
7. Telefonaktiebolaget LM Ericsson 

URUGUAY 
Montevideo 
2. Cia Ericsson S.A. 

VENEZUELA 
Caracas 
1. Cfa An6nima Ericsson 

Representatives in: 
Bol ivia, Costa Rica, Guadeloupe, 
Guatemala, Guyana, Hait i , Hon­
duras, Netherlands Anti l les, Nica­
ragua, Panama, Paraguay, El Sal­
vador, Surinam, Trinidad. 

AFRICA 

ALGERIA 
Algiers 
7. Telefonaktiebolaget LM Ericsson 

EGYPT 
Cairo 
7. Telefonaktiebolaget LM Ericsson 

ETHIOPIA 
Addis Ababa 
7. Telefonaktiebolaget LM Ericsson 

MOROCCO 
Casablanca 
2. Societe Marocaine des Tele­
phones Ericsson 

TUNISIA 
Tunis 
7. Telefonaktiebolaget LM Ericsson 

ZAMBIA 
Lusaka 
2. Ericsson (Zambia Limited) 
7. Telefonaktiebolaget LM Ericsson 
Installation Branch 

Representatives in : 
United Arab Emirates, Cameroon, 
Central African Republic, Chad, 
Republic of the Congo, Dahomey, 
Ethiopia, French Territory of the 
Afar and Issa, Gabon, Guinea, 
Ivory Coast, Kenya, Liberia, Libya, 
Malagasy, Malawi, Mal i , Maure-
tania, Mozambique, Namibia, Niger, 
Nigeria, Republic of South Afr ica, 
Reunion, Senegal, Sudan. Tanza­
nia, Tunisia, Uganda, Upper Volta, 
Zaire. 

ASIA 

INDIA 
Calcutta 
2. Ericsson India Limited 

INDONESIA 
Jakarta 
2. Ericsson Telephone Sales 
Corporat ion AB 

IRAQ 
Baghdad 
7. Telefonaktiebolaget L M Erics­
son 

IRAN 
Teheran 
7. Ericsson Telephone Sales 
Corporat ion AB 

KUWAIT 
Kuwait 
7. Telefonaktiebolaget L M Erics­
son 

LEBANON 
Beyrouth 
2. Societe Libanaise des Tele­
phones Ericsson 

MALAYSIA 
Shah Alam 
1. Telecommunicat ion Manufactur­
ers (Malaysia) SDN BHD 

THAILAND 
Bangkok 
2. Ericsson Telephone Corporat ion 
Far East AB 

TURKEY 
Ankara 
2. Ericsson Turk Ticaret Ltd. 
Sirketi 

Representatives in : 
Bahrein, Bangladesh, Burma, Cam­
bodia, Cyprus, Hong Kong, Iran, 
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Software System for 
AKE13 
Lars-Olof Noren and 
Siwert Sundstrom 

Ericsson Review No. 2,1973\ contained a description of the transit exchange 
system AKE 132, its properties and basic structure. The same number 
presented the experience from the first year of operation in Rotterdam2. 
The good handling properties of the AKE system and its flexible adaptability 
to different market requirements have been confirmed by the exchanges 
already put into operation. 
The market adaptation of a stored program controlled (SPC) system is done 
chiefly by programming and program tests, for which reasons high 
requirements are placed on the software system. The present article presents 
the requirements which have formed the basis for development of the 
system and describes the organization, basic functions and manageability 
of the software system. 

UDC 621.395,722: 
681.3,065 

LME 834 
1551 

Basic requirements 
The introduction of SPC technique in 
telephony opens the way to centralized 
and more efficient operational and 
maintenance routines, with the means 
of altering data electrically. 

During the life of an exchange it must 
also be possible successively to add 
new facilities which have been wholly 
or partially unknown previously. By 
means of SPC technique, functions can 
to a large extent be altered and added 
by means of programming instead of 
by redesign and alteration of the hard­
ware. In order to be able to make effec­
tive and economical use of this faci­
lity, the software system must be well 
thought through and systematized. This 
applies particularly to exchanges work­
ing on a high level in the network, and 
great care has therefore been expend­
ed on the software system for AKE 13. 
The following basic requirements may 
be placed on a software system of this 
format. 

Efficiency. AKE 13 was developed for 
medium-sized up to very large national, 
international and intercontinental tran­
sit exchanges. The central computers 
have therefore been designed as a 
multiprocessor system, each processor 
having as high a data processing capa­
city as modern technique allows. To 
reduce to a minimum the number of 
processors for a given size of ex­
change, a highly efficient software sys­
tem is required. 

Flexibility. Since AKE 13 is being in­
troduced on a large number of mar­
kets, the functional requirements will 
greatly vary. The software system must 
therefore be easy to adapt to new re­
quirements without total reprogramm-
ing. The central, application-indepen­
dent functions are therefore genera­
lized as far as possible, with well de­
fined standard interfaces between 
them and the application-dependent 
functions. Standard and application-
dependent functions must also be pro­
grammed so as to be independent of 
the number of processors, number of 
switch matrices etc. It must also be 
possible to alter these parameters dur­
ing operation without change of pro­
gram. 

Reliability. Through centralization of 
the functions in a telephone exchange 
system there is not the same subdivi­
sion of the control functions as in con­
ventional systems, in which each fault 
has a limited consequence. The reli­
ability requirements on the control 
equipment in SPC systems are there­
fore very high, and this applies of 
course both to software and hard­
ware. It must also be possible to main­
tain operation despite residual errors 
in the software. 

Maintenance. The software in an SPC 
exchange is subject to constant 
changes. During the initial period of 
operation some fault clearing and mo­
difications will be required. During the 
entire life of the exchange, functions 
will be successively added and data 
will be updated when new circuits and 
kinds of traffic etc. are introduced. This 
means that programs and data must be 
systematically and modularly con­
structed and that there must be me­
thods and means for checking the state 
of operation of the programs. 

System organization 
The block diagram of the system (fig. 1) 
and its main components have been 
presented in an earlier article1. As ap­
pears from the block diagram the cen­
tral computer is divided into a number 
(1—8) of data processing blocks (DPB). 
Each DPB, which contains both the 
central processor (CP) and program 
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and data stores (PSI and DSB), is con­
nected via a transfer control block 
(TCB) to its own section of the test and 
operation subsystem. The latter con­
tains matrices of test and operation 
points which give the data processing 
block access to relays and switches in 
the corresponding part of the switching 
equipment. The program store in each 
DPB contains programs for all switch­
ing functions, while the data store con­
tains data associated with the switch­
ing hardware for that part of the 
system. 

The program and data structure al lows 
entirely free assignment of the func­
t ions to the various data processing 
blocks, so that each DPB either can 
perform all types of funct ions for its 
part of the switching equipment (sec­
tional task assignment) or certain 

specif ic funct ions for all calls or de­
vices (functional task assignment). In 
most cases only one DPB is required 
in the initial stage. New DPB's are 
added during the life of the exchange 
as and when required. The sectional 
pr inciple in such case allows the con­
nection of new switching equipment to 
new DPB's while the existing connec­
tions between switching hardware and 
processor remain unchanged. From 
the point of view of rel iabil i ty as well 
sectional is better than funct ional task 
assignment and is therefore normally 
appl ied. 

Data structure 
Data comprise all types of information 
processed by different programs. Data 
may consist of internal data, which are 

Fig. 1 

Hardware block diagram 

CP Central processor (duplicated) 
DPB Data processing block 
DSB Data store block (duplicated) 
MU Multiplexor (duplicated) 
PSC Common program store (duplicated) 
PSI Internal program store (duplicated) 
TCB Transfer control block (duplicated) 
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stored in data store blocks (DSB), and 
of external data, i. e. the states of 
switches and relays in the switching 
equipment which can be accessed in 
matrices in the test and operation sub­
system via the transfer control block 
(TCB). The data stored in DSB are of 
two kinds, permanent data in the form 
of tables of exchange parameters, and 
variable data, i. e. up-to-date informa­
tion about the state of connect ions in 
progress. 

The system is data-oriented in such a 
way that states and changes of states 
of data initiate the various measures 
performed by special programs. A 
strict subdivision of the data into diffe­
rent types and a standardized data 
structure are therefore essential com­
ponents in the phi losophy of the data 
processing system. The data structure 
wil l here be descr ibed with reference 
to the traff ic-carrying functions, but the 
same principles are adopted through­
out the system. 

Associated with all types of devices in 
the switching equipment there are fi les, 

each type of device having a separate 
file (fig. 2). Within each type of device 
or fi le each individual device has its 
own data organized in a record. A re­
cord may be div ided into groups to 
permit dif ferent independent opera­
tions on the device at different times, 
e. g. signal transmission or b locking. 
Each group, f inally, can be subdivided 
further into terms. A term is the small­
est addressable unit for a part icular 
type of data. The format of a term is 
selected entirely independently of the 
funct ion associated with its data. 
Examples of terms are a 6-bit term for 
2-out-of-6 signal l ing, 4-bit counters for 
t ime measurement, or a single blocking 
bit. 

For a given type of device, i. e. for a 
f i le, all groups of a certain type are co l ­
lected into a continuous array of con­
secutive addresses in the data store. 
On the other hand the various arrays 
need not be stored next to one another. 
On the contrary certain arrays in a file 
may contain permanent data and there­
fore be placed in a special wr i te-pro-
tected area, whi le others are placed in 

Fig. 2 
File organization in the data slore 



Fig. 3 
Main group containing common standard 
functions for the various records 

Fig. 4 
Linking together of records in register 
signalling phase 

* Link address 
" State 

the area for variable data. The physical 
location of the various arrays is indi­
cated in a base address table in each 
data store block. This table is used by 
the programs for adressing of arrays 
in any data processing block. A file 
does not need, of course, be asso­
ciated with a physical device. The re­
gister records with their digit stores are 
examples of this. Within each record 
the subdivision into groups depends on 
the corresponding division into func­
tions related to the device or data re­
cord. Certain standard functions are 
common to all records and a standard­
ized format is used for this type of 
group, called main group. As appears 
from fig. 3, certain terms in this group 
(state and link address) have standard­
ized functions. 

The state term provides information 
about the working state or processing 
phase for the group or device. The link 
address is used for linking of the re­
cord to some other record either in the 
same file (free list) or in another file. 
A record may be associated with a de­
vice, a route, a call etc., and during the 
various phases of a call the records 

can be linked to one another in diffe­
rent combinations. Since the format of 
the link address is sufficient to contain 
the absolute address to any word in 
any data store block, any two records 
or devices can be linked together. Fig. 
4 shows an example of linking together 
of a register record with records for in­
coming and outgoing signalling cir­
cuits in the register position for a call. 

Program structure 
As already noted, the system is data-
oriented, which means that the data in 
each data store block and transfer con­
trol block indicate what data process­
ing is to be performed, and when. The 
programs specify how the processors 
are to carry out this data processing. 
Since each data store block can con­
tain any type of data, all processors 
contain identical programs. The pro­
cessors are thus universal tools. At re­
gular intervals, specific to each type of 
record, certain arrays of data are 
scanned by index programs (fig. 5). 
When these index programs discover 
an event in one of the records, for 
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example an incoming signal on a trunk, 
a task program is called to per­
form the requested action. The type of 
event, together with the present state 
of the record, defines which task pro­
gram is to be called. Since the calling 
of a task program from an index pro­
gram is a very frequent operation, a 
special computer instruction has been 
introduced for this purpose. The index 
programs are thus repeated regularly, 
while the task programs are only called 
when required. Scannings of arrays in 
the data store are done with a special 
field scanning instruction in the index 
programs, while scannings of data in 
test matrices, i. e. of information from 
the switching equipment, are done by 
an autonomous scanner at the initiative 
of the index program. The scanner has 
an entirely standardized program stor­
ed in a read-only store. The time at 

which a special index program is to be 
executed is indicated by a job table 
stored in the data store block. The job 
table is scanned by a control program, 
called job monitor, in the operating sys­
tem. Each position in the job table con­
tains a counter, the content of which is 
reduced by one every time the position 
is scanned by the control program. The 
position thus contains the storage add­
ress of the index program to be called 
when the counter reaches zero. 

The scanning of the job table, stepping 
of the counter in each position and 
jump to the index program when the 
counter reaches zero are done by a 
special computer instruction develop­
ed for the purpose. The job monitor 
program is executed once per 5 ms 
interval at the initiative of a clock inter­
rupt signal generated in the hardware. 

Fig. 5 
Program handling principles for the various 
program levels 



39 

Fig. 6 shows an example of the relation 
between the program levels when two 
arrays in the data store are scanned 
during execution of a job table. 

The requirements of accuracy of t iming 
vary greatly between different mea­
sures. Different priori t ies are therefore 
given to different index programs. This 
is done by division of the job table into 
several parts which are scanned at dif­
ferent hardware priori ty levels. From 
the hardware point of view this is ad­
ministered by means of the interrupt 
system of the processor. At a low pro­
cessor load all levels with traff ic-carry­
ing programs are run through during 
each primary interval, but at a higher 
load the work on lower levels can be 
interrupted and postponed to a later 
interval. In this way the data process­
ing capacity of the processor wil l be 
util ized in the most effective manner. 

The records in the data store block and 
corresponding transfer control block 
are scanned only by the processor in 
the same data processing block. Each 
data store block, therefore, has its own 
job table. Differences between the job 
tables may exist owing to dif ferences 
in the set of records in the respective 

data store blocks. This is dependent in 
turn on the types of switching equip­
ment connected to the corresponding 
transfer control block. The interwork-
ing between the data processing 
blocks is effected by task programs 
reading or writ ing in the records con­
cerned. The records may be placed in 
any data store block. 

Block structure 
The entire software for the AKE 13 sys­
tem is divided into blocks, each block 
containing programs and data. Certain 
hardware, e. g. relay sets for trunk cir­
cuits or code receivers, may also be­
long to a block. Primarily a block con­
stitutes a funct ional unit with distinctly 
specif ied propert ies. The block is 
therefore a suitable module both as 
design task for the programmers and 
as project planning unit. The block 
structure also serves the purpose of 
separating standard funct ions f rom 
appl icat ion-dependent functions. Most 
of the software wil l thereby be un­
affected by adaption of the system to 
different exchanges. New standard 
functions can also be added to the 
system continuously. 

Fig. 6 
Example of interworking between different 
program levels 
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For full utilization of the advantages of 
the block structure the interfaces be­
tween the blocks must be clearly spe­
cified and standardized. The only per­
missible manner of exchanging infor­
mation between the blocks is to use a 
set of approved "signals", which are 
normally programmed by means of 
macroinstructions. The signals are 
function-oriented, signal names such 
as "seizure", "send next digit" being 
used. 

Fig. 7 shows the block diagram for the 
traffic-handling blocks which are simi­
larly oriented as in the trunking dia­
gram'. Each type of incoming trunk 
circuit is associated with a FIR block, 
each type of outgoing trunk circuit 
with a FUR block, etc. The FIR 
and FUR blocks therefore contain soft­
ware for line signalling, while KM and 
KS blocks contain software for register 
signalling. The task of the signalling 
blocks is to translate different line and 
register signals into a standardized 
signal language which is used inter­
nally in the system. A new signalling 
system can thus be introduced merely 
by adding the appropriate signalling 
block. The other parts of the system 
will be unaffected. 

The coordinator block (COR) performs 
a central function in the system by ana­
lysing the traffic situation based on in­
formation received from other blocks, 
defining the necessary steps to be 
taken and interworking with other 
blocks to order performance of this 
work. Since these analyses and coor­
dinating functions are performed cen­
trally, the other blocks can work in the 
ordinary way regardless of the type of 
traffic. 

The COR function is a counterpart 
chiefly of the register function in a con­
ventional system. COR contains a set 
of register records and one record is 
seized for each new call (fig. 4). In this 
record is stored all information requir­
ed during the setting up of the connec­
tion (e. g. the called subscriber's num­
ber, link addresses to other records 
such as FIR, KM etc.) When the con­
nection reaches the conversation 
phase, the register record is released 
(it is linked to other vacant register 
records in a chained list) and the FIR 
and FUR records are linked together. 

The analysis block (AND) contains 
functions for analysis of received di­
gits, for notification of outgoing route, 
charging etc. 

Fig. 7 
Simplified diagram of traffic-handling software 
blocks 

AND Digital analysis 
COR Coordinator 
FIR Incoming line signalling 
FUR Outgoing line signalling 
KM Register signal reception 
KS Register signal transmission 
ORR Relay operation 
ORS Switch operation 
SEL Selection of devices and paths 
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The programs for transmission and 
receiving of signals between the sig­
nalling blocks and the central blocks 
are independent of the type of signall­
ing block affected, and of their num­
ber. An example a call signal from an 
incoming line will be notified to COR 
in the same way irrespective of which 
signalling block delivers the message, 
i.e. irrespective of which type of line 
has signalled. 

The central blocks are thus surrounded 
by a standard interface in order, as 
noted, to avoid the need for repro-
gramming every time a new signalling 
system is introduced. This interface 
has been achieved by means of stan­
dardized macroinstructions, which in 
some cases utilize computer instruc­
tions specially designed for this pur­
pose. A brief description of the setting 
up of a connection with these blocks 
will be found in ref. 1. 

The block diagram (fig. 7) shows only 
pure traffic-handling functions. The 
AKE 13 system also contains an exten­
sive operation and maintenance sys­
tem made up of blocks in the same 
way as described earlier. The signall­
ing between these blocks and traffic-
handling blocks also makes use of the 
same principles. For example, on any 
interesting event in a connection, COR 
sends a signal to the traffic recording 
block TRR, which records the event 
and can then sum up events in diffe­
rent ways and present result outputs in 
different forms. 

The blocks mentioned in this section 
comprise the switching functions and 
the operation and maintenance func­
tions associated with them. The system 
also has a number of application-inde­
pendent blocks associated with the 
data processing system. This group is 
called the "operating system" (OS) and 
comprises the following types of func­
tions: 

— The job monitor which, with the aid 
of a job table, calls each index pro­
gram at its specific time and inter­
val. The job monitor also contains 
aids for measurement of execution 
time for individual programs and for 
measurement of the processor load. 

— Input and output programs which 
are used as standard aids for in­
put of operation and maintenance 
commands and for output of alarm 
and fault printouts, charging and 
measurement data. The programs 
are also used for output of total 
store content for reloading after 
serious faults. 

— loading programs for loading of 
fixed programs and data in con­
junction with cut-over, functional 
changes etc., and for loading of 
movable programs called as requir­
ed by the corresponding function. 

— program testing programs which 
comprise aids for fault tracing in 
and correction of programs during 
testing as well as operation. 

— maintenance programs for tracing 
of faults in the data system and for 
automatic reconfiguration of the 
system when faulty units are to be 
taken out of service. 

Multiprocessor interworking 
The software for AKE 13 is independent 
of configuration, i. e. the number of 
processors in an exchange can be in­
creased from one to eight without 
changing the content of the program 
store. Only certain data in the data 
stores need be modified to create a 
larger system. The programs are so 
designed, furthermore, that the traffic 
capacity per processor is practically 
independent of the number of pro­
cessors. 

The program store in all DPB's con­
tains programs for all switching func­
tions and each central processor, con­
trolled by a job table in the data store, 
performs the functions relating to its 
special sections of the switching 
equipment. A processor performs, for 
example, independently the signalling 
functions for all incoming and out­
going lines connected to the corre­
sponding part of the switching equip­
ment. An incoming call on a line is de­
tected by a signalling block in the cor­
responding DPB and is therafter pro­
cessed by the same DPB as long as this 



is possible. A register record in the 
data store is seized and, if a free code 
receiver of the correct type exists 
within the switching equipment of the 
associated DPB the record of this code 
receiver in the data store is seized. 
Otherwise a code receiver record in 
another data store is seized by the DPB 
of the calling line and the digit recep­
tion program is initiated by a marking 
in a record. At the same time the code 
receiver is connected to the calling 
line. To avoid seizure of the same code 
receiver by several DPB simultaneously 
an interference protector (1 bit in every 
code receiver record) must be operated 
by the seizing processor. A special 
computer instruction has been intro­
duced to allow for operation of this pro­
tective function without capacity loss. 

The digit reception is carried out by the 
DPB which has the code receiver in 
question in its part of the switching 
equipment, and the digits are stored in 
the register record seized in the DPB 
of the incoming line. This DPB ana­
lyses each digit and seizes an outgoing 
line on the route selected through its 
analysis when a sufficient number of 
digits have been received. Since, on 
grounds of reliability, the routes are 
spread over more than one DPB, the 
selection of outgoing line is done in a 
randomly selected data store block. In 
this case as well, accordingly, the ear­
lier described interference protection 
function must be used. The signalling 
on the outgoing line is now done by the 
processor in the data store of which 
the line has been seized. In the same 
way as for the code receiver, a code 
sender is selected either in the same 
DPB as the outgoing line or, if there is 
no free code sender available, a code 
sender is sought in another data 
processing block. After the code sen­
der has been connected to the out­
going line, digit transmission is done 
by the processor in the data store of 
which the code sender has been 
seized. The latter collects the digits 
one by one in the register record in the 
data store of the incoming line. When 
the signalling has been completed, the 
processor containing the register re­
cord orders clearing of code receiver 
and code sender by markings in their 
respective records. The operation of 
switches is therafter done by the re­

spective processors, initiated by the 
markings in the record. The incoming 
line is connected to the outgoing line, 
likewise by marking in the respective 
records of the switch vertical. Finally 
the records for incoming and outgoing 
lines are linked together by writing of 
the address of the outgoing line record 
into the incomning line record, and 
vice versa. At the same time the code 
receiver, code sender and register re­
cords are freed. The connection has 
now reached the conversation phase 
and the two lines are supervised by 
their respective processors. 

Reliability aspects 
The basis for reliable operational soft­
ware is a low fault rate in all software 
functions. Through a well planned sys­
tem organization, well developed de­
sign routines and various auxiliary sys­
tems for testing and maintenance of 
software, the necessary means exist 
for attainment of high reliability. There 
is nevertheless always a risk of soft­
ware faults. To remedy this situation 
and to meet the reliability require­
ments, the following methods are 
used. Certain of the functions men­
tioned below are also of special value 
in the case of faults caused by wrong 
handling. 

Failure detection 
Throughout the system a consistency 
check is made at interworking points 
between software functions. Essential 
data fields are continuously scanned 
for the detection of deviations. The pro­
gram handling is checked both by 
hardware and software functions in the 
system. Facilities for store protection, 
as also protection facilities for pro­
cessor and priority level interference, 
are built into the hardware of the pro­
cessor. 

Fault dispersion 
A strict block structure with well de­
fined and standardized interfaces is 
used throughout the system. Standar­
dized data structures with the smallest 
possible number of links between diffe­
rent data fields are used. In the case of 
serious faults in the period of run-in of 
a new program it is possible to return 
to the old program package by auto-

42 
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matic system restart (see below). The 
same measure is used in the case of 
serious faults during the period of run-
in of newly loaded exchange data. 

Restart 
Correction measures for individual 
calls or other functions are always ini­
tiated immediately on discovery of a 
fault. Automatic system restart pre­
serving calls in conversation phase is 
effected on discovery of a serious fault. 
Manual restartwith orwithout reloading 
from the back-up stores by means of 
simple commands can be done in the 
case of a total system breakdown. 

The system has facilities for storage of 
the complete store contents in back-up 
stores, which facilitates reloading. 

Fault localization 
Standardized print-outs of available 
fault-describing data can be made at 
any time on discovery of a fault. Nor­
mally, however, a print-out takes place 
only when a predetermined fault level 
has been exceeded. The system con­
tains an extensive test system which 
generates printout when predetermin­
ed conditions, defined in commands, 
have been fulfilled. At system restart 
the content is punched in predeter­
mined data fields on paper tapes. Trac­
ing of connections and signal and state 
recording functions are included in the 
system for analyses of the various 
phases of a connection. Print-out is 
initiated when predetermined condi­
tions, defined in commands, have been 
fulfilled. 

Correction of faults 
The test system contains functions 
which facilitate the introduction of pro­
gram corrections in the programmer's 
own language (source code) and auto­
matic coordination takes place also on 
the introduction of a series of associ­
ated corrections. Coding technique, 
which does not allow a simple cor­
rection procedure, has been strictly 
avoided. 

Test of commands 
Apart from a consistency test of com­
mands a test is made also that the input 
device — including tape recorders and 
tape readers — has permission to 

transmit the command in question. For 
console typewriters a key system has 
also been worked out with which the 
operator can indicate his authority. 

Generation of exchange parameters 
during operation 
Exchange parameters are generated 
by auxiliary programs which can be 
loaded and executed during operation. 
The daily administration of an ex­
change can therefore be performed 
through simple, easily handled com­
mands. 

Automatic parameter transmission 
on changes of function 
On the introduction of a new program 
package the store layout is usually 
changed, especially if the change is 
combined with an extension of an ex­
change. To obtain a quicker loading 
procedure and to reduce manual ope­
rations, the existing exchange para­
meters are automatically converted to 
fit the new store layout. They are there­
after transferred to the newly loaded, 
separated half of the processor com­
plex. 

Software Handling 
The introduction of data processing in 
telephony has led to entirely new as­
pects on production and handling of 
software. The new experiences are 
principally the large program volumes 
per exchange and the fact that software 
is serially produced for a large number 
of exchanges with considerable varia­
tions of function. 

The blocks constitute the main parts 
in the system software. On the basis 
of functional requirements an indica­
tion is given primarily of which blocks 
are required for the exchange. In the 
case of new functional requirements 
which are not fulfilled by any of the 
existing blocks, a design frame is 
draw up for a new block and program­
ming of this block and design of the 
corresponding hardware unit (normally 
a line relay set) are carried out. The 
blocks which especially may require 
new programming for new markets are 
the signalling blocks. The programm­
ing of these blocks has therefore been 
rationalized. An example of such ratio-
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nalization is the introduction of stan­
dardized macroinstructions for mea­
sures occurring in most signalling 
blocks, for example "start time mea­
surement" or "change state". 

In the engineering of a telephone ex­
change it is, of course, desirable from 
the economic aspect that the pro­
gramming work is reduced as far as 
possible. The greatest possible number 
of blocks, therefore, are made so as to 
be able to cover the greatest possible 
variation in the functional requirement. 
In this way existing software can be 
utilized to a very great extent. On the 
other hand it is too expensive to allow 
non-utilized parts of the software to 
take up unnecessary storage space in 
the exchange. In AKE 13, therefore, the 
possibility exists, in programming, of 
indicating which program sequences 
are necessary for fulfilment of different 
functional requirements. This is done 
by means of sets of questions in the 
program's source code. Answers to the 
questions are given in the form of para­
meters which are allotted different va­
lues in the engineering of the ex­
change. In the generation of the ex­
change software only such sequences 
as are required for the exchange are 
delievered automatically, whereas se­
quences which the sets of questions 
find irrelevant disappear. An example 
of a parameter of this type is the state­
ment whether the exchange has one­
way or two-way switching stages. Both 
the route selection function and seve­
ral operation and maintenance func­
tions are dependent on this informa­
tion. Instead of introducing double 
block variants for all these functions 
the same variant can contain program 
sequences for both cases without cost 
to the plant. Through this method the 
quantity of block variants can be kept 
low without thereby affecting the plant 
cost. 

The choice of suitable sequences from 
existing programs for adaptation to a 
specific exchange is done by the pro­
gramming system APS. This system, 
which utilizes computers of type IBM 
370, contains a large number of faci­
lities for handling of the software both 
in conjunction with design and testing 
and with filing and generation of load­
ing packages for AKE exchanges. 

All existing blocks for the AKE 13 sys­
tem are filed in a library file. When new 
blocks have been programmed and 
tested in a design file, they are trans­
ferred to the library file (fig. 8). In con­
junction with the engineering of a given 
exchange a project file is built up by 
transfer of suitable blocks from the 
library file. In the project file all pro­
grams and data are collected which 
are to be allocated to a given ex­
change. In conjunction with the trans­
fer to this file an indication is also 
given, through the aforementioned 
parameters, as to which part of the 
standard blocks is required for the ex­
change. These data, as well as start 
data for the exchange records, are fed 
into the system in the form of so-called 
model documents. The project file is 
used also as aid for system testing of 
newly designed functions in a suitable 
environment. No block may be stored 
in the library file until it has been tested 
in conjunction with some project. 

As last step before the output from the 
project file an automatic store layout 
program for programs and data (allo­
cation) is run through. The loading in­
formation, which is thereafter delivered 
on magnetic or punched tape from the 
IBM computer, is finally loaded into 
LM Ericsson's AKE test plant for a final 
test prior to the delivery to the site of 
installation. 

The project files normally contain 
solely the application software, while 
the operating system (OS) is fed into 
the APZ computer of the test plant from 
a standard file where it is stored in 
allocated form. 

The faults discovered in programs and 
data during the testing of the delivery 
package in the test plant must be im­
mediately correctable if the test is to be 
able to continue. The turnaround time 
and the costs of a new output from the 
project file would have a negative 
effect on the delivery time. The opera­
ting system has therefore been equipp­
ed with correction aids with which, 
through a single command, changed 
sequences can be inserted in the pro­
grams or at a free area which the sys­
tem searches for. Only when an altera­
tion has been finally tested in the test 
plant can it be entered in the project 
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Transfer for 
system test 

Fig. 8 

Software handling 



or library file. (As regards the introduc­
tion of entirely new or changed func­
tions during operation, reference is 
made to the description of the proce­
dure for functional changes in ref. 1.) 
The loading package to be delivered 
to the excange is therefore fed out from 
the APZ computer of the test plant 
rather than from the project file. In this 
way there is a greater assurance that 
the delivery is complete and service­
able and that the necessary correc­
tions have been made. Output can also 
take place in a computer-oriented for­
mat, which yields the quickest possible 
loading into the APZ computer of the 
exchange. 

Certain programs, chiefly for opera­
tion and maintenance functions, have 
so low a frequency of usage that they 
need not be constantly stored in the 
program store of the APZ computer 
but, when required, can be read in from 
magnetic tape. These programs are 
delivered in the same way as other pro­
grams after test in the test plant and 
output in loadable form on magnetic 
tape. The programs, however, do not 
have a fixed position in the program 
store of the APZ computer but, in con­
junction with loading, can be placed 
in a momentarily free field which the 
loading program searches for. 

Loading of exchange data 
The loading package delivered to the 
exchange has been furnished in ad­
vance with permanent data such as size 
of exchange etc., while records for va­
riable exchange data such as traffic 
routing data, route data etc. are left 
empty. After input and check of the 
loading package, accordingly, these 
records must be loaded in the ex­
change. This is done by means of spe­

cial exchange data commands which, 
with the aid of the IO program of the 
exchange, load the necessary data and 
from them build up the necessary 
tables for, for example, digit analysis. 
This type of data must, of course, be 
changeable also after cut-over of the 
exchange, for example in conjunction 
with the introduction of new circuits, 
routes, traffic destinations etc. The ex­
change data commands have therefore 
been given such a form that they can 
be used during operation without risk 
of interruption of traffic. 

On safety grounds, after every major 
change of exchange data a complete 
output of the store content is arranged 
on magnetic tape, in a form which 
allows rapid reloading. This safety 
measure is necessary in order to be 
able to restore the store content in the 
event of such severe faults that the 
content has been destroyed. 

Summary 
The software system in AKE 13 has 
been built up around the block struc­
ture, which is aimed at simple and 
convenient production of all software, 
and with satisfactory operating pro­
perties. 

Within the blocks a strict standardiza­
tion of the software and data organiza­
tion has been arranged, which has re­
sulted in a system that is easily adap­
table to various market requirements. 

The operation reliability is attained 
through, among other measures, a well 
planned system organization, well de­
veloped design routines, various auxi­
liary systems for testing of software 
maintenance, and well developed fault 
tracing and restart functions. 
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A New Generation of Line 
Systems for Small-core and 
Normal Coaxial Cables 
Ove Kallgren 

In this article the author presents a new generation of line systems for coaxial 
cables and describes the first member of the family, ZAX 2700-4. 

UDC 621. 315 
LME 84243 

Fig. 1 

"X-ray picture" of a repeater housing with a 
line repeater. (The other line repeaters are 
placed one behind the other into the picture.) 

Presentation of the line 
system family 
The following systems will be included 
in the new family of line systems: 

ZAX 960, 4 MHz for small-core coaxial 
cables 

ZAX 2700, 12 MHz for small-core and 
normal coaxial cables 

ZAX 10800, 60 MHz for normal coaxial 
cables 

The design of these systems will be 
very similar. Consequently the system 
characteristics for ZAX 2700-4, which 
are described in this article, will in the 
main also apply for the other members. 

Design considerations 
L M Ericsson now introduce a new 
generation of transistorized line sys­
tems against a background of 10 years' 
experience of such equipment. This 
experience has enabled a big step to 
be taken towards an optimum line sys­
tem. It has now become possible to 
dispense with many of the facilities that 
were previously included as a precau­
tionary measure, for example meas­
uring facilities, alarm functions, me­
chanical components etc., at the same 
time that the increased confidence in 
active components has made possible 
the use of more complex electrical 
circuits. 

The main requirement for a system 
is that it should be reliable. When a 
new equipment is designed it is easy 
to yield to the temptation to include a 
number of technical refinements. How­
ever, equipment capable of good per­
formance and having technically in­
teresting design solutions is not worth 
much if it does not at the same time 
have the high degree of reliability that 
the large number of channels calls for. 

The quality of the components used in 
the line amplifiers, which are buried in 
the ground and which are connected 
in cascade in the transmission path, is 
of the utmost importance. As in earlier 
systems, the components used in the 
line amplifiers are specially classified. 
Mechanical components, such as re­
lays or mechanical devices for ad­
justing the gain, have been avoided 
entirely. 

A 12 MHz system for small-
core coaxial cable 
Since the first generation of line sys­
tems was introduced, the economic 
development has gone towards an in­
crease in the cable cost while it has 
been possible to keep down the prices 
of the electronic equipment. As a result 
the use of small-core coaxial cable is 
economically justified even for the 12 
MHz system, and the demand for im­
proved performance made on the new 
equipment is to a great extent a result 
of the increased use of this type of 
cable. 

