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A New Method of Construction for 
Transmission Equipment 
III. Electrical Components 
P O H A R R I S & N HELLKVIST , T E L E FO N A K T I E BO L A G ET L M ERICSSON, STOCKHOLM 

UDC 621.395.44:621.104 
LME 72, 73, 84 

This article describes a selection of the most important electrical components 

used in L M Ericsson's new method of transmission equipment construction. 

Some of these components have been developed and are manufactured by 

L M Ericsson, others have been developed within the group but are manu

factured by outside firms, while a third class, perhaps with a small turnover 

but nevertheless needing special equipment, is both designed and manufactured 

by outside firms. The construction of the components and their most important 

characteristics are described, especially those which have been a deciding 

factor in the choice of component type. 

Fig . 1 X 8250 

Average time between failures in an equipment 

as a function of its number of components and 

their grades of reliability 

Reliability grade R - - 1.5 ",, per 1 000 hours 

S — 0.5 % per 1 000 hours 

D S — 0.15 ",, per 1 000 hours 

T — 0.05 % per 1 000 hours 

DT—0.015 % per 1 000 hours 

U —0.005 % per 1 000 hours 

General 
Since World War II, rapid development has taken place in the component 

field. Electrical components used earlier in important electrical equipment 
often had to be drawn from the entertainment industry, where requirements 
for reliability and high performance usually took second place to ease of 
manufacture or low cost. As military and industrial electronics have increased 
in volume and importance, component manufacturers have come to appreciate 
the requirements of these fields and have also started producing high-grade 
components. This has eased the situation for manufacturers of transmission 
equipment who formerly often were compelled to try to produce high-quality 
components in relatively small batches, resulting in high manufacturing costs. 

But component development has not only been affected by the demand for 
reliability. Many new materials and methods have led to a reduction in 
component size concurrently with the improvement in performance. For 
carrier technique the most important advances have been the introduction of 
ferritc materials and semiconductors. These allow reduced equipment dimen
sions, improved performance and lower costs of operation and maintenance. 
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Among other fields which have undergone a rapid development is that of 
capacitors, where new plastic materials permit smaller size and where vapour 
deposition of metal in vacuum has revolutionized manufacturing processes. 
This has resulted in capacitors with new and more desirable characteristics. 

The equipment used in transmission technique is as a rule very complex 
and contains a great many parts, some of mechanical and some of electrical 
character. The mechanical items have already been dealt with in an earlier 
article, but some of them (contacts) have also a very important electrical 
function, so they will also be discussed here. In a single connexion many 
thousands of components with electrical functions may be involved, and it 
is important that they all work properly, since failure in a single one can 
result in a faulty connexion. Fig. 1 shows the relationship between equipment 
complexity and the average time between failures for various values of com
ponent reliability. The reliability is usually expressed as the percentage failing 
in unit time, normally percentage per 1 000 hours. It can be seen from the 
diagram that the average time between failures falls rapidly as the number of 
components in an item of equipment rises, for a given component reliability. 

Transistors 
When the transistor was born 12 years ago, it was asserted that a component 

with very good efficiency and very long life had appeared - it was even said 
that its life ought to be unlimited. Comparisons were made with the electron 
tube, whose cathode wears out during use, and it was supposed that since no 
material is used up in the transistor, its properties ought to remain unchanged 
with time. But it soon transpired that the idea of unlimited life was not fulfilled 

Fig . 2 X 8260 

VariaMon of current amplification with time 
for 20 ordinary transistors with 30 mVV dissi
pation at room temperature 

The figures above the curves give the number of trans

istors left after elimination of catastrophic failures. 
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Variation of current amplification with time 
for 20 high-quality transistors with 150 mW 
dissipation at room temperature 
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in practice: a number of secondary phenomena interfered with operation. 
Manufacture turned out to be a very delicate job needing great care and 
cleanliness. The transistor element was found to be affected by gases, especially 
water vapour, so that hermetic sealing was necessary. Today's transistors differ 
considerably from those first produced, not only in that the original type (the 
point contact transistor) have been abandoned in favour of later forms (the 
junction transistors), but also due to experience gained in how the various 
parts and finished units should be treated in order to get good results. 

Transistors have from the start been used in equipment where their small 
volume and lower power consumption have been important, e.g. in portable 
receivers, hearing aids etc. In such relatively simple equipment defects in 
quality are less noticeable. Ordinary transistors have a failure rate of the order 

Fig. 4 x 256i 0 j [ t 0 |o f/ p £ r j QQO n o u r s ; these failures comprise both catastrophic faults 
Transistors mounted on lead spacer (left) and (short-circuits between transistor electrodes, open-circuits inside the envelope 
on heat sink (right) etc.) and also severe deterioration of characteristics (increase in leakage current, 

changes in current amplification etc). Fig. 2 shows the results of laboratory 
investigations of such types of transistors. A batch of 20 transistors was 
operated with 30 mW dissipation at room temperature. Various characteristic 
data were measured at intervals: the diagram shows the median, maximum 
and minimum values of current amplification as a function of time. It can be 
seen that the changes were very large and several catastrophic failures accurred. 

Transistors for use in transmission equipment must have considerably higher 
reliability. Fig. 3 shows the result of an aging test on 20 good-quality transistors 
with 150 mW collector dissipation at room temperature. It will be seen that 
changes are quite insignificant and no catastrophic failures occurred. The 
same type of curve was also obtained for other types of life test, e.g. shelf life 
at high temperatures, + 100° C. 

Various tests on transistors of more or less high quality have shown that 
the stresses on transistors, and hence the fault rate, increase with the tem
perature of the semiconductor element. It is therefore important to keep the 
temperature as low as possible, and fig. 4 shows a transistor used mainly in 
transmission equipment and provided with a simple plastic lead spacer, and 
the same transistor provided with a heat sink. Such a heat sink lowers the 
excess temperature due to power dissipation in the transistor by 40 %, and 
is used as soon as the collector dissipation exceeds some tens of milliwatts. 

Diodes 

Modulator Diodes 
A component of basic importance for transmission technique is the modu

lator diode, used in the ring modulator for frequency translation of channels 
or groups of channels. Before the advent of monocrystalline diodes, electron 
tube diodes or copper oxide rectifiers were used: neither of these types was 
precisely ideal because of their large changes in forward resistance with age. 
Nowadays germanium diodes are used and offer significant advantages. In 
L M Ericsson's new method of construction they are mounted in sets of 4 as 
sub-assemblies, as shown in fig. 5. 

If the four diodes in a ring modulator exhibit inequality of forward 
resistance, a direct carrier leak through the modulator occurs. Careful sorting 
of the diodes is necessary for all four forward characteristics to match. But 
even when a matched set of diodes has been selected, it is essential that the 
stability of their forward resistances be such that they stay well balanced in 
spite of aging. To investigate stability, the forward resistances of pairs of 
diodes were compared in a bridge circuit and the unbalance voltage measured 

Fig. 5 x 2567 

Diodes and cracked carbon film resistors, 

mounted in sub-assemblies 

I nmounted resistors in the foreground 
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„ . X 2546 
F ' g - 6 X 2547 

Distribution curve of unbalance voltage, when 
forward resistances of a pair of diodes are 
compared in a bridge, as a function of aging 
by temperature cycling between I 70 C and 
— 20 C 
a) for an ordinary entertainment type 
b) for special diodes for transmission service 
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for a given applied voltage. Fig. 6 shows how this unbalance voltage varies with 
time during temperature cycles of from + 70° C to - 20° C, for an ordinary 
type of diode for entertainment applications and for a special type of diode 
developed for transmission purposes respectively. Jt can be seen that the 
unbalance voltage increases rapidly for the entertainment type, whereas for the 
special type the changes are so small as to lie within the limits of measurement 
accuracy, due to the differences of temperature between successive measure
ments. 

Rectifier Diodes 
For power rectifiers the silicon diode has nowadays replaced the rectifier 

tube and the selenium rectifier. Fig. 7 shows, above, three different sizes of 
silicon rectifier for 0.75 A, 3 A and 10 A rectified d.c. respectively. Some of 
the advantages of silicon diodes are low forward voltage drop, high permissible 
reverse voltage, and small dimensions. This means high efficiency and low 
power dissipation in the rectifier units, while at the same time transformer 
construction is simplified since voltage tappings, required with selenium 
rectifiers to compensate for aging, are no longer needed. 

Fig . 7 X 2568 

Silicon rectifiers (above) for 0.75 A, 3 A and 
10 A rectified d.c, Zener diode for 1.25 W dis-

Zener Diodes 
The Zener diode is a semiconductor component whose properties allow 

many applications: it makes use of a constant reverse breakdown voltage for 
voltage stabilizing. Two Zener diodes are shown in fig. 7, below, one for 
250 mW dissipation and the other for 1.25 W. The permissible dissipation of 
the latter can be increased by the use of a heat sink up to some 5 W. Various 
Zener voltages in the range 5 to 100 V can be obtained by doping the silicon 
crystal with suitable amounts of impurity, and Zener diodes can therefore be 
used either for voltage stabilizing or for protection against overvoltages in 
sensitive equipment. 

Resistors 
Transistorizing of transmission equipment has meant a great decrease in 

the need of resistors with high values of resistance and for higher dissipation. 
More than 95 % of all resistors dissipate less than 0.25 W, and therefore only 
two types of cracked carbon resistors have been standardized-see fig. 5. The 

sipation, and (below) for 250 mW dissipation smaller type is rated by the manufacturer at a nominal V„ W and the larger 
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Change in resistance of cracked carbon film 

resistors during damp heat test : + 40 C, 90— 

95 % RH, with a small d.c. voltage across the 

resistors (negligible heat developed) 

at 2 W. To increase reliability, the maximum dissipation permitted in our 
equipment is 0.25 W and 1 W respectively. The resistors are either mounted 
directly on the printed wiring card or in sub-assemblies, as seen in fig. 5. 

Only tolerances of ± 2 and ± 5 % are permitted, thus keeping down the 
profusion of resistor values needing to be kept in stock. This also means of 
course that larger batches of resistors of the same value are produced, 
resulting in better quality. Naturally the demands on stability and reliability 
are equally exacting. Fig. 8 shows change in resistance as a function of time 
for cracked carbon resistors during a damp heat test at + 40° C with a relative 
humidity of 90-95 %. It can be seen that the stability is very good: resistance 
changes are less than 2 % for resistors up to 1 megohm during up to one 
year's testing. Such a severe strain never occurs in actual operation. The 
higher values of resistance naturally exhibit greater changes than the lower, 
since the carbon layer is thinner. During the test a small d.c. voltage is applied 
across the resistor, since it has been found that under humid conditions this 
can give rise to electrolytic corrosion in resistors from many manufacturers. 
This voltage is so low, however, that heating of the resistor is negligible. 

