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The Telex Network in Spain 
E. N I L S 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 621.394.34 (46) 
621.394.74(46) 

LME 80777 852 
8104 83033 

The telex service in Spain conies under Ministerio de la Gobernacion Direc-

cion General de Correos y Telecomunicacion, which is responsible for the teles 

and gentex traffic and for the postal service in Spain. 

After calling for tenders from the world's main suppliers the Administration 

signed a contract with L M Ericsson in 1964 for modernization of the Spanish 

telex network, the main specifications for which were as follows: 

Subscribers connected to L M Ericsson's new crossbar exhanges ARM and 

ARB I register and marker controlled) should be able to send selection informa

tion from the teleprinter keyboard. 

The older step-by-step exchanges of Siemens type TW 39 should be modern

ized from dial selection to keyboard selection, and printed service signals 

should be introduced. 

The outgoing international traffic should be on a fully automatic basis wilh 

destination codes in accordance with CCITT Recommendation F 69. 

Charging of automatic outgoing international traffic should be done by loll 

ticketing. 

National traffic on radio channels with error correction (ARQ) should be 

automatic. 

Introduction 

T h e 1964 contract comprises 8 transit centres type ARM 20 and ARM 50. 

of which 3 are also international, and 68 terminal exchanges type ARB III 

and ARB 101 for althogether 3790 subscribers. This contract has been follow-

Fig. 1 
Palacio de Comunicaciones, Madrid 

Madrid's telex exchange is installed in this 
building 
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ed by two supplementary orders. At the end of 1969 the network consisted of 
4235 subscribers connected to ARB and another 2930 lines on order, totalling 
7165, and 1375 subscribers connected to modernized TW 39 exchanges, all in 
all 8540 subscribers. 

Spain occupies about 505,000 km- of the Peninsula. The capital, Madrid, 
which lies on a high plateau in the centre of the country, is the administrative 
centre and has a population of around 2.6 million. The other 32 million in
habitants of the country live chiefly round the coasts, and there is a high 
population density especially in the eastern and southern areas. 

From the telex aspect the country is divided administratively into the fol
lowing independent regions, six of which on the mainland and two in the 
Canary Islands. 

Region City with ARM | Region Cily with ARM 
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Fig. 2 

Spain's international connections and the 
regional main trunk network 

International and national transit centre 
ARM 201 + ARB 111 

National transit centre ARM 201 or 
ARM 50.1 + ARB 111 

Terminal exchange ARB 111 och ARB 101 

Central Madrid 

North-eastern Barcelona 

Northern Bilbao 

North-western La Corufia 

Southern Sevilla 
Levante Valencia 
Tenerife Santa Cruz de 

Tenerife 
Las Palmas Las Palmas 

The various regions will be seen from the map (fig. 2), which also shows the 
main trunk network of v.f. telegraph channels, amounting to some 5000 chan
nel terminals, delivered by L M Ericsson. 



Every regional centre on the mainland consists of a transit centre ARM 20. 
to which a number of subscriber stages ARB III. each for max. 400 subscrib
ers, are directly connected, and also a number of terminal exchanges ARB III 
and ARB 101 connected via v.f. telegraph channels. The structure of the net 
work within the various regions will be seen from the map (fig. 3). 

The two transit centres at Las Palmas and Tenerife are of type ARM 503 
with a directly connected subscriber stage ARB III. The transit centre at Las 
Palmas is connected to Madrid on error-corrected radio channels type ARQ 
with signalling in accordance with CCITT Recommendation U23 and CCITT 
No. 3 Alphabet. The connection between Madrid and Tenerife takes place by 
v.f. telegraphy on a number of telegraph channels in the submarine cable 
between them. Between the transit centres at Las Palmas and Tenerife there is 
a radio link which works with the CCITT No. 2 Alphabet. 

Through the alternative routing which is possible in L M Ericsson's transit 
centres the v.f. telegraph channel Tenerife-Madrid is regarded as main route 
and the ARQ channel Las Palmas-Madrid as alternative route. 

As already mentioned the existing TW 39 exchanges are to be modernized 
and integrated in the network. Apart from keyboard selection, printed service 
signals have been introduced in these exchanges. 

Fig. 3 
Connection of the 
terminal exchanges to 
the regional centres 
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System Characteristics 
The specifications received by L M Ericsson for elaboration of a project for 

modernization of the Spanish telex network contained the following require
ments apart from those mentioned above: 

• full flexibility in numbering, traffic routing and charging, as also full inde
pendence between each of these factors 

e high total traffic per subscriber 

s high concentration of the initiated traffic to office hours 

• fully automatic international and intercontinental traffic. 

L M Ericsson's telex system complies fully with the specifications and also 
contains the following facilities and characteristics: 

] The crossbar switch is used as switching element both in transit centres 
and terminal exchanges, one reason being its documented reliability. The 
material in its twin contacts also possesses excellent contact properties. 
This eliminates the selector noise which otherwise causes signal disturban
ces and results in wrong printed characters instead of the "clicks" which 
occur on a telephone connection. 

A telegraph relay with mercury-wetted contacts of reed type is used. The 
use of mercury as contact material eliminates all bounce in contacts, and 
repetition of the telegraph signals takes place with very low degree of in
herent distortion. 

The ARM transit exchanges are designed for full availability even on the 
largest routes, which results in optimal circuit utilization. 

I Alternative routing can be arranged to a very great extent, as ARM 201 
offers one direct route and up to four alternative routes. 

] The provision of up to 15 class marks permits full freedom to connect dif
ferent classes of subscribers, e.g. telex, gentex. military, police, banks, news 
agencies, embassies, to a single network, which thus has a high degree of 
utilization. Of the 15 classes in the system two are used in the Spanish net
work, for telex and gentex. 

• Equipment for connection of PBX subscribers has been very amply dimen
sioned since it must be possible to connect a large number of, for example, 
gentex stations which must be accessible on a common number. The indi
vidual numbers within the PBX group need not form a numerical sequence. 
which allows a more uniform distribution of the high-traffic gentex sub
scribers on the multiple of the terminal exchange. 

] Printed service signals are transmitted to the A subscriber for call super
vision in accordance with CCITT recommendations. The complete list of 
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Fig. 4 

Symbols 

these signals, which facilitate subscriber routines in handling of teleprinters, 
is as follows: 

OCC Subscriber engaged 

DER Out of order 

ABS Subscriber absent or office closed 

MOM Wait 

GA Proceed to select 

NA Connection not admitted (barring between different classes) 

NP Not a working line 

NC No circuits, e.g. all trunks busy 

A printed service signal is always preceded by a time announcement. The 
form and meaning of the printed service signals will be seen from fig. 5. 

] Keyboard selection is used for transmission of selection information to the 
register. This ensures the greatest speed and shortest occupation time for 
the common control equipment. By way of example a five-digit number 
can be dialled in about 7 s but takes only 0.75 s to key at a telegraphy 
speed of 50 bauds. In fully automatic international traffic this difference 
is still more accentuated, since international numbers may contain up to 
14 digits. 

Fig. 5 
Form and meaning of printed service signals 

Interworking with other international systems has been made possible in 
accordance with the conditions set up in the specifications through the fact 
that the common control equipment in the three international centres can 
both receive and send telegraph code and dial code and also translate be
tween them. 