The attenuation of small-core coaxial 
cable is just over twice as high as that 
of the normal coaxial cable, which 
means that a larger number of re­
peaters must be installed along the 
cable. For the 12 MHz system the 
distance between repeaters is 2 km for 
small-core and 4.65 km for normal 
coaxial cable. 

The larger number of repeaters re­
quired for small-core cable as com­
pared with normal coaxial cable na­
turally means that the noise per unit 
length is higher, that the number of 
regulators is greater and that the dis­
tance between power feeding stations 
is smaller. Through the use of im­
proved circuit solutions the new line 
amplifier has much lower noise, a 
typical value being 1.5 pW/km for 
small-core coaxial cables and less 
than 1 pW/km for normal coaxial ca­
bles in accordance with CCITT's de­
finition. 

In order to increase the length of the 
power feeding sections, the voltage per 
repeater has been reduced to 10 V and 
at the same time the maximum feeding 
voltage has been increased to approxi-
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mately 1000 V. This means that in a 12 
MHz system 30 dependent repeaters 
can be fed from each power feeding 
station, or in other words, the distance 
between power feeding stations can 
be as much as 120 km for small-core 
coaxial cables and no less than 280 km 
(1 homogeneous section in CCITT's 
hypothetical reference circuit) for nor­
mal coaxial cables, see fig. 2. The pos­
sibility of using such long power feed­
ing sections is very important from an 
economic point of view. It often avoids 
the cost of an extra power feeding sta­
tion and also the problem that might 
sometimes arise when the line passes 
through a very sparsely inhabited area 
of providing a suitable power supply. 

A large number of regulated repeaters 
in cascade has meant more stringent 
requirements for the envelope gain, 
that is, the undesirable characteristic 
of the regulators of amplifying a low 
frequency variation in the pilot level. 
An improvement has been achieved by 
compensating the transfer function of 
the thermistor in the preceding d.c. 
stage. This has not only resulted in a 
lower envelope gain but has also re­
duced the residual error (the deviation 
of the pilot from the nominal value at 
the output of the amplifier) to approxi­
mately 0.15 dB. 

Careful studies of the advantages and 
disadvantages of temperature control 
and other forms of gain adjustment 
have been carried out, but the disad­
vantages have proved to be appreciably 
greater than the advantages. Hence the 
principle of pilot regulation using a 
thermistor as the regulation element 
has been retained. 

As a rule, every fourth repeater will be 
regulated in all systems. 

Regulation memory 
Several Telecommunications Adminis­
trations have requested that the regula­
tion should be equipped with some 
form of memory, so that in the case of 
a sudden interruption of the pilot the 
regulation will remain in the state that 
it was in just before the pilot interrup­
tion occurred. Actually this form of 
memory is unnecessary if a new pilot 

is injected each time the composition 
of the transmitted frequency band is 
changed. 

It is true that some Administrations use 
very long pilot sections in order to 
avoid the addition of residual errors 
from a number of short sections, but as 
the residual error, as explained above, 
is only 0.15 dB, a number of pilot sec­
tions can be connected in cascade 
without the level error becoming undu­
ly large. Despite these arguments 
against the inclusion of a memory in 
the regulation function, the wishes of 
the customers have been complied 
with and the regulated line repeaters 
have been provided with a memory in 
the form of an analogue-digital con­
verter, which takes over control of the 
thermistor if the pilot is interrupted. 
The introduction of the memory is ac­
tually a departure from the principle of 
increasing the reliability through sim­
plification, but no fault that might occur 
in the memory could cause an inter­
ruption of the traffic. The only result 
of such a fault will be that if the pilot 
fails the gain of the repeater in question 
will change by a few dB. 

3-pilot regulation 
Normally only the main regulating pilot 
12435 kHz is used, but on long routes, 
for example when a power feeding in­
termediate repeater has to be resorted 
to, a further two regulating pilots, 308 
kHz and 4287 kHz, can be used for re­
gulation in the line terminal equipment. 

Fault location 
Faults on the line can be divided up 
into cable faults and repeater faults. 
In many countries where excavators 
are used, cable faults occur about ten 
times more often than repeater faults. 
Faults in the cable are located with the 
aid of the power feeding. If the cable is 
short-circuited, the constant current is 
still fed out on to the line, and hence 
it is only necessary to read off the 
voltage fed out. With a knowledge of 
the voltage drop per repeater section 
it is then an easy matter to calculate 
where the short circuit is located. If, 
on the other hand, the inner and outer 
conductors are not in contact with each 
other at the place where the cable is 
damaged, a constant voltage of 600 V 



12 MHz system on small-core coaxial cable. 
Distance between power feeding stations 
120 km max. 

12 MHz system on normal coaxial cable. 
Distance between power feeding stations 
280 km max. 

Fig. 2 

By reducing the voltage per repeater to 10 V 
and increasing the voltage fed out to 1000 V, 
the length of the power feeding sections has 
been increased considerably 

Fig. 3 
The top cover of the line repeater also serves 
as a designation plate on which the selected 
settings can be recorded 

is applied with the same polarity as the 
normal power feeding voltage. Each 
two-way repeater contains a resistor, 
in shunt between the two inner con­
ductors. The fault is located by reading 
off the sum current on an instrument 
that is calibrated directly in terms of the 
number of repeater stations up to the 
fault. 

For locating faulty repeaters, each re­
peater station on the route has a built-
in fault location oscillator having a 
specific frequency. Faulty repeaters are 
located by measuring the fault location 
frequencies at the receive terminal. In 
the 12 MHz system these frequencies 
lie between 12750 and 13002 MHz with 
4 kHz spacing. This gives 64 frequen­
cies, which is sufficient for the maxi­
mum number of repeater stations that 
can be set up between two power feed­
ing stations. This also applies in the 
case of the 4 MHz systems, in which the 
maximum number of frequencies is 56 
at 2 kHz intervals (4500—4610 kHz). 

12 MHz universal line 
amplifier 
In the 12 MHz system the same type of 
line amplifier is used for both normal 
and small-core coaxial cables. The on­
ly thing that has to be done is to select 
the required gain with the aid of a strap 
(2 km small-core coaxial cable cor­
responds very nearly to 4.5 km normal 
coaxial cable, while 4.65 km requires 
approximately 1.4 dB additional gain). 
This provides an interesting possibility 
of mixing the two cable types. If, for 
example, small-core coaxial cable is 
normally used for a particular route, 
but when planning it is found that at 
some place it is difficult to position an 
intermediate repeater station, it is then 
possible to resort to normal coaxial 
cable and thereby leave out one sta­
tion. 

Conversion 
The fact that the different systems are 
very similar in their design and con­
struction simplifies the conversion 
from a lower capacity system to a 
higher one. This is particularly so in the 
case of the conversion from a 4 MHz 
system to a 12 MHz system. At the ter­
minal stations the whole rack including 

the power feeding unit can then be re­
tained, and it is only necessary to 
change a few units, for example the 
pilot oscillator and pilot stop filter and 
the stop filter for the fault location fre­
quencies. Quite naturally the repeaters 
at the intermediate repeater stations 
must be changed. 

When commissioning a 4 MHz system 
it can in many cases be advantageous 
to prepare for a later conversion by 
installing empty through-connected 
repeater housings in the transmission 
path at the same time. A conversion 
can then be carried out very easily, 
and the time that the line is out of 
service will be a minimum. 

Repeater equipment 
The line repeaters, which are two-way, 
are available in two different designs, 
regulated and unregulated. The regu­
lated repeater contains a pilot receiver 
and a thermistor and can regulate 
± 4 dB. The gain of the unregulated 
repeater can be set to any one of six 
positions in 1.4 dB steps. The terminal 
repeater has the same mechanical 
construction as the line repeaters, but 
unlike these it has different functions 
in the two directions of transmission. 
The repeater in the send direction is 
unregulated and can be set to the 
desired gain while the repeater in the 
receive direction is regulated. More­
over, the terminal repeater is designed 
for local feeding from 12 V and has out­
puts for a pilot alarm and a recorder. 

Line building-out networks can be 
installed in all the different types of 
repeaters. In the 12 MHz system the 
maximum attenuation of these net­
works is 30 dB in steps of 2 dB. A fault 
location oscillator has been built in in 
each line repeater. This has been done 
in order to make the systems included 
in the same cable as independent of 
each other as possible. Test points are 
not provided. A special measuring 
adapter is used when measuring input 
or output levels. A plate, fig. 3, is pro­
vided on the upper side of the line re­
peater for recording the gain setting 
and selected line building-out for each 
direction of transmission and also the 
frequency of the fault location oscilla­
tor etc. 
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Fig. 4 

This compact DC/DC converter provides the 
power tor the terminal equipment for one 
system. It has an output power of 25 W at 12 V 

Fig. 5 

The A and B alarms for one system are brought 
together and indicated on the front of the alarm 
unit. The front of the unit also contains the 
reminder indication switch etc. 

Adapters containing high-pass and 
low-pass filters are provided for feed­
ing in and looping the remote power 
feeding current. The looping adapter 
is placed immediately above the line 
repeater and the power feeding adap­
ter is mounted in the power feeding 
shelf in the terminal rack. 

Terminal equipment 
The terminal rack, which accommo­
dates the equipment for three systems, 
is constructed in accordance with L M 
Ericsson's normal method of construc­
tion, M4, with certain simplifications. 
One common principle that has been 
applied in the design of the terminal 
rack has been to make the different 
systems entirely independent of each 
other. Thus any faults occurring in one 
system cannot cause traffic disturb­
ances in another system. The power 
feeding has been arranged so that 
each system has its own converter for 
converting the battery voltage to 12 V, 
which is the bay supply voltage, see 
fig. 4. Furthermore each system has 
its own alarm unit, see fig. 5, to which 
all the alarms in the system are taken 
and in which the type of alarm, A 
(urgent) or B (non-urgent), or P (the 
reminder indication) is indicated. The 
corresponding lamp, A, B or P, also 
lights at the top of the rack. 

Test points and alarm indicators (diode 
lamps) are normally placed directly on 
the front of the unit in question. How­
ever, alarms from the 12 V converter 
and pilot alarms from the terminal re­
peater are indicated in the alarm unit, 
mentioned above. 

Thanks to the fact that the terminal 
repeater has been constructed so that 
it takes up such a small space, it has 
been possible to place the cable entry 
glands directly in the terminal rack, see 
fig. 6, instead of in a special rack. Apart 
from the cable entry gland, the upper 
part of the rack includes a fuse strip 
containing the fuses for the pairs in 
the cable. The power feeding adapters 
are equipped beneath this part of the 
rack. These adapters are used to com­
bine the constant direct current from 
the remote power feeding unit with the 
line frequency band for feeding out on 
to the cable. The remote power feeding 

units, which are placed immediately 
under the adapters, deliver a constant 
current of 125 mA for the 12 MHz sys­
tem and 100 mA for the 4 MHz system. 
The voltage varies between 20 V and 
1040 V depending on the length of the 
route. The current and voltage fed out 
can be read off on separate measuring 
instruments. 

In order to prevent persons being in­
jured in the case of a cable break, the 
remote power feeding unit has been 
equipped with a high resistance cen­
tre-point earth. The highest current 
that can be fed out between the inner 
conductor of the coaxial tube and 
earth is approximately 2 mA and is 
quite harmless. The current that can 
be taken out between the two inner 
conductors is also not dangerous as it 
is not until the current exceeds 250— 
300 mA that persons can be seriously 
injured. 

If a cable should be cut through, the 
outer conductor is usually drawn over 
the inner conductor so that it is not 
possible to come in contact with the 
inner conductor. 

As an additional safety measure the re­
mote power feeding unit has been de­
signed so that its voltage falls to zero 
if the output power feeding current is 
cut off, and so that the power feeding 
must be restarted manually. However, 
this extra safety measure can be dis­
connected if desired, in which case the 
unit provides an idling voltage of 1160 
V. The remote power feeding unit also 
contains equipment for locating cable 
breaks. 

The repeater shelf is under the remote 
power feeding unit and contains the 
terminal repeaters. These are fed with 
12 V from the line terminating shelf in 
which the regulation pilot is generated 
and stopped respectively and in which 
equalization is also provided for both 
the station cable attenuation and the 
residual error of the line system. 

As shown on the block diagram of fig. 
7, the line terminating shelf has two 
entirely similar inputs and outputs in 
the direction towards the LGDF (line 
group distribution frame), both in the 
send and the receive direction. One of 



Fig. 6 

The terminal rack equipped for one sys tem . 
(The righ t -hand pic ture shows the same rack 
wi th the cove r pla tes removed) 

Fig. 7 
The terminal equipmen t for one sys tem . (The 
pilo t regula t ion shelf is necessary only for long 
rou tes .) The repea ter has a buil t-in faul t 
loca t ion oscilla tor . It can also be equipped with 
line building-ou t ne two rks 

these is permanently connected in while 
the other is available for, for example, 
making measurements, which can be 
carried out quite easily while the sys­
tem is in operation if intergroup pilots 
are used. 

Pilot regulation shelves (one per sys­
tem) are mounted at the bottom of the 
rack when required. These contain 
oscillators, regulators and stop filters 
for the auxiliary pilots 306 kHz and 4287 
kHz. 

The left-hand rack side contains alarm 
lamps, a telephone set for a speaker 
circuit, a magnetic fast acting fuse for 
each system and one for the speaker 
circuit shelf. This shelf is placed im­
mediately under the repeater shelf and 
has space for two speaker circuits. The 
speaker circuit is arranged as a four-
wire circuit over loaded pairs in the 
centre of the coaxial cable. Amplifica­
tion is provided at the terminal repea­
ters. The dimensions and loading of 

the pairs should be chosen so that the 
attenuation at 800 Hz between ampli­
fier points does not exceed 40 dB. By 
using two loaded 1 mm pairs the 
speaker circuit for the intermediate re­
peater stations can be taken a distance 
of 280 km without amplification. With 
0.6 mm pairs the corresponding dis­
tance is 120 km. 

New repeater housing for 
dependent repeater stations 
The new generation of equipment also 
includes a new housing, ZDD 514, for 
dependent repeater stations. This has 
the two cable entry glands placed 
sloping in relation to the body of the 
housing, whereby the cable is made 
directly accessible for making meas­
urements and for fault location (see fig. 
1). The main cable is jointed directly to 
these entry glands using the same 
type of straight joint that is used for 
other joints on the cable. Thus there is 
no stub cable with this type of housing. 

The signal path through the rack is as follows: 
The signal comes in from the LGDF (line group 
distribution frame) via a station cable. The fre­
quency-dependent attenuation of this cable is com­
pensated in the combined station cable equalizer 
— combining unit. The combining part of this unit 
is used for feeding in the main regulation pilot 
and when applicable the auxiliary pilots and a 
frequency comparison pilot. Fixed equalization 
(pre-equalization) can then be included if 
necessary before the signal is taken to the send 
side of the terminal repeater where the pre-
emphasis is carried out. 
Before the signal goes out on the cable it passes 

through an adapter containing a separation filter, 
with the aid of which the constant current from 
the remote power feeding unit is fed in on the 
signal path. 
In the receive direction the signal passes through 
the other part o) the adapter and Into the receive 
side of the terminal repeater where regulation 
is carried out with the aid of the main regulating 
pilot. The sensitivity of the pilot alarm can also 
be selected in the repeater. The indicator (diode 
lamp) for the pilot alarm is placed on the alarm 
unit on the line terminating shelf. 
De-emphasis takes place at the output of the 
terminal repeater. 

In the line terminating shelf the signal is first 
equalized, either with the aid of only a fixed 
equalizer or in combination with a cosine 
equalizer. In cases where 3-pilot regulation is 
used, this is followed by automatic equalization 
in the regulators controlled by the auxiliary 
regulating pilots. 
The suppression filters stop in turn the auxiliary 
regulation pilots, the fault location pilots, the 
main regulating pilot and finally the frequency 
comparison pilot before the signal reaches the 
station cable equalizer — separation unit and 
goes on to the LGDF. 
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The sealing of the previous housing, 
ZDD 512, has proved to be very good, 
and consequently this type of sealing, 
a toroidal ring seal, has been retained. 
The housing can be pressurised via the 
cable through a pneumatic resistance. 
Alternatively the gas pressure in the 
cable can be bridged over to the fol­
lowing cable section. 

Ring seals are also used in the newly 
designed cable entry glands, among 
other things for sealing the coaxial 
connectors. Only the pairs in the cable 
that are taken into the housing are em­
bedded in the cable entry gland. 

The line repeaters are placed in a 
metal frame and are connected to the 
cable entry gland by means of flexible 
cables. In this way it has been possible 
to avoid the complicated terminal 
panel which was used in the earlier 
housing. There is now only a small 
angle bracket with contacts for the 
speaker circuit and for through-con­
nection of the pairs in the cable. The 
metal frame that holds the repeaters 
can quite easily be insulated from the 
housing if the arrangement known as 
the semi-floating system is chosen. All 
metal parts in the housing are then 
earthed automatically when the cover 
of the housing is opened. However, as 
long as there is no powerful hum in­
duction there is no reason why the 
system should not be permanently 
earthed. 

The type of housing described above 
has been developed in consultation 
with the Swedish Telecommunications 
Administration and has now been ac­
cepted as the standard in Sweden. It is 
to be used, for example, in conjunction 
with the extension of the Swedish 60 
MHz network and can be used together 
with repeaters supplied by different 
manufacturers. When the housing is 
used for L M Ericsson's equipment it 
accommodates three systems. It is then 
unnecessary to provide any thermal 
insulation under the lid of the housing, 
even if the lid is above ground. 

I 
Technical data for ZAX 2700-4 
Cable type Normal coax. Small-core coax. 

(2.6/9.5 mm) (1.2/4.4 mm) 

Frequency range 300—13000 kHz 300—13000 kHz 

No. of channels 2700 2700 

Nominal levels at the LGDF. Send/rec. —33/—33 dBr —33/—33 dBr 

I Impedance, input and output 75 {> unbal. 75 Q unbal. 

Gain per intermediate repeater at the pilot 

frequency 12435 kHz 38.5 dB 37.1 dB 

Repeater spacing 4.65 km approx. 2 km 

Typical value of weighted noise per channel 
at the zero level point for a loaded system 
(—15 dBmO/channel) < 1 pW/km 1.5 pW/km 

I Near-end crosstalk attenuation per station 

within and between systems > 93 dB > 93 dB 

Main line regulating pilot 12435 kHz 12435 kHz 

Auxiliary regulating pilots 308 kHz, 4287 kHz 308 kHz, 4287 kHz 

Pilot level —10 dBmO —10 dBmO 

Regulation range per regulated repeater 

at 12435 kHz ± 4 d3 ± 4 d B 

Residual error at 12435 kHz < ± 0 . 2 d B < ± 0 . 2 d B 

Frequency comparison pilot 300 kHz 300 kHz 

Fault location frequencies 12750—13002 kHz 12750—13002 kHz 

Remote power feeding series, d.c. series, d.c. 

Maximum number of dependent repeater 

stations per power feeding unit 30 30 

Max. distance between power feeding stations 280 km 120 km 

Feeding current 125 mA 125 mA 

Feeding voltage, max. 950 V 1040 V 
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Line Amplifier 
ZGC 201 for 12 MHz Systems 
Hans-Jurgen Breuer 

Line amplifier ZGC 201 for 12 MHz systems on small core coaxial cables belongs 
to a new generation of coaxial cable systems, ZAX 2700-4. The design is based 
on almost ten years' experience of transistorized line systems, but it also includes 
many new ideas, particularly as regards the circuit engineering. Additional 
improvements in the noise characteristics have been achieved. The mechanical 
design is extremely simple. Both as regards the components and the degree 
of reliability the requirements set for the ZGC 201 amplifier are as stringent 
as those set for earlier generations t 2 . 

UDC 621 391 816. 2 
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Line amplifier ZGC 201, shown in fig. 1, 
functions as a complete dependent 
repeater for one system. Thus it con­
sists of: 

amplifier equipment for both directions 
of transmission 

line building-out networks for increas­
ing the cable attenuation by a maxi­
mum of 30 dB 

fault location equipment. 

Two variants of the amplifier are avail­
able: 

Unregulated, with a gain that can be 
switched to any one of six positions 
between 34.4 dB and 41.3 dB, at a fre­
quency of 12435 kHz, in steps of 1.4 dB. 
These positions correspond to the 
following cable lengths for: 

small-core coaxial cable: 1.9—2.3 km 

normal coaxial cable: 4.2—5.0 km 

Regulated, with a fixed output level for 
the line frequency band, which is ob­
tained by regulating to give a predeter­
mined pilot level. In this way the ampli­
fier compensates input variations with­
in 8 dB at the pilot frequency, by a fre­
quency dependent gain corresponding 
to the attenuation characteristic of the 
coaxial cable. If the pilot fails, the gain 
to which the amplifier is set is main­
tained to within 0.5 dB by a digital 
memory. 

The line amplifier is contained in a 
die-cast aluminium case. 

Fig. 1 
Line amplifier ZGC 201. 
(In the lower picture the covers have been 
removed) 
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Fig. 2 

Block diagram of the line amplifier. One 
direc t ion of transmission. A—B 

A Amplifier 
PE Pre-equaliser 
PR Pilot receiver 
LBO Line building-out network 
FO Fault location oscillator 
DT Overvoltage protection 

Electrical design 
The block diagram of the line amplifier 
is shown in fig. 2. The diagram includes 
only the equipment for one direction 
of transmission. 

A separation filter connected to the in­
put and output of the amplifier is used 
to separate and combine the signals 
of the line frequency band and the 
power feeding current of 125 mA d.c. 

The signals of the line frequency band 
first pass through a pre-equalizer, 
which for noise reasons equalizes only 
the low frequency part of the band. 
The amplifier that follows provides the 
final equalization. 

In the regulated variant of the line am­
plifier the pilot receiver checks the 
output level and controls the thermis­
tor, which adjusts the gain by changing 
the feedback. 

The power feeding paths for the two 
directions of transmission are electri­
cally separate and no coupling takes 

place between them inside the line 
amplifier. In this way a very high 
crosstalk attenuation is obtained be­
tween the two directions of transmis­
sion with a small number of compo­
nents. As both the power feeding 
paths have the high potential of the 
inner conductors of the coaxial pairs, 
this method of connection results in the 
lowest possible number of high voltage 
capacitors and other sensitive compo­
nents. The only connection between 
the two directions of transmission is 
the connection over which the fault 
location signal is transmitted to the 
opposite direction. The fault location 
oscillator is driven from the power 
equipment in one or the other of the 
transmission directions. 

The driving voltage of 10 V required by 
the unregulated line amplifier is ob­
tained from a power zener diode, 
whereas the voltages for the amplifier 
and pilot receiver in the regulated line 
amplifier are obtained across two such 
zener diodes connected in series. 



The overvoltage protection for the line 
amplifier consists of built-in gas-type 
arresters having a 1400 V static strik­
ing voltage, supplemented by addi­
tional protection. A higher dynamic 
striking voltage can occur because of 
the front slope of the overvoltage. The 
line amplifiers are therefore tested 
with 3000 V between the inner conduc­
tor of the connectors and earth. This 
provides a good margin for the type of 
arrester used, even for front slopes 
steeper than are normally encountered 
with lightning strokes. The amplifiers 
are also type tested using a high vol­
tage pulse generator, see fig. 3. 

For this surge test the front slope is 
the same as that used in the test pro­
posed within CCITT for transistorized 
line amplifiers3. Moreover, when the 
gas-type arrester strikes, the current 
load on the amplifier connectors and 
internal connections is several times 
greater than in the case of the CCITT 
test, see fig. 4. 

The amplifier 
In addition to compensating for the 
attenuation of the preceding cable sec­
tion, the amplifier must provide the 
terminating impedances for the cable 
sections at its input and output. The 
amplifier is a three stage amplifier 
with feedback and consists of an ac­
tive part, a feedback network with a 
regulation network and special input 
and output circuits for providing the re­
quired terminating impedances, see 
fig. 6. 

The active part of the amplifier con­
sists mainly of a thick film hybrid cir­
cuit. It contains the semiconductors 
(transistors and protection diodes), 
capacitors and resistors in the signal 
path and is enclosed in a sealed cap­
sule. 

A hybrid circuit is used in order to 
achieve a high component density and 
short electrical paths. This makes pos­
sible a high degree of feedback, which 
in its turn provides accurate equaliza­
tion and high attenuation of intermo-
dulation products. 

The output stage contains two power 
transistors connected in parallel. The 
power loss in the output stage is ap­

proximately 0.9 W, which includes 
0.4 W in each of the two power transis­
tors. These are mounted directly on the 
hybrid substrate as chips. The sub­
strate in its turn is placed on a copper 
heat sink and consequently the tem­
perature of the junction during opera­
tion rarely reaches + 100° C. A low 
junction temperature is advantageous 
as regards reliability and attenuation 
of intermodulation products. 

Apart from the hybrid circuit, the active 
part includes another transistor, T (fig. 
6). This checks the d.c. in the output 
stage and, via a separate regulation 
loop, holds the operating point of the 
stage constant. This transistor is 
placed outside the heated hybrid, 
which gives the operating point of the 
output stage a high thermal stability at 
the cost of only a small part of the 
driving voltage. 

Frequency-dependent output circuit 

The signal from the output stage must 
reach the output of the line amplifier, 
and thus the following cable section, 
with the least possible loss of power 
through feedback. Furthermore the 
line amplifier must provide an output 
impedance that matches the cable. 
This is done by including a special 
"output circuit" between the output 
stage and the output of the amplifier, 
fig. 5. This circuit branches off the 
feedback signal at the amplifier output 
in such a way that the equivalent 
e.m.f. in the feedback path is generated 
in equal parts by the output voltage 
and the outgoing current. The whole of 
the feedback path consists of one or 
more attenuation networks that are fed 
from this equivalent generator so that 
the feedback voltage at the input of the 
amplifier is placed in opposition to the 
incoming signal from the cable at 
point s. 

The line amplifier has a relatively low 
degree of amplification at low frequen­
cies but this increases with increasing 
frequency. This corresponds to low at­
tenuation in the feedback path at low 
frequencies and increasing attenuation 
with increasing frequency. 

The conventional method of designing 
line amplifiers is to allow the e.m.f. for 

Fig. 4. 

Surge test of the amplifier. 
Time sequence for the voltage U and the 
current I 

Fig. 3 

Overvoltage test of the amplifier using a high 
voltage pulse generator 



Fig. 5 

Equivalent diagram of the amplifier 

AO Active part 
UK Output circuit 
E Equivalent generator 
DN Attenuation network 
S Summing point 

the feedback path to be generated in 
a non-frequency dependent output cir­
cuit, with normally a winding on the 
output transformer and a resistor for 
sensing the output voltage and output 
current respectively. In this way an 
e.m.f. is obtained for the feedback path 
that is constant over the whole of the 
signal frequency band, and which has 
a value that is determined by the low­
est gain obtained at low frequency. 
This means that an unnecessary 
amount of signal power is branched 
off to the feedback path at the higher 
frequencies, which later must be dissi­
pated in a fol lowing frequency depen­
dent network in order to obtain the ne­
cessary attenuation. 

In the new ampli f ier an output circuit 
is used that contains reactive and thus 
frequency dependent impedances, Zi 
and Z2 (fig. 6). By this means the e.m.f. 
in the feedback path is given a value 
that becomes less with increasing gain 
at higher frequencies. Consequently, 
with increasing frequency the amount 
of power branched off to the feedback 
path becomes successively less and an 
ever increasing part of the l imited 
power from the output transistor can 
be fed to the next cable sect ion. The 
intermodulat ion requirements for an 
ampli f ier are most dif f icult to satisfy 
at high frequencies, and consequently 

this saving of power is of great value in 
very wideband systems. By selec­
ting Zi and Z2 as dual impedances, 
the output impedance of the amplif ier 
is made independent of the frequency. 
Moreover, the impedance of the gene­
rator for the feedback path (in the out­
put circuit) is independent of the fre­
quency, which is desirable for a sym­
metrical gain regulation. 

With this type of output circuit the out­
put transformer becomes a rather un­
compl icated component, as it affects 
the feedback very little at frequencies 
well outside the signal frequency band. 
In pract ice almost the whole of the fre­
quency dependence of the gain is in 
the output circuit . 

Regulation and fine equalization 

As descr ibed earlier, the output circuit 
consti tutes a generator, the e.m.f. of 
which varies with frequency and the 
impedance of which is independent of 
the frequency. The generator feeds the 
feedback path, designed as a voltage 
divider in which the longitudinal im­
pedance varies through a variable re­
sistance in the form of strapped re­
sistors (unregulated amplif ier) or a 
thermistor (regulated amplif ier). The 
frequency dependence of the regula­
t ion is provided by a special regula-

Fig . 6 

Simplif ied ci rcui t diag ram of the amplifier 

H Active part (hybrid circuit) 
UT Output transformer 
RN Regulation network 
TH Thermistor 
S Summing point 
T Control transistor 
Zi , Z2 Frequency dependent impedances 
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Fig. 7 

Strapping field for selection of the gain in 
steps of 1.4 dB 

Fig. 8 

Line building-out network (only for one 
direction) 

tion network between the variable re­
sistance and the signal path. The trans­
verse impedance of the voltage divider 
consists of a half link having frequency 
dependent attenuation and constant 
input resistance. The final fine equali­
zation of the amplifier curve takes 
place in this half link. 

Finally, the voltage from the half link 
is combined with the amplifier input 
signal in a conventional input circuit 
with a transformer, so that the correct 
amplifier input impedance is obtained. 

Pilot receiver 
The output level of the amplifier is re­
gulated to a constant level with the 
aid of a regulation loop, which includes 
a thermistor as the regulation element. 
The current through the thermistor is 
changed in proportion to the change of 
the amplifier input level. 

Apart from a conventional crystal filter 
and pilot amplifier, the regulation loop, 
fig. 10, includes a low level rectifier for 
the pilot signal, followed by d.c. ampli­
fication. Special care has been paid to 
the amplitude and phase in the regula­

tion loop over the frequency range 0 to 
approximately 1000 Hz, in order to 
avoid a residual amplification of any 
low frequency modulation of the pilot 
signal (envelope gain). For this pur­
pose it has been necessary to compen­
sate for the far too great roll-of in the 
transfer function (heater current— 
resistance change) of the thermistor 
with increasing frequency, by giving 
the d.c. amplifier a gain that increases 
with frequency. 

Memory 

In order to meet the requirement to re­
tain the gain value if the pilot fails, the 
actual heater current, and thus the in­
put level, is continuously reproduced 
quantified at 0.5 dB intervals via a digi­
tal 4-bit shift register, with the aid of 
A/D—D/A converters and a low fre­
quency clock, at a special memory 
output. If the pilot voltage falls by more 
than 8 dB the clock stops and the me­
mory output is connected to the ther­
mistor, which by and large retains its 
existing resistance value. 

It is naturally possible to exploit the 
supervisory and memory functions to 

Fig. 9 

Fault location oscillator 

(i<fc^ 
IOC 20101 
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Fig. 11 

Mechanical lay-out of the line amplifier 

FO Fault location oscillator (common) 
PE + A Pre-equaliser + amplifier (one unit) 
PSF Power separation filter 
PR Pilot receiver 
LBO Line building-out network 

Direction A—B 
Direction B—A 

a much greater extent by an increased 
use of electronics. However, from the 
point of view of reliability certain limi­
tations must be applied, as the number 
of components in the supervisory 
equipment should not be allowed 
greatly to exceed the number in the 
actual transmission path. The risk of 
faults in the supervisory equipment 
must naturally not be greater than in 
the actual transmission path. The me­
mory circuit is connected in in such a 
way that the normal function of the 
line, with the pilot connected in, is not 
affected if a fault should occur in the 
memory circuit. 

Mechanical design 
The different parts of the line amplifier 
are mounted in a die-cast aluminium 
case. Several electrical functions are 
brought together in mechanical units, 
each of which is mounted in a separate 
compartment, see fig. 11. 

All the compartments are securely en­
closed by means of tightly fitting alu­
minium covers. They are made in such 
a way that short leads can be taken 

through the walls between the com­
partments. The leads consist of con­
centric conductors and insulators that 
provide very simple and reliable inter­
connections with good electrical insu­
lation. 

The construction method using die-
cast cases has been used with great 
success for the units included in LM 
Ericsson's 60 MHz multiplex equip­
ment. The sub-units are built up on 
glass-fibre reinforced plastic wiring 
boards. In order to obtain sufficient 
space for the power separation filter, 
the component side has been turned 
inwards so that the depth of the com­
partment is utilised. Interconnections 
are made on the foil side. In the unre­
gulated amplifier the required gain is 
selected by cutting the unused straps 
in a strapping field with soldering pins 
fitted on the amplifier board, see fig. 7. 
Naturally straps can also be re-solder­
ed in this field. The fault location oscil­
lator, fig. 9, is placed in the top part of 
the case under the handle. Once the 
cover has been removed it is an easy 
matter to fit the crystal which gives the 
amplifier its identity in the circuit. 

Fig. 10 

Gain regulation 

A Amplifier 
TH Thermistor 
EG DC amplifier with envelope gain 

compensation 
R Reference voltage 
D Differential stage 
M Memory 



rTechnical data for the 
regulated amplifier 
Nominal gain 37.8 dB at 

12435 kHz 
Frequency characteristic 
in accordance with the 1.2/4.4 or 
data for the coaxial cable 2.6/9.5 mm 

Gain deviation, max. ± 0.10 dB 

Return loss, input/output > 26 dB 

Regulation range ± 4 dB 

Envelope gain/4 sections 0.03 dB 

Noise factor 4 dB 

Intermodulation attenua­
tion for the frequency 
2X11.3—10.3 MHz = 
12.3 MHz and with 
0 dBm per tone 94 dB 

Overload point + 22 dBm 

External dimensions of 210 X 130 x 
the line amplifier 230 mm 

Weight 4.5 kg approx. 

Components 
In the main the same types of compo­
nents are used in the line amplifier as 
are used in L M Ericsson's other trans­
mission equipment. These components 
satisfy very high demands as regards 
function, reliability and life. 

