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A New Generation of Transmission Equipment 
E. E R I K S E N , 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 621.395.44 
LME 8400 

In the following article are described the guiding principles that have been 
used in the work of designing a new generation of terminal equipment for 
carrier systems. The requirements which must be placed on the mechanical 
design so as to be able to make best use of the latest progress in component 
development are dealt with in particular. One objective has been to design 
equipment that can be flexibly used in the formation of small and large 
terminal stations and that permits easy expansion and rearrangement and 
also requires a minimum of maintenance. 

Carrier technology continues to expand in telecommunications. In Sweden 
in 1455, about 30 ci of the junction network, reckoned in circuit kilometres, 
consisted of carrier circuits. In 1965 this proportion increased to 75%, 
despite the network as a whole having more than doubled in that time. There 
is a similar development in all other countries. 

To be able to use cables and radio links as efficiently as possible, telephone 
channels are combined into ever-increasingly wide bands. At the moment, the 
CC1TT is discussing systems of 10,800 channels per tube pair. In frequency 
division multiplex systems, the formation of such wide frequency bands is 
made by a series of repeated modulations so that the individual channels are 
combined to give groups, after which the groups are combined to form basic 
supergroups etc. These repeated modulations are a technical necessity, but it 
has also proved that the systems have great flexibility as through connections 
between different systems can easily be arranged between these modulation 
stages. The CCITT has nowadays standardized the basic group, basic super
group, basic mastergroup and basic supermastergroup frequency bands with a 
view to simplification of through connection. 

The different terminal equipments for coaxial cables and wide band radio 
links to a large extent contain the same type of equipment, owing to these 
standardized frequency bands. It can be said that all equipment forms a 
family. Fig. 1 shows the most important blocks in this carrier family which 
as regards to cost and volume comprise the dominating portion of the trans
mission material in most repeater stations. 

It is therefore natural that an immense amount of work is being carried out 
at L M Ericsson so as to be able to continually supply our customers with 
modern equipment fulfilling all requirements concerning electrical performance, 
occupying small space and having great reliability. A new design of all blocks 
shown in fig. 1 has been carried out. In this number of Ericsson Review, a 
number of the basic ideas and a description of some of the most important 
modulation stages will be given. The type of construction used in this new 
design has been designated M4. 

Design Objectives 
Development of all types of transmission material has so far tended toward 

smaller and smaller volume. As regards carrier systems, the major part of the 
terminal equipment consists of channel translating bays. If the volume per 
terminated channel is calculated for these bays, a good measure of the 
volumetric development of carrier systems is obtained. Fig. 2 shows how the 
space requirement has decreased over the years. 
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This development has meant that telecommunications administrations have 
been able to use existing station buildings for many more terminated channels 
than originally planned. This normally does not mean so much as regards 
the cost of the equipment rooms as this is, as a rule, only a few percent of 
the cost of equipment. From the telephone administration's point of view it 
is more important that the erection of new station buildings can be postponed 
for the future and that its heavily tried personnel resources are not loaded with 
a large amount of planning work. This work is particularly difficult if the 
repeater station cannot be increased in size but must be geographically moved. 

Fig. 2 

Reduction in volume of channel translating 

equipment of L M Ericsson's manufacture. 
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The trend toward miniaturization is also to be found in a general desire to 
replace raw material by technology. This development applies to all parts of 
the carrier equipment from components to complete sections of systems. By 
using less raw material but subjecting what is used to more refined manu
facturing processes, which for their maturity require a great amount of 
development work, a different cost distribution is obtained. This distribution 
has higher development and tool costs but on the other hand there are lower 
variable costs, which give optimum economic results with still larger produc
tion series. 

The objective has therefore been to make every effort toward miniaturiza
tion and to obtain the optimum ratios of the different equipments in the station 
buildings. When using the best coil ferrites and the most advanced electronic 
components available on the market, associated with highly developed filter 
calculation technology, it was considered at the start of development that a 
reduction in volume by a factor 3: 1 could be obtained for the channel 
translating equipment. Even for the other stages of modulation it was possible 
to make very great reductions in volume as in this equipment tubes could be 
replaced by transistors. 

Now, after the development work has been completed, it can be established 
that the objectives stated above have been more than fulfilled. Fig. 3 shows 
a bay layout drawing for a proposed 12 MHz terminal equipment with 7200 
terminated circuits and a normal number of through connected supergroups, 
mastergroups and supermastergroups. In the method of construction used so 
far, this equipment occupies 13 rows of bays, whereas using the M4 construc
tion only 3 rows are needed. 

Mechanical Construction 
A consequence of the reduction in volume is that an M4 bay side contains 

so much equipment that the bay side has become too large to be used as a 
unit for subdivision of terminal equipment into suitable functional equipment 
sections. The M4 bay side as a unit would lead to bad utilization of the space, 
or to a large number of different bay types if an attempt was made to improve 
the space utilization. 

To avoid these disadvantages, a smaller unit than the bay, the pre-wired 
sub-bay assembly or shelf stack has been introduced in M4. 

The Shelf Stack 
This is characterized by the following: 

• The shelf stack is connected to the bay plug and jack. The station cabling 
is brought direct to the shelf stack. 

• The shelf stack is a pre-wired and tested functional unit of the system and 
therefore contains maintenance test points. 

D The shelf stack is made in a few sizes containing 1-5 shelves so that 
different-sized functional system sections fill the shelf stack in the best way. 

• The equipment units in the shelf stack are removable and provided with 
plug and jack in the same way as the units in bays of the present construc
tion. 

Even if the shelf stack and units are connected with plug and jack, the M4 
design contains fewer contact connections per system than the present con
struction (designated MS) owing to the highly developed miniaturization. 
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BAY TYPES 

a) Channel/basic group (Ch/G) 
b) Channel/supergroup incl. carr ier generation 

c) Group/supergroup (G/SG) 
d) Supergroup/mastergroup {SG/MG) 
e) Supergroup through connection 
f) Supergroup distribution frame 
g) Supergroup regulation 
h) Supergroup/mastergroup incl. carr ier generation 

i) Mastergroup/supermastergroup (MG/SMG) 
k) Mastergroup through connection 
I) Mastergroup distribution frame 
m) Mastergroup/supermastergroup incl. carr ier generation 

n) Supermastergroup/2700 line group 
o) Supermastergroup through conneciton 
p) Supermastergroup distr ibution frame 
q) Supermastergroup/2700 line group incl. carr ier generation 

r) Master oscillator 
s) Car r ie r generation and amplif ication 12—612 kHz 
t) Car r ie r generation and amplif ication 1364—16720 kHz 

b — s 

M4 
Fig. 3 

Station plan for carrier terminal for six 12 
MHz h.f. lines 

The following assumptions have been made 

1. 7200 circuits are terminated 

2. 30 supergroups of 150 are through connected 

3. 6 mastergroups of 36 are through connected 

4. 6 supermastergroups of 18 are through con

nected 
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Fig. 4 

Maintenance test points are easily accessible 

under the apparatus units. 

The Bay 
The introduction of the shelf block influences the design of the bay frame 

and cabling. The M4 bay has been constructed in the following way: 

• The left bay upright forms a suitable channel for stowing station cables to 
the shelf stacks. 

Fig. 5 

Comparison betwen M3 and M4 methods of 

construction regarding bay layout 
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• The right bay upright contains cabling joining the shelf stacks in the bay. 

The bay height, width and depth have not been changed from the cor
responding M3 dimensions. This is done so that there will be no difficulties 
when extending existing L M Ericsson carrier terminal equipment. The general 
appearance and colour composition of the equipment has likewise been 
retained. 

It should be noted that the maintenance test points do not belong to the 
fixed bay equipment but have now been placed on the shelf stack. The principle 
of having the maintenance test points directly accessible for measurement 
purposes is still followed, however. This has been realized in M4 by the test 
points being placed behind a retractable cover which when folded down acts 
as a designation strip (see fig. 4). 

The way the shelf stack functionally replaces the bay side as a planning unit 
when composing terminal equipment is shown in the diagram, fig. 5. 
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Fig. 6 

Printed circuit card contain channel modu
lator, demodulator, channel amplifiers, limiters 
and signal sender. 

Apparatus Units 
The apparatus units are produced to very fine tolerances as far as their 

electrical characteristics are concerned so that no subsequent adjustment is 
necessary after replacement. To facilitate fault finding, each unit is provided 
with fault finding test points on its front. These test points, which, due to the 
high operational reliability of the equipment, are very seldom used, are placed 
behind the shelf stack dust covers. 

The apparatus components are mounted on etched copper foil laminate 
cards. As the size of the components has been reduced, the number of 
components per card has increased (see fig. 6). It has not proved necessary 
to resort to double foiled laminate. On the other hand, the number of contacts 
per board has increased from 16 to 22. Furthermore, the apparatus design 
permits a maximum of 5 coaxial connections (see fig. 7). The screening between 

Fig. 7 

Apparatus unit with coaxial connectors 
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the units has also been improved, thereby enabling the same unit construction 
to be used in the design of almost all equipment used in a 12 MHz terminal 
station. 

To obtain optimum coil design with cubic dimensions as far as possible, 
it has been necessary to introduce a new component height when using new 
fernte materials. The height obtained in this way has been fixed at a maximum 
of 15.5 mm. The IEC Commission TC 52 which is concerned with the 
standardization of component heights has suggested 15.0 mm, thereby enabling 
us to use components to the IEC standard in the M4 method of construction 
to advantage. 

The etched wiring card with components is placed in an aluminium case 
which provides the necessary electrical screening between the units and at the 
same time gives reliable protection from dust and mechanical interference. 

Using the new component height, a shelf contains 21 single card units. To 
be able to obtain equipment which can be more comprehensible and also make 
better use of the space, aluminium cases holding two, three or four wiring 
cards are used wherever possible from the crosstalk point of view. The shelf 
design is so flexible that all width variants lying in a module square of 4.25 
mm are acceptable. Even units of our present design can be used in the 
new shelf. 

Practical Advantages of the Shelf Stack Form 
With this method of construction, the following have been gained: 

• Simplified installation planning 

When installing a terminal station of M4 type, all the station cabling can 
be made irrespective of the delivery situation of the shelf stacks. The right 
hand and left hand bay uprights consist of entirely separate units. The left 
hand bay upright is identical for all types of bay and can be supplied 
together with the runway material. It is therefore possible to complete all 
station wiring as far as the shelf stack at a time suitable to the installation 
teams which are available. When the time is suitable the right hand bay 
upright is supplied which is only used for the individual bay cable. This 
cable does not require connection to the station cable. 
The shelf stacks can then be placed in the bay. These stacks are connected 
to the station and bay cables by plugs and jacks and this means that 
qualified installation staff need not be used to make these connections. 

• Simplified planning of extensions 

A telephone administration can utilise the flexibility of the M4 method of 
construction so that important shelf stacks, e.g. supergroup shelf stacks 
(the shelf stack that assembles 60 telephone channels into 1 supergroup, 
see fig. 1), are kept in a central store. This material can then be used for 
extending stations which at the time in question have the greatest need of 
channels. As the shelf stack is made as a completely tested unit, it can be 
put into traffic at very short notice. 

• Better economics 

In the case of partly equipped bays the basic equipment is not so expensive. 
By subdivision of each shelf stack it is sufficient to acquire only those parts 
which are immediately required. 

Electrical Construction 
In the previous paragraph, a description has been given of a mechanical 

method of construction where the building elements permit a division of the 



terminal station into system sections of practically any size. The question now 
is how the station equipment should be subdivided so as to obtain a "building 
block" system of shelf stacks which is economic and provides attractive 
system solutions from the maintenance point of view for all cases of terminal 
station belonging to the carrier family shown in fig. I. Furthermore, a system 
should be evolved which can use the same shelf stack to advantage for 
equipment having many or a few terminating channels. 

Modulation Equipment 
It is quite clear that each stage of modulation between a C'CITT standardized 

group band should form a separate shelf stack because the equipment is then 
independent of the number of through connected groups. As all administra
tions do not use the basic group for through connection, some variants of 
channel translating equipment are required. The shelf stack subdivision, how
ever, is mainly the same as the block shown schematically in fig. 1. 

Frequency Generating Equipment 
The construction of the frequency generating equipment is not so self-

evident. So far, it has been most usual to use central carrier supply. For 
economic reasons one tries to feed as many modulators as possible from each 
carrier amplifier. In the event of a fault on such an amplifier, however, a large 
part of the terminal is put out of action and one is forced to duplicate the 
whole equipment and to provide automatic change-over equipment on all 
carrier outputs. 

In the M4 method of construction, the carrier generating equipment has 
been decentralized so that only the 84.08, 411.92 etc. kHz pilots and certain 
basic frequencies 12, 124 etc. kHz are generated centrally. 

The centrally generated frequencies feed the decentralized harmonic genera
tors with associated filter equipment. All higher modulation stages have been 
allocated one such carrier generating equipment. Only in the case of channel 
translating equipment has this not been done for economic reasons. Here, 
there is one harmonic generator per 300 (240) channels. 

The method using decentralized carrier supply has many advantages, among 
which are: 

• The equipment is more economic for small terminal stations 

• Temporary breaks in the signal path caused by the different phase rela
tionships between the carriers from regular and standby equipment, with 
both manual and automatic changeover are avoided. These breaks do not 
disturb speech transmission but disturb other forms of information transfer 
e.g. v.f. telegraphy or data transmission. 

As the carrier generation has been decentralized and placed together with 
its associated modulation equipment, there is no longer any reason for 
duplicating these parts of the carrier supply. It is true that a fault in a harmonic 
generator puts the whole block out of function but the same can be said 
about the amplifier used to amplify the groups modulated in the block. As the 
harmonic generator only generates frequencies for a few modulators, the 
power requirements are low and fault probability is no greater than the wide 
band amplifiers used in the modulation equipment which are normally not 
duplicated in transistorized equipment. 

The same principles as previously are used for the central part of the 
generator equipment, i.e. completely duplicated equipment and automatic 
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changeover as near to the frequency outputs as possible. Even if it has not 
been completely possible to avoid the changeover equipment, the number of 
equipments has been reduced appreciably. In an M4 type 12 MHz terminal 
equipment there are a total of 3 changeover switches for the frequencies 12, 
124 and 440 kHz. According to the previous arrangement there were at least 
22 changeover equipments. 

Furthermore it should be noted that the number of components in circuit 
before the changeover points has been appreciably reduced and therefore the 
fault probability in this equipment has decreased and as a result of this the 
number of changes over. Also, as the manual changeover facility from 
regular to standby equipment has been removed, changeover occurs only in 
the event of a fault in the common frequency generating equipment. The 
mean time between failures (MTBF) for this equipment and therefore the 
mean time between automatically controlled changes over is better than 10 
years for a 12 MHz terminal equipment. We therefore consider that the new 
design of the generator equipment has eliminated the disadvantages of the 
automatic changeover. When there are small terminals, the decentralized 
equipment is economically more advantageous than the equipment using the 
previous principles. 

Finally, it can be said that the carrier distribution has been appreciably 
simplified as the carriers are generated at the point of use. Only distribution 
of the basic frequencies and certain pilots need occur within the station. 

Power Supply 
In the M4 method of construction, a decentralized power supply has been 

retained, i.e. each bay has been provided with its own power supply unit. 

Each of these units is available in different types so that the primary 
voltage can be obtained from the a. c. mains (220 V, 127 V or 110 V) or from 
a possible station battery (24 V, 36 V. 48 V or 60 V). 

To facilitate connection to these different primary voltages, the power 
supply units are provided with built-in voltage stabilizers which have such 
a regulating range that normally occurring voltage variations of the a. c. mains 
and station batteries are compensated. 



The M4 Method of Construction Used in 
Mechanical Design 
K. A X E L S O N , 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 621.395.44 
62.002.2 

LME 60 84 

The article describes the M4 method of construction from the mechanical 
point of view, how the problems of reduction of volume while retaining 
flexibility were solved, how the design has been carried out to obtain simplest 
installation work and to a certain extent what experience has been gained 
during the development period. 

General and Objective 
When regarded as a mechanical design the present method of construction 

M4 is a new development which has taken advantage of the technological 
advances made in different branches since the previous method of construc
tion Mi (see Ericsson Review No. 4, 1960) was designed. The design work 
which has been explained in the previous article in this number has followed 
the guiding principles given below. 

• The reduction in volume of electrical components and their smaller height 
15.5 mm (previously 23.5 mm) shall be fully exploited. 

D The method of construction shall permit a division into mechanical units 
which shall fully correspond with the electrically functional sub-division. 
As mentioned in the previous article, this results as a rule in appreciably 
smaller, more easily handled mechanical units than in previous methods 
of construction. 

• Owing to continually increasing cost of salaries and wages the method of 
construction shall be made so that installation work is kept to a minimum. 

• If possible, one should be able to connect units of Mi method of con
struction to equipment of the M4 type. 

• The units shall be mechanically designed as regards screening, connections 
etc., so that they can be used for higher frequencies than units of previous 
methods of construction. 

• The main dimensions of the bay shall be the same as those for an Mi bay, 
likewise the method of installation and appearance shall be suitable for 
its inclusion in stations arranged for Mi bays. 

• Otherwise, the same assumptions for M4 as regards flexibility, availability 
of maintenance test points, dust protection etc., apply as in Mi. 

The method of construction which will now be described in more detail fully 
satisfies the specified objectives and has enabled very compact designs to be 
made that take full advantage of available space. This is clearly seen in figs. 
1 a and 1 b. 

Basic Dimensions and Module Sizes 
The determination of the basic dimensions and module sizes has been made 

in collaboration with the designers who have developed the digital equipment 
method of construction used in L M Ericsson. Consequently, a certain agree
ment can be discerned in this respect. 
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The development work has resulted in a bay design having the same main 
dimensions as previously 670 X 236 X 2743 (max.) mm (26.4" X 9.3" X 9'). A 
bay with this height is sub-divided vertically into 67 height modules of 40 mm 
(1.57") [previously 36.5 mm (1.4")]. 

The units are placed in shelves that are sub-divided horizontally into 128 
width modules of 4.25 mm (0.16") [previously 16 modules of 34 mm (1.34")]. 
This somewhat uneven module dimension has evolved as the highest common 
factor for space requirements for component heights of 23.5 mm (0.9") and 
15.5 mm (0.6"). 

The contact module for unit and shelf connections is 31/:) rnm (0.13"). This 
uneven dimension is determined by requirements of the automatic wiring 
equipment which is expected to be used in the manufacture of certain equip
ment. 

Apart from the width module (as seen inserted in the shelf) the units have 
the same main dimensions as in MS. 

Unit Construction 
Mechanically, the units consist of one or more sub-assemblies mounted in 

an aluminium case of suitable size. This flexibility permits a mechanical sub
division which nearly always agrees with the sub-division into electrically 
separate functions. 