Magnetic Components 
Amongst the components used in transmission equipment, those whose 

earlier design was least suited to printed wiring were magnetic components, 
i.e. inductors and transformers: it has therefore been necessary to redesign 
them completely. At the same time better performance and smaller dimensions 
were sought. By a happy coincidence the development of ferrite materials now 
permits the realization of more complex core shapes having better character
istics without any undue increase in cost-in fact in some cases costs are 
actually decreased due to the elimination of the expensive process of inter
leaving cores of thin laminations. 

Besides the new ferrites, other advances in materials have been exploited, 
for instance thermo-setting resins for uniting component parts, and plastic or 
ceramic materials for coil bobbins and holders. In this connexion moisture 
protection and corrosion questions have been carefully studied: to achieve 
good resistance to moisture and corrosion all inductors and transformers are 
vacuum-impregnated with suitable wax. It is also an advantage that ferrite 

pjg, 9 X 8259 

Above: Ferrite-cored adjustable inductors for 

printed wiring: 

1. to r. REG 112, REG 111, REG 101 

Below: Ferrite-cored transformer for printed 

wiring: 

I. to r. REG 203, REG 301, REG 302 
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Relative dissipation 
actor 

10 10 10 10 10 c/s 

Frequency 

F ig . 10 X2549 

Relative dissipation factor as a function of fre
quency for: 

A MnZn-type ferrite with fJL - 1200 

B MnZn-type ferrite with// 600 

C NiZn-type ferrite with/t = 100 

D Carbonyl iron dust with/t = 15 

E Carbonyl iron dust with/( -- 60 

materials are inherently inert to moisture and resistant to corrosion, in contrast 
to the carbonyl iron cores used earlier. 

The forms chosen for the magnetic components which make them suitable 
for printed wiring cards can be seen in fig. 9. One naturally wants to utilize 
a given space as effectively as possible, while at the same time allowing for 
connexion of leads to the soldering tags in the most rational way, and pro
viding a simple fixing to the wiring card. When almost entirely closed ferrite 
pot cores are used, an inductor has to have a separate holder with soldering 
tags fixed on its under side. For transformers, (fig. 9, below) where the bobbin 
is only partially enclosed by the core, it has been possible to fix solder tags 
directly into the bobbin. This also leads to simplified production, since the 
winding leads can be connected directly to the tags at the winding stage. 

The smaller components are fixed to the wiring card by their soldering 
tags only: the heavier components are additionally secured by a fixing bracket. 
Results of mechanical tests show that this ensures the equipment being safe 
against all the shocks and vibrational strains of transport, loading and un
loading, etc. 

Core Material 
One of the principal limitations on performance of earlier magnetic com

ponents was eddy current losses in the core material. Various means of 
reducing these have been tried-for inductors by the use of finely divided iron 
dust, held together by a binding agent, and for transformers by the use of thin 
insulated tape or laminations. This limitation due to eddy current losses is 
normally absent for ferrites due to their high resistivity. The losses which 
instead are significant are frequency-dependent residual losses; it is the sum 
of these plus the copper losses which determine the performance (Q-factor) 
achievable with the magnetic components. 

Relative parallel 
permeabiiity 

tgS 

10 
1(f 10* 10° 10° 10 c/s 

Frequency 

F i g . 11 X2550 

Relative parallel permeability fip and dissipa
tion function (tan 8) oifip as a function of fre
quency, for nickel-iron laminations of different 
thicknesses and for MnZn-ferrite with/) =2000 

Fig. 10 shows a comparison between the relative dissipation factors 
(tan 6)1 a for three typical ferrite materials and two very common grades of 
carbonyl iron dust. The quantity (tan 8)1 u, is characteristic for the losses of the 
material and is independent of the air gap and material permeability. An 
inductor with a given magnetic circuit-a particular air gap and thus a defined 
value of effective permeability /([,ff-has core losses for different core materials 
which are directly proportional to (tan b)la. It will be seen from the curves 
that within the entire frequency range 1 kc/s to 10 Mc/s. inductors can be 
made with ferrite cores having lower core losses than with the carbonyl iron 
dust cores previously used. 

Besides the lower dissipation factor due to after-effect and eddy current 
losses, ferrites have also lower hysteresis losses and lower harmonic distortion 
than carbonyl iron, which is of great importance in certain applications. 

To assess the effect on the losses in a transformer of the magnetic material 
of its core, it is convenient to consider the equivalent circuit of the core as a 
parallel combination of an inductance and a dissipation resistance shunted 
across the transformer load. Fig. 11 shows the corresponding parallel perme
ability uv as a function of frequency for nickel iron laminations of thickness 
0.40, 0.07 and 0.03 mm (16, 2.8 and 1.2 mils), and for a typical transformer 
ferrite. The dashed lines on the same diagram show the dissipation function 
(tan d)/cofip. For a given type of transformer with a given number of turns, 
the loss due to magnetic dissipation is proportional to this function. It can be 
seen that the loss is appreciably lower with the ferrite core. The latter also 

2 * — 1 0 3 0 8 0 1 



gives considerably smaller variations in loss over the frequency band 0.1 to 
1 Mc/s than, say, the 0.07 mm nickel iron laminations, and is, moreover, 
economically preferable. Because of the high cost of handling and interleaving 
thin stampings, 0.03 mm nickel iron was only used in the form of reeled tape 
cores. 

Inductors 
The high permeability and good magnetic properties of ferrites have made 

it possible to produce inductors with considerably reduced dimensions com
pared with their electrical equivalents using carbonyl iron dust. Fig. 12 makes 
this clear: three new inductor types are shown for comparison with three older 
types with respectively corresponding performance. The reduced size and 
changed design of the inductors has led to simplification of the actual winding 
process and to a reduction in the amount of copper used by over 80 %. 

For inductors it is seldom possible to exploit the high permeability of 
ferrites, because an air-gap must be included (usually placed in the centre of 
the core): this air-gap results in a reduction not only in the effective perme
ability but also in undesirable features such as instability, dissipation and 
temperature dependence. A further advantage of the air-gap is that a small 
movable piece of ferrite can be inserted there for trimming. This gives a con
venient way of taking up the manufacturing tolerances, both of inductors and 
also of associated capacitors, by adjustment of tuned circuits to the desired 
resonant frequency. Earlier designs used adjustment of the number of turns 
during manufacture to obtain the desired inductance, and adjustment of the 
resonant frequency had to be made either by variable trimmer capacitors or 
by connecting up separate adjusting capacitors. Using a trimmer core, an 
inductance variation of some 10 % can be obtained without significantly 
altering the stability or Q of the inductor, and adjustment sensitivity is better 
than 0.01 %. Another possibility of adjustment of inductance during manu
facture is by altering the air-gaps by grinding the core, and since this involves 
no change in the winding, it provides a convenient and rational method for 
coarse adjustment. 

Using a trimmer core must not. of course, be allowed to make stability or 
dependence on temperature worse. The trimmer mechanism must therefore be 
firmly fixed and constructed so that no movement can occur due to vibration 

Fig. 12 x 8255 

Inductors with ferrite cores for printed wiring 
and earlier types with equivalent performance 
using toroidal carbonyl iron dust cores 
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X 8256 
X 8257 Fig. 13 

Exploded view of ferrite inductors: lef, smal 

ler type REG 111; right, larger type REG 101 

days 
Time 

X 2551 Fig. 14 

Change in inductance of a ferrite inductor 

with aging, by temperature cycling between I-

55 and —20 C, as a function of the number 

of cycles 
A for inductor without trimmer 

B for inductor with trimmer 

Fig . 15 X 2552 

Dissipation factor tan d as a function of fre

quency for three ferrite inductors 

A, REG 101 ; B, REG 111; C, REG 112. 

Fig. 16 X 2553 

Dissipation factor tan d as a function of fre

quency for three designs of ferrite inductor type 

REG 111 
A Inductor designed for best Q at 500 kc/s 

B Do. at 150 kc/s 

C Do. at 25 kc/s 

1000 

tgj-1u* 

or shock, or due to changes in temperature or humidity. Fig. 13 shows exploded 
views of two types of inductor to show the assembly of the various parts. 

In the smaller inductors, the holder serves as support for the trimmer core, 
which has a plastic screw thread. A special fixture (Swedish patent No. 172 073) 
takes up play and makes the trimmer screw insusceptible to vibration, yielding 
a trimming arrangement producing practically no degradation of the inductor 
stability. Fig. 14 shows the change of inductance with time, with a daily 
temperature cycle between + 55° C and - 2 0 ° C, for inductors with and with
out a trimmer core. It will be seen that the changes are very small and the 
differences between the inductors with and without a trimmer are practically 
negligible. 

For larger inductors trimming is done by a plastic tape carrying a layer of 
ferrite of gradually decreasing thickness. This tape is drawn through the air-
gap till the desired inductance is obtained and is then fastened under the 
fixing clamp, A fixing clamp is used for every type of inductor and has a 
twofold function: to earth the core and to improve the mechanical stability 
of the inductor. 

Fig. 15 shows the dissipation factor tan S = l/Q as a function of frequency 
tor the three types of inductor in the frequency range 20 to 500 kc/s. Each of 
the coils concerned has been designed so that its losses are lowest at 100 kc/s. 
It can be seen from the curves that at lower frequencies the dissipation factor,, 
which is there largely determined by the ratio between the d.c. resistance of 
the winding and its inductance (i.e. R„/L), is inversely proportional to the size 
of the coil. At higher frequencies (above the minimum of the dissipation fac
tor) where the losses are mainly determined by losses in the ferrite, eddy 
current losses in the winding and self-capacity losses, the three types of in
ductor are more nearly equivalent. Fig. 16 shows the relationships for three 

Fig. 15 

1000 

tgS-1(J 

Fig. 16 
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Fig. 17 X 2566 

Ferritc transformer with X-core REG 301, and 

earlier type of transformer RKK 131 using core 

of E-I laminations 

different designs based on the same type of inductor, REG III: these inductors 
have been designed for minimum losses at 25, 150 and 500 kc/s respectively 
by suitable choice of core material and air-gap. The curves show that maximum 
values of Q of 300, 400 and 600 respectively at the above frequencies can be 
obtained with this design. 

Inductors with ferrite pot cores have a very low leakage field, i.e. they are 
magnetically self-screening, since the shape of the core is entirely closed and 
the permeability of the material is high. They can therefore be regarded as 
practically equivalent to toroidal inductors, and can be mounted as closely 
packed together as the mechanical construction allows without any separate 
screening between them, without giving rise to excessive crosstalk. These cores 
are considerably better than the pot cores made from iron dust used previously, 
in which the low permeability caused high leakage, thus making external 
screening of the inductors with sheet metal shields necessary, with resulting 
increased dimensions and losses. 