The line equipment, however, is more 
inaccessible than other transmission 
equipment. Consequently, if a fault oc­
curs it can cause a major traffic dis­
turbance. For this reason each compo­
nent that is used in the line-amplifier 
is tested individually in order to ensure 
that it will function correctly and with­
out faults. This investigation often com­
prises operational tests for the pur­
pose of sorting out any components in 
which the most important characteris­
tics change considerably. Compo­
nents that are approved constitute a 
special component class for buired 
equipment. As a result of this reliability 
selection the line amplifiers have a 
very even quality and have been shown 
to have a low failure rate. 
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WORLDWIDE 
NEWS 

Broadway 
Australia 

Terminal Building in Sydney, 

"One of the world's most advanced 
telephone exchanges" — now in operation 

"One of the world's most advanced computer-controlled telephone exchanges has 
gone into operation in Sydney. The new international exchange is installed at the 
Overseas Telecommunication's building, Broadway International Telecommunications 
Centre." 

So wrote the Australian daily The ACE 
at the end of March after the first stored-
program-controlled telephone exchange 
for intercontinental traffic in the southern 
hemisphere had been put into operation in 
Sydney and handed over by LM Ericsson 
to the Australian OTC(A). 

The exchange, denoted OTC/BW CT1. 
is worth mention for several reasons. The 
Australian Financial Review formulates 
it as follows: 

"As well as being Australia's first ope­
rational computer-controlled exchange, 
another claim is it also one of the first in 
the world capable of handling a new inter­
nationally adopted telephone signalling 
system." 

The Sydney exchange uses CCITT sig­
nalling system no. 6, which means that all 
signalling is separated from the speech 
transmission and is carried on separate 
data channels. One advantage of this is 
that the signalling is quicker and the re­
peaters are simpler. (For that matter LM 
Ericsson have earlier delivered to the 
same customer a small computer-con­
trolled test exchange, OTC/FT6, of type 
AKE 13 for international field tests with 
this type of signalling.) 

Other brief data concerning the Sydney 
project: 

• The design of the market-depen­
dent software, output of the program 
package and testing of the software were 
carried out in Sydney by a working group 
formed in 1971 with staff from LM Erics­
son's Australian subsidiary (LM Ericsson 
Pty. Ltd.) and from OTC(A). 

• Installation and testing of the AKE 
exchange were carried out under the 
guidance of staff from the same working 
group. 

• The testing of the newly designed 
software started in mid-1972 using OTC/ 
FT6 AKE 13. 

• At the start of 1973 more extensive 
tests of the software — system tests — 
were initiated on the computer equipment 

APZ in OTC BW/CT1. This equipment 
had then been installed at OTC(A) Pad-
dington Terminal Building. All types of 
traffic were tested with special software 
facilities. 

• During June 1973 the APZ was 
moved from Paddington and installed in 
Broadway Terminal Building, Sydney, 
where the installation of the switching 
equipment of the exchange has proceeded 
since the beginning of the year. 

• The system tests were completed at 
the beginning of January 1974 and, after 
about two months' acceptance tests, the 
AKE exchange was handed over on 
March 7th — 14 months after the start of 
installation in Broadway Terminal — to 
the Australian P.O. The exchange was cut 
over on March 11. 

Five times more transient 
voltage protectors 

The manufacturing capacity for tran­
sient voltage protectors at AB Rifa's fac­
tory at Bollmora outside Stockholm is 
quickly increasing and in the next few 
years is expected to have reached five 
times the present figure. 

The manufacture of transient voltage 
protectors has old traditions at Rifa. In 
recent years considerable advances have 
been made in respect of the composition. 

New telephone 
system for Australia 
and Finland 

The new crossbar system, LM Ericsson 
type ARE 11, with electronic register 
processors, has now started to be mar­
keted in several countries. The first ex­
change of this type will be put into opera­
tion at Salisbury. Adelaide, Australia, in 
mid-1975. 

The first country in Europe to order the 
system was Finland, which was also the 
first country in which LM Ericsson's 
crossbar system of conventional type was 
introduced in Helsinki in 1950. 

The ARE 11 system is equipped with an 
electronic register processor organization 
which, under the designation ANA 30, 
can also be installed in already existing 
crossbar exchanges. It then replaces the 
conventional electromechanical registers. 
This change of registers has been done at 
Mundelstrup, Denmark, as a result of 
which the exchange could be given faci­
lities fully on a level with fully stored-
program-controlled systems. 

structure and pretreatment of the com­
ponent materials, the design of the pro­
tectors and the manufacturing processes. 

A recent impartial investigation at the 
Swedish Institute for High Voltage Re­
search confirmed that Rifa's transient vol­
tage protectors have extremely high speed 
in transient contexts, higher than any of 
the simultaneously investigated protectors 
of other makes. 

Double-furnace equipment for vacuum 
pumping, gas filling and soldering of tran­
sient voltage protectors at the Rifa factory 
at Bollmora outside Stockholm. 
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The Ericsson Group invested 360 Mkr in research 
and development in 1973 

At a speech at the London Society of 
Investment Analysts by reason of LM 
Ericsson's successes on the rapidly grow­
ing British telecommunications market, 
the President of the Ericsson Group, Mr 
Bjorn Lundvall, spoke about the com­
pany's investments in research and deve­
lopment. 

Here are some abstracts from his 
speech: 

• Seven per cent of the Group's sales 
is invested annually in R & D — last year 
the amount was in round figures 360 Mkr. 
At present about 5,600 of the Group staff 
are engaged on the development and de­
sign of new products or adaptation and 
modernization of existing products. 

Solely within the parent company 7,000 
m- of newly built and well equipped labo­
ratories have been taken into use in the 
past two years. 

• R & D is both centralized and de­
centralized. Centralized in the sense that 
it is coordinated and supervised in Stock­
holm. Decentralized in the sense that an 
increasing proportion of the work is being 
shifted to foreign subsidiaries in, for 
example. France, Italy, Norway and 

Unique maritime 
telecommunication 
service 

The Swedish Telecommunications Ad­
ministration is alone in the world in being 
able to offer an automatic telecommu­
nication system, Maritex, specially tested 
for shipping and entirely developed by the 
Administration. The system is based on 
short-wave communication with auto­
matic scanning of calls from coastal radio 
stations and eliminates the manual adjust­
ment to different frequencies. Messages 
can be automatically received at any time 
of the day and the operator avoids the ne­
cessity of maintaining a routine radio 
watch. 

There is said to be a great international 
interest in Maritex since its introduction 
in 1972. 

Through the introduction of this system 
some 30 Swedish vessels hitherto have 
acquired better connections with land — 
all over the world they can be reached on 
their ordinary Swedish telex numbers. 

Through this automatic telex service 
several facilities are offered to shipping 
lints and charterers. By way of example 
my be mentioned the direct connection 
between a Maritex system and a process 
computer in the machine-room on two 
Swedish supertankers. The computer 
automatically starts the telex system and 
operating data are transmitted directly to 
the shipping line, which has better means 
of optimizing the operation of the vessels. 

Australia, which possess or are building 
up their own research facilities. Technical 
Development Councils, composed of ex­
perts from the parent and subsidiary com­
panies, serve to bridge the gap. 

• It is important to keep in mind that 
the rapid development of electronics 
creates serious problems both for tele­
communications administrations and ma­
nufacturers. Both are confronted with a 
new, complex technology. Both face de­
velopment costs on a scale never before 
experienced, and both appreciate that the 
expenses for new generations of equip­
ment will continue to soar until a plateau 
of relative stability is reached. Under the 
circumstances it is both logical and natu­
ral for the administrations to seek to draw 
closer to their suppliers in an effort to 
pool resources and know-how in a more 
efficient way. 

• Over the years the Ericsson Group 
has built up strong ties with telephone ad­
ministrations on many different markets. 
These ties are being increasingly rein­
forced by joint manufacturing ventures, 
joint development projects and coopera­
tive agreements. The agreement with 
Spain involves participation by the Spa­
nish Telephone Company (CTNE), and 
both in Sweden and France LM Ericsson 
have entered into research companies in 
association or close cooperation with the 
domestic administrations. With these two 
countries there are also agreements on 
production cooperation that will make it 
possible for the various partners to con­
centrate their efforts in the areas of tech­
nology and production in which they have 
the greatest experience and competence. 

Telesignalling system 
from LM Ericsson 
standard on many vessels 

On most new ships leaving the west-
Swedish yards the LM Ericsson Telcmate-
riel AB telesignalling system is installed 
as standard. During the next two years 
such equipment will be delivered on an 
average once a week. 

The tanker T/T "Norse Queen" of 
232,500 dwt was delivered at the end of 
April from the Uddevalla yard to the Nor­
wegian shipping line Odd Godager & Co. 
On this ship LM Ericsson have installed a 
100-line PABX type AKD 471, an exten­
sive fire alarm system, and a music repro­
duction and public announcement system 
with built-in "talkback facility". The 
latter implies that a paging call can be an­
swered from any of the installed loud­
speakers. 

Only a few days previously the M/S 
"Lappland" had been delivered from the 
Eriksberg yard to Angfartygs AB Tirfing. 
The LME equipment consists of some 20 
fire alarm sections with about 50 smoke 
and flame detectors and 200 thermal de­
tectors. The ship also has a PAX with 
some 50 extensions interworking with an 
electronic intercom exchange of type 
ASE 434. 

Equipment of exactly the same type is 
installed on the sister vessel M/S "Atland" 
and on the world's largest dry-cargo vessel 
M/S "Svealand" of 282,450 dwt, both 
from the Eriksberg yard. 

Special requirements are placed on the 
telecommunications equipment on ships. 
The equipment must fulfil both national 
regulations and international classifica­
tion requirements. 

The Norwegian supertanker TIT "Norse Queen", one of many vessels with telesignalling 
equipment from LM Ericsson Telemateriel AB 

A") 



IV ijor orders: 
Coaxial connection 
Saudi Arabia - Kuwait 

For a long distance connection between 
Kuwait City in Kuwai t and D a m m a n , 
Saudi Arabia, LM Ericsson have signed 
a contract with the ministries of commu­
nication of the two countries, amount ing 
to 40 Mkr. 

The orders comprise the delivery and 
installation of multiplex equipment , co­
axial cable and repeater equipment for 
960 channels, and for power supply and 
line equipment. 

Algeria 
From Algeria LM Ericsson have re­

ceived an order for the delivery and in­
stallation of telephone exchange and 
transmission equipment amount ing to 50 
Mkr. The equipment is intended for the 
Oran region. 

Ecuador 
LM Ericsson have signed a contract 

with the Ecuador telephone administra­
tion for transmission equipment to a value 
of 18 Mkr. 

The equipment consists of multiplex 
and radio link systems within the micro­
wave band an lower frequency bands. The 
deliveries will start this year and be com­
pleted in 1977. 

Thailand 
E C A F E has signed a contract with 

Ericsson Telephone Corporat ion Far 
East AB for the delivery and installation 
of a PABX type A K D 791 for the E C A F E 
new building in Bangkok. The new 
PABX will have 900 extensions and will 
be one of the largest in Thailand. 

Syria 
With Arab Co. for Electronic Industries 

(SYRONIC) LM Ericsson have signed a 
contract for the delivery of complete ma­
nual exchanges and equipment and mate­
rials for local manufacture. The contract, 
which runs over a period of ten years, 
comprises in the first stage about 40,000 
lines and was awarded after being put out 
to international tender. 

Apart from the delivery of materials, 
production tools and test equipment , the 
order includes the training of Syrian tech­
nicians in LM Ericsson undertakings. 

Finland 
After the successful introduction of 60 

MHz multiplex equipment in Sweden LM 
Ericsson have now received a first order 
for such equipment from Finland. 

This consists of two terminals for long 
distance telephony with a transmission 
capacity up to 10,800 simultaneous tele­
phone connections. The equipments are to 
be installed during 1975 in Helsinki and 
Tavastehus. 

Libya 
LM Ericsson Telemateriel AB have re­

ceived an order for telesignalling equip­
ment for delivery to New Tripoli General 
Hospital, a new training hospital with 
1200 beds in the capital Tripoli. 

The order consists of a complete tele-
signalling plant to a value of 17.5 Mkr. 
It is the largest order hitherto received by 
LM Ericsson Telemateriel AB since its 
start in 1966. 

The equipment comprises principally 
a PABX for 1000 extensions, intercom 
systems with about 900 stations, patient 
bedside telephones, closed-circuit TV 
equipment , sound distribution, radio and 
paging equipment , fire alarm, and master 
clock system. 

New computer-
controlled test system 
for microcircuits 

The most important part of the computer-
controlled test system is the test station (near­
est to the camera) which can he equipped 
with up to 64 sector cards for serving as 
many outputs and/or inputs on the test ob­
ject 

The first computer-controlled test sys­
tem of type Tekronix S-3260 was put into 
operation during April at LM Ericsson's 
head office in Stockholm. Its field of 
application is the evaluation, reliability 
testing and acceptance testing of micro-
circuits of TTL, MOS and hybrid types. 
The advantages of the new system, which 
was purchased for 1.7 Mkr. are manog 
others: 

• More reliable selection of compo­
nents through better knowledge of the 
properties of each tested microcircuit. 

• Fewer defective microcircuits mo­
unted on printed boards, which implies 
great savings in the production stage. 

• More extensive facilities in respect 
of reliability evaluations. 

The system is administered by a mini­
computer type P D P 1 1/40 with 40 k word 
core store and two 1.2 M word disc stores 
for storage, respectively, of operative sys­
tems and test programs and of test values. 
For communicat ion with the system there 
are two visual display terminals for gra­
phic and alphanumerical presentation, a 
tape recorder station, tape reader/ tape 
punch and line printer. 

The most important part of the system, 
the test station, can be equipped with up 
to 64 sector cards. Each sector card serves 
one output and/or input on the test object. 

Every terminal on the test object can 
also be connected via a 50-ohm matr ix to 
systems built into the test station for t ime, 
voltage and current measurement or to 
external instruments such as oscilloscope 
and pulse generator. 

LM Ericsson's system contains 56 sec­
tor cards which are divided between two 
(Com. p. 64) 

In the photograph taken at the signing of the contract is seen (centre) Joseph F. El Haj, 
ECAFE, O. Morander, LM Ericsson (right), and Thavisakdi Chandrvirochana from the 
Ministry of Public Works 

M 



New member of Royal 
Swedish Academy 
of Sciences 

Dr Christian Jacobceus, Executive Vice 
President of Telefonaktiebolaget LM 
Ericsson, has been elected member of the 
Royal Swedish Academy of Sciences, 
Class for Technological Sciences. 

The Royal Academy of Sciences was 
founded in 1739 and has both Swedish 
and foreign members. One of the tasks of 
the Academy is to allot the annual Nobel 
Prizes for Physics, Chemistry and Econo­
mics. 

Telephone equipment 
70°Io of Swedish 
electronic exports 

No less than 70 °/o of Sweden's exports 
of electronic equipment consist of tele­
phone equipment in accordance with the 
official statistics of the Swedish Ministry 
of Industry for 1973. Of these 70 %, tele­
phone exchange equipment accounted for 
55 °/o, other telephone equipment for 
15 o/o. 

During 1973 the exports of the Swedish 
telecommunications industry amounted 
to 2.1 thousand million kronor — the pre­
dominant portion of which from LM 
Ericsson. 

Imports of telephone equipment to 
Sweden last year amounted to slightly 
more than 100 Mkr. 

New computer-controlled . . . cent, from p. 
63 
test positions, one of which is equipped 
with a temperature chamber and auto­
matic feeder. The system also contains a 
14 GHz sampling oscilloscope with digi­
tizer. 

The operative system developed by 
Tekronix, is disc-oriented. Programming 
is done in Tektest III, which is a problem-
oriented high level language. 

Functional tests can be made with up 
to 20 MHz test frequencies. Comparators 
and drivers have individually settable 

Conference on systematic training 
For the discussion of experience and 

new features within LM Ericsson's Syste­
matic Training System for factory opera­
tors, ST 69, some seventy representatives 
of the Group's factories in Sweden and 
abroad gathered at a conference. On prac­
tical grounds two roughly similar con­
ferences were arranged. The second was 
an English-language conference held in 
Stockholm on March 25—29. 

Among the many points on the con­
ference programme may be mentioned 
video, which has acquired an increasing 
significance within ST 69 as an aid in the 
teaching of working methods primarily to 
methods engineers, supervisors and in­
structors. 

There are now more than 20 hours of 
LME-produced video programmes with 
information on working methods for the 
manufacture of, among other items, cross­
bar switches, telephone sets and relay 
sets. 

The participants at the ST 69 con­
ference were enabled to study and discuss 
several of these video programmes, and 
also programmes produced by other com­
panies. 

Researchers wish to 
manufacture new type of 
semiconductor at Rifa 

Ah Rifa — the components enterprise 
of the Ericsson Group — is cooperating 
with a Swedish state researcher team in 
the development of new semiconductor 
components for telecommunications. The 
main item is high-frequency DMOS com­
ponents, a new type of transistors for inte­
grated circuits. 

AB Rifa already possess extensive know­
ledge and equipment for manufacture of 
integrated circuits and are thus well 
equipped for the production of new semi­
conductor components. Compared with 
present transistors the high-frequency 
DMOS components are considered to be 
competitively superior and to have a very 
great development potential. 

The newly formed consortium for this 
project consists of eight researches from 
three state institutions. 

levels for each sector card. Time measure­
ment can be done with 1 ns resolution. DC 
measurements can be made within the 
ranges 1 mW — 100 V and 1 „A — 200 
mA. 

The testing speed with feeder is max. 
2500 packages/hour. The feeder permits 
testing at temperatures between 0 and 
125 : C. 

The software allows direct processing 
of test data and the production of stati­
stics. 

Among other points on the conference 
may be mentioned quality and rationaliza­
tion questions, new working methods and, 
of course, discussions and group work. 

Systematic training came into use in 
1969 and involved the coordination of 
different training activities, but has later 
been developed to comprise also the trans­
fer of know-how between the factories of 
the Group. The expressed aim is "to pre­
pare instructions for common methods 
within LM Ericsson factories throughout 
the world". 

Coordination of ST 69 activities throughout 
the world is done at the Labour Training 
Centre in Stockholm. (Drawing from still 
Him on ST 69) 

New metropolitan exchange 
group selector ANC 11 

A group selector for very large ex­
change areas, the metropolitan exchange 
group selector ANC 11, has been design­
ed at LM Ericsson. ANC 11 consists of 
reed switches which are controlled by 
stored-program-controlled technique. In­
tegrated circuits (TTL), core and semi­
conductor stores are used in the system. 

The new group selector was introduced 
primarily in order to obtain better utiliza­
tion of the junction line network. It has 
also a number of new operational and 
maintenance facilities. 

ANC 11 can be used to advantage as 
first group selector in ARF and ARE ex­
changes and as an independent local tran­
sit switching stage. It can also be used 
advantageously as incoming group selec­
tor or as combined first and incoming 
group selector. ANC 11 is adapted for 
direct interworking with ARF and ARE 
exchanges. 

The metropolitan exchange group se­
lector has an ultimate capacity of 6,144 
inlets and 6,144 outlets. 256 routes with 
max. 256 outlets per route can be con­
nected. Full accessibility thus exists and 
no grading or the accompanying inter­
connection work is required. The system 
offers a first choice and four alternative 
choices. 

When ANC is used, for example, as 
first group selector, it permits connection 
of several 10,000-line groups to the same 
switching stage. This results in larger 
routes and better utilization of the net­
work. 
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Mobile Carrier Equipments 
ZAG 4 M - 4 and ZAG DM-4 
Knut 0stby 

Multiplex equipment for a small number of channels that is flexible in operation 
as regards mobility, capacity, connection possibilities and utilization has 
many practical applications. 
A/S Elektrisk Bureau in Oslo, Norway, an associated company of L M Ericsson's, 
therefore developed and marketed a mobile carrier equipment which because 
of its modular design can be equipped with up to 24 speech channels 
and 12 telegraph channels. 
When designing the equipment, special importance was paid to making 
the equipment reliable, robust, compact and simple to operate. 

These are shown in fig. 1. The simplest 
system configuration is obtained by 
connecting two 4-channel terminals via 
a four-wire cable. Such a system has a 
capacity of four telephone circuits, two 
telegraph circuits and an order wire 
circuit. The maximum distance be­
tween terminals is 20 km. The distance 
between terminals can of course be 
greater than this if transmission is via 
a radio link. 

UDC 621.395 44 
LME 84219 

Fig. 1 
Mobile carrier equipment lor up to 24 telephone 
channels and 12 telegraph channels. The 
equipment was awarded the Norwegian design 
prize for 1971. 
Above: 4-channel terminal ZAG 4M-4 
Below: Group modem ZAG DM-4 

The carrier equipment is designed for 
transmission over 4-wire telephone 
cable or radio links. 

It is dimensioned mainly for military 
use. However, because of the high de­
gree of system flexibility and the fact 
that it conforms to CCITT recommen­
dations, the system also has many 
public and private fields of application. 
The system can be used, for example, 
for providing temporary circuits in con­
nection with installation work, for 
police work and in cases where a bet­
ter utilization of the existing network is 
wanted, such as between islands and 
the mainland. 

The various systems are built up using 
two main units: 

4-channel terminal ZAG 4M-4 

Group modem ZAG DM-4 

The equipment is designed in accord­
ance with CCITT recommendations 
and normal telephone sets, a central 
switchboard and teleprinters can be 
connected to the low frequency side. 
The 4-channel terminal provides a con­
stant current of 40 mA for the directly 
connected teleprinters. When used 
with normal two-wire field cables, the 
distance between the terminal and the 
teleprinters can be as much as 5 km, 
which corresponds to a loop resistance 
of 1,500 ohms. 

The terminal has built-in circuits for 
signal compression and expansion. 
This greatly improves the signal-to-
noise ratio when transmitting over 
lines with a high noise level. 

When the capacity of the 4-channel 
system is insufficient, up io three 4-
channel terminals can be combined in 
a group modem as shown in fig. 2. The 
system thereby obtained has a capaci-
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ty of 12 telephone channels, 6 tele­
graph channels and 4 order wire chan­
nels. The figure also shows how the 
circuits in a larger system can be dis­
tributed geographically. As the units 
have their own power and frequency 
generation, they can be connected via 
cables, with lengths of up to 10 km be­
tween the 4-channel terminals and the 
group modem and up to 5 km between 
the modem and the radio link. Further­
more the length of the subscriber lines 
from the 4-channel terminals to the in­
dividual subscribers can have a maxi­
mum length of about 10 km. Provided 
that these cable lengths are not ex­
ceeded, the automatic regulation will 
give the correct level at the subscriber. 
Two such 12 channel systems can be 
combined to form a 24 channel system. 

Both the 4-channel terminal and the 
group modem have cable equalizing 
networks, which with the aid of pilot 

signals automatically compensate for 
the cable attenuation. Thus the 4-
channel terminals do not need to be 
set up in the same place as the group 
modem. Hence the 4-channel terminals 
can be located at different places 
where they can serve as communica­
tion centres. 

Frequency arrangements 
The frequency arrangement for the 4-
channel terminal is shown in fig. 3. 

The four telephone channels in the 
frequency band 4—20 kHz each take 
up a frequency band of 0.3—3.4 kHz 
before modulation and have a signal­
ling frequency of 3,825 Hz. The order 
wire channel is unmodulated and has a 
bandwidth of 0.3—2.5 kHz. The band 
2.5—4 kHz is utilized for two telegraph 

Fig. 2 

Build-up of a 12-channel system 

Capacity: 
12 telephone channels 
6 telegraph channels 
1 order wire channel for each 4-channel terminal 

Central 
switchboard 

Telephone set 



Fig. 3 
Frequency arrangement for a 4-channel system 

channels. These operate in accordance 
with the frequency shift method and 
can work at speeds of up to 200 bauds. 
The pilot frequencies shown on the fre­
quency arrangement of fig. 3 are used 
for automatic regulation in the system. 

In the 4-channel terminal the 20 kHz 
pilot, which is the main pilot, controls 
the level regulation system at the re­
ceive side. The 4 kHz pilot is an addi­
tional pilot which, after the frequency 
band for the 4 channels has passed 
over a transmission medium (cable or 
radio link), controls an automatic cable 
equalizing network. In the group mo­
dem only one pilot is transmitted. With 
nominal input level into the receiver 
the frequency response is flat. If the 
input level falls, the regulation system 
interprets this as though a cable with 
a certain attenuation had been in­
serted, and the combined level and 
cable equalizing network regulates in 
accordingly. The group modem has a 
choice of frequency bands on the line 
side. For 12-channel operation any one 
of three different frequency bands can 
be selected with a switch on the front 
of the modem. The different alterna­
tives, which are shown on fig. 4, are 
as follows: 

frequency band 1 
12 telephone channels in the band 60— 
108 kHz, 3 order wire channels and 6 
telegraph channels in the band 108— 
120 kHz. 

frequency band 2 
12 telephone channels in the band 6— 
54 kHz, 3 order wire channels and 6 
telegraph channels in the band 120— 
132 kHz. 

frequency band 3 
12 telephone channels in the band 6— 
54 kHz, 3 order wire channels and 6 
telegraph channels in the band 68— 
80 kHz. 

The pilot frequencies are 
84.08 kHz for the band 60—108 kHz and 
29.92 kHz for the band 6—54 kHz. 

In the 24-channel system one 12-chan­
nel system operates in the band 60— 
108 plus 108—120 kHz and the other 
system in the band 6—54 plus 120— 
132 kHz. 

Connection and operation 
The automatic regulation and cable 
equalization simplifies the connection 
and operation of the equipment. The 
switches on the front are intended only 
for selection of the type of operation, 
and hence the setting up only has to 
be carried out once when setting up 
the connection. 

The control devices for the 4-channel 
terminal provide the following facilities: 

For each telephone channel 
Level test, selection between 2-wire or 
4-wire connection and with the com­
pander in or out of circuit. 

For each telegraph channel 
Level test, selection between 2-wire or 
4-wire connection with internal volt­
age source or 4-wire through-connec­
tion. 

— The order wire channel can be con­
nected in on all channels that are 
operating 2-wire, and it can be al­
located either to the operator or to 
a subscriber. 

— The level in the telephone channel 
can be adjusted in steps of 2 dB. 

The level in the telephone channel can 
be checked by means of an acoustic 
method via the handset. The check is 
made by setting the switch on the tele­
phone channel to the test position. If 
a pulsed tone (1,000 Hz) is heard, the 
level is correct. Too low level is indi­
cated by an even tone and too high 
level by a buzzing tone in the telephone 
receiver. 

An alarm for a pilot break or faulty pilot 
level is indicated by a high pitched tone 
in the microtelephone of the order wire 
channel and also by an alarm lamp. 

The control devices on the group mo­
dem provide facilities for: 

— selection of the line frequency 

— measurement of pilot levels and test 
tones in the subgroups 

— connection of the handset for an 
omnibus connection to the order 
wire channel in each suhnrnun 
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Fig. 4 

Frequency arrangement for a 12-channel 
system 

Technical data 
Electrical data in accordance with 
CCITT recommendations. 

Operational temperature range: — 40° C 
to + 55° C. 

Climatic and mechanical robustness as 
specified for mobile equipment in the 
British Ministry of Defence Specification 
DEF 133. 

Dimensions 130X310X480 mm (the 4-
channel terminal and the group modem 
have the same dimensions and weight). 

Weight: 19 kg 

When the pilot level on the line or on 
one of the subgroups is faulty, an alarm 
is indicated by the lighting of lamps 
and also by a tone of short duration in 
the microtelephone of the order wire 
channel. 

All connections are made with plug ter­
minated cables. 

Mechanical design and 
maintenance 
Fig. 5 shows how the units are placed 
in a robust cast silumin case. 

108 120 

Faults are located using the built-in 
test equipment. A spare circuit board 
can be inserted and the equipment will 
function correctly without any adjust­
ments having to be made. Readily ac­
cessible components and numbered 
test points, at which the nominal levels 
are given, simplify the repair of faulty 
boards. 

The components and mechanical de­
sign have been selected to give the 
equipment a high degree of reliability 
with large climatic and mechanical 
stresses. 

Fig. 5 
A rhannpl terminal with rear cover removed 



Coaxial Cable for High Frequency 
Telecommunication Systems 
Arne Ernbo 

In 1972 the Swedish Telecommunications Administration took into service 
a new carrier system having a transmission capacity of 10,800 telephone 
circuits over two coaxial pairs and with an upper frequency limit of about 60 MHz. 
The cable that was used for this purpose was an existing coaxial cable 
that had been in service for many years. Since 1973 L M Ericsson's Telephone 
Cables Division have had a new type of coaxial cable in production which 
is suitable for use in connection with the continued development of the high 
frequency telecommunications network. 
In the article the author gives an account of the background to the development 
work on the new cable and also describes the manufacturing and 
measuring methods. 

UDC 621.315212 
LME 7622 

The type of cable that is being used 
on the roughly 90 km route of the first 
commercially exploited 60 MHz system 
is about 25 years old. This same type 
of cable has been utilized for several 
different transmission systems. The 
late 1940s saw the beginning of the 
build-up of coaxial networks with sys­
tems for 600 and 960 channels and with 

bandwidths up to 4 MHz, using a co­
axial pair with a diameter of 9.5 mm. 
Since then the bandwidth has been in­
creased without changing the cable. 
Thus it seems as if it should be pos­
sible to use the same coaxial cable for 
arbitrary high frequencies, if it was 
only possible to design suitable ampli­
fiers. In principle this is also true, des­
pite the fact that as the bandwidth is 
successively increased it becomes in­
creasingly difficult on long routes with 
the old type of coaxial pair to satisfy 
the transmission quality requirements 
that can be considered as reasonable 
for a modern telecommunication cir­
cuit and which are summarized by 
CCITT in the "Green Book". 

Another factor in favour of a redesign 
of the present coaxial cable pair, de­
signated CBn, which has been manu­
factured since the end of the 1940s by 
Sieverts Kabelverk and L M Ericsson's 
Telephone Cables Division, was the 

Fig. 1 
Coaxial pairs. Above the CBn coaxial pair 
and below the new coaxial pair 
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desire to standardize in accordance 
with CCITT recommendat ions for co­
axial pairs. 

Development of the new 
coaxial cable 
When developing the new cable the 
aim was to produce a coaxial pair that 
was electr ical ly in accordance with 
CCITT recommendations but at the 
same time retained as much as pos­
sible of the earlier design, such as an 
inner conductor of copper, insulation 
in the form of polyethylene discs, outer 
conductor of copper tape and a mag­
netic screen of two steel tapes, see f ig. 
1. More stringent tolerances were re­
quired if it was to be possible to use 
the cable for 60 MHz systems over long 
distances. For this reason both the 
thickness and the diameter of the outer 
conductor were retained. The steel 
tapes were also kept to the same d i ­
mensions as in the old CBn cable. As 
before, the outer conductor was pro­
vided with toothed edges which fit into 
each other when the tube is formed so 
that the tube has a well defined serrat­
ed seam. As this type of seam has ear­
lier been shown to give rise to a certain 
amount of crosstalk because of the 
leakage of HF energy through the 
seam, it was covered with thin copper 
tape. Incidental ly this method has al­
ready been applied on the older co­
axial pairs for a number of years, with 
good results. In order to further improve 
the crosstalk attenuation and at the 
same time to provide the possibil i ty of 
separating the coaxial pairs e lectr ical ­
ly, the pairs were provided with two 
layers of paper outside the steel tapes. 

The changes to the outer part of the 
coaxial pair descr ibed here do not af­
fect the electr ical transmission charac­
terist ics over the frequency range 
uti l ized by the 60 MHz system, which is 
approximately 4—62 MHz. In order to 
get these character ist ics to agree with 
CCITT recommendations it was neces­
sary to change the inner conductor and 
the dielectr ic. The requirements to be 
met concerned the attenuation and 
characterist ic impedance of the co­
axial pair. 

Attenuation 

At the frequencies of interest here, the 
attenuation can be given by 

A - A0 + A} \ F + A2F dB/km 

where F is the frequency in MHz. 

A0 is a small term which is independent 
of F. 

-A, | F is completely dominating as re­
gards the resistance attenuation 
caused by the resistance of the copper 
conductors. This increases according 

to | F because of the skin effect in the 
conductors. 

A2F is the leakage attenuation caused 
by the dielectr ic losses in the insu­
lating material (polyethylene discs). 
The losses are direct ly proport ional to 
the frequency. However, this term also 
includes the effect of the resistance of 
the copper conductors if this does not 
conform to the ]/F law. If the resistivity 
of the copper increases towards the 
surface of the conductor, A2 wil l also 
increase. In order to keep this term low 
it was necessary to use copper with 
good surface purity, what is known as 
DIP copper, and a polyethylene with 
an extra low dissipat ion loss. 

The new 2.6/9.5 mm coaxial pair was 
dimensioned for the fol lowing attenua­
tion at 10 C: 

A = 0.014 + 2.319 I F + 0.0014F dB/km 

where F is the frequency in MHz. 

The formula gives 18.06 dB/km at 60.0 
MHz, which satisfies the CCITT require­
ment of 18.00 ± 0.30 dB/km at the same 
frequency. 

A temperature dependence of approxi­
mately 0.2 % per degree is included in 
the A-f term. This is because the resisti­
vity of the copper, Q, varies by about 
0 . 4 % per degree and A} contains VQ. 

At 60 MHz the total attenuation of a 
homogeneous section of 280 km in a 
CCITT reference circui t is over 5,000 
dB, and such a section contains ap­
proximately 180 repeaters. In the com­
pleted installation the frequency de­
pendent cable attenuation is compen­
sated to better than 1 dB deviat ion by 
the repeaters that are connected in at 
intervals of 1.5 km. Thus the require­
ments for correct compensat ion are 
extremely stringent. It is apparent that 
even very small deviations from the 
correct frequency dependence can 
lead to unacceptable errors. As far as 
the cable is concerned, a spread in the 
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A-\ term of the formula above is not the 
most serious problem in this respect, 
despite the fact that it consti tutes the 
incomparably greater part of the total 
attenuation. Instead it is the variations 
in the A2 term that have the most seri­
ous inf luence. This can be explained 
by the fact that within quite wide limits 
the repeaters are able to compensate 
for the changes in the A-\ term, which 
are in fact caused by temperature va­
riations along the cable route. This is 
possible because the system is pro­
vided with automatic gain regulation, 
for example with the aid of a pilot signal 
at 61.16 MHz. The pilot signal then al­
ways corrects the cable section to the 
right gain at 61.16 MHz and the re­
maining frequencies are corrected 
proport ional ly to \ F. 

