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40th Anniversary of Ericsson 500-Line Selector 
Exchange in Rotterdam 
G H WIENEKE, FORMERLY HEAD OF THE ROTTERDAM TELEPHONE ADMINISTRATION 

UDC 621.395.343 
LME 8342 

On May 10 this year L M Ericsson's oldest 500-selector exchange in the 
world, at Rotterdam—D elf shaven, Holland, completed 40 years of service. It 
was in the early days of automatic telephony that L M Ericsson developed its 
500-selector system, and for many years this remained the most widespread 
and successful of the company's switching systems. It was Rotterdam, too, 
that provided the first valuable experience of automatic operation, which 
proved the advanced design and efficiency of the 500 system. It may therefore 
he of interest to give a resume of the events which led up to the decision to 
install this exchange, and of its performance during these 40 years. 

Choice of System 
During the years following the first world war Rotterdam suffered from a 

serious shortage of lines. The Botersloot manual exchange had been extended 
to 14,400 lines, but this was no longer sufficient, and in the early twenties 
there were 3.000 subscribers on the waiting list. It was therefore necessary to 
open new satellite exchanges. The first of them was to be built in Delfshaven 
in west Rotterdam, and it was thought that automatic equipment could be 
installed for 10,000 lines. The choice lay between a Strowger step-by-step 
system, the American Rotary system—which was already operating at the 
Hague and was made in Antwerp—and the recently introduced Swedish 500-
selector system. Mr. Boom, head of the Rotterdam Municipal Telephone 
Administration, was faced with a difficult choice. But he was convinced of 
the advantages of a system based on switches with a large line capacity, and 

Fig. I X 8435 

View through the length of the switchroom 
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Fig- 2 x 8434 

Schematic of a 10,000 line system 
Line finder 

Fig. 3 

Final selector 

the 500-line groups in the Swedish system allowed better utilization of the 
switches and much simpler operating conditions. He considered it an advantage 
that the switching apparatus in the 500 system was of plug-in type and could 
therefore be easily adapted to variations in traffic intensity. Another advantage 
was that a Swedish 10,000 line group required very much less floor space than 
comparable equipment of other systems. Great value was attached also to the 
flexibility of junction traffic with the manual exchange provided by the 
Swedish system, since it was thought that it might take several years before 
the manual exchange could be converted to automatic operation. 

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

The first order was for 5,000 lines and a 500-line PBX-group. It was decided 
that the traffic from the automatic to the manual exchange should as far as 
possible be handled automatically. Traffic in the opposite direction was to be 
passed via a few individual circuits at each of the operators' positions in the 
manual office. In the Delfshaven exchange these circuits terminated on the 
multiple of a finder group with connection to semi-automatic registers. 

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

The System in Operation 

Fig. 4 X 2723 

Numbering of multiple field in a group selector 
rack 

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

An extremely useful device was found to exist in the register control desk, 
which could be employed for various traffic supervision purposes and was 
therefore soon rechristened the traffic control desk. All full-automatic reg
isters could be checked at this desk for correct translation and correct opera
tion within the limits of resistance and leakance of the lines. It was also 
possible to talk to the calling subscriber via the register during the setting up 
of the connection. The lamp signals on the register desks showed the progress 
of dialling and operation of the switches. It was found that subscribers could 
make the strangest of mistakes. Apart from failure to wait for dial tone or to 
dial the number at all, they often dialled the digits in the wrong order owing 
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Fig. 5 

Auto-manual opera tors positions 

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

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

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

Fig. 6 X2727 

Complete register for a 10,000-line system 

Maintenance 

Since the causes of faults could be quickly and reliably traced, maintenance 
was very simple, and routine testing and preventive maintenance were hardly 
required. The possibility of maintenance on these principles, of course, was 
due to the advanced design of the system. In the years following 1923, when 
telephone experts from the whole world came to Rotterdam to study the 
system, we often heard criticism of this method of maintenance. It was thought 
that it might work for a time, but that it would end in a major breakdown 
which would be very difficult to repair. Yet in the 40 years in which the 
Delfshaven exchange has been operating, no such breakdown has occurred. 
On the contrary—though not until the fifties—the maintenance experts revised 
their opinion and started to realize the soundness of the principle of corrective 
maintenance that had long been advocated by L M Ericsson. 
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Fig. 7 X 2725 

Connection of registers to register finders 
GS Group selectors 
RS Register finders 

The Delfshaven Exchange and the Development 
of the Rotterdam Network 

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

The original number capacity of the system was 60,000. Thanks to its 
extreme flexibility its capacity could be easily increased to 80,000. This met 
the requirements for a considerable time, since the number of connections 
decreased slightly during the economic crisis from 1930 to 1935. But after 
1935 a new extension was necessary, now to 150,000 lines. 
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F i g - 8 X 8442 

The Delfsha\en exchange of today, now called 
Rotterdam West I 
Trunking diagram 
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Adaptation to the New Technique 

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

Even the oldest 10,000-line group at Delfshaven, after 40 years of un
interrupted service, has been easily adapted to the latest developments in 
switching technique. There are therefore good grounds for expecting that the 
equipment will continue to render reliable and efficient service for many years 
to come. 
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Automatic Transmission Measuring 
Equipment for Telephone Circuits 
2. Measurement of Attenuation and Noise 
H K A R L , T E L E F O N A K T I E B O L A G E T L M E R I C S S O N , S T O C K H O L M 

LDC 621.317.74 
621.395.73 

LME 7121 

This article is a continuation of the description of tlie automatic transmis
sion measuring equipment for telephone circuits in Ericsson Review No. 2, 
1963.1 The present article describes the mode of operation and the units for 
measuring the circuit equivalent and circuit noise. 

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

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

Fig. 1 X 8419 

Simplified block schematic of the attenuation 
measuring equipment 

O — sending equipment 
M O —telephone circuit to be measured 

DL — attenuator 
MF — measuring amplifier (amplifier with built-in 

rectifier) 
RS — reference voltage source 
LF — d.c. amplifier 
SI — signal indicator 
U R p— l c v e l a t reference point 

Attenuation Measuring Equipment 
The attenuation of a telephone circuit is measured by sending from one end 

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

The block schematic of the equipment developed by L M Ericsson is shown 
in fig. 2. 

Reference point 
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Fig. 2 X 7880 

Block schematic of attenuation and noise 
measuring equipments 

Sending Equipment 

IK 

LS 
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O 1-3 
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— calibration unit 

— d.c. stabilizer 

— d.c. converter 
(included onlv when the exchange battery 
voltage is 36 or 48 V) 

— oscillators 

— level stabilizers 

— pads 

— line transformers 

— attenuator 

— control pad 

— amplifiers 

— measuring amplifier 

— reference voltage source 

— d. c. amplifier 

— blocking oscillator 

— signal indicator 

— level indicator 

— psophometric filter 

— noise measuring amplifier 

— noise indicator 

— control relays 

— alarm relays 

— level at reference point 

nw.A ( « , „ ] „ „ . ! . . 

control signal paths 

The test frequencies are generated in three separate oscillators for 800 c/s 
(01), 400 c/s (02) and 2,800 c/s (03). Owing to the principle of measurement 
employed the accuracy of the equipment as a whole is a direct function of 
the accuracy and stability of the voltages delivered by the sending equipments. 
The test signal voltages generated in the oscillators are therefore stabilized in 
a level stabilizer. 

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

The three level stabilizers N1-N3 work on the following principle. The in
coming signal is amplified in a single-stage transistor amplifier. The amplitude 
of the signal is thereafter stabilized in a symmetrical limiter made up of zener 
diodes. The fundamental frequency of the signal is filtered out by a low pass 
filter. 

The level stabilizers maintain the signal level constant against 

a) variation of the output voltage of the oscillators within ± 0.35 N, 

b) variation of the ambient temperature between + 10 and + 45° C, 

c) variation of the supply voltage within ± 10 %, 

d) variation due to ageing. 

The total alteration of the signal level is then less than ± 0.01 N. 

The pads DP take up the manufacturing tolerances of the individual units. 
These pads can be adjusted in steps of 0.01 N. thus permitting the 0 N output 
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level of the sending equipment to be set to an accuracy better than 1 % . 
Adjustment and subsequent checking of this level are done with the built-in 
calibration unit IK which is connected across the contacts of relay R4 to the 
output of the sending equipment and terminates it with 600 ohms. 

Each test frequency is thus generated by a separate group of sending equip
ments, each consisting of an oscillator, a level stabilizer and a pad. Connection 
of the respective frequencies to the circuit to be measured is made by relays 
Rl. R2 and R3 which are controlled by a special control unit.1 The output is 
1 mW (absolute voltage level 0 N/600 ohms). 

Level Measuring Set 
As shown in figs. 1 and 2, the incoming test signal passes through an 

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

The level at the reference point is then 

URF = 0 - 2.99 N - AKD - ATl 

irrespective of the setting of the attenuator. The notations are as follows: 

0 ON level of the sending equipment 

— 2.99 N the lowest measurable level 

AED the attenuation of the control pad KD 

ATX the attenuation of the line transformer 77. 