Fig. 18 

Exploded views of ferrite 

X 2563 

cored transformers 

Transformers 
In the same way as for inductors, ferrites used in transformers permit 

significantly reduced dimensions compared with earlier technique. Fig. 17 
shows an earlier design, assembled with a laminated core, compared with a 
modern ferrite transformer whose volume is only 40 % of the other but 
nevertheless has a better performance. 

Three sizes of transformer are used in the new construction for both audio 
and carrier frequency applications: these are shown in fig. 9, below. The 
smallest is assembled using conventional E-cores, but the two larger use an 
entirely new core shape called the X-core (Swedish patent No. 164 591). The 
simplicity of assembly of the transformers can be seen from fig. 18, which 
also shows the core shapes. The X-core uses the four corners of the square 
space it occupies as the return paths for the magnetic flux through the centre 
of the core. This constitutes a very favourable magnetic circuit comparable 
with that of a pot core, while at the same time the winding space extends to 
the outside edges of the core, which is not possible with the pot core. Due to 
the square form, good utilization of space is obtained when assembling units, 
so that even though the magnetic circuit is not entirely closed, the value of 
RJL obtained for an X-core is somewhat lower than that for a pot core 
occupying the same rectangular volume. A conventional E-I core for the same 
volume has about double the value of RJL compared with an X-core. 

5 10 2 5 10 2 5 10 2 5 10 

c/s 

Frequency 

F i g . 19 X 2554 

Loss as a function of frequency for two trans

formers designed for the same minimum loss 

A Ferrite cored transformer REG 301 
B Earlier type of transformer REG 231 ( « REK 131) 

Due to the more or less closed form of magnetic circuit in the X-core, the 
transformers have a low external leakage field; although not quite as low as 
for pot cores, nevertheless considerably lower than for E-I or similar cores. 
Thus crosstalk between two X-cores is about 15 db higher than between two 
pot cores but about 20 db lower than between two E-I cores, measured under 
similar conditions. 

The compact assembly of the X-core results in a favourable relationship 
between primary inductance and leakage inductance, and this gives the 
transformer a large bandwidth. Fig. 19 shows the insertion loss as a function 
of frequency for two transformers, one designed with an X-core and the other 
with an E-I core. The same core material was used for both, and both have 
been designed for the same minimum loss in the band, about 0.2 db. It will be 
seen that the X-core covers a wider band, both at high and low frequencies, 
in spite of the E-I core having a volume 21/2 times as large as the X-core. 

These transformer cores, like pot cores, can be given an air-gap in their 
central limb. This is needed when the windings carry d.c. or when trans-
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formers with close tolerances on inductance are required. Adjustment of in
ductance can be carried out by grinding the centre limb. 

For comparing the performance of different transformers, it is convenient 
to define two quantities Q., and Qa as follows: 

where G = winding space (cross-sectional area) 
/„, = mean length of winding turns 

lFe = length of flux path in magnetic circuit 
» = relative permeability of magnetic material 
a — leakage factor for fully-wound transformer having two windings 

with no space between them 
«„. = axial dimension of winding space 
bw = radial dimension of winding space 

The quantity Q.„ which is proportional to L/Rlt, is a measure of the trans
former performance as regards minimum insertion loss: the quantity Qg is a 
measure of the transformer bandwidth. The quantity Q., depends on dimen
sions; if the same relative proportions are maintained, it increases with the 
square of the linear dimensions, i.e. as the two-thirds power of the volume. 
Q2 and Qa for the three new transformers and for an earlier transformer with 
an E-I core are compared in table 1. This table also gives the various space 
requirements. 

Table 1. Comparison between performance of different transformers. 

The smallest transformer has been included for applications where per
formance requirements are less exacting, and where the small space occupied 
and lower cost are of greater importance than performance. 

Capacitors 

Filter capacitors 
Transmission technique has a great need of capacitors with low losses, close 

capacitance tolerances, good stability and temperature independence. It has 
long been the practice to use mica capacitors for this purpose, but for higher 
values they become large and expensive. By using a dielectric of plastic or 
ceramic, new types of capacitors can be made which can compete with mica 
capacitors for filter applications. In particular polystyrene is being used: 
polystyrene capacitors have been dealt with in an earlier article in Ericsson 
Review No. 2, 1954. Ceramic capacitors have up to now been used to a very 
small extent, since most ceramic capacitors manufactured today are intended 
for entertainment applications, where the demands on quality are not parti
cularly high. Poor protection against moisture is especially troublesome, giving 
rise to problems with silver migration, capacitance instability and risk of 
short circuits. 

The mica capacitors used in L M Ericsson's new transmission equipment 
construction are shown in fig. 20 (above): it will be seen that they are de-
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signed for use with printed wiring. This type is a recent development and is 
very reliable. This reliability has been achieved by assembling the capacitor 
from silvered sheets of mica, impregnating with thermo-setting plastic, and 
finally coating with a special dipping varnish which gives a particular good 
protection from moisture. 

Fig. 21 x 2570 

Epoxy resin impregnated paper capacitors 

(above) and metallized paper capacitors 

Two different types of polystyrene capacitor are used, as shown (below) 
in fig. 20. The two capacitors at the bottom have no external case; the one 
in the centre has an aluminium casing filled with epoxy resin. Polystyrene 
capacitors exhibit very good capacitance stability and low dissipation factor; 
they have a negative temperature coefficient of about 140 X 10 | ;/°C, which 
gives a fairly good compensation in filter circuits of the positive temperature 
coefficient of inductors. The unprotected polystyrene capacitors vary to some 
extent in capacitance according to the relative humidity of the surroundings: 
a capacitance increase up to about 1 % can occur. They are therefore only 
used in circuits where this capacitance drift can be tolerated without degrading 
circuit performance below acceptable limits. In any position demanding better 
capacitance stability under varying climatic conditions, the potted capacitors 
are used: their instability during prolonged aging tests has been found to be 
less than ± 0.2 %. 

Paper capacitors 
Two types of paper capacitor are used in L M Ericsson's new transmission 

equipment construction. One seen in fig. 21 (above), is built up like a con
ventional paper capacitor by winding two or three layers of paper with 
aluminium foil electrodes and connexion strips. However, to increase contact 
reliability at low operating voltages, the connexion strips are welded to the 
electrodes so that there is no risk of open circuits. In paper capacitors used 
previously, the connexion relied on contact pressure with the aluminium foil. 
An oxide layer can form over the foil and lead to an open-circuit if the a.c. 
operating voltage is too low to break down the oxide layer. It should be noted 
that even though the capacitor is maintained charged by a relatively high d.c. 
voltage, this does not result in any fritting of the points of contact. 

20 50 100 
days 

Time 

Fig. 22 X 2555 

Insulation resistance of epoxy resin impregnat

ed paper capacitor 1000 pF as a function of 

time during damp heat test at — 55 C and 95 

—100 "„ R H 

The capacitor is impregnated with thermo-setting epoxy resin, which means 
that there is no liquid impregnating material: this epoxy plastic also acts as 
moisture protection. To increase the efficacy of protection against moisture, 
an aluminium foil layer is wound outside the capacitor proper and covered by 
the plastic. This considerably reduces the area of plastic through which water 
vapour can diffuse, leaving only the ends (where the plastic is comparatively 
thick) where moisture can get in. Fig. 22 shows the insulation resistance of a 
capacitor of 1,000 pF undergoing a damp heat test, in accordance with IEC 
publication No. 68, at + 55 C and 95-100 % relative humidity. It can be 
seen that the insulation resistance is practically unaffected by moisture after 
20 days, and even after 100 days' testing the insulation resistance is still as 
high as 100 megohms. This value of capacitance, 1 000 pF, represents the 
lower limit of the range of values in which this type of capacitor is made, and 
since it has the most unfavourable surface/volume ratio, it is the most sensitive 
to moisture. 

The epoxy-resin impregnated paper capacitor is equally as good from the 
point of view of breakdown voltage as paper capacitors with liquid impregnat
ing substances, and superior to those types of capacitor with polyester foil as 
dielectric which have appeared on the market. It is also of simpler construction, 
and its independence of mechanical sealing, bushings through metal cases etc, 
make for better reliability against moisture. 

The other paper capacitor used is a metallized paper type, shown in fig. 21, 
below. Here it has been possible to reduce dimensions considerably by covering 
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the paper dielectric with a layer of metal produced by vapour deposition: this 
also gives self-healing properties in the event of a breakdown. Exhaustive 
investigations have succeeded in eliminating the risk of falling insulation 
resistance which often occurs with metallized paper capacitors when used at 
low operating voltages. The capacitor must of course have moisture protec
tion: this takes the form of enclosing the rolled-up capacitor element in an 
aluminium tube whose ends are plugged with rubber and phenolic paper la
minate. This technique is well established and can be used with very little risk 
of failure. 

Electrolytic capacitors 
The advent of the transistor, which works between low impedances, has 

increased the need for high values of coupling and decoupling capacitors. 
Previously electrolytic capacitors have mainly been associated with the enter
tainment field, where they have had a bad reputation as regards reliability-if a 
radio set was not functioning satisfactorily, one of the commonest troubles was 
a faulty electrolytic. The cause of failure in electrolytic capacitors was mainly 
open-circuits due to corrosion. This corrosion usually arose from the use of 
material containing impurities, of whose deleterious effects the manufacturer 
was unaware, and which could for instance eat away the internal connexion 
strips. For some years, however, most manufacturers have been well aware of 
the risk of corrosion and have taken precautions to ensure that the materials 
now used cannot cause failures of this kind. Nowadays it is very seldom that 
a failure of an electrolytic can be traced to attack by corrosion inside the 
capacitor. 

But freedom from corrosion alone does not ensure long life and high re
liability in an electrolytic capacitor. The commonest cause of limited life is now 
the risk of drying out, i.e. the semi-fluid paste electrolyte, which by its contact 
with the negative foil and the oxide layer of the positive foil forms one 
electrode, loses moisture by diffusion through the capacitor case and becomes 
dry. This loss of water by diffusion is of course proportional to the surface 
area of the case which is porous to moisture: hence for a low risk of drying 
out, the ratio of the capacitor's surface area to its volume should be small. 
This implies that one should avoid modern miniaturized components and 
instead use more conservatively dimensioned capacitors. Fig. 23 shows some 
examples of the electrolytic capacitors used in L M Ericsson's new transmis
sion equipment construction. 