Consequently variations in A: do not 
lead to any serious deviations, whereas 
changes in A2 give rise to attenuation 
errors that are not regulated out except 
at the pilot frequency 61.16 MHz. The 
correct ion procedure just descr ibed is 
i l lustrated in f ig. 2. 

The difference between the measured 
attenuation at 61.16 MHz on a repeater 
section (A) and the nominal attenua­

tion (B) must not exceed ± 0.18 dB/km 
( ± 1 % of the nominal attenuation). 

Between D and £, however, a maximum 
dif ference of only ±0 .02 dB/km is all 
that can be permit ted, because the re­
peaters do not automatical ly equalize 
the variat ions in the A2 term. 

Apart from variat ions in the coefficients 
Ah A2 and A3 the cable can have nar­
row band attenuation f luctuations 
around the smooth funct ion 

A = A o A2F 

If these f luctuat ions occur randomly 
from cable length to cable length, no 
serious phenomenon wi l l occur as long 
as the f luctuat ions are of a reasonable 
size. If on the other hand there are 
systematic attenuation changes at the 
same frequency on many cable lengths, 
there wil l soon be an unacceptable at­
tenuation distort ion. These attenuation 
changes cannot be detected direct 
when measuring the attenuation in the 
factory, because only a relatively few 
test f requencies are used. Instead re­
quirements have been specif ied for the 
reflection factor of the coaxial pair 
measured using a sine-wave signal, as 
this has a direct theoret ical relation-

Fig. 2 

At tenuation process showing the principle (or 
the tolerance specif ica t ion 

A Measured attenuation at 61.16 MHz on a repeater 
section 

B Nominal attenuation at 61.16 MHz on a repeater 
section 

C Measured attenuation at the measuring 
frequency concerned 

D Derived from C when the attenuation curve 
through A is corrected to the nominal value B. 
At other frequencies than 61.16 MHz the curve 

is then moved in proportion to \ ^ 1(. 

E Nominal attenuation at frequency F 
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Fig. 3 
Comparison between the new coaxial pair 
and the older CBn coaxial pair 

Fig. 4 
Fitting the discs on the inner conductor. 
The conductor is passed from left to right. 
The discs are fed in via two vertical 
channels to the two wheels, each of which 

ship with the attenuation f luctuations. 
As this measurement, SRL (Structural 
Return Loss), can be carr ied out by 
sweeping the frequency over the whole 
of the band of interest, any defects can 
be detected quite quickly. The SRL 
measurement, like the attenuation de­
viations, is part icularly sensitive to d i ­
mensional errors in the coaxial pairs, 
which in themselves may be very small 
but which occur periodical ly. Such 
errors may be the result of, for example, 
small imperfections in the driving 
wheels in the machines. This wil l result 
in the formation of a series of reflec­
tions, which, when the distance be­
tween them is one or several half wave­
lengths of the applied a.c. voltage, re­
turn to the transmitter in phase and 
thus build up a large reflected voltage. 
Consequently less energy reaches the 
receiver, or in other words, the cable 
attenuation wil l be greater at that par­
t icular frequency. Random variations 
in the dimensions of the coaxial pairs 
cause reflections that do not return to 
the transmitter in phase, and hence 
they have far less effect on the attenua­
t ion. 

In order that the attenuation deviations 
in an analog 60 MHz system shall keep 
within ± 1 dB for 280 km, the SRL 
must be —35 to - 4 0 dB or better. To 
achieve this, special attention must be 
paid to both the machines and the ma­
terials used in the manufacture. 

Digital systems are much more tolerant 
as regards SRL errors. Values of up to 
—20 dB can be tolerated at individual 
frequencies as long as the mean value 
of the reflected power in, for example, 
a 10 MHz wide band is not too great. 
This has a very important bearing on 
the use of coaxial cables for digital 
systems over 60 MHz, as the systematic 
periodic deformations that arise when 
assembling the coaxial pairs cause a 
marked peak at a frequency that is re­
lated to the pitch of the coaxial pairs. 
For example, if the pitch is 500 mm 
there wil l be an SRL peak at 270—280 
MHz. 

Impedance 

The new coaxial pair was dimensioned 
so that the real part of its character ist ic 
impedance was 75.0 ohms at 25 MHz. 
The complete expression for the cha­

racteristic impedance of the coaxial 
pair is thus 

0.94 (1—/) 

where 2 is in ohms and F in MHz. 

This impedance funct ion meets the re­
quirements of the CCITT recommenda­
tions as Z(2.5) = 75.4 ohms is within 
the range 75 ± 1 . 0 ohms permitted by 
CCITT. The deviation from the nominal 
value that is al lowed in the factory is 
± 0.5 il, which means that even the 
coaxial pair that deviates most is stil l 
well within CCITT limits. 

Dimensioning of the coaxial pairs 

As has already been discussed, the d i ­
mensions of the outer conductor were 
retained. In order to meet the CCITT 
requirements of lower attenuation and 
higher impedance it was necessary to 
increase the diameter of the centre 
conductor from 2.55 to 2.6 mm, in­
crease the distance between the in­
sulating discs from 25 to 33 mm and 
reduce the thickness of the discs from 
2.2 to 1.7 mm. 

A summary of the mechanical charac­
terist ics of the new coaxial pair is 
given in f ig. 3. For the sake of compar i ­
son the data for the CBn coaxial pair 
is also given in a separate column. 

Manufacture of coaxial 
cables 
As has been mentioned earlier, the co­
axial pair consists of a centre conduc­
tor with insulating discs, an outer con­
ductor with covering tape, steel tapes 
and paper insulation. 

A copper wire with exact diameter is 
first f i t ted with polyethylene discs with 
the aid of two feeding wheels, the pe­
ripheral speeds of which coincide with 
that of the wire and each one of which 
threads on alternate discs on to the 
wire, f ig. 4. The centre conductor with 
the discs threaded on is then passed 
into a forming cabinet, f ig. 5, where a 
copper tape is bent round the centre 
conductor. The edges of the copper 
tape have stamped-out teeth which are 
inter locked dur ing the forming process 
and thereby effectively close the co­
axial pair. The width of the tape at the 
root of the teeth determines direct ly 
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Fig. 5 
Forming the coaxial pair. The inner conductor 
with insulation discs comes in from the left. 
The outer conductor tape, with stamped 
out teeth, is bent round the outside ol the discs. 
The covering tape over the seam is added 
at the right-hand side of the picture 

the diameter of the coaxial pair and 
hence its characteristic impedance. 
This dimension must therefore be fixed 
very accurately. The thin copper tape 
for covering the serrated seam is also 
run into the forming cabinet where it is 
bent round a part of the periphery of 
the coaxial pair. 

The completely formed coaxial pair is 
then taken through a steel tape wrap­
ping machine, in which it is bound with 
two soft steel tapes, and then through 
a paper tape wrapping machine where 
two layers of paper tape are added. In 
this condition the coaxial pair is then 
taken up on drums with a large diame­
ter so as not to bend the coaxial pair 
unduly. Factory lengths of the coaxial 
pair are then tested as described later. 
After completion of the tests the coax­
ial pairs are then taken for assembling 
into cables. 

The main part of the planned 60 MHz 
network in Sweden is based on cables 
with six coaxial pairs and with super­
visory and control pairs laid up in the 
centre of the cable. The one or more 
outer layers of quads that were nor­
mally wrapped round the coaxial pairs 
on earlier types of cables are no longer 
included because of the changed net­
work requirements. The coaxial pairs 
are identified in the cable by coloured 
yarn in the interstices between the 

pairs. A number of layers of paper are 
wrapped round the cable core thus 
formed as electrical insulation and 
protection against heat generated ex­
ternally in connection with sheathing 
and cable jointing. 

The laying up of the contents of the 
cable and the wrapping with paper are 
carried out in a stranding maching, see 
fig. 6, which is able to take 12 coaxial 
pairs in one operation. As can be seen 
from the figure, the machine is of im­
pressive dimensions. This is because 
of the large drums used for the pairs. 
After stranding the cable core is dried 
out in low heat and a vacuum. In the 
standard design the cable is provided 
with a corrugated extruded aluminium 
sheath which is protected against cor­
rosion by two layers of polyment, a 
bitumen-based compound, which is 
covered with a polyethylene sheath. In 
this condition the cable is used for 
laying in concrete ducts or plastic 
pipes. If the cable is to be laid directly 
into the ground it is provided with ar­
mouring consisting of zinc coated flat 
steel wires with a rather long pitch, 
what is known as flat wire armouring. 
The flat wires are held together by a 
helix of zinc coated steel tape or poly­
ester tape wound in the opposite direc­
tion. A third variant is the submarine 
cable which is armoured with round 
steel wires. 
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Fig. 6 

Stranding machine for laying up a maximum of 
12 coaxial pairs in one operation. The picture 
shows the machine during assembly 

The object of the armouring is to give 
the cable good tensile strength, which 
combined with the low weight (coaxial 
pairs, Al sheath) of the cable makes 
possible long laying lengths, and also 
to provide a good earth for the sheath 
currents that can arise as a result of 
lightning or induction from power lines. 
The armouring is joined to the alumi­
nium sheath at the splicing points be­
tween the cable lengths. The contact 
with the aluminium sheath is necessary 
in order to prevent large voltages build­
ing up between the sheath and the ar­
mouring. 

The coaxial cables are manufactured 
in the factory of the Telephone Cables 
Division in Hudiksvall in North Swe­
den. 

Testing coaxial cables 
Testing of coaxial cables to be used 
for 60 MHz systems can be divided up 
into three different parts: mechanical, 
resistance and high tension and trans­
mission measurements. The mechani­
cal measurements comprise checks of 
the thickness of the sheath, pressure 
tightness etc. and will not be discussed 
further. 

The object of the voltage measure­
ments can be said to be to guarantee 
that the cable has satisfactory dielec­
tric strength against induced overvol-
tages caused by lightning, power lines 

etc. Such measurements check that the 
coaxial pairs and other parts of the 
cable can withstand high voltages and 
meet high insulation requirements. 
Breakdown tests are carried out Doth 
with d.c. and a.c. voltages. The d.c. 
resistance of the coaxial pairs is meas­
ured accurately, because resistance 
measurements are extremely impor­
tant, among other things for deter­
mining the cable temperature in the 
field and in connection with fault loc­
ation. 

The most important consideration re­
garding the carrier system is naturally 
how the cable behaves at high fre­
quency, and then particularly as re­
gards impedance, transmission atten­
uation, and return loss. The return loss 
is usually defined both by means of 
pulse measurements (pulse echo meas­
urements) and steady-state (sine-wave) 
measurements (measurement of SRL). 

The impedance is measured, in prin­
ciple, in a Wheatstone bridge in ac­
cordance with fig. 8. As it is usual to 
combine the impedance measurements 
with pulse echo measurements, gene­
rator V is a pulse generator that sends 
out sine-squared pulses with a half 
amplitude of 10 or 50 ns. As a result of 
the propagation time of the pulse in 
the coaxial pair, a reproduction of the 
non-uniformities along the length of 



Fig. 7 

Pulse reflec t ion curve from a coaxial pair 
300 me tres long, measured wi th a 10 ns 
sine-squared pulse 

Horizontal scale: 1 s approx 145 m coaxial pair. 
The curve is not corrected tor the transmission 
attenuation of the coaxial pair, but this is taken 
into account through the non-linear vertical scale 

Fig . 8 

The principle of pulse echo and SRL 
measu remen ts 

The item to be measured (cable with termination) 
is compared in a bridge with a reference 
impedance. For pulse echo measurements the 
bridge is fed with pulses and for SRL measure­
ments a sine-wave signal Is fed in. The output 
voltage from the bridge is proportional to the cable 
reflection factor. An oscilloscope is used as the 
indicating device. Its X deflection is controlled 
by the time or the frequency respectively 

Fig . 9 

The wors t pulse echo a t tenua t ion in a 
popula t ion of app roxima tely 1,200 coaxial pairs 
a t the t ime of delivery, measured with a 
50 ns sine -squa red pulse 

the cable wil l be displayed on the 
osci l loscope. Because of the transmis­
sion attenuation, the greater the dis­
tance along the cable to the reflection 
points the lower wil l be the ampl i tude 
of the reflected pulse. Certain instru­
ments contain automatic correct ion for 
this. Fig. 7 shows a curve on which a 
numberof reflection points can be seen 
with ref lections clearly above the basic 
"no ise" level. (The attenuation is not 
corrected on this curve.) A "no rma l " 
value for the echo ampli tude on a co­
axial pair is - 6 0 to - 7 0 dB, i.e. 0.03— 
0.1 per cent of the transmitted pulse is 
ref lected. The limit specif ied for the 
maximum permissible echo ampli tude 
in a cable length is —52 dB. Moreover, 
the mean square value of the three lar­
gest reflections must be better than 
- 5 6 dB. Fig. 9 shows the distr ibut ion 
of the worst echo ampli tude in a po­
pulation of approximately 1,200 coaxial 
pairs at the time of delivery. 

Return loss measurements with a sine-
wave signal (SRL measurements) can 
be carr ied out in pr inciple in the same 
Wheatstone bridge as the pulse echo 

measurements. The dif ference is that 
in this case the br idge is fed with a 
cont inuous HF voltage at a frequency 
within the band it is desired to investi­
gate. As this is a steady-state measure­
ment the whole cable wil l show a stand­
ing wave pattern and it wil l not be pos­
sible to carry out a distr ibuted repro­
duct ion on the osci l loscope. Instead 
the osci l loscope is used to display SRL 
as a funct ion of frequency by al lowing 
the generator to sweep over the whole 
frequency band. The sweep must na­
turally be slow enough to actually give 
a "s tat ionary" osci l latory condit ion in 
the cable. As the whole cable contri­
butes to the ref lect ion value, normally 
a higher ref lect ion value is obtained 
with an SRL measurement than with 
a pulse echo measurement. A typical 
value would be between —40 and —50 
dB. 

Fig. 10 shows the distr ibut ion of the 
worst SRL value in the band 4—60 MHz 
in a populat ion of 72 coaxial pairs se­
lected at random from the production, 
and f ig . 11 shows an example of an 
SRL curve. 
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By transmission attenuation is meant 
the attenuation that the transmitted 
signal undergoes on its path along the 
cable to the receiver. It is usual to dif­
ferentiate between the insertion loss, 
by which is meant the attenuation be­
tween a transmitter and a receiver 
having, in this case, an impedance of 
75 Q, and the image attenuation, by 
which is meant the attenuation be­
tween a transmitter and a receiver hav­
ing the same impedance as the cable. 
Normally the difference is quite small, 
and in the Hudiksvall factory measure­
ments are carried out as insertion loss 
measurements, in which the cable is 
compared with a precision standard, 
see fig. 12. 

The transmitter power is divided up 
into two equal parts, one part for the 
cable and the other for the standard 
attenuator. A switch connects the cable 
and the standard attenuator alternately 
to he receiver. A difference meter, 
which is connected to the output of the 
receiver, shows the difference between 
the cable attenuation and the standard 
attenuation. In this way it is possible to 

interpolate between the smallest steps 
on the standard attenuator to a resolu­
tion of approximately 0.001 dB. How­
ever, the absolute accuracy of the sys­
tem is only in the 0.01 dB class. A bet­
ter accuracy can be obtained by meas­
uring the attenuation at a number of 
frequencies in the relevant band and, 
using a computer and the least squares 
method, adapting a curve in accord­
ance with 

A = A0 + A] ] F + A2F 

to the measured values. 

An example of such a calculation is 
shown in fig. 13, from which it can be 
seen that, with 95 per cent confidence, 
A-| and A2 can be determined with an 
uncertainty of 0.5 per cent and 15 per 
cent respectively, even when the meas­
urements are made at only a relatively 
few frequencies. It can also be seen 
that in this case the mean square value 
of the error of the individual measure­
ments is 0.004 dB. As the attenuation 
varies by approximately 0.2 per cent 
per degree Celsius, the temperature of 
the cable must be known to very close 

Fig. 10 
The worst return loss for a sine-wave (SRL) 
up to 65 MHz for 72 randomly selected 
coaxial pairs that have been included in a trial 
laying. The values were measured after 
the laying. Measurements were carried out 
from both ends of the coaxial pairs 
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Fig. 11 
SRL curve for a laid coaxial pair of 300 m. 
The poorer values at low frequencies are 
due to the fact that the reference impedance 
was a resistor 

l imits and must also be constant when 
the measurements are carr ied out. For 
this reason the measurements are car­
ried out in a temperature control led 
room (see the picture on the front 
cover). 

Laying a coaxial cable 
in the ground 
At the present time the Swedish Tele­
communicat ions Administrat ion uses 
mainly the fol lowing methods for laying 
coaxial cables of the type discussed 
here: 

— laying of unarmoured cables in 
concrete ducts or plastic pipes 

— laying or running out armoured 
cable into dug or blasted cable 
trenches 

— ploughing armoured cable into 
ground which is suitable for this 
method (arable land etc.) 

In order to ascertain whether the laying 
had any detr imental effect on the trans­
mission character ist ics of the new co­
axial cables, test lengths were used for 
measuring impedance, echo and SRL 
both before and after laying. A com­
parison between the curves recorded 
at the times of the measurements 
showed that, as in the case of older 
cables, the echo values were slightly 

dB 

better after laying. The SRL values 
were also somewhat better. For in­
stance, it was discovered that a cer­
tain elastic deformat ion, no doubt 
caused by the winding up on the drum, 
had completely disappeared during the 
laying of the cable. 

Certain phenomena regarding longi­
tudinal relat ionships between the con­
tents of the cable and the outer cover 
have been observed during the laying 
of the cables and are the subject of 
further study. 

Crosstalk measurements have also 
been carr ied out in the f ield. The pro­
blem with such measurements has 
been that the test equipment available 
hitherto has not been sufficiently sen­
sitive. The dynamic range of the equip­
ment up to 100 MHz was about 170 dB 
and measurements were carried out 
on cable lengths of 300—500 m without 
any definite crosstalk being detected. 
Measurements have also been carried 
out in the factory up to 500 MHz on a 
300 m length of cable with a dynamic 
range which gradual ly deteriorated 
from 170 dB at 100 MHz to 150 dB at 
500 MHz, without any crosstalk being 
detected. Further measurements are 
now being made with an even greater 
dynamic range up to 100 MHz in order, 
if possible, to provide more reliable in­
formation. 
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The principle for the measuremen t of trans­
mission a t tenua t ion. The cable is compared 
with a s tandard a t tenua tor. The residual 
a t tenua t ion difference is read off on a 
difference me ter 

Future prospects 
With the introduction of the 60 MHz 
system the transmission capacity of the 
telecommunications network has been 
increased considerably and it is un­
likely that development will stop at this. 
Analog systems with bandwidths in the 
region of 200 MHz are already being 
studied. However, there is a frequency 
that it is not possible to exceed with a 
coaxial pair using discrete discs as the 
insulation. This is the limit frequency 
of some GHz, which is set by the fact 
that, because of the discs, the coaxial 
pair is actually a low-pass filter. An­
other possibility of increasing the trans­

mission capacity above that of the 60 
MHz system is the introduction of wide­
band digital systems. Such systems 
with bit rates in the order of 1 GHz are 
already being developed and at the 
same time theoretical and measure­
ment investigations are being carried 
out to determine the characteristics of 
the new coaxial cable in the frequency 
range concerned. Bearing in mind the 
rapid developments in the digital field 
and the rapid introduction of digital 
systems into the telephone network, it 
is very probable that in the future we 
will have digital multichannel systems 
on coaxial cables. 

Fig . 13 

Compu ter calcula t ion of the a t tenua t ion of 
a cable of 1.654 km, at a cable tempera ture 
of 20 .0° C 

AgAiAj constants in the attenuation formula 
A = Ao + Ai V/F + A2F per km of cable 

F frequency in MHz 
A measured attenuation in dB of the test 

length concerned 
A' attenuation in dB of the test length 

concerned as calculated by the computer 
A-A' measurement error + calculation 

uncertainty for the test length concerned 
A7 I F calculated in order to make it easier to 

show the deviations from the I F 

dependency; per km cable 
a the mean square value of the (A-A') 

values 
AiK half the confidence interval for Ai 
A2K half the confidence interval for A2 
T(12) t-distribution with 12 degrees of freedom 

~ 2.2 for 95 °/o double-sided confidence 



Electronic Traffic Route Tester 
TRT m 70 
Sven-Bertil Broby 

A traffic route tester is an excellent aid for automatic and efficient supervision 
of the quality of service in telephone networks. It generates test traffic 
that is similar to normal subscriber traffic. Tests with a traffic route tester form 
an important part of L M Ericsson's modern maintenance method 
(controlled corrective maintenance). L M Ericsson's first traffic route tester' 
immediately proved to be extremely practical and time saving and hence 
has come into use on a large scale. Improvements are being made to the traffic 
route tester continuously. In the article the author describes the latest design, 
an electronic traffic route tester TRT m 70 with a memory that can be changed 
electrically, and which can be programmed from an electric typewriter. 
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The electronic traffic route tester TRT 
m 70 can be used for checking the 
quality of service in a telephone net­
work by means of generated test traf­
fic of the same type as ordinary sub­
scriber traffic. When the quality of 
service has fallen below a certain pre­
determined value an alarm is given, 
and it is only then that fault clearing 
is undertaken. In this way the mainte­
nance costs are kept at an optimum 
low level. 

The TRT m 70 enables the checks to 
be carried out even more simply and 
efficiently than hitherto because 

— the flexible construction makes 
possible test programs of varying 
size and form 

the test program can be made very 
much more comprehensive and can 
be divided up into suitable phases 
during each 24-hour period. Dif­
ferent programs can be program­
med in for a maximum of 99 days. 

the different phases for a 24-hour 
period can include different types 
of quality of service tests and spe­
cial supplementary quality checks 
for tariff metering and a careful 
check of the transmission level 

the programming and changing of 
the program is carried out very 
simply from an electric typewriter 
with a tape reader and tape punch. 

the processed result is typed out on 
the typewriter, which can be re­
motely connected via a point-to-
point modem circuit. 

Design 
The equipment is connected to the 
exchanges concerned in the same way 
as normal telephone sets, and among 
other things it is independent of the 
type of exchange. The switching paths 
are randomly selected, and convenient 
statistical analysis methods are used 
for processing the results. 

Fig. 1 
Co-operation between the central and 
controlling unit TRTM and the terminating and 
traffic generating unit TRTS 
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The test program can be made versa­
tile and efficient because a large quan­
tity of test numbers can be program­
med. The traffic route tester includes 
the following three units which together 
cover all types of exchanges in a test 
area. The central and controlling unit 
TRTM which is placed in an exchange 
situated at the central point in the net­
work. The combined terminating and 
traffic generating unit TRTS and the 
purely terminating equipment CA, 
which are placed in the remaining ex­
changes. 

The test traffic from TRTS can be ge­
nerated in accordance with two prin­
ciples: with TRTS m 1 controlled by 
TRTM over a switched connection or 
with TRTS m 2 controlled over a point-
to-point two-wire line, see fig. 1. As in 
both cases VF signals are used for 
signalling over the control connections, 
the connections can consist of cables, 
radio links etc. The switched connec­

tion to TRTS m 1 is called the primary 
connection and the tested connection 
from TRTS m 1 the secondary connec­
tion. All units are controlled by TRTM, 
fig. 2. All information regarding the test 
program to be performed is stored in 
the semiconductor memory MEM in 
TRTM. The program is loaded either 
from a tape reader or direct from a 
typewriter. CCITT alphabet no. 5 is 
used for communication in both direc­
tions. 

A program consists of a number of sub­
programs, which for example can com­
prise the tests of immediate interest 
from the given A test lines to the given 
B test lines in two or more exchanges. 
The number of A and B test lines in­
cluded in a sub-program can be varied 
at will within the framework of the ava­
ilable storage capacity in MEM. For 
example, a sub-program can comprise 
18 A and 60 B test lines with up to 1080 
connections or 2 A and 3 B test lines 

Fig. 2 

Block diagram of TRTM 

APN 101 Processor 
ACN Access switch 
TOD Tone detector 
TA Tone analyzer 
TRM Tone sender 
TEI Terminal matching 
MEM Memory 
LC Transmission check (auxiliary equipment) 
M r 1 Tari f f m p l p r i n n rhprl* (atixiliaru pn i i inmAn 
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Fig. 3 
Connection between the number of test 
numbers and the number of sub-programs with 
a certain storage capacity in MEM. 
The storage capacity is given in steps of 1024 
words (1K). The average number length is taken 
to be six digits. Shorter number length enables 
more test numbers to be included for the 
same storage capacity 

with up to six connections. Fig. 3 
shows the relationship between the 
storage capacity, the number of test 
lines and the number of sub-programs. 

The testing sequence is controlled by 
a processor APN 101 (fig. 2). The se­
lected test line is connected via tone 
detector TOD to the tone analyzer TA 
by means of the access switch ACN. 
The tones sent out from the exchanges 
during a test connection are received 
by TA, which can check up to five dif­
ferent tones, including the tone from 
the code answering equipment CA, and 
can also ascertain whether they fail to 
arrive. Digits for setting up the test con­
nection can be sent by dial impulsing 
or tone frequency key sending. The 
processor program is used to check 
that TA receives the correct tone in the 
different phases of the test connection. 
The test connection is approved or re­

jected depending on the outcome of 
the check. The tone transmitter TRM 
is used for signalling from TRTM to 
TRTS. 

TRTS is built up in a similar way with 
access switch ACN to provide access 
to the required test line, a tone detec­
tor and tone analyzer and also a tone 
transmitter for signalling between 
TRTM, TRTS and CA. The processor 
APN 101 is also used in TRTS to con­
trol the logic sequence. 

Test facilities and 
programming principles 
In connection with tests for estab­
lishing the quality of service (including 
congestion) and the technical quality 
(excluding congestion), a check is 
made of the dialling tone, ringing con-



Fig. 4 

Example of Insertion of the test programs In 
different time intervals. 

The programs for checking the quality of service 
are included during the busy hour and those 
for checking the technical quality during the 
low-traffic time 

I Programs for checking quality 
* n l s p i u i r u E 

r , / / • • / / / J Programs for checking 
V///////A technical quality 

| I Programs for special checks 

trol tone, connection to the correct 
subscriber, signals and transmission 
level. The traffic route tester can also 
be provided with auxiliary equipment 
for checking the tariff metering and 
making a careful check of the trans­
mission level. The programs for check­
ing the quality of service are performed 
during the busy hour and those for 
checking the technical quality during 
low-traffic time. A certain number of 
sub-programs are dealt with during a 
fixed time interval in a 24-hour period. 
A program for the whole 24 hours is 
shown schematically in fig. 4. The com­
position of the program can be changed 
from day to day as necessary and a 
complete program for up to 99 days 
can be fed in at one and the same time. 

Depending on the nature of the sub­
programs they are dealt with in ac­
cordance with two different principles. 
Sub-programs for quality control (ser­
vice and technical quality) are con­
trolled completely by sequential analy­
sis, while sub-programs for special 
checks give the result primarily as the 
total number of failures for a given 
number of calls and secondly in ac­
cordance with the sequential analysis 
method, which will be discussed in 
more detail later. 

When an approved or not approved 
result is obtained for a sub-program 
for quality checking, the traffic route 
tester continues with the next sub­
program of the same type. If a definite 
result is not obtained for a sub-pro­
gram within the allotted time interval, 
the results obtained during the interval 
are stored and the tests are continued 
from a corresponding point when the 
sub-program is again connected in 
later on in another time interval. If the 
whole of a sub-program for special 
checks is completed before the allotted 
time interval is ended, the traffic route 
tester will stop and will not start up 
again until the next start time is 
reached. If a result in accordance with 
the sequential analysis method has 
been obtained before the end of the 
time interval, a print-out of the result 
will also take place. 

The traffic route tester normally car­
ries out quality or special checks. If 
any faults are discovered in the pro­

cess they are recorded and printed 
out, while the test program continues. 
The traffic route tester can, however, be 
used for direct tracing of the fault, in 
which case the tester stops when a fault 
is discovered. The tester then gives 
a fault print-out and holds the con­
nection until the fault has been traced, 
when a command is sent from the elec­
tric typewriter, whereby the traffic route 
tester goes back to the test connec­
tions. 

The principle of the sequential ana­
lysis method mentioned earlier is made 
clear by fig. 5. After each connection 
TRTM then investigates whether it is 
possible to decide whether the sub­
program in question is approved or not 
approved. If a decision can be made 
the processing of the program is com­
plete, but if not, the investigation con­
tinues. It is possible to choose between 
a number of different characteristic 
curves, for sequential analysis. Each 
characteristic curve consists of para­
meters which determine the lines A and 
B and the positions of points C and D. 
More information about the sequential 
analysis method has been given in 
Ericsson Technics2, in which G. Lind 
describes the supervision of the tele­
phone network using statistical meth­
ods. 

Contents of the program 
The test program for the traffic route 
tester, which is stored in the memory 
MEM, includes 

— for each A test line: information re­
garding the number of the line in 
TRTM or in TRTS m 2, the type of 
equipment to which the line is con­
nected and whether tone frequency 
key sending or dialling is to be 
used 

— for each B test line: information re­
garding any number that the line 
has in TRTM or in TRTS m 2, the 
type of equipment to which the line 
is connected and the subscriber 
number 

— for each sub-program: which lines 
are to function as the A and B test 
lines, the type of sub-program, the 
number of times the sub-program 
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is to be carried out or how many 
connections it is to carry out, any 
special checks required and the 
wanted characteristic curve for se­
quential check 

— for the whole test sequence: the 
number of times it is to be carried 
out, the desired 24-hour program, 
the number of ringing control tones 
that are to be checked, whether 
quality or fault finding is required, 
the time for breaking off the test 
sequence and the characteristic 
curves for sequential analysis. 

It is easy to add to, change or exclude 
a sub-program or test numbers be­
cause the program of the traffic route 
tester only needs to be changed in the 
affected part of the memory MEM. 
Moreover, each test line can be block­
ed without the necessity of erasing its 
memory information, which is an ad­
vantage, for example when a test line 
is faulty. 

Operation and print-outs 
As has been mentioned earlier, input 
and changes to the test program and 

also output take place using an elec­
tric typewriter and the connected 
auxiliary equipment consisting of a 
tape punch and a tape reader. The 
typewriter is connected to TRTM either 
direct or via a point-to-point modem 
circuit. Input of the program from the 
tape reader is approved only if the tape 
contains the same exchange code as is 
programmed in TRTM, otherwise the 
tape gives no result. A simple command 
language is used for communication 
with TRTM. Print-outs initiated by the 
operator are separated from those 
initiated by TRTM. All print-outs can 
be done either on the typewriter or on 
the tape punch. 

Each test connection is registered on 
statistical counters and sequential 
analysis units. When a fault occurs, a 
print-out takes place giving the cause 
of the fault, the connecting phase when 
the fault was detected, the time and the 
A and B numbers. A print-out is made 
at each start and finish of a sub-pro­
gram or when a sub-program is inter­
rupted. The print-out contains informa­
tion about the sub-program, the time 
and the content of the statistical coun­
ter. The result of a sequential analysis 

Fig. 5 

Analysis ot a sub-program 

If the number of faults exceeds curve A the result 
is not approved. 
If the number of faults is less than curve B the 
result Is approved. 
If no result is reached by the time the number of 
test connections has reached point C, the result Is 
approved if the number of errors is less than 
point D and not approved if the number exceeds 
point D 

c 
Number of test connections 



Fig. 6 
Test facilities using TRT m70 

Tested connection 

Control connection 
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is printed out as approved or not ap­
proved, with information regarding the 
number of connections and the num­
ber of faults. If TRTM discovers a fault 
in its own switching sequence a fault 
print-out is carried out giving the type 
of fault. 

Examples of the use of 
the traffic route tester 
The traffic route tester can be used for 
supervision of a large number of traffic 
routes. The following traffic categories 
can be tested, fig. 6. 

a) Within TRTM's 
own exchange case 1 

b) From the TRTM 
exchange to an­
other exchange cases 2, 6, 10, 15 

c) Within own 
TRTS exchange cases 4, 11 

d) From a TRTS 
exchange to the 
TRTM exchange cases 3, 13 

e) From a TRTS 
exchange to an- cases 5, 7, 8, 9,12, 
other exchange 14 

TRTM can work together with older 
equipment of the CASC type and with 
code answer, which have been des­
cribed in detail in Ericsson Review3. 
CASC has a similar function to TRTS 
and can thus initiate secondary con­
nections controlled from TRTM. Un­
like TRTS, however, CASC has per­
manently strapped information regard­
ing the B numbers to which test con­
nections are to be set up. 

TRTM can be placed in, for example, 
the centre of the network, fig. 7, while 
TRTS equipment is included at sub­
ordinate exchanges. If it should be 
sufficient to be able to test to but not 

Fig. 7 
Example of the use of TRT m 70 in a network 
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f rom an exchange, the exchange in 
question is provided with code answer 
equipment, CA. Internal traffic can be 
tested at all exchanges except those 
provided with CA equipment. Equip­
ment TRTS m 2 should be used when 
the distance between TRTM and TRTS 
is so short that there are good techni­
cal and economic grounds for using a 
permanent two-wire line, otherwise 
TRTS m 1 should be used. 

Components, mechanical 
design and power 
requirements 
TRTM and TRTS are built up of inte­
grated circuits and relays (in the ac­
cess switch) mounted on printed circuit 
boards. The boards are mounted in 
shelves and the shelves are fitted in 
racks. The racks can have a height of 
either 1460 mm, in which case they 
only need to be f ixed to the floor and 
in consequence are easy to move, or 
2900 mm, when they must be installed 
in the normal way. In the latter case 
two TRTM units can be placed in the 
same rack. 

even more signif icant, because TRT 
m 70 can cover larger areas, carry out 
a greater variety of tests, be program­
med for up to 99 days and change the 
24-hour programs as and when re­
quired during these 99 days. 