D Automatic tripping of the B subscriber's answer-back always takes place 
after a call-connect signal in order that the caller, both on international 
and national calls, can check that connection has been obtained with the 
called subscriber. 

• Balanced connection of single-current lines is guaranteed through built-in 
adjustable balancing resistors in the line circuit. Disturbances from the 
telex network are thereby reduced to a minimum and no restrictions are 
placed on the mixing of telephone and telex lines in the local network. 
This ensures optimal economic utilization. 

The system includes a queuing facility for calls to operators. CCITT Re
commendation F 65 specifies the delays desirable on answering of calls 
from the international network. To meet these requirements the system has 
been provided with queuing equipment to give incoming international traf
fic the priority required by CCITT. 

Subscriber 
Signal A r e a d s 

1 Proceed-to-select GA 

2 Time announcement, e.g. 09.11 

3 Busy 09.11 

occ 
4 No circuit 09.11 

NC 
5 Connection not admitted 09.11 

NA 
6 Not a working line 09.11 

NP 
7 Office closed, e.g. for holidays 09.11 

ABS 
8 Out of order 09.11 

DER 

Types of Exchange 
The transit exchanges in the telex network are of types ARM 201 and 

ARM 503. 

ARM 201 is designed for large transit centres and covers the field between 
100 and 8000 one-way circuits for long-distance traffic and connection of the 
subscriber stages in the home exchange. With fully installed marker capacity 
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Hyphen 

Answer-back tripping 

signal 

Full-stop 

Plus 

Carriage return 

Line feed 

Letter shift 

Figure shift 

Space 



Fig. 6 

Suite with international telex registers 
REG-F 

these exchanges can handle up to 70,000 calls per hour. In the Canary Islands, 
where it is calculated that the number of one-way circuits will be less than 
1000. on the other hand, transit exchanges ARM 503 are better suited. 

Both these types of transit exchange are designed for full availability, which 
is of the greatest economic significance for exchanges to which expensive inter
continental, international and national long-distance circuits are connected. 

The subscribers' stages and terminal exchanges are of two types, ARB 111 
and ARB 101. 

ARB / / / i s largest, catering for max. 400 subscribers. Several units of this 
type can be connected to the transit exchange multiple, either directly as sub
scriber's stage or via v.f. telegraph channels as terminal exchange. 

The smaller type, ARB 101, is linked into the network as a concentrator 
with facility for connection of max. 20 subscribers. This type is always con
nected to the transit exchange via v.f. telegraph channels. 

Signalling System 
The Spanish telex network adopts the CCITT type B signalling system with 

keyboard selection and with printed service signals for call supervision. 

With keyboard selection the teleprinter motor is started at the beginning of 
the call. A requirement for complying with the distortion limit recommended 
by CCITT for the teleprinter transmitter contact is that its motor has reached 
the proper speed. This is supervised in the switching equipment. When the 
maximum starting time recommended by CCITT has expired, an indication 
is sent to the subscriber in the form of a service signal GA (go ahead). 
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This form of proceed-to-select signal was chosen as. in this stage of the 
connection, the subscriber normally has his attention directed to the teleprinter 
and not to the control unit. 

In the same way as for national signalling, the incoming traffic from the 
international network must follow CCITT's Recommendation VI with signal
ling type B and telegraph code transmission. 

The outgoing international traffic, on the other hand, must comply with 
the signalling system in the destination country in accordance with CCITT 
recommendations. This means that the equipment in the three international 
exchanges in Madrid. Barcelona and Bilbao is designed to meet all signalling 
requirements which exist in the countries to which these exchanges are con
nected, e.g. 

Spain, i.e. Spanish Type B with keyboard selection, printed service sig-
national network nals and automatic tripping of Spanish B subscriber's 

answer-back. 

Denmark. Switzerland. Type B with dial selection but without printed ser-
Germany. Austria, etc. vice signals and without automatic tripping of B sub

scriber's answer-back in the respective countries, 
which instead is done by the international centre in 
Spain. 

Great Britain. Portugal Type B with dial selection and printed service signals 
but without automatic tripping of B subscriber's an 
swer-back. which instead is done by the international 
centre in Spain. 

Jugoslavia Type B with keyboard selection, printed service sig
nals and automatic tripping of B subscriber's answer
back. 

Italy Type B with keyboard selection, printed service sig
nals, automatic tripping of B subscriber's answer
back together with transmission of date and time. 

Belgium. Holland. Type A with printed service signals, sending of re-
Norway gister identity, automatic tripping of B subscriber's 

answer-back together with transmission of time. 

France Type A with printed service signals, transmission of 
day number and time. Tripping both of A and B 
subscriber's answer-back. 

Canary Islands Fully automatic ARQ traffic according to CCITT 
recommendation U23 and also type B on submarine 
cable. 
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Numbering 
The national numbering of the Spanish telex network is based on a linked 

5-digit numbering scheme in which the first digit indicates the region and the 
second digit the terminal exchanges within the region. The significations of 
the first digit are tabulated below: 

1 Call to operator 

2 Central region 

3 Northern region 

4 Vacant 

5 North-eastern region 

(i Levante region 

7 Southern region 

8 North-western region 

9 Canary Islands 

0 International prefix 

On outgoing fully automatic international traffic the number is made up of 
the international prefix "0". the 2 or 3 digit destination code of the respective 
country in accordance with CCITT Recommendation F69, and the national 
directory number of the B subscriber, [n total the number may contain 14 
digits and, since the country distination code is limited to 2 or 3 digits, there 
remain II of 10 digits for the national directory number. 

Traffic destined to countries which cannot accept fully automatic traffic is 
passed through an operator in one of the three international exchanges. Calls 
to these places are made with a three-digit number. 

Charging Principles 

National Traffic 

L M Ericsson's telex system can calculate the national tariff with the aid of 

3 the A subscriber's class 

3 the A subscriber's tariff zone 

• the first two digits of the B subscriber's number 

The charging principle is based on the geographical distance between the 
subscribers. Since the A subscriber's class is a factor in tariff determination, 
however, differentiated tariffs can be used for different types of subscribers. 
The karlsson metering method is employed, which means that periodic pulses 
are sent to the A subscriber's meter at a pulsing rate dependent on the distance 
between the tariff zone centres. With differentiated tariffs the pulsing rate 
differs for the same distance and is determined by the A subscriber's class. 
The administration has given the A subscriber the benefit of being able to 
check, free of charge, that the answer-back code from the B subscriber con
forms with the selected number. This facility can be provided since the switch
ing equipment is so designed that some delay can be obtained between the 
call-connect signal and transmission of metering pulses to the A subscriber. 
This delay can be selected within wide limits. In Spain the delay is 5—10 se
conds. The cost for this facility can be kept low as the repeater in the B sub
scriber's exchange, after receipt of the call-connect signal, automatically sends 
a signal to the B subscriber's teleprinter for tripping of the built-in answer-
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back. As a result of this fully automatic control a delay as short as 5—10 se
conds is sufficient. After this delay the periodic metering pulses are transmit
ted. The start of transmission of metering pulses is on a random basis. 