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

AR = 2.99 N-ADL 

The subtraction 2.99 N - A,,r is done already in the evaluation of the setting 
of the attenuator. The value delivered from the level measuring set via the 
"result wire" is accordingly the value of the circuit equivalent AR. 

The input impedance of the level measuring set is 600 ohms within the 
400-2,800 c/s band. The level measuring set is matched to the circuit to be 
measured by means of the line transformer 77. As shown in the block diagram 
in fig. 2. the signal voltage is thereafter passed to the attenuator DL. which 
consists of three attenuation networks in series, the first being variable be
tween 0 and 3 N in steps of 1 N, the second between 0 and 0.9 N in steps of 
0.1 N. and the third between 0 and 0.09 N in steps of 0.01 N. The resistors 
which determine the attenuation are switched in by relays which are controlled 
by the signal indicator SI (fig. 3). After the attenuator there follows a control 
pad (KD) for various control purposes; this is also switched by relays controlled 
by the control unit. For measurement of the circuit equivalent the control pad 
has an attenuation of 0.06 N. The test signal is thereafter amplified in the 
preamplifier Fl, a two-stage transistor amplifier with F = 3 N. 

Line transformer Fl. attenuator DL, control pad KD and preamplifier Fl 
are used for measurement both of circuit equivalent and of circuit noise. After 
the preamplifier, therefore, the measuring equipment branches into a level 
measuring set and a noise measuring set. 



F'g- 4 X 8427 

Measuring amplifier and reference voltage 
source 

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

The reference voltage source RS is a zener diode with low temperature 
coefficient. To render the reference voltage still more independent of tem
perature, the diode is placed in a thermostat. The variation of the reference 
voltage for a variation of the ambient temperature between + 5 and + 50° C 
is less than 1 part in 2,000. 

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

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

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

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

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

After a measurement the level UI!F at the reference point may have a value 
such that 

Uj.F - 0.01 N < UltF < URF + 0.01 N 
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Thus the signal indicator still signals either too high level ( + ) or too low 
level (—). In the + position, therefore, the attenuation of the control pad KD 
increases from 0.06 N to 0.12 N. The signal indicator shall then change to 
- sign, otherwise the measured circuit equivalent A,,, is incorrect owing to in
stability of the test signal arriving at the level measuring set during the 
measurement. If the signal indicator signals a — sign, the attenuation of the 
control pad diminishes from 0.06 N to 0 N. The signal indicator should then 
change to + sign. 

Like the sending equipment the level measuring set is also checked solely 
with the built-in calibration unit IK without the aid of external measuring 
equipment. The sender of the measuring equipment itself is here used as 
standard signal source and is connected to the input of the level measuring set 
(line transformer 77). The attenuator DL and the control pad KD is adjusted 
to such level that the reference point is equal to UnF. The control of the at
tenuator and of the control pad and relays RI-R7 has thereby been taken over 
by the calibration unit. The d.c. voltage on the input of the d.c. amplifier is 
adjusted to 0 V by variation of the amplification of the measuring amplifier, 
and the signal indicator should now indicate the - sign. 

Noise Measuring Set 
Contrary to the attenuation measuring equipment, the noise measuring set 

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

1 PBT 1 fUBr" 600 a 
F=-=Tn-

1 , (UBrl 

2 1 mW 2 V RM (0.775 V)V 

by forming the r.m.s. value U Ul- of the noise voltage U,ir as it occurs during 
a period of 5 ± 1 seconds after passing a psophometric filter designed according 
to the CCTTT recommendations. Ru here corresponds to the resistance across 
which the squared voltage USr

2 can be measured. The threshold of un
acceptable noise should be — 6 N, switchable to — 5 N or — 4 N (referred 
to 0.775 V). 

If, for manual measurement, a CCITT psophometer is used as shown in 
fig. 5, the deflections of the pointer instrument / vary in time with the noise 
voltage.11 The observer keeps the instrument under observation during a given 
period and assesses the mean power of the noise. One may also say that the 
observer integrates by eye. 

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

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

The incoming noise signal takes the same path as the test signal for 
5 x 8420 measurement of the circuit equivalent, i.e. from the input via the line trans
it schematic of a CCITT psophometer 
_ psophometric filter _ _ _ _ _ _ _ ^ 
— amplifier Noise voltage • , [ g | I j S j | > J T / J 
— square-law detector F 

— pointer instrument 



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

UBF = -6N-AT1 

when it is equal to the threshold value. 

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

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

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

Power Supply 
The measuring equipment is supplied from the exchange battery. The voltage 

variations of the battery are smoothed out in a d.c. stabilizer LS which 
maintains the output voltage constant within a maximum deviation of 
± 0.5 % for a variation in battery voltage of ± 20 %. The active elements 
consist of transistors. 

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

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

Calibration Unit 
The calibration unit IK contains all instruments and controls required for 

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

The absence of external measuring instruments excludes the possibility of 
error due to the use of different instruments on different occasions. The dif
ference in accuracy between different instruments is, in fact, of the same order 
as the accuracy of the measuring equipment itself. The relative accuracy is 
therefore very much greater. In addition, the calibration unit greatly simplifies 
the maintenance work. 
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Fig. 7 X 8428 

Attenuation and noise measuring equipment 

Mechanical Features of the Equipment 
The mechanical construction of the apparatus follows the new Ericsson 

principles for electronic equipments in telephone exchanges.4 based primarily 
on the printed wiring board and on transistorization and miniaturization of 
electrical apparatus to allow an increasing use of electronic circuits. All units 
of the measuring equipment are constructed on this principle with the ex
ception of the relays, line transformers, calibration unit and reference voltage 
source. Each printed wiring board constitutes a functional unit such as an 
amplifier, oscillator etc. The measuring amplifier is shown in fig. 4. Fig. 7 
shows the complete attenuation and noise measuring equipment plugged into 
telephone exchange relay mountings. 

Technical Data 
General 

Power supply 

Power consumption 
Operating voltage of individual units 
Ambient temperature 

- 24 V. - 36 V or - 48 V + 2 0 % 

- 10 % 
approx. 32 W 
- 1 5 V 
+ 10 to + 45° C 

Sending Equipment 

Frequency 
Impedance 
Nominal level 
Adjustment tolerance 
Distortion factor 

400, 800, 2,800 c/s g ± 3»/oo 
600 ohms, balanced 
0 N 
^ ± 0.005 N 
^ 3 °/oo 

Level Measuring Set 
Frequency range 
Impedance 
Measuring range 

400-2.800 c/s (fig. 8) 
600 ohms, balanced 
- 2.99 N to + 0.99 N at a noise 

threshold of - 6 N 
- 2.80 N to + 0.99 N at a noise 

threshold of - 5 N 
- 1.80 N to + 0.99 N at a noise 

threshold of — 4 N 
(in steps of 0.01 N) 
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F'g- 8 X 8421 

Frequency response of level measuring set 
The shaded area indicates the deviation due to varia

tion of the ambient temperature between I 5 and 

+ 50° C for six prototypes. 

Operational sensitivity 
Accuracy (with newly calibrated 
equipment) 

at 800 c/s 
at 400 and 2,800 c/s 

approx. 1 mN 

better than ± 0.02 N 
better than ± 0.04 N 

X 7865 
F i g . 9 x 9157 

Long-time stability of the attenuation measur
ing equipment 
The diagram shows the variation in output level of the 

sending equipment and the deviation of the level 

measuring set from nominal during a period of 60 

days. 
0 ° sending equipment 

— -»• -•- level measuring set 

Noise Measuring Set 

Duration of measurement 
Level 

Frequency range 
Frequency response 
Impedance 
Deviation of square-law characteristic 

from a parabola measured as per 
CCITT recommendations 

Linearity 
Accuracy (with newly calibrated 

equipment) 

Delay before the measuring set 
ready for a new measurement 

5 ± 1 s 
- 6 N . - 5 N o r - 4 N 
(the set issues a signal when the 

r.m.s. value of the noise voltage 
measured during 5 ± 1 s exceeds 
the specified threshold) 

50-5,000 c/s 
as per CCITT recommendations 
600 ohms, balanced 

^ ± 0.02 N 
as per CCITT recommendations 
better than ± 0.03 N at 800 c/s 
(At other frequencies the tolerances 

of the psophometer curve allowed 
by CCITT must be added.) 

approx. 150 ms 

15 20 25 30 35 days 
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Fig- tO X9157 
Stability of the attenuation measuring equip
ment when first put into service 
The diagram shows the variation in output level of 

the sending equipment and the deviation of the level 

measuring set from nominal during its first 8 hours 

in service. 