The + 5 V and + 12 V voltages re­
quired by the equipment are generated 
by d.c. converters mounted in the rack. 
The converters are fed with either 
—48 V or - 6 0 V from the exchange 
batteries. 

Conclusion 
To reduce maintenance costs to a 
minimum and at the same time main­
tain a good quality of service is an im­
portant goal for all te lecommunicat ion 
administrat ions. That this can be 
achieved with the aid of the traffic 
route tester is substantiated by, for 
example, an art ic le published in Erics­
son Review, "Six years' experience of 
CCM in the Rotterdam telephone dis­
t r ic t " . To quote from this art ic le: "As 
an example it may be mentioned that 
the t ime per line and year for mainte­
nance in the local exchange at Dor­
drecht during 1971 was 0.075 hours" . 

As a result of the great improvements 
that have been incorporated in TRT 
m 70 compared with the earlier design, 
the role of the traffic route tester is now 
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Simulation of Telecommunication 
Traffic Systems 
Magnus Anderberg and Knut Martin Olsson 

During the last twenty years simulation in computers has become an increasingly 
important aid in determining the traffic handling capacity of telecommunication 
traffic systems. The article gives the historical background and then describes 
how a simulation program is prepared. The relevant statistical problems 
are elucidated. The advantages and disadvantages of simulation as against 
analytical methods are discussed and also the possibility of combining 
these methods.* 
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• The character of the subject of this article is 
such that statistical terminology must be resort­
ed to. The authors hope that even those readers 
who are not acquainted with statistics will get 
some conception of the importance of the si­
mulation method in the study of telecommuni­
cation traffic systems. 

Historical background 
During the last twenty years simulation 
in computers has come to play an in­
creasingly important role in determi­
ning the characteristics of various sys­
tems. The simulated systems can con­
cern quite different fields, such as na­
tional economy, industrial stores, air 
terminals and telecommunication traf­
fic systems. 

Briefly the simulation of a telecommu­
nication traffic system can be said to 
mean creating a model of the real sys­
tem in the computer and with the aid 
of random numbers imitating the call­
ing process towards, and the seizures 
in, the model. By for example counting 
the total amount of calls offered and 
the number of lost calls, an empirical 
value for the probability of call conges­
tion is obtained. This may be the only 
possible substitute for the analytical 
method of determining the theoretical 
value for the probability of congestion, 
a method which is often impossible to 
apply for complicated systems. 

The method of using the relation be­
tween probabilities and relative fre­
quencies in order to obtain a numerical 
estimate of an unknown quantity is not 
new. One of the earliest known in­
stances is probably Button's needle 
game, which originated in the first half 
of the 18th century. The game is played 
with a needle of even thickness, which 
is thrown at random on to a horizontal 
board having a number of parallel lines 
at a distance from each other of twice 
the length of the needle. The number 
of times that the needle falls on a line 
is counted. Geometrical probability 
calculations give the value Mn for the 
probability of hitting a line. This means 
that if, with random throws, the number 
of throws is divided by the number of 

hits, an empirical value is obtained for 
7i. Experiments that were carried out 
seemed to confirm that this conclusion 
was correct and it was seriously pro­
posed that in this empirical way more 
detailed determinations of n should be 
carried out than was possible with the 
imperfect analytical methods of that 
time. One could say that we are in an 
analog situation today as regards the 
study of complicated systems. Two 
published attempts to determine n with 
Button's needle game can be related.' 
In 1889 S. Levanen and his assistants 
made 30,000 throws and obtained 
the empirical value 3.14136. Twelve 
years later Lazzerini issued a statement 
that with 3,408 throws he had obtained 
the value 3.1415929, in which no less 
than six decimals are correct. We will 
return to these two experiments in the 
section "Statistical problems". 

Simulation of telecommunication traf­
fic systems has quite naturally only 
been carried out during modern times. 
The results of "manual" simulations 
have been published. By manual is 
meant that the only aids used were pen 
and paper and tables of random num­
bers. G. S. Berkeley has described such 
a simulation carried out within the 
British Post Office for the purpose of 
determining the congestion in gra-
dings.2 The holding times were as­
sumed to be constant and randomness 
occurred only in connection with the 
determination of the calling times. 
Carrying out such a simulation on the 
basis of the constant holding time and 
the calling times acquired with the aid 
of random numbers involves a consid­
erable amount of work for investigating 
seizures and releases of the equipment 
in the grading and the recording of any 
congestion. The method used contains 
a basic fault, in that there is a fixed 
number of calls during a fixed simula­
tion period. As a matter of curiosity it 
can be mentioned that the tables of 
random numbers were obtained from 
the telephone directory, by noting the 
second from last digit in successive 
subscriber numbers. 

The difficulties inherent in manual si­
mulations led to work being started in 
many countries on the design of "traf­
fic machines". The first traffic machine 
wa=: rnmnlpfpr l a<? Innn ann ac the latp 
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1920s3, and several came into use 
during the following decades. Such a 
machine always contains equipment 
that is analogous to the system one 
wants to investigate. This equipment is 
usually quite specialized and allows 
only a limited number of variations. The 
traffic machine must also provide faci­
lities for reproducing such stochastic 
elements as calling times and holding 
times. Most machines assumed con­
stant holding times so that, as in the 
case of the manual simulation de­
scribed above, randomness was only 
applied in connection with calling. In 
some machines the randomness was 
achieved by such physical random 
means as radioactive material or ther­
mal noise. In the Swedish traffic ma­
chine, designed by Conny Palm and 
used jointly by the Swedish Telecom­
munications Administration and L M 
Ericsson, see fig. 1, the calling times 
were obtained with the aid of what may 
be called pseudo-random numbers. 
This concept is explained below. The 
Swedish machine was put into opera­
tion in 1953. It was only used for the 
simulation of gradings. Initially it was 
the intention to design the machine so 
that other systems, for example link 
systems, could also be investigated. 
However, these simulations were never 
realized. The machine was in use until 
1964 and when it was taken out of 
operation more than 2,500 runs had 

been recorded. It was in frequent 
use, among other things in connection 
with the preparation of two doctoral 
theses.4, 5 The machine has been de­
scribed in detail in an article in TELE,6 

the magazine issued by the Swedish 
Telecommunications Administration. 

Simulation in computers 
A telecommunication traffic system can 
be regarded as a number of compo­
nents which all interact in one way or 
another. If one wants to investigate the 
traffic handling capacity or reliability 
aspects of such a system, the first step 
is to describe the system by means of 
a model, in which only those compo­
nents and conditions are included that 
are relevant in this connection. This 
applies regardless of whether the in­
vestigation is to be carried out by 
means of mathematical analysis or by 
simulation. The traffic machines men­
tioned in the previous section can be 
considered as physical models of the 
systems, whereas abstract models are 
used for analysis as well as for manual 
simulation and simulation in compu­
ters. 

The changes in time that the states 
in a system undergoes can be de­
scribed with a number of variables, 
which together constitute what is usu­
ally called a process. If one or more of 

Fig. 1 
A part of the Swedish traffic machine. 
The figure shows a rack containing call 
generators, millisecond meters and holding 
time generators 



these variables are non-deterministic, 
i.e. they do not take a given value 
at a given time but instead, depending 
on some random element, take one 
of a number of possible values, the pro­
cess is said to be stochastic. When 
setting up models for telecommunica­
tion traffic systems, only stochastic 
models are possible. In investigations 
of traffic handling capacity the stoch­
astic elements are call intervals and 
holding times, and in connection with 
reliability they are quantities that in­
fluence the occurrence of faults and 
the repair times. 

Before the work on building up a model 
is started, one must be quite clear as 
to what problems one wishes to solve. 
This greatly influences the structure of 
the model. 

The first question that one is often 
faced with when building up a model is 
whether it is to comprise the whole 
system or only parts of it. For example, 
in selector networks where the con­
nection to the various selector stages 
takes place successively, the stages 
can quite well be analyzed separately. 
However, this is not possible in those 
cases where connection is made 
through several selector stages simul­
taneously, i.e. conditional selection. 
Another question is whether the model 
is to include both the selector network 
and the common control equipment 
that is used mainly in connection with 
the setting up of calls. A model that 
includes both these is normally likely 
to give a better description of the sys­
tem, but it may constitute a consider­
able complication compared to the al­
ternative of two separate models. 

In most cases nowadays it is possible 
to set up models that give a very good 
description of the function of a system, 
even when the requirements are rigor­
ous. However, when it comes to solving 
the set problems by means of mathe­
matical analysis one soon finds that 
exact solutions can only be obtained 
in exceptional cases. By introducing 
simplifying approximations it is some­
times possible to solve the problems 
by analysis without introducing signi­
ficant errors. However, as the com­
plexity of the telecommunication traffic 
system increases, this possibility be­

comes increasingly rare. In those cases 
where the problems cannot be solved 
by means of reasonable approxima­
tions, or where the consequences of 
such approximations cannot be fore­
seen, there always remains the possi­
bility of solving the problems experi­
mentally by means of simulation. Usu­
ally it is then not necessary to simplify 
the model to any great extent even if it 
has a very high degree of precision. 
For example, various forms of uneven 
loading, overloading or fault occurren­
ces, which can be of considerable im­
portance for the traffic handling capa­
city of a system, can be reproduced 
quite well in a simulation, which would 
hardly have been possible when at­
tempting to find a solution by analysis. 

Today almost without exception all 
simulations of telecommunication traf­
fic systems are carried out with the aid 
of computers. The first published ar­
ticle that described such simulation 
was probably an article in Ericsson 
Technics in 1955.7 Compared with the 
traffic machines a much higher degree 
of flexibility has been achieved. It is 
possible to study any system using one 
and the same computer, if a special 
program is prepared for each system. 
In the case of large systems it is of 
course assumed that the computer 
used has adequate storage capacity. 
Apart from greater flexibility, quite an­
other speed is achieved with a modern 
computer. Nowadays a simulation of 
a grading that took 24 hours in the 
Swedish traffic machine can be carried 
out by a computer in less than a minute. 

Most of the work carried out during a 
simulation can be considered as pure 
routine work, for example checking 
whether a device is free or engaged. 
As is well known, computers are very 
suitable for such routine work. The 
human effort can be concentrated on 
the often far from routine work of pre­
paring the simulation program. 

Generating random numbers 
In the section dealing with traffic ma­
chines the existence of physical ran­
dom devices was mentioned. Such de­
vices are not used for simulation in 
computers. Instead, "pseudo-random 
n n m h o r c ' ' a r o I I C O H o v r l i i c i w o k / R\/ t h i c 
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is meant numbers that have been ob­
tained by means of purely deterministic 
calculations, but which exhibit such 
statistical properties as are to be found 
in pure random sequences.8 As it is 
usual to generate a very large quantity 
of random numbers during a simula­
tion, it is desirable to have a fast gene­
ration method available. However, it 
is far more important that the above-
mentioned statistical properties are 
obtained. As a sequence obtained by 
means of purely arithmethical opera­
tions must have a certain periodicity it 
is important that this is longer than the 
number of random numbers used in the 
simulation. The demand for random­
ness would not be satisfied if the same 
sequence of numbers is repeated. On 
the other hand the deterministic me­
thod of generating a sequence of 
pseudo-random numbers means that 
the sequence is reproducible, and this 
fact can be used to improve the sta­
tistical accuracy. We will return to this 
in the section "Statistical problems". 

It can be shown that the generation of 
random numbers having a certain dis­
tribution can always be traced back to 
the generation of random numbers that 
have a rectangular distribution (uni­
form distribution) in the interval 0 to 1. 
Among the methods suggested for ge­
nerating such numbers, the "multipli­
cative congruency method" is probably 
the predominant one today. In this 
method module multiplication is used, 
which is carried out in the following 
way. In order to obtain a number in the 
sequence, the previous number is first 
multiplied by a suitably selected, con­
stant multiplier. From the product ob­
tained the last bits are kept, the num­
ber of these being the same as the 
word length of the computer used (not 
including the sign bit). The multiplica­
tions are carried out in integer arithme­
tic and always result in a number in the 
interval 0 to 1 because a binary point 
is assumed in front of the first nume­
rical bit. 

In order that it shall be possible to con­
sider a number sequence generated by 
means of deterministic calculations as 
equivalent to a sequence of indepen­
dent random numbers having a rec­
tangular distribution, the sequence 
must pass certain statistical tests.8 

As has been mentioned above, it is 
possible to obtain numbers having an­
other predetermined distribution func­
tion if a sequence of random numbers 
having a rectangular distribution is 
available. This is done by calculating, 
using the random numbers with rec­
tangular distribution as the argument, 
the inverse function that corresponds 
to the distribution function. This means, 
for example, in the case of the negative 
exponential distribution that the loga­
rithm of the numbers having a rectan­
gular distribution is calculated and the 
(always negative) sign changed. 

In a simulation it is often necessary to 
generate integers in a given interval 
with equal probabilities. This can al­
ways be brought back to the following 
fact. If one multiplies a random num­
ber having a rectangular distribution 
by an integer, N, and only the integral 
part of the product is used, one will 
obtain with equal proabilities one of the 
integers between 0 and N — 1. An in­
teger obtained in this way can be used, 
for example, to select with equal pro­
bability one subscriber out of a group 
of subscribers. Another frequent use of 
such a number is as an index when one 
wants to make a random selection from 
a table. The values in the table can, 
in their turn, consist of a probability 
distribution in numerical form. 

Designing a simulation 
program 
Programming can be said to mean the 
conversion of the model in question 
into a language that the computer can 
understand. A program for simulation 
of a telecommunication traffic system 
contains, in principle, the following 
main parts: 

— one for reading data, by means of 
which diverse variable system para­
meters are determined, such as the 
amount of traffic or the number of 
devices in a certain stage in the 
system. 

— one that is analogous to the system 
and in which the traffic is generated 
and the switching of calls through 
the system is controlled. This part 
usually constitutes the greater part 
of the whole program. 



Fig. 2 
The value 5248 denotes a calling time. 
Lines 1 and 2 are released at times 7796 and 
8704 respectively. Line 3 was released at time 
2079, and hence this line, being first in the 
hunting order, will be seized by this call 

— one for collection of statistics, in 
which for example counting of lost 
calls, calculation of the waiting 
times that have arisen or measuring 
of the traffic handled is carried out 

— one for printout of the results ob­
tained. 

The above will be illustrated by a very 
simple example: a group of devices 
with full availability, arranged as a loss 
system. 

The call intervals are assumed to be 
independent, having a distribution 
function designated A. The holding 
times are assumed to be independent 
of each other and of the call intervals, 
and as having the distribution function 
B. These two distribution functions are 
assumed to be given in numerical form. 
The lines are hunted sequentially. 

The result wanted from the simulation 
is the congestion. The input data con­
sists of the distribution functions A and 
B, which are stored in tables in the 
memory, the number of lines N and the 
number of calls M that the simulation 
is to comprise. 

The memory contains a special cell, 
designated KL, in which the times at 
which the successive calls occur are to 
be found. At the start of the simulation 
KL is 0 and it is increased successively 
by the call intervals selected at random 
from the table for A. The N lines are 
each represented by one cell. These 
cells have been brought together in a 
table designated L. Line number K is 
reached in the program by the address 
L(K). During the simulation the cell 
contains information as to the time 
when the line in question will become 
free or last became free. Each time a 
line is seized a number, which consists 
of the contents of KL increased by a 
holding time selected at random from 
the table for S, is written into the corre­
sponding cell. In order to determine 
whether a line is free at the instant a 
call is made it is only necessary to 
compare in a loop the contents of KL 
with the contents of the line cells, fig. 2. 
As soon as a free line is found, a jump 
is made from the loop to that part of the 
program where the new release time for 
the found line is calculated and written 
into the corresponding cell. If the loop 

is run through N times without any free 
line being found, a part of the program 
is reached where the contents of a cell, 
SPR, increases by 1. After M calls have 
been simulated the ratio SPR/M is cal­
culated, after which this congestion 
value is printed out. 

Simulation of a link system, which con­
tains several stages, can in principle 
be carried out in the same way. How­
ever, in this case there is the additional 
choice of paths between the various 
stages. If the system is symmetrical, it 
is often possible, by suitably numbering 
the various links, to obtain the num­
bers of the links over which hunting is 
to be carried out in a certain stage as 
simple functions of the numbers of the 
links that were occupied in previous 
stages. In those cases where this is not 
possible, it is necessary to convert the 
hunting rules into numerical form. This 
information can be held unchanged in 
the program. However, it is more usual 
to design the program to provide the 
possibility of variation, so that the in­
formation in question is specified for 
each run of the program and then read 
in as input data. 

It is often possible to assume, with 
good approximation, that the call inter­
vals and holding times in the system to 
be investigated have an exponential 
distribution. This applies primarily for 
systems in which the dominating load 
consists of conversation times. In such 
cases the simulation can be arranged 
in a special way, which often means a 
considerable saving of both time and 
storage space in the computer. The 
method means that, with the given as­
sumptions, it is not necessary to gene­
rate times for the individual events, and 
instead the sequence of changes of 
state is studied without regard to 
the times at which the changes take 
place.9, 10 

In order to illustrate this method, let us 
again consider the simplest possible 
example: a group of N devices having 
full availability. We assume that the 
call intensity has the constant value y, 
and that the holding times have an ex­
ponential distribution with a mean 
value that we select as the time unit. 
It can then be shown that if at one in-
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* A Markov process is characterized by the fact 
that the probability for the future development 
is dependent only on the present state and is 
independent of how this state was reached. 

Fig. 3 

In order to determine whether the next event 
will be a call or a call disconnection, a random 
number with rectangular distribution is 
generated in the interval 0 to 1. If the number 
is in the interval A a call is connected, 
otherwise a call is disconnected 

babil i ty that the next event to occur 
wi l l be a call or a call d isconnect ion is 
y/(y + p) and p/(y + p) respectively. 
The simulat ion can then be carr ied out 
in the fol lowing way. 

During the course of the simulation the 
number of engaged lines, p, is recorded 
in a cel l . A random number having a 
rectangular distr ibut ion is generated. 
If this is between 0 and y/(y + p) the 
contents of the cell are increased by 
1 unless the contents equal N, in which 
case congestion is recorded. If the ran­
dom number is greater than y/(y+ p) 
then contents of the cell are instead 
reduced by 1, see f ig. 3. 

If one wants to supplement the con­
gestion count obtained in this way with 
for example measurements of the states 
of the system, this can be done in the 
fol lowing way. The choice between 
two alternatives descr ibed above is 
changed to a choice between the three 
possibi l i t ies cal l , call d isconnect ion 
and measurement. The interval is then 
divided into three parts that are pro­
port ional to y, p and a quantity g, des­
ignated the measurement intensity. 
Depending on in which part of the in­
terval the generated random number 
falls, we obtain a cal l , call d isconnec­
tion or measurement. In the last case 
the number of devices engaged at the 
measuring instant is recorded in a 
table, the contents of which are con­
verted to relative frequencies and prin­
ted out when the simulation is com­
pleted. The measuring method de­
scribed corresponds to measurements 
on a real group of devices, in which the 
measurement intervals are al lowed to 
be random in accordance with an ex­
ponential distr ibut ion with the mean 
value 1/g. This seems unlikely ever to 
occur in pract ice. It can be shown, 
however, that this measuring method 
gives unbiassed results.11 

The method descr ibed here can be said 
to mean, from the mathematical point 
of view, that a Markov process in con­
tinuous t ime is studied by simulat ion 
of the Markov chain inbedded in the 
process, supplemented by random 
measurements.* The method can ob­
viously be used in more compl icated 
cases than that descr ibed above, and 
it is probably the most common method 

used in connect ion with simulation of 
large selector networks. In these cases 
it is necessary, as in the case of the 
previously descr ibed " t ime- t rue" simu­
lation, that rules concerning the 
choices in the various selector stages 
are included in the program. 

A great advantage of the Markov chain 
method, compared with t ime-true si­
mulat ion, is that there is no need to 
record the times when the separate 
links are released. It is sufficient if, 
during the course of the simulat ion, 
one has recorded for each link whether 
it is engaged or free. Only one bit 
is required for this, for example 0 for 
a free link and 1 for an engaged 
one. It is thus possible in a single word 
to col lect information about the condi­
tion of as many links as there are bits 
in the word. In t ime-true simulation one 
word is required for each link, which 
can mean that in the case of large sys­
tems the core memory wil l not be suf­
f icient. 

Statistical problems 
When attempting to determine a pro­
babil ity value empir ical ly, by means of 
the statistical repetit ion method, one 
must realize that this method contains 
an inaccuracy that depends only on 
the number of eperiments, a " thres­
hold value". For example, if one tr ied 
to determine the probabil i ty of "heads" 
by making only two throws with a coin, 
the only possible results are 0, V2 and 
1. Thus the smallest change that the 
test result can undergo is V2, which 
constitutes the threshold value in this 
case. As a general rule the threshold 
value is 1//V with N repeats. When 
giving a probabi l i ty value that has been 
determined empir ical ly, the number of 
decimal places included should never 
go beyond the first decimal in the thres­
hold value that is not zero. If the div i­
sion is not even, a value having any 
number of decimals can be obtained, 
but in view of the threshold value there 
is only a l imited number of decimals 
that have any real meaning. 

Let us, from this point of view, take a 
look at the experiments mentioned at 
the beginning of the art icle for deter­
mining empir ical ly the value of n with 
the aid of the needle game. With 30,000 



throws the relative threshold value is 
about 0.0001, and thus the answer 
should be given only to four decimal 
places. The number of hits with 30,000 
throws that gives the most favourable 
values of n is 9,549, which gives 
3.14169, and 9,550, which gives the 
value 3.14136 obtained by Levanen. 
Thus it is quite obvious that Levanen 
was extremely lucky. With 3,408 throws 
the relative threshold value is approxi­
mately 0.001, and hence, from the point 
of view of measuring technique, not 
more than three decimal places should 
be included in the empirical value 
3.1415929. 

The above discussions will of course 
also be valid for the values obtained 
from a simulation. If this consisted of 
approximately 1,000 calls, the conges­
tion value obtained should not be given 
to more than three decimal places. As 
the congestion values often lie in the 
area around a few tenths of one per 
cent, this means that the threshold 
value is of the same order of magni­
tude as the congestion value. However, 
the number of calls in a simulation is 
usually in the region of 100,000, and 
hence the threshold values are rela­
tively small. Of greater importance is 
the fact that the values obtained from 
a simulation are to be considered as 
samples and therefore have statistical 
inaccuracies. Thus a value obtained by 
simulation can never be considered as 
exact. At the very most one can say 
that a measured congestion value will 
fall within a given interval with a cer­
tain measured probability,for example: 
'With offered traffic of 100 erlangs this 
system has a congestion value that, 
with a 95 % degree of confidence, lies 
in the interval 0.9% to 1.1 %." In or­
der to make such statements one must 
know the statistical variation of the 
quantities that are obtained in the si­
mulation. As a simulation is usually 
resorted to because it has proved im­
possible to calculate a desired value 
by analytical means, in general it can 
be said that the possibility of calcula­
ting analytically the variations that 
occur in connection with the simula­
tion constitutes a problem with at least 
the same degree of difficulty. For this 
reason one should ensure that the si­
mulation results are obtained in such 
a form that they can be used for esti­

mating the statistical accuracy. To 
enable this to be done, one of the first 
measures is to divide up the whole 
simulation into a number of stages and 
to print out the result of each stage 
separately. Instead of one congestion 
value determined from 100.000 calls 
one can thus obtain 10 sub-results, 
each determined from 10,000 calls. By 
studying the variation between these 
10 values it is possible to express an 
opinion as to the accuracy of the mean 
value obtained12, fig. 4. 

The accuracy can be improved by using 
simple formulas from what is known as 
the regression analysis. It is not only 
the congestion values that vary from 
stage to stage, but also (because of the 
randomness) the amount of traffic in 
the various stages. Thus it should be 
possible to explain a part of the con­
gestion variation by a functional rela­
tionship between congestion and traf­
fic offered. If the approximative as­
sumption is made that the congestion, 
in the usually relatively small area of 
variation for the traffic offered, is a 
linear function of this quantity, con­
fidence limits for the congestion can 
be set that are often considerably narr­
ower than if the functional relationship 
is disregarded13. 

Another field in statistics that is used 
in this connection is sequential ana­
lysis. When studying a system, the main 
question is often how large a traffic 
the system can be loaded with for a 
given congestion value. Formerly this 
question was answered by first esti­
mating the traffic offered and then 
carrying out a simulation. If the con­
gestion value thereby obtained was too 
far from the desired value, a new simu­
lation was carried out using a new 
traffic value, which was selected taking 
into consideration the previous result. 
This procedure was then repeated until 
an acceptable result was obtained. 
When applying this method it is almost 
inevitable that the initial traffic value 
will contain a certain error. The greater 
this error, the greater should be the 
possibility of discovering it at an early 
stage of the simulation and thereby 
avoiding an unnecessarily long run. 
The problem is apparently analogous 
to the one that occurs in statistical 
aualitv control. Bv usina the seauential 
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Fig. 4 

Example of computer printout from a simula­
tion. As can be seen, apart from mean values 
the confidence intervals for the quantities 
determined by the simulation are also obtained 

analysis method for use in this field, in 
combination with a simple method for 
calculating a new value for the traffic 
offered, it has been possible to reduce 
the required computer time to a not 
inconsiderable extent14. 

One method for increasing the statis­
tical accuracy of simulations, which 
has been studied recently, is the use 
of what is known as antithetical ran­
dom numbers15. This can be done in 
different ways, one of which will be 
described here. Instead of carrying out 
a one-stage simulation of for example 
10,000 calls, two runs of 5,000 calls 
each are made. If the sequence of ran­
dom numbers with a rectangular distri­
bution that is generated during the first 
run is designated ( f i , j , the sequence of 
corresponding random numbers in 
the second run may be given by 
;1—R,)- The marked negative correla­
tion that is then obtained between the 

random sequences gives a more or 
less marked negative correlation be­
tween the congestion values obtained 
from the simulation. If the mean of the 
results of the two runs is calculated, a 
result is obtained that is unbiassed 
and often has less variance and hence 
greater statistical accuracy than the 
result that would have been obtained 
from a single simulation comprising 
10,000 calls 

As was mentioned previously, when 
estimating the traffic handling capacity 
of a system it is usually the conditions 
under statistical equilibrium that are 
of interest. However, a simulation usu­
ally starts with an empty system, which 
means that unless suitable measures 
are taken there will be a systematic 
error in the congestion values ob­
tained. In order to eliminate this error 
as far as possible, the simulation is 
started with a transient stage during 



which no statistics are recorded. In 
order to make this stage as short as 
possible, the program can be designed 
so that during this stage, or at least the 
beginning of it, all disconnections are 
eliminated and thus the conditions that 
usually exist with statistical equilibrium 
are obtained more rapidly12. 

Combining simulation and 
analytical methods 
When investigating a system it is not 
normally a question of whether simula­
tion or mathematical analysis should 
be used. As far as possible one should 
utilize a combination of both. The sys­
tem may be such that certain quantities 
can be determined exactly by analy­
tical means, whereas this is impossible 
for other parameters in the system. A 
simple example of this is given below. 

In a group of devices with full availa­
bility, arranged as a delay system, the 
effect of certain technical apparatus 
on the delay time distribution was to be 
investigated. Equipment that would en­
sure queueing in strict order of arrival 
would be fairly expensive. In order to 
avoid a more or less random handling 
of the queue there was the possibility 
of using technical apparatus designat­
ed "gates", which constituted a com­
promise between an ordered queue 
and a queue served at random. The 
more gates used, the closer would be 
the approach to the conditions of an 
ordered queue. In the example the 
calling intervals and holding times 
could be considered as being well 
described by a negative exponential 
distribution. The fraction of the calls 
that were delayed and the average 
delay time was not affected by the 
queueing discipline and could be cal­
culated with the well-known Erlang for­
mulas. However, there is no analytical 
method for determining the distribution 
of the delay time in a system with 
several gates. Hence the simulation 
program was designed so that as soon 
as one queue had been cleared, the 
next event that occurred was auto­
matically a new call, which resulted in 
the forming of a new queue. In this 
way the simulated process was pre­
vented from ever being in the states 
where there was no delay, i.e. states 
the analytical description of which 

is well known. For a run of the si­
mulation program that would have 
resulted in for example 1 0 % delayed 
calls, it was thus possible to reduce 
the number of simulated calls to one 
tenth of the number that would have 
been required if the whole process 
had been simulated, and this was done 
without losing any information that 
was of interest for the particular pro­
blem. 

In the example described above, a 
great saving in the required computer 
time can be said to have been achieved 
by simulating only that part of the pro­
cess that could not be treated analyti­
cally. Computer time can also be saved 
when simulating systems having a cer­
tain symmetry. In this case the saving 
is obtained because one run is able to 
provide all the information required 
for calculating, with the aid of simple 
recurrence formulas, the congestion 
of the system for various values of traf­
fic offered. Using this method not only 
is the total congestion determined, but 
the simulation also gives a sequence of 
congestion values as a function of the 
various states of the system. One case 
in which it has proved possible to use 
this method is homogeneous gradings 
having a rotating starting point for the 
hunting. 

As has been mentioned previously, 
when studying a system it is sometimes 
possible to introduce simplifying as­
sumptions, which make possible ap­
proximate analytical solutions. A se­
rious difficulty is how to determine the 
accuracy of the approximation. Often 
the best way of answering this question 
is to simulate the system. If it is found 
that for an adequate number of para­
meter combinations there is good con­
formity between the approximate solu­
tion and the simulated results, the ap­
proximate solution can also be used 
with confidence for other parameter 
combinations. It is often possible to 
save computer time in this way, espec­
ially if the study involves a large num­
ber of parameter combinations. Good 
approximate solutions for many im­
portant problems have been achieved, 
for example, by using combinatorial 
analysis and moment methods16- 17. It 
must be emphasized that the value of 
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cided only if it is possible to obtain a 
clear estimate of the degree of ap­
proximat ion. 

Summary 
The grade of service offered the sub­
scribers in a te lecommunicat ion traf­
fic system is dependent on both the 
traffic offered and the design and d i ­
mensioning of the system. By making 
measurements on systems in operation 
it is possible to make direct observa­
tions of the service and often also cor­
rect it by means of changes in the 
dimensioning. However, it must be con­
sidered as a necessity to be able to 
estimate the traffic handl ing capacity 
before the system is taken into service. 
This applies even at an early stage in 
the design, for example in order to be 
able to make a choice between dif­
ferent conceivable alternatives. These 
estimates must be based on mathema­
tical analysis or simulat ion, or a com­
bination of the two methods. 

In connect ion with the international 
teletraffic congresses (ITC), held every 
third year, contr ibut ions are published 
that deal with such subjects as simula­
t ion of te lecommunicat ion traffic sys­
tems18. 

Hitherto, descr ipt ions of the traffic 
have been based mainly on assump­
tions regarding random traffic. It must 
be considered as desirable, however, 
that if possible more realistic traffic 
models are set up in which considera­
tion is paid to such phenomena as 
variations in call intensity and the re­
petit ion of unanswered or lost calls or 
calls where the B-subscriber was en­
gaged. When estimating the traffic 
handling capacity of a system, using 
these more general assumptions, the 
use of simulation is likely to become of 
greater importance. 

The dominat ing costs in connect ion 
with simulat ion are programming costs 
and the cost of computer t ime. In or­
der to reduce the former, special com­
puter languages are already available 
for simulat ion programs. Further spe­
cial ization in this f ield would seem to 
be desirable, with direct appl icat ion to 
te lecommunicat ion traffic systems, 
especial ly delay systems. 

Forreducing the cost of computer t ime, 
methods should be sought that wil l in­
crease the eff iciency of the simulation 
programs. Finding new methods of va­
riance reduction should perhaps be 
the primary aim. In this context ad­
vanced mathematical-stat ist ical ana­
lysis can play an important role. 



WORLDWIDE 
NEWS 

Maintenance conference 1974 -
the 14th and largest 

During the last week in May 79 dele­
gates, representing 28 telecommunications 
administrations and 21 countries, assem­
bled in Stockholm for L M Ericsson's 
Maintenance Conference — the four­
teenth to be held since the conferences 
began in 1956. 

Just over fifty papers were read, cov­
ering a wide range within the fields of 
operation and maintenance of telecom­
munication plant. This can be illustrated 
by some examples of the subject groups 
and the papers that were presented. 

• Organizational and staff questions 
were dealt with in a part of the conference 
devoted to "Human Factors" in, for ex­
ample, a paper read by Mr G. Moot from 
APO, Australia, entitled "The Effect of 
Human Factors on some Aspects of 
Australian Post Office Maintenance 
Operations" and also in a paper by Mr T. 
Larsson from the Swedish Telecommu­
nications Administration with the title 
"Productivity—Results Pay—Cooperation 
-Service (PRS)". 

• Operation and maintenance of tele­
phone exchange equipment was the sub­
ject of several papers among which may 
be mentioned "Maintenance and Opera­

tion of an International Network" by Mr 
R. Button, 1MTR, Great Britain, which 
dealt with the maintenance and opera­
tional aspects of large networks and ex­
changes. 

The Netherlands contributed two pa­
pers, one by Mr J, A. Hamers, "Exper­
iences of AR-systems in the Netherlands", 
and the other by Mr J. J. M. Spoorenberg. 
"Experience from the Operation of Rot­
terdam DC II". in which an account was 
given of two and a half years' operation 
of a stored-program controlled exchange 
(AKE 13). 

• A whole day was devoted to cable 
questions. Mr J. Carlemalm, Swedish Te­
lecommunications Administration, spoke 
about "Rationalization of Installation and 
Maintenance Operations for Cable Net­
works in Sweden" and Messrs I. Broberg 
and B. Balkstedt each read a paper as an 
introduction to a visit to the Stockholm 
telecommunication area and the cable 
tunnels under Stockholm. 

L M Ericsson contributed a number of 
papers dealing with various fields. Two 
that attracted particular attention were 
the papers presented by Dr C. Jacobaeus, 
"Some Problems within the Telecommu-

The maintenance conference 1974 with delegates from English-speaking telecommunications 
administrations 

nications Field" and Mr B. Svedberg, 
"Systems Development at the Telephone 
Exchange Division". 