Each sub-assembly is made as a circuit card where the electrical components 
are mounted on a printed wiring board like the previous method of construc
tion, i.e. a board where the etched foil pattern only acts as wiring between the 
connecting tags of the electrical components. The card material is usually 
phenolic paper laminate. Owing to the smaller and smaller dimensions of the 
electrical components, the requirements of the accuracy in manufacture of 
these printed wiring boards have been made more stringent. It can be mentioned, 
for example, that the smallest permissible conductor width and insulating 
distance has been reduced from 0.8 mm (0.0315") to 0.6 mm (0.0236") and 
the smallest distance between two adjacent component tag holes for dif
ferent conductors has been reduced from 5.08 mm (2 x l/io") to 3.59 mm 
(= | 2 x Via"). The external dimensions of a normal board are the same as the 
previous method of construction, except for small cuttings out. Owing to 
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Fig. 1 

Shelf complete with units; right, an unmounted 

21 module unit 

The pictures give a good idea of how well the space has 

been utilized in this method of construction. 



technical advances in manufacture of the cases it has been possible in the 
new method of construction to have printed boards of half the normal width. 
These are of particular use in units requiring a small or a long, narrow 
component mounting space. See fig. 2. 

One end of the sub-assembly is shaped as a plug strip. To ensure good 
contact function when connecting to a matching jack strip, the printed wiring 
which has been brought out to the edge of the card is terminated in gold-
plated contacts bent round the edge of the card. This prevents the socket 
contacts from scraping away phenolic powder when plugging in the sub
assembly which can thus endanger the good contact function. With a contact 
module of 3V;i mm (0.13") the maximum number of contacts for the whole 
card width is 22 and for half width is 8. The contact end is also provided with 
a bracket, the main purpose of which is to hold the sub-assembly in place in the 
case with the help of captive screws, but also acts as a fixing bracket for any 
coaxial connectors that may be required. These connectors when in the form 
of coaxial plugs (up to 5 per apparatus unit of full width and 2 per unit of 
half width) are screwed directly into the bracket and are connected to the 
wiring board with connecting wire and a screening bracket or with coaxial 
cable. See fig. 2. 

The other end of the sub-assemblies can be provided, if required, with test 
blocks, strapping strips, U-link strips, push button switch strips etc. 

The strips which are made of carbonate plastic are assembled and in most 
cases mounted with the help of hot rivetting and are held in place on the 
card by a bracket holed at 5.08 mm (2/io") centres. Figs. 1 b and 2 show the 
strips and their mounting. 

The cases in which the sub-assemblies are mounted act as protectors from 
mechanical damage and from dust. They also act as electrical screens between 
the units and sub-assemblies and as a frame holding the sub-assemblies to
gether. The cases are produced by cold flow moulding. The units are placed 
in shelves so that the sub-assemblies are vertical. Consequently there is a 
direct relationship between the number of sub-assemblies in the unit and the 
space required in the horizontal direction [module = 4.25 mm (0.16")]. Each 
sub-assembly having a component height of 15.5 mm requires 5 such modules. 
To this is added 1 module to allow for case walls and necessary play. 

Fig. 2 

Unit and sub-assemblies 

1 Unit for 15.5 mm component heieht with coaxial 
test points and strapping field 

2 Sub-assembly (component height 23.5 mm) with 
normal width and coaxial connectors 

3 Ditto of half width 
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It has been considered necessary to have the following unit widths and 
maximum contents for the cases. 

Case shape 

No. of 4.25 mm 
with modules 

6 

6 

8 

8 

11 

16 

21 

Intermediate wall 
width without 

X 

Sub-assemblies accommodated 

No. 

1 

2 

1 

2 

2 

3 

2 

4 

Component 
W l d t h height (mm) 

Vi 
l / j 

15.5 

15.5 

Vi I 23.5 
I / 

Vi 

Vi 

Vi 

7 i 

23.5 

15.5 

15.5 

23.5 

15.5 

The case height and depth are the same as in the M3 method of construc
tion, i.e. 101 mm (4") and 198 mm (7.8") respectively. 

The open end of the case which is the front end of the unit is covered with 
a die cast aluminium lid provided with suitable holes for the front strips of 
the sub-assemblies and with the code number of the unit embossed at the 
bottom left. Cases with matching fronts are shown in fig. 3. 

The lid is held fast to the case with a dowel in the lower edge of the case 
and a screw at the top edge. This arrangement is made so that the screw 
need only be loosened a little to allow removal of the lid. 

Like the previous methods of construction the cases are subjected to a 
pickling process so as to give a matt aluminium finish. The lids, on the other 
hand, have been given a stove dried grey painting so as to obtain a good 
finish. 

Shelf Design 
The shelf which supports the units occupies a space of 3 vertical modules of 

40 mm (1.57") each and mainly consists of a supporting box girder design 
with bent up ends and a rear frame screwed to this for holding the requisite 
contact sockets for connecting to the units. See figs. 4 and 5. 

The upper plate of the box girder and the rear frame are provided with 
holes and grooves respectively having a module spacing that corresponds to the 
horizontal width module 4.25 mm (0.16"). This enables a unit having a width 
suited to this module and to the requisite contact sockets, to be placed in any 
position in the 128 modules of the shelf. The holes in the upper plate of the box 
girder are used for mounting the guiding studs required to guide the unit into 
the contact socket. The upper plate of the box girder can easily be removed 
after undoing three screws. 

The front edge of the box girder has been formed to hold the maintenance 
test strips, fuse and lamp strips, strips with switches, sockets for plug-in type 
pads, etc., a selection of which is shown in fig. 6. 

By spring loading the front edge and providing it with shoulders, each strip 
can easily be mounted by inserting it from the back. Details of the frame are 
seen in fig. 5. There is space for 16 strips. 



Fig. 4 
Shelf for plug-in type units 

Left, connector field for connection to station cabling 

and right, connectors to bay cabling. On the upper 

side of the box girder can be seen the holes for the 

guiding studs and in its front edge the retractable 

designation strip and strips for supervision etc. 

The contact sockets for unit connections are held to the frame by two 
longitudinal bars having a few screws. The body of the contact socket is made 
in four different types: 

a) only for flat pin contact sockets with 3V;i mm module, 

b) for both flat pin contact sockets and coaxial sockets, 

c) only for coaxial plugs, and 

d) for flat pin contact sockets with 4 mm module. 

Contact sockets types c and d are used for connecting units developed using 
the previous method of construction. 

Contact sockets a to c are shown in fig. 7. 

The soldering side of the contacts is protected by a rear cover plate secured 
by two screws at the shelf ends. 
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Fig ' 5 The shelf is connected to the station cabling by fixed contact sockets placed 
Detail of right hand end of shelf with a J o n g t h e , g f t e n d o f t h e s h e | f H e r e t n e r e js) s p a c g f o f u p t Q 9 s t n p s e a c h 

connectors for bay cabling. At the bottom, 
shelf guides with connectors 

holding either 26 (alternatively 3 x 6 ) flat pin contacts or 4 coaxial sockets. 

Fig. 6 
A selection of strips for the shelf front 

In the front row, strip 730080 equipped for four 

different fields of use 

1 Coaxial sockets RNT 14802 for U-link connection 

2 Ditto for test purposes 

3 Fuze holder and lamp holder (NFS 14402) 
4 Sleeve connector R N T 16021 and push button 

switch R M D 94001 

In the far row, 

5 Dummy strip 730082/1 

6 Strip 730082/2 with push button switch R M D 

94002 

7 Flat pin contact socket RNV 22004 for test pur

poses 

8 Flat pin contact socket RNV 22001 for plug-in 

pads 
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The shelf is connected to the internal bay cabling, i.e. the connections 
between different shelves in the same bay, with the help of contact sockets 
joined to the cables which are drawn out at the right hand end bracket of the 
shelf. Here, one 6 pole contact socket and up to three 26 (or 3 X 6) pole contact 
sockets or twelve coaxial contacts can be mounted. The upper limit is 
governed by the available space in the guides shown at the bottom of fig. 5, 

All wiring required between different contact sockets, test blocks etc., is 
laid in the box girder behind the strips. To obtain good earthing connections 
which are so important for transmission equipment, an earthing bar has been 
mounted inside the box girder and shaped so that it is automatically connected 
to the left hand earthing bar of the bay when the shelf is screwed into the bay. 
It can. also be connected via a cable lug and screw connection to the right hand 
earthing bar of the bay. 

In the front, the shelf is provided with a cover plate which covers the fronts 
of all units (see fig. 8). The cover plate is fastened to the shelf by a snap 
fastening of formaldehyde plastic. To allow ease of access to the maintenance 
test blocks etc., without having to remove the cover plates the lower part of 
the shelf in front of the box girder is provided with a retractable strip, the inside 
of which is shaped as a holder for labels required for identifying the test 
blocks etc. The strip is kept in the vertical position, by a spring in the left hand 
plastic fixing of the cover plate. The designation plate has a window at its 
right hand side covered with translucent material on which the code number 
of the shelf is given. The translucent material allows the alarm indication 
lamp situated behind the window to be seen. 

The cover plates and designation strip are painted in the same light blue 
coloured paint used in the M3 method of construction. 

Without relaxing the functional sub-division, and to satisfy the more 
extensive transmission equipment requirements of greater space than that 
offered by a shelf, up to five shelves can be mechanically joined to form a 
shelf stack. In addition to the internal cabling for each shelf, this stack is 
provided with an interconnecting cable and one common' rear cover plate. 
Each shelf in the stack, on the other hand, has its own front cover plate and 
designation strip. The stack is connected to station and bay cabling in the same 
way as for a single shelf. 

Certain units and functions, however, cannot be built up in the cases and 
shelves described above. A method of construction has therefore been specially 
developed, for example for mains supply units which require just over three 
vertical modules and the front of which consists of cooling fins. For power 
distribution and concentration of alarm functions etc., in the bay, a service 
shelf occupying one vertical module has been designed. The front has in this 
case been arranged for mounting test blocks, fuse strips etc. of the same type 
as used in the normal shelves described above. 

Fig. 7 

Sockets for connecting units 

From left, socket RNV 21901, socket RNV 21951 
with two coaxial sockets RNT 14801 ant! contact 
housing 730135 for up to five coaxial plugs (M3) 
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Bay Construction 
The bay construction is shown in figs. 9 and 10. 

As opposed to the case in the previous method of construction, bays in the 
M4 method of construction do not consist of assembled, pre-cabled products 
but are erected and cabled when the station building is being constructed. 

When installed, the bays have the same external dimensions as previously. 
They are composed of two vertical beams, a floor plate and a top iron which 
are joined together with screwed fittings. 

The floor plate is provided with four set screws for vertical and horizontal 
adjustment of the position of the assembled bay. 

The vertical beams which are different from each other are provided with 
requisite holes with 40 mm (1.57") module centres for mounting of shelves 
and shelf stacks. Each vertical beam has furthermore been provided with an 
earthing bar of copper so as to ensure good earth connections. 

The left hand beam which is wider—about 85 mm—is used to house the 
station cabling drawn to the shelf connector strips and is therefore provided 
with notches so that up to five cable supports can be mounted in it. The cable 
support which is easily adapted to the size of the bunch of cables and which 
by its design permits sub-division of the bunch of cables, is secured to the 
frame by only one screw. 

The beam with cable mounted in it is covered by a vertical black anodized 
aluminium strip. On this strip or part of it are mounted the service devices 
which are required for the bay such as bay alarm lamps, telephone unit, 
location chart, measuring instrument etc. 

The right hand beam which is about 25 mm wide contains the internal bay 
cabling. In the beam is mounted—here again with only one screw—a number 
of transverse frames or guides, one for each shelf to be mounted in the bay. 
In addition to acting as supporting arrangements for the shelf, these frames 
act as supports for the fixed contact arrangements that are required for 
connecting the shelves to the cable and as a holder for the cable itself. 

The change from an all-welded bay frame (Mi method of construction and 
earlier) to a bay which can be assembled in the station, results in simplified 
store keeping, fewer packing and transport problems and most important of 
all. results in less time being required as the work of station installation and 
cabling can be started before the particular part for the respective bay i.e. the 
right hand beam with cable and contact arrangement has been delivered. 

89 



Fig. 10 

Shelf (excluding units) mounted in a bay 

a Left hand connectors 

b Right hand connectors 

Fig. 11 

Perspective drawing of station construction 

Station Installation 
A perspective drawing of suites of bays in a station is shown in fig. II. 

The bays standing back to back are assembled in suites in the station. At 
either end of the suite there is a transverse suite cabinet containing the 
necessary arrangements for the suite for power distribution, alarm indication 
etc. 

The suites are held together and joined to each other by the same type of 
dust protected cable runway as that used in the previous method of construc
tion. 

It is therefore possible to put in bays of the M4 method of construction in 
existing suites containing bays of the M3 method of construction. 

Due to the requirements of increased space for the station cabling caused by 
the reduction of the equipment volume, the assortment of parts for the cable 
runway construction has, however, been increased so that wider cable run
ways can be installed, if required. 

Connectors 
The design of the M4 method of construction has also meant new develop

ment of contact arrangements for non-screened and coaxial connexions. 
U-links, lampholders etc. A brief description will now be given for some of 
these. 

Flat Contact Plugs and Sockets 
In the previous, method of construction the type of flat contact plugs and 

sockets used there has proved to be so good that there was no reason to 
change from this contact principle. Consequently, all connectors used in 
transmission paths in the M4 method of construction have plugs and sockets 
of this type. 

New connector housings have been developed to suit the method of con
struction. For example, this is the case for plugs and sockets of type RNV 219 
for connecting the units to the shelf cabling and for jack sockets and test 
blocks for unit and shelf fronts (figs. 6 and 7). 

It is worth mentioning the connectors for joining the shelf cabling to the 
station and bay cable. These connectors are made in 6-pole and 26-pole types 
as shown in fig. 12. The 6-pole flat pin contact plug RPV 23101 has a plastic 
cover and mates with the jack socket RNV 22101 to which it is held in place 
by means of a snap fastener made of plastic. This connector combination only 
requires a space of 13 X 18 mm (0.51" x 0.71"). The 26-pole plug RPV 23106 
which mates with socket RNV 22106 is provided with a sheet metal cover and 
a bracket acting as a cable clamp. If required, the socket can be provided 
with a locking device for holding the plug securely. As one side of the plug 
case can be removed it can be mounted on the flat pin contact strip after the 
cables have been soldered in. This 26-pole contact combination requires a 
surface of 13 X 50 mm (0.51" x 1.97"). A jack socket RNV 22107 occupying 
the same area has been developed for connection of up to three 6-pole plugs 
RPV 23101. 

Coaxial Connectors 
The coaxial connectors RPT 159/RNT 149 for 75 ohms cable impedance 

which were designed previously and used as standard coaxial connectors in 
transmission equipment could not be used in terminal equipment built using 
the M4 method of construction owing to their size. For this reason coaxial 
plug type RPT 14H and mating coaxial socket type RNT 14H have been 
developed. These are to be seen in fig. 13. 
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Fig. 12 

26- and 6-pole connectors 

First row, left, flat pin contact socket RNV 22106. 

complete flat pin contact plug RPB 23106. the flat 

pin strip RPV 23107 used in this and the case. Note 

the removable side and the shape of the cable clamp. 

Second row, left, flat pin contact socket RNV 22101. 

complete plug RPV 23101, the flat pin str ip RPV 

23102 and case halves. 

Far row. flat pin contact socket RNV 22107 suitable 

for three flat pin contact plugs RPV 22101. 

All contact surfaces in these connectors are gold plated. The centre conductor 
contacts consist of a cylindrical pin in the plug and a spring loaded sleeve 
with cross cut slots in the socket. Each of these centre contacts is centred and 
fixed in the respective connector by a ceramic washer in which it has been 
mounted by hot upsetting. 

Contact between the outer conductors is obtained using a contact spring 
cage of beryllium bronze spot welded to the inside of the coaxial socket. 

Fig. 13 

Coaxial connectors 

First row, centre contacts with ring nut. 

Second row. from right, coaxial plugs R P T 14801 and 

-02, coaxial sockets RNT 14802, -01 and -03 and 

jointing sleeve. 

Third row. mounting details for cable connections etc. 

Fourth row, examples of applications, from left. 

connecting box N E D 40301 adjacent to coaxial socket 

RNT 14801 with two cables connected at an angle. 

O \ 
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Fig. 14 

A small selection of plastic details, mainly 

in carbonate plastic, which have been designed 

for the new method of construction. 

mtm L 

There are two types of coaxial plug 

• RPT 14801 for connecting the units to the shelf cabling 

• RPT 14802 for connecting to free cable ends. 

Mounting details have been developed for connexion of coaxial cable 
TZC 75005 (double screened with 75 ohms characteristic impedance and 5.6 mm 
external diameter) and screened conductor TEL 42031 (screen of aluminium 
foil and longitudinal wires, external diameter 2.8 mm). RPT 14802 is provided 
with a snap fastening plug cover of formaldehyde plastic. 

Three types of coaxial sockets have been designed 

• RNT 14801 for connecting units to the shelf cabling 

• RNT 14802 for normal use 

• RNT 14803 for flying lead connections for through-going cables. 

Due to the restricted space in the rear edge of the shelf, RNT 14801 is made 
for radial connection of up to two coaxial cables of the types mentioned above. 
For this purpose the cables are terminated with specially designed grooved 
nipples that are fixed in recesses, the whole being covered with a lid. Owing 
to the double connection facility it is possible to have multipled cabling. 

The nipples are also used when connecting to the connecting box type 
NED 403, shown in fig. 13 which is mounted in the shelf cable space in the 
box girder. 

RNT 14802 are used for normal axial connection of the cable types men
tioned earlier, the same assembly details being used as for the coaxial plugs 
type RPT 148. 

To obtain flying lead connections, RNT 14803 is provided with a jointing 
sleeve having a pear-shaped section in which the through-going cable is 
jointed and connected. When assembled, the socket which is only used for 
connecting to TZC 75005 lies beside and parallel to the cable. 



The coaxial sockets are secured by a cone-shaped nut which helps to guide 
the plug into the socket. Another type of this nut has been provided with snap 
fastening springs to hold plug RPT I4H02 in place. 

Plastic as Material for Construction 
When developing the M4 method of construction the properties of modern 

plastics and the possibilities of their use as construction material has been 
fully exploited. 

In many instances, both the work of design and assembly has been greatly 
simplified due to the ease with which plastics can be made into complex 
shapes, their ability to be thermally formed and also to their resilience. 
Consequently in the M4 method of construction there are only a few plastic 
details that are mounted in screwed joints. Several details have snap fastenings 
using heels and recesses and many of these snap fastened plastic details have 
enabled the assembly of other constructional elements in, for example, metal 
to be made without using screws. A selection of plastic details designed for 
the M4 method of construction is shown in fig. 14. 

These design simplifications have resulted in the number of screws used per 
bay being reduced by a factor of 4 to 1 (per supergroup, by a factor of 15 
to 1) compared with the M3 method of construction. This means a reduction 
of screws per bay by about 1200. In, this connection the 6-7 screws (which are 
the same in number in both methods of construction) per sub-assembly in
cluded in the units, are not taken into account. 

Mechanical Data 
Bay 

width 
depth 
height (max.) 
height module 
max. no. of height modules 
weight (excluding shelves) 

Shelf (standard) 

width (including securing lugs) 
depth 
height 

width module 
no. of width modules 
max. no. of front strips 
weight (excluding units) 

Unit 

width 

depth 
height 
no. of unit assemblies 
weight 

670 mm (26.4") 
236 mm (9.3") 
2743 mm (9') 
40 mm 
67 
about 70 kg (155 lbs.) 

597 mm (23.5") 
236 mm (9.3") 
118 mm (4.64") 
(3 X 40 - 2 mm) 
4.25 mm (0.17") 
128 
16 
about 5 kg (11 lbs.) 