Fig. 24 
Capacitance of electrolytic capacitors as a 
function of time during heat aging with d.c. 
voltage applied 

To establish their degree of reliability, a number of capacitors were heat 
tested at three different temperatures + 40°, + 55° and + 70° C with d.c. 
voltage applied. Fig. 24 shows their average values of capacitance as a function 
of time: from these curves it can be seen that a life exceeding 20 years should 
be obtained for equipment working at normal temperatures. Some suppliers 
already guarantee operation at + 40° C with less than 3 % failures for periods 
exceeding 130,000 hours. 

Electrolytic capacitors have latterly come to the fore using tantalum instead 
of aluminium. These are primarily of interest for use in military equipment, 
since they will withstand operating at high temperatures (up to + 125° C) but 
also work well in low ambient temperatures. There are three different pat
terns: the first has the form of a wound capacitor resembling a normal 
aluminium electrolytic, the second has a porous sintered and oxidized tantalum 
slug with sulphuric acid as electrolyte, while the third also has an electrode 
formed of such a tantalum slug but with a solid semiconductor in contact 
with the oxide layer, i.e. functioning as electrolyte. 
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Electrolytic capacitors: above, with single hole 
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Fig . 2 5 

Printed wiring card and contacts 

The fact that tantalum capacitors have not been introduced on a larger 
scale in the new method of construction is partly due to their still being 
expensive and partly because their method of manufacture is still not yet in a 
settled state. We have found in our investigations that the failure rate is still 
not yet so low that they can be completely relied on, and certain unexplained 
phenomena occasionally occur. 

X 2557 
X 2564 

Fig. 2 6 X 2565 

Distribution curves of variations in contact 

res istance after ag ing at -• 7 0 C for various 

contact mater ia l s : 

a) hard silver 

b) silver palladium 

c) gold 

Contacts 
A transmission system includes many contacts and it is important that they 

all do their job, since an open circuit or a high contact resistance in a single 
contact point can jeopardize the operation of the entire link. Therefore a 
thorough study has been made of the design and characteristics of our contact 
devices. The mechanical construction has already been touched on in a 
previous article (see Ericsson Review No. 4, 1960, pages 119 and 124). 

The commonest contacts are those which connect the unit printed wiring 
cards to the bay cabling: see fig. 25. The choice of material for these con
tacts is of the greatest importance for their reliability in operation. Fig. 26 
shows how the contact resistance at one contact point varies with aging for 
three different contact materials. The ambient conditions chosen for aging 
were maintained at + 70° C, since repeated tests have shown that holding at 
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a raised temperature has a more unfavourable effect on contact resistance 
than, for example, moisture tests. Very low voltages and currents were used 
for measurement so that any oxide layer etc. formed should not be broken 
down. This corresponds to actual contact conditions for many applications 
in transmission technique. As will be seen, the stability of contact resistance 
for silver contacts is far from satisfactory, whereas contacts of silver-palladium 
alloy or gold are not significantly affected by aging. 

The form chosen for the contacts is that of a contact strip bent round the 
edge of the wiring card, and fork-shaped contacts which each make contact 
with the strip at two points. The contact strip carries a layer of rolled gold 
which gets a very smooth fine finish from the rolling. The fork-shaped 
contacts are made from phosphor-bronze with an electrolytic hard gold plating. 
This results in the contacting surfaces having good resistance to wear. In 
order to raise the reliability still further, two fork contacts are used, giving a 
total of four contact points in parallel. Our investigations described above 
referred to a single contact point; due to the parallel connexion the total 
contact resistance will fall, and variations of contact resistance with time will 
be of no consequence. 

Relays 

lines of magnetic 
force 

^ t glass tube 

reed of magnetic 
material 

The need for relays in transmission equipment is relatively restricted, but 
those relays which are used form especially important links. Two types of 
relays, perhaps the most reliable yet designed, have therefore been selected for 
this construction. 

Fig. 27 (above) shows the principle of the so-called "dry-reed" relay, de
veloped in Bell Laboratories in the U.S.A. The contact springs are formed 
from two "reeds" of magnetic material sealed through the ends of a glass 
tube filled with gas. Contact material is plated on the ends of the reeds to 
form the contacts. One or more such contact tubes can be mounted in a 
solenoid: when current flows in this solenoid the reeds attract each other and 
make contact. This relay can operate mounted in any position. The sealing of 
the contact tube ensures good contact being obtained. 

permanent magnets 

pole piece with platinum 
contact 

reed of magnetic material 

glass tube filled with 
hydrogen 

mercury 

solenoid 

permalloy yoke 

contact connexions 

Fig. 27 x 2560 

Schematic diagrams of a dry-reed relay (above) 
and a polarized relay with mercury-wetted 
contacts 

The other design of relay is shown in the lower half of fig. 27: this is also 
a Bell Lab. development. Here, too, it will be noted the contacts are sealed in 
a glass tube; a magnetic reed can change over between two sealed-in platinum 
contacts. Along the reed run capillary grooves which draw up mercury to the 
contacts. When these make contact they are wetted by the mercury, giving a 
perfect electrical junction. The relay is operated by a solenoid surrounding the 
glass tube. To increase the sensitivity, two permanent magnets have been 
included, thus giving a polarized relay. The glass tube is filled with hydrogen 
under high pressure, thus considerably reducing arcing and hence electrical 
erosion of the contacts. 

The most important property of this mercury-wetted polarized relay is the 
high contact reliability. The relay is also fast in operation and has low contact 
noise, high sensitivity and high contact rating. Its only disadvantage-although 
quite without significance for stationary transmission equipment-is that it is 
affected by mounting position: it will only function when upright. 
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Private Automatic Exchange Type ARD 201 
with Key Signalling 
H B J O R K , 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 

UDC 621.395.24 
LME 8371 

L M Ericsson has designed a private automatic exchange for requirements 

of 15 to 60 lines. 

The switching equipment consists of crossbar switches and relays. These 

elements operate with extreme speed, are highly reliable, and require little 

maintenance. To make full use of the switching speed, the telephones are 

equipped with keyset instead of dial. 

The exchange operates silently and can therefore be set up in any con

venient location without causing disturbance. 

Fig. 1 

P.A.X. ARD 201 mounted on wall 

Fig. 2 

Primary rack ARD 20101 (right) 

The P.A.X. ARD 201 (fig. I) is of crossbar type with a capacity of 60 
extensions and 8 connecting circuits. It consists of two units, each serving 30 
extensions with 4 connecting circuits (figs. 2 and 3). 

The trunking schemes for 30 and 60 extensions are shown in figs. 4 and 5. 

The telephones are fitted with keysets. This gives quicker connection and is 
simpler than ordinary dialling. The numbers for 30 extensions run from 10 
to 39 and for 60 extensions from 10 to 69. The exchange caters for the 
following special facilities: 

Priority 
Paging via loudspeaker 
Extra quick calls to 10 extensions 
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Fig. 3 

Supplementary rack ARD 20102 

Fig. 4 

Trunking scheme for 30 extensions 

SNR connecting circuits 

Reg register 

Fig. 5 

Trunking scheme for 60 extensions 

Priority 
The first 10 of each group of 30 extensions can be given priority. When a 

priority extension meets an engaged signal, connection with the engaged 
extension can be obtained by dialling 1. The conversing parties hear a faint 
warning tone when the third party enters the line. The latter may either give 
a brief message and retire from the connection or may request the two parties 
to complete their conversation, whereafter the called extension is automatically 
signalled. 

Paging via Loudspeaker 
When this facility is desired, a special amplifier matching equipment is 

connected to an ordinary extension position. The keying of the paging number 
connects to this "extension" number and the caller is connected to the 
amplifier. He can then immediately announce the person's name or give a 
message which is broadcast over loudspeakers placed at appropriate positions 
in the premises. 

Extra Quick Calls 
Installed to full capacity the exchange numbering scheme runs from 10 to 

69; if only one group of 30 lines is installed, from 10 to 39. Calls to nos. 11, 
22, 33, 44 etc. are made by pressing the same key twice. To enable as many 
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Fig. 6 

ARD 20101 with frame swung out 

extensions as possible to be called by this simple operation, use has been made 
of nos. 00. 77, 88 and 99. though lying outside the numbering scheme. Thev 
can likewise be used for 10 extensions even when only one 30-line group is 
installed. 

Switchboard Structure 
The equipment is mounted on two racks, each serving 30 lines. The racks 

are made for wall mounting and have a cover which can be locked. The 
switches and relays are placed on a hinged frame (fig. 6) so that the soldering 
side of the components can be reached without difficulty. Terminal blocks are 
provided for wiring between the racks. 

Each rack contains equipment for jumpering. 

Power Supply and Signalling Equipment 
Each group of 30 lines has a mains power unit with tappings for 110-220 V, 

50-60 c/s. The exchange is designed to operate on 24 V, but variations 
between 20 and 30 V have no untoward effect. The alternating currents for 
ringing signals and keysending come from separate windings on the power 
unit transformer. Relays for generating the signal frequencies are placed in 
the primary rack. The length of signals can be adjusted as desired. 

Telephones 
The telephones have a set of twelve keys (fig. 7), ten of which are used for 

dialling. The remaining two keys can be used for service signals. 

The keying system requires three-wire connection between telephones and 
switchboard. The third wire, which is at earth potential (d.c. positive pole), 
can be common to several telephones. 

Telephone set DBH 16301 has a knob on the bottom for adjustment of 
ringing signal strength. 

Fig. 7 

Telephone set DBH 16301 

Main Features 

The crossbar P.A.X. ARD 201 provides the following features: 

• extra quick calls to ten extensions 

• secret calls 

• priority 

• paging facility 

• silent operation 

• high reliability, so little servicing 

• key signalling, which gives rapid and convenient connection. 
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New ALPHA Products 

Fig. 1 x 2535 

Gap press, Result type, specially designed for 
straightening work 

UDC 621.979 
LME 112 

At the year end 1959 AB ALPHA, subsidiary of LM Ericsson, took over 

the manufacture of hydraulic presses and automatic scales previously con

ducted by AB Result in Stockholm. 

Gap Presses 

These types of press are made in several industrialized countries and are all 

fairly similar in their main features. The presses made by A L P H A have a 

maximum press force of 125 tons. They are chiefly used in engineering shops 

for assembly, straightening, broaching and drawing work. They can be 

equipped with ejectors, two-hand start, t iming relay etc., and in this form can 

be used also for the powder industry. 

Automatic Hydraulic Presses 

The automatic hydraulic presses have their main applications in powder 

compacting. They are double-acting, pressing the powder both from above and 

below. This ensures greater density of the product , with less pressure than 

when using a single-acting press. The presses are equipped both for auto

matic charging of the powder into the die and for automatic ejection. 