° ° sending equipment 

— • •*- level measuring set 

Conclusion 
The automatic transmission measuring equipment for telephone circuits is 

designed to assist telephone administrations in their efforts to automatize and 
rationalize the maintenance and supervision work needed for any engineering 
equipment. As a natural consequence the first thing required of an automatic 
measuring equipment is long-time stability with at least the same accuracy as 
possessed by the manual equipments that have been used hitherto. The accuracy 
of the equipment has been attained through the measuring circuits employed. 
Through a careful choice of components and circuits—such as the use of 
transistors as active elements and of amplifiers with very high negative feed
back—the requirements of temperature stability and long-time stability have 
been more than adequately met. The variations in output level of the sending 
equipment and in accuracy of the level measuring set over a period of two 
months are shown in fig. 9. The equipment had then been in service around-
the-clock without recahbration. After another three months' around-the-clock 
service, i.e. after five months' around-the-clock service without recahbration, 
the accuracy was still within the tolerances recommended by CC1TT: 

± 0.01 N for the sending equipment 

± 0.02 N for the level measuring set at 800 c/s 

± 0.04 N for the level measuring set at 400 and 2,800 c/s 

± 0.35 N for the noise measuring set at 800 c/s 
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Economic Optimum in Design of Loaded 
and Unloaded Telephone Cables 
L C R O N V A L L , S I E V E R T S K A B E L V E R K A B, S U N D B Y B E R G 

UDC 621.3.054.3 
LME 8414 

The dimensioning of an unloaded telephone cable for physical circuits is 
dependent on the desired attenuation and the resistance. But an economic 
optimum problem is also involved, depending on how the cable cost at the 
desired attenuation varies with the mutual capacitance and conductor resistance. 

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

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

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

Notations and Formulae 

The following notations are introduced: 

c = mutual capacitance of cable per km 

C = mutual capacitance of a loaded section 

r = loop resistance of cable per km 

R = resistance of a loading coil 

L = inductance of a loading coil 

/ = inductance per km 

g = shunt conductance of cable per km 

s — length of a loaded section in km 

/ = frequency 

co = 2 • JI • f 

f0= cut-off frequency 

a = attenuation in N/km 

Z— impedance 

v — group velocity in km/sec. 

For unloaded telephone cable the attenuation at low frequencies is 

. / co • r • c 

« = V 2 ~ U ) 
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nF/km 
Mutual capacitance 

Fig. 1 X 2707 

Cost of 50-quad paper-insulated star quad cable 

with lead sheath and polyethylene cover 

Relative 
cost 

nF/km 
Mutual capacitance 

Fig. 2 x 2708 

Cost of 27-quad polyethylene-insulated screen

ed star quad cable with polyethylene sheath 

For loaded cable the following relations hold: 

L = t-s . . . 

C = c • s 

/ . = 

v = 

1 1 

7t\J L-C S-71 \ I • C 

s 1 

\JL • C \l • c 

(2) 

(3) 

(4) 

(5) 

Eqs. 4 and 5 give 

n -Jo 

Z = v/|-\ 

(6) 

(7) 

Eqs. 3, 5 and 7 give 

1 
Z = 

v • c 
(8) 

[iH$VA]vf§vt^ (9) 

The attenuation has its minimum at unchanged values of r, c and g, when 
the inductance has been increased so much that 

g , r • c 
••— o r / = — 

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

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

IV/T 

Introducing the group velocity according to eq. 5: 

« = -x • r • c. 

(10) 

(11) 

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

The group velocity vs at an arbitrary frequency / within the transmitted 
frequency band is 

Vf = v\Jl (12) 

If the highest transmitted frequency is f1 and the lowest is f.,, the phase 
distortion between the frequencies /2 and f2 will be 

1 1 

V-( 1 -
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Relative 
cost 

3 

nF/km 
Mutual capacitance 

Fig- 3 X 2709 

Cost of 50-quad paper-insulated multiple twin 
quad cable with lead sheath and polyethylene 
cover 

which expression, if f2 is small compared with /,„ gives 

1 

V-OD 
i 

(13) 

The crosstalk attenuation A between two side circuits with characteristic 
impedances Z, and Z2 due to the capacitive coupling is 

A = ln : 
k • w V Zi Z2 

where k — the capacitive unbalance in p F . 

nepers 0 4 } 

Unloaded Cable 

The variation of cable cost with the mutual capacitance and with the 
attenuation as parameter is shown in figs. 1-6 for some different types of 
cable. The mutual capacitance in figs. 1-4 has been taken as the overall 
average mutual capacitance for a specified cable section (see Technical Speci
fications for Junction, Trunk, Carrier and Coaxial Cables, BK 2, issued by 
the Royal Board of Swedish Telecommunications) and in figs. 5-6 as the 
maximum permissible average capacitance of a length of cable. The curves 
hold also for loaded cable at a specific relationship between the attenuation 
and the group velocity in accordance with eq. 11. 

Table 1. Attenuation, group velocity and wire diameter for curves 1—3 in figs. 1—4. 

Relative 
cost 

1 

3 

— ± ~r . 
nF/km 

Mutual capacitance 

Fig. 4 x 2710 
Cost of 27-quad polyethylene-insulated screen

ed multiple twin quad cable with polyethylene 

sheath 

Curve 
no. 

1 
2 
3 

Unloaded 
cable 

a 
N/km at 
800 c/s 

0.071 
0.082 
0.100 

Loaded cable 

V 

km sec. 

15,000 
15,000 
15,000 

a 

N/km 

0.015 
0.020 
0.030 

V 

km/sec. 

30,000 
22,500 
15,000 

y. 

N/km 

0.030 
0.030 
0.030 

Wire diameter mm 

at 
25 nF/km 

0.79 
0.67 
0.54 

at 
50 nF/km 

1.13 
0.96 
0.77 

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

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

Curve 
no. 

1 
2 

y. 

N/km at 
800 c/s 

0.096 
0.135 

Wire diameter mm 

at 
35 nF/km 

0.64 
0.47 

at 
60 nF/km 

0.86 
0.61 

The curves in figs. 1 and 2 are constructed for star quad cables. Fig. 1 shows 
the cost of paper-insulated and lead-sheathed underground cable with poly
ethylene cover. The lowest cable cost is obtained for a mutual capacitance 
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Relative 
cost 

eo 

75 

"^ 

^/ 

1 

~s 

nF/km 
Mutual capacitance 

F i g . 5 X 2711 

Cost of 100-pair paper-insulated symmetrical 

pair cable with lead sheath 

below 25 nF/km. Fig. 2 shows the cost of polyethylene-insulated, screened and 
polyethylene-sheathed underground cable. The lowest cable cost is obtained 
for a mutual capacitance of about 37 nF/km. 

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

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

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

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

Relative 
cost 

, 1_ 
I I I * -

nF/km 
Mutual capacitance 

Fig. 6 X2712 

Cost of 100-pair self-supporting plastic-insu

lated cable 

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

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

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

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

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

F i g . 7 X 2713 

Cable and loading cost for 50-quad paper-in
sulated star quad cable with lead sheath and 
polyethylene cover 

In figs. 7-10 the sum of the cable and loading costs has been calculated as 
function of the mutual capacitance at an attenuation of 0.030 N/km and a 
cut-off frequency of 4,300 c/s for the same types of cables as in figs. 1-4. 
According to eq. 6 the distance between loading coils is inversely proportional 
to the cut-off frequency. A high cut-off frequency requires a short distance 
between loading coils and higher loading costs. Here a cut-off frequency of 
4,300 c/s has been chosen, which permits the transmission of frequencies up to 
3,400 c/s in accordance with CCITT's recommendations. Curves 1-3 in each 
figure have been drawn with the group velocity as parameter, and curves 4—7 
with the impedance as parameter. Table 3 shows the values of attenuation, 
cut-off frequency, group velocity and impedance for each curve. 

Table 3. Attenuation, cut-off frequency, group velocity and 
impedance for curves 1—7 in figs. 7—10. 

Curve 
no. 

1 
2 
3 
4 
5 
6 
7 

a 
N/km 

0.030 
0.030 
0030 
0.030 
0.030 
0.030 
0.030 

/o 
C/S 

4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 

V 

km'sec. 

30,000 
22,500 
15,000 

— 
— 
— 
— 

Z 
ohms 

— 
— 
950 

1,250 
1,700 
2,200 

Relative 
cost 

7 \ | ^ — - » , 

nF/km 
Mutual capacitance 

F i g . 8 X2714 

Cable and loading cost for 27-quad polyethy
lene-insulated screened star quad cable with 
polyethylene sheath 

The first thing revealed by figs. 7-10 is that the sum of cable and loading 
costs falls quickly with group velocity, i.e. with heavier loading. In loaded 
cables in Sweden the group velocity is at present about 18,000 km/sec; abroad 
the figure is usually rather higher. For the national part of an international 
circuit CCITT recommends that the group delay shall not be longer than 
50 ms and that the difference between the longest and shortest group delay for 
the relevant frequency range shall be less than 10 ms. For a distance of 50 km 
and a group velocity of 18,000 km/sec. the group delay will be about 3 ms 
and the phase distortion according to eq. 13 at a cut-off frequency of 4,300 c/s 
and a highest transmitted frequency of 3,400 c/s will be about 1.8 ms. As will 
be seen, these values are fairly small compared with CCITT's recommenda
tions. And in fact loaded circuits which have a low group velocity compared 
with carrier circuits are not employed over particularly long distances in 
national sections of an international circuit. A group velocity of the order of 
18,000 km/sec. in a loaded cable plant should, therefore, be fully adequate in 
the great majority of cases. 