(n X 4 .25- 1.5) mm 
n = 6, 8, 11, 16 or 21 
199.6 mm (7.85") 
101 mm (3.97") 
see text 
about 0.1 kg per 4.25 mm width 
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This article gives an outline of the system design for large-capacity terminals 

to be included in carrier systems using coaxial line links or radio links. 

Further details of the component subsystems are given in separate articles. 

Speech 
channel 

Subgroup 

0.3 3 . i 

552 

Fig. 1 
Modulation plan for the translation of 60 
speech channels into a basic supergroup 
Frequencies in kHz 

Fig. 2 
Channel and group translating equipment 

kanaI/12G Channel translating equipment 

12/60G Group translating equipment 

kanal/60G Combined channel and group translat

ing equipment 

Frequencies in kHz 

ALTERNATIVE I 

The terminal equipments for carrier systems engineered in the M4 construc

tion practice fully conform to the frequency allocations recommended by the 

C C I T T for 300-, 900-, 960- and 2700-circuit systems. Regarding the traffic 

bands to be through connected two types of terminal are available, one 

providing for the through connection of supergroups, mastergroups and super-

mastergroups, another for the through connection of supergroups and 15-super-

group assemblies. 

Translating Equipment 

Formation of Basic Supergroups 
The translating equipment for the formation of basic supergroups consists 

of the channel translating equipment , which assembles speech channels into 

12-channel basic groups in two modulat ion stages (double modulation), and 

the group translating equipment , which assembles basic groups into 60-channel 

basic supergroups. The frequency allocations for the respective frequency 

blocks are shown in fig. 1. 

The equipment for forming and breaking down basic supergroups is provided 

in two versions, as shown in fig. 2. 

Alternative 1 employs separate shelves for the channel translating equipment 

sets and the group translating equipment. This ar rangement is designed for 

use in network configurations where the traffic band normally through con

nected is a group. In that case a group distribution frame with through group 

filters, if required, is inserted between the channel and group translating equip

ments. 

k a n a l / l 2 G 1 

k a n a l / 1 2 G 2 

k a n a l / 1 2 G 3 

k a n a l / 1 2 G 

kanal/12G5 

channel 
0.3—3.4 

LV 

1 2 / 6 0 G 

A—fcn— 
9 — 1 > 4 -

basic group 
60—108 

<> fcaj— • 

ALTERNATIVE II 

basic suoergroup 
312—552 

basic supergroup 
312—552 
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Fig. 3 

Frequency arrangements for terminals with 

mastergroups 

Frequencies in kHz 

Alternative II is employed for network configurations where the smallest 
batch of through-connected channels is a supergroup. In this version the 
channel and group translating equipments are combined in a shelf stack 
consisting of five shelves. Nevertheless, it is possible to connect services 
requiring wider transmission bands than that occupied by a speech channel, 
such as program channels and broadband data channels, direct to the group 
translating equipment. 

For the supervision of the group and supergroup levels facilities are provided 
for the injection of the 84.08 kHz group reference pilot and the 411.92 kHz 
supergroup reference pilot standardized by the CCITT. 

The group translating equipment can be provided with equipment for the 
automatic level supervision and regulation of the incoming groups. 

Signalling facilities are incorporated in the channel translating equipment. 
The standard versions available offer the following alternatives: 

• out-band signalling, 3825 Hz, at a level of -18 dBmO 

• out-band signalling, 3825 Hz, at a level of -6 dBmO 

• in-band signalling, 2400 Hz, at a level of -6 dBmO 

Translation of Supergroups into Line Groups 

Terminals with Mastergroups 

This type of terminal assembles basic supergroups via a 300-channel basic 
mastergroup stage into the line frequency band. 

This arrangement of the multiplexing equipment facilitates economic ex
pansion into larger-capacity transmission networks mainly consisting of 2700-
or 1800-circuit systems. In addition, the mastergroup is a convenient frequency 
block for through connection in these systems. The frequency allocation in 
figure 3 shows the modulation plans for line groups used in 300-, 900- and 
2700-circuit systems. The basic subdivision of the translating equipment into 
different shelf stacks is shown in fig. 4. 

The 300-channel (1.3 MHz) line group is obtained by double modulation of 
an 812-2044 kHz basic mastergroup to the 64-1296 kHz band. 

The 900-channel (4 MHz) line group is formed by assembling three basic 
mastergroups into a basic supermastergroup in the 8516-12,388 kHz range and 
then modulating this to the 316^4188 kHz line frequency band. 

Fig. 4 

Translating equipment for terminals with 

mastergroups 

60/300G Supergroup translating equipment 
300/900G Mastergroup translating equipment 
900/2700G Supermastergroup translating equip

ment 
300/300G Mastergroup modulating equipment 
900/900G Supermastergroup modulating equip

ment 
Frequencies in kHz 

Basic super
group 
312—552 

Basic master
group 
812—2044 

Basic super
mastergroup 
8516—12388 

60/300G 

C * -

**-

300/900G 

fc+-

900/2700G 

900/900G . [ 900/9 

300/300 G 

2700-channel 
line group 
316—12388 

900-channel 
line group 
31 6—41 88 

300-channel 
line group 
64—1296 
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Fig. 5 
Frequency arrangements for terminals with
out mastergroups 
Frequencies in kHz 
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The 2700-channel (12 MHz) line group is formed by assembling three basic 
supermastergroups into the 316-12.388 kHz range. For 1800-circuit radio-relay 
systems use is made of a 316-8204 kHz line group consisting of supermaster
groups 1 and 2 of the 1 2 MHz line group. 

Level supervision in this type of terminal is arranged by means of the 
standardized 1552 kHz mastergroup reference pilot and the 11,096 kHz super-
mastergroup reference pilot, which are injected into the basic mastergroup 
and supermastergroup bands immediately after their formation in the super
group and mastergroup translating equipments. 

Injection of the 411.92 kHz supergroup reference pilot has taken place 
earlier, namely in the group translating equipment, immediately after the 
formation of the basic supergroup. 

Terminals without Mastergroups 

Terminals without mastergroups are an alternative to the arrangement of 
multiplexing equipment for 300- to 2700-circuit systems. This type of terminal 
is suitable for use in transmission networks mainly consisting of 300- and 
960-circuit systems, where the 2700-circuit system is not predominant. Of 
course the two types of terminal can co-operate within the same terminal 
station by using the common supergroup for through connection. 

The CC1TT has mentioned the two types of terminal equipment as alterna
tives in its recommended frequency allocations, but given preference to the 
mastergroup arrangement for international traffic over 2700-circuit systems. 

The frequency allocation in figure 5 shows the modulation principles for 
300-, 960- and 2700-circuit systems. The subdivision of the equipment into 
shelf stacks is illustrated in fig. 6. 

Fig. 6 
Translating equipment for terminals without 
mastergroups 

60/960G Supergroup translating equipment for 

the formation of a 960-channel line 

group or 15-superEroup assembly 

60/300G Supergroup translating equipment for 

the formation of a 300-channel line 

group 

15-supcrgroup translating equipment 900/2700G 

Frequencies in kHz 

Basic super
group 
312—552 

15-SG assembly (by emission of supergroup 1) Alt. 1 
or 960-channel line group (1 6 supergroups) Alt. II 
312—4028 or 60—4028 

60/960G 

-N-

60/300 G 

N" 

-N -

-N -

900/ 2 700 G 

-N-
2700-channel 
line group 
312—12336 
Alt. I 

960-channel 
line group 
60—4028 
Alt. II 

300-channel 
li ne group 
60-1 300 

: Omitted for 15-SG alternative 
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The 300- and %0-channel line groups are formed by assembling supergroups 
by a single modulation process. Supergroup 2 is used in the basic frequency 
band. 

The 2700-channel line group is obtained by using a 960-channel line group 
from which supergroup 1 has been omitted. Three such 1 5-supergroup 
assemblies in the 312^1028 kHz band are assembled into the 312-12,336 kHz 
line frequency band. 

Level supervision in this type of terminal is based on the use of the 411.92 
kHz supergroup reference pilot injected immediately after the formation of 
the basic supergroup, and a special 1552 kHz pilot used as reference pilot for 
the 15-supergroup assembly 312^1028 kHz. 

Equipment for automatic level regulation and supervision is provided for 
the supergroups and 15-supergroup assemblies. 

Frequency Generating Equipment 
The frequency generating equipment is divided into two parts, namely a 

centralized equipment for the generation of frequencies common to the 
whole terminal equipment, such as master frequency, carrier basic frequencies 
and reference pilots, and a decentralized equipment for the generation of the 
carriers required for the different modulation stages. 

Centralized Fundamental and Pilot Generation 
The carrier frequencies employed for the formation of the frequency blocks 

standardized by the CC1TT generally consist of harmonics of the fundamental 
frequencies 12, 124 and 440 kHz. These carrier basic frequencies are derived 
from the master frequency generated by the master oscillator. Two different 
master oscillators are employed, one generating 124 kHz and having a fre
quency stability of 5 - 1 0 8 per month, the other generating 2500 kHz and 
having a stability of 108 per month. The former oscillator is applicable in 
carrier systems having a bandwidth of up to 12 MHz, the latter in systems of 
12 MHz and larger bandwidths. 

ALTERNATIVE I HO 124 
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ALTERNATIVE II F0124/440-, HO 124 

t • I » • 
12 60 84 08 155211096 
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Fig. 7 
Centralized fundamental and pilot generating 

equipment (common frequency supply) 

HO Master oscillator 
FO Frequency converting shell 
PG Pilot generating shelf 
Frequencies in kHz 
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The pilot frequencies generated by the common frequency supply are the 
60 and 300 kHz frequency comparison pilots, the 84.08, 411.42, 1552 and 
11,096 kHz for level maintenance of the group, supergroup, mastergroup and 
supermastergroup respectively. All pilot frequencies are obtained by conversion 
of the master frequency concerned. Thus frequency maintenance in the terminal 
equipment can be concentrated entirely on the master frequency. 

The division of the common frequency generating equipment into shelves and 
shelf stacks is illustrated in fig. 7. Alternative 1 is suitable for all 300-circuit 
terminals as well as for 960-and 2700-circuit terminals where mastergroups 
are not employed. Alternatives 2 and 3 are used in 900- and 2700-circuit 
terminals with mastergroups. The difference between alternatives 2 and 3 is 
that the latter provides higher frequency stability. 

The generated frequencies are used as shown in the table below: 

Carrier Basic Frequencies 

12 kHz: channel translating equipment, 

group translating equipment, 

supergroup translating equipments for the formation of master
groups and 960-channel line groups. 

124 kHz: supergroup translating equipments for the formation of basic 

mastergroups and 960-channel line groups, 

mastergroup modulating equipment, 

supermastergroup modulating equipment, 

supermastergroup translating equipment. 

124 kHz: supergroup translating equipments for the formation of basic 
supermastergroups, 

supermastergroup modulating equipment, 

supermastergroup translating equipment. 

Pilot Frequencies 

60, 300 kHz: frequency comparison pilots 

84.08 kHz: group reference pilot 

411.92 kHz: supergroup reference pilot 

1552 kHz: reference pilot for mastergroup and 15-supergroup assembly 

11,096 kHz: supermastergroup reference pilot 

The common frequency generating equipment consists of two separate sets 
of equipment. These two sets are connected together by automatic changeover 
equipment, which in the event of failure of the regular equipment immediately 
connects the standby equipment. 

Distribution of Carrier Basic Frequencies and Pilots 
The carrier basic frequencies are distributed from the common frequency 

generating equipment to the decentralized carrier generating equipment in
corporated in the various modulation stages. Each of the outgoing frequencies 
generated by the centralized equipment is distributed via 10 outlets. Where 
necessary further distribution can be arranged by subdividing each outlet into 
10 more outlets. Provision has been made for the accommodation of this 
distribution equipment in the suite end cabinets. When fully equipped, the 
common frequency generating equipment can supply a terminal with a 
capacity of approximately 10.000 circuits. 



The reference pilots are distributed to three points in the terminal equip
ment, firstly to the injection point immediately after the formation of each 
basic group, secondly to through-connected reserve frequency groups in the 
respective distribution frame and, thirdly, to the centralized pilot receiver 
included in each modulation stage to provide a reference level. 

The frequency comparison pilots are distributed to line systems for further 
transmission to other stations. Figure 8 illustrates the frequency distribution 
in a 2700-circuit terminal. 

Decentralized Carrier Generation 
The carrier frequencies for the various modulation stages are obtained by 

filtering the harmonics from the output of the harmonic generator controlled 
by one of the carrier basic frequencies. In equipment translating supergroups 
and larger frequency blocks, each shelf stack has its own carrier generating 
equipment, i.e. each carrier frequency is applied to only one modulator and 
one demodulator and no parallel feeding arrangements to other similar equip
ment occur. Figure 9 shows a shelf stack for assembling basic mastergroups 
into a basic supermastergroup. 

In the channel and group translating stage several groups can be supplied 
in parallel from a carrier generating equipment common to all the sets of 
translating equipment housed in the same bay. However, a maximum of 300 
channels is supplied from one set of carrier generating equipment. 

The desired signalling frequency for the channel translating equipment is 
obtained by conversion of the same carrier basic frequency as is used for the 
generation of the channel, subgroup and group carriers. 

Equipment for Level Supervision and Regulation 

Immediately after its formation each frequency block is provided with a 
reference pilot for the supervision of its level. The reference pilots for the 
different frequency blocks have the following frequencies, which conform to 
CC1TT recommendations. 

basic group B 

basic supergroup 

basic mastergroup 

basic supermastergroup 

15-supergroup assembly 

84.08 kHz 

411.92 kHz 

1552 kHz 

1,096 kHz 

1552 kHz 

Supervision of Transmitted Pilot 

The common frequency generating equipment has facilities for level super
vision and automatic alarm for pilot level deviations of more than ±0.5 dB 
from the nominal value. Each pilot can be supervised by means of a recorder, 
for which purpose the equipment is provided with a recorder outlet. 

Fig. 8 
Distribution of carrier basic frequencies and 
pilot frequencies in a 2700-circuit terminal 
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SEND DIRECTION 

Fig. 9 

Block diagram of mastergroup translating 

equipment with built-in carrier generating 

equipment 

Frequencies in kHz 

Mastergroup input o-

- • 440 
From common 

frequency 
supply 

Mastergroup output °-

~° Supermastergroup output 

o Supermastergroup input 

RECEIVE DIRECTION 

Supervision of Received Pilot 
In the receive direction incoming frequency blocks are supervised at the 

output of the respective demodulator by means of a centralized pilot receiver, 
which automatically checks the incoming frequency blocks in turn. 

The resulting information can be used to control an automatic level regulator 
or to give an alarm if the level deviation exceeds a predetermined amount. 

All modulation stages from group translating equipment upward use the same 
type of equipment for supervision and regulation, only the selective part of 
the pilot receiver being different according to the various reference pilot 
frequencies. Figure 10 shows the different pilot receivers employed in a 2700-
circuit terminal. The pilot receivers for 84.08 and 411.92 kHz are the same 
shelf construction. Where the 411.92 kHz is received, this frequency is caused 
to modulate the 4% kHz to produce 84.08 kHz. 

The pilot receivers for the mastergroup translating equipment and the super
mastergroup translating equipment are identical. In this case the supermaster
group pilot 11,096 kHz modulates the 12,648 kHz to produce 1552 kHz. 

The pilot receivers have been made self-checking, i.e. once during each test 
cycle the respective pilot frequency from the local common frequency supply 
is connected and its level checked. 
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Fig. 10 

Equipment for level supervision and regula

tion for a 2700-circuit terminal 

kanal/12G Channel translating equipment 

12/60G Group translating equipment 

60/300G Supergroup translating equipment 

300/900G Mastergroup translating equipment 

900/2700G Supermastergroup translating equip

ment 

P M Centralized pilot receiver 

Frequencies in kHz 

This built-in check obviates all manual routine checks of the levels, so that 
the pilot receivers for supervision can be dispensed with. A more detailed 
description of the pilot receive equipment will be found in a subsequent 
article dealing with the supergroup translating equipment. 

Power Supplies and Alarm Circuits 

The shelves and shelf stacks are supplied from a common power pack in 
each bay. The standardized voltage at which the output from this power 
supply is distributed is 21 volts ±2 c',, the positive pole being earthed. 

Power supply variants are available for the following primary voltages: 

• a. c. supply, 50-60 Hz, 110. 127 or 220 volts ± 1 0 % 
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Fig. 11 

Bay arrangement for a 2700-circuit terminal 

1 Channel and group translating bay for forming 

4 supergroups (240 channels) 
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If required, the power supply can be duplicated, one serving as standby to 
the other, regular, supply. The standby power pack can serve as standby to 
several regular power packs accommodated in other bays. 

The primary voltages from the central power pack are distributed to the 
various bays via individual fuses in the suite end cabinets. 

The secondary voltage from the power supply is distributed to the various 
shelves and shelf stacks via fuses in a common service shelf in the centre of the 
bay. 

Separate alarm indications are given for failures of secondary voltages and 
fuses as well as excessive level deviations where level supervision is provided. 
These separate alarms are extended to the bay alarm circuit and via the end 
cabinets transmitted to the central alarm system of the station. Two distinct 
types of alarm are provided: urgent (A) alarm and non-urgent (B) alarm. 
All alarm conditions interfering with traffic are classified as urgent alarms, 
other alarm conditions as non-urgent. Level alarms from incoming traffic 
bands can be optionally arranged to be indicated as urgent or non-urgent. In 
addition, facility is provided for the disconnection of alarm functions, a re
minder indication being brought up at the same time. Each separate alarm 
indicator is provided with an additional terminal enabling special supervisory 
equipment outside the bay to be connected, for instance for remote alarm 
indication. 

Bay Arrangement 
Since in the M4 construction practice shelves and shelf stacks form the basic 

functional units of the terminal, the assembly of the equipment into bays is 
very simple. Generally the inter-shelf wiring consists only of the wiring for 
power supply and alarms. Consequently a large variety of bay arrangements 
can be offered. Fig. 11 shows the different bay types forming a 2700-circuit 
terminal. This terminal employs three bay types for the translating equipment. 
The shelf stacks for channel and group translation have been combined into 
one bay, which makes this arrangement suitable for applications where groups 
are not normally through connected. Also the mastergroup and supermaster
group translating shelf stacks have been accommodated in one bay, producing 
a complete 2700-channel line group. 
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Channel and Group Translating Equipment 
R. A S A R N O J & B. R A S K , T E L E F O N A K T I E B O L A G E T LM E R I C S S O N , S T O C K H O L M 

UDC 621.395.44 
621.376 

LME 8421 7544 

The channel and group translating equipment is engineered in L M Erics
son's new construction practice for transmission equipment and has been 
designed in accordance with the principles described in the introductory 
articles in this issue of Ericsson Review. 

The present article describes the electrical design of the equipment and 
its mechanical assembly into shelves and shelf stacks. Finally a few practical 
applications of these in different bay arrangements are shown and a summary 
of technical data is given. 

The channel translating equipment is the first stage of all carrier terminals 
and forms the main part of the equipment in a station. It assembles voice 
frequency channels into 12-channel basic groups. 

In systems providing 60 or more circuits the next modulation stage always 
consists of group translating equipment, which assembles five basic groups 
into one basic supergroup. 