Fig. 2 x 2 5 3 6 

Automatic double-acting hydraulic press, 
Result type 
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Fig. 3 

Wax injection press. Result type 

pig. 4 X 2538 

Photocell-controlled automatic scale, Result 
type 

Charging can be done either on a volume or on a weight basis. In the latter 
case the press works in synchronism with automatic scales. If the material to 
be pressed is poisonous or radioactive, the tool space can be enclosed in a 
transparent plastic cover and cleaned out with a vacuum pump or filled with 
a conditioned atmosphere. This arrangement is employed for pressing uranium 
dioxide or plutonium for fuel elements in reactors. For compacting explosives 
(TNT. tetryl, hexotol), the entire press can be placed in a separate room and 
operated by remote control. Here, too, the press is fed from automatic Result 
scales. The control room is entirely shut off from the press room, so that the 
staff are fully protected against all risk of explosion. 

Much trouble has been expended on the achievement of high output and of 
reliable and homogeneous charging of powders into dies of the most varying 
forms. Some of the feed arrangements are patented. 

Automatic presses are made in sizes up to max. 130 tons press force. 

Wax Injection Presses 

The third line taken over from AB Result is wax presses for precision 
casting on the lost wax principle. The job of the press is to force the hard wax 
into a die. The usual procedure hitherto has been to use melted wax, which 
prolongs the solidification time and involves delay in removing the model 
from the die. In the ALPHA-Result press the wax is used in a plastic 
condition and forced into the die under high pressure. The machine itself 
controls the proper temperature of the wax. Accordingly the cold model can 
be put to immediate use; and rejects are rare, since the pressure guarantees 
complete filling of the die. This procedure gives a three to jour times higher 
output. 

Automatic Scales 

The automatic Result scales are now made and sold by ALPHA. Being 
photocell-controlled, they weigh pulverized materials of different kinds with 
great accuracy and dispense them in the correct proportions. They can be 
used, for example, for apportioning powders as different as coffee, flour or 
gunpowder. As already mentioned, the scales can be synchronized with the 
automatic Result presses. This is done, for example, in the pressing of ex
plosives which are charged to the press on a weight basis. The scales are made 
in two sizes, one for weights up to 250 grammes and a larger for up to 5 kg. 

Deliveries 

The number of press outfits of Result type now delivered is around 2,000. 
They are in service in practically all countries in Europe and South America, 
and in India and Egypt. 
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LM Ericsson Exchanges Cut into Service 1960 
CITY EXCHANGES 

Public exchanges with 500-line selectors 

T o w n 

Argentine 

Tucuman 

Bolivia 

Cochabamba 

Brazil 

Aquidauana 
Astorga 
Itauna 
Jataf 
Maringa 
Piracicaba 
Pirapora 
Sao Joao del Rei 
Sao Jose do Rio 

Preto 

Colombia 

Armenia 
Barranquilla 
Cartagena 

» 
Facatativa 
Medellin area 
Neiva 
Salamina 

Ecuador 

Guayaquil 
» 

Quito 
» 
» 

Ethiopia 

Addis Ababa 

Finland 

Forssa 
Mikkeli/St. Michel 
Pieksamaki 
Pori/Bjorneborg 
Vaajakoski 

Iceland 

Akureyri 
Reykjavik 

Italy 
North Italy 

Chioggia 
Este 

E x c h 

Estadio 
Centro 
Bosque 

Buenos Aires 

Centro 
Urdesa 
Inaquito 

a n g e 

(extension) 

(extension) 

(extension) 

(extension) 
(extension) 

(extension) 

(extension) 
(extension) 
(extension) 
(extension) 

(extension) 
(extension) 

(extension) 

(extension) 
Mariscal Sucre (extension) 
Villa Flora 

Centro 

Grensas 

(extension) 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

(extension) 
(extension) 

(extension) 
(extension) 

Number 
of lines 

7000 

1000 

300 
200 
500 
500 
500 

2000 
300 

1000 

1000 

500 
2000 

500 
500 
600 

5000 
500 
200 

2000 
500 
500 

1000 
1000 

1000 

500 
500 
250 
500 
100 

500 
2000 

200 
500 

T o w n 

Legnago 
Monselice 
Oderzo 
Rovigo 
S. Bonifacio 
Treviso 
Valdagno 
Venezia/Venice 

» 
» 

Verona 
Vicenza 

South Italy 

Agrigento 
Alcamo 
Bari 
Bari Carrassi 
Cassino 
Castellamare di 

Stab i a 
Castellamare del 

Golfo 
Cosenza 
Crotone 
Gela 
Giarre Riposto 
Lecce 
Mazara del Vallo 
Modica 
Molfetta 
Napoli/Naples 

» 
» 
» 
» 
» 

Palermo 
» 
» 
» 

Piano di Sorrento 
Pompei 
Salerno 
Sora 
Sorrento 
Termini Imerese 
Torre Annunziata 

Lebanon 

Beirut 
» 
» 

Saida 

E x c h 

Centro 
Lido 
Murano 

Chiaia 
Miano 
Portici 
S. Giovanni 
Vomero l-II 
Vomero III 
Calatafimi 
Ferrovia 
Liberta 
Mondello 

Centre 
Chiah 

a n ge 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

(extension) 
(extension) 
(extension) 

(extension) 

(extension) 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

(extension) 

(extension) 
(extension) 

(extension) 
(extension) 

(extension) 
(extension) 

(extension) 
(extension) 

FurnelChebak(extension) 
-

Number 
of lines 

200 
200 
100 
500 
100 

1000 
100 

1600 
1000 
200 

2000 
1000 

500 
200 

2500' 
6500 

100 

500 

500 
2000 

800 
1000 
760 

2000 
500 
500 

1000 
6000 
1000 
2000 
2500 
1000 
2000 
3500 
4000 
4000 

600 
600 
600 

3000 
100 

1000 
100 
500 

6000 
1000 
500 

2000 



Interior from 3000-line crossbar exchange at Padova, Italy, delivered 

T o w n 

Libya 

Tripoli 

Mexico 

Jalapa 
Mexico D. F. 

» 
» 
» 
» 
» 
» 
» 
» 

Puebla 

Netherlands' 
West Indies 

Curacao 

Norway 

Arendal 
Bodo 
Fredrikstad 
Halden 
Harstad 
Kristiansand S 
Lillehammer 
Narvik 
Rjukan 
Tromso 

E x c h a n ge 

(extension) 

(extension) 
Atzcapotzalco (extensian) 
Cbuvubusco 
Morales 
Peravillo 
Piedad 
Portales 
Sabino 
Tacubaya 
Valle 

Rio Canario 

(extension) 
(extension) 
(extension) 

(extension) 
(extension) 
(extension) 
(extension) 

(extension) 

(extension) 
(extension) 
(extension) 
(extensionl 
(extension) 
(extension) 
(extension) 
(extension) 

(extension) 

Number 
of lines 

500 

500 
1 000 
3000 
1500 
500 
500 

4500 
1000 
1000 
1000 
2000 

500 

500 
500 

1000 
500 
500 
500 
500 
500 

1800 
500 
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by L M Ericsson. 

T o w n 

Panama 

Panama City 
» 

Peru 

Cuzco 
Tacna 

Poland 

Krakow 

Sweden 

Bollniis 
Enkoping 
Eskilstuna 
Goteborg/Gothen-

burg 
Suburban Area 

» 
Huskvarna 
Jonkoping 
Karlskoga 
Katrineholm 
Kristinehamn 
K oping 
Linkoping 
Ludvika 
Lund 
Norrkoping 
Nassjo 

E x c h 

Panama 4 
Panama 5 

Molndal 
Frolunda 

a n ge 

(extension) 

(extension) 

(extension) 

(extension) 
(extension) 
(extension) 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

Number 
of lines 

500 
2500 

500 
1000 

4000 

1000 
1000 
3000 

1500 
6000 
1500 
1500 
2000 
1000 
1000 
500 

2500 
1000 
2500 
5000 
1000 



T o w n 

Stockholm 
Centre Area 

Stockholm 
Suburban Area 

» 
» 
» 

» 
» 

» 
» 
» 
» 
» 
» 

Sodertalje 
Tumba 
Uddevalla 

E x c h 

Kungsholmen 

Handen 
Hanviken 
Huddinge 

a n g e 

(extension) 

(extension) 
(extension) 
(extension) 

Lidingo-Villastad 

Norrviken 
(extension) 
(extension) 

Roslags-Niisby 

Rasunda 
Spanga 
Tureberg 
Ulriksdal 
Viggbyholm 
Appelviken 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

Number 
of lines 

2000 

1000 
1000 
1000 

1000 
500 

1500 
500 

2000 
2000 
2000 
1000 
2000 
1500 
500 

2000 

T o w n 

Uppsala 
Viirnamo 
Viistervik 
Angelholm 
Orebro 
Ostersund 

Turkey 
Akhisar 
Aksehir 
Ankara 

» 
Corum 
Elazig 
Izmir 

K. litany a 
Turgutlu 

E x c h a n g e 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

Merkez Santral 
(extension) 

Yenisehir (extension) 

Merkez Santral 
(extension) 

Total 

Number 
of lines 

2000 
1000 
1000 
1000 
2000 

500 

1000 
500 

2000 
2000 

500 
500 

3000 
1000 
500 

209310 

Public exchanges with crossbar switches 

T o w n 

A ustralia 

Toowoomba 

Brazil 

Brasilia 
Fortaleza 

» 
Rio Claro 
Santa Barbara d'Oeste 

Burma 

Rangoon 

» 

Denmark 

Grenaa 
Horsens 
K0benhavn/Copen-

hagen 
» 

» 
» 
» 
» 
» 
» 
» 
» 

Odder 
Struer 

E x c h a n g e 

Aldeota 
Parangaba 

Maung Taulay 
(extension) 

Insein (extension) 

(extension) 

Birker0d 
Br0ndby0ster 

(extension) 
Dams0 (extension) 
Farum 
Glostrup (extension) 
Hvidovre (extension) 
Naerum (extension) 
Ryvang (extension) 
Sundby0ster 
S0borg (extension) 

Number 
of lines 

6300 

5000 
2000 

600 
2000 

600 

4000 
300 

1600 
1000 

4000 

1000 
5000 
2000 
1000 
1000 
1000 
1000 
4000 
1000 
1400 
1200 

T o w n 

Finland 
Helsinki/Helsingfors 

» 

» 
» 

Parainen/Pargas 
Tampere/Tammerfors 
Turku/Abo 

France 

Perigueux1 

Ireland 

Dublin 
Limerick 

Italy 
North Italy 

Padova 
Piove di Sacco 
Venezia/Venice 

South Italy 

Aversa 
Bagheria 
Carini 
Castelvetrano 
Ischia 
Locorotondo 

E x c h a n g e 

Heikinlaakso/Hennks-
dal 

Keskusta/Centrum 
(extension) 

Leppavaara/Alberga 
Meilahti/Mejlans 

(extension) 

Nutley 
(extension) 

Mestre 

Number 
of lines 

840 

1000 
1600 

1000 
1000 
1600 
3000 

4000 

3000 
600 

3000 
800 

3600 

1200 
1000 
400 

1000 
600 
400 

1 This exchange, system CP 400, was delivered by Societe des Telephones Ericsson, Colombes. 
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X 8253 

Interior from crossbar exchange at Bizerte, Tunisia (see next page). 