If the group velocity alone had to be taken into account, the lowest cost 
would come at the minimum point of the curve constructed for the lowest 
conceivable group velocity. But this would involve disregarding the impedance, 
which cannot be too high in a loaded cable since according to eq. 14 the 
crosstalk attenuation is inversely proportional to the impedance. For multiple 
twin quad loaded cables, therefore, the impedance should not be above about 
1,600 ohms and for star quad loaded cable not above about 2,000 ohms. 

In figs. 7-10 the slope of curves 4-7 with constant impedance is such that the 
cost diminishes with increased mutual capacitance. For curves 1-3 with con
stant group velocity, however, the slope differs according to the type of cable. 
For paper-insulated cable the lowest cost comes at the point of intersection 
between the curve for the lowest conceivable group velocity and the curve for 
the highest conceivable impedance. The Royal Board of Swedish Telecom
munications has recently introduced a new form of loading for multiple twin 
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Cable and loading cost for 50-quad paper-

insuJated multiple twin quad cable with lead 

sheath and polyethylene cover 
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Fig. 10 X 2716 

Cable and loading cost for 27-quad polyethy

lene-insulated screened multiple twin quad cable 

with polyethylene sheath 

quad cable with paper insulation, the impedance being put a 1,600 ohms, the 
group velocity at 17,000 km/sec, and the cut-off frequency at 4,300 c/s. This 
gives according to fig. 9 a mutual capacitance of 39 nF km. which is the figure 
given in the Swedish cable specifications. Other data are: distance between 
loading coils max. 1,250 m, coil inductance 118 mH. For the phantom circuits 
the attenuation is in principle the same as for the side circuits, the coil in
ductance being 55 mH, which gives an impedance of 850 ohms, a cut-off 
frequency of 5.000 c/s, and a group velocity of 19,500 km/sec. 

For a loaded star quad cable with paper insulation the mutual capacitance 
according to fig. 7 at a group velocity of 17,000 km/sec. and an impedance of 
1,930 ohms is 32 nF/km, which is the figure given in the Swedish cable speci
fications. Other data for this loading are: cut-off frequency 4.300 c/s, distance 
between loading coils max. 1,250 m. coil inductance 145 mH. 

For plastic-insulated cable (figs. 8 and 10) the slope of curves 1-3 with 
constant group velocity differs from that for paper-insulated cable. This 
means that the lowest cost no longer comes at the highest conceivable im
pedance as happened with paper-insulated cable. Starting, as before, from a 
cut-off frequency of 4,300 c/s and group velocity of 17,000 km/sec. giving a 
distance of 1.250 m between loading coils, the lowest cost for a star quad cable 
(fig. 8) comes at a mutual capacitance of 39 nF/km and an impedance of 
1,600 ohms. For a multiple twin quad cable (fig. 10) the corresponding values 
are 52 nF/km and 1,150 ohms. 

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

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

Loaded multiple twin quad cables, in which the phantom circuits are also 
utilized, are cheaper per circuit than loaded star quad cables if attention is 
paid solely to cable and loading costs. On long loaded circuits, on which a.c. 
signalling must be employed irrespective of quad type, therefore, multiple twin 
quad cables are cheaper than star quad cables. On fairly short loaded circuits, 
on the other hand, d.c. signalling can be used with star quad cables, and these 
may then be cheaper than multiple twin quad cables. In such cases, to limit the 
loop resistance, it may be necessary to use a lower impedance in the loaded 
star quad cable than would be desirable from the point of view of optimum 
economic design. 
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SIKATEN — a New Insulating Material 
B G U S T A F S S O N , S I E V E R T S K A B E L V E R K A B , S U N D B Y B E R G 

UDC 621.315.616.96 
LME 5546 

Polyethylene is widely used in the manufacture of telephone cable owing to 

its good electrical properties. Its use in power tables, on the other hand, has 

been limited by its low melting point, 105—115° C. 

By cross-linking of the molecules iu the plastic in roughly the same way as 

in the vulcanization of rubber, a new material has been created, SIKATEN*, 

which does not melt but carbonizes at 250-300° C. 

Polyethylene has been used in cable-making for several decades and its 

consumption is growing at an ever increasing rate. 

Factors which have contr ibuted to the popular i ty of this plastic—apart from 

the fact that its production started at an early stage—have been its low price, 

good electrical properties, ease of processing and dyeing, and its insuscepti

bility to chemical action. 

The great disadvantage of polyethylene, on the other hand, is its low 

softening and melting temperature , 105-115° C. Many at tempts have been made 

to overcome this problem and some progress was achieved during the fifties 

through improved production methods which yielded a more uniform product 

with higher degree of crystallization and fewer molecular branches. A larger 

size of molecule with lower melting index is also a step in this direction. 

These modifications did not, however, lead to any essential improvement . 

It is all the more gratifying, therefore, that a chemical vulcanization process has 

now been brought to the stage at which it is technically fully possible to make 

products of vulcanized polyethylene in conventional equipment for the manu

facture of rubber. For this reason the product is said to be vulcanized, but 

other adequate designations are cured or cross-linked polyethylene. 

The insusceptibility of polyethylene to take part in chemical reactions is due 

to its almost complete lack of double bonds and polar groups. T h e belief was 

long held, therefore, that cross-linking of the finished material could be effected 

only under very special conditions. It was found at an early stage, for example, 

that by irradiating polyethylene with electrons it could be given properties 

indicative of cross-linkage, such as lesser solubility in xylene, change of tensile 

strength, and better tempera ture stability. 

Several irradiation processes have been developed in the cablemaking in

dustry which to some extent are being successfully employed. But cross-

linking of polyethylene by irradiation requires rather large dosages of high 

energy radiation, so that the procedure is expensive and can only be used for 

special purposes. 

Another way of cross-linking polyethylene is to irradiate the plastic with 

ultraviolet light. In order that the irradiation shall be effective, a small 

quant i ty of UV-sensitive material such as benzophenone must be admixed 

with the plastic. Under the influence of ultraviolet light on benzophenone a 

radical is formed of the same type as in the decomposit ion of peroxide by the 

radical mechanism. Organic peroxides have long been used for cross-linking of 

plastic and rubber , e.g. polyester and silicon rubber. Since the late fifties much 

work has been done in the at tempt to cross-link polyethylene with peroxides 

and we now possess a considerable knowledge of this interesting subject. 

Sieverts Kabelverk has closely followed these developments both by keeping 

a watch on the literature and by devoting several years to experiments in the 

laboratory. Sieverts was therefore the first cable manufacturer in Sweden to 

introduce and gain practical experience of vulcanized polyethylene, S I K A T E N . 

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

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

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

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

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

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

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

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

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

Properties of Vulcanized Polyethylene 
As already stated, ordinary unvulcanized polyethylene has been widely used 

in cable manufacture thanks to its excellent electrical properties, its resistance 
to moisture, its lightness and flexibility, its good mechanical properties, its 
resistance to cold, chemical stability, resistance to ozone, and low price. 

The chief disadvantage of unvulcanized polyethylene is its low softening 
temperature (105-115° C) and, to some extent, its poor fire resistance, its 
tendency to crack on contact with certain organic surface-active elements 
(stress-cracking), and its poor dimensional stability owing to the crystallizing 
tendencies of the plastic. 
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Vulcanized polyethylene retains all the good properties of the original 
material in practically unchanged state. Some deterioration of the electrical 
properties as a result of the addition of black is inevitable, but the material is 
nevertheless superior in this respect to most other plastics that are used for 
cable insulation. 

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

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

Table 1. 

Ultimate tensile strength 
(kp/cm2) 

Ultimate elongation (%) 
Dielectric constant (50 

c/s) 
Power factor (50 c/s) . . 