A description is given below of the new equipment for channel and group 
translation. All requirements recommended by the CCITT are fulfilled. Silicon-
type transistors are employed throughout as active elements. 

ELECTRICAL DESIGN 
Modulation 
Modulation Plan 

The CCITT recommends two different frequency bands for the basic group 
in carrier systems using channels spaced at 4 kHz intervals, namely basic group 
A in the 12-60 kHz band and basic group B in the 60-108 kHz band. It is the 
6-type basic group that is normally used for building up large-capacity carrier 
systems. It provides flexibility in through group connection between different 
systems and also fulfils the requirement for a group to lie within an octave, 
which means that the highest frequency transmitted must be below the lowest 
frequency of the second harmonic. This results in less stringent demands on 
the equipment regarding harmonic distortion and intermodulation. 

As in our earlier equipment designs, the double modulation version has 
been chosen in preference to the single modulation alternative. The chief 
advantage of the double modulation design is the fact that only seven filter 
types and seven carrier frequencies are needed compared with twelve of each 
when single modulation is used. Modulation in two stages has thus proved to 
provide a good economical solution to the electrical design of the channel 
translating equipment. In addition, less stringent selectivity requirements on 
carrier filters are achieved, which permits a simpler carrier generating equip
ment design to be used. The subgroup employed consists of three 4 kHz 
channels in the 12-24 kHz band. This frequency range lying within an octave 
permits an optimum compromise between the attenuation introduced by the 
channel and subgroup filters and the number and size of the components 
required. 

Figures 1 and 2 show the modulation plans for the formation of the basic 
group and supergroup respectively. 
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Fig. 1 

Modulation plan for assembling 12 channels 

into a basic group 

All frequencies in kHz 
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Block Diagrams 
Block diagrams of the two translating equipments are shown in figs. 3 and 4, 

the upper part of each diagram representing the sending equipment, the lower 
part the receiving equipment. 

Plug-in pads are provided on the channel four-wire side of the channel 
translating equipment permitting different incoming levels to be adjusted to 
the equipment input level, - 14 dBr. Also on the basic group side alternative 
levels can be chosen, namely - 26 or - 37 dBr in the send path and - 8 or 
-30 dBr in the receive path. The choice between the two level alternatives 
can be made by connecting or disconnecting fixed attenuators which are 
built into the equipment. The supergroup send and receive levels are fixed at 
-35 and -30 dBr. 

The impedance at all distribution points is 75 ohms unbalanced, except on 
the channel side, where 600 ohms balanced is used. At the basic group 
distribution point an alternative impedance of 150 ohms balanced can be 
obtained by means of appropriate matching transformers. 

The channel translating equipment is available in versions with built-in out-
band or in-band signalling equipment. If desired, the signalling equipment can 
be omitted. 

In applications using out-band signalling the group translating equipment 
can be provided with signalling blocking equipment. 

Fig. 2 

Modulation plan for assembling 5 groups into 

a basic supergroup 

All frequencies in kHz ° 
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Fig. 3 
Block diagram of channel translating equip
ment 

M Maintenance test point 

F Fault location test point 

Sig Incoming and outgoing signal 

SB Signalling blocking 

All frequencies in kHz 

By including a pilot receiver, automatic regulation with supervision or only 
supervision of the incoming groups can be arranged. For a detailed description 
with diagrams reference should be made to a following article on this subject. 

Modulators 
An active transistor modulator is used in all modulation stages of the 

channel and group translating equipment. The transistor modulator is a push-
pull amplifier switched on and off by the carrier between full amplification 
and cut-off, which provides a modulation function with a suppressed carrier. 
The circuit diagram of the modulator is shown in fig. 5. 

When compared with the diode modulator used in earlier designs, the tran
sistor modulator offers several advantages. Among these are the following: 

• It has a lower carrier power consumption, which permits a simpler design 
to be used for the carrier generating equipment. 

• It provides amplification, which has made possible a reduction of the 
number of amplifiers included in the equipment. Indirectly it means that 
the transmission level can be maintained at a high value, which results in 
a low basic noise contribution. 

• It has better linearity, which contributes to a higher transmission level. 

• Its input and output are isolated from each other. This improves matching 
to the impedances of associated filters, which as a result have better pass-
band characteristics. 
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Fig. 4 

Block diagram of group translating equipment 

M Maintenance test point 

F Fault location test point 

SB Signalling blocking 

All frequencies in kHz 

• It provides simple gain regulation facility, which feature is utilized in the 
group demodulator for regulation of the incoming signal level. 

Filters 
Filters occupy a central position in a carrier system. The largest group of 

filters is formed by band-pass filters, which select desired frequency bands or 
frequencies. A smaller group consists of band-stop filters with very narrow 
stop bands, which are designed as crystal filters. With the help of computers 
it has been possible to achieve an optimum filter design with regard to attenua
tion distortion, stop-band attenuation and the number of components. All 
band-pass filters included in the equipment for the translation of speech 
channels are compensated for dissipation in order to reduce attenuation 
distortion in the pass band to a minimum. 

f h ± U 

Fig. 5 

Circuit diagram of modulator 

is Signal frequency 
fD Carrier frequency 

The band-pass filters used for the translation of channels into subgroups 
and vice versa have a nominal pass band for a voice-frequency band of 
0.3—3.4 kHz. However, the actual pass band is wider to permit the transmission 
of the out-band signalling frequency at a low and controllable attenuation. 
In the send direction the stop bands of the band-pass filters protect adjacent 
channels, in the receive direction their own allotted channels, from un
intelligible and intelligible crosstalk resulting from modulation and demodula
tion respectively. The low-pass filters limit the voice-frequency band effectively 
transmitted to 3.4 kHz and protect frequencies outside that range. 

A high-pass filter at the input of the channel translating equipment sup
presses noise below the v. f. range. 
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Fig. 6 
Attenuation characteristic of sending channel 
filter 
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Figures 6 and 7 show typical channel filter characteristics. 

To protect the associated channel as well as adjacent channels in the send 
direction from interference due to impulsing in the case of out-band signalling, 
a band-pass filter for 3825 Hz has been inserted in the signalling path. In the 
receive direction the signalling receiver is protected from other frequencies by 
a band-pass filter for the signalling frequency. 

In the subgroup modulation stage the gap between the upper and lower 
sidebands is wider than in the channel modulation stage, as will be clear from 
fig 1. Consequently the subgroup filter flanks need not be so steep as those of 
the channel filters. 

The subgroup filters in both directions of transmission are identical, all 
frequency variants having the same attenuation characteristic. 

Also in the group modulation stage the gap between the two sidebands is 
relatively wide so that the filter flanks need not be made so steep. Effective 
suppression of the image sideband and of the 60-108 kHz direct leak is 
required. On the basic group side of the modulator and demodulator a low-
pass filter is included to suppress interference consisting of noise and modula
tion products above 108 kHz. 

The group filters used in the send and receive paths are identical A typical 
attenuation graph is shown in fig. 8. 

Fig. 7 
Attenuation characteristic of receiving chan

nel filter 
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Amplifiers 
All amplifiers used in the channel and group translating equipment are 

transistorized. They are a single- or two-stage transistor amplifier design using 
negative feedback to obtain good transmission performance. By the introduc
tion of the active transistor modulator and utilization of its amplifying function 
it has been possible to reduce the number of amplifiers. 

In those amplifiers placed at positions where the group and supergroup 
bands can be through-connected the output has been arranged as a differential 
transformer via which a maintenance test point is branched off. 

Fig. 8 

Attenuation characteristic of group filter 
Limiter 

The limiter prevents occasional speech power peaks and disturbing voltages 
from overloading subsequent modulators and amplifiers. 

In this construction practice the limiter has been designed as a functional 
unit separate from the channel modulator, by which arrangement good linearity 
and limiting performance are obtained. This design is also compatible with 
built-in injection of the signalling frequency on a v. f. basis. 

The limiter is a single-stage feedback transistor amplifier having a level 
characteristic as shown in fig. 9. 

Injection and Suppression oj Pilots 
To provide a level reference following through with the respective frequency 

block in the transmission path, facilities are included for the injection of the 
pilots recommended by the CC1TT. For the basic group and supergroup the 
frequencies of these pilots are 84.08 and 411.92 kHz respectively. 

Injection into the send path is arranged immediately after the formation of 
the frequency block concerned before the respective amplifier. The pilot, 
which is obtained from a pilot distributor common to several frequency blocks, 
is transmitted at a nominal level of -20 dBmO. At the injection point facility 
is provided for adjustment by ±0.5 dB in steps of 0.15 dB to compensate for 
minor differences in attenuation between the different frequency blocks. 

The attenuation introduced by the channel modulator and demodulator 
filters is sufficient to protect the pilot frequency from speech interference and 

Fig. 9 

Limiting characteristic of channel translating 

equipment 
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the respective speech channels from pilot interference. However, separate 
pilot stop filters are required in applications with low-level out-band signalling. 
to protect the signalling channel, and in the case of through group connection, 
to prevent interference with the next supergroup link. The stop filter design 
employs quartz crystals. 

Level Adjustment 
As mentioned previously, the adjustment of the equipment to different 

system levels can be made by means of the adjustable attenuators provided 
at the inputs and outputs. 

In the receive path, where considerable attenuation distortion may occur in 
incoming groups, for instance after several through connections, adjusting 
facilities have been arranged to permit individual level adjustment at each 
group and channel output. The range of adjustment for a channel is ±3 dB 
and for a group ±4 dB. In both cases adjustment is provided in steps of 0.5 
dB by means of plug-in type U-links at the front of the respective demodulators. 

By replacing the group demodulator by a variant whose gain is controlled 
by a thermistor, automatic regulation can be arranged by means of an ex
ternal pilot receiver for the 84.08 kHz reference pilot. 

Test Points 
One of the main objectives of the M4 design has, of course, been to ensure 

the highest possible degree of service reliability. Nevertheless, preventive 
maintenance may sometimes be required as well as facilities for rapid location 
of any fault that might occur. 

To facilitate various measurements different types of test points have 
been included in the equipment according to certain principles. A distinction 
is made between maintenance test points and fault location test points, denoted 
by M and F respectively in the block diagrams of figs. 3 and 4. 
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Channel pads. Design and assemhiv 

Fig. 11 
Channel pads. Arrangement in maintenance 
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The maintenance test points, which are decoupled from the transmission 
path by a differential transformer, are short-circuit-proof, i.e. a short circuit 
at the test point does not noticeably affect the level in the transmission path. 
The level at the test point is not impaired by poor matching with the impedance 
of the load connected to the transmission path. Generally the test points are 
also provided with a strap-in pad which permits minor adjustments to be made 
relative to the level at the distribution frame concerned. All outputs associated 
with more than 12 or more channels in all equipment of this type are provided 
with maintenance test points of the design described above. 

Fault location test points, however, are designed as bridging points and not 
protected against short circuits. They are located on the respective apparatus 
units, access being obtained by removing the shelf dust cover. 

Electrically the fault location test points are arranged at all equipment out
puts and inputs not already provided with maintenance test points as well as 
at other strategic points from which fault location can be suitably carried out. 

The plug-in pads on the channel side of the channel translating equipment 
can also be used as break-type U-links for maintenance and fault location 
purposes. The signalling sending (M) and receiving (£) wires pass through the 
respective channel pads, so that the signalling circuit is broken at the same 
time as the associated speech circuit. The pads are small printed-circuit card 
assemblies provided with fault location test points at the front edge of each 
pad card, one of these giving access to the signalling wire. The pad assemblies 
for the sending and receiving paths of one speech circuit can be plugged into 
a card receptacle strip, one above the other; see fig. 10. The various pairs of 
channel pads are mounted side by side in a maintenance strip below the appara
tus units along the lower edge of the shelf. Access to the test points is obtained 
by opening the hinged cover plate, whose inside is provided with a designation 
strip for the respective test points (see fig. 11). The channel pads are available 
in values ranging from 0 to 15 dB in steps of 0.5 dB. 

Signalling 
To enable connections between two telephone exchanges to be arranged via 

a carrier system, the system is required to permit the use of d. c. signalling. 
The signalling equipment of the sending terminal receives d. c. signals from 
the associated exchange and converts these signals into a. c. signals to be 
transmitted by the carrier system. At the receiving terminal the d. c. signals 
are then reproduced and applied to the associated exchange. The a.c. signals 
use a discrete frequency in or outside the speech frequency band of the 
respective channel. 

Various types of signalling can be provided. Built-in signalling equipment 
is available in standard versions for the following types of signalling: 

• Out-band signalling, low-level 

• Out-band signalling, high-level 

• In-band signalling, one-frequency 

The arrangement of the equipment required for connection to the channel 
translating equipment is shown in the block diagram of fig. 3. 

In those applications where built-in signalling is not required, the channel 
translating equipment can be provided in a version without signalling equip
ment. 
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Out-Band Signalling, Low-Level 

Fig. 12 

Selectivity characteristic of low-level out-hand 

signalling receiver. The curve shows the level 

needed to operate the signalling receiver relay 

for a signal applied to the input of the group 

receive equipment. 

The low-level out-band signalling system uses a frequency of 3825 Hz at a 
level of —18 dBmO. 

The signalling sender, a static relay, is controlled by a d.c. voltage from 
the exchange. The static relay may be said to have a "make" function if, 
when this voltage is extended to it, signalling tone is emitted, and a " break" 
function if, on receipt of the voltage from the exchange, signalling tone ceases. 
The choice between these two functions can be made by strapping. The out-band 
signal is injected into the transmission path across a series coil built out into a 
transformer at the output of the low-pass filter preceding the channel modulator. 

The signalling receiver consists of an amplifier section and a level sensing 
section which controls the signalling receiver relay. This is a polarized relay 
with mercury-wetted contacts similar to that used successfully in our earlier 
construction practice. However, the relay has now been miniaturized and 
designed for direct mounting on the printed-wiring board. Like the signalling 
sender, the signalling receiver can be strapped for either breaking or making 
when energized. The reed contact of the signalling receiver relay can be 
connected to optional polarity from the exchange. 

The out-band signal follows through with the speech band and is passed 
through the pad for individual adjustment of the received channel level. 
Consequently, when the channel level has been adjusted, the signail.ng fre
quency will automatically be received at the correct level. Thus it will seldom 
be necessary to make use of the ±6 dB level variation permissible for the out-
band signal, which contributes to maintaining a low signal distortion rate. The 
out-band signal is branched off via a transformer arranged in series with the 
transmission path. 

Mutual interference between the speech and signalling channels is prevented 
by filter protection as described in a preceding section. Fig. 12 shows a 
selectivity characteristic for the signalling receiver. 

Out-Band Signalling, High-Level 
In high-level out-band signalling a signalling frequency of 3825 Hz is used 

at a level of -6 dBmO. 
The same signalling equipment is used as for low-level signalling. The 

desired signalling level is obtained by appropriate strappings in the frequency 
generating equipment as well as in the signalling receiver. 

Out-Band Signalling Types 
In the table below a list is given of the different types of signalling employed 

and the corresponding arrangements of the signalling equipment. 

semi-continuous, low-level 
tone-on idle 

tone-off idle 

discontinuous, high- or low-level 

Strapping for 

making 

X 

X 

breaking 

X 
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In-Band Signalling, One-Frequency 
Normally in in-band signalling a frequency of 2400 Hz is used at a level of 

-6 dBmO. However, the channel translating equipment has been designed to 
permit the use of other frequencies and levels recommended by the CCITT for 
one-frequency in-band signalling. 

Transmission of the signalling tone is arranged in the same way as described 
in the section on out-band signalling. In in-band signalling, however, the 
static relay is arranged to provide a make function. To prevent noise from the 
exchange from interfering with the speech channel while signalling tone is 
transmitted, the speech path is blocked. This is done by blocking the limiter 
by means of the same voltage that controls the signalling sender. The signal is 
injected into the transmission path in parallel across the channel modulator 
input. 

The in-band signal is branched off and applied across the signalling receiver 
after passing through the first of the two cascaded stages of the channel 
amplifier. The second stage provides effective decoupling of the signalling 
receiver from near-end interference. 

The signalling receiver consists of an amplifier with a guard circuit and a 
level sensing device which controls the signalling receiver relay, the same type 
of relay being used as in the out-band signalling version. The guard circuit 
prevents any speech frequencies or noise that enter the signalling receiver 
from causing undesired operation of the relay. 

To prevent a through-connected in-band signal from giving rise to false 
relay operations in any subsequent signalling receivers included in the net
work, speech transmission is blocked while signalling tone is received. This 
is effected by blocking the final stage of the channel amplifier. 

The signalling receiver is designed in accordance with CCITT recommenda
tions for in-band signalling. 

Signalling Blocking 
In the majority of systems provided with low-level out-band signalling use 

is made of the "tone-on-idle" signalling code. With this code signalling tone 
is transmitted as long as the circuit is idle, interruption of tone indicating 
seizure. The tone remains absent for the duration of the call, its return 
indicating termination of the call. 

The consequence of this is that an interruption of the transmission path 
will result in seizing signal on all idle circuits, which may cause overloading 
of the exchange equipment. To prevent this, in large capacity terminals the 
signalling receivers concerned should be blocked immediately when an in
terruption occurs. This is effected by the signalling blocking equipment on 
failure of the 411.92 kHz supergroup reference pilot, which is thus used as the 
criterion of an unbroken connection. 

Fig . 13 

Block d i a g r a m of s i gna l l i ng b lock ing e q u i p 

m e n t 

B Broad-band pilot receiver 

S Selective pilot receiver 

L Logic circuit 

20 s Delay circuit approx. 20 sec 

SB Signalling blocking 

NK Release 

VB Blocking of exchange 

S M Signalling receiver 3825 Hz 

Sig Outgoing signal 

F Fault location test point 

All frequencies in kHz 

The block diagram in fig. 13 illustrates the basic operating principles. 



Fig. 14 
Block diagram of carrier generating equipment 

HH-^ 

—H^ 

^t 

—m^r 

)60 lazb o f 
3.825 

alt 2.400 

-nmEty 
m— 

-TTO^ 

E l 
In the event of supergroup failure all signalling receivers associated with 

this supergroup are blocked via the two paralleled pilot receivers, one passing 
a wide band, the other a narrow one. The broad-band pilot receiver gives rapid 
blocking action, the narrow-band version maintains the blocking condition 
even if the noise level in the supergroup band rises after the interruption. 
High noise levels at the pilot frequency do not affect the signalling blocking 
condition as the narrow-band receiver has a release time delay of about 1 sec. 

In case of interruptions of long duration it is desirable that those channels 
of the supergroup on which calls were in progress at the time the interruption 
occurred be released. 10-20 Seconds after failure of the pilot, therefore, the 
signalling receivers are released and clearing signal is transmitted to the 
exchange. If desired, the exchange equipment associated with the supergroup 
can be blocked simultaneously, thus preventing connections being set up in the 
opposite direction. 

On release an alarm is sent out. 

Carrier Generation 

Block Diagram 
For the channel and group translating stages the following carrier frequen

cies are required: 

• 12, 16 and 20 kHz for channel translation 

• 84, 96, 108 and 120 kHz for subgroup translation 

• 420, 468. 516. 564 and 612 kHz for group translation 
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The following additional frequencies are required: the 3825 Hz out-band 
signal or the 2400 Hz in-band signal as well as the 84.08 kHz group pilot and 
the 411.92 kHz supergroup pilot. All these frequencies are derived from the 
12 kHz basic frequency by an appropriate arrangement of harmonic generators 
and frequency dividers. 