Public exchanges with crossbar switches (cont.) 

T o w n 

Nicastro 
Nola 
Taormina 

Sweden 

Karlskrona 
Ystad 

Tunisia 

Bizerte 

USA 2 

Winter Park, Florida 
Nor th Madison, 

Indiana 
Elkin, Nor th Carolina 
Galion, Ohio 
Warren, Ohio 
Export , Pennsylvania 

Yugo-Slavia 

Beograd 

» 
Bjelovar 
Ljubljana 
Pristina 
Sarajevo 

E x c h a n g e 

(extension) 
(extension) 

(extension) 

(extension) 

(extension) 

Krunski Venae 
(extension) 

Zvezdara 

Centar 

Tota! 

Number 
of lines 

800 
800 
600 

100 
500 

1000 

1000 

100 
1800 
600 

1500 
350 

2000 
2000 

800 
2000 
1000 
1000 

94590 

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

X 8254 

2400-line transit exchange at Odense, Denmark, delhered by LM 

Ericsson. 
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RURAL EXCHANGES 

Public rural exchanges with cross
bar switches, system ARK, ART 

Ecuador 
Finland 
Iceland 
Italy 
Nether lands 
Sweden 
USA 4 

Yugo-Slavia 

Total 

Rural exchanges with 12-, 25- or 
100-line selectors, system OL, XY 

Norway 

Number 

-> 
37 

4 
47 

3 

— 
18 
1 1 

122 

26 

Number 
of lines11 

550 
3760 

580 
4080 
2500 

700 
3700 
3800 

19670 

3960 

3 The number of lines includes both new exchanges and exten
sions of existing exchanges. 

4 These exchanges system NX-2, were delivered by North 
Electric Co., Galion, Ohio. 

TRANSIT EXCHANGES 

Transit exchanges with 
system ARK, ARM 

Denmark 
Finland 
Iceland 
Italy 
Mexico 
Nether lands 

crossbar switches, 

Total 

Number 
of junctions 

3100 
407 
120 

2400 
100 

1120 

7247 



NEWS/rom 

All Quarters of the World 

102,000 More Dial Lines 
for Egypt 

L M Ericsson has signed a large 
new contract with the Egyptian tele
phone administration for the delivery 
and installation of automatic telephone 
exchange equipment. 

The contract covers equipment for 
102,000 lines: 60,000 for Cairo, 
20,000 for Alexandria and 22,000 for 
thirteen other cities. All telephone 
exchanges are to he ready for cut-
over before the end of 1965. 

In November of last year a large 
contract was signed between the Ad-

Governor of Bizerte, Mohamed Ben Lamine, at 
inauguration of the city's new telephone ex
change. 

ministration and L M Ericsson for 
telephone exchanges for Cairo and 
five other cities in the Nile Delta to a 
value of 26 million kronor. Recently 
the Administration ordered 60,000 
telephone sets for delivery from Swe
den. The latest contract is a conse
quence of the Administration's de
cision to base its future telephone net
work exclusively on exchanges of L M 
Ericsson's modern crossbar switching 
systems, which in the past few years 
have won a secure footing on a large 
number of markets. 

As mentioned in a previous issue 
of Ericsson Review, L M Ericsson had 
already undertaken to render en
gineering assistance to the organiza
tion in charge of the Egyptian Five 
Year Plan in the building of a factory 
which will manufacture telephone 
material in Egypt on licence. L M 
Ericsson has also engaged to train 
Egyptian technicians in conjunction 
with the deliveries of exchange equip
ment and the factory project. 

First Crossbar Exchange 
Opened in Tunisia 

A 1000-line ARF exchange was 
opened at Bizerte, Tunisia, in October 
under ceremonious forms. Among 
those present were the Governor of 
Bizerte, Mohamed Ben Lamine, the 
Minister of the P.T.T., Rachid Driss. 
Chief Engineer Mohamed Mili, the 
Swedish Ambassador, Lennart Petri, 
and representatives of local govern
ment and of the P.T.T. 

It was in July 1959 that LM Erics
son signed a contract worth 12.5 mil-

The inauguration of the Bizerte telephone ex
change was attended by the Minister of the 
Tunisian P. T. T., Rachid Driss. 

lion kronor for additions to the tele
phone plant of the capital, Tunis. The 
earlier network consisted of 13,000 
lines operating on two different auto
matic systems, which are to be re
placed by 21,000 lines of Ericsson 
crossbar. In addition, 4000 dial lines 
are to be supplied for the suburbs of 
Tunis. This will make Tunis one of 
the most modern cities of the world 
as regards telephone communications. 

A 2000-line ARF 10 exchange has 
also been ordered and is to be in 
service by the summer. The contract 
includes the building of a trunk ex
change at Tunis with 85 national and 
16 international positions. A 10-posi-
t'.on trunk exchange has been opened 
at Bizerte. 

Tunisian personnel are to be trained 
in the country as the installation pro
ceeds. In addition, 25 Tunisian tech
nicians are taking courses at the head 
offices in Stockholm. Two-fifths have 
already completed their studies, and a 
new group of five started work in 
January. Each group comes for a 
period of 4 months, both for theo
retical study of the ARF. ARM and 
ARK systems and for practical exer
cises. The course ends with a couple 
of weeks training in telephone ex
changes. 
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New Orders for L M Ericsson from Brazil 

15,000 Lines for Brasilia 
L M Ericsson has received addi

tional orders for telephone exchange 
equipment for 15,000 lines for Bra
silia, the new capital of Brazil, the 
telephone requirements of which are 
rapidly increasing. 

At the inauguration of Brasilia in 
April 1960 the first 5000-line auto
matic exchange was opened in the 
Sul sector. This exchange is now to 
be extended by a further 5000 lines, 
which are expected to be in operation 
this year. 

A new telephone exchange, "Centro", 
is to have automatic equipment for 
10,000 lines. It will be accommodated 
in the headquarters building for the 
national telephone, radio and TV 
administration at present under erec
tion in the centre of the city. 

The contract also includes extension 
of the Brasilia trunk exchange by 80 

operators' positions, bringing the 
capacity up to 106 positions. 

Contracts with L M Ericsson for 
Brasilia, covering equipment delivered 
and on order, amount to close on 30 
million kronor. This includes carrier 
terminal equipments for the radio 
links between Brasilia and Rio de 
Janeiro. 

20,600 Lines for Recife 

L M Ericsson has signed a contract 
for delivery of crossbar equipment 
for seven telephone exchanges serving 
20,600 lines at Recife (Pernambuco) 
in Brazil. The contract was obtained 
by Ericsson's subsidiary, Ericsson do 
Brasil. Part of the equipment is to be 
manufactured at the L M Ericsson 
factory at Sao Jose dos Campos. 
Recife is the most important city of 
northern Brazil, with 600,000 in
habitants. 

500-selector Exchange Opened in Lebanon 
A new 2000-line exchange operating 

on L M Ericsson's 500-selector system 
was opened at the year end in the 
town of Saida in Lebanon. The in
auguration ceremony, which was 
broadcast on radio and television, took 
place in the presence of the Prime 
Minister, Saeb Salam, and the Minister 
of Communications, Soleman Frangie. 
The first call was from the Prime 
Minister to the Governor of southern 
Lebanon. In a later conversation be
tween the Prime Minister and the 

President Fouad Chehab, who was 
in Beirut, the latter congratulated 
Saida on its new exchange and ex
pressed the hope of continued rapid 
automatization of the country's tele
phone network. 

Prime Minister Saeb Salam cuts the symboli
cal tape at the inauguration of the Saida ex
change. (Left) District Manager Ghazi Haidar, 
(right) Chief Engineer Maurice Ghazal. Be
tween the Prime Minister and the latter is the 
Minister of Communications, Soleman Frangie. 

Terminal Equipment 
for Sweden's Coaxial 
Network 

The recently started delivery of 
Ericsson terminal equipment for a 
number of Swedish telephone ex
changes represents an important step 
in the striving of the Swedish Board 
of Telecommunications to increase 
still further the capacity of certain 
coaxial cables. The contract was signed 
in the autumn of 1958, comprising 
supergroup, mastergroup and super-
mastergroup translation equipments 
with associated apparatus for genera
tion of carrier frequencies. This equip
ment will bring up the capacity of 
the cables to 2700 telephone circuits 
per coaxial pair. 

The first unit, comprising super-
mastergroup translation equipments 
and bays for carrier frequency gene
ration on the Stockholm-Vasteras-
Orebro route, is now under installa
tion. This is probably the first installa
tion in the world of this type of equip
ment complying with the international 
recommendations. Behind it lies a 
quite unusual achievement. Develop
ment, design and production have been 
completed in just over iV-i years, of 
which period more than 600 man-
months were devoted to design. The 
entire project was made possible by 
intimate teamwork between technicians 
of the Board of Telecommunications 
and of L M Ericsson during the entire 
period, both in drawing up the 
technical specification, which had to 
be done with the greatest possible 
speed, and in maintaining continuous 
cooperation with the factory during 
the manufacture of the equipment. 

The design work was going ahead 
at the same time as a committee of 
C.C.I.T.T. was working out the inter
national recommendations. This some
times necessitated guessing the values 
and characteristics C.C.I.T.T. would 
arrive at. And in fact the delivery of 
the equipment occurred simultane
ously with the announcement of the 
final recommendations by the plenary 
meeting of C.C.I.T.T. in Delhi. 

Under the terms of the contract the 
remaining units are to be installed 
during the period 1961-1963, which 
will involve modifications of most of 
the large repeater stations in South 
and Central Sweden. 



L M Ericsson's President S. T. A berg and Vice 

President H. Lindberg were in the Argentine 

in December I960. In the photograph below, 

taken during a visit to President Arturo Fron-

dizi (far right), are seen, from left, Mr. Lind

berg, Mr. Aberg, Mr. Vivaldi and Mr. S. 