An account of the Swedish Telecom­
munications Administration's experience 
of TVP supervision of network zones was 
given in a paper read by Mr E. Stromberg 
entitled "Experience of Centralized Ser­
vice Supervision". 

• Transmission questions were dis­
cussed in the group called the T group. 
The discussions were based on five papers. 
Four of these dealt with experiences from 
system lines for FDM systems and PCM 
systems. The fifth contribution was de­
voted to aspects of the selection of elec­
tronic components suitable for use in 
transmission equipment. The discussions 
illustrated that FDM transmission equip­
ment has undergone a gradual improve­
ment in several respects and has attained 
a high degree of reliability. 

The last discussion point concerned the 
detective work carried out by the com­
ponent section of L M Ericsson's Long 
Distance Division, where reliable compo­
nent types are separated from those that 
are not so good. 

All those taking part in the discussion 
were agreed that carefully selected com­
ponents are necessary in order to produce 
equipment that satisfies the reliability re­
quirements of the various administrations. 

• Three papers were read within the 
group discussing subscriber equipment 
questions (the GN group). Mr G. Olaus-
son from the Swedish Telecommunica­
tions Administration provided some in­
formation about the methods adopted to 
market and introduce multi-line tele­
phone sets. This was followed by a paper 
from L M Ericsson dealing with the ana­
lysis of fault statistics for DIALOG tele­
phone sets and a shorter contribution 
about operation and maintenance of 
PABX equipment with the intention of 
encouraging a discussion and obtaining 
views regarding centralized maintenance. 
The resultant discussions indicated that 
the administrations wanted some form of 
alarm transmission to a central point but 
that this information should be of a lim­
ited character. 

• The problems of maintenance and 
fault finding in electronic exchanges of 
the future were also touched upon very 
briefly. 



Hans Thorelli 
In Memoriam 

Hans Thorelli, L M Ericsson's former 
Vice Managing Director, died on the 4th 
August. 

Hans Thorelli was born in Stockholm 
in 1893 and was thus 81 when he died. 
In 1914 he obtained a degree in electrical 
engineering at the Royal Institute of 
Technology. He then attended ASEA:s 
two-year training course, after which he 
worked for one year as a planning engi­
neer with Soderbloms Gjuteri AB. a 
foundry at Eskilstuna in Central Sweden. 
During the years 1917—1923 the worked 
for firms in Germany and the USA. 

In 1923 he joined L M Ericsson. At 
that time L M Ericsson's first automatic 
exchange in Sweden with 500-line selec­
tors was being installed at Norra Vasa ex­
change in Stockholm, and it was here that 
he first came into contact with the type of 
work that was to be his sole interest for 
many years to come. 

During the ten years that followed, 
Hans Thorelli travelled widely as inspec­
tor and chief of L M Ericsson's installa­
tion activities. The new 500-line selector 
system found a good market in several 
countries. Many were the installation 
foremen, installers and young engineers 
who, with Hans Thorelli as chief, were 
abroad putting 500-line selector exchanges 
into operation in, for example, the Nether­
lands, Spain, Russia, Poland and Italy. 
During his frequent visits to the installa­
tion sites he won great respect for his im­
mense capacity for work and his great 
knowledge. 

In 1931 Hans Thorelli was appointed 
chief of the Exchange Division and in 
connection with the reorganization of 
1933 he became Works Manager for L M 
Ericsson's Stockholm factory. He held the 
latter post until 1935, when he was ap­
pointed Assistant Manager. As direct as­
sistant to the managing director he was 
then responsible for questions concerning 
foreign manufacturing companies within 
the Ericsson Group. 

Ericsson do Brasil, the Quinquagenarian that is 
getting threefold capacity 

Some of the inauguration guests by the side of a commemorative plaque, which was unveiled 
in connection with the inauguration in June of two new factories in Eugenio de Melo, Sao 
Jose dos Campos, where Ericsson do Brasil are building on a site of 613,000 m2. From the 
left, the mayor of the town Sergio Sobral de Oliviera and Dr. Salvador Julianelli, chairman 
of Sao Paolo's legislative assembly. To the right of the plaque, the Minister for Communica­
tions in the federal state Sao Paolo Dr. Jose Meiches and the Federal Communications 
Minister Euclides Quant de Oliviera. 

Ericsson do Brasil, the Ericsson Group's 
subsidiary company in Brazil, is to almost 
treble its present capacity during the next 
few years. 

In 1938 Hans Thorelli was given the 
assignment of directing the technical 
planning of L M Ericsson's new factory. 
He also served as Works Manager until 
the transfer to the new factory took place 
in 1940. He was then appointed Chief 
Engineer with the task of coordinating 
the LME factories both in Sweden and 
abroad from the technical and manufac­
turing technical points of view. In 1949 
he was appointed Vice Managing Direc­
tor. He resigned on reaching retiring age 
in 1958 but for several years after this he 
was at the disposal of the Managing Di­
rector for special assignments. 

Hans Thorelli applied himself energe­
tically to all tasks that he undertook. Nu­
merous memoranda, notes and tables bear 
testimony today to the thoroughness with 
which he analyzed all problems. His ef­
forts towards a rational production and 
administration were indefatigable, but at 
the same time he always showed a deep 
interest and warmhearted feeling for the 
people in the organization. 

Despite the fact that it is now many 
years since Hans Thorelli retired from ac­
tive service, his achievements and his 
name are still fresh in the memory of 
many employees both in Sweden and 
abroad. Make Patricks 

The vast expansion program, which is 
in the process of being carried out in this 
now fifty-year-old company, comprises 
the building of a number of new factories, 
a reinforcement of the administrative and 
technical staffs and an increase in the 
resources for the company's training ac­
tivities. The program reflects the econom­
ic growth of Brazil, which has been very 
substantial during the last ten years, 
especially during the latter half of this 
period, when the gross national income 
increased by on average 10 per cent per 
annum. 

The importance of good telecommuni­
cations was appreciated at an early stage 
by the Brazilian authorities. At the pres­
ent time the telecommunications ad­
ministrations are in the middle of an ex­
tensive expansion program which entails 
the installation of almost ten million pub­
lic lines by 1982. This should be consid­
ered in relation to the fact that today the 
total number of telephone sets in the 
country is less than three million. 

L M Ericsson's activities in Brazil date 
back as far as the last century — the first 
order was received in 1891. For over 
thirty years marketing was in the hands 
of agents, before L M Ericsson in 1924 
established its own sales company, the 
present Ericsson do Brasil, which now­
adays has a comprehensive manufac­
turing program, over 6,000 employees and 
an invoicing which last year amounted to 
384 million Swedish crowns (about US 
$85 million). 

r\c\ 



News from Finland: 
• On July 1st. Finland's Minister of 

Transport, Pekka Tarjanne. inaugurated 
the automatic telephone traffic from Fin­
land to the other Nordic countries and 
the Federal Republic of Germany. The 
traffic is routed by L M Ericsson's cross­
bar switch exchanges, type ARM, in Hel­
sinki. 

• The stored-program controlled tele­
phone exchange technique made its of­
ficial debut in Finland on May 24th this 
year, when an L M Ericsson AKE 13 
local transit exchange was inaugurated in 
Abo, for the town's Telephone Company. 
The exchange, which has an initial capa­
city of 5,600 multiple positions, was put 
into service about two months before the 
inauguration. 

At about the same time a small number 
of lines were connected in to the AKE 13 
exchange in Helsinki, which was ordered 
by the Post and Telegraph Administra­
tion, for national and international traf­
fic. The initial capacity of the exchange 
is 5,400 multiple positions and extensions 
for a further 9,600 have been ordered. 

• Apart from this centre, the Post and 
Telegraph Administration have ordered 
another AKE 13 for Helsinki, for national 
and international traffic. The exchange is 
to be put into service starting in 1978 and 
the initial capacity will be 11,400 mul­
tiple positions. 

^ Helsinki Telephone Association have 
ordered an AKE 13 local transit exchange 
with an initial capacity of 4,000 multiple 
positions for the local traffic within its 
network zone. It is to be taken into ser­
vice in 1976. 

The inauguration of automatic long distance 
traffic from Finland on July 1st 1974. Minis­
ter of Transport Pekka Tarjanne calls his 
colleague. Cabinet Minister Bengt Norling 
in Stockholm. To the right: V. A. Johansson, 
Director General of the Post and Telegraph 
Administration 

Railway signalling 
equipment for 80 million 
SKr for Taiwan 

As a part of its comprehensive electri­
fication program, the Taiwan Railway 
Administration has ordered railway sig­
nalling equipment for approximately 80 
million Swedish crowns (approximately 
US $18 million) from L M Ericsson. The 
order is the largest that the company has 
ever received for this type of product. 
The equipment is to be delivered over a 
period of four years and will be manu­
factured mainly in Sweden. 

Competitors for the signalling part of 
the project were the American General 
Electric and the British GEC. L M Erics­
son received a Letter of Intent in January 
this year and negotiations were completed 
in April. 

The total project, in which the signal­
ling equipment forms a part, comprises 
the electrification of the 1,000 kilometer 
long main line Keelung-Kaohsiung, in­
cluding the purchase of electric locomo­
tives and electric motor coach trains. 

During the last ten years L M Ericsson 
have delivered railway signalling equip­
ment to Taiwan on a large scale. The cur­
rent order consists mainly of signalling 
safety equipment, line blocking system. 
Centralized Traffic Control (CTC) of the 
new electronic type JZA 700, equipment 
for automatic train control (ATC), line 
cable. VF telegraph equipment and cer­
tain modifications to plant delivered ear­
lier. 

When the whole of the Taiwan Rail­
ways modernization project for the main 
line in question along the west coast of 
the island is completed in 1978, the trav­
elling time between the two towns Kee-
lung and Kaohsiung will be reduced from 
six to four hours. 

30000 new 
PABX lines in 
Australia 

L M Ericsson Pty Ltd have received 
one of the largest PABX orders ever to 
be placed by the Australian Post Office. 

Within a year 160 PABXs with cross­
bar switches are to be installed in Austra­
lia. This corresponds to about 30,000 new 
lines. The significance of this figure is 
best appreciated when it is realized that 
the total number of PABX lines installed 
in Australia during the last year was about 
60.000. 

L M Ericsson have manufactured 
PABX equipment in Australia since 
1961. 

Orders for 160 million 
SKr from Indonesia 

L M Ericsson have received orders 
from the Indonesian oil company Perta-
mina Indonesien to a value of 106 million 
Swedish crowns (approximately US $33 
mil lion |. The orders comprise telephone 
exchange equipment. PABX equipment, 
telephone sets and telex equipment. 

New factory in England 
for Thorn-Ericsson Ltd 

Thorn-Ericsson Telecommunications 
Ltd, a company owned jointly by Thorn 
Electrical Industries and Telefonaktiebo-
Iaget L M Ericsson, are to build a new 
factory at Scunthorpe in north-east Eng­
land. The production will consist prima­
rily of PABX equipment. The flow of 
orders on the English market for private 
branch exchanges of L M Ericsson design 
is expanding substantially, and during the 
last twelve months the value of orders 
received has exceeded 70 million Skr 
(approx. US $15.5 million). 

The Netherlands: 

New Head Office 
and a new factory 

In the Netherlands, the Minister of 
Transport and Communications T. E. 
Westerterp has inaugurated a new Head 
Office and factory building, each cov­
ering an area of 3,000 square metres, for 
L M Ericsson's wholly-owned subsidiary 
company in the Netherlands, Ericsson 
Telefoonmaatschappij, situated at Rijen 
in the southern part of the country. 

During the opening ceremony a special 
telephone connection was established. The 
Dutch Minister spoke from the rostrum 
via a push-button telephone set to the 
PABX computer, which is installed in 
L M Ericsson's office buildings at Boll-
mora. outside Stockholm. The computer, 
which gives a spoken answer, was pro­
vided with a special inaugural program in 
D u t c h f o r thp nnpn ino r p r p m n n v at R i ipn 
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Development of the Telephone 
Network in Egypt 
Mokbel El Badrawy 

Arab Republic of Egypt Telecommunications Organization, ARETO, is 
responsible for all public telecommunication services in Egypt. This article will 
deal with the development of the telephone network in the country, 
how L M Ericsson's local and trunk transit crossbar exchanges offering toll 
ticketing were introduced, and how a domestic factory manufacturing 
L M Ericsson's crossbar exchanges on a licence basis is gradually growing 
up into a large-scale interprise. 

UDC 621.395 742(620) 
LME 823 

83021 

First automatization 
The first automatic telephone ex­
change of type Rotary 7 A was put into 
service in Cairo in 1929. Several ex­
changes of the same type have since 
been installed in Cairo and Alexandria, 
which today have about 102 000 and 
40 000 Rotary lines respectively. 

Automatic exchanges of other types 
were also gradually installed in some 
other towns. Six of them are still in 
service, one being an L M Ericsson 
500-line selector exchange with a ca­
pacity of 2 000 lines, which was in­
stalled in Suez in 1951. 

Introduction of LM Ericsson 
crossbar systems 
Up to the end of the 1950's the tele­
phone network was not greatly deve­
loped. There were only a small num­
ber of local automatic telephone ex­
changes and the trunk traffic was 
handled entirely manually. 

After the revolution in 1952, however, 
the industrialization of Egypt increased 
rapidly, and with it the standard of 
living. This created demands for a 
faster increase in the number of auto­
matic telephone lines offering modern 
facilities and for automatization of the 
trunk traffic. 

ARETO therefore studied all modern 
telephone systems available on the 
world market and prepared the tech­
nical specifications for an international 
invitation for tenders. This comprised 
seven local exchanges totalling 44 000 
lines and seven trunk transit ex­
changes for fully automatic handling 
of trunk traffic and using toll ticketing 
for charging of trunk calls. The invita-

Fig. 1 
Automatic crossbar exchange system ARF 102 
in Abbassia 
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MOKBEL EL BADRAWY 
Director General, Egyptian 
Telecommunications Organization 

tion for tenders also prescribed that 
the successful tenderer should grant 
a licence to an Egyptian Governmental 
Factory for domestic manufacture of 
the offered telephone system. 

After extensive technical and financial 
investigations the contract, which con­
tained exchanges of crossbar type, 
ARF 102, fig. 1, for local traffic and 
ARM 20 and ARM 50 for trunk traffic, 
was awarded to L M Ericsson in 1959. 

Among the reasons for ARETO's de­
cision were that this crossbar system 
is flexible and offers all modern fea­
tures, that it has proved to require a 
minimum of maintenance, that it in-
terworks smoothly with other systems, 
that it is suited for toll ticketing and 
that it is especially suited for local 
manufacture. 

Toll ticketing and 
MFC signalling systems 
Egypt has played a prominent role in 
the field of toll ticketing and was one 
of the first countries outside the USA 
to introduce this system. In fact the 
toll ticketing equipment designed and 
supplied by L M Ericsson to ARETO 
was the first of its kind to be delivered 
by this company. 

Originally toll ticketing was used for 
all automatic trunk traffic. However, 
in order not to load the equipment un­
necessarily, ARETO has decided to 
use multimetering for all zone traffic 
as soon as this traffic is converted to 
automatic operation. This will prob­
ably be carried out first in the Cairo 
zone. Toll ticketing will then only serve 
trunk traffic between zones. 

This initial contract with L M Ericsson 
was then followed by another order 
covering 21 new exchanges, to be in­
stalled in important towns all over 
Egypt, and the extension of two ex­
changes in Cairo. Since then much 
equipment has been ordered, mainly 
from the domestic factory. 

Originally punch-card machines of 
type IBM 526 and 523 were used for 
the recording of the TT information, 
but it was then necessary to insert new 
cards every few hours. There was also 
the problem of transporting the cards 
from the different exchanges to the 
computer centre at Cairo, and this 

Fig. 2 
Simplified trunking diagram of Abbassia 
crossbar exchange system ARF 102 
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would increase concurrently with the 
growth of the trunk traffic. ARETO has 
therefore decided to use magnetic 
tape units for this purpose and the ne­
cessary equipment is now being in­
stalled. The question is also being 
studied as to whether the data on the 
tapes should be transmitted from the 
different exchanges over data chan­
nels to the computer centre at Cairo 
at nighttime. 

Egypt was the first country in the world 
to use the same compelled multifre-
quency signalling system (MFC), of 
L M Ericsson design, in both local and 
trunk transit crossbar exchanges. It is, 
of course, very advantageous to use 
the same system for local and trunk 
traffic as this avoids unnecessary sig­
nalling translation. 

The MFC system is also very suitable 
for signalling in large areas such as 
Cairo and Alexandria, where the range 
of operation is significant. Thanks to 
its rapidity and the great number of 
signalling possibilities in both direc­
tions, it is well adapted to toll-ticke­
ting signalling and has also many other 
advantages. 

When the Rotary exchanges in Cairo 
and Alexandria, with their operating 
range of only 1 200 ohms, are in due 
course replaced by ARF 120, one sin­
gle signalling system will be used 
throughout Egypt, which will simplify 
the equipment and improve the service 
quality even further. 

Local exchanges ARF 102 
The local exchanges of type ARF 102 
are well adapted to the conditions in 
Egypt, both in the provinces and in the 
multi-exchange areas of Cairo and 
Alexandria. They include identification 
of the A-subscriber's number and 
transfer of this number to the transit 
register for use in connection with toll 
ticketing, as well as other facilities that 
may be required in the foreseeable 
future. 

In the early days, when the number of 
ARF 102 lines was small compared 
with the number of Rotary lines, the 
local registers REG-L in the ARF 102 
exchanges were as a rule able to 
operate the selectors in the Rotary ex­
change. For traffic from Rotary to ARF 

Fig. 3 
Simplified trunking diagram of a tandem 
exchange with crossbar selectors in Cairo area 
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102 the latter exchanges were usually 
provided with translating registers 
REG-U for signal translation between 
the two systems, fig. 2. 

Later on, when the ratio of ARF 102 to 
Rotary lines changes (especially as 
Rotary lines are gradually being re­
placed by ARF 102), another solution 
will be applied, at least for new ARF 
102 exchanges. Their local registers 
will be simplified and they will not con­
tain either interworking equipment for 
traffic to Rotary or translating registers 
for traffic from Rotary. In the Cairo area 
the translating equipment for traffic in 
both directions will be concentrated 
to two tandem exchanges that are now 
being installed. 

Comprehensive computations carried 
out on a computer showed that an op­
timum solution would be obtained by 
introducing two tandem exchanges in 
the Cairo exchange area. One of these 
exchanges is shown in the trunking 
diagram, fig. 3. The alternative routing 
principle would be applied through 
these tandem exchanges. Figure 4 
shows the main (low congestion) traf­
fic routes in the Cairo area after the 

introduction of these two tandem ex­
changes. 

It was also decided to utilize the new 
tandem exchanges as additional se­
lector stages for distributing the traf­
fic from Rotary to crossbar exchanges, 
thus avoiding the necessity of introdu­
cing auxiliary selector stages in old 
Rotary exchanges, which would not 
have been justified from other points 
of view as the Rotary exchanges are 
to be replaced gradually. 

Transit exchanges ARM 20 
and ARM 50 
It is planned to use the ARM system 
throughout the long distance (LD) net­
works, including international and in­
tercontinental exchanges. Registers 
and repeaters are the same in ARM 
20 and ARM 50. The basic equipment is 
also the same for telex exchanges, and 
telephone and telex exchanges can 
thus be combined if and when re­
quired. Standardizing the equipment 
in this way facilitates manufacture, 
planning, training and maintenance. 

Fig. 4 
Main low congestion routes in Cairo local 

exchange area with two tandem exchanges 

0 ARF exchanges 

I Rotary exchanges 
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For a transit exchange, with its long 
and expensive lines, the most impor­
tant requirements are good transmis­
sion characteristics and good line uti­
lization. The ARM system has switch-
able pads and echo suppressors and 
offers full availability and alternative 
routing in order to meet these require­
ments. 

It is planned to divide Egypt into at 
least 19 zones, 12 in Lower Egypt and 
7 in Upper Egypt. Each zone will in its 
turn be divided into an appropriate 
number of groups. It is also the inten­
tion to bring the zones together to 
form a number of regions at a later 
stage. At present the LD network con­
tains four ARM 20 and three ARM 50 
exchanges, which constitute the zone 
centres for the seven most densely 
populated zones of Lower Egypt, fig. 5. 
In this way the biggest towns of Egypt 
are linked into a fully automatic LD 
network including toll ticketing! 

Coaxial cables are now being used and 
it is also planned to use them in the 
future between zone centres. Direct 
routes are to be provided between the 
majority of these centres with alterna­
tive routing to a great extent. 

The ARM exchanges at the zone cen­
tres are provided with complete toll-
ticketing equipment and their trunk re­
gisters can receive and store the A-
number from the local exchange re­
gisters. 

A simplified trunking diagram of the 
Cairo trunk exchange ARM 201/4 is 
shown in fig. 6. A special GV distribu­
tion stage of type ARF is introduced for 
distributing the incoming trunk traffic 
to the different crossbar exchanges in 
the Cairo area, thereby reducing the 
number of outlets required in the ARM 
exchange. In order to improve the 
transmission features this selector 
stage is 4-wire, thus allowing individual 
balancing of the lines after transforma­
tion in hybrids to 2-wire. High conges­
tion routes from large zone centres 
that carry terminal traffic to Cairo will 
also be connected directly to this 
distribution stage, thus freeing the cor­
responding capacity in the ARM 20 ex­
change. For the time being the inter­
national traffic, which is shortly to be 
automatized, is being handled from 
manual switchboards with 4-wire 
through connections. 

A combined national and international 
ARM telex exchange has been instal­
led in Cairo and a national ARM telex 
exchange in Alexandria. They are both 
adapted to interwork with teletype­
writers with the Arabic as well as with 
the Latin alphabet. 

Numbering 
A closed numbering scheme will be 
applied in each zone with a number 
length in the future of 5 to 7 digits. 
Each zone has an area code of 2—3 
digits starting with 0. The 2-digit codes 

Fig. 5 
Present trunk telephone network in Egypt 
with seven zone centres 
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are used for the Cairo and Alexandria 
zones with the greatest number of sub­
scribers. Thus according to present 
plans the total length of a number for 
national traffic, code number plus 
subscriber number, will not exceed 9 
digits. 

Training and installation 
ARETO's staff have been fully trained 
in the installation and maintenace of 
the equipment. Originally the training 

courses were held at L M Ericsson's 
headquarters in Stockholm, but for 
several years the training has been 
undertaken by the Technical Training 
and Research Institute, TTRI, in Cairo, 
with satisfactory results. This training 
has also given valuable knowledge 
useful for the maintenance of the ex­
changes. 

The installation of the crossbar ex­
changes was gradually taken over by 
ARETO and after a few years all ex-

Fig. 6 

Simplified trunking diagram of the Cairo 
trunk exchange system ARM 201/4 

FIR-ZL-H1 Incoming junction circuit from ARF 
with tariff impulse sending and 
DC signalling (loop-code) 

FIR-ZL-H2 D:o from Rotary 
FlR-ZL-0 D:o from operator's position 
FUR-L-0 Outgoing junction circuit to operator's 

position with DC signalling (loop-code) 
FIR-TV-Y Incoming junction circuit to ARF-
(H1) distribution stage from other automatic 

trunk exchange with MFC signalling 
FUR-L H3 Outgoing junction circuit to Rotary 

with DC signalling 
FIR-TV-Y Incoming junction circuit from other 

automatic trunk exchanges with 
MFC signalling 

FUR-TV-Y Outgoing junction circuit to other 
automatic trunk exchanges with 
MFC signalling 

FDR-TV-Y Bothway junction circuit for other 
automatic trunk exchanges with 
MFC signalling 

FIR-L-H1 Incoming junction circuit to ARF 
distribution stage from international 
operator's position or other automatic 
trunk exchanges via ARM 

FIR-L-H2 Incoming junction circuit to ARF 
distribution stage from Rotary or 
from operator's position via ARM 

FUR-L-H Outgoing junction circuit, from ARF 
distribution stage to Cairo local 
ARF exchanges 

FIR-L-01 Incoming junction circuit from trunk 
operator's position to automatic 
trunk network and ARF distribution 
stage 

FIR-L-02 D:o from international operator's 
position 

REG-H1 Register for outgoing traffic from ARF 
local exchanges with TT tariff 
metering 

REG-H2 D:o from Rotary 
REG-Y Register for transit and terminating 

traffic 
REG -0 Register for outgoing operator's 

traffic with TT tariff metering 
REG-U2 Translation register 
REG-Y(H) Register for terminating traffic 
KS Code sender 
GIA/B ARM incoming group selector 
GUA/B ARM outgoing group selector 
RS Register finder 
SS Sender finder 
ARFGVA/B ARF distribution stage group selector 
N Trunk operator's position 
I International operator's position 
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changes were being installed by the 
administration. This has also provided 
valuable training for the maintenance 
of the exchanges. 

Domestic factory 
A licence agreement with L M Erics­
son was signed in 1959 for the domes­
tic manufacture of local crossbar ex­
changes ARF 102, private crossbar ex­
changes, telephone instruments etc. 
This agreement has later been ex­
tended to include ARM exchanges. The 
production capacity of the factory is 
now the equivalent of 25 000 lines and 
50 000 telephone instruments per year. 
The grade of integration, i.e. the local 
share of manufacture, is high and at 
present there is a staff of 750. 

Expansion plans 
A rough estimate of the average an­
nual expansion of exchanges in Egypt 
during the next five-year period is 
30 000 lines for local exchanges and 
1 000 multiple positions for transit ex­
changes. After the completion of this 
period the network in Cairo will be as 
shown in fig. 7. 

Summary 
The ARF and ARM crossbar systems 
have proved to be very flexible in ap-
lication, fulfilling the requirements for 
efficient use in Egypt. They are well 
suited for local manufacture and meet 
the expectations placed on them when 
ARETO decided to introduce them in 
Egypt. 

Fig. 7 
Five year expansion plan for the Cairo 
local network 

0 ARF exchanges 

| Rotary exchanges 
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Electronic Private Branch 
Exchange ASD 551 
Helmut Kegl and Gosta Neovius 

A new generation of private branch exchanges, based on modern electronic 
components, is being developed within the Ericsson Group. This article 
presents one of the exchanges, ASD 551, which was developed by ELLEMTEL. 
The development work was commissioned jointly by the Swedish 
Telecommunications Administration and L M Ericsson. 
ASD 557 is compactly constructed and takes up very little space. Every effort 
has been made to achieve an exchange with short installation and testing times. 
The new technique has resulted in an exchange with great flexibility. 
Consequently it is very easy to enlarge the exchange or to incorporate new 
facilities. The operator console has a new design and apart from the normal 
handling of calls the operators have been provided with facilities for controlling 
and supervising the function of the exchange. 

UDC 621.395.24 
LME 83822 

8372 

ASD 551 is a stored program controlled 
private branch exchange system in 
which the program is stored in an 
permanent semiconductor memory 
(PROM) and the data is stored in an 
electrically changeable semiconductor 
memory (RAM). The switching network 
is designed as a three stage link sys­
tem and is built up of reed relay ma­
trices with 8 x 4 crosspoints and 3-wire 
through connections. 

With a relatively high average traffic 
592 extensions can be connected to an 
ASD 551 exchange. With moderate or 
low average traffic this number can be 
increased to as many as 832 exten­
sions. 

The exchange is built up with reed re­
lays, miniature relays, thick film cir­
cuits, integrated circuits etc. which are 
mounted on printed circuit boards. 
These boards are plugged into shelves, 
and the shelves are connected to the 
racks via plugs and jacks. The printed 
circuit boards, shelves and racks are 
delivered from the factory already con­
nected and tested. The racks are con­
nected together by cables, which are 
pre-manufactured in the factory, and 
which are plugged into jacks at the 
tops of the racks. The extensions and 
the exchange lines are also connected 
to the racks via plugs and jacks. 

In its basic design the exchange is 
equipped with the facilities that are 
normally included in a modern private 
branch exchange. In addition the ex­
change can be equipped for a large 

number of optional facilities by includ­
ing the appropriate printed circuit 
boards, without having to increase the 
number of racks or having to make 
changes to the rack and shelf connec­
tions. 

Telephone sets with conventional 
rotary dials or with key sets may be 
connected to the exchange. Push-but­
ton telephone sets, which apart from 
the ten digit buttons have buttons with 
the star and square symbols, allow 
signals between extensions and the 
exchange. These additional signals 
are used for programming such ser­
vices as 

— call diversion 
— follow-me 
— bypassing of call diversion and 

follow-me 
— internal abbreviated dialling 
— individual night service 
— reminder signalling 

The push-button telephone sets also 
have a service button for calling in a 
register, for instance when making an 
inquiry call. The exchange lines and 
registers have receivers for the service 
signal, which can be sent as a discon­
nection for a specified length of time, 
an increase in loop resistance or earth­
ing one of the branches of the speech 
wires. 

When designing the exchange parti­
cular attention was paid to both exten­
sion procedures and operator proce­
dures. CEPT recommendations have 
been followed as far as possible. How 
man/machine considerations have in­
fluenced the design of the operator 
console and how symbols have been 
used to replace text, thereby making 
the same version of the console sui­
table for use in all countries, will be 
dealt with in more detail below. 

System design 
Trunking diagram and principle 
of operation 

The trunking diagram for the system 
is shown in fig. 1. The switching net­
work is used not only for the establish­
ed connections but also during the set­
ting up of calls. 
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Fig. 1 

Block diagram of the ASD 551 exchange 

Thus when setting up a local call the 
calling extension is first connected via 
the switching network to a free regis­
ter. After dialling this connection is re­
leased and instead the extension is 
connected to a free connecting circuit, 
the other side of which is connected to 
the called extension. 

In the case of an outgoing external call, 
connection is also first made to a re­
gister but when the first digit has in­
dicated that it is an external call, an­
other connection is initiated from the 
other side of the register to a free ex­
change line via the switching network. 
The register then repeats the continued 
dialling and is able to both receive and 
send the VF push-button code or dial 
impulses. Thus the exchange can be 
equipped with both rotary dial and 
push button telephone sets in any com­
bination and is connected to the parent 
exchange for one or other of the two 
methods of digit transfer. After all the 
digits have been transmitted, the re­
gister is released and the two earlier 
connections are replaced by a direct 

connection through the switching net­
work from the extension to the ex­
change line. 

For incoming external calls dealt with 
by an operator, a connection is made 
from the exchange line to an idle 
operator link that can be reached by 
a free operator. The operator keys 
the wanted extension number on the 
keyset, whereupon another connection 
is set up from the other side of the 
operator link to the wanted extension. 
Ringing takes place from the operator 
link, which is released upon answer. 
The two earlier connections are then 
replaced by a direct connection from 
the exchange line to the extension. 

Since during the setting-up the ex­
change lines for outgoing traffic are 
connected to registers and for incom­
ing traffic to operator links, it has been 
possible to solve certain functions dur­
ing this stage with circuits in the re­
gisters and operator links, which has 
resulted in some simplification of the 
exchange line equipment. 
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Racks 
Mul t ip le posit ions 
in the A stage 
Extensions 
Device connect ions 
In the A stage 
Inlets In the C stage 
Connect ing circui ts 
SNR 
Exchange l ines FDR 
Registers REG-L 
Cal l-back equipment 
RRD 
Operator l inks AUX-0 
Inquiry l inks AUX-0 
Operators 

128 256 384 512 640 768 896 
112 232 352 472 592 712 832 

16 24 32 40 48 48 48 
64 96 128 160 192 192 192 

10 14 18 22 26 26 26 
24 40 56 72 88 88 88 
4 6 8 10 12 12 12 

2 2 2 2 2 2 2 
6 10 14 18 22 22 22 
3 4 5 6 7 7 7 
2 3 4 5 6 6 6 

Table 1 

Capac i ty of the sys tem at d i f ferent 
ex tens ion stages 

The switching procedures described 
briefly above are controlled by a cen­
tral processing unit (CPU), which oper­
ates in two different cycles. During the 
scanning cycle CPU starts the line 
scanners and device scanners. During 
this cycle any changes in the states of 
the extensions and devices are recor­
ded. The cycle is repeated until one 
or more changes have occurred that 
require action. The connection cycle 
is then started. In this cycle the traffic 
program is called that corresponds to 
the changes that have the highest prio­
rity level in the priority list built into the 
exchange. Any other changes must be 
rediscovered during later cycles. The 
traffic programs that will be called in 
this way on different occasions in con­
nection with for example an outgoing 
call are: 

— connection of extension to register 
— connection of register to exchange 

line 
— disconnection of register and con­

nection of extension to exchange 
line 

— disconnection of exchange line 

The traffic programs on their part uti­
lize various subprograms, which are 
common for several traffic programs 
and which can also be called several 

times from the same traffic program. 
Examples of subprograms that are 
called by the traffic program, "connec­
tion of extension to register", are: 

— selection of device 
— setting up of switching path 
— operation of relays in a device. 

The system data store is divided up 
into different parts for the following 
purposes: 

Extension store for, among others: 

— classes of service 
—• line lock-out indication 
— call diversion indication 
— follow-me indication 
— call back indication. 

Device store for, among others: 

—• state information 
— connected extension's multiple 

position 
— dialled digits 
— supervision times. 

Optional facilities store for, among 
others: 

— call back 
— call diversion 
— follow-me 
—• abbreviated dialling 
— reminder service. 

F ig . 2 

The p lac ing of the un i ts in the racks 

CS (Central processor rack) 
TSU Equipment for supervision and 

measurement of the traffic 
OPU Operator's equipment 
CPU Central processing unit 
PM Program store 
IOU Maintenance panel 
ITK Exchange l ine traffic control 
AN Number analyzer 
CMU Data store 
IDC Device scanner 
IDS Equipment for selection of 

switching paths 
PNG Programmable number group. 