In the M4 construction practice the equipment for the generation of the 
carrier and signalling frequencies is decentralized, i.e. it is mounted in direct 
association with the modulating equipment it serves. The 12 kHz carrier basic 
frequency as well as the 84.08 and 411.92 kHz pilot frequencies are obtained 
from a centralized frequency supply common to the entire terminal. The 
decentralized carrier generating equipment can feed up to 300 circuits, i.e. 5 
supergroups. 

The electrical design is shown in the block diagram, fig. 14. 

The carrier frequencies are generated by converting the 12 kHz basic 
frequency into frequency spectra of the n • 4 and n • 12 types and then selecting 
from these spectra the desired harmonics by means of narrow-band filters. The 
signalling frequencies are obtained by frequency division. 

Harmonic Generators 
The operating principles are illustrated by fig. 15. 

After substantial amplification the 12 kHz fundamental frequency via a 
series circuit is caused to feed a sinusoidal current into the harmonic producer 
coil. At a certain voltage value the coil is saturated, acting as a short circuit, 
thereby producing a sudden fall in voltage. This process is inversely repeated 
during the negative half-cycle. The symmetrical voltage is differentiated in the 
RC network, producing a train of very short pulses containing a wide spectrum 
of odd harmonics of 12 kHz, from which the carrier frequencies 420—612 kHz 
are selected. 

If a direct current is passed through the coil by feeding back the output 
voltage via a rectifier, a bias is obtained in one direction. Hereby the pulses of 
one polarity are suppressed, giving rise to an unsymmetrical function contain
ing both odd and even harmonics. In this manner the carrier frequencies 
84-120 kHz are obtained from the 7th. 8th. 9th and 10th harmonics re
spectively. 

The input amplifier is a symmetrical design which suppresses the even 
harmonics in the drive current to the harmonic producer coil. This greatly 
simplifies the design of the filters for the 420-612 kHz carrier frequencies. 

Carrier Filters 
The carrier filters are narrow, single-frequency filters, for which it has been 

possible to use an LC circuit design. 
Each filter is followed by a single-stage transistor amplifier, whose output 

can be loaded with any number of modulators required for the translation of 
up to 300 channels into the respective frequency blocks desired. The modulator 
carrier inputs are arranged in parallel, the necessary decoupling being provided 
by the low output impedance of the amplifier. To cope with the considerable 
variations in its load conditions, the amplifier output has been provided with 
voltage stabilizing facilities. Another advantage of this arrangement is that 
the amplifier is made insensitive to minor level deviations at its input, thus 
producing the same level at all frequencies derived from one harmonic genera
tor, even though the spectrum is not homogeneous at the output of the 
harmonic generator. 
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Frequency Dividers 
Frequency dividers are used for several functions. The main function is 

the l2-to-4 kHz division for the generation of the 12, 16 and 20 kHz channel 
carrier frequencies. 

The principle is as follows. The incoming a. c. voltage having a frequency 
of 12 kHz is first squared. A capacitor is gradually charged by three such 
pulses, i. e. during three periods. The voltage across the capacitor will then 
have reached a certain value. On a further increase of this voltage, i.e. when 
the next pulse is applied, a blocking oscillator is triggered, which produces one 
pulse. At the same time the capacitor discharges and the process is repeated. 
Thus one outgoing pulse is obtained for each three incoming periods of 12 
kHz, i.e. division by three. The output voltage, consisting of pulses of short 
duration, is rich in harmonics which are multiples of 4 kHz. The desired 
frequencies are selected by means of carrier filters. 

The frequency divider producing the 2400 Hz in-band signalling frequency 
has a similar circuit design. It serves to divide 12 kHz by five. The divider is 
followed by a filter for 2400 Hz and a stabilizing amplifier of the same type as 
used in association with the carrier filters. 

Another principle is used to obtain the 3825 Hz out-band signalling fre
quency. In this case the 612 kHz is divided by 160, for which purpose the 
above circuit is not suitable. Instead, the divider is designed as a flip-flop 
circuit of the shift-register type and divided into three stages with the divisors 
2, 5 and 16 respectively. 

For the circuit design use has been made of integrated microcircuits, which 
compared with the conventional design using individual semiconductor devices 
and resistors give a superior solution in all respects. The main advantages are 

• considerable reductions in size 

• comparatively large savings in power 

• increased reliability, chiefly by a reduction of the number of soldered 
connections. 

Also in this application the frequency divider is followed by a filter for the 
desired frequency, 3825 Hz and a stabilizing amplifier. 

Level Supervision 
The levels of the generated frequencies are supervised by level limit indi

cators. To this end a d. c. voltage is taken from the output of the respective 
carrier filter. To simplify alarm indication the frequencies have been grouped 
together via a digital OR-gate. Thus if a level fault occurs, an indication is 
obtained of which group of frequencies is involved; the channel carriers, for 
example. 

By carrying out level tests in the fault location test points on the apparatus 
units concerned, the fault can then be located to a certain frequency. 

The signalling frequency is individually supervised. 

Pilot Distributors 
For the 84.08 and 411.92 kHz pilot frequencies two distribution units are 

provided. These serve to adjust the pilot level obtained from the common 
frequency supply to that required at the respective injection point in the 
translating equipment. 



MECHANICAL CONSTRUCTION 
Apparatus Units 
Channel Translation with Signalling 

The channel translating equipment contains no more than three types of 
apparatus units: the channel pack, the sending subgroup pack and the receiving 
subgroup pack. 

All functions required for forming and breaking down a subgroup, including 
the signalling equipment, have been combined in one unit: the channel pack. 
This unit contains four printed-wiring boards. The design features are shown 
by the block diagram, fig. 5, and figs. 16 and 17. Three of the four boards 
mount all the electronic circuits belonging to one channel, such as mo
dulator and demodulator with associated filters, limiter, channel amplifier 
and signalling sender. The fourth board accommodates three identical sig
nalling receivers. 

Three attenuators are provided at the front of each channel pack to permit 
the channel levels to be adjusted by means of small L)-links. To facilitate 
adjustment, dB values and channel numbers have been die-cast in the unit 
front plate; see fig. 11. 

The dimensions of a complete three-channel pack are only 101 X 88 X 198 
mm. 

To meet different requirements regarding signalling type and frequency, the 
channel pack is manufactured in several versions. Thus, for example, there is 
one version designed for out-band signalling using 3825 Hz, and another for 
in-band signalling with 2400 Hz. The out-band version can be strapped for 
high-level or low-level signalling as well as for providing a make or break 
function. A further variant is provided without signalling circuitry. 

The other two apparatus units of the channel translating equipment, the 
sending and receiving subgroup packs, provide for the translation of sub
groups into a basic group and vice versa as well as group amplification; see 
block diagram, fig. 3. 

The sending unit, all whose components are assembled on a single printed 
wiring board, contains the four subgroup modulators with filters, group 
amplifier and attenuators for pilot injection. 

The receiving unit requires two boards, one of which mounts the 84.08 kHz 
pilot stop filter, the group amplifier and the subgroup separator, the other 
accommodating the four subgroup filters with demodulators. The receiving 

Fig. 17 

Channel pack 

1 Channel modem 12—16 kHz 
» Signalling receivers 
3 Channel modem 16—20 kHz 
4 Channel modem 20—24 kHz 
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Fig. 18 
Sending subgroup pack 

unit is available in two versions, one with and the other without pilot stop 
filter. The variant with filter is applicable where low-level out-band signalling 
and the 84.08 kHz pilot are used. 

Figures 18 and 19 show the design of the subgroup packs. 

If desired in certain two-wire applications, a four-wire terminating set 
containing equipment for three channels can be provided. 

Fig. 19 
Receiving subgroup pack 
1 Group amplifier and pilot stop filter 84.08 kHz 

2 Subgroup demodulators with filters 
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Group Translation and Signalling Blocking 
In the group translating equipment the group modulator and demodulator 

with associated filters have been combined into a single unit, available in five 
frequency variants. By assembling all the equipment needed for group com
bination and separation as well as supergroup amplification into one unit and 
the two pilot stop filters 104.08 kHz into another, a reduction of the number of 
types of apparatus units has been achieved also in this case. 

All units making up the group translating equipment are contained in 
cases taking up six width modules. These units are provided with a partition to 
shield the sending and receiving paths from each other. For this reason the 
components for either direction of transmission are assembled on half-size 
wiring boards; see fig. 20. 

The equipment for signalling blocking has been assembled in two single-
board units. One contains the two pilot receivers including the rectifier 
stages, the other all logic circuits and relays for controlling the associated 
equipment. 

Frequency Generation 
The majority of the frequency generating units handle signals which are 

very rich in harmonics. Since this involves considerable risks of crosstalk and 
requirements for purity of the generated frequencies are comparatively high, 
integration has not been so extensive in these units as in the translating 
equipment. Thus the two harmonic generators have been designed as separate 
units. This is also the case with all carrier filters, each of which is combined 
with its respective amplifier to form a single unit occupying six width modules 
For the frequency divider providing the signalling frequency a similar design is 
employed. 

The pilot distributor 84.08 kHz, however, has been combined with the 
frequency divider 12 to n-4 kHz. This is quite feasible since any leakage 
originating from harmonics of 4 kHz cannot interfere with the group band. 

The level supervisory functions have been assembled in two units, one of 
which also comprises the pilot distributor 411.92 kHz. 

Telephone Unit 
In direct association with the service shelf, which contains fuses, jacks for 

trunks, service circuits, etc.. a telephone unit can be placed in the cover strip at 
the front of the left-hand bay upright; see fig. 21. 
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Fig. 22 
Channel translating shelf 
The shelf is shown with the front cover plate removed 

and equipped with the translating equipment and four-

wire terminating equipment for one basic group 

The telephone unit, which has several applications, can be connected to two 
automatic service circuits or exchange line circuits, which are selected by 
means of push-button switches. For this reason the telephone has been fitted 
with a dial. In addition, connection can be made to the service circuits in the 
service shelf by means of patch cords. With the help of a 2-W/4-W transfor
mer monitoring and talking can be carried out over circuits in the carrier 
system or directly towards the exchange. 

Shelves and Shelf Stacks 

Channel Translating Shelf 
The basic building block for all carrier systems of less than 60 circuits is 

the channel translating shelf containing the equipment for the formation of 
one basic group, i.e. four identical channel packs and the two subgroup packs 
as shown in fig. 22. The shelf can also accomodate twelve four-wire terminat
ing sets assembled into four units. Their mounting positions are on the extreme 
left. The maintenance strip accommodates the 24 channel pads and also contains 
a coaxial maintenance test point for the outgoing basic group. All connections 
to the shelf are made by means of plugs and sockets, the connectors for in
coming and outgoing channels and groups being located on the left of the 
shelf, those for the carrier and d. c. supplies etc. on the right. The power 
consumption of one channel translating equipment with signalling is 10 W. 

Channel and Group Translating Shelf Stack 
In large stations many administrations, the Swedish Board of Telecommunica

tions for example, preferably use the supergroup as the smallest batch of 
through-connected channels. In that case the group band usually need not be 
accessible, so that the channel and group translating equipments can be 
combined into a single mechanical unit containing all the equipment needed 
for assembling 60 channels into a basic supergroup, and vice versa. Five 
shelves are joined mechanically to form a shelf stack, each shelf containing 
the greater part of the apparatus units belonging to one basic group, such 
as channel packs, subgroup packs and group modulators. The common items 
in the equipment for the formation of the supergroup, such as hybrids with 
amplifiers, pilot stop filters 104.08 kHz as well as signalling blocking equip
ment, are distributed over the remaining mounting space in the different 
shelves. The shelf stack is illustrated in fig. 23. 

For those applications where continuous regulation of the group receive 
level is desired, space has been provided for a special level control beside the 
respective group modulator unit. For this purpose use must be made of a 
group demodulator version which includes a thermistor network for d. c. gain 

pig. 23 control. For a more detailed description reference should be made to a separate 

Channel and group translating shelf stack a r t i c l e on level regulation 
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Carrier generating shelf 

The channel pads are arranged in the respective shelves in the same manner 
as in the channel translating shelf. This also applies to the external connec
tions. In addition, to facilitate lining-up and fault location, coaxial sockets 
giving access to the basic group in both directions of transmission are provided 
on the left-hand side of the shelf, where the channel and group translating 
equipments have been joined together by means of a coaxial plug-in U-link. 
This arrangement also allows groups to be taken out to a group distribution 
frame for through connection where desired. 

Carrier Generating Shelf 
This shelf, whose mechanical design is shown in fig. 24, houses the entire 

carrier generating equipment described in a preceding chapter and shown in 
the block diagram of fig. 14. 

The 12 kHz, 84.08 kHz and 411.92 kHz obtained from the common fre
quency supply of the station are connected to the left-hand side of the shelf. 
The carrier, signalling and pilot frequencies are taken out at the opposite end 
of the shelf. 

Outgoing and incoming levels can be checked at fault location test points 
provided on the respective filter units and on the input amplifier. In addition, 
there is a maintenance test point for the 12 kHz in the maintenance strip, which 
also accommodates alarm lamps for the level limit indicators, one lamp being 
provided for each group of frequencies. 

Group Translating Shelf 
This shelf type is used for applications where the group translating equip

ment is required to be separate from the channel translating equipment, for 
example where groups are through connected, the ratio between the numbers 
of each of the two translating equipment types being determined by the 
requirements of each particular application. 

The shelf contains all the apparatus units needed for assembling five basic 
groups into one basic supergroup; see fig. 25. 

The shelf also contains the carrier generating equipment for the group 
carriers 420-612 kHz, which takes up only a minor part of the carrier generating 
shelf described in the preceding section. As mentioned previously, this equip
ment can feed up to five supergroups, which means that it is needed only in 
every 5th group translating shelf if a number of these are mounted in the 
same bay. The connectors for all five carrier frequencies are accessible on the 
right-hand side of the shelf. 

Continuous level regulation of the incoming group can be arranged in the 
same way as described in the section dealing with the channel and group 
translating shelf stack. 
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Bays 

Channel and Group Translating Buy 
This bay. which is illustrated by fig. 26, contains four channel and group 

translating shelf stacks. Thus each bay has a capacity of 240 circuits or 4 
supergroups. This corresponds to a capacity of 300 circuits in one bay con
taining only channel translating equipment without four-wire terminations. 

The carrier generating shelf is also included in the bay and is mounted 
immediately under the service shelf. Since it can feed a maximum of 300 
circuits, it is not loaded to capacity. 

If desired, a channel translating bay for assembling 240 channels into 20 
basic groups can be arranged by omitting all equipment for group translation. 

Distribution of the carrier, signalling and pilot frequencies is arranged by 
means of 15 cables run vertically along the right-hand upright of the bay 
framework. On a level with the carrier generating shelf and the individual 
translating shelf stacks plug-in type connectors are fitted to mate with their 
counterparts in the respective shelves. Connection of the d. c. supply, alarm 
circuits, etc. to the shelves and shelf stacks is arranged in a similar way. 

In the wide space inside the left-hand bay upright accommodation is provided 
for all incoming and outgoing station cabling, which is connected by means 
of plugs and sockets. The greater part of the cabling consists of the speech 
and signalling wires for the channels. When group translation is integrated. 
no coaxial cables are needed on the basic group side, which means a valuable 
saving of cost and space. 

By omitting one channel and group translating shelf stack, mounting space 
can be obtained for a pilot receiver shelf for 84.08 kHz. This gives a bay for 
the translation of 180 channels into 3 supergroups with automatic level 
regulation and supervision or only supervision of the groups. 

Group Translating Bay 
The layout of a group translating bay is shown in fig. 27. This bay can be 

equipped with up to 19 group translating shelves, i.e. 95 basic groups. For 
regulation or supervision of the groups two 84.08 kHz pilot receiver shelves 
are required besides these, each shelf having a capacity of 50 groups. 

Equipment for the generation of the group carriers is incorporated in every 
5th translating shelf. Inter-shelf distribution is arranged via the right-hand 
upright, which also accommodates the cabling between the pilot receiving and 
the translating equipment. All station cabling is housed in the left-hand 
upright and connected to the respective shelves by means of plugs and sockets. 

TECHNICAL DATA 
Frequency Ranges 

Nominal bandwidth occupied per channel 4 kHz 

Effectively transmitted speech band 0.3-3.4 kHz 

Nominal band occupied by a group 60-108 kHz 

Nominal band occupied by a supergroup 312-552 kHz 



Nominal Levels 

At Channel 4-wire Points 
sending direction 
receiving direction 

-14 dBr 
1-8 dBr 

At Basic Group Points 

sending direction 
receiving direction 

-26 alt. -37 dBr 
-8 alt. -30 dBr 

At Basic Supergroup Points 

sending direction 
receiving direction 

-35 dBr 
-30 dBr 

9 i i i r t w a m i u m 

Fig. 27 
Group translating bay 

Nominal Impedances 
at channel 4-wire points 
at basic group points 

at basic supergroup points 

Amplitude Frequency Response 

Channel Translating Equipment 
Variation of overall loss with frequen
cy relative to 800 Hz in speech channels 

Group Translating Equipment 

Send and Receive Path Respectively 

Attenuation distortion referred to loss 
at 84.08 kHz is less than 

Linearity 
For 3.5 dB increase in level above 
nominal test level, the equivalent 
measured for channels looped at group 
frequencies does not increase more than 

Limiting 
For 15 dB increase in level above 
nominal test level at the 4-wire input, 
the output at the group side does not 
exceed 

Carrier leak 

Carrier leaks measured selectively at 
the output of the send equipment do 
not exceed 

600 ohms bal. 
75 ohms unbal. alt. 150 
ohms bal. 
75 ohms unbal. 

In conformity with 
CCITT recommendation 
G. 232 (Blue Book); see 
figs. 28 and 29 

=0.5 dB 

0.3 dB 

+ 10 dBmO 

CTE GTE 

-28 dBmO -40 dBmO 
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Fig. 28 

Variation with frequency of the overall loss 

relative to 800 Hz for all 12 channels of a 

group, cascaded at voice frequencies and looped 

at group frequencies. (Mean value per channel) 

Tolerance limits according to CCITT 
Blue Book, volume 111, Recommendation G.232 A 

dB i 

+ 2 -

-1 -

V////////////A 

-//////////////////////////////////. 