Waltenburg, head of Cia Sudamericana de 

] elefonos L M Ericsson S.A. 

C. C. I. T. T., The International Telegraph and Telephone 

Consultative Committee, held its second plenary meeting at 

New Delhi at the end of last year, attended by representatives 

of administrations and telephone companies of 57 countries. 

L M Ericsson sent six delegates. Ericsson's Indian sales com

pany gave a reception for the participants. In the photograph 

above are seen (from left) Mr. R. C. Vaish, head of the Indian 

delegation, the Swedish Ambassadress Alva Myrdal, H. Sterky, 

Director General of the Swedish Board of Telecommu

nications, B. Barkland, head of Ericsson Telephone Sales 

Corporation, New Delhi, and G. Svedhem of the Swedish 

Board of Telecommunications. 

F.A.T.M.E., L M Ericsson's manufacturing company in Italy, is building a 

new factory. In the presence of Cardinal Fernando Cento, P. T. T. Minister Loren

zo Spallino, and the Swedish Ambassador, Erik von Post, the foundation stone was 

laid on November 24, 1960, in which a signed parchment scroll in Latin was 

immured. The photograph on the left shows Cardinal Cento during the cere

mony with Minister Spallino (far left) looking on. Below: a model of the factory 

which is expected to be completed in 1963. 

27 



Ericsson Technics 
No. 2, 1960 

Ericsson Technics No. 2, 1960, has 
now appeared. In the opening article, 
"Transmission Performance in Pres
ence of Circuit Noise", Fredrik Mark-
man gives a survey of the work done 
hitherto in conjunction with questions 
under consideration by the C.C.I.T.T. 
concerning the influence of circuit 
noise of different kinds on transmis

sion performance in international as 
well as intercontinental telephone cir
cuits. Two types of test method are 
described, one based on articulation 
tests, the AEN method, and the other 
on opinions expressed by a large 
number of persons not normally con
cerned with telephonometric studies. 
AEN measurements have been made 
at the C.C.I.T.T. Laboratory at Ge
neva, and opinion tests have been 
conducted by a number of administra
tions, private operating companies 
and industrial organizations. The re
sults are presented in the article. 

LM Ericsson Products 
at Buenos Aires Exhibition 

At the year end Compania Sud-
americana de Telefonos L M Ericsson 
S.A. (CSE) and other Ericsson com
panies in the Argentine took part in 
an industrial exhibition held at Buenos 
Aires in memory of the Declaration 
of Independence 150 years ago. 

The official opening took place on 
December 20 in the presence of the 
Minister of Communications, Dr. 
Adolfo Mugica and other prominent 
persons. The photograph (left) shows 
the Minister making a trial call 
through a crossbar switchboard at the 
Ericsson stand. The other persons in 
the photograph are Sr. Utrero, tech
nician, Mr. Berzins, Sr. Waltenburg, 
President of CSE, Sr. Cosentino, for
mer Minister of Communications, and 
Sr. Aubone, Director General of the 
Telephone Administration. 

In "Noise in a PCM Transmission 
System" by Henry Scheftelowitz the 
various sources of noise in a PCM 
transmission system are evaluated and 
their impact on the overall signal-to-
noise ratio is calculated. Formula; 
are given which show the signal-to-
noise ratio in relation to repeater 
spacing. 

The third article, "Signal Injection 
in Time Division Multiplex Systems 
with Resonant Transfer" by Dr. Wal
ter Jacob provides information on 
some problems arising in time divi
sion multiplex systems with resonant 
transfer in connection with additional 
highway tuning. Two examples of 
signal injection in a two-wire and 
four-wire system are worked out. 
Finally some methods for generating 
suitable sinusoidal or composite signals 
are described. 

A delegation from the Burmese state adminis
tration \isited L M Ericsson's head offices at 
Midsommarkransen at the end of last year. 
(From left), Mr. E. Klingstriim, guide, Messrs. 
Than E, Thaung, Chan Tun Aung, C. E. W. 
Daniel, Khin Maung Maung and Win Pe. 
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UDC 621.395.44:621.3.041 
LME 72, 73, 84 

H A R R I S , P O & HELLKVIST, N : A New Method of Construction for 

Transmission Equipment. III. Electrical Components. Ericsson Rev. 
55(1961): 1, pp. 2—15. 

This article describes a selection of the most important electrical com
ponents used in L M Ericsson's new method of transmission equipment 
construction. Some of these components have been developed and are 
manufactured by L M Ericsson, others have been developed within the 
group but are manufactured by outside firms, while a third class, perhaps 
with a small turnover but nevertheless needing special equipment, is both 
designed and manufactured by outside firms. The construction of the 
components and their most important characteristics are described, es
pecially those which have been a deciding factor in the choice of com
ponent type. 

UDC 621.395.24 
LME 8371 

BJORK, H : Private Automatic Exchange Type ARD 201 with Key Signal
ling. Ericsson Rev. 55(1961): 1, pp . 16—18. 

L M Ericsson has designed a private automatic exchange for requirements 
of 15 to 60 lines. The switching equipment consists of crossbar switches 
and relays. These elements operate with extreme speed, are highly reliable, 
and require little maintenance. To make full use of the switching speed, 
the telephones are equipped with keyset instead of dial. The exchange 
operates silently and can therefore be set up in any convenient location 
without causing disturbance. 

UDC 621.979 
LME 112 

JACOBSSON S: New ALPHA Products. Ericsson Rev. 55(1961): 1, p p . 
19—20. 

At the year end 1959 AB ALPHA, subsidiary of L M Ericsson, took over 
the manufacture of hydraulic presses and automatic scales previously con
ducted by AB Result in Stockholm. 



The Ericsson Group 

Associated and co-operating enterprises 

: 26 26 10, 

• E U R O P E • 

D e n m a r k 
L M Ericsson A/S Kebenhavn F, 
Finsens Vej 78, te l : Fa 6868, 
tgm: ericsson 

Telefon Fabrik Automatic A/S 
Kebenhavn K, Amaliegade 7, te l : 
C 5188, t gm : automatic 

Dansk Signal Industri A/S Keben
havn F, Finsens Vej 78, te l : Fa 
6767, tgm: signaler 

Finland 
O/Y L M Ericsson A/B Helsinki, 
Fabianinkatu 6, te l : A8282, tgm: 
ericssons 

SIELTE, Soc. per Az. Homo, C. P. 
4024 Appio, te l : 780221, tgm: 
sielte 

F. A. T. M. E. Soc. per Az. Roma, 
C.P.4025 Appio, te l :780021. tgm: 
fatme 

France 
Soci£t£ des T£l£phones Ericsson 
Coiombes (Seine), Boulevard de la 
Finlande, te l : CHA 35-00, tgm: 
ericsson 
Pons 17e, 147 Ruede Courcelles, 
te l : Carnot 95-30, tgm: eric 

G e r m a n y 
Ericsson Verkaufsgesellschaft m. 
b. H. Dusseldorf 1, Wor r i nge r 
Strasse 109, te l : 84 461, tgm: 
erictel 

Great Br i ta in 
Swedish Ericsson Company Ltd. 
London, W. C. 1, 329 High Hol-
born, te l : Ho lborn 1092, tgm: 
teleric 

Production Control (Ericsson) 
Ltd. London, W. C. 1, 329 High 
Ho lborn , te l : Ho lborn 1092, 
tgm: productrot holb 

I ta ly 
Setemer, Soc. per Az. Roma, Via 
G. Paisiello 43. Te l : 868.854, 
868.855 tgm: setemer 

Nether lands 
Ericsson Telefoon-Maatschappij. 
N.V. Ri;en(N. 8r . ) , te l : 01692-555, 
tgm: erictel 
den Hoag—Scheveningen, 10, Pa-
lacestraat, te l : 55 55 00. tgm: 
erictel-haag 

N o r w a y 
A/S Elektrisk Bureau Oslo NV, P.B. 
5055, te l : Centralbord 46 18 20, 
tgm: elektr iken 

A/S Industr ikontrol l Oslo, Teater-
gaten 12, te l : Centralbord335085, 
tgm: indtrol l 

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

A/S Norsk Signalindustri Oslo, 
P. B. Mj 2214, te l : Centralbord 
56 53 54, tgm: signalindustri 

AB Ermi Brommo 11, te l : 262600 
t gm : ermibolag-stockholm 

AB Rifa Bromma 11, tel 
t gm: eir i fa-stockholm 

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

L M Ericssons Dr i f tkontro l lakt ie-
bolag Solna. tel: 27 27 25, tgm: 
powers-stockholm 

L M Ericssons Signalaktiebolag 
Stockholm S«, te l : 63 07 00, t gm : 
signalbolaget 

L M Ericssons Svenska Forsalj-
ningsaktiebolag Stockholm 1, Box 
877. te l : 22 31 00. tgm: ellem 

Mexikanska Telefonaktiebolaget 
Ericsson Stockholm 32, te l : 190000, 
tgm: mexikan 

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

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

Switzer land 
Ericsson Telephone Sales Corp. 
AB. Stockholm. Zweignieder-
lassung Zur ich Zurich, Postfach 
Zur ich 32, te l : 325184, tgm: 
telericsson 

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

Spain 
Cla Espanola Ericsson, S. A. 
Madrid 4, Conde de Xiquena 13, 
te l : 31 53 03, tgm: ericsson 

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

AB Alpha Sundbyberg, te l : 282600, 
tgm: aktiealpha-stockholm 

AB Ermex Solna, te l : 82 0100. 
tgm: elock-stockholm 

• A S I A . 