The principle of karlsson metering will be seen from the following se
quence diagram: 

For national traffic, however, the Spanish Administration has been content 
with two groups of tariffs: 

• Local group for messages between subscribers connected to the same telex 
exchange. The tariff in this group is one peseta (approx. US$ 0.012) per 
minute. 

• Trunk group for messages between subscribers belonging to different telex 
exchanges. In this case the tariff is one peseta per 20 seconds. 

International Traffic 

Spain has fully automatic international traffic to the following countries: 

Belgium. Brazil, Denmark. The Philippines, France, Hawaii, Italy. Japan, 
Canada. Mexico, The Netherlands, Puerto Rico, Switzerland, Sweden, Great 
Britain, Venezuela and West Germany. 

Traffic to the following telex networks in the U.S.A. is also fully automatic: 
RCA. ITT. WUI, TWX, WUD. 

Metering of this traffic is done with toll ticketing equipment, which also 
automatically punches the cards used for invoicing. The output units connect
ed to this equipment consist of IBM punches for 80-column standard cards. 
Tre various columns on these cards are used as follows: 

1—6 spare 
7—8 day on which call is made 
9—10 month in which call is made 

1 1 immediate time information 
12—21 /(-subscriber's number. 5 columns used 
22—28 spare 
29—44 B-subscriber's number and destination code 
45—49 hour, minute and 1/10 minute when the call-connect signal was 

received 
51—54 duration of the message 
55 cause of fault 
56 number of buffer store 
57 /(-subscriber's class 
58—60 tariff 
61—65 spare 
66—70 devices used in the toll-ticketing equipment 
71—80 spare 
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Spain also has semi-automatic international traffic with another 98 countries. 
This type of traffic is supervised by an operator, who also prints the special 
charging ticket. Data for this purpose, such as the /(-subscriber's number and 
^-subscriber's country code and directory number, are printed on one of the 
supervising operator's receivers. The duration of the call is obtained from the 
time meter associated with every cord circuit 

Operating Procedure 
The trunking diagram of the Madrid exchange and the notations used in 

the sequel will be seen from fig. 7. 

Fig. 7 

Trunking diagram for Madr id international 
and national transit centre 

Notations 
TX Subscriber terminals, telex or 

gentex 
SLA, SLB, SLC Selector stages in A R B ex

change 
V W , I G W , LW Switches in step-by-step ex

change, type TW 39 
FDR-H Two-way local repeater, ARB 

stage 
FUR-H Outgoing local repeater, TW 39 
FIR-H Incoming local repeater, TW 39 
FDR-Y Two-way transit repeater 
FDR-S Two-way repeater for special 

services 
FUR-B-PY Outgoing repeater for test traf

fic 
SD-iMD Automatic test equipment 
RS-N Register finder 
REG-N National register 
FDR-U20-F Two-way repeater for fully au

tomatic ARQ traffic 
FDR-AB-F Two-way repeater for interna

tional traffic 
A U International cord switchboard 
FIR-M Incoming repeater from cord 

switchboard 
F U R - M Outgoing repeater to cord 

switchboard 
SNR-A Cord circuit for connection to 

toll ticketing 
SNOR Cord circuit relays for operator-

supervised traffic 
OPR Operators' position relays 
R l , R2 Receiving teleprinters 
S Keyboard 
1-10 Cord circuit sets 
111 Position equipments 
RS-F Register finder 
REG-F International register 
TT Toll- t icketing equipment 
Q l , Q2 Queue equipment for operator-

supervised traffic 
0 1 has priority over Q2 

£ J ? £ J Two-way group selector stage 
G O B ) 
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Fig. 8 

Racks with repeaters (FDR) and intent ork-
ing register tinder (RS) 

National Calls 

A national call is initiated by pressing the call button on the control unit. 
The markers in the ARB exchange identify the A subscriber, after which the 
selector stages SLA, SLB and SLC are connected through to a local repeater 
FDR-H. The local repeater calls a national register REG-N in the home 
transit exchange, the tariff zone and class of the A subscriber are transmitted, 
after which a proceed-to-select signal in the form of service signal GA is sent 
to the subscriber. The latter selects the B subscriber's number on the teleprinter 
keyboard and initiates the selection by a figure shift signal, combination 30, 
in CCITT Alphabet No. 2. This signal informs the register that the following 
digits are to be stored. 

When the register has received five digits, this is interpreted as an end-of-
selection signal as a 5-digit linked numbering scheme is used in the Spanish 
national system. The route marker VM-N in the common control equipment 
at the transit centre is called for determination of the route and tariff. The 
tariff is determined on the basis of the data of A subscriber's tariff zone and 
class and of the first two digits of the B subscriber's number. The resulting 
tariff code is transmitted to the local repeater, FDR-H, in which the relay 
circuits for the tariff are set up. The local repeater in the B subscriber's ter
minal exchange, after receiving a call-connect signal from the B subscriber, 
transmits an answer-back trip signal which automatically trips the identifica
tion signal, the answer-back code. The A subscriber has 5—10 seconds to 
check that the answer-back code is that of the selected B subscriber. If so. 
charging starts and pulses are transmitted to the A subscriber's meter from 
the local repeater FDR-H at the pulsing speed corresponding to the set tariff. 
If connection has been made with a wrong B subscriber, the A subscriber can 
clear the call within the delay period and in such case metering does not start. 
This check is easy to make since all answer-back units in Spanish telex net
work contain the subscriber's directory number and abbreviated name. The 
described switching process results in a connection which, with reference to 
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the trunking diagram in fig. 7, seizes the following devices: subscriber control 
unit, selector stages SLA, SLB and SLC in ARB exchange, local repeater 
FDR-H, transit centre selector stages GDA, GDB, link. GDB, GDA and the 
local repeater FDR-H in the B subscriber's exchange, SLC, SLB and SLA up 
to the B subscriber. For the signalling schemes for this connection reference 
should be made to Ericsson Review no. 1 I968.7 

Subscribers connected to step-by-step exchanges of type TW 39 have been 
given the facility both of keyboard selection and printed service signals 
through removal of the normal connection between the preselector VW and 
group selector IGW. This is possible through the fact that VW has been con
nected to a repeater FIR-LI which, via the register finder REG-N, is connected 
to the same type of national register REG-N as the other subscribers in the 
network. 

On incoming calls to TW 39 exchanges the selection information incoming 
to REG-N in the form of telegraph code must be translated into dial pulses. 
The translation is done automatically in REG-N ; if and when this shall be 
done is determined by the route marker VM-N by analysis of the B subscrib
er's number. 

The call is steered by the route marker VM-N to the repeater FUR-H 
which is connected between the transit centre group selector stage GDA and 
the IGW of the TW 39 exchange. Setting up of the call takes place in prin
ciple in the same way as for calls between ARB exchanges. 

The described process applies in all respects also to the traffic to the Canary 
Islands, which is handled automatically on the ARQ channels with signalling 
in accordance with CCITT Recommendation U23 between Madrid and Las 
Palmas and on the v.f. telepraph channels to Tenerife. 