1000 2000 3000 Hz 

7777777777777177777777777777777777777777777777777777777777777777777777, 

Intelligible Crosstalk 
For all combinations of near-end and 
far-end crosstalk, the crosstalk ratio 
exceeds 

Near-end crosstalk ratio between go 
and return channels of the same circuit 
exceeds 

CTE 

75 dB 

53 dB 

GTE 

85 dB 

85 dB 

Unintelligible Crosstalk 
Crosstalk noise ratio, measured psopho-
metrically, for inverted sideband of 
adjacent channel fed by a noise source 
with same spectral distribution as ave
rage speech, better than 65 dB 80 dB 

Signalling 

Out-Band Signalling 

Frequency 
Level 

Signalling distortion, for impulses or 
interruptions lasting at least 30 milli-
sec, when the signal level is within 
±6 dB and the signalling frequency 
within±10 Hz of nominal, does not 
exceed 

3825 Hz 
-18 alt. -6 dBmO 

6 ms 

Fig. 29 

Variation with frequency of overall loss rela

tive to 800 Hz for individual channels looped 

at group frequencies 

Tolerance limits according to CCTTT 
Blue Book, volume III, Recommendation G.232 A 

The curves show the spread for 12 channels 

A Maximum 

B Average 

C Minimum 

1000 2000 3000 Hz 

T77777777777777y/?777777777777777777777777777777777777777777777777777777Z 
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Fig. 30 

Group delay as a function of frequency for a 

channel looped at group frequencies 

Mean value for 12 channels 

4 1 

3 V 

2 \ 

1 

0 1 

In-Band Signalling 

Frequency 
Level 

3 3.4 

kHz 

2280 alt. 2400 Hz 
-6 dBmO 

Distortion, for impulses or interrup
tions lasting at least 20 millisec, when 
the signal level is within ±9 dB and 
the signalling frequency within ±15 
Hz of nominal, does not exceed 5 ms 

Carrier Generation 
Incoming carrier basic frequency 
at level/impedance 

12 kHz 
0 dBm/75 ohms 

Outgoing frequencies 
with feeding capacity for translating 
equipment serving up to 300 channels 

Carrier frequencies 
channel carriers 
subgroup carriers 
group carriers 

12, 16 and 20 kHz 
84,96, 108 and 120 kHz 
612 kHz 
420, 468, 516, 564 and 

Signalling frequencies 
out-band 
in-band 

3825 Hz 
2280 Hz alt. 2400 Hz 

Power Consumption 

Shelves 
(Supply from 21 V d. c. battery) 
Channel translating shelf 
Channel and group translating shelf 
stack 
Carrier generating shelf 
Group translating shelf 

excl. carrier generation 
incl. carrier generation 

10 W 

55 
20 

5 
17 

W 
VV 

w 
w 
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Bays 

Channel and group translating 
bay 

Equipped with: 

4 channel and group trans
lating shelf stacks 

1 carrier generating shelf 

Group translating hay 

Equipped with: 

4 group translating shelves 
with carrier generation 

15 group translating shelves 
without carrier generation 

2 pilot receiver shelves 

Supply from 

battery 

24 V 

320 W 

375 W 

36, 48 or 60 V 

290 W 

340 W 

mains 

110, 127 or 220 V 

320 W 

375 W 
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Equipment for Level Supervision and 
Regulation 
A. B R E N E , 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 621.395.44 
621.395.66 

LME 8471 

A new universal equipment for level supervision and regulation has been 
developed for the M4 equipment construction practice. It is built up round a 
centralized pilot receiver for each modulation stage. The equipment is fully 
electronic and contains no moving mechanical parts. 

The transmission of frequency bands over long distances inevitably involves 
certain variations of the overall loss. The consequent attenuation distortion 
may vary owing to rearrangements of traffic on other routes, through connec
tions, variations in cable temperature, aging of amplifying elements, etc. Even 
though certain variations are automatically compensated by level regulating 
equipment on the h i . line, residual errors will occur which are not constant 
over the transmitted band and which may accumulate to reach a value requiring 
correction. According to CCITT recommendations a maximum value of the 
standard deviation of 1 dB is permissible for an international circuit. This 
circuit may consist of several line sections each having a maximum deviation of 
1 dB. Since it is impossible to predict how the loss will vary over the frequency 
band, the most suitable point for regulation to be applied is after the line 
frequency band has been broken up into frequency blocks. Regulation within 
each block of frequencies is independent of frequency (flat). These frequency 
blocks in their turn are subdivided into smaller frequency blocks, which are 
also provided with flat level regulation. By further subdivisions smaller and 
smaller error components can be corrected. See fig. 1. 

, General Principles 
Immediately after the formation of a frequency block the reference pilot 

assigned to that block is injected. This reference pilot can then be used for 
automatic regulation or supervision of the respective frequency block. For a 
12 MHz carrier system the CCITT has recommended the following reference 
pilots: 

Z-b Frequency block 

basic group B 
basic supergroup 
basic mastergroup 
basic supermastergroup 
15-SG assembly 
2700-channel line group 
(not specified by CCITT) 

Assigned pilot Injected into 

84.08 kHz Channel transl. equipment 
411.92 kHz Group transl. equipment 

1.552 kHz Supergr. transl. equipment 
11,096 kHz Mastergr. transl. equipment 
1,552 kHz Supergr. transl. equipment 

8,248 kHz Supermastergr. transl. equip. 

Supergroup 

Mastergroup 

Supermastergroup 

Fig. 1 

Example of level regulation 

a Incoming line frequency band, level deviation from 

nominal 

b Supermastergroup level deviation from nominal 

after supermastergroup level regulation 

c Mastergroup level deviation after mastergroup 

level deviation 

d Supergroup level deviation after supergroup level 

regulation 

To receive these different pilot frequencies two pilot receiver variants have 
been designed, one for 84.08 kHz, the other for 1,552 kHz. The two design 
versions only differ in the selective part of the assemblies. To enable the pilot 
receivers to handle the other pilot frequencies, modulators are included in 
which the incoming pilots are caused to modulate a carrier frequency appro
priate for each case (see table below). 

Pilot receiver 

Pilot 
frequency 

84.08 
411.92 

84.08 kHz 

Carrier 
frequency 

-
496 

Pilot receiver 1 

Pilot 
frequency 

1,552 
8,248 

11,096 

552 kHz 

Carrier 
frequency 

6.696 
12,648 

125 

t * 



The pilot receiver checks in turn the levels of the reference pilots of the 
different frequency blocks. In the event of level deviations requiring regulation 
the pilot receiver operates a memory circuit in the automatic level control 
associated with the frequency block concerned. This level control then adjusts 
the level of the frequency block by regulating the gain in the respective 
receiving translating equipment. This gain regulation is obtained by appropriate 
variation of the d.c. current through a thermistor. In the event of excessive level 
deviations an alarm is given. The central alarm equipment of the bay con
cerned extends an alarm, an indication of the level fault being given by an 
indicator lamp associated with the respective frequency block. The equipment 
can be used either for level supervision only or for combined level regulation 
and supervision. (See fig. 2.) 

The above method using a common pilot receiver has been made possible 
by the advent of electronic memories which are acceptable from the point of 
view of reliability as well as economy. This method has several advantages 
over the method using individual pilot receivers for each frequency block. 
One of the advantages is that the pilot receiver can be simply arranged to be 
self-checking by checking the level of the pilot from the local pilot supply and 
checking the trigger limits of the decision circuit by means of stabilized d.c. 
voltages. These checks obviate all routine maintenance of the equipment. In 
addition, since the level regulating unit is provided with a memory circuit, 
the regulating equipment included in the transmission path will maintain 
the gain at a constant value in the event of pilot failure, short-duration inter
ruptions of transmission, etc. Another advantage is the fact that all regulation 
steps are equal and each step is preceded by a check ascertaining whether the 
level deviation still exists. Regulation speed is independent of the magnitude 
of the level deviation. All the above-mentioned factors have a favourable 
effect on the stability of the system. 

Operation 
The following description of the operating principles refers to equipment 

handling groups and supergroups. Fig. 3 shows this equipment schematically. 
The same method of operation is applied in equipment handling mastergroups, 
supermastergroups and 2700-channel line groups, using the same type of 
apparatus containing, of course, different frequency-dependent parts. 

By means of electronic equipment the different groups and supergroups are 
automatically connected in turn to the centralized pilot receiver. 

Each frequency block is connected for 2.5 seconds. The block next to be 
checked is connected from a test outlet of the demodulator concerned, via 
a static relay SR, to the input of the pilot receiver. If a group is checked, it is 
passed via an amplifier stage to a crystal filter 4, which selects the 84.08 kHz 
reference pilot. If a supergroup is checked it is passed through a modulator S. 
which by means of a 496 kHz carrier produces a band from which the 84.08 
kHz can be selected by the crystal filter. 

The filter suppresses interference from speech and signalling frequencies, 
thus preventing these from affecting regulation. Its discrimination characteristic 
is shown in fig. 4. After separating out. the pilot frequency is amplified in two 
identical amplifiers 5 and 6, and rectified in a pilot rectifier 7 before being 
applied to an electronic level sensing device, the decision circuit 8. This com
prises four Schmitt trigger circuits, each of which is set to an individual 
voltage threshold. These voltage thresholds have been fixed at such values that 
any level deviation exceeding + 0 . 5 or -0 .5 dB will cause one of the two 
Schmitt triggers arranged for regulation to respond. Should the level deviation 
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exceed the alarm limit, which can be set to ± 2 dB or ± 4 dB, also one of the 
two Schmitt triggers arranged for alarm will respond, operating a logic circuit, 
which in its turn extends an alarm. At the same time regulation is clamped, so 
that amplification in the transmission path is unchanged. 

In case of a level deviation of between ± 0.5 dB and the preset alarm limit, 
i.e. a deviation requiring regulation, the memory circuit in the automatic level 
control 2 is actuated by a regulation stepping pulse from the timing control 9. 
The memory circuit consists of five bistable toggles combined into a reversible 
binary counter. The output signal from the counter is a d.c. current whose 
magnitude is dependent on the state of the counter. This current is passed 
through a thermistor in the demodulator / and regulates the gain in the receive 
direction. The counter in the memory provides 32 forward or backward steps 
by which it can increase or decrease the gain in accordance with the input 
stepping pulses applied to it by the timing control. 

Only one regulation step can be provided during each scanning cycle. 

The range of adjustment is ± 4 dB related to the nominal level of the in
coming reference pilot. As no contacts are included in the signal path optimum 
reliability is obtained. In the event of a level deviation beyond the preset alarm 
limit the level control sends out shelf, bay and station alarms. In addition, an 
individual lamp will indicate the faulty frequency block. This alarm indication 
is held until the fault has been cleared. At the same time regulation for the 
frequency block involved is clamped to prevent incorrect level adjustment. 
Should a prolonged, gradual level change cause the counter to reach one of 
its end positions, an alarm is given and the alarm lamp for the frequency 
block involved is lit. 

The outgoing reference pilot, generated by the common frequency supply 
of the terminal and injected in the send path immediately after the formation 
of the basic group and supergroup, is also checked once during each scanning 
cycle by means of an alarm indicator / / and a static relay 12. If this pilot level 
deviates from its nominal value by more than. 0.5 dB, an alarm is given. Thus 
a check is obtained on the level of the outgoing pilot as well as on the function 
of the common pilot receiver. 
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To increase the reliability of the decision circuit a threshold monitor 10 is 
automatically connected once during each scanning cycle to check the four 
Schmitt triggers by means of zener-controlled d.c. voltages. 

The pilot levels of the different frequency blocks can be read from a built-
in indicating instrument 13. To this end a test lead is inserted between the 
maintenance test point associated with the desired frequency block and the 
pilot receiver input jack. 

When the test button 15 is pressed, the stepping pulse to the automatic 
level control is blocked and the pilot level of the frequency block under test 
can be read from the instrument. 

Scanning 
When the start button 14 is pressed, a negative trigger pulse is applied from 

the timing control 9 to the alarm indicator / / (which serves to supervise the 
level of the outgoing pilot). This trigger signal drives the monostable flip-
flop included in the alarm indicator into its unstable state, where it remains 
for 10 second;. In this state the static relay 12 and the input gate circuits 1C 
of the alarm indicator are opened. 

The pilot level is checked. To be able to indicate an alarm condition an 
additional pulse is required to be applied to the input gate circuits. This pulse 
(stepping pulse) is derived from the trigger pulse and is emitted about 1.5 
seconds after the monostable flip-flop has been driven into its unstable state. 

When the monostable flip-flop in the alarm indicator reverts to its stable 
state, it applies a negative pulse to the level control 2 for frequency block 
G I in the sequence of n frequency blocks included in a scanning cycle. At 
the same time the input gate circuits are closed and level testing ceases as 
far as the alarm indicator is concerned. The monostable flip-flop in the 
level control is driven into its unstable state for a period of 2.5 seconds. At 
same time the input gate circuits IC for alarm extension and regulation in 
the level control are opened, as is the static relay in the demodulator for G 1, 
thereby permitting the level to be tested. In connection with the switching 
from the alarm indicator to the level control a timing pulse is produced, which 
is applied to a timing control 9. Here the timing pulse is converted and 
delayed, to be fed out as a regulation stepping pulse at the end of the test 
period. The scanning cycle proceeds in this manner until all frequency blocks 
have been tested. The last unit in this test sequence is the threshold monitor 10. 
This unit consists of four monostable flip-flops which in turn apply stabilized 
d.c. voltage to the decision circuit for checking the four Schmitt triggers. When 
the last of the four flip-flops in the threshold monitor is restored to its stable 
state, it triggers the alarm indicator, which initiates a new scanning cycle. 

Pilot Rectifier and Decision Circuit 
The rectifier together with the decision circuit constitutes an analogue-to-

digital converter. A block diagram is shown in fig. 5. The rectifier converts 
the pilot signal into a direct voltage, which is passed through a d.c. amplifier 
and then applied to the level sensing circuit. Where manual checking of the 
level in any frequency block is desired an indicating instrument can be 
connected to the output of the d.c. amplifier. The level sensing circuit consists 
of four Schmitt triggers. Two of these are employed for the regulation of 
minor level deviations (±0 .5 dB): the other two can be set to indicate devia
tions of ± 2 dB or ± 4 dB. To eliminate the hysteresis of the Schmitt triggers, 
a transistor circuit controlled by the timing control and serving to short-circuit 
the input of the d.c. amplifier between each two consecutive tests has been 
inserted between the pilot rectifier and the d.c. amplifier. In this manner the 
Schmitt triggers will always be actuated by a d.c. signal rising from a low 
value (short circuit) to a value corresponding to the level of the frequency 
block concerned. 
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The four Schmitt triggers are connected to logic circuits. At three outputs 
these logic circuits give digital information on the pilot level. The logic 
circuit output + 0.5 dB and -0 .5 dB for regulation are inhibited when one of 
the alarm circuits, + 4 dB or - 4 dB, has been triggered. 

Timing Control 
The timing control (fig. 6) serves to provide a control pulse causing the d.c. 

amplifier at the input of the decision circuit to be short-circuited. This control 
pulse is derived from the timing pulse produced on switching from one 
frequency block to the next. In addition, it produces a regulation stepping 
pulse about 1.5 seconds after the beginning of a test period. The timing control 
also sends out an alarm in the event of incorrect or interrupted scanning. The 
unit further incorporates a circuit enabling the scanning cycle to be initiated 
manually. For this purpose a start button is provided. 

Automatic Level Control and Alarm Indicator 
The automatic level control (figs. 7 and 8) is designed, first, to accept in

formation in digital form from the decision circuit and to convert this into 

Fig. 8 

Level control 
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the analogue equivalents to be used for the regulation of the level of the 
associated frequency block in the transmission path. Second, it serves to main
tain the regulating current at a constant value between two consecutive test 
periods. Third, on major level deviations in the transmission path, to receive 
information from the decision circuit and to convert this into an alarm to 
be maintained for the duration of the fault. The unit incorporates a monostable 
flip-flop that forms part of the chain of level controls involved in one complete 
scanning cycle. The gates and trigger circuits making up the unit consist of 
integrated circuits. The digital-to-analogue converter consists of a reversible 
binary counter containing five bistable toggles. These toggles are intercon
nected via gate circuits. The input pulses "level < nominal" and "level > nomi
nal" decide in which direction regulation will be effected when the stepping 
pulse is applied. 

Each toggle stage is connected to a drive stage. The number of output 
current units produced in the '1'-state of each of the five toggle stages of the 
regulation circuit is 1, 2, 4, 8 and 16 respectively. Thus the combined arrange
ment permits regulation to be effected in 32 equal steps. 

Depending on the direction of regulation required, the pulse from the 
decision circuit is passed via one or the other gate system. When the level is 
at nominal and under fault conditions regulation is clamped and the condition 
of the counter remains unchanged, the thermistor current being maintained at 
a constant value. 

When responding to a major level deviation, the decision circuit extends 
an alarm pulse via its logic circuit to the level control of the frequency block 
under test. This signal together with the regulation stepping pulse drives the 
alarm toggle of the level control into the alarm state. This will also occur 
when the binary counter has reached one of its end positions. At the same 
time an indicator lamp associated with the frequency block concerned is lit 
and station, alarm is sent out. When after a power failure current is restored to 
the level control, the binary counter reverts to its centre position (corresponding 
to nominal gain). 

The alarm indicator is similar in design to the level control, but has no 
memory circuit. In systems where only supervision without automatic regula
tion is required, a manual level control is used. Here a variable resistor for the 
regulation of the thermistor current is substituted for the memory and the 
drive stage. Compensation is provided in the heater circuit for changes in 
voltage and temperature. 

Fig. 11 

Pilot receiving shelf with associated indicating 
instrument mounted in bay. Heat sinks visible 
through opening in dust cover belong to d.c. 
converters (21 V to 3.6 V). 

Threshold Monitor 
This unit serves to check automatically once during each scanning cycle the 

trigger levels of the four Schmitt triggers in the decision circuit. Four 
monotable flip-flops (fig. 9) included in the same scanning chain as the 
level controls and the alarm indicator connect in turn the zener-controlled d.c. 
voltages to the decision circuit. In case of a fault in the decision circuit the 
threshold monitor will block regulation and send out an alarm. 

Gain Regulator and Test Relay (Group and Supergroup) 
Regulation is effected in the demodulator, which is a transistor modulator 

design whose feedback path incorporates an indirectly-heated thermistor to 
regulate the gain. The range of adjustment is ± 4 dB. See fig. 7. 

The output of the demodulator consists of a hybrid. One pair of its terminals 
is connected to the next demodulation stage, the other to a maintenance test 
point and a test relay. For the basic group and supergroup a static relay is 
used for this purpose. It normally consists of a diode which is driven into 
conduction by a d.c. current when the level is checked. See fig. 10. 

For other frequency blocks using the 1552 kHz reference pilot a mercury-
wetted contact relay is used to meet the demands imposed by crosstalk at 
higher frequencies. 
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Mechanical Construction 
The pilot receiving shelf contains all the apparatus units common to the 

decentralized level controls and supervisory equipment of the various modula
tion stages, as shown in the block diagram, fig. 3. Besides the units shown in 
fig. 3 the shelf contains the units required for the generation of the 496 kHz 
carrier by means of the 124 kHz basic frequency, and for d.c. conversion 
from 21 volts to the 3.6 volts needed for the integrated circuits in the level 
controls and alarm indicators. The mechanical design is illustrated by fig. 11, 
which also shows the indicating instrument. This is normally placed in the 
left-hand bay upright beside the service shelf. 

The 84.08 or 411.92 kHz pilot and the 124 kHz basic frequency are obtained 
from the common frequency supply of the station, via connectors on the 
left-hand side of the shelf. The intershelf wiring connecting the pilot receiver 
to the apparatus units in the frequency translating shelves or shelf stacks is 
arranged at the right-hand end of the shelf. Maintenance test points, U-links 
and alarm lamps for indication of any fault in the scanning cycle, decision 
circuit and 3.6 V supply are placed in the maintenance strip. This also contains 
push buttons for alarm location, start of a scanning cycle, connection of the 
instrument for manual checking and regulation inhibiting. 