Volume resistivity CI cm. 
Breakdown strength 

kV/mm(50c/s, 1 kV/s) 
Cold resistance 
Abrasion resistance . . . . 
Tear resistance 
Moisture resistance . . . . 
Resistance to deforma

tion at 150 C 
Resistance to oils 
Fire resistance 

Durability 
at 100° C 
at 120° C 
at 150 C 

SIKATEN 

140 
200 

5.0 (2.3) 
1 • 1 0 -

(5 • lO"4) 
1015 (10") 

15(25) 
Excellent 
Excellent 
Excellent 
Excellent 

Excellent 
Good 
Moderate 

Excellent 
Good 
Moderate 

LD 
poly

ethylene 

140 
400 

2.25 
1 • 10-4 

10'6 

25 
Excellent 
Excellent 
Excellent 
Excellent 

Melts 
Moderate 
Poor 

Moderate 
Melts 
Melts 

Butyl 
rubber 

insulation 

40 
400 

3.5 
1 - 10-2 

10" 

25 
Good 
Poor 
Moderate 
Good 

Moderate 
Poor 
Poor 

Good 
Moderate 
Poor 

Natural 
rubber 

insulation 

100 
400 

3.5 
2 x 10'2 

10" 

25 
Excellent 
Moderate 
Poor 
Moderate 

Good 
Poor 
Poor 

Poor 

— 

PVC 
insulation 

150 
250 

7 
4 - 10"2 

1014 

30 
Poor 
Good 
Excellent 
Good 

Poor 
Good 
Excellent 

Moderate 
Poor 

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

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

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

Deformation tests in accordance with Swedish specifications SEMKO 8A 
1957. § 11, have been performed on 2.5 mm2 cable insulated with vulcanized 
polyethylene, butyl rubber and PVC at 150° C and 2 hours loading. The de
formation of vulcanized polyethylene was 5 % at 300 g, while for butyl rubber 
and PVC it was as much as 70 % and 100 % at 300 g and 175 g, respectively. 

95 



Fig. 5 

Comparative current loading tests 

1 S1KATEN 420 C 10 mins. 

2 Butyl rubber 320 C 10 mins. 

3 PVC 220 C 10 mins. 

F i g . 6 X 8424 

Low temperature impact tests, weight 350 g, 

drop 600 mm 

1 SIKATEN — 40= C 
2 PVC — 20J C 
3 PVC — 25 C 
4 PVC — 40 C 

s ^ 

mg/cm" 

Fig. 7 

Gravimetric water absorption at 70 C 

a Neoprene rubber, b Butyl rubber, c P V C , 

d SIKATEN 

Correction factor 

T 000 

700 

70 W 60 B0 100 X 

Fig . 8 X 2704 

Temperature dependence of conductivity rela

tive to value at 20 C 

a PVC, b Butyl rubber, c SIKATEN 

To see how a cable behaves under overload—short-circuiting—comparative 
current loading tests were made on 2.5 mm2 cables insulated with vulcanized 
polyethylene, butyl rubber and PVC (fig. 5). 

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

The new material has a very low water absorption even at elevated tem
perature (fig. 7). Its electrical properties are therefore little affected by moisture. 

Fig. 8 shows the dependence of the insulation resistance of SIKATEN on 
temperature, compared with PVC and butyl rubber. The impaired resistance 
of insulating materials at elevated temperature is an important factor when 
cables are used at high temperatures. 

Cable Applications 

The temperature stability of most of the traditional rubber and plastic 
materials for cables is so limited that they are placed in the 60-80 degree 
class. By using a polymeric plasticizer in PVC it has been possible to bring 
one grade of PVC up into the 100 degree class. But what was gained in high 
temperature stability was lost in low temperature stability. To get above 
100° C a material in a quite different price class must be used. The difference 
in price between PVC and silicon rubber, which is next superior to 100 degree 
PVC and can be used up to 170° C. is 5 dollars per kg. 
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50 95 150 2Wmm2 

F ' g - 9 X 2705 

Permissible load in amps, on single core cable 

at 45 C ambient temperature 

a Silicon rubber (max. 170 C) 
b SIKATEN (max. 120 C) 
c Butyl rubber (max. 80 C) 
d Natural rubber (max. 60 C) 

Fig. 10 x 2706 

Spot lights in modern provisions store 

The maximum temperatures normally specified for the most common cable 
insulations and for SIKATEN are listed in table 2. It will be seen that a 
considerably higher working temperature is obtained for cable insulated with 
SIKATEN. This means that a smaller SlKATEN-insulated cable can be 
selected for the same current loading. 

Table 2 

Loading 

Normal . . . . 
Short-circuit . 

Working temperature, C, for cable insulated with 

S1KA 
TEN 

120 
250 

LD 
poly

ethylene 

65 
90 

PVC 

100 

100 
150 

normal 

65 
135 

Butyl 
rubber 

80 
200 

Natural 
rubber 

60 75 
150-200 

Paper 

85 
200 

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

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

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

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

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

Fig. 11 X 8425 

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

It has been said in the cable industry that vulcanized polyethylene is without 
exaggeration the most significant innovation in the materials field in the last 
15 years. Considering that innumerable new materials are developed every 
year, it will be appreciated that high expectations are placed on vulcanized 
polyethylene, which may be said to meet a great and long felt need. 
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Universal, All-Plastic Cable Terminal Box 
G A B E R G , T E L E F O N A K T I E B O L A G E T L M E R I C S S O N , S T O C K H O L M 

Fig. I X 2738 

The new distribution box on a tubular steel 
pole 
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LME 7375 

L M Ericsson's Network Department has developed a new, universal type of 
cable terminal box which can he used in all climates, on a wall or pole, indoors 
or outdoors, and is suited both for plastic-insulated and for paper-core lead-
covered cables. Requiring no maintenance, and having a wide range of 
applications, the box is calculated to reduce the total initial and operating 
costs of a telephone network. 

Between the multipair cable from the exchange and the single-pair subscriber 
lines there is always a distribution point. At this point a distribution box is 
placed which terminates the cable and permits a quick and effective connection 
to be made between the cable conductors and the distribution pairs. This is 
required irrespective of whether plastic-insulated or paper-core lead-covered 
(PCLC) cable is used in the cable network, whether the distribution point is 
indoors or outdoors, on a wall or pole, and irrespective of the type of distribu
tion system and size of the network. The distribution box may therefore be 
said to constitute the least common denominator of the city cable plant. 

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

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

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

The bottom of the box has knock-outs for the admission of the 10-pair cable 
and the individual single-pair lines. The latter may be brought in from the 
rear, from the side or from below. The top of the box is attached to the 
bottom by plastic strings which serve as "hinges". The top is simply pressed 
onto the bottom and remains in position owing to the resilience of the plastic. 
In special cases the top may be locked with two screws, likewise of plastic. 
The single-pair distribution lines, which are assumed to be plastic or neoprene 
insulated, should preferably be brought in from the side. By placing neoprene 
bushings, SRG 12102, in the holes, the inside of the box is rendered practically 
dustproof and insectproof. The same facility exists if the single-pair lines are 
brought in from the rear. 

The inner block (fig. 3) carrying the terminals is also of plastic. It is made 
in three models, with screw terminals or with outward or inward pointing tags 
for the multipair cable, all models having screw terminals for the single-pair 
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Fig. 3 X78S2 

The three models of the inner block 
(From left) NEM 17001, NEM 17005 and NEN 50501 

lines. The design of the box results in long leakage paths between the terminals, 
which, in conjunction with the plastic material employed, ensures very high 
insulation. The wires of the single-pair lines may be up to 1.3 mm in dia
meter. The rear side of the terminal block is shaped as a trough in which the 
cable can be conveniently placed and which, if desired, can be filled with 
resin compound. Normally this extra protection is not necessary. A 10-pair 
plastic cable is brought in through a simple neoprene bushing. PCLC cable 
is spliced to a sealing thimble in the box (fig. 4) which provides a hermetic 
seal of the cable end. A PCLC cable may also be placed under continuous 
pressure (pressurized cable). 

To simplify stockholding and to enable the local installation personnel to 
choose the most suitable combination, the box and certain of its components 
have been given code numbers. The box is always supplied with the individual 
single-pair bushings in a separate bag. The fittings for entry of the 10-pair 
cable may be ordered separately or with the box, and can be supplied for 
plastic or PCLC cable. The fixing screws, which should be No. 10 wood 
screws, and the bracket NSD 51201, which is used for erection on tubular steel 
poles, should always be ordered separately. The components with code numbers 
are tabulated below. 

The box is 155 mm high, 116 mm wide and 31 mm deep. It weighs 365 g. 
Patents are pending. 

Code numbers 

NEJ 20101 
NEJ 20105 
NEJ 20121 
NEJ 20131 
NEJ 20135 
NEJ 20102 
NEJ 20106 
NEJ 20122 

Terminals 

Outward tag/screw 
» » » 
» » » 

Screw/screw 
» » 

Inward tag/screw 
» » » 
" 

Bushing and sealing thimble, 
if required, for 10-pair cable 

None 
670449 for plastic cable 
655899 - NDK 1301 for PCLC cable* 
None 
670449 for plastic cable 
None 
670449 for plastic cable 
655899 - NDK 1301 for PCLC cable* 

fig. 4 
NEJ 20122 

* In these cases the bushing and sealing thimble are supplied connected to the terminal 
block. The only work to be done on site is to connect the PCLC cable to the conductors 

x 2739 projecting from the sealing thimble with an ordinary straight splice. No resin compound 
filling is therefore required. 



NEWS/rom 

All Quarters of the World 

Distinguished Visitor: 

President Bourguiba at L M Ericsson 

The President of Tunis, Mr. Habib 
Bourguiba, and his wife made an of
ficial visit to Sweden at the beginning 
of June. Their full-packed programme 
included a call at the Ericsson head
quarters at Midsommarkransen.— L M 
Ericsson, as is known, has very large 
interests in Tunisia, being responsible 
for the re-equipping of the Tunisian 
telephone network. 