Includes l ine scanners and the 
majority of the addi t ional services 

CU Connecting unit 

OS (Devices rack) 
SNR Connecting c i rcui ts 
REG-L Registers for internal and 

outgoing traffic 
SE Signal l ing unit 
FDR Exchange l ine 
AUX-0 Operator 's l ink 
AUX-Q Inquiry l ink 
OPS Operator 's l ink switch 
RRD Call-back equipment 

GS (Group rack) 
LK-BR Line c i rcui t 
A, B, C Switching network 
SGC Switch control unit 
REG-D Direct in-d ia l l ing register 
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Disposition of the racks 

The disposition of the racks is shown 
in fig. 2 and the capacity of the system 
at different extension stages is given 
in table 1. 

The central processor rack (CS) con­
tains the control equipment for the ex­
change, the supervision and mainte­
nance equipment and space for the 
equipment that is required for the op­
tional facilities. 

The devices rack (OS) contains six 
connecting circuits, eight exchange 
lines and two registers. The rack has 
space for all the operator links, in­
quiry links and call-back equipment 
required for a fully equipped exchange. 
This rack also contains the common 
signalling and ringing equipment. 

The group racks (GS) each contain 
switching equipment for a maximum of 
128 A-multiple positions and 192 C-
multiple positions, line equipment for 
120 extensions and four connecting 
circuits, 16 exchange lines and two 
registers. 

For tie-line traffic individual exchange 
line equipments are replaced by tie-
line equipments, and for direct in-
dialling two direct dialling registers are 
included in the bottom switch shelf. 

The distribution of the connecting cir­
cuits, exchange lines and registers be­
tween the devices rack and the group 
racks has been chosen to provide the 
best possible adaptation to the traffic 
requirements with various degrees of 
extension capacities. 

Grouping and disposition 
of the devices 

The switching network is built up in 
groups of 128. Fig. 3 shows the switch 
grouping for such a 128-group with the 
C stage built out to 64 inlets. By the 
addition of further switch matrices the 
C stage can be increased in steps of 
32 inlets to a total of 192 inlets. In the 
figure each switch matrix, with the di­
mensions 8x4 , has its four inlets en­
closed in a rectangle and the symbols 
point towards the eight points in the 
next stage that can be reached via the 
matrix. 

Between the A and the B stages the 
traffic is concentrated in the ratio of 
2:1, the inlets of the A matrices being 
connected in pairs to the outlets of the 
B matrices. In order to distribute the 
traffic if the traffic load is uneven in 
the A stage, this interconnection is 
carried out in a cyclically permutated 
pattern (link transposition). 

Fig. 3 
Switch grouping for a 128-group 
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When there are several 128-groups the 
C inlets are multiplied over all groups 
so that from an inlet it is possible to 
reach an arbitrary A-multiple position. 
The C multiple is connected to plug 
units at the top of each group rack. 
Factory manufactured cables are used 
for interconnecting the multiple. This 
interconnection also extends to the top 
of the devices rack. 

The operator links and inquiry links in 
the devices rack are permanently con­
nected to predetermined inputs in the 
different 32-groups of the C stage, 
whereas the remaining devices in the 
rack are permanently connected to the 
C-multiple positions in the first 32-
group. 

In each group rack the four connecting 
circuits and 16 exchange lines in the 
rack are connected to 24 C inputs in the 
first 32-group in the rack. By carrying 
out the interconnection between the 
tops of the racks with a displacement 
of one 32-group, the devices for the 
first group rack will be in the second 
32-group, seen from the devices rack, 
the devices for the second rack in the 
third 32-group and so on. 

By using the above disposition proce­
dure it has been possible to stan­
dardize the wiring of the group racks 
and to avoid an intermediate distribu­

tion frame for placing the devices in 
the C multiple. 

Traffic capacity 

When designing ASD 551 the aim has 
been to limit the planning work re­
quired for each separate installation 
by building up the system on a modular 
basis, with a suitably chosen number 
of devices of each type within each 
module (rack). The system is used 
most efficiently with 0.17 erlangs per 
extension and with the internal traffic 
accounting for 30 per cent of the total 
traffic at a grade of service of 0.01. 

For any other ratio between the in­
ternal and total traffic and for other 
values of traffic per extension, the 
number of connecting circuits, the 
number of exchange lines or the num­
ber of extensions will be decisive for 
the traffic capacity. 

Mechanical design 
Printed circuit board assemblies 
shelves and racks 

All components are mounted on printed 
circuit boards with single or double-
sided foiling. Boards of two different 
heights are used: a single board cor­
responding to one board storey and a 
double board corresponding to two 
board storeys, see fig. 4. The boards 

Fig. 4 

Double circuit boards (right: switch matrix) 
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are plugged into shelves for one, two or 
four board storeys, with different com­
bination possibilities of single and 
double boards, see fig. 5. Depending 
on the height of the components a 
printed board assembly will take up a 
space in the shelf of two (13.3 mm), 
three (20 mm) or more modules. A shelf 
has a length of 112 modules and thus 
can accommodate a maximum of 56 
printed board assemblies. 

The shelves are specially designed to 
provide good heat dissipation. Each 
shelf has an air input in the front and 
an air outlet along the top rear edge. 
Hence the complete shelf gets effec­
tively aired since the whole of the 
board surface is passed by the current 
of air. The shelves are connected to 
jack units placed to the right in the 
rack, see fig. 6. 

The racks are built up of tubes with a 
square profile. The tubes are joined 
together quite easily on the installation 
site, and thus the racks require very 
little space when being transported. 
The rack dimensions are as follows: 
height 2200 mm, width 1042 mm, 
depth 261 mm.. 

The racks are wired and tested in the 
factory before delivery. Two different 
types of plug-ended cables are used 
for the wiring between racks, each 
having a standard length. The simple 
procedure for installing the racks and 
the ingenious method of interconnec­
ting them result in a short installation 
time. L M Ericsson's miniaturized Main 
Distribution Frame BAB 3201 is recom­
mended for the exchange, since with 
its small space requirement it harmo­
nises well with the exchange. 

Components 

The switching element in the ASD 551 
switching network is a reed relay with 
three contacts. Since the switching 
network is built up of electromechanic 
contacts it has been considered appro­
priate to also use such contacts for 
switching the speech branches in the 
traffic carrying devices. Both mono-
stable and bistable miniature relays 
are used for this purpose. 

Specially designed thick film circuits 
are used for sensing signals from an 
extension in the line equipment and the 

Fig. 5 
Shelf for two-storey printed circuit board 
assemblies 
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devices carrying traffic. Likewise, all 
current feeding of extensions takes 
place via what are known as fuse re­
sistors, designed using thick film tech­
nique, which serve to protect the equip­
ment against excess current. The traf­
fic carrying devices also contain dis­
crete circuits and TTL circuits. Mostly 
TTL circuits are used in the control 
equipment, from simple gates to com­
plex stores. Newly designed holders 
for light emitting diodes, push-buttons 
and jacks permit mounting on the 
fronts of printed boards as well as on 
maintenance panels and the like. 

Operator console and 
operator functions 
The operators are responsible for a 
large part of the service that is provided 
for the telephone users. Consequently 
during the design work great import­
ance was attached to the problem of 
providing a functionally correct design 
for the operator console. Every effort 
was made to attain the best possible 
relationship between man and ma­
chine, see fig. 8. 

Lamps (light emitting diodes) and push­
buttons are assembled in separate 
functional fields, and the push-buttons 
that are often used are placed near 
each other in an easily accessible po­

sition, which facilitates the work of the 
operator. Symbols are used throughout 
instead of text. 

The simple symbol language facilitates 
the training of operators. Those opera­
tors who have had the opportunity of 
assessing the new operator console 
have been favourably impressed by the 
possibility of following the setting up 
of a call and of being able to read out 
in different fields the origin of the call, 
the type of call and the state of the 
called extension. 

The operator's normal routine when 
handling a call does not differ substan­
tially from what is customary in other 
exchanges. Facilities are provided for 
camp-on, holding, announcing, serial 
calls and so on. 

The operator can accept a call with the 
answering button, and after dialling 
depress the connect button to com­
plete the connection. In order to simpli­
fy the work of the operator and reduce 
the handling time, the operator can set 
the equipment for automatic call re­
ception and automatic transfer of in­
coming calls. 

Apart from the normal handling of calls 
the operator can also control and su­
pervise the function of the exchange 
in various ways. 

Fig. 6 
Exchange room with central processor rack, 
devices rack and group racks 
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Fig. 7 

Layout of the ASD 551 exchange 

The operator can change the classes 
of service and directory numbers of the 
extensions, and also program the ex­
ternal abbreviated numbers, the diver­
sion address for an extension and 
follow-me. 

The operator can start and supervise 
traffic recording, which is handled 
automatically by equipment in the ex­
change. 

Traffic disturbance in the form of over­
loading of a certain group of devices 
is indicated on the operator console, 
and by using a special procedure the 
operator can determine which group 
is being overloaded and also the traffic 
load. 

The operator console contains lamps 
for indicating alarm condition. The 
lamps show the class of alarm, and 
thus the degree of urgency, when func­
tional disturbances occur. 

The following optional facilities are 
provided for the operators: 

— call metering 
— call-recording 
— machine answer 
—• busy lamps field 
—• call waiting indicator. 

Power equipment and tone 
and ringing set 
ASD 551 is supplied with power in the 
usual way from the —48 V generated 
by the main power equipment in the 
exchange. Batteries are used for 
standby power supply. Voltages of 
+ 5V and +12 V are used for driving 
electronic circuits and relays. These 
voltages are generated by stabilized 
d.c. voltage converters that are fed 
from —48 V. The converters are mount­
ed in shelves which are placed in the 
racks as shown in fig. 2. The ringing 
and tone signals are generated by a 
tone and ringing set, which is common 
for the exchange and which is mounted 
in the devices rack. 

Installation and testing 
Owing to its compact construction, 
ASD 551 requires a relatively small 
space. The racks, with the exception of 
the central processor rack, are most 
suitably mounted back to back, see fig. 
7. Each rack requires a total floor 
space of about 2 m2 incl. free space. 
The height of the racks has been 
chosen so that the exchange can be 
installed in premises in which the 
height of the ceiling is 2.4 m or more. 

Fig. 8 
Operator console. The panel is provided 
with symbols instead of text 
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Fig. 9 

Maintenance panel, which is mounted 
in the central processor rack 

. FUSE A l f t H M 

The units included in the exchange 
control system functionally are tested 
together in the factory. Other units are 
tested automatically at the installation 
site by means of special test programs. 
Thus the installation testing is simple 
and takes only a short time. 

Operation and maintenance 
The maintenance of ASD 551 is based 
on L M Ericsson's maintenance method 
CCM (Controlled Corrective Mainte­
nance). The method is summarized as 
follows: 

— the function of the private branch 
exchange is supervised continuous­
ly as regards technical faults and 
the traffic handled 

— no action is taken before the super­
visory equipment indicates that ac­
tion is necessary 

— all manual and even automatic rou­
tine testing is avoided while the ex­
change is in service. However, 
measures (automatic) are taken to 
limit the number of traffic disturb­
ances caused by the occurrence of 
a technical fault. 

Service supervision 

During normal operation the function 
of the exchange is supervised conti­
nuously. An alarm is given when the 
number of unsuccessful attempts to 
establish a connection because of a 
technical fault and/or congestion ex­
ceeds a predetermined, adjustable 
fraction of the total numberof attempts. 
Unsuccessful attempts to establish a 
connection include failure to set up the 
switches, cutting in on an established 
connection, malfunction of a device, 
time release etc. Data concerning un­
successful attempts to establish a con­
nection are recorded in the fault re­
cording unit, which is dimensioned for 
storing data for up to 16 malfunction 
occasions and which operates accord­
ing to the principle first in — first out. 

The alarm is sent via the exchange 
alarm system to the operators' room 
where it is indicated in three different 
levels in the operator console. Apart 
from the supervision of technical faults, 
the exchange can provide facilities for 

supervising (measuring) the traffic 
handled by the different groups of de­
vices. An alarm is then given if the 
traffic exceeds a predetermined value 
and indicates that the group of devices 
in question should be increased. The 
results of the measurements during the 
busy hour can be read off and pre­
sented in erlangs. In this way the work 
of the supervision and maintenance 
staff has been simplified considerably. 

In order to limit as much as possible 
the number of traffic disturbances 
caused by a technical fault, the ex­
change has been provided with the 
following functions: 

— the current feeding of lines to the 
public exchange and to interwork-
ing exchanges is supervised in 
those cases where current feeding 
takes place when the lines are un­
occupied. If the line is discon­
nected or short-circuited, the de­
vice (FDR-C or FDR-X) is automa­
tically blocked. At the same time 
the exchange operator is called 
and the reason for the call and the 
line number are given. 

— a faulty device (for example a de­
vice that cannot be operated, or a 
device with an incorrect state) gets 
a disturbance marking in the data 
store. Such a device will then not 
be selected until all devices without 
faults are engaged. If then the at­
tempt to establish a call is success­
ful the disturbance marking is an­
nulled. 

— when a printed circuit board assem­
bly, which forms part of a device 
that carries traffic, is removed from 
its place in the shelf, the device gets 
an absence marking in the data 
store. The same applies for devices 
that lose their power supply, for 
example because a fuse blows. 

Maintenance panel 

In order to be able to check how the 
programs are executed and what in­
formation is transported on the buses 
between different units while tracing 
a fault in the program controlled elec­
tronic exchange, the exchange is pro­
vided with a maintenance panel, see 
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f ig. 9. The panel is placed in the central 
processor rack at a suitable working 
height. By operat ing switches and de­
pressing buttons on this panel the su­
pervision and maintenance staff can 
check the execut ion of the program 
and the bus information at the desired 
t ime and for the desired connect ion. 
By analyzing this information a picture 
is created of the funct ion of the ex­
change, and any malfunct ion or i rregu­
larity can be traced. 

Service functions 

Changing the service funct ions in con­
ventional exchange systems is often 
t ime consuming as changes then have 
to be made in the hardware. In ASD 
551 this work has been faci l i tated con­
siderably, it being possible to change 
the extension data (opening, closing 
and moving of extension numbers, 
changing of the extension class) and 
also certain exchange data (program­
ming of external abbreviated numbers, 
diversion addresses etc.) from the 
operator console or from the mainte­
nance panel. 

Changes of data of a more individual 
character, such as fol low-me and pro­
gramming of internal abbreviated num­
bers, can be carried out by the exten­
sion users. 

Calling facilities 
BASIC EQUIPMENT 

The basic equipment for ASD 551 per­
mits the fol lowing funct ions: 

— internal calls 

— outgoing calls, direct or via the 
operator 

— incoming calls via the operator 

— inquiries 

— transfer 

— three-party conference 

— diversion to a common attended po­
sit ion. The funct ion may be ordered 
and cancel led from a push-button 
telephone set 

— classi f icat ion, restr icted, 
unrestr icted 

— night service connect ion to a pre­
determined extension. 

ADDITIONAL EQUIPMENT 

The exchange can be supplemented 
with addit ional equipment, for which 
space is available in the racks. 

Facil i t ies that make it easier to reach 
a part icular person: 

— automatic call back 

— call wait ing or priority 

— paging 

— call diversion to an individual at­
tended posit ion. The funct ion is 
programmed by the operator and is 
ordered and cancel led by the ex­
tension with a push-button tele­
phone set 

— call diversion to an individual atten­
ded posit ion when no answer is 
received 

— fol low-me 

— individual night service connection 
on a short term basis, programmed 
by the extension 

— individual night service connection 
on a long term basis, programmed 
by the operator. 

Facil it ies that make communicat ion 
more effect ive: 

— direct in-dial l ing 

— tie-l ine traff ic 

— external abbreviated dial l ing 

—• internal abbreviated dial l ing 

— group-hunt ing 

—• central ized mult i- l ine telephone 

funct ion (call pick-up) 

—• transfer of extension number to 
attended posit ion in connection 
with call diversion 

— direct connect ion when call ing a 
loudspeaker telephone. 

Facil i t ies that are requested in some 
cases: 

— control of long distance dial l ing 

—• individual call metering 

— specif ied call metering 

— selection of individual exchange 
line for, for example, data traffic 

— connect ion without dial l ing to a 
predetermined extension (alarm 
telephone) 

— reminder service 
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ADDITIONAL FACILITIES 

Some of the additional facilities that 
are of special interest are described 
below. 

Automatic call back 

This facility implies that an extension 
calling an internal number and getting 
the engaged tone may request auto­
matic supervision of the wanted exten­
sion. The function is initiated with an 
after-dialling digit. When both the 
wanted extension and the orderer of 
this facility are free, the orderer is 
recalled by means of the call-back 
equipment. When the orderer answers, 
a normal internal connection is estab­
lished towards the wanted extension, 
which is rung up. The orderer is still 
able to use the telephone set in the 
usual manner during the supervision 
period. 

The exchange is able to provide this 
supervisory function for up to 16 or­
dering extensions at the same time. 
Moreover several calling extensions 
can order supervision of the same ex­
tension. Only two devices, RRD, are 
required for the actual calling back. 
An established supervision may also 
be cancelled with a cancelling code. 

Call-waiting 

This facility implies that a call to an 
engaged extension is signalled with 
one tone signal to the wanted exten­
sion only while the call is in progress. 
The facility is available for internal as 
well as external calls. The wanted ex­
tension can accept the new call by 
terminating the call in progress or by 
holding the call in progress and set­
ting up a connection with the caller. 
When this new call is finished, the ori­
ginal connection is re-established. 
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Abbreviated dialling 

Abbreviated dialling can be external or 
internal. 

The external abbreviated dialling per­
mits the extensions to reach predeter­
mined subscribers within the national 
and international network by dialling 
a number consisting of three or four 
digits. Even nationally and internatio­
nally restricted extensions may use 
the external abbreviated dialling. The 
subscriber numbers that the exten­
sions are to reach when dialling ex­
ternal abbreviated numbers are pro­
grammed from the operator console. 
The equipment capacity is 192 sub­
scriber numbers. 

The internal abbreviated dialling equip­
ment enables an extension, after dial­
ling a special character followed by a 
digit, to reach the addressee who cor­
responds to one of ten different inter­
nal directory numbers that have been 
programmed in by the calling exten­
sion. A directory number may be an 
internal extension or an external abbre­
viated number. Up to 138 extensions, 
can be given access to this facility. 

Control of long distance dialling 

This equipment permits control of 
automatically connected outgoing calls. 
The class of the calling extension de­
termines how the dialled digits are to be 
analyzed. If the analysis indicates that 
the dialled number is unallowed, a con­
gestion tone is sent to the extension. 
Alternatively the call may be redirected 
to the operator. The equipment permits 
control of 32 arbitrary numbers of six 
digits. This facility in combination with 
external abbreviated dialling provides 
effective control of the external traffic. 
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Power Supplies for 
Electronic Telephone Exchanges 
Anders Drevik 

Electronic telephone exchanges make new demands on the quality of the 
distribution voltages, mainly because of their sensitivity to transients. 
The design of the d.c. distribution network is therefore extremely important. 
For this reason a new distribution system has been developed within 
L M Ericsson for telephone exchanges, with radically changed principles 
for both current distribution and earthing. 
The most serious risk of operational disturbances arises in connection with 
the transients developed when a short circuit occurs and a fuse blows 
in consequence. The article describes what happens during the transient time, 
both in a conventional distribution system and in the new system. 
The author also describes the practical design of the new distribution system 
and gives an account of the results of the measurements carried out 
on a completed installation. 

UDC 621 311 4: 
621.396.722 

LME 781 
8088 

Fig. 1 

Example of a transient voltage caused 
by a short circuit and the resultant breaking 
of a fuse 

In a telephone exchange direct current 
is distributed from the central power 
plant to the switching equipment via 
positive and negative conductors ar­
ranged in relation to each other in 
such a way that the inductance is kept 
to a minimum. Inductances in a distri­
bution system can cause troublesome 
speech and signalling crosstalk. They 
also give rise to voltage transients 
when the current in the conductors 
changes rapidly. Fig. 1 shows how the 
feeding voltage for a switching device 
can vary when a short circuit occurs 
that causes a fuse to blow. Conventio­
nal electromagnetic switching devices 
are usually far too slow to react to such 
short-term voltage changes as are 
shown in fig. 1. Neither is there any 
risk that they will be damaged. Elec­
tronic circuits react quite differently. 
They are fast and often work with low 
voltages. Voltage variations of short 
duration can therefore quite easily 
cause malfunction of such circuits. 
Moreover, unexpected transient volt­
age peaks can destroy transistors and 
other semiconductor components. 

New requirements for the 
distribution systems 
The new distribution system has been 
developed in conjunction with the de­
sign of the L M Ericsson processor-
controlled AKE 13 telephone ex­
changes, fig. 2. In the main, two re­
quirements have been decisive for the 
design of the system. 

1. The feeding voltage for the elec­
tronic racks of the processors, in­
cluding transient voltage devia­
tions, must lie between 44 V and 
60 V. 

2. Any voltage differences, static as 
well as transient, must not exceed 
0.6 V between arbitrary points with­
in the zero plane, which constitutes 
the signal earth conductor and 
which is available over the entire 
exchange. 

These requirements must be satisfied 
not only with normal operation but also 
with all forms of disturbances in the 
distribution system, for example with 
short circuit between negative and 
positive conductors, between a nega­
tive conductor and the zero plane 
(signal earth conductor) and between 
a negative conductor and the racks. It 
has been possible to meet these re­
quirements by using a suitable design 
for the distribution system and suitable 
division of the central power plant. 

The stringency of the new require­
ments can best be judged by compar­
ing with a conventional distribution 
system. 

Transients in a conventional 
distribution system 
Fig. 3 shows a number of suites of 
racks, which obtain their power supply 
from the distribution rack via common, 
very low resistance conductors. The 
power plant is symbolized by the bat­
tery. A short circuit is assumed to have 
occurred at point I, which is located in 
the first rack in the lower suite, imme­
diately after the suite fuse. The types 
of fuses used as suite fuses have a re­
lease time of 5—20 ms at the currents 
in question here. This is sufficient time 
for the short-circuit current to reach its 
steady state value, which is limited 
occurred at point I, which is located in 
only by the resistances in the short 
circuit loop. Typical values are given 
in fig. 3. The resistance of the fuses is 
so low that it can be neglected. 

The electromotive force (emf) of the 
power plant is distributed in the circuit 
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formed by the short circuit, in relation 
to the resistances included in the cir­
cuit. The resistance at the short circuit 
itself is assumed to be zero. Thus at 
this point and in all suites of racks that 
are further away from the power plant, 
and which are fed from the same distri­
bution fuse, for example point II, the 
voltage will be zero. The voltage at 
point III, the common distribution point 
for the entire telephone exchange, will 
be equal to half the emf of the power 
plant, since the resistance of the power 
plant is equal to the sum of the resist­
ances in the positive and negative con­
ductors up to the short-circuit point. 
This means that until the fuse has had 
time to blow, no part of the exchange 
has a voltage higher than half the nor­
mal working voltage. When the suite 

fuse then breaks the short-circuit cur­
rent, which in this case is in the order 
of 6,000 A, the inductances in the short 
circuit loop cause the distribution 
voltage to exceed the normal value 
(see fig. 1). How high the voltage will 
rise at a given point depends on the 
sum of the inductances in that part of 
the short circuit loop which comprises 
the power plant and the conductors up 
to the point in question and also on the 
strength of the short-circuit current at 
the instant that the fuse blows. The 
highest peak value is thus obtained at 
the point where all the inductances in 
the short circuit loop contribute, i.e. 
immediately before the fuse. In prac­
tical cases the peak value at this point, 
and hence also at point II, can rise to 
about 200 V. At point III on the other 
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Fig. 2 
Main parts of an AKE exchange 



122 

hand only the inductance of the power 
plant will have any effect and the 
voltage increase will be considerably 
less. 

Hence, in a telephone exchange with 
a conventional distribution system a 
short circuit in the switchroom can 
cause a reduction in voltage, which 
although of short duration can be very 
large, and the subsequent voltage peak 
can rise to values in the region of 
200 V. 

The new distribution system 
In the new distribution system each 
functional unit, consisting of separate 
electronic racks or groups of switching 
racks, is fed with current individually. 

Fig. 4 shows the basic design of the 
system. Characteristic features of the 
system are: 

— No negative conductor has a lower 
resistance than 45 m£2 

Fig. 3 
Short circuit in a conventional 
distribution system 
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— The internal resistance of the power 
plant is not greater than 4 mQ 

— Each negative conductor is accom­
panied by a positive conductor 

— All positive conductors are con­
nected to each other via a low re­
sistance network that functions as 
a zero plane. The resultant resist­
ance of the parallel-connected po­
sitive conductors is in the region 
of 0.1 mQ. 

With the selected resistance values of 
45, 0.1 and 4 m£>, the voltage at the 
common distribution point, when a 
short circuit occurs in a functional unit, 
will fall in the relation 

Hence the voltage reduction is limited 
to 8 %. 

The requirement of a minimum voltage 
of 44 V at the feeding point in an elec­
tronic rack implies that the distribu­
tion voltage is never allowed to fall 
below 

where 1.5 corresponds to the maximum 
voltage drop in a negative conductor 
to an electronic rack. 

Fig. 4 
The principles of the new distribution system 
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Fig. 5 

Distribu t ion racks in an elec tronic 
telephone exchange 

The resistance of 45 m{} in the nega­
tive conductor limits the short-circuit 
current to about 1,000 A. Since the cur­
rent can be defined as regards its mag­
nitude, it is possible to dimension the 
zero plane so that the requirement of 
a maximum voltage difference of 0.6 V 
can be met. 

The limitation of the short-circuit cur­
rent also helps to limit the voltage peak 
that is obtained when the fuse breaks 
the short circuit current. This voltage 
peak could constitute a risk for the 
semiconductors in the connected units. 
Owing to the limited short-circuit cur­
rent and the relatively low inductance 
of the power plant, the voltage peak is 
limited to about 1.2 times the normal 
distribution voltage. Consequently no 
special transient protection is re­
quired. 

Since the three-dimensional network, 
which consists of the positive conduc­
tors and the network that forms the 

Fig. 6 

The prac t ical design of the dis tribu t ion in an 
AKE exchange 

zero plane, has such a low resistance 
that it is able to carry the current if a 
direct short circuit occurs between a 
positive and a negative conductor, 
without the voltage difference exceed­
ing 0.6 V, the network is particularly 
suitable for earthing the racks. This 
permits a simplification of the racks as 
it is then unnecessary to make a dis­
tinction between load-bearing and 
screening construction elements. 

The object of the rack earthing is to 
give the racks a potential that does not 
deviate appreciably from the earth po­
tential of the exchange. Among other 
things this reduces the stresses on the 
insulation between the live parts and 
the rack. 

The practical design of the 
distribution system 
The practical design of the new distri­
bution system varies depending on the 
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Fig. 7 

Transient variations in the feeding voltage to 
an electronic rack, caused by a short circuit 
in an adjoining rack 

type of exchange. The design de­
scribed below has been standardized 
for the AKE 13 type of exchange that 
was mentioned earlier. Fig. 6 shows in 
detail how the distribution system 
feeds the various racks. 

All negative conductors have an area 
of 10 mm2 and are fused with 35 A fuses. 
All positive conductors have an area of 
25 mm2 and are placed close up to their 
associated negative conductors. 

As a rule, each DC/DC converter (rack 
power unit) in the processor equipment 
is fed over its own negative conductor. 
The DC/DC converters contain auto­
matic circuit protectors which release 
for faults in the converters and for cer­
tain external faults. The protector is 
also used if it is necessary to switch off 
a rack for any reason. The 35 A fuse in 
the distribution rack is intended only as 
a pure line protection. In the switching 
equipment, where the current con­
sumption per rack is lower and where 
any transients do not have serious con­
sequences, a common negative con­
ductor is used for several racks. These 
racks are equipped with fuses. 

The earthing network consists of 50 
mm2 bare stranded copper wire. The 
copper wires are run along the top 
irons in each suite of racks and also 
along the interconnecting irons. At all 
crossing points the stranded wires are 
connected to each other by crimping. 

Fig. 6 shows how the positive conduc­
tor to a processor rack is connected to 
the stranded wire in the earthing net­
work which is placed in the top iron of 
the rack. The positive conductor for 
the rack, the internal zero plane for 
the rack (signal earth conductor) and 
the rack framework are all connected 
to this wire. 

The areas of 10 mm2 for the negative 
conductor and 25 mm2 for the positive 
conductor have been selected as stan­
dard for the system for the following 
reasons. 

In view of the current surge that occurs 
when switching on the electronic racks, 
the conductor area chosen for the ne­
gative conductor is the smallest that 
permits the use of a 35 A fuse. The 

positive conductor forms part of the 
low-resistance zero plane, and conse­
quently the conductor area has been 
determined in relation to the total cost 
for this. Since the positive and negative 
conductors are placed close up to 
each other in large bundles of wires 
in cable runways and troughs, in­
creasing the area of the positive con­
ductor will also increase the thermal 
load that the conductor pair is able to 
withstand. With a negative conductor 
of 10 mm2 and a positive conductor of 
25 mm2, the maximum thermal load for 
PVC insulated conductors is, on aver­
age, 17 A per pair. 

The areas of 10 and 25 mm2 are suitable 
for distribution distances of between 25 
and 70 metres. If any rack is placed 
nearer than 25 metres from the distri­
bution rack, a resistance strip of 30 mQ 
is connected in series with the nega­
tive conductor. If the average distance 
exceeds 60 m it may be necessary to 
increase the areas of the conductors. 

The distribution from the 
central power plant 
The new distribution system provides 
an effective protection against disturb­
ances that occur in the exchange room. 
If on the other hand short circuits oc­
cur in the power plant, the current is 
not limited by high-ohmic negative 
conductors. Such short circuits result 
in unacceptable voltage reductions. 
However, it is possible to prevent 
serious operational disturbances by 
designing the power plant in a suitable 
way. As an example fig. 8 shows the 
design that was developed as standard 
for AKE exchanges. In this example 
power is supplied from three separate 
parts of the plant, A, B and C. Parts A 
and B each feeds a processor, and are 
connected via diodes to part C, which 
feeds the switching equipment. Using 
this design for the power plant means 
that 

— the feeding voltages to the two pro­
cessors cannot be affected at the 
same time by a short circuit in the 
power plant 
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if a fault occurs in the A or B part, 
the processors are fed from the C 
part 

only the C part need be equipped 
with spare units. 

Test results 
The new distribution system was first in­
stalled in Fredhall automatic exchange 
in Stockholm. Comprehensive meas­
urements that were carried out at the 
exchange verified the design calcula­

tions and assumptions. The test pro­
gram included a large number of short-
circuit tests. Transient voltages were 
investigated in the racks that were 
judged to be most unfavourably placed, 
and the voltage differences were meas­
ured between the worst placed points 
in the zero plane. A special short-cir­
cuiting device was used in order to 
achieve well defined short circuits. 

The measurements showed that 

— no rack (apart from the one with the 
fault) received a voltage lower than 

Fig. 8 
Power plant for an AKE exchange 
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45.5 V or higher than 54 V. (Permit­
ted range 44—60 V.) See fig. 7 

the voltage differences in the zero 
plane did not exceed 0.2 V. (Per­
mitted value 0.6 V.) 

Summary 
In the L M Ericsson distribution system 
for electronic telephone exchanges the 
following principles have been follow­
ed: 

— individual current feeding is used 
from the central power plant to the 
separate functional units. 

— the positive conductors in the rack 
room are connected to each other 
via a low resistance earth network. 
This network functions as a com­
mon positive conductor for the ex­
change, serves as a zero plane for 
the signals and provides an earth 
potential for the rack frameworks 

— the negative conductors have high 
resistance compared with the in­
ternal resistance of the power plant 
and limit the current if a short cir­
cuit occurs in the rack room. 

This design means that 

— the amplitudes of transients have 
been limited to values that are not 
disturbing 

— transient potential differences be­
tween different points in the zero 
plane of the exchange have been 
reduced to extremely small values 
K 0 . 6 V ) . 

These properties of the distribution 
system together with a special design 
of the central power plant give a pow­
er supply without disturbing transients. 
By this means the prerequisites have 
been created for the highest possible 
reliability in electronic telephone ex­
changes. 
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New Field Telephone Set 
DPAR 00103 
Arne Huse 

The Material Administration of the Norwegian Army and A/S Elektrisk Bureau 
in collaboration have developed and put into production a new Norwegian 
Held telephone set. A dial attachment for the set is being developed. 
The mechanical design is based on an extruded aluminium tube as the basic 
element. The telephone set makes extensive use of electronic components, 
inasmuch as it has an electronic ringing generator, tone ringer and an 
electromagnetic microphone with amplifier. The new telephone set has better 
transmission characteristics and weighs less than older sets with carbon 
microphones. 

UDC 621.395.712.4 
LME 822 

Development of the field 
telephone 
A/S Elektrisk Bureau, Oslo, in collabo­
ration with the Material Administration 
of the Norwegian Army have developed 
a field telephone set in accordance 
with a development contract placed by 
the Norwegian Armed Forces. A trial 
series of 2 000 such sets was delivered 
to the Army by the end of 1973. 

The telephone set is the result of work 
in a value analysis group, with repre­
sentatives from the Army Material Ad­
ministration and A/S Elektrisk Bureau, 
which was given the task of finding a 
simplified solution based on exper­
ience gained from an earlier field tele­
phone model.' This model was eva­
luated using value analysis methods, 
and during this work the group found 
a number of unnecessary or less im­
portant functional uses that could be 
left out. 

The original model was based on the 
requirements of the Norwegian Armed 
Forces and military specifications. Ad­
ditional requirements were put forward 
as a result of subsequent operational 
tests. A critical evaluation of the re­
quirements showed that some of them 
were unnecessarily stringent and cost­
ly, out of date or formulated in such 
a way that they were directed towards 
a particular solution and prevented a 
free flow of ideas. The extensive use 

Fig . 1 

Telephone set 1/DPAR 00103 as a desk 

telephone . 

In 1973 A/S Elektrisk Bureau were awarded 
the Norwegian Design Prize lor this new field 
telephone set 
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of value analysis in connect ion with 
the re-evaluation of the requirements, 
funct ional l imits and specif icat ions 
simpl i f ied the work of arriving at the 
simple design of the telephone set 
shown in f ig . 1. 