The shelf for the 1552 kHz pilot is arranged in the same manner. 

Technical Data 
Testing 

Number of supervised groups 
supergroups 

Test period per group or supergroup 
Test period for outgoing pilot 
Regulation stepping pulse 

Automatic level regulation 

Range of regulation 
Regulation error 
Regulation step 
Number of regulation steps 

Automatic level supervision 

Level alarm is given (and regulation 
simultaneously clamped in applications 
with automatic regulation) when out
put pilot level deviation from nominal 
exceeds a limit that can be preset at 

Level reference 

Level of pilot generated by local fre
quency supply. 
Level alarm on pilot level deviation 
from nominal setting of pilot receiver 

Power consumption 

Pilot receiving shelf 84.08 and 411.92 
kHz (operation from 21 V d.c. supply) 

basic equipment 
increase per added frequency block 

Pilot receiving shelf 1552 kHz (opera
tion from 21 V d.c. supply) 

basic equipment 
increase per added frequency block 
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Supergroup Translating Equipment 
for a 960-Circuit System 
G. O U V R I E R , 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 621.395.44 
621.376 

LME 8421 7544 

Together with preceding articles in this issue dealing with the channel and 
group translating equipment and equipment for level supervision and regula
tion, this article dealing with the equipment for assembling basic supergroups 
into line groups forms a complete description of a terminal equipment for a 
960-circuil carrier telephone system engineered in the M4 equipment construc
tion practice. 

The supergroup translating equipment, which assembles basic supergroups 
into a 960-channel line group, is accommodated in one shelf stack and forms a 
mechanical unit. This shelf stack also contains the supergroup carrier generating 
equipment as well as individual units for regulation and supervision. 

Equipment which together with associated entrance cable provides for the 
interconnection of the 960-circuit multiplex with a radio link has been assembled 
in a separate shelf. 

The equipment fulfils the relevant requirements recommended by the CCITT 
with ample margins. 

Modulation Plan and Block Diagram 
Fig. 1 shows the frequency allocation for the supergroup translating equip

ment for the formation of a 960-channel line group. In addition to the fre
quencies standardized by the CCITT the 1552 kHz can be provided to serve as 
reference pilot for the 960-channel line group (line link pilot). 

Fig. 2 shows a block diagram with frequencies and levels. A novel design 
feature is the integration of the supergroup carrier generating equipment into 
the supergroup translating equipment, the carrier basic frequencies 12 and 
124 kHz being supplied by the common frequency supply of the terminal equip
ment. 

Fig. 1 
Modulation plan for the translation of 16 

supergroups into a 960-channel line group. 

Frequencies in k H z 

^ 1 
312 \ 552 

\ 612 1116 1364 

The shelf stack also contains equipment for the regulation of the supergroup 
receive level and for the supervision of the send and receive levels of the 960-
channel line group. This equipment is controlled by the pilot receivers for 
411.92 and 1552 kHz, both of which are housed in separate shelves. 

An extremely compact design has been achieved by the application of new 
circuit design principles such as the introduction of the active transistor modu
lator, which has resulted in favourable level conditions and the saving of a 
number of amplifiers. 

1860 2108 2355 2604 2852 3100 3348 3596 3844 4092 4340 

312 564 B12 1060 1308 1556 1804 2052 2300 2548 2796 3044 3292 3540 3788 
300 552 804 1052 1300 1548 1796 2044 2292 2540 2788 3036 32S4 3532 3780 4028 
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Translating Equipment 

Modulators 

Active transistor modulators are used throughout the equipment. These are 
designed as push-pull amplifiers whose operating voltages modulate the respec
tive carrier frequencies. The transistor modulator has several considerable ad
vantages over the diode modulator (see description of channel and group trans
lating equipment), its most salient feature being its gain regulating function. 

Modulators 1 and 3 are designed as a double push-pull arrangement. This 
configuration provides suppression of the direct leak, which eases the demands 
on the associated filter networks. Fig. 3 shows the circuit configuration. 

Modulators 4-16. however, use a single push-pull circuit. In this modulator 
type the output contains modulation products which in the double push-pull 
configuration are attenuated by balancing. Thus, among other things, the level 
of the direct leak is 2.5 dB above that of the wanted sideband. As the filter re
quirements are determined almost completely by the impedance requirements 
resulting from parallel connection with other filters, the suppression of the 
above-mentioned modulation products is not considered a complication. 

For supergroup 2 in the 312-552 kHz band a single amplifier stage is pro
vided instead of a modulator. 

Fig. 4 shows a typical stop-band attenuation curve for a band-pass filter and 
a typical pass-band curve for a complete modular unit. 

Each modulator in the send path is preceded by a low-pass filter, which 
suppresses the noise spectrum outside the transmitted band, to prevent it from 
entering the traffic band during modulation. The low-pass filter at the output 
of the demodulator in the receive path protects subsequent amplifiers from 
overloading owing to the direct leak and the other side-band. At the same time 
the carrier leak is suppressed. 

The demodulators are provided with indirectly heated thermistors in the 
feedback path to provide continuous gain regulation, the range of adjustment 
being more than ± 4 dB. The thermistors are controlled either by means of a 
manual level control or by means of an automatic level control in conjunction 
with a 411.92 kHz pilot receiver. 

In the event of major level deviations gain regulation is blocked and an alarm 
sent out. 

Each modulator with associated filters is constructed as a mechanical unit. 
Fig. 5 illustrates such a modulator assembly. Owing to the relatively large size 
of the band-pass filters required for the modulators and demodulators for 
supergroups 1 and 3, these have been divided into two separate mechanical 
units each, one of which contains the band-pass filter. 

Supergroup Combination and Separation 

Parallel connection of the band-pass filters in the send and receive path 
respectively is arranged by means of symmetrical hybrids. As illustrated by the 
block diagram, odd-numbered supergroups are paralleled on one side of the 
hybrid and evennumbered ones on the other. 

Normally when such a large number of filters is connected in parallel, a 
certain mutual interference occurs. This is especially the case in partly-equipped 
terminals. By inserting a pad between each filter and the hybrid this inter
ference has been reduced to a negligible amount. Thus the equipment can be 
expanded to any desired extent and supplementary equipment added as re-
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Fig. 5 
Demodulator unit 

The carrier generating equipment required for the translation of supergroups 
quired. The attenuator pad is an L section whose series arm is incorporated in 
the output filter of each modulator and whose shunt arm is a common item 
included in the hybrid. 

Pilot Injection and Protection 
Immediately after the formation of the 960-channel line group the 1552 kHz 

line link pilot can be injected by means of a pilot injection hybrid. If there is 
through connection of supergroups at the station, a band-stop filter for the 
1552 kHz pilot is inserted before the hybrid to protect this frequency against 
interference arising from additional measuring frequencies (inter-supergroup 
pilots). This arrangement in conjunction with the through supergroup filter, 
which suppresses the translated pilot at 308 kHz and 556 kHz, clears the band 
of disturbing pilot residues. 

Amplifiers 
The supergroup translating equipment includes only one amplifier in each 

direction of transmission, namely for the amplification of the 60-4028 kHz line 
frequency band. For this purpose a standardized wideband amplifier is em
ployed, whose gain can be adjusted by means of soldered straps. A double 
hybrid arrangement at the output provides a short-circuit-proof test point and 
permits the pilot to be picked off. 

Station Cable Attenuation Equalizers 
In the 60^1028 kHz frequency range the frequency distortion introduced by 

the station cabling cannot be disregarded. 

To compensate for this distortion, equalizers are provided on the line side in 
both directions of transmission. These networks can be adjusted in steps of 
0.5 dB. 

Allowance has been made for a total station cable attenuation of 3 dB be
tween the output of the supergroup translating equipment and the line link 
interconnection frame. 
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Supergroup Carrier Generating Equipment 
The carrier generating equipment required for the translation of supergroups 

into 960-channel line groups is incorporated in the supergroup translating 
equipement. Two standardized carrier basic frequencies are required, which 
are obtained from the common frequency supply, namely 

• 12 kHz for the generation of the 612 kHz carrier 

• 124 kHz for the generation of the carriers lying, at 248 kHz intervals, 
between 1116-4340 kHz. 

Harmonic Generators 

In both cases the carrier frequencies are odd harmonics of their respective 
basic frequencies. The harmonic generator has, therefore, been designed to 
produce only these components of the spectrum. The main element of the 
harmonic generator is a toroidal coil with an iron core which is periodically 
saturated by the feeding a.c. voltage. When the saturation point of the coil is 
exceeded the following capacitor will discharge across the ballast resistor. This 
will occur twice each period, giving rise to a train of short-duration pulses of 
alternating polarity. Such a pulse train contains only odd multiples of the 
fundamental frequency. 

The amplitude spectrum of the harmonic generator is shown in fig. 6. 

Carrier Filters 

The carrier filters for selecting the 1116-^340 kHz harmonics of 124 kHz 
have their inputs connected in parallel and can be provided as required by the 
number of supergroups to be multiplexed. Each individual carrier frequency is 
maintained at a fully adequate and constant amplitude irrespective of the 
variations this will involve in the number of carrier filters connected to the 
harmonic generator. Each of the filters, a specimen of which is shown in fig. 7, 
has two single-stage amplifiers at its output, by which method the modulator 
and demodulator are decoupled from each other. Thus a very high crosstalk 
attenuation via the carrier supply is achieved. 

Fig. 7 
Carrier filter 
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For the generation of the 612 kHz carrier use is made of part of the equip
ment required for the generation of the group carriers. This arrangement 
differs from that described above in that the feeding circuits to the modulator 
and demodulator are arranged in parallel. Adequate decoupling is achieved by 
the low output impedance of the carrier filter 612 kHz. Up to five pairs of 
modulators and demodulators can be supplied in parallel, i.e. a common supply 
is provided for up to five supergroups 1, corresponding to 300 channels. 

Supervision of Carrier Levels 
If the output voltage from a harmonic generator falls by more than 2.5 dB 

an alarm is automatically sent out. A rectified nominal voltage of 10 volts 
is derived for level supervision. 

The d.c. voltage for supervision of the 612 kHz is obtained from the output 
of the carrier filter. Thus the 12 kHz harmonic generator as well as the carrier 
filter is supervised in the same way as in the group carrier generating equip
ment. The d.c. voltage for supervision of the 1116^4340 kHz carriers is taken 
from the output of the 124 kHz harmonic generator. For this purpose the 
868 kHz harmonic is used. The filter for this frequency and the associated 
rectifier circuit have been incorporated in the harmonic generator. This simple 
solution to the supervision problem has been made possible by the high degree 
of reliability of the subsequent filters and the fact that in the event of failure 
of a carrier an alarm is sent out for the respective supergroup by means of the 
automatic pilot receiver. 

Tests Points 
Two kinds of test points are provided, namely maintenance test points and 

fault location test points. 

Maintenance test points, denoted by M in the block diagrams, are provided 
at all outputs. These test points are short-circuit-proof, i.e. a short circuit at the 
test point does not noticeably affect the transmission path. They consist of 
coaxial jacks located in a maintenance test strip at the lower front edge of the 
respective shelf and are easily accessible when the hinged cover plate with 
designation strip is opened. 

Fault location test points, in the block diagrams denoted by F, are provided 
to enable any faults to be located to a certain unit by logical fault location. 
They are designed as bridging test points and located at the front of the appa
ratus units. Access to these test points is obtained by removing the respective 
shelf dust covers. 

Line Entrance Equipment 
For the transmission of the line group over short distances, such as a cable 

extension of a radio relay link, use is made of a line entrance equipment (fig. 8). 
This is assembled in a shelf and contains equalizers for slope introduced by the 
entrance cable as well as equipment for the injection and reception of frequency 
comparison pilots. Supervision of the line group level with the help of the 
1552 kHz pilot can be carried out in both directions of transmission when 
using a centralized pilot receiver. 

Cable Attenuation Equalizers 
Networks can be included for cable attenuation equalization in steps of 

1 dB. Compensation for slope introduced by 2.6/9.5 mm cable standardized by 
the CCITT can be provided for cable sections of 5.8 km. When using line 
entrance equipment at both ends of the entrance cable, attenuation equaliza
tion can be provided for sections of up to 8.8 km. 
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Fig. 8 
Line entrance equipment for 960-circuit systems. 
Block diagram 
M Maintenance test point 

Frequencies in kHz 

Equipment for Frequency Comparison Pilot 
The frequency comparison pilot used in a 960-circuit system is 60 kHz. This 

pilot frequency can be injected by means of a hybrid in the send path and 
picked off by means of a hybrid and filter in the receive path. After amplifica
tion the pilot is distributed to four decoupled outputs at a power level of 0 dBm. 
For the suppression of the pilot in the transmission path a pilot stop filter can 
be included in both directions of transmission. 

Mechanical Construction 
All apparatus units are of the plug-in type. The components are assembled 

on printed wiring boards, which are enclosed by aluminium cans providing 

Fig. 9 
Shelf stack for assembling 16 supergroups into 
a 960-channel line group, with built-in carrier 
generating equipment. 
Dust cover removed from one shelf housing supergroup 
modulators. All hinged cover plates with designation 
strips opened, giving access to respective maintenance 

strips. 
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good electrical shielding as well as protection from mechanical damage. The 
apparatus connectors consist of flat contact plugs as well as coaxial plugs and 
sockets. 

The complete equipment for assembling 16 supergroups into a 960-channel 
line group, including the supergroup carrier generating equipment and auto
matic level controls, is accommodated in a shelf stack 600 mm high. 

This shelf stack consists of five shelves of standard dimensions combined 
into a mechanical and electrical unit (fig. 9). 

This design has been chosen to achieve the optimum cabling arrangement, 
electrically as well as mechanically. Thus the top shelf contains the carrier 
generating equipment, the second the modulators and the third the demodu
lators. This arrangement has made possible a substantial reduction of the length 
of the bulky carrier cabling, the modulators being placed in rows directly 
under the associated carrier filters. 

Connectors for the station cabling are provided on the left-hand side of the 
shelf stack, for the inter-shelf wiring on the right. 

The line entrance equipment is housed in a separate shelf. This also applies 
to the two pilot receivers for 411.92 and 1552 kHz, described elsewhere. 

Three supergroup translating shelf stacks with the associated line entrance 
shelves and the two pilot receiving shelves can be accommodated in one bay. 
In the centre of the bay is a service shelf containing fuses, etc. A power pack 
is provided at the bottom of the bay (see fig. 10). If required, the power pack 
can be duplicated. 

Technical Data 
Frequency Ranges 

basic supergroup 312-552 kHz 
960-channel line group 60-4028 kHz 

Nominal Levels 

basic supergroup 
send direction -35 dBr 
receive direction -30 dBr 

line group 
send direction -30 dBr 
receive direction -36 dBr 

Station cable equalizers provide adjustment to 
level at line link interconnection frame, namely -33 dBr 

Nominal Impedance 

basic supergroup and line group 75 ohms unbal. 
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Frequency Distortion 

in the transmitted and received supergroup 
band referred to loss at 411.92 kHz, less than :0.5 dB 

Level Regulation Range 

for the incoming supergroup in the receive path :4dB 

Carrier Leaks 

measured at sending equipment output do not exceed -40 dBmO 

[ ^ • • • • • • m w n M I H I M 

Attenuation of Intelligible Crosstalk 

referred to nominal levels for all combinations 
of near-end and far-end crosstalk is greater than 85 dB 

Power Consumption 

Shelf assemblies 
(operated from 21 V d.c.) 

Supergroup translating shelf stack 
excl. regulating equipment 28 W 

with manual level regulation the additional 
power drain per supergroup is 0.5 W 

with automatic level regulation the additional 

power drain per supergroup is 1 W 

Line entrance equipment shelf 3 W 

Bay assembly 
(operated from mains or station battery) 

Supergroup translating bay, fully equipped 
with 
3 supergroup translating shelf stacks 
3 line entrance shelves 
1 pilot receiving shelf 411.92 kHz 
1 pilot receiving shelf 1552 kHz 240 W 

Fig. 10 
Supergroup translating bay 

The bay contains: 
3 supergroup translating shelf stacks 

3 line entrance shelves 

1 pilot receiving shelf 411.92 kHz 
1 pilot receiving shelf 1552 kHz 

1 service shelf with fuses, etc. 

1 power pack 
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All Quarters of the World 

Italian President Visits L M Ericsson 
In conjunction with the Italian state 

visit to Sweden in June this year the 
President, Sr. Giuseppe Saragat, paid 
a call at L M Ericsson's main factory 
at Midsommarkransen in the company 
of the Swedish Prime Minister, Mr. 
Tage Erlander. The President of L M 
Ericsson, Mr. Bjorn Lundvall, greeted 
the visitors on their arrival and gave 
a brief presentation of the group and 
its activities. They were then taken 
on a tour of the Exhibition Room by 
Mr. Eric Lundqvist. The Italian Pre
sident was so interested - especially 

in the oldest telephones - that, when 
Mr. Lundqvist was to demonstrate the 
old trumpet telephone, the President 
became tied up in the single wire. Af
ter he had been disentangled, the tour 
could continue. 

As a special feature in the pro
gramme President Saragat was invit
ed to make a telephone call to Italy, 
to L M Ericsson's subsidiary company 
FATME, the Chairman of which, Dr. 
Giuseppe Marchesi, immediately in
vited President Saragat to visit the 
Italian Factory. 

Mr. Lundvall presented the Presi
dent with an ivory-white Ericofon 
with the President's monogram in 
gold. And before the end of his visit 
President Saragat had the opportunity 
of talking to Italian employees at the 
factory and was greeted with such 
southern fervour that the leavetaking 
ceremony was nearly forgotten. 

President Saragat signs his name on a memo
rial tablet. 

Fusion in France 
The fusion which has been planned 

for some time between Societe des Te
lephones Ericsson (STE) and its sub
sidiary Ateliers Vaucanson (SAV) 
took place on June 14. 1966, as from 
which date the activities of SAV have 
been taken over by STE. 

STE, the name of which has been 
changed to Societe Franchise des Te
lephones Ericsson, has at the same 
time increased its share capital by a 
bonus issue of 10 million francs and 
a new issue of 304,350 francs. The 
share capital is now 30,304,350 
francs. 

In lune 1966 STE's shares were in
troduced on the Paris Stock Exhange, 
in conjunction with which rather more 
than 20 % of L M Ericsson's hold
ings were placed with the French 
public. 

As mentioned in Ericsson Review No. 2, 1966, L M Ericsson has concluded an agreement with 
United Utilities Inc. (UUI), Kansas City, USA, involving the transfer of the share majority in 
North Electric Company (NEC), Galion, USA. L M Ericsson will continue to take a very active 
part in the leadership of NEC. The new board consists of (from left, front row) Messrs. Hans 
Werthen, LME, William H. Graham, NEC, Paul H. Henson, UUI, Bjorn Lundvall, LME, and 
R.M. Alden, UUI, and (back row) John M. Kingsley, Bessemer Securities Corp., Douglas Glea-
son, UUI, Fred Sundkvist, LME, and J.C. Cluen, United Telephone Company of Ohio. 

The Italian President, Sr. Giuseppe Saragat 
(right), is greeted by Mr. Bjorn Lundvall, 
President of L M Ericsson. Between them is 
the Swedish Prime Minister, Mr. Tage 
Erlander. 