International Semi-Automatic Call 

The call is initiated with the call button on the subscriber's control unit and, 
after through-connection in the ARB exchange, the proceed-to-select signal 
GA is received from the national register REG-N. The A subscriber keys on 
the teleprinter keyboard the three-digit code of the destination country, e.g. 
122 for Norway. The register calls a free SNOR, which is connected to a 
queue equipment Q2 for outgoing international traffic. On seizure of the lat
ter a waiting signal 1NTLX MOM is transmitted. This indicates to the sub
scriber that the call is set up to the international transit centre equipment and 
is waiting there for an answer from the operator. On receipt of an answer the 
call is connected to the cordless switchboard. This switchboard can be supplied 
with two position equipments. I and 11 in the switchboard symbol, and up to 
10 cord circuit sets 1 —10. The cordless switchboard also has space for two 
receivers R and a keyboard S. The call is indicated by a lamp signal on the 
free position equipment and the position's answer-back signal is transmitted 
automatically when the operator answers. This may have the following ap
pearance: 1NTLX MAD 01, where "INTLX" denotes the international ex
change and "MAD 01" indicates that Madrid's operator no. 1 is answering 
the call. This answer-back code is followed directly by a signal which trips 
the A subscriber's answer-back unit, which contains the subscriber's directory 
number, an optional code consisting of seven letters and country alphabetical 
code. 
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When the operator answers, one of the receivers is automatically connected 
and the A subscriber's answer-back text can be directly read. Every position 
equipment has a keyset for transmission of the most common signals. From 
this keyset the operator transmits a proceed-to-select signal GA and the sub
scriber books the call by transmitting the country code and the 6 subscriber's 
national number. The operator sends the signal MOM, after which an inter
national register REG-F is seized and the connection is set up. The following 
route is established on the trunking diagram (fig. 7): TX — SLA, SLB, SLC 
- FDR-H — CDA, GDB — link — GDB, GDA — SNOR — FDR-ABF. 

When the B subscriber's answer-back signal has been received and the operat
or has set up the connection between the two subscribers, the connection is 
automatically supervised and, on receipt of a clearing signal, the timing of 
the message stops and the operator prints the charging ticket. 

International Fully-Automatic Call 
After a call as described in the preceding case the proceed-to-select signal 

GA is received from the national register and the subscriber transmits the 
destination code of the country concerned. The national route marker VM-N 
is called and the connection is set up to a free cord circuit SNR-A, which has 
connection both with the toll ticketing equipment (TT) and with the interna
tional register REG-F. REG-F sends an answer signal in the form of the text 
INTLX and a signal for tripping of the A subscriber's answer-back. The di
rectory number in the latter is transmitted to REG-F and on to the ferrite 
core store in the toll ticketing equipment. The destination code which the A 
subscriber sent to REG-N has been transmitted to REG-F and, after reception 
of a new proceed-to-select signal GA, the subscriber continues the transmis
sion of the B subscriber's number to REG-F. In this case the register REG-F 
must receive an end-of-selection signal in the form of a + on account of the 
different lengths of numbers. REG-F calls the international route marker 
VM-F and the call is set up to a repeater to the destination country. The fol
lowing connection is now established through the transit centre: TX — SLA, 
SLB. SLC — FDR H — GDA, GDB, link — GDB, GDA — SNR-A, GDA, 
GDB — link — GDB, GDA — FDR AB-F. Data for time of answer and 
time of clearing are printed on the ferrite core row corresponding to the con
nected cord circuit. 

After receipt of a clearing signal the output device (card punch) of the toll 
ticketing equipment is called and the stored information is transmitted to a 
punched card, which is then processed in a punched card machine. Data for 
the call collected on the card are used both for charging and for traffic sta
tistics. 

Summary 
As will have been apparent, both the international transit centres and the 

national transit and terminal exchanges in L M Ericsson's telex system have 
complied in all respects with the high requirements placed by the Administra-
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The symbols used in this example will be seen from the legend of fig. 4. 

directory number 

7 optional positions for subscriber's alphabetical code 

country code (Espana) 

The answer-back unit recommended by CCITT contains 20 positions. In 
Spain these are arranged as follows: 



tion in its tender specifications. In particular the great flexibility of the system 
in interworking with other networks has been of great significance for the 
establishment of the comparatively large number of international connections ; 
fully automatic traffic with 18 countries and semi-automatic with 98. For the 
structure of the national network the facility, in particular, of handling of 
fully automatic traffic between the Canary Islands and Madrid alternatively 
on v.f. telegraph channels in the submarine cable and on the ARQ channels 
has given the same traffic facilities to all Spanish subscribers. 

The modernization of the existing TW 39 exchanges has given these sub
scribers keyboard selection and printed service signals. This was made possible 
through the breaking of the circuit between the preselector VW and the group 
selector IGW and, on outgoing traffic, gives the TW 39 subscribers access to 
a national register REG-N via the repeater F1R-H. On incoming traffic the 
necessary translation of the selection information from telegraph to dial code 
is done automatically in the register. 

A coming article will deal with the operational results in the Spanish telex 
network. 

References 
1. The International Telegraph and Telephone Consultative Committee (CCITT). 

Illrd Plenary assembly. Blue Book. Telegraph Technique. Geneva. 15—27 June. 
1964. 

2. MCKINNON, R. K.: Automatisation of the Australian Telex Network. Part 7. 
Telecomm. J. Aust. 75(1965): 2, p. 108—115. 

3. MCKINNON, R. K., CRANE, N. R. & KROL. J. R.: Automatisation of the Austra
lian Telex Network. Part II. Telecomm. J. Aust. 75(1965): 3, p. 208—222. 

4. SHARP, K. V.: Mercury-Wetted Contact Telegraph Relaxs. Telecomm. J. Aust. 
75(1965): 2. p. 116—119. 

5. CRISPIN. J. S.: Intercontinental Telephone and Telex Exchanges. Ericsson Rev. 
44(1967): 3, p. 111 — 117. 

6. STRINDLUND. E.: Telex — a General Survey. Ericsson Rev. 44(1967): 2. p. 65— 
76. 

1. STRINDLUND, E. & PAULSSON, C : Signalling in L M Ericsson Telex System. 
Ericsson Rev. 45(1968): 1, p. 2—18. 

8. MCKINNON. R. K.: Automatisation of the Australian Telex Network. Ericsson 
Rev. 45(1968): 1, p. 19—32. 

15 



L M Ericsson's Booster Converters for 
Power Supply 
F. E K E L U N D . D. B J O R C K & T. W O L P E R T . T E L E F O N A KT I EBOL AG ET L M E R I C S S O N , S T O C K H O L M 

UDC 621.311.4 
621.395.722 

LME 785 
786 
787 
8? 

A power plant for telecommunication equipment is required to give an un

interruptible supply with limited, specified voltage variation. The plant should 

aiso operate automatically in all operational conditions and require no main 

tenance. 

L M Ericsson's various power supply systems have been described in Erics

son Review No. 4. 196S.X The system which satisfies in the best way the above 

requirements is the recently developed converter system. Apart from rectifiers, 

which are used in all conventional DC. supply systems, the converter system 

contains another type of converter, a booster converter. The article describes 

the design of the booster converters and presents different aspects of their 

application. 