The dial attachment for the telephone 
set is being developed. The final de­
sign is expected to be as shown in 
f ig. 2. 

As a result of col laborat ion between 
the customer and the manufacturer a 
telephone set has been produced that 

Equipment, Exposed and Immer-
sible 

— is easy to operate and simple to 
service 

— may be used as a desk telephone 
or as a field telephone in a carrying 
case 

— has such weight and size that it 
can be placed in the pocket of a 
service jacket and operated there 

— has excellent transmission quality. 

— is built in accordance with an estab­
lished mechanical design using 
modern and reliable materials and 
components2 

— is light, watert ight and so robust 
that it can be used in the f ield 

— complies with Brit ish Specif icat ion 
DEF-133, Table L3 — Ground 

Mechanical design 
The field telephone set, which the Nor­
wegian Armed Forces have designated 
TP-6N, is shown in f ig. 4. 

The basic mechanical idea: An extrud­
ed aluminium tube with a cover at each 
end. 

Fig. 2 
The field telephone connected up as a CB 
automatic telephone, the rear cover being 
replaced by a dial attachment. The micro-
telephone is secured in the cradle. The cradle 
switch is hidden under the microtelephone. 
The attachment is rainproof 
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Fig. 3 

Block diagram of the local battery 

telephone set 

A Transmission circuit with balanced 
coupling and microphone amplifier 

B Tone ringer, approximately 2000 Hz 
C Ringing generator 1.3 W, 25 Hz 

nominal 
Bat. 3 batteries, 1.5 V dry cells BA 030 
LA, Lg Line terminals 
MT Microtelephone with a 5-wire 

microtelephone cord 
M Microphone, 350 ° , electromagnetic 
H Receiver, the same NATO-coded 

type as the microphone 
51 Push-button switch in the 

microtelephone, for speech 
52 Push-button switch on the front panel, 

tor ringing When extruding, even wall thickness is 
obtained along the entire length of the 
tube. The cross-section can be made 
relatively complicated, and produc­
tion of the tube itself is simple. 

The shape enables the telephone set 
to be carried without undue discomfort 
under outer clothing in order to keep 
the batteries warm in cold weather. 
The batteries are connected together 
in the simplest possible way by being 
placed one after the other in the tube. 

The microtelephone H-67N is moulded 
in a matt olive-green plastic. It has 
electromagnetic insets as receiver and 
microphone, a push-button switch for 
speech connection in the middle of 
the hand grip and a clip for hanging it 
up. The microtelephone is designed in 
such a way that it is possible to use it 
while wearing a helmet, and it is a de­
sign condition that it shall not be pos­
sible to open the microtelephone with­
out tools. It is watertight. 

The telephone set is shown dismantled 
in fig. 8. All joints have rubber gaskets 
in order to make the telephone set wa­
terproof. 

The rear cover and front panel are cast 
in silumin. The fixing screws for the 
rear cover have milled heads and coin 
slots. The battery spring and the con­
nector for the printed board assembly 
are mounted on the inside of the cover. 
The line is connected to the line ter­
minals via insulated wires passed 
through the side of the front panel. The 
line terminals and the push-button 
switch are placed so that they are pro­
tected mechanically. The contact for 
the positive pole of the battery con­
tact holder is such that the batteries 
are able to make contact only when 
they are inserted correctly. 

As was mentioned earlier, the case is 
an extruded tube of aluminium alloy. 
On the outside it has four longitudinal 
ribs which prevent the rubber gaskets 

Fig. 4 

Telephone set DPAR 00103 in a carrying case, 

which also contains brief operating instructions 

with a phonetic alphabet 
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Fig. 5 

Ringing genera tor . The rela t ionship be tween 
ringing vol tage and frequency wi th varying load 

E = 4.5 V New batteries 
E = 3V Discharged batteries 
U Ringing voltage, rounded-oit 

square wave 
f Ringing frequency 
R|_ Load resistance 
I Battery current 

Fig. 6 

Ringing genera tor . Battery curren t as a func t ion 
of load 

Tone ringer. Sound pressure as a func t ion 
of 25 Hz ringing vol tage 

Measured as a desk telephone (fig. 1) at a 
distance of 1,0 m: 

A In the longitudinal direction of the 
telephone case 

B 45° in relation to the telephone case 

from being pressed together too much. 
Inside the case longitudinal guide slots 
are provided for the printed board as­
sembly. A wall separates the batteries 
from the printed board assembly. 

All the electrical components in the 
telephone set are mounted on the 
printed board assembly. The ringing 
generator is mounted nearest to the 
gold-plated, double-sided edge con­
tacts. Then comes the tone ringer and 
the transmission circuits with the mi­
crophone amplifier. The printed board 
assembly is fastened flexibly to the 
front panel, which is connected via ten 
gold-plated contact pins. 

Block diagram 
A simplified block diagram of the field 
telephone set is shown in fig. 3. 

The line terminals are connected to the 
tone ringer and the speech circuit. 
These are disconnected by means of 
the push-button switch S2 on the front 
panel. The ringing generator is then 
connected to the line and to the bat­
tery and delivers almost the normal 
ringing voltage to the line. When S2 is 
in the unoperated condition the tone 
ringer receives the low frequency ring­
ing signal and sends it out as a tone 
from the microphone as in Norwegian 
civilian telephones since 1967.3Speech 
can be transmitted and received when 
S1 in the microtelephone is depressed. 
The telephone set is protected against 
overhearing and does not draw bat­
tery current when S1 is not depressed. 

Ringing generator 
The ringing generator is a transformer-
coupled blocking oscillator with two 
transistors. The waveform of the ring­
ing voltage is almost a square wave. 
The ringing generator starts imme­
diately the battery is connected, but 
a delay circuit causes the ringing vol­
tage to build up gradually to its full 
value. Figs. 5 and 6 show the charac­
teristic measured results with new and 
old batteries. Ranges of 30—35 km to 
a field exchange have been achieved 
over light field cable WD-1/TT (140 Q/ 
km looped, 1 dB/km attenuation at 
800 Hz). 

Tone ringer 
In the tone ringer the incoming ringing 
signal is rectified and drives an LC 
oscillator. The ringing tone consists of 
an almost sinusoidal voltage at about 
2 000 Hz, which is amplitude modu­
lated by twice the ringing frequency. 
Fig. 7 shows the results of measure­
ments of the sound pressure with the 
telephone set placed on a desk. As 
may be seen, the sound pressure is 
somewhat dependent on direction. 
When the telephone set is used in a 
carrying case as shown in fig. 4, the 
sound pressure is about the same as 
curve A. 

Transmission 
The transmission circuit includes the 
microtelephone and the balanced tele­
phone set coupling with the micro­
phone amplifier. The telephone set has 
local feeding from a 4.5 V battery. The 

Fig . 8 

The telephone se t disman t led consists of a rear 
cover, case, prin ted board assembly, 
ba t teries, fron t panel and micro telephone 
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Fig. 9 

Frequency curve when sending . 

Sound pressure level 94 dB linear with the 
microphone (OREM C. AEN). Load 600 •» 

Fig. 10 

Frequency cu rve when receiving . 

IEC artificial ear, 0.5 V, 600 >'. generator 

Fig. 11 

Telephone se t impedance as a func t ion of 
f requency wi th new and discharged ba t teries 

A Push-button switch for speech 
depressed (speech condition) 
Push-button switch for speech not 
depressed (idle condition) 

B 

microphone amplif ier, which is direct­
ly coupled over two stages and util izes 
one transistor for stabil izing the work­
ing point, draws a nominal current of 
8 mA when S1 is operated. A number 
of operational instructions have been 
laid down in order to avoid uninten­
tional high frequency detect ion from 
oowerful transmitters in the vicinity of 
the telephone set and the line. As it 
must also be possible to use the tele­
phone set towards the network of the 
Telecommunicat ions Administrat ion, 
the transmission data has to the great­
est possible extent been made the 
same as for the Norwegian civi l ian 
telephone sets. 

Fig. 9 shows the frequency curve when 
sending from the telephone set. The 
battery voltage has very little effect 
on this. The distort ion factor at 800 Hz 
and with an output of 1 mW into 600 
ohms has a characterist ic value of 3— 
5 per cent, irrespective of the battery 
voltage. The low distort ion factor and 
the linearity of the transmission circuit 
make the telephone set usable down 
to whispering level, which is of im­
portance when the set is used in the 
f ield. Fig. 10 shows the frequency 
curve when receiving, and f ig. 11 the 
impedance curves for the speech and 
idle condit ions. 

Operational tests, both in quiet and 
noisy surroundings, indicate that this 
telephone set is far superior to the car­
bon granule telephone set both as re­
gards quality and range. 

Battery consumption 
As the ringing generator is a current 
consuming device that is not used in 
conventional f ield telephones, con­
siderable importance has been attach­
ed to the question of minimizing the 
battery consumption. The life of the 
batteries is dependent on how often 
the telephone set is used. If it is as­
sumed that in a time of crisis there are 
six calls an hour for eight hours each 
day, that every other call is an outgoing 
one with a cal l ing signal of three se­
conds, that the clearing signal t ime is 
one second for each call and that the 
mean call t ime is two and a half min­
utes, then at a temperature of 20 C 
a total of 13 dry cells BA 030 wil l be 
used up each year. (Battery change 
every three months.) The discharge 

t ime for equivalent NiCd cells (3.5 Ah) 
is three and a half months. 

For comparison it may be mentioned 
that it is not unusual for f ield tele­
phones with carbon granule insets to 
draw between 40 and 50 mA from two 
dry cel ls BA 030. With the traff ic men­
t ioned above this would also mean a 
consumption of 13 dry cells per year, 
and a discharge t ime of only about one 
and a half months for NiCd cells. Hence 
the inclusion of the ringing generator 
does not result in an increase in bat­
tery consumption in relation to carbon 
granule telephone sets if care is taken 
to ensure that the r inging signal is not 
longer than necessary. 

Summary 
The 2 000 telephone sets in the first 
delivery have been in service in the 
Armed Forces since the beginning of 
1974, and hitherto the reaction has 
been positive. 

The electronic r inging generator draws 
a fair amount of current, but if used 
with moderation the battery consump­
tion does not increase in relation to 
carbon granule sets. 

For soldiers who hitherto have had to 
carry telephone sets weighing 5 kg in 
the f ield, the weight reduction to 2 kg 
wil l be a welcome development. 

The new field telephone has better 
transmission character ist ics and thus 
the communicat ion network can be 
planned and dimensioned according­
ly. Higher power and less distort ion in­
creases the intel l igibi l i ty and range 
and thereby enables cal ls to be made 
under more pleasant condit ions than 
before. 
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WORLDWIDE 
NEWS 

New exchange system presented at 
international symposium 

Developments within electronic switching technology during recent years were 
reviewed at the 1974 International Switching Symposium, arranged by the German 
section of IEEE and held at Munich during September 9th—13th. At the symposium 
the new LM Ericsson exchange system AXE was presented for the first time in public. 

Almost 1000 delegates from a large 
number of companies, institutions and 
telephone administrations had met to 
hear and discuss over 100 reports dealing 
with development of international traffic, 
reliability of switching systems, compari­
sons between analog and digital switching 
techniques, the use of the telephone net­
work for data traffic, automation of 
maintenance and administrative func­
tions, recent experience of processor con­
trolled systems etc. 

The delegation representing the Erics­
son Group consisted of representatives 
from the product divisions of the parent 
company, from ELLEMTEL, which is 
owned jointly with the Swedish Telecom­
munications Administration, and from a 
number of the associated companies in 
various countries. Kjell Sorme, ELLEM­
TEL, presented the new L M Ericsson 
exchange system AXE and Lars-Olof 
Noren, L M Ericsson, gave some points 
of view regarding the software reliability. 
Bjorn Svedberg, L M Ericsson, was re­
sponsible as rapporteur for a session de­
voted to recent experience of stored-pro-
gram-controlled systems. 

Facts about system AXE 

• AXE is an electronic SPC exchange system 
based on functional modules. 

• The system is designed throughout with 
printed board assemblies and is built up 
using a new mechanical construction prac­
tice in which the board magazine constitutes 
the largest mechanical and functional unit. 

• In its present design the system uses reed 
relays, but it is prepared for alternative 
equipment, primarily digital group switches. 

• The control system is a data processing sys­
tem with logic which is partly decentralized. 
There is a central, synchronously duplicated 
processor and a number of small regional 
duplicated processors, the number depending 
on the size of the system. Through this de­
centralization a system structure has been 
created that gives good economy even for 
small exchanges, at the same time that the 
demand for a high maximum capacity is met. 

• The AXE system satisfies the high demands 
made on modularity in many respects. The 
basic system offers normal facilities in the 
form of subscriber services and maintenance 
functions. By equipping the exchanges with 
the appropriate functional modules, a large 
number of additional facilities can be pro­
vided. 

Computer-controlled 
telex developed 

The Swedish Telecommunications Ad­
ministration has ordered a fully electronic 
computer-controlled exchange for telex 
traffic. The exchange, which is to be in­
stalled in Malmo, South Sweden, is to be 
taken into service during 1977 and will 
handle both national and international 
telex traffic. 

The ordered exchange is the first of a 
new generation of transit exchanges for 
telex and data traffic. It has been de­
veloped by ELLEMTEL, the develop­
ment company owned jointly by the Tele­
communications Administration and L M 
Ericsson. The exchange is controlled by 
a computer developed for use also in the 
L M Ericsson computer-controlled tele­
phone exchanges. 

The new exchange has no mechanical 
switches and a time division system is 
used instead for the switching procedure. 
It has been possible to reduce both the 
space and power requirements consider­
ably and at the same time obtain a high 
traffic handling capacity. The computer 
and all common parts of the system have 
been duplicated in order to achieve high 
reliability. At the same time most of the 
operational and maintenance functions 
have been automatized. 
The system offers subscribers a number 
of new, advanced services among which 
may be mentioned: 
— automatic group message, which per­

mits a subscriber to send a message to 
several addressees at the same time, 
thereby saving time and effort. 

— abbreviated dialling, which means 
that a subscriber need only dial two 
digits instead of the present 10 or 12 
in order to connect up to certain sub­
scribers. 

— keysending, which means that a dial 
is no longer necessary as the teleprin­
ter keyboard is used for sending selec­
tion information. This gives, for 
example, shorter setting-up times. 

— closed networks, which means that 
exclusive networks can be formed 
within the telex network for groups of 
subscribers. 

— information regarding call duration, 
whereby a subscriber can obtain in­
formation regarding the duration of a 
call immediately after its completion. 
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Field trials show: 
Picture telephony justified for internal 
communication 

The results of field trials with picture telephones, which have been going on in cer­
tain design and production departments at LM Ericsson's main plant in Stockholm 
since the beginning of 1973. were presented for interested delegates at the 7th Inter­
national Symposium of Human Factors, held in Montreal recently. 

Time saving of up to 120 man hours per year and picture telephone was reported, 
and a preliminary economic rule of thumb for short distance applications can now be 
formulated: the cost of an internal picture telephone system can be defrayed in three 
years with a traffic of three calls per day and picture telephone. This only takes into 
account the man hours saved due to more efficient communication between certain 
departments. To this must be added the economic advantages achieved through shorter 
times for handling various questions. 

At the request of the users, the question of extending the company picture telephone 
network is now being discussed at LM Ericsson. 

The picture telephone network that 
was built up at L M Ericsson after care­
ful pilot studies contains, apart from 
switching equipment, ten picture tele­
phones placed in departments for orde­
ring, design, manufacture and testing. 
The picture telephones are placed so that 
each extension in each department can be 
used by several persons. The highest pic­
ture quality is used in the system (5 MHz 
bandwidth). 

About 80 users of picture telephones 
were interviewed in order to obtain reac­
tions and attitudes regarding the introduc­
tion and use of picture telephones. The 
results show that 96 per cent of the users 
consider the picture telephone a new ef­
fective communication aid. It was most 
appreciated in departments where the 
work consists of numerous questions that 
are handled quickly, and where it was 
possible to save a considerable amount 
of time. 

One of the more striking examples of 
time saving that can be achieved by the 
introduction of picture telephony was re­
ported from a department responsible for 
manufacturing prototype relay sets. Be­
fore picture telephones were introduced, 
the designers, who were consulted regu­
larly, had to go to the prototype depart­
ment. Each such discussion occasion usu­
ally took 30 minutes plus a walking time 
of five minutes in each direction. With 
picture telephony corresponding ques­
tions now take only ten minutes to clear 
up. 

Another advantage in this case is that 
through picture telephony the designers 
are now immediately available when the 
production office needs help, for instance 
to make a decision or provide informa­
tion. 

The field trials reported here consti­
tute the second phase in a series of trials 
that began in November 1971. 

In the workshop specially trained workshop staff carry out programming of punched tape 
for the numerical control of, for example, wire spark machines, using electronic calculators 

With normal settings the screen covers a 
document surface equivalent to size A5. A 
larger or smaller document surface can be 
obtained with a zoom lens. During the course 
of the call, picture transmission takes place 
in both directions simultaneously and if ne­
cessary the subscriber can switch over to his 
own picture in order to check it 

New manufacturing 
methods for prototypes 

New manufacturing methods intro­
duced in the mechanical prototype work­
shop at the main plant of L M Ericsson in 
Stockholm have eliminated the bottle­
neck which conventional manufacture of 
prototypes and blanking tools for mass 
production previously constituted. 

In the prototype workshop in Stock­
holm the previous working procedure — 
manual manufacture of experimental 
tools, manufacture of mass production 
tools usually with long delivery times, 
and improvised medium size production 
while waiting for the finished tools — 
has been replaced by new methods which 
have resulted in a considerable reduction 
in manufacturing costs and delivery times. 

The machine tools and control systems 
for the prototype workshop have been 
selected so that the workshop staff are 
able to carry out both programming and 
punching of the required punched tapes 
at the place where they usually work. 

The same operator takes care of all 
functions that occur in connection with 
the tool manufacture, i.e. tool design, 
programming, obtaining material, opera­
ting the machines, stocking tools and or­
dering tool maintenance. The staff con­
sists of internally trained toolmakers, pre­
cision tool makers, milling machine work­
ers and turners. Of the roughly 70 persons 
employed in the prototype workshop, ten 
are directly employed on the develop­
ment of new methods and tools. 

The new manufacturing methods are 
now being introduced in the larger fac­
tories of the Ericsson Group in, among 
other countries. Australia, Brazil, Spain 
and Norway. 
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New iype oj L i L sysiem 
in operation 
The first L M Ericsson CTC (Centralized 
Traffic Control) system of type JZA 700 
was put into service in October 1974 for 
the Administration of the state-owned 
Spanish railways, RENFE. The system is 
based on integrated circuit techniques 
and is the third generation of CTC sys­
tems in a development chain based on 
twenty years of operational experience. 

The system recently put into operation 
remotely controls the train traffic on the 
line Zaragoza—Lerida—San Vicente in 
the north-eastern part of the country from 
a centre at Lerida. The length of the route 
is 350 km and it comprises 30 substa­
tions. 

Up to 2500 indications from the line 
can be accepted on the 18 m long indi­
cation panel in the centre at Lerida, and 
1100 orders can be sent out to the substa­
tions from the keysets of the two train 
despatchers. 

The railway signal project which is 
now complete is the largest hitherto car­
ried out by L M Ericsson in Spain. The 
Spanish subsidiary company L M Erics­
son S. A. has been responsible for all in­
stallation work. 

The introduction of CTC is one stage 
in the modernization program being car­
ried out by the Spanish Railway Adminis­
tration. 

The prototype of the L M Ericsson mobile 
search radar PS-70IR which was developed 
for the new anti-aircraft robot system of the 
Swedish army, has been delivered to the Ma­
terial Administration of the Swedish Armed 
Forces. PS-70IR is a pulse-Doppler radar 
that distinguishes between echoes from fixed 
and moving objects and which can track 
approaching enemy aircraft even at treetop 
level. The picture shows the equipment 
mounted on a cross-country lorry 

A symposium devoted to power supply questions, at which 60 representatives of the Brazilian 
telecommunications administrations and Ericsson do Brazil took part, was held in Guarajd, 
Brazil, on September 23—26. The symposium dealt with technical problems and views on 
the power supply of telecommunication plant now and in the future. Four lecturers from 
L M Ericsson's power supply department in Stockholm took part 

DIALOG becomes 
DIATRONIC 

A new generation of telephone sets with 
fully electronic speech circuit and linear 
electromagnetic microphone is now being 
introduced by L M Ericsson. The tele­
phone set is called DIATRONIC and is 
a further development "under the cover" 
of the well known light-weight telephone 
DIALOG, of which over five million have 
been manufactured since its introduction 
in 1963. 

In the new telephone the old carbon 
microphone is replaced by a linear elec­
tromagnetic microphone, which gives op­
timum transmission level and lower main­
tenance costs. 

I the DIATRONIC the speech circuit 
consists of an integrated microcircuit 
which is mounted in the same space as 
the microphone. An advantage of this 
compact design is that the entire unit can 
easily be screened against electromagne­
tic radiation, which can otherwise consti­
tute a problem when an amplifier element 
is included in the telephone set. The elec­
tronic speech circuit in DIATRONIC has 
made it possible to leave out the speech 
transformer. An impulsing unit with push­
buttons can be used as a direct replace­
ment for the dial, without having to mo­
dify the telephone. 

Electronic traffic 
route testers for 
Holland 

L M Ericsson have received a large 
order from the Dutch PLT for their new 
program-controlled traffic route tester, 
TRT m 70. The order comprises 113 mas­
ter and 738 satellite equipments and con­
stitutes one step towards the general in­
troduction, in accordance with a decision 
previously made by the PTT, of the main­
tenance method CCM developed by L M 
Ericsson. 

The L M Ericsson traffic route tester 
has proved to be a useful aid for the 
maintenance of automatic telephone ex­
changes. It is connected to the exchange 
equipment in the same way as normal 
subscribers, and by means of generated 
test connections it checks statistically the 
operational quality of the telephone net­
work from the point of view of the sub­
scribers. 

For several years the Dutch PLT have 
used traffic route testers with great suc­
cess for supervision of the traffic quality. 
Ericsson Review No. 3/1972 includes a 
report of the results of six years in use in 
Rotterdam. 

DIALOG (left) and DIATRONIC (right) 
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Sven Ture Aberg 
In memoriam 

Sven Tare Aberg, President of Tele-
fonaktiebolaget L M Ericsson during the 
years 1953 to 1964. died on October 10, 
1974. He was born in Skelleftea in 
Nor thern Sweden on October 16, 1903, 
and was thus almost 71 when he died. 

After taking his engineering degree in 
1927 Sven Ture Aberg joined L M Erics­
son and served for long periods abroad 
both in Europe and South America. 

In 1936 he was appointed assistant ex­
port manager at the main office in Stock­
holm. F r o m 1937 he was the company 
representative in the USA and during the 
years 1940—1945 President of the Erics­
son Telephone Sales Corporat ion. On his 
return to Sweden in 1946 he was appoint­
ed Vice President for Sales and in 1953 
President of L M Ericsson. He was a 
member of the Board of L M Ericsson 
until 1973 and thereafter honorary mem­
ber. 

Apar t from Board assignments in a 
number of L M Ericsson Swedish and 
foreign subsidiary companies Sven Ture 
Aberg held several posts in branch and 
t rade organizations such as the Federa­
tion of Swedish Industries and the Asso­
ciation of Swedish Exporters . 

Dr. Marcus Wallenberg, Cha i rman of 
the Board of L M Ericsson: 

"What then were the qualities that 
brought this remarkable man upwards to­
wards continuously more responsible 
tasks? Was it favourable circumstances or 
was it his inherent qualifications? Assu­
redly the circumstances often play a part 
because they clamour for a decision. But 
in the case of Sven Ture Aberg it was his 
competence that was decisive. What then 
characterized his competence? 

Firstly: a sterling character. He was 
true, had pure intentions, put the interests 
of the company first, incorruptibly just, 

human, helpful and loyal with an admi­
rable devotion to L M Ericsson, its staff 
and its goals. 

Secondly: his technical knowledge, a 
necessary prerequisite for a successful 
sales career. 

Thirdly: a born salesman, with a true 
and charming argumentation ability, in­
ventiveness and creative imagination and 
a wealth of experience from many years 
of sales work in large and small questions 
in different fields with the whole world 
as his operational area. 

Fourthly: an able negotiator with a 
good knowledge of languages as a tech­
nical and essential aid, a good under­
standing of peoples' mentality, infinite 
patience, fantastic perseverence with a 
magnificient fighting spirit tempered by 
an appreciation of what is possible. 

>d 

personal judgement, inspiring for colle­
agues, stimulating to deeds, forceful and 
charming personality characterized by 
humour and an understanding humanness. 
In other words an outstanding leader. 

Let us now point out: During the period 
when Sven Ture Aberg was President, and 
thanks to L M Ericsson's excellent staff 
at all levels and of all categories, LME 
consolidated their independent position 
among the world's leading telecommu­
nication companies and broke through to 
the world-leading stratum of international 
telecommunication companies, an ack­
nowledged fact reluctantly accepted by 
competitors — perhaps the most reliable 
sign that a widespread acceptance has 
been achieved." 

At their annual meeting the Swedish Academy of Engineering Sciences rewarded Sigurd 
Nordblad, Chief Engineer of L M Ericsson's telephone cable division in Stockholm, for 
technical pioneer achievements in the field of telephone cable manufacture. In the picture 
Sigurd Nordblad receives from the King of Sweden the Academy's gold medal for the con­
ception and development of the cross-stranding technique, which gives the cables better 
transmission data and permits more economic production 

A delegation consisting of leading personalities in the Italian telecommunication service and 
representatives of the Italian subsidiary company of LM Ericsson visited L M Ericsson in 
Stockholm for the period September 25—27 to study the latest developments in the tele­
communication field. In the picture Carlo Cerutti, Board member and President of STET, 
a state-owned Italian holding company for telecommunications, is welcomed by the Presi­
dent of L M Ericsson Bjbm Lundvall and Vice President Fred Sundquist (far right) 
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I he bricsson Group 
With associated companies and representatives 

EUROPE 

SWEDEN 
Stockholm 
1. Telefonaktiebolaget LM Ericsson 
2. L M Ericsson Telematerlel AB 
1. AB Rifa 
1. Sieverts Kabelverk AB 
1. Svenska Radio AB 
5. ELLEMTEL Utveckl ings AB 
1. AB Transvertex 
4. Svenska Elgrossist AB SELGA 
1. Mekanomatik 
4. Holm & Ericsons Elektriska AB 
Allngsas 
3. Kabeldon AB 
Kungsbacka 
3. P. Borens Fabriks AB 
Malmo 
3. Bjurhagens Fabrikers AB 
Norrkoplng 
3. AB Norrkopings Kabelfabrik 
Nykoplng 
1. Thorsman & Co AB 

EUROPE (excluding 
Sweden) 

DENMARK 
Copenhagen 
2. L M Ericsson A/S 
1. Dansk Signal Industri A/S 
3. GNT AUTOMATIC A/S 

FINLAND 
Jorvas 
1. Oy L M Ericsson Ab 

FRANCE 
Paris 
1. Societe Francaise des 
Telephones Ericsson 
2. Thorsmans S A R I 

Boulogne sur Mer 
1. RIFA S.A. 
Marseille 
2. Etablissements Ferrer-Auran S.A. 

IRELAND 
Dublin 
1. L M Ericsson Ltd. 

ITALY 
Rome 
1. FATME Soc. per Az. 
5. SETEMER Soc. per Az. 
2. SIELTE Soc. per Az. 

NETHERLANDS 
Rijen 
1. Ericsson Telefoonmaatschappij 

B.V. 

NORWAY 
Oslo 
3. A/S Elektr isk Bureau 
2. SRA Radio A/S 
4. A/S Telesystemer 
4. A/S Industr ikontrol l 

Drammen 
3. A/S Norsk Kabelfabrik 

POLAND 
Warszaw 
7. Telefonakt iebolaget LM Ericsson 

PORTUGAL 
Lisbon 
2. Sociedade Ericsson de Portugal 

Lda 

SPAIN 
Madrid 
1. Industrias de Telecomunlcaci6n 

S.A. (Intelsa) 
1. L M Ericsson S.A. 

SWITZERLAND 
Zurich 
2. Ericsson AG 

UNITED KINGDOM 
Horsham 
4. Swedish Ericsson Telecommu­
nications Ltd. 
2. Swedish Ericsson Company Ltd. 
2. Swedish Ericsson Rentals Ltd. 
London 
4. EB Marine Communicat ions Ltd. 
3. Thorn-Ericsson Telecommunica­
t ions (Mfg) Ltd. 
Chorley 
2. Thorsman & Co Ltd. 

WEST GERMANY 
Hamburg 
4. EB Marine Nachrichtentechnik 
GmbH 
Hannover 
2. Ericsson Centrum GmbH 
Liidenscheld 
2. Thorsman & Co GmbH 

Representatives in: 
Austria, Belg ium, Greece, Iceland, 
Luxembourg, Yugoslavia 

LATIN AMERICA 

ARGENTINA 
Buenos Aires 
1. Cla Ericsson S.A.C.I. 
1. Industrias Electricas de Qui l -
mes S.A. 
5. Cia Argentina de Telefonos S.A. 
5. Cla Entrerr ianade Telefonos S.A. 

BRAZIL 
Sao Paulo 
1. Ericsson do Brasil Comercio e 
Industria S.A. 
4. Sielte S.A. Instalapoes Eletricas 
e Telefonicas 
Rio de Janeiro 
3. Fios e Cabos Plasticos do 
Brasil S.A. 
Sao Jose dos Campos 
1 . Telecomponentes Comercio 
e Industria S.A. 

CHILE 
Santiago 
2. Cla Ericsson de Chile S.A. 

COLOMBIA 
Bogota 
1. Ericsson de Colombia S.A. 
Cali 
1. Fabricas Colombianas de Mate-
riales Electr icos Facomec S.A. 

COSTA RICA 
San Jose 
7. Telefonakt iebolaget LM Ericsson 

ECUADOR 
Quito 
2. Telefonos Ericsson C.A. 

MEXICO 
Mexico D.F. 
1. Teleindustr ia Ericsson, S.A. 
1. Latinoamericana de Cables 
S.A. de C.V. 
2. Telefonos Ericsson S.A. 
2. Telemontaje, S.A. de C.V. 

PANAMA 
Col6n 
2. Teleric Sales Corporat ion 
Panama City 
2. Telequipos S.A. 

PERU 
Lima 
2. Cla Ericsson S.A. 

EL SALVADOR 
San Salvador 
7. Telefonaktiebolaget LM Ericsson 

URUGUAY 
Montevideo 
2. Cla Ericsson S.A. 

VENEZUELA 
Caracas 
1. Cla An6nima Ericsson 

Representatives in: 
Bol iv ia, Costa Rica, Guadeloupe, 
Guatemala, Guyana, Hait i , Hon­
duras, Netherlands Ant i l les, Nica­
ragua, Panama, Paraguay, El Sal­
vador, Surinam, Trinidad 

AFRICA 

ALGERIA 
Algiers 
7. Telefonaktiebolaget LM Ericsson 

EGYPT 
Cairo 
7. Telefonaktiebolaget LM Ericsson 

ETHIOPIA 
Addis Ababa 
7. Telefonaktiebolaget LM Ericsson 

MOROCCO 
Casablanca 
2. Societe Marocaine des Tele­
phones Ericsson 

TUNISIA 
Tunis 
7. Telefonaktiebolaget LM Ericsson 

ZAMBIA 
Lusaka 
2. Ericsson (Zambia Limited) 
7. Telefonaktiebolaget LM Ericsson 
Installation Branch 

Representatives In: 
United Arab Emirates, Cameroon, 
Central Afr ican Republ ic, Chad, 
Republic of the Congo, Dahomey, 
Ethiopia, French Territory of the 
Afar and Issa, Gabon, Guinea, 
Ivory Coast, Kenya, Liberia, Libya, 
Malagasy, Malawi, Mal i , Maure-
tania, Mozambique, Namibia, Niger, 
Niger ia, Republic of South Afr ica, 
Reunion, Senegal, Sudan, Tanza­
nia, Tunisia, Uganda, Upper Volta, 
Zaire. 

ASIA 

INDIA 
Calcutta 
2. Ericsson India Limited 

INDONESIA 
Jakarta 
2. Ericsson Telephone Sales 
Corporat ion AB 

IRAQ 
Baghdad 
7. Telefonaktiebolaget L M Erics­
son 

IRAN 
Teheran 
7. Ericsson Telephone Sales 
Corporat ion AB 

KUWAIT 
Kuwait 
7. Telefonaktiebolaget L M Erics­
son 

LEBANON 
Beyrouth 
2. Societe Libanaise des Tele­
phones Ericsson 

MALAYSIA 
Shah Alam 
1. Telecommunicat ion Manufactur­
ers (Malaysia) SDN BHD 

THAILAND 
Bangkok 
2. Ericsson Telephone Corporat ion 
Far East AB 

TURKEY 
Ankara 
2. Ericsson Turk Ticaret Ltd. 
Sirketi 

Representatives in : 
Bahrein, Bangladesh, Burma, Cam­
bodia, Cyprus, Hong Kong, Iran, 
Iraq, Jordan, Kuwait, Macao, Nepal, 
Oman, Pakistan, Saudi Arabia, Sri 
Lanka, Syria, Taiwan, Republic of 
Vietnam. 

UNITED STATES and 
CANADA 

UNITED STATES 
New York, N.Y. 
5. The Ericsson Corporat ion 
2. Ericsson Centrum, Inc. 

CANADA 
Montreal 
2. L M Ericsson Ltd. 

AUSTRALIA and 
OCEANIA 

Melbourne 
1. L M Ericsson Pty. Ltd. 
1. A.E.E. Capacitors Pty. Ltd. 
5. Teleric Pty. Ltd. 

Sydney 
3. Conqueror Cables Pty. Ltd. 

Representatives in: 
New Caledonia, New Zealand, 
Tahit i . 

1. Sales company wi th manu­
facturing 

2. Sales and instal lat ion company 
3. Associated sales company with 

manufacturing 
4. Associated company with sales 

and instal lat ion 
5. Other company 
6. Other associated company 
7. Technical off ice 
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