President Saragat is presented with an Ericofon 
by Mr. Lundvall. 



(Left) The delegates in the Conference Room at Midsommarkransen. (Right) Some of the delegates 
during a tour of the main factory. (From left) Messrs. Chua Kai Soo, Singapore, J .W. Devon, 
Ireland, M.A.E. Messiri, United Arab Republic, and R.H. Davis, LISA. 

Maintenance Conference 
The Maintenance Conference held 

last year with representatives of the 
Scandinavian telephone administra
tions was repeated in June this year. 
On this occasion there were represen
tatives from the administrations of 
Australia, Britain, Canada, Ethiopia, 
Ireland, Italy, Jugoslavia, Lebanon, 
the Netherlands, Poland, Portugal, 
Singapore, Sweden, Thailand, Tunisia, 
the United Arab Republic and the 
United States. Maintenance experts 
from the Danish, Finnish and Swedish 
telephone administrations attended as 
visiting lecturers. The conference was 
held in English. There were more 
than 40 foreign delegates and 14 from 
L M Ericsson. 

As at last year's conference, the 
main interest was in organizational 
questions and centralized supervision 
of subscriber-dialled trunk traffic, but 
terminology, statistics and training 
were also on the agenda. Quite prop
erly, too, the increasing use of data 
processing in telephony was also dis
cussed. 

The delegates were invited by the 
Swedish Board of Telecommunica
tions to visit the plants in the Orebro 
Telecommunications Area. The con
ference terminated in a visit by the 
delegates to Turku, Tampere and Hel
sinki at the invitation of the respec
tive Finnish telephone administra
tions. 

During the lively discussions dur
ing the conference many interesting 
and valuable points were put forward 
by the representatives of the various 
administrations. L M Ericsson, there
fore, as on earlier occasions, can 
establish with satisfaction that the 
goal of the Maintenance Conference 
has once again been attained-
namely. through exchange of experi
ence between supplier and qualified 
representatives of the Maintenance 
Divisions of the Telephone Adminis-
rations, to obtain new experience 
which should assist in the production 
of equipment that is both more reli
able and easier to maintain. 

The conference will be repeated next 
year for Spanish-speaking delegates. 

During their visit to Turku Mr. V.K. Tahti, Director of the Turku Telephone Administration, 
addressed the conference delegates on the subject of the Administration's organization. 

W| m p i 

~%\ \ 

% 1* -

zg 

Record Order for 
SOCOTEL Equipment 

Societe Franchise des Telephones 
Ericsson (STE) has recently signed a 
contract worth 25.8 million kronor 
for telephone exchange equipment of 
type SOCOTEL. This is STEs largest 
order hitherto. The purchaser is the 
French PTT. 

In 1964 and 1965 STE obtained 
similar orders from the PTT worth 
16.4 and 23 million kronor. 

The SOCOTEL system was design
ed in co-operation between French 
telephone manufacturers and the PTT 
and corresponds most closely to L M 
Ericsson's ARK system. 

Opening of New Auto
matic Exchanges 
ETHIOPIA 

In June a new all-automatic tele
phone exchange was officially opened 
at Dessie in Ethiopia with an initial 
capacity of 1,000 ARF lines. The next 
step in the investment programme of 
IBTE (Imperial Board of Telecom
munications of Ethiopia) is an exten
sion of the exchanges at Addis Abeba 
and automatization of the exchanges 
at Nazareth and Massawa. 

After the opening of the Dessie ex
change, which was presided over by 
His Imperial Highness Crown Prince 
Merid Azmatch Asfa Wossen, the new 
exchange was demonstrated by Ato 
Girmaw Ingedayehu, head of the 
IBTE Telephone Division, to the in
vited guests of honour, among whom 
the Minister of Communications, Ato 
Salah Hinit, and the Director General 
of IBTE, Herman Ruud. 

EGYPT 

On August 13 a further stage was 
completed in the extension and mod
ernization of Cairo's telecommuni
cations through the cut-over of a 
large new all-automatic telephone ex
change of L M Ericsson's modern 
crossbar system ARF 102. The new 
exchange is at Shoubra, one of the 
most densely populated districts in the 
Cairo area. From its initial capacity 
of 10,000 lines the exchange will be 
extended in stages to 40,000 lines. 

In the Cairo district alone L M 
Ericsson has now installed more than 
75,000 ARF lines. 



The Chairman of L M Ericsson's Brazilian 
subsidiary, Ericsson do Brazil, Marshal 
Nelson de Mello (right), visited the main 
factory at Stockholm this summer. While 
viewing the model plant in the Exhibition Room 
Mr. G. Fernstedt, LME, apparently thought up 
a good old LM story. 

During a visit by (from left) Messrs. Djumbaran and Rockaeli from the Indonesian State Railways 
it was, of course, the model of the CTC plant that attracted most interest. Mr. Lundqvist, LME, 
demonstrated. 

The United Arab Republic Minister of Communications, Mr. Younes, with his wife visited L M 
Ericsson at Midsommarkransen in the autumn in the company of the UAR Ambassdor in Stock
holm, Mr. Tawfik. (From left) Ambassador Mustafa Tawfik, Mrs. Patricia Lundvall. Mrs. 
Fadila Younes, Minister Mahm. Younes, Mr. Bjorn Lundvall and Mr. Eric Lundqvist, (LME). 

L M F has been visited by the Board of FA I M F . 
Some of the members — (from left) Sr. U. 
Leveque, Dr. G. Marchesi and Sr. L. Baggiani 
— are here seen with Mr. Bjorn Lundvall. 

In front of the show case containing the oldest 
models of the telephone are seen (from right) 
the Bulgarian Minister of Foreign Affairs and 
Commerce, Mr. I. Beudinow, and Messrs. A. 
Stein and J . Couturier, LME. 

A guest from afar was Mr. Alan Yeo, Vice 
Chairman of the Singapore Telephone Board. 
He is here seen with the President of LME, 
Mr. Bjorn Lundvall (left). 

Some pupils from the L N W R A Technical and 
Teacher Training School at Siblin, Lebanon, 
are seen receiving instruction in modern tele
phone technique. A large part of the equip
ment was supplied by LME. 



Director Luigi Baggiani Director Umberto Leveque Director Aldo D'Arrigo 

Management Changes at 
FATME and SIELTE 

Sr. Luigi Baggiani retired on pen
sion on June 12, 1966, from the post 
of President of the Italian manu
facturing company of the Ericsson 
group, FATME, Rome. He will re
main on the board of FATME and 
has been appointed to the board of 
the holding company SETEMER. 

Sr. Baggiani took an engineering 
examination in 1923 and, after some 
years in the Air Force, in which he 
reached the rank of Captain in 1927, 
was taken on in 1929 as Depart
mental Manager in the telephone 
operating company in southern Italy, 
Societa Esercizi Telefonici (SET). In 
1934 he joined FATME as Director 
and became its President in 1947. In 
1959 he was appointed member of the 
board of the Italian Radio and Tele
vision Company. RAI-TV, and in 
1965 became Chairman of AN1E. the 
Association of the Italian Electrical 
Industry. He is "Grand Ufficiale" of 
the Italian Order of Merit. 

When Sr. Baggiani came to FAT
ME, the company had about 200 em
ployees and a limited manufacture, 
principally of telephone sets and man
ual exchanges. During his leadership 
it grew at a rapid pace and. in 1942, 
FATME had some 1,000 employees 
and its manufacture included auto
matic public and private telephone 
exchanges. During the war FATME 
was heavily damaged and 70 % of the 
machines and most of the stock were 
confiscated. The number of employees 
fell to about 200 and at the end of 
the war the activities had almost en
tirely stopped. Headed by Sr. Bag
giani an energetic reconstruction pro
gram was started, and by the end of 
1946, the company once again had 
1000 employees. The development 
within the automatic telephony field 
thereafter continued and the factory 
started to produce long distance equip
ment as well. The facilities for expan

sion of the existing factory had been 
completely exhausted and in 1959 it 
was decided to build a modern tele
phone factory outside Rome. Sr. Bagg
iani devoted much valuable work to the 
planning and erection of a new fac
tory, which was completed at the end 
of 1964 and opened in 1965. FATME 
now has 2400 employees and is the 
largest factory in Rome, as well as 
being the largest telephone factory in 
central and southern Italy. The manu
facture convers the greater part of the 
telephony field and is done on the 
most modern methods and with the 
most modern epuipment. 

On his retirement from the presi
dency of the company Sr. Baggiani 
received warm greetings both from the 
management and personnel, who in 
many ways gave expression to their 
great appreciation and gratitude for 
what he had done for FATME and 
its employees during more than 30 
years of intense and successful work. 
His many friends wish him success and 
satisfaction in the important appoint
ments to which he will now devote 

his time, interpersed with wel 
leisure. 

earned 

The board has appointed to the 
presidency of FATME Sr. Umberto 
Leveque, previously president of the 
sales and outside plant construction 
company of the Ericsson group in 
Italy, SIELTE, Rome. After taking 
an engineering examination in 1930 
he joined Sociteta Ericsson Italiana, 
which later became SIELTE. In 1938 
he was appointed Departmental Man
ager, in 1954 Executive Vice Presi
dent and in 1962 President. He is a 
member of the boards of SIELTE and 
FATME. Sr. Leveque is Commander 
of the Order of Merit of the Italian 
Republic. 

The board has appointed Sr. Aldo 
D'Arrigo to the presidency of SIELTE. 
He was taken on by SIELTE in 1946, 
became Departmental Manager in 
1963 and Executive Vice President 
earlier this year. 

Organizational Change 
Mr. Per Ahlstrbm was appointed 

head of the Erga Division of Telefon-
aktiebolaget L M Ericsson as from 
October 1, 1966. He succeeds Mr. Sten 
Ake Nilsson, who will retire on pen
sion at the beginning of next year. 
Mr. Ahlstrdm has been appointed Vice 
President of the company from the 
same date. 

Mr. Ahlstrbm was born in 1928, 
graduated from the Chalmers' Institu
te of Technology in 1952 and joined 
L M Ericsson in 1953, where since 
1962 he has been head of ERGA's 
Telephone Set Section. 

Sweden's Mach 2 delta wing all-weather interceptor, the Saab 35F Draken, is now fitted with an 
infra-red detection unit mounted beneath the nose for target location at very low altitudes, which is 
unaffected by enemy electronic countermeasures. The unit is built in Sweden by L M Ericsson 
under licence from Hughes. 
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UDC 621.395.44 
LME 8400 

E R I K S E N , E.: A New Generation of Transmission Equipment. Ericsson 
Rev. 45(1966): 3, pp. 74—82. 

The article describes the guiding principles that have been used in the 
work of designing a new generation of terminal equipment for carrier 
systems. The requirements which must be placed on the mechanical design 
so as to be able to make best use of the latest progress in component 
development are dealt with in particular. One objective has been to design 
equipment that can be flexibly used in the formation of small and large 
terminal stations and that permits easy expansion and rearrangement and 
also requires a minimum of maintenance. 

UDC 621.395.44 
62.002.2 

LME 60 84 

A X E L S O N , K.: The M4 Method of Construction Used in Mechanical 
Design. Ericsson Rev. 45(1966): 3, pp. 83—93. 

The article describes the M4 method of construction from the mechanical 
point of view, how the problems of reduction of volume while retaining 
flexibility were solved, how the design has been carried out to obtain 
simplest installation work and to a certain extent what experience has 
been gained during the development period. 

UDC 621.395.44 
LME 8424 8442 

J O H A N S S O N , S.-O.: Carrier Terminals for 300- to 2700-Circuit Sys
tems, System Design. Ericsson Rev. 45(1966): 3, pp. 94—101. 

The article gives an outline of the system design for large-capacity termi
nals to be included in carrier systems using coaxial line links or radio 
links. 

Further details of the component subsystems are given in separate 
articles. 

Corrigenda in Ericsson Review No. 3, 1966 
i 

Cage 98, line 24 should read: 

440 kHz: mastergroup translating equipment... 

Jage 135, line 1 should be deleted 

UDC 621.395.44 
621.376 

LME 8421 7544 

OJ, R. & RASK, B.: Channel and Group Translating Equip-
icsson Rev. 45(1966): 3, pp. 102—124. 

nel and group translating equipment is engineered in L M Erics-
i construction practice for transmission equipment and has been 
in accordance with the principles described in the introductory 
l this issue of Ericsson Review. 
ticle describes the electrical design of the equipment and its 
al assembly into shelves and shelf stacks. Finally a few practical 
>ns of these in different bay arrangements are shown and a 
of technical data is given. 
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E R I K S E N , E.: /4 New Generation of Transmission Equipment. Ericsson 
Rev. ¥5(1966): 3, pp. 74—82. 

The article describes the guiding principles that have been used in the 
work of designing a new generation of terminal equipment for carrier 
systems. The requirements which must be placed on the mechanical design 
so as to be able to make best use of the latest progress in component 
development are dealt with in particular. One objective has been to design 
equipment that can be flexibly used in the formation of small and large 
terminal stations and that permits easy expansion and rearrangement and 
also requires a minimum of maintenance. 

UDC 621.395.44 
62.002.2 

LME 60 84 

A X E L S O N , K.: The M4 Method of Construction Used in Mechanical 
Design. Ericsson Rev. 43(1966): 3, pp. 83—93. 

The article describes the M4 method of construction from the mechanical 
point of view, how the problems of reduction of volume while retaining 
flexibility were solved, how the design has been carried out to obtain 
simplest installation work and to a certain extent what experience has 
been gained during the development period. 

UDC 621.395.44 
LME 8424 8442 

J O H A N S S O N , S.-O.: Carrier Terminals for 300- to 2700-Circuit Sys
tems, System Design. Ericsson Rev. 45(1966): 3, pp. 94—101. 

The article gives an outline of the system design for large-capacity termi
nals to be included in carrier systems using coaxial line links or radio 
links. 

Further details of the component subsystems are given in separate 
articles. 

UDC 621.395.44 
621.376 

LME 8421 7544 

A S A R N O J , R. & R A S K , B.: Channel and Group Translating Equip
ment. Ericsson Rev. 45(1966): 3, pp. 102—124. 

The channel and group translating equipment is engineered in L M Erics
son's new construction practice for transmission equipment and has been 
designed in accordance with the principles described in the introductory 
articles in this issue of Ericsson Review. 

The article describes the electrical design of the equipment and its 
mechanical assembly into shelves and shelf stacks. Finally a few practical 
applications of these in different bay arrangements are shown and a 
summary of technical data is given. 
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Swedish Ericsson Company Ltd. 
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Igm: erictel, telex: 5411 -4 
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Cia Espanola Ericsson, S. A. 
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Princesa 1, te l : 241 14 00, tgm: 
ericsson 
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Telefonaktiebolaget L M Ericsson 
Stockholm 32, te l : 08/190000, tgm: 
telefonbolaget, telex: 19910 
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28 26 00, tgm: aktiealpha, telex: 
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Casa Konsult AB Alvsjo, Hud-
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26 26 10. tgm: elr i fa, telex: 10308 
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L M hncsson Telcmateriel AB, 
Stockholm-Tyreso 1, Fack, te l : 08/ 
712 00 00, tgm: elJem, telex: 1275 
Sieverts Kabelverk AB Sundby
berg, tel: 08/28 28 60, tgm: sie-
vertsfabrik, telex: 1676 
Svenska Radioaktiebolaget Sfock-
holm 12, te l : 08/22 3140, t gm : 
svenskradio, telex: 10094 
S w i t z e r l a n d 

Ericsson Telephone Sales Corp. 
AB, Stockholm, Zweignieder-
lassung Zur ich 8032 Zurich, Post-
fach, te l : 32 51 84, tgm: telerics-
son, telex: 52 669 
T u r k e y 
Ericsson Turk Ticaret Ltd. Sirketi 
Ankara, Rumeli Han, Z iya Go-
kalp Cad., te l : 12 31 70, tgm : ellem 
Istanbul, Istanbul Biirosu, Liman 
Han, Kat 5, No. 75, Bahoekapi, 
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Izmir, Izmir Burosu, Kisilkaya 
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Ericsson Verkaufsgesellschaft m. 
b. H. 4 Dusseldorf-Ratb, Postfack 
136, te l : (0211)63 3031, tgm e r i c 
tel , telex: DSSD 8 58 6871 
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I n d i a 
Ericsson Telephone Sales Cor
poration AB Calcutta 22, P.O.B. 
2324, te l : 45 44 94, tgm: inderic 
New Delhi 1, P.O.B. 669, te l : 
27 23 12, tgm: inderic 
Indones ia 
Ericsson Telephone Sales Cor
poration AB Banduna, Djalan 
lr. H. Djuanda 151-153, te l : 
8294, tgm: javeric 
Djakarta, Djalan Gunung Sahari 
26, tel: OG 48531, tgm: javeric 
I r a q 
Telefonaktiebolaget LM Ericsson, 
Technical office Baghdad, P. O. B. 
493, tel: 91454, tgm: ellemco 
K u w a i t 
Telefonaktiebolaget LM Ericsson, 
Technical office, Kuwait, State of 
Kuwait, P.O.B. 5997, tgm: erictel 
Lebanon 
Telefonaktiebolaget LM Ericsson, 
Technical office Beyrouth, Rue du 
Parlement, Immeuble Bisharat, 
te l : 25 26 27, tgm: ellem 

T h a i l a n d 
Ericsson Telephone Corp. Far 
East AB Bangkok, P.O.B. 824, te l : 
55511-2 tgm: ericsson 

Egy 
TeIeionaKiieuoiuym LJVI"cnwunTj-
Technical office Egypt Branch 
Cairo, P.O.B. 2084, tel: 46 581, 
tgm: elleme 

M o r o c c o 
Societe* Maroeaine des Telephones 
Ericsson Casablanca, 38, rue 
Mohamed Sedki . te l : 788-75, tgm: 
ericsson 

Rhodesia, Bechuana land and 
M a l a w i 
Ericsson Telephone Sales Cor
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P.O.B. 2891, tel: 25737, tgm: 
ericofon 
T u n i s i a 

Telefonaktiebolaget LM Ericsson, 
Technical office Tunis, Boite Pos-
tale 780, tel :240520, tgm :ericsson 
Z a m b i a 
Ericsson Telephone Sales Corp. 
AB. Ndola, P.O.B. 2256, te l : 3885, 
tgm: ericofon 
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A r g e n t i n e 
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33 20 71, tgm: ericsson 
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Buenos Aires, Belgrano 894, te l : 
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tgm: caneric, telex: 1-2307 
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te l : 825 55, tgm: ericsson 
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tgm: ericsson 
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7296, tel: 25941, tgm: trantel 

L i b e r i a 
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N i ca ragua 
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P a n a m a 
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tado 4349, tel: 5-3640, t f l l f l 
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Paraguay 
S.A. Comercial e Industrial I B 
Petersen Asuncidn, Casilla 592,1 
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Puer to Rico 
Novae Electronics Inc. San Jut 
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El Sa lvador 
Dada-Dada & Co. San Salvat 
Apartado 274, tel: 4860, tg( 
dada 

S u r i n a m 
C. Kersten & Co. N.V. Pa 
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T r i n i d a d , W . I. 
Leon J. Ache Ltd. Porl-of-S 
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tgm: achegram 

U S A 
State Labs. Inc. New York,_N 
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