In most uninterruptible D.C. power supply systems storage batteries are 

used as standby. During a failure of the incoming power the voltage of the 

storage battery falls considerably, in the case of lead cells, for example, from 

2.2 V/cell to 1.85—1.75 V/cell depending on the length of the discharge period 

and the magni tude of the current. Sn order to keep the distribution voltage 

within specified limits, most power supply systems contain some device for 

compensation of this voltage drop . A conventional solution consists of extra 

battery cells and a cell switch. 

In the converter system booster converters are used instead of extra battery 

cells. These converters are supplied from the battery, while their output is con

nected in series with the battery, between it and the distribution output (fig. 1). 

Booster converters add their output voltage to the battery voltage when re

quired, so that the operating voltage in the telecommunicat ion equipment is 

sustained irrespective of the state of discharge of the battery. 

The converter system has the following advantages: 

] A cell switch system must contain charging equipment fo rthe end cells and 

a separate charging circuit for the battery. This is because the large number 

of cells in the cell switch requires so high a charging voltage that charging 

of batteries in parallel operat ion with the telephone exchange cannot be 

permitted. 

] In a converter system the number of cells is small, e.g. 23 cells in a 48 V 

system, and the batteries can be charged in parallel with the load. The 

need for a battery switch and for switches on the output side of the rectifiers 

is eliminated. The need for busbars or cables for the separate charging 

circuit is also eliminated. Charging can be simply done automatical ly. The 
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Fig. 1 

Block diagram of converter system 

A Rectifiers 
B Battery 
C Booster converters 
D Distribution 
B+, B- Battery poles 
D + , D- Distribution terminals 

booster converter is static, i.e. contains no moving parts. Contrary to cell 
switches and end cells, it is free from wear and requires no maintenance. Its 
start and stop are performed automatically. 

1 The introduction of booster converters involves an additional cost. This 
should be weighed against the saving provided by the elimination of cell 
switches, end cells with charging equipment, separate charging circuit, as 
well as switches in rectifiers and in the battery circuit. The booster con
verter system also offers a saving through the reduced battery dimensions, 
since the batteries can be used for very low final discharge voltage. The 
converter system can be simply extended, contrary to a cell switch system, 
which must be dimensioned for the final capacity of the exchange. The 
initial cost can therefore be limited. 

• The converter system saves operating costs both through reduced energy 
consumption, which will be explained later, and through the fact that the 
system is automatic and maintenance-free. An economic analysis which 
takes account of all these factors often turns out in favour of the converter 
system. 

Function of the Booster Converter in the System 
The booster converter is available in two types, one with non-regulated, the 

other with regulated output voltage. 

The non-regulated converter delivers a fixed output voltage and is in this 
respect comparable to extra battery cells. 

The regulated converter, which is a further development of the non-regulat
ed type delivers a variable output voltage and enables the distribution voltage 
to be kept constant on mains failure irrespective of the state of discharge of 
the battery. 

During normal operation, when the battery voltage is kept at floating level 
by the rectifiers, the converters are not in operation. The current, however, 
passes through the output circuit of the converters, which contains semi
conductor diodes among other equipment. The converters thus introduce a 
voltage drop of about 1 V between battery and distribution. 

The voltage across the battery and the distribution in the converter system 
during a period of A.C. power failure is shown in fig. 2. 
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LM Ericsson Booster Converters 

The standard sizes of the booster converters will be seen from table I. 

Table 1 

The requirements on power supply equipment and components stated in 
Ericsson Review No. 3, 1969. 2 have been followed in the design of the booster 
converters. 

Booster Converters with Fixed (Non-Regulated) Output 
Voltage 

The output voltage level of the converter is chosen in such a way that it 
maintains the distribution voltage above the least permissible level in the case 
of discharged battery without causing an impermissible overvoltage on the ex
change equipment in no load condition and with maximum input voltage (fig. 
2). Two or more converters can operate in parallel. When several converters 
are operating in parallel the load is practically equally distributed between 
them. Fig. 3 shows a cabinet with two booster converters, 48 V/7 V, 100 A. 

Fig. 2 
Voltage across battery and distribution in a 
48 V system during AC power failure 

I Non-regulated converter 
I I Regulated converter 
V]; Batter> voltage 

Vft Distribution voltage 
VQ Converter output voltage 
U n m a x Limits for permissible varia
n t . tions in distr ibution voltage 
L D m m 

A.C. power fai lure 
(D Start of converter 

Discharged battery 
(7) Return of A .C. power 

Stop of converter, start of automatic 
recharge of batteries 
End of charge 
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Rated voltage 

Rated output current A 

48 V 

Non-regulated 

7 

40 

100 

— 
— 

400 

-

System voltage 

Regulated 

0—8 

40 

100 

160 

315 

— 
630 

24 V 

0—4 

40 

100 

160 

315 

— 
630 

36 V 

Regulated 

0—6 

40 

100 

160 

315 

— 
630 

60 V 

0—11 

40 

100 

160 

315 

-
630 



Fig. 3 

Two non-regulated booster converters, 48 V, 
100 A, placed in the same cabinet. In the 
open front door there is among other equip
ment, a monitor unit for each converter and 
oscillator unit. 

Main Circuit 
The principle of the main circuit will be seen from fig. 4. The inverter unit 

VE contains a thyristor inverter with two thyristors Tyl andTy2 which conduct 
alternately. The connection used is a parallel inverter on the McMurray-Bed-
ford principle. The commutation, i.e. alternate blocking of thyristors and 
change of current path, is effected by the capacitor CI and choke LI. The 
inverter is supplied with battery voltage via the input filter IF and generates a 
trapezoidal A.C. voltage of 400 Hz frequency. This voltage is applied across 
the primary of the transformer TO. After rectification in the rectifier unit LE 
and smoothing in the output filter UF an output voltage is obtained which can 
be added to the battery voltage. 

Fig. 4 

Simplified circuit diagram of non-regulated 
converter 

IF Input filter 
VE Inverter unit 
TO Transformer 
LE Rectifier unit 
UF Output filter 
SV Bypass 
K Contactor 
Tyl, Ty2 Thyristors 
Dl , D2 Commutating diodes 
CI, LI Capacitor and choke for commutation 
D3, D4 Rectifier diodes 
D5 Bypass diodes 
TD Firing unit 
KE Monitor unit 
OSC Oscillator, 400 Hz 
ME Command unit 
LV D. C. voltage monitor 
L A Earm 
Lai Converter in operation 
La2 Converter released 
B + , B - Battery poles 
D - Distribution negative 
IU Individual equipment for each 

converter 
CU Central equipment for parallel-

connected converters 
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A bypass diode SV is connected across the output terminals of the converter, 
its function being to conduct current past the secondary circuit of the converter 
when the inverter unit is not in operation, i.e. during normal service of the 
power supply system. 

The firing of the thyristors is effected by the firing unit 77). Firing units in 
several parallel-operating converters are driven synchronously by an oscillator 
Osc, which delivers a square-wave voltage of 400 Hz frequency. 

Start and stop of the converter are performed by the converter K, which is 
placed after the input filter. The battery voltage is thus steadily applied to the 
input filter. Starting of a converter consequently causes no current surge for 
charging of the input filter capacitors. 