India 
Ericsson Telephone Sales Cor
porat ion AB New Delhi J, P.O.B., 
669. reg. ma i l : 1/3 Asaf Ali Road 
(Delhi Estate Building), te l : 28512. 
tgm: inderic 

Bombay, Manu Mansion, 16, 
Old Custom House, te l : 254130 
tgm: inderic 

Calcutta, P. O. B. 2324, te l : 45-
4494, tgm: inderic 

Indonesia 
Ericsson Telephone Sales Cor
porat ion AB Bandung, Djalan 
Dago 151, te l : 8294. tgm: javeric 
Djakarta, Djalan Gunung Sahari 
26, tel : Gambir 50. tgm: javeric 

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

T u r k e y 
Ericsson Turk Ticaret Ltd. § i rke l i 
Ankara, Adit Han, Zafer Mey-
dani, Yenisehir, te l : 23170, tgm: 
ellem 
Istanbul, Istanbul Burosu, Liman 
Han, Kat 5. No . 75. Bahcekapi, 
te l : 228102, tgm: ellemist 

• A F R I C A • 

Union of South Afr ica 
L M Ericsson Telephone Co. Pty. 
Ltd. Johannesburg, 70, Loveday 
Street, te l : 33-2742, tgm: ericofon 

Tunisia 
Telefonaktiebolaget LM Ericsson, 
Technical Office Tunis, Boite Post-
ale 780, tel ; 24 05 20 

• A M E R I C A * 

Argent ine 
Cia Sudamericana de TeleTonos 
L M Ericsson S. A. Buenos Aires, 
Casilla de correo 3550, tel; 
332071, tgm: ericsson 
Corp. Sudamericana de Tel£-
fonos y Tel^grafos S. A. Buenos 
Aires, Casil la de correo 3550, 
tel: 332071, tgm: cartefe 
Cla Argentina de Tele"fonos S. A. 
Buenos Aires, Peru 263, te l : 
305011, tgm: cecea 
Cla Entrerr iana de TeleTonos 
S. A. Buenos Aires, Peru 263, te l : 
305011, tgm: cecea 
Cla Comercial de Administra-
ci6n S. A. Buenos Aires, Peru 263, 
te l : 305011, tgm: cecea 

Industrias Electricas de Quilmes 
S. A. Quilmes FCNGR. 12 de Oc-
tubre 1090, te l : 203-2775, tgm: 
indetqui-buenosaires 

Brazi l 
Ericsson do Brasil ComeYcio e 
Industria S. A, Rio de Janeiro, 
C. P. 3601, le i : 43-0990, tgm: 
ericsson 
S3o Paulo, C. P. 5677. tel : 36-6951, 
tgm: ericsson 

Canada 
Ericsson Telephone Sales of Ca
nada Ltd. Montreal 8. Que., 130 
Bates Road, tel : RE 1-6428, tgm; 
caneric 

Toronto 18, Ont., 34 Advance 
Road, te l : BE 1-1306 

C o l o m b i a 
Cla Ericsson Ltda. Bogofd, Apar. 
tado Aereo 4052, tel: 41-11-00 
tgm: ericsson 

Ecuador 
TeleTonos Ericsson C. A. Quito 
Casilla Postal 2138, tel: 33777* 
tgm: ericsson 

Mexico 
Cla Comercial Ericsson S. A. 
Mexico D. F., Apartado 9958^ tel-
46-46-40, tgm: coeric-mexico 
Industria de Telecomunicaei6n 
S-A.de C.V. Mexico 6, D.F., Call. 
Londres No 47, Colonia Ju6rei 
tel : 250405, tgm: industel 

Peru 
Cla Ericsson S. A. Lima, Apartado 
2982. tel : 34941. tgm: ericsson 
Soc. Telefdnica del Peru, S. 
Arequipa, Casilla de Correo 11; 
tgm: telefonica 

El S a l v a d o r 
Telefonaktiebolaget LM Ericsson 
Technical Office, San Salvador 
Apartado Postal 188, tel: 4989 
tgm: ericsson 

Uruguay 
Cla Ericsson S. A. Montevideo 
Casilla de Correo575,tel:9-26-11 
tgm: ericsson 

U S A 
The Ericsson Corporation Ntw 
York 17, N. Y., 100 Park Avenu* 
te l : Murray Hil l 5-4030, tgm 
erictel 

North Electric Co. Gallon, Ohio 
P. O. B. 417, tel: Howard 8-2420, 
tgm: northphone-galionohio 

Venezuela 
Cla Anbnima Ericsson Carocoi, 
Apartado 3548, tel: 543121, tgm 
ericsson 
TeleTonos Ericsson C. A, Caracal 
Apartado 3548, tel: 543121, IfliTI 
tevela 

• AUSTRALIA & OCEANIA | 

Austra l ia 
L M Ericsson Telephone Co. ?ty. 
Ltd. Melbourne C 1 (Victoria), 20 
Collins Street, tel : MF 5646, tgm: 
ericmel 

Agencies 
• E U R O P E * 

Belgium 
Electricity et M^canique Su^doi-
ses Bruxelles 5, 56 Rue de Stassart, 
te l : 11 14 16, tgm: electrosuede 

Greece 
»ET£P», S. A. Commerciale & 
Technique Athens, 11 , Mackenzie 
King Street, te l : 617041, tgm: 
aefer-afhinai 

I re land 
Communicat ion Systems Ltd. 
Dublin, 40, Upper Fitzwil l iam 
Street, te l : 61576/7, tgm: crossbar 

Iceland 
Johan Ronning H/F Reykjavik, 
P. O. B. 45, te l : 14320, tgm: 
ronning 

Yugo -S lav ia 
Merkant i le Inozemna Zastunstva 
Zagreb, PoStpretinac 23 le i : 34770, 
tgm: merkanti le, telex: 02-139 

• A S I A * 

Ceylon 
Vulcan Trading Co. (Private) Ltd. 
Colombo 1, 19, York Street, tel : 
36-36, tgm: vultra 

China 
The Ekman Foreign Agencies 
Ltd, Shanghai. P. O. B. 855, te l : 
16242-3, tgm: ekmans 

Formosa (Taiwan) 
Gadelius & Co. Ltd. Taipei C, 
P. O. B 682, tel : 29810, tgm: 
gadeliusco 

Hong Kong 
The Swedish Trading Co. Ltd. 
Hongkong, P. O. B. 108, te l : 
35521-5, tgm: swedetrade 

I ran 
Irano Swedish Company AB 
Teheran, Khiabane Sevom Esfand 
28, te l : 36761. tgm: iranoswede 

Iraq 
Koopman & Co. (Iraq) W.L.L* 
Baghdad, P. O. B. 22, te l : 6534. 
tgm: koopi raq 

Japan 
Gadelius & Co. Ltd. Tokyo C, 
P.O.B. 1284, te l : 408-2131. tgm: 
goticus 

Kuwai t 
Latiff Supplies Ltd. Kuwait, P.O.B. 
67, tgm: latisup 

Lebanon 
Swedish Levant Trading Co. Bey
routh, P. O. B. 931, te l : 31624, 
tgm: skefko 

Pakistan 
Vulcan Industries Ltd. Karachi City 
P. O. B. 4776, te l : 32506. Igm: 
vulcan 

Philippines 
Koppel (Philippines) Inc. Manila 
P. R., P. O. B. 125, let: 8-93-51, 
tgm: koppel 

Saud A r a b i a 
Mohamed Fazil Abdulla Arab 
Jeddah, P.O. B. 39. te l : 2690, tgm: 
arab 

Singapore and M a l a y a 
The Swedish Trading Co. Ltd. 
Singapore 1, 42 Chartered Bank 
Chambers, Battery Road, te l : 
249 64, tgm: swedetrade 

Syria (UAFt) 
Georgiades, Moussa & Cie Da-
mas, Rue Ghassan, Har ika, te l : 
1-02-89, tgm: georgiades 

V i e t n a m 
Vo Tuyen Dien-Thoal Viet-Nam, 
Saigon. 17. Cong Truong Lam-
Son, tel : 20805, tgm: telerad 

• A F R I C A • 

British East Afr ica 
Transcandia Ltd. Nairobi, Kenya, 
P. O. B. 5933. tel. 3312, tgm: 
transcanda 

Congo 
Soci£t6 Anonyme Internationale 
de T£l6graphie sans Fil (SAIT) 
Bruxe)/es (Be/gique), 25. Boule
vard du Regent, tel : 125070, 
tgm: wireless (For mari t im radio 
and carr ier) 

Egypt ( U A R ) 
The Pharaonic Engineering & In
dustrial Co. Cairo. P.O.B. 126, 
tel : 4-36-84, tgm: radiat ion 

Ethiopia 
Swedish Ethiopian Company 
Addis Ababa. P. O. B. 264. te l : 
1447, tgm: etiocomp 

Ghana 
The Standard Electric Company 
Accra, P.O.B. 17, te l : 2785, tgm: 
standard 

Morocco 
Elcor S. A. Tangier, Francisco 
Vi tor ia, 4, te l : 2220, tgm: elcor 

M o z a m b i q u e 
J. Martins Marques Lourenco 
Marques, P. O. B. 456, tel : 5953, 
tgm: tinsmarques 

Nigeria 
I.P.T.C. Industrial Products Co. 
(West Africa) Ltd. Lagos, Private 
Mail Bag 2037, tel: 26531, tgm: 
consult 

Rhodesia and Nyasaland 
Reunert & Lenz, (Rhodesia) Ltd. 
Salisbury (Southern Rhodesia) P.O. 
B. 2071, te l : 27001, t gm : rockdr i l l 

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

• A M E R I C A . 

Bolivia 
Johansson & Cla, S. A. La Paz, 
Casilla 678, te l : 2700, tgm; Jo
hansson 

Costa Rica 
Tropical Commission Co. Ltd. San 
Jose. Apartado 661, te l : 3432, 
tgm: troco 

Cuba 
Mc Avoy y Cla Habana, Apartado 
2379, te l : 7-2527. tgm: macavoy 

Curacao N . W . I. 

S. E. L- Maduro & Sons, Inc. 
Curacao, P. O- B. 172, te l : 1200, 
tgm: madurosons-willemstad 

Dominican Republic 
Garcia & Gautier, C. por A. 
Ciudr"! Tritiilln Annrtado 771 
tel: • 

Gua tema la 
Nils Pira Ciudad de Guo/emiiltfj 
Apartado 36. tel: 25114, tgm: | 
nilspira-guatemala 

Honduras 
Quinch6n Le6n y Cla Ugui 
gal pa, Apartado 85, tel: 
tgm: quinchon 

J a m a i c a and Brit. Hondura 
Morr is E. Parkin Kingston, P.O.I 
354. te l : 4077, tgm: morrispark 

Panama 
Producfos Mundiales, S. A. Pa
nama, R. P.. P. O. B. 4349, tel: 
3-0476, 3-7763, tgm: mundi 

Paraguay 
S. A. Comercial e Industrial I 
Petersen Asuncion, Casilla592,U 
9868, tgm: pargtrade 

Puerto Rico 
Splendid Inc. San Juan, P. 0.J 
4568, te l : 3-4095, tgm: splendid 

El Salvador 
Dada-Dada & Co. Son SoheiM 
Apartado 274, tel: 4860, tg 
dada 

Sur inam 
C. Kersten & Co. N. V. Para-
maribo. P. O. B. 216. tel: 254J 
tgm: kersten 

• AUSTRALIA & OCEANIA^ 

N e w Zea land 
ASEA Electric ( N Z ) Ltd. Wejttj 
fonC. 1., Huddart Parker BuildiJ 
Post Office Square, tel: 70-*l 
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