Being hard pressed for time, the 
President had only a bare half-hour 
to spare. He was accompanied by, 
among others, his Minister of Com
munications, Mr. Rachid Driss, and 
Foreign Minister. Mr. Mongi S l im-
both well known from previous visits 

to the head factory—and the Swedish 
Minister of Communications, Mr, 
Gosta Skoglund. 

The chairman of the board of L M 
Ericsson, Dr. Marcus Wallenberg, 
presented an address of welcome, after 
which Mr. Sven T Aberg gave a brief 
account of L M Ericsson and its ac
tivities. The traditional round was 
then made of the Exhibition Room, 
where President Bourguiba demon
strated his interest in many of the 
exhibits. 

The Ericovox was, as usual, in the 
foreground. In the photograph below 
Mr. Eric Lundqvist is demonstrating 
the instrument to the President, with 

many interested lookers-on. From the 
left in the front row, starting from 
Mr. Lundqvist, are Mr. Rachid Driss, 
Minister of Communications, Mr. Ah
med Ben Salah, Minister of Finance, 
Mr. Habib Ben Ammar, Permanent 
Secretary of the Ministry of Defence, 
and Mr. Skoglund, Swedish Minister 
of Communications. Between Mr. 
Driss and Mr. Ben Salah in the back
ground is seen Dr. Marcus Wallen
berg. 

President Bourguiba was presented 
by Mr. Aberg with an Ericovox with 
Ericofon (picture above) under the 
glad eye of Mr. Gosta Skoglund. 

The photograph at the top shows 
President Bourguiba inscribing his 
name for display in the Exhibition 
Room. 



L M Ericsson Installation for Recife, 
Third City of Brazil 

Recife is Brazil's third largest city, 
with over 800,000 inhabitants, capital 
of the State of Pernambuco and main 
centre in north-eastern Brazil, an area 
with some 25 million inhabitants. Re
cife is an important cultural, adminis
trative and commercial centre with a 
lively harbour. Modern multistorey 
buildings dominate the centre of the 
city, which is growing apace. A stark 
contrast is offered by its neighbour
ing town and one-time capital of Bra
zil, Olinda, with its old churches. 

The need for satisfactory telecom
munications has long been acute. The 

two towns have been served by an 
outmoded telephone plant of only 
some 6,000 lines. In I960 a newly 
formed telephone company. Com-
panhia Telefonica de Pernambuco, 
contracted with Ericsson do Brasil for 
a new telephone plant for Recife and 
Olinda. comprising seven exchanges 
of altogether 20,600 lines of Ericsson 
Crossbar equipment, and an entirely 
new cable plant. 

The digging of the first under
ground cable conduits started in May 
1960, and since then a very extensive 
cable network has been laid, princi-

Recife is a highly modern and fast expanding 
city. (Left) A view of the Santo Antonio dis
trict. 

(Below) Inauguration of one of the Recife ex
changes. 

pally underground. The exchange 
equipment has been mostly supplied 
by the parent company, while Erics
son do Brasil has carried out wiring 
and testing. 

On January 17. 1963, three ex
changes totalling 14.000 lines were 
placed in service. A 1,000-line ex
change followed in February, and a 
2,000-line exchange in May. The en
tire project is to be completed by the 
summer. 

Bjorn Lundvall 

Organizational Changes 
Mr. Hugo Lindberg. having attained 

pensionable age, will retire on July 31, 
1963, from his appointments as Exe
cutive Vice President and Chief Ad
ministrative Officer of the Ericsson 
Group. The Board of Directors has 
appointed Vice President Bjorn Lund
vall as his successor. 

In order to delegate the responsi
bilities within the management of the 
rapidly expanding group, the Board 
has appointed the following Executive 
Vice Presidents as from July 1, 1963: 
Mr. Make Patricks. Chief Operations 
Officer; Mr. Christian Jacobaeus, 
Chief Technical Officer; Mr. Arne 
Stein, Chief Sales Officer; Mr. Hans 
Werthen, Chief Production Officer. 

Mr. Gunnar Svalling. Vice Presi
dent, Finance, has been appointed an 
executive officer. 

Mr. Nils Svensson, Head of the 
Personnel Department, has been ap
pointed Vice President. 

Mr. Sten Engstrom, Chief Engineer, 
has been appointed Head of the Long 
Distance Division. 
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The commercial counsellors and commercial attaches in Stockholm 
from fourteen countries visited L M Ericsson at the end of May. (Above) 
The group is listening to an address in the Exhibition Room. 

Miss Anna Nymalm of Helsinki recently visited L M Ericsson, 
Midsommarkransen. She was on her way to Copenhagen, her trip 
being a departing gift from management and colleagues at the Hel
sinki Telephone Association, from which she retired on pension at 
the end of April this year at the ripe age of 94. 

At the end of May L M Ericsson had a visit 
from Liberia. (Above left) Mr. S. H. Butler, 
Commissioner of Communications, and Mr. 
L. Grigsby, Inspector of Post and Telegraph, 
converse on Ericsson telephones from different 
centuries. 

(Above right) Mr. I. Boberg, Sales Manager 
of L M Ericssons Signal AB, demonstrates a 
block-controlled model railway to Ceylon's 
Minister of Industry and Culture, Mr. Maithri-
pala Senanayake, during his visit to Midsom
markransen. In the background are (from left) 
Consul General B. Hallstrbm, Colombo, and 
Messrs G. Fernstedt, B. L. Thul, and H. Lind-
berg of L M Ericsson. 

In connection with a lecture, "This is Egypt", 
by Mr. Adly Fuad Bishara, head of an Egyp
tian study group at L M Ericsson, the company 
received a visit from the Embassy of the United 
Arab Republic in Stockholm. In the photo be
low Ambassador Salah El-Din Gohar (second 
from right) is given a demonstration of the 
Dialog by Mr. E. Lundqvist. With him are 
(from left) Asst. Chief Engineer Abdulazis 
Kamel (UARTO), Counsellor Mahmoud 
Seliem. Personal Secretary Salah Saleh, and 
Mr. Bishara. 
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L M Ericsson has acquired new production 
facilities through the purchase of the ABN-
bolagen factory at Bollmora outside Stockholm. 
The new premises, which will be occupied prin
cipally by AB S\enska Elektronror and Divi
sion Erga, have a gross floor area of nearly 
200,000 sq.ft. The site has space for new build
ings 'amounting to an additional 270,000 sq.ft. 
The staff will start moving in this autumn, and 
the entire Bollmora plant will be occupied 
during 1964. It is expected that some 600 
persons will be working there. 

Appointment in Danish 
L M Ericsson 

Mr. Frans Liisberg has been ap
pointed Vice President and Executive 
Officer of L M Ericsson's Danish sub
sidiary, L M Ericsson A/S, as from 

April 26, 1463. Mr. L C Norrelund 
remains the president of the company. 

Mr. Liisherg was born at Frederiks-
berg in 1921. After graduating as 
M.Sc. in 1945 he joined the company 
in the same year and has since been 
engaged on sales to the Danish tele
phone administrations. He has had an 
active part in the breakthrough of our 
crossbar switching technique in Den
mark, initiated by the opening of the 
Aarhus exchanges in 1953 and con
solidated to the extent of over 300,000 
local lines in service today, with 
another 200,000 lines on order. 

Mr. Liisberg is well-known to many 
of the group's staff from their nu
merous visits to Denmark for discus
sion and negotiations with our Dan
ish clients, and likewise to our cus
tomers among the various telephone 
administrations all over the world 
which have sent delegates to Denmark 
to study our crossbar systems. 

New Reference List 
A new reference list of public auto

matic exchanges has been issued as 
of January 1, 1963. The number of 
automatic lines delivered by the 
Ericsson Group and installed at Jan
uary 1, 1963. was 4,952,000 as 
against 4,565,000 one year earlier. The 
number of lines on order at the same 
date was 1,5)4,000. The total of lines 
installed and on order was 6,466,000 
against about 6,000,000 in the previ
ous year. 

Of the total lines installed 74 per 
cent are connected to 500-selector ex
changes (78 per cent in the previous 
year) and 26 (22) per cent to crossbar 
exchanges. The corresponding figures 
for lines installed during 1962 are 29 
(47) per cent for 500-selector and 71 
(53) per cent for crossbar exchanges. 

For the cover of its 1962 Annual Report the 
Australian Post Office chose an L M Ericsson 
crossbar switch design as seen below. 

The Australian telephone network is being 
rapidly expanded on the basis of Ericsson 
crossbar. The latest addition to the A. P. O. 
series of crossbar exchanges is Petersham, 
Sydney, where 2,800 lines were cut-over on 
May 18, 1963. The ultimate capacity of the 
exchange is 8,000 lines. The I.D.F.s are shown 
in the photo on the left. 
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UDC 621.395.343 
LME 8342 

WIENEKE, G H : 40th Anniversary of Ericsson 500 Line Selector Exchange 
in Rotterdam. Ericsson Rev. 40(1963): 3, pp. 74—77. 