An example of the mechanical design will be seen from fig. 5, which shows a 
40 A booster converter 

Monitory Circuits 
Start and stop of the converter are controlled by a D.C. voltage monitor LV 

via the command unit ME. LV senses the distribution voltage. The monitor has 
two operating levels, one for start of the converter at low voltage (e.g. 47 V 
in 48 V system) and one for stop of the converter at a sufficiently high voltage 
(e.g. 56 V in 48 V system). 

The command unit ME with monitor belongs to the central supervisory 
equipment for a power supply plant. It controls and supervises all parallel-
connected converters. Apart from control of the start and stop of the converters 
the command unit checks that all converters are operating after a start signal. 
An alarm signal is issued on failure of a converter to start and on starting of a 
converter without preceding mains failure. 

Each converter has a relay set, monitor unit KE. with the following func
tions: 

• to control closure and opening of the contactor K on order from the central 
command unit 

• to supervise the state of operation of the converter by sensing whether there 
is A.C. voltage or not on the secondary wiring of the transformer TO 

• to supervise all fuses. 

Protection 
The converter is provided with fuses at the input and output terminals. The 

fuse on the output is placed at the terminal to be connected to the battery B-. 
Another output terminal is equipped with an isolator switch. If the isolator 
switch and the fuses are removed, the main circuit of the apparatus is electrical
ly separated from the plant. The thyristors are protected by fast acting fuses 
with characteristic matched to the thyristor rating. Electromagnetic fuses pro
tect the monitory circuits. On blowing of a fuse the converter is shut down and 
an alarm signal issued. 
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Crating unit fur non-regulated converter 
48 V/7 V, 40 A 



Fig. 6 
Simplified circuit diagram of regulated con
verter 

IF Input filter 
VE Inverter unit 
TO Transformer 
II Rectifier unit 
UF Output filter 
B + , B- Battery poles 
D- Distribution negative 
U B Battery voltage 
^D Distribution voltage 
^ N Mains voltage 
Kl, K2 Commutating units 
Tyl, Ty2 Main thyristors 
Dl, D2 Commutating and feedback diodes 
D3, D4 Rectifier diodes 
ST1, ST2 Current transformers 
L12, L13 Commutating chokes 
H Individual equipment for each 

converter 
CU Central equipment for parallel-

connected converters 
SD Control unit 
Kl Monitor unit 
IV Internal overvoltage monitor 
ME Command unit 
LV1 D. C. voltage monitor for start and 

stop levels 
LV2 D. C. voltage monitor for overvoltage 

protection 
NV Mains voltage monitor 
Te, Sv Test and response signal 
L Alarm 
Lai Converter in operation 
La2 Converter released 
La3 Overvoltage (internal alarm t 
La4 Overvoltage (central alarm) 

Components 

All semiconductors with the exception of the bypass diodes SV are of silicon. 
The thyristors in the inverter VE are of a type specially designed for use in 
inverters, i.e. with controlled turn-off time. 

The bypass diodes D5 are of germanium. When a converter is not in opera
tion, i.e. under normal conditions, the bypass conducts the entire distribution 
current owing to the low voltage drop of the germanium diodes. The secondary 
circuit of the converter is thus cut off and its transformer not exposed to D.C. 
magnetization. This circumstance is of significance for start of the converter. 

Booster Converters with Variable (Regulated) Output 
Voltage 

The principle of the regulated converter is shown in fig. 6. The converter can 
change its output voltage continuously between zero and a maximum value. In 
a 48 V system the maximum value is 8—12 V depending on the load. The vol
tage regulation takes place in the inverter, which generates a voltage of con
stant frequency, 400 Hz, and variable pulse width. Apart from the constant 
voltage regulation the converter is equipped with constant current regulation, 
which enters into operation when the input current of the converter tends to 
increase above the rated value. This feature, called current limitation, protects 
the converter against overload. 

The regulated converter also has other protective devices, such as fast acting 
electronic overload protection with restart and overvoltage protection. 

An unlimited number of converters can operate in parallel. The current limi
tation then ensures that no converter is overloaded. 
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Main Circuit 

In addition to the main thyristors Tyl and Ty2. the inverter unit contains 
commutation circuits Kl, K2 consisting of auxiliary thyristors. chokes and 
capacitors. 

The pulse width, i.e. the conducting time of the thyristors Tyl and Ty2, can 
be continuously controlled between a few and ninety per cent of the half-cycle 
time. This is achieved as follows. During every half-cycle the control unit SD 
sends two pulses, the first to the main thyristor Tyl for example, the second 
to its commutation device Kl. The commutation circuit turns off the thyristor 
Tyl, i.e. switches it to blocking condition. The time interval between the pulses 
determines the conducting time of the thyristor and thus the pulse width of the 
output voltage. 

The commutation circuit was developed to meet especially strict requirements 
of wide control range and reliable commutation. The device allows reliable 
blocking of thyristors even under heavy overload and permits the use of fast 
acting electronic overload protection. 

Monitory Circuits 
The start and stop of the converter are normally controlled by a D.C. volt

age monitor LV1 which senses the battery voltage and by a mains voltage 
monitor NV which senses the supply voltage of the rectifiers. The control takes 
place via a command unit ME common to the plant. 

On a failure of AC. power a start signal is sent from the mains voltage 
monitor, i.e. without awaiting a voltage drop across the battery. When the 
battery is discharged without A C power failure, e.g. at a load exceeding the 
available current from the rectifiers, the start of the converter is initiated by 
the D.C. voltage monitor. In this case the start occurs after a slight battery 
voltage drop (1.5 V below normal level). The stop of the converter occurs when 
the two following requirements have been satisfied: A.C. voltage restored and 
battery voltage returned to normal level. 

Starting of a converter always takes place with minimum pulse width. The 
control unit thereafter continuously increases the pulse width to the value re
quired by the voltage regulation. Stopping of the converter is done by removing 
the trigger pulses, first from the thyristors Tyl, Ty2. and then from the com
mutation circuits Kl. K2. Starting and stopping are thus effected electronically 
and without need for a contactor. 

The command unit supervises all parallel-connected converters and issues 
an alarm signal in the event of a fault or of abnormal operating condition such 
as failure to start, unwarranted converter operation, or overvoltage. 

As the converters are off during the major part of the time, test of their per
formance is of great importance. The command unit includes equipment for 
this purpose. The test is made with a push-button which starts all converters. 
In test position the level of regulation of the converters is elevated by about 
2 V. A corresponding rise of voltage read on the distribution voltage voltmeter 
indicates that the converters have started and are under load. The test can also 
be remotely controlled. Indication takes place in this case in the form of a 
response signal which is issued if all parallel-working converters have started. 
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Fig. 7 

Inverter unit in booster comerter 48 V, 
630 A 

Protection, Alarm 
Supervisory circuits are gathered in a monitor unit KE. The converter is 

equipped with the following protective and supervisory devices: 

a) Overload protection. The converter is protected against overload by the 
current limitation of the control system. It is also equipped with fast acting 
electronic protection against heavy over-currents which may occur, for 
example, on short-circuits in the distribution. The fast acting overload pro
tection is actuated from the current transformer ST I (at about twice the 
rated current) and from a pulse transformer ST2 which senses the derivative 
d//df of the current. The protection acts in the manner that it inhibits firing 
pulses to the main thyristors Tyl and Ty2 at the same time as it causes the 
commutation units Kl and K2 to block the main thyristors. The main 
thyristor, which was conducting, is turned-off. The operating time of the 
protection is about 200 ,us. The protection keeps the converter blocked 
about 0.3 s. The converter thereafter restarts automatically (with minimal 
pulse width). If the overcurrent has not disappeared, the converter is 
blocked once again. After being blocked a number of times the converter 
is definitely stopped. 

b) Overvoltage protection. On overvoltage in the distribution caused for 
example by a fault in the converter regulation system, fast acting over
voltage protection enters into operation. The D.C, voltage monitor LV2 (set 
to 56 V in a 48 V system) blocks the converter electronically. The protec
tion actuates the converter in the same way as the fast acting overload pro
tection. The overvoltage protection functions selectively, i.e. switches off 
only the faulty converter. The selection is performed by the internal voltage 
monitor IV. 

c) Fast acting fuses with characteristic matched to the semiconductor ratings 
are used for the main thyristors Tyl and Ty2 and for thyristors in the com
mutation units Kl and K2. Electromagnetic fuses are used for monitory and 
control circuits. All fuses have auxiliary contacts for the shutdown of the 
converter. 

d) An alarm signal is issued on unwarranted start, failure to start, and on an 
interruption in circuits caused by removal of a printed circuit board or a 
plug from its jack. 

Fig. 8 

Rectifier unit in booster converter 48 V, 
630 A 

e) Radio interference suppressor. Capacitors on the input and output side 
damp radio frequency interference. 

Mechanical Design 
In respect of mechanical design and dimensions both non-regulated and 

regulated converters are based on the same standardized modular system as is 
used for L M Ericsson's other central power supply equipment and described 
in Ericsson Review No. 4, 1968.1 The floor cabinet has a front door (figs. 3 and 
11) and can be placed against a wall, which results in a considerable saving of 
floor space. The converters consist of one ore more grating units (figs. 5, 7 
and 8). These units are placed on guide-rails in a floor cabinet (figs. 9 and 11). 
They can thus be easily inserted and removed. Whenever possible the units 
have been designed to allow both horizontal mounting (in deep floor cabinets) 
and vertical mounting (in shallow wall cabinets). This applies, for example, to 
the 40 A non-regulated converter (fig. 5). 

The grating units are interconnected by cables or busbars. When space 
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allows, different items of equipment can he combined in one cabinet, e.g. two 
converters in parallel (fig. 10) or a rectifier and a converter. The mechanical 
design offers a flexible system easily adapted to various combinations of 
equipment. 

The monitor unit KE is located in the hinged door. The unit is connected by 
plug and jack, which permits separate testing and simple replacement. 

Oscillator and firing unit in the non-regulated converter, as well as control 
unit in the regulated converter, are built up on plug-in type printed circuit 
boards (fig. 9). Oscillator, firing unit and the gates of the thyristors are inter
connected with screened cables. 

Fig. 9 

Control unit for regulated converter {placed 
in 630 A converter) 

Two lamps for each converter marked with the text "Converter operating" 
and "Converter released" and a non-locking push-button "Reset of alarm" are 
located on the front of the door (fig. 10). The regulated converter is equipped 
moreover with an overvoltage lamp and a button for overvoltage reset, placed 
inside the converter. 

The frame is of welded steel with closed rectangular section. The hinged front 
is lined with 1.5 mm sheet steel. The rear and side linings are of 2 mm alu
minium sheeting. 

Comparison between Non-Regulated Booster Converter, 
Regulated Booster Converter and Cell Switch 

A 48 V system with a lead acid battery of 23 cells is assumed. 

Fig. 10 

Power supply plant 48 V with two non-
regulated booster converters 100 A, two rec
tifiers 100 A and distribution bay. The 
distribution bay contains control and super
visory units and fuses for outgoing cables. 
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Power Losses 

In a system with floating of batteries a constant cell voltage of 2.22 V/cell is 
required. This condition determines the output voltage from the rectifiers to 
51 V, both for cell switch and converter system. 

In normal service, when the converters are not in operation, the losses in 
bypass diodes correspond to about 1 V voltage drop or about 2 % of the total 
energy consumption. At the same time the distribution voltage is reduced by 
2 %, which reduces the current consumption in the exchange by 2 % and 
energy consumption by 4 %. The converter system thus implies an energy 
saving of 2 %. 

With 0—1.5 V voltage drop in the distribution cables the voltage supplied 
to the telecommunication equipment rack is 48.5—50 V in the converter 
system, 49.5—51 V in the cell switch system. The converter system thus has the 
additional advantage that the voltage across the telecommunication equipment 
deviates less from the nominal value, 48 V, for which the equipment is designed. 

The losses in the converters when in operation constitute about 5 % of the 
power output from the battery. The converters are passed by only about 17 % 
of the power delivered by the battery. The average efficiency of the converters 
is 70%. Consequently the losses in the converters are 0.17 (1—0.7) = 0.051, 
i.e. approx. 5 % of the total power output. 

The converter system, accordingly, gives rise to additional losses of 5 % 
during periods of A.C. power failure and an energy saving of 2 % during nor
mal operation, i.e. the major portion of service time. 

Fig. 11 

Booster converter 48 V, 630 A, with regulated 
output voltage 

Voltage Variations 

The permissible voltage variation for L M Ericsson's 48 V system is specified 
as 45.5—56 V. 

Both non-regulated booster converter and cell switch work in extreme cases 
within the whole of this range 

Regulated booster converters, on the other hand, always maintain the distri
bution voltage at normal level even with wholly discharged battery. The small 
voltage variations in a system with regulated booster converters contribute to 
greater reliability and longer life of the telecommunication equipment. 

Voltage Changes on Switching In and Out 

The function of the cell switch implies a step change of 4—6 V with very 
steep front (of the order of hundreds of V/ms). In some applications this may 
involve a risk of malfunction. 

A system with non-regulated booster converters exhibits roughly the same 
stepwise change but with a far less steep front (approx. 1 V/ms). 
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Booster converters with regulated output voltage cause practically no step 
changes of voltage. 

Facilities for Test during Normal Operation 
Test of cell switches is made by temporary disconnection of the mains voltage 

to the rectifiers, so that the battery voltage falls. A complete test of the cell 
switch system involves considerable switching operations by means of mechanic
al switches in rectifiers and battery circuit. 

Non-regulated booster converters are also tested with a simulated A.C. power 
failure. When the mains voltage returns, the rectifiers start and the converters 
stop. The equipment for automatic battery charging usually starts when the 
converters have stopped. After a few minutes' charge the plant returns auto
matically to normal operation. 

A regulated booster converter can be tested very simply without disconnec
tion of the supply voltage to the rectifiers. With the aid of a test button all 
converters in a plant are started simultaneously. During the test the converters 
raise the voltage in the exchange by a couple of volts. The test can easily be 
remotely controlled, a response signal meaning that all converters are in 
operation. 