On May 10 this year L M Ericsson's oldest 500-selector exchange in the 
world, at Rotterdam—Delfshaven, Holland, completed 40 years of service. 
It was Rotterdam that provided the first valuable experience of automatic 
operation, which proved the advanced design and efficiency of the 500 
system. The article gives a resume of the events which led up to the 
decision to install this exchange, and of its performance during these 
40 years. 

UDC 621.317.74 
621.395.73 

LME 7121 

K A R L , H. Automatic Transmission Measuring Equipment for Telephone 
Circuits. 2. Measurement of Attenuation and Noise. Ericsson Rev. 40 
(1963): 3, pp. 78—86. 

This article follows on from the description of the automatic transmission 
measuring equipment for telephone circuits in Ericsson Review No. 2, 
1963. The present article describes the mode of operation and the units 
for measuring the circuit equivalent and circuit noise. 

UDC 621.3.054.3 
LME 8414 

CRONVALL, L: Economic Optimum in Design of Loaded and Unloaded 
Telephone Cables. Ericsson Rev. 40(1963): 3, pp. 87—92. 

The dimensioning of an unloaded telephone cable for physical circuits is 
dependent on the desired attenuation and the resistance. But an economic 
optimum problem is also involved, depending on how the cable cost at 
the desired attenuation varies with the mutual capacitance and conductor 
resistance. 

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



The Ericsson Group 

Associated and co-operating enterprises 

• E U R O P E • 

D e n m a r k 
L M Ericsson A/S Kibcnhavn F, 
Finsensvej 78, tei: Fa 6868, tgm: 
ericssons 
Telefon Fabrik Automatic A/S 
K»benhavn K, Amaliegade 7, tel: 
C 5188, tgm: automatic 
Dansk Signal Industri A/S K*ben-
havn F, Finsensvej 78, tel: Fa 
6767, tgm: signaler 

Finland 
O/Y L M Ericsson A/B Helsinki, 
Fabianinkatu 6. tel: A8282, tgm: 
ericssons, telex. 57-12546 

France 
Soci6t6 des Telephones Ericsson 
Colombes (Seine), Boulevard de la 
Finlande,tel:CHArlebourg 35-00, 
tgm: ericsson 

Paris 17e, 147 Rue de Courcelles, 
tel: CARnot 95-30, tgm: eric 
Ateliers Vaucanson, Paris XX, B. 
P. 28.20,tel:MENilmontant 83-40, 
tgm: atelcanson 

Grea t Br i ta in 
Swedish Ericsson Company Ltd. 
London, W. C. f, 329 High Hol-
born, tel: HOLborn 1092, tgm: 
teleric 
Production Control (Ericsson) 
Ltd. London, W. C. 1, 329 High 
Holborn, tel: HOLborn 1092, 
tgm: productrol holb 

Italy 
SETEMER, Soc. per Az. Roma. Via 
G. Paisiello -43, tel: 868.854. 
868.855, tgm: setemer 

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

FATME, Soc. per Az. Roma. C.P. 
4025 Appio, te l : 780021, tgm: 
fafme 

Nether lands 
Ericsson Telefoon-Maatschappij, 
N.V. Rijen (N.Br.), tel: 01692-555, 
tgm: erictel, telex: 44-14354 

Voorburg-Den Haag, 227 Koningin 
Julianalaan, tel: 8145 01, tgm: 
erictel-haag, telex: 31109 

N o r w a y 

A/S Elektrisk Bureau Oslo NV.P.B. 
5055, tel: Centralbord 46 18 20, 
tgm: elektriken, telex: 56-1723 

A/S Industrikontroll Oslo 1, 
Teatergaten 12, tel: Centralbord 
335035, tgm: indtroll 

A/S Norsk Kabelfabrik Drammen, 
P. B. 205, tel: 1285, tgm: kabel 

A/S Norsk Signalindustri Oslo, 
Bygdc alle 12, tel: Centralbord 
56 54 94, tgm: signalindustri 

Portugal 

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

Spain 

Cia Espanola Ericsson, S. A. 
Madrid 73,Torre de Madrid 3er 
piso, oficina 9, Plaza de Espano, 
tel : 241 1400, tgm : ericsson 

Sweden 

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

AB Alpha Sundbyberg. tel :282600t 
tgm: aktiealpha-stockholm 

ABErmi.Kar/skrona t. tel: 23010, 
tgm: ermibolag-karlskrona 

AB Rifa Bromma 11, tel: 26 26 10, 
tgm: elrifa-stockholm 

AB Svenska Elektronror Stock
holm 20, tel: 44 03 05, tgm: 
electronics 

L M Ericssons Driftkontrollaktie-
bolag Solna, tel: 27 27 25, tgm: 
ericdata-stockholm 

L M Ericssons Signalaktiebolag 
Stockholm Sv, tel: 68 07 00, tgm: 
signalbolaget 

L M Ericssons Svenska Fdrsdlj-
ningsaktiebolag Stockholm 1, Box 
877. tel: 22 31 00, tgm: ellem 

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

Sieverts Kabelverk AB Sundby
berg, tel: 282860, tgm: sieverts-
fabrik-stockholm 

Svenska Radioaktiebolaget Stock
holm 12, Alstromergatan 14, tel: 
22 31 40, tgm: svenskradio 

Switzer land 
Ericsson Telephone Sales Corp. 
AB, Stockholm, Zweignieder-
lassung Zurich Zurich, Postfach 
Zurich 32, tel: 325184, tgm: tel-
ericsson 

West Germany 
Ericsson Verkaufsgesellschaft m. 
b. H. Dusseldorf, Postfach 2925, 
tel: 844 61, tgm: erictel, telex: 
41-8587979 

- A S I A • 

India 
Ericsson Telephone Sales Cor
poration AB New Delhi f, P.O.B. 
669, reg.mail: 1/3 Asaf Ali Road 
(Delhi Estate Building),t«t:272312, 
tgm: inderic 
Calcutta, P. O. B. 2324, tel: 45-
4494, tgm: inderic 

Indonesia 
Ericsson Telephone Sales Cor
poration AB flandung, Djalan 
Dago 151. tel: 8294, tgm: javeric 

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

Lebanon 
Telefonaktiebolaget L M Erics
son, Technical Office Beyrouth, 
Rue du Parlement, Immeuble 
Bisharat, tel: 252627, tgm: ellem 

Turkey 
Ericsson Turk Ticaret Ltd. $irketi 
Ankara, Rumeli Han, Ziya G6-
kalp Cad., tel: 23170, tgm: ellem 

Istanbul, Istanbul Burosu, Liman 
Han, Kat 5. No. 75, Bahcekapi, 
tel: 22 81 02, tgm: ellemist 

• A F 

Egypt ( U A R ) 
Telefonaktiebolaget LM Ericsson, 
Egypt Branch Cairo, P. O. B. 2084, 
tel: 497 77. tgm: elleme 

Nor thern and Southern Rho
desia, Nyasaland 
LM EricssonTelephoneCo. (Pty.) 
Ltd. (Branch Office of LM Ericsson 
Telephone Co. Pty. Ltd. in Jo
hannesburg) Bulawayo, Southern 
Rhodesia, P.O.B. 1974, tel: 64 704, 
tgm: ericsson 

South Afr ica , South-West 
Afr ica 
L M Ericsson Telephone Co. Pty. 
Ltd. Johannesburg, Transvaal, P. 
O. B. 2440, tel: 975-3615, tgm: 
ericofon 

Tunisia 
Telefonaktiebolaget LM Ericsson, 
Technical Office Tunis, Borte Pos-
tale780, tel: 240520,1gm:ericsson 

. A M E R I C A • 

Argent ine 
Cia Ericsson S. A. C. I. Buenos 
Aires, Casilla de correo 3550,tel: 
33 20 71 , tgm: ericsson 
Cia Argentina de Telefonos S. A. 
Buenos Aires, Peru 263, tel: 
30 50 11, tgm: catel 
Cia Entrerriana de Telefonos 
S. A. Buenos Aires, Peru 263, tel: 
30 50 11, tgm: catel 
Industries Electricas de Quilmes 
S. A. Quilmes FNGR, 12 de Oc-
tubre 1090, tel: 203-2775, tgm: 
indelqui-buenosaires 

Brazi l 
Ericsson do BrasiI ComeVcio e 
Industria S. A. Rio de Janeiro, 
C. P. 3601. tel: 43-0990, tgm: 
ericsson, telex: Rio 155 

Canada 
LM Ericsson Ltd. Montreal 9, P.Q., 
2300 Laurentian Boulevard, City 
of St. Laurent, tel: 331—3310, 
tgm: caneric, telex: 1-2307 

Chile 
Cia Ericsson de Chile, S. A. 
Santiago, Casilla 10143, tel: 
825 55, tgm: ericsson-santiago-
dechile 

tgm: ericsson 

Ecuador 
Telefonos Ericsson C. A. Quitt 
Casilla 2138, tel: 16100, tgm: 
ericsson 
Guayaquil, CasiJIa 376, tel: 16892 
tgm: ericsson 

Mexico 
Telefonos Ericsson S. A. Mixict 
D.F., Apartado 9958, tel: 464640, 
tgm; coeric 

Industria de Telecomunicaci6n 
S.A. de C.V. Mexico 6, D.F., Lorni-
res No. 47, (el: 250405, tgm; j n . 
dustel 

Peru 
Cia Ericsson S. A. Lima, Apartado 
2982, tel: 34941. tgm: sricsion 
Soc. Telef6nica del Peru, S. A. 
Arequipo, Apartado 112, tel: 6060, 
tgm: telefonica 

Uruguay 
C(a Ericsson S. A. Mon/en'deo, 
Casilla de Correo 575, tel: 9-24-
11, tgm : ericsson 

USA 
The Ericsson Corporation Ntw 
York 17, N. Y., 100 Park Avenue, 
tel: Murray Hill 5-4030, tgm-
erictel, telex: NY 224135 
North Electric Co. Galion, Oh'f 
P. O. B. 417, tel: Howard 8-2420| 
tgm: northphone-galionohio, tel
ex: 586-U 

Venezuela 
Cia Anonima Ericsson Caracal, 
Apartado 3548. tel: 543121, tgm: 
ericsson 
TeleTonos Ericsson C. A. Caracat, 
Apartado 3548, tel: 5431 21, tgm: 
tevela 

• AUSTRALIA & OCEANIA t 

Austra l ia 
L M Ericsson Pty. Ltd. Melbourne 
C 1 (Victoria), 20 Collins Street, 
tel: 63 5646, tgm: ericmel 
North Sydney (NSW), 182 Blue's 
Point Road, tel: 92—1147, tgm: 
ericsyd 
Teleric Ply. Ltd. Melbourne C 1 
(Victoria), 20 Collins Street, tel: 
635646, tgm: teleric 
North Sydney (NSW), 182 Blue's 
Point Road, tel: 92—1147, tgm: 
teleric 

Agencies 
. E U R O P E • 

Belgium 
Electricity et M^canique Su^doi-
ses 6ruxe//es 5, 56 Rue de Stassart, 
tel: 111416, tgm: electrosuede 

Greece 
"ETEP" S. A. Commercials & 
Technique Athens 143, 57, Aka-
dimias Street, tel: 629.971, tgm: 
aeter-athinai 

Iceland 
Johan Rbnning H/F Reykjavik, 
P. O. B. 45. tel: 14320, tgm: 
ronning 

I re land 
Communication Systems Ltd. 
Dublin 4, 138 Pembroke Road, 
Ballsbridge, tel: 680787 tgm: 
crossbar 

Yugoslavia 
Merkantile Inozemna Zastupstva 
Zagreb, PoJt pretinac 23, tel: 
36941. tgm: merkantile, telex: 
02-139 

• A S I A • 

B u r m a 
Burma Asiatic Co. Ltd.. Ericsson 
Department Rangoon, P.O.B. 1008, 
tel: 10999. tgm: ericsson 

C a m b o d i a 
The East Asiatic Company Ltd. 
Pbnom-penh, P.O.B. 129. tel: 
762-1070-1071, tgm: pyramide 

Ceylon 
Vulcan Trading Co. (Private) Ltd. 
Colombo 1, New Caffoor Building, 
40, Church Street, tel: 36-36, tgm: 
vultra 

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

Hong Kong 
The Swedish Trading Co. Ltd. 
Hongkong, P. O. B. 108, tel: 
35521-5, Igm: swedetrade 

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

I raq 
Usam Sharif Company W.L.L. 
Baghdad, Sinak-Rashid Street, tel: 
870 31, tgm: alhamra 

Japan 
Gadeiius & Co. Ltd. Tokyo C, 
P. O. B. 1284. tel: 408-2131, tgm: 
goticus, telex: 19079 

Jordan 
The Arab Trading & Develop
ment Co., Ltd. Amman, P. O. B. 1, 
tel: 25 981, tgm: aradeve 

Korea 
Gadeiius & Co. Ltd. Seoul. I. P.O. 
Box 1421, tel: 2—9866, tgm : gade-
liusco 

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

Lebanon 
Swedish Levant Trading (Elie 
B. Helou) Beyroum, P. O. B. 931, 
tel: 231624. tgm: skefko 

Pakistan 
Vulcan Industries Ltd. Karachi 
City, West Pakistan, P. O. B. 
4776, tel: 325 06, tgm: vulcan 

Philippines 
U.S. Industries Philippines Inc. 
Mamla P. R., P. O. B. 125, tel: 
889351, tgm; usiphil 

Saudi A r a b i a 
Mohamed Fazil Abdul la Arab 
Jeddah, P. O. B. 39, tel: 2690. tgm: 
arab 

Singapore and Ma laya 
The Swedish Trading Co. Ltd. 
Singapore 1, 42 Chartered Bank 
Chambers, Battery Road, tel: 
94362, tgm: swedetrade 

Syria 
Georgiades, Moussa & Cie Da-
mas, Rue Ghassan, Harika, tel: 
1-02-89, tgm: georgiades 

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

V ie tnam 
Vo Tuyen Dien-Thoai Viet-Nam, 
Saigon, 34 Dai-lo Thong-Nhut, 
tel: 20805, tgm: telerad 

Mozambique 
J. Martins Marques Lourenco 
Marques, P. O. B. 456, tel: 5953, 
tgm: tinsmarques 

Niger ia 
I.P.T.C. (West Africa) Ltd. Lagos, 
P.O.B. 2037, tel: 26531, tgm: 
consult 

Sudan 
TECOMA Technical Consulting 
and Machinery Co. Ltd. Khar
toum, P.O.B. 866. tel: 2224, ext. 
35, tgm: sutecorma 

• A F R I C A . 

Ethiopia 
Swedish Ethiopian Company 
Addis Ababa, P. O. B. 264, tel: 
11447, tgm: etiocomp 

Ghana 
The Standard Electric Company 
Accrd, P.O.B. 17, tel: 627 85, tgm: 
standard 

Kenya, Tanganyika , Uganda, 
Zanz ibar 
Transcandia Ltd. Nairobi, Kenya, 
P.O. B. 5933. tel: 21931. tgm: 
transcanda 

Liberia 
Swedish Agencies Liberia Co. 
Monrovia, P.O.B. 506, tel: 745, 
tgm: salco (Except sales to public 
institutions) 

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

Mauri t ius 
Mauritius Trading Co. Ltd. Port 
Louis, P.O.B. 201, tgm:agentou 

Morocco 
Elmar S. A.—SEYRE Tangier, 
Francisco Vitoria, 4, tel: 122-20, 
tgm: elmar 

A M E R I C A • 

N icaragua 
Edmundo Tefel Managua, O.N., 
Apartado Postal 24, tel: 3401, 
tgm: edfelco 

Panama 
Sonilel, S. A. Panama, R. de P., 
Apartado 4349, tel. 5-3640, tgm: 
sonitel 

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

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

Bolivia El Salvador 
Johansson & Cia, S. A. La Paz, Dada-Dada & Co. San Salvador, 
Casilla 678, tel: 2700, tgm: jo- Apartado 274, tel: 4860, tgm: 
hansson dada 

Costa Rica Sur inam 
Tropical Commission Co. Ltd. San C. Kersten & Co. N. V. rV*-
Jose, Apartado 661, tel: 3432, maribo, P. O. B. 1808, tel: 4444, 
tgm: troco tgm: kersten 

Curacao N. W . I. T r in idad , W . I. 
S. E. L. Maduro & Sons, Inc. Leon J Ache" Ltd. Pert-of-Spaln, 
Curacao, P. O. B. 172, tel: 1200. 100 Frederick Street, tel: 32357 
tgm: madurosons-willemstad tgm: achegram 

Dominican Republic 
Garcia & Gautier, C. por A. 
Sanfo Domingo, Apartado 771, 
tel: 3645, tgm: gartier 

Gua tema la 
Nils Pira Ciudad de Guatemala, 
Apartado 36, tel: 62258, tgm: 
nilspira-guatemala 

Honduras 
Quinch6n Le6n y Cia Teguci
galpa, Apartado 85, tel: 1229, 
tgm: quinchon 

Jamais 
Morris 
354, tel 

USA 
Clark Walter Corporation New
ark 2, N. J., 744 Broad Strest, 
tel: Mitchell 3-7333, tgm: wire-
walter-newarknj. (For intercom) 
State Labs. Inc. New York 3, N. Y-, 
215 Park Avenue South, tel: Ore
gon 7-8400, tgm: statelabi (For 
electron tubes) 

• A U S T R A L I A & O C E A N I A * 

N e w Zea land 
ASE A Electric f N T\ Ltd. We/linf 

ld-
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