Technical Data 
The more important technical data for booster converters are presented in 

table 2. By way of example the largest units of non-regulated and regulated 
type have been chosen. Table 3 presents characteristic operating data for the 
converter system. 

Table 2. Technical data for booster converters 

Converter type 

Rated voltage of system U _ 

Rated output current \— 

Input voltage, permissible variations 

Conversion frequency 

Output voltage 

at rated output current and discharged battery 
(input voltage 41 V) 

variation during all operating conditions 

Noise voltage, psophometric value max. 

Accuracy of regulation, % of distribution voltage 

Dynamic regulation characteristics 
(with step change of load of 2 5 % l _ ) 

transient voltage deviation max. 

response time max. 

Current limitation 

Noise level 

Permissible ambient temperature 

operation 

non-destructive 

Dimensions 

width 

height 

depth 

Weight 

V 

A 

V 

Hz 

V 

V 

mV 

% 

V 

ms 

-

°C 
°C 

mm 

mm 

mm 

kg 

Non-regulated 

48 

400 

38—56 

400 

5.0 

5.0—7.6 

2 

-

-
-
no 

-

0 to +45 

-10 to +55 

800 

1100 

800 

190 

Regulated 

48 

630 

38—56 

400 

9.0 

0—9 

2 

±1 

1 

100 

yes 

-

0 to +45 

-10 to +55 

600 

2200 

800 

300 
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Table 3. Operating data for converter system 

Rated voltage 

Converter type 

Distribution voltage 

variation, normal operation 

variation, normal operation 
permissible per L M Ericsson 
specifications 

variation during all operating 
conditions 

variation during all operating 
conditions permitted per 
L M Ericsson specifications 

at start of converter 

at discharged battery (41 V) 

at stop of converter 

Efficiency of the system at rated 
current output from converters 

V 

-

V 

V 

V 

V 

% 

48 

Non-regulated 

50.5—51 

48.5—52 

46—56 

45.5—56 

47 

46 

56 

95 

48 

Regulated 

50—50.5 

48.5—52 

50—53.5 

45.5—56 

50 

50 

50 

93—97 

Remarks 

• 

*) Values in central power supply plant; in telecommunication equipment the voltage wi l l be lower 
owing to voltage drop in the distribution cables, which may vary from 0 to 1.5 V. 

Summary 
With the booster converter principle an uninterruptible power system has 

been created with narrow voltage limits as well as low transients and noise 
voltages. 

The equipment is static, consequently there is no mechanical wear and the 
maintenance requirements are reduced to a minimum. 

The converter system in combination with equipment for automatic battery 
charging permits fully automatic operation and can be used at unattended 
exchanges. 

The converter system allows use of the batteries to very low final discharge 
voltage. The energy consumption is about 2 % less than in conventional 
systems. 

The system with converters can be easily extended, which implies saving in 
initial installation cost. 
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Objective Determination of Solderability 
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A procedure is described for measuring the soldering time to within one 
hundredth of a second according to the 1EC method. Extensive tests have 
shown that the soldering time for a material follows a statistical distribution. 
The requirements of production and control set limits for the solderability of 
a material, which can be coordinated with the solderability curve obtained 
from the statistical distribution. This makes it possible to introduce solderability 
requirements in specifications. It is then also possible to meet the high re
quirements placed today on soldered connections. 

This article has been earlier published in "Schweisscn und Schneiden" no. 
7. 1968. 

Mass production and the high requirements placed today on electronic 
equipments mean that all soldering must be of high quality. This is achieved 
at present by visual inspection of the individual soldered connections and, 
when required, by repairing them. It is naturally desirable that the soldering 
properties of the individual objects to be soldered are so satisfactory from the 
start that the quality of the soldering is assured. In other words, one must 
know the soldering properties of a material well before it is used in produc
tion. 

The Problem 
The importance of having a material of so high a quality level that sub

sequent inspection is unnecessary is apparent from the fact that one defective 
soldered connection per 10,000 is usually considered normal. Sometimes, 
however, only one defective soldered connection in 100,000 is allowed. The 
ultimate goal is not a single defective soldered connection. One thus needs 
quality levels from I in 1000 to 1 in 5,000.000. 

A quality level even of 1 in 10,000 requires very great testing resources; 
1 in 100,000 is usually not economically defensible. Random checks are not 
satisfactory, as only a 100 % control gives the necessary reliability. One may 
also question whether it is practically possible, among 100,000 soldered con
nections, to find a single connection that is defective. 

In the course of the years a number of methods for investigation of solder
ability have been developed. Factors have been determined such as 

• wetting angle 

• area of spread of the solder 

• capillary rise of the solder 

« the wetted area in immersion tests 

• the wetting time 
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Fig. 1 
Apparatus for determination of the 
solderability of a material 

Qt Needle tor stopping the time measurement 

(D Specimen (soldering tag of a relay spring) 

© Solder globule 

© Thermocouple 

® Speed setting 

The first three methods involve difficulty in measurement and are time-
consuming. In practice, therefore, a control method of this kind is unsuitable. 
Nor does one obtain a simple value as measure of solderability. Another 
disadvantage within the electronic industry is that the shape and size of parts 
to be soldered renders a study of the spread of the solder impossible. Although 
it is important to know the spread of a given material, it is more important 
for industry to know how quickly a part is wetted and how quickly the solder 
spreads. The wetting speed is an important factor. TEN D U I S 1 developed a 
method for measuring this factor, by means of which the solderability of a 
part could be determined in advance. This method has since formed the basis 
for various national standards. As TEN DLIS' article does not indicate any time 
measurement or method of evaluation corresponding to the requirements to
day, tests have been made which are reported below. 

Test Equipment 

General 
For tests which would permit determination of solderability a test apparatus 

(fig. 1) was constructed in accordance with IEC's proposal. According to IEC 
only wires should be tested for solderability. The specimen-holder of the 
apparatus, however, is replaceable, so that other shapes of specimen and 
measurements can also be made. The soldering head, on which the solder is 
placed, is likewise replaceable both in order to be able to test at temperatures 
above 235 C and to use specimens of other kind than wires. 
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Time Measurement 
The method for measurement of time has been greatly improved. Hitherto 

time has been determined visually and manually. Errors of 0.1—0.3 s in the 
time measurement have been unavoidable. But it has proved necessary to de
termine the time to within 1/100 s. In the existing instrument the time is 
measured electronically. At the moment when the specimen enters into contact 
with the liquid solder, an electric pulse is triggered and the time measurement 
starts. At a distance of 0.3—0.5 mm above the specimen there is an electrically 
conductive needle (fig. I) which, as soon as the solder has flowed around the 
specimen and covered it. is touched by the solder and the measurement stops. 
The time at that moment is the measure of the solderability of the specimen. 
This method allows measurement of 1/100 s. The time is noted by a line 
printer. 

The assumption for use of this method of time measurement is that the 
material is easily soldered. If the wetting process is uneven or interrupted, it 
must be observed visually and the time stopped by hand. Soldering defects, 
which previously could generally be tolerated in practice, cause difficulties in 
measurement. This is the case when the entire surface of the specimen is not 
wetted by the solder, but only about 75 %. In the test apparatus this may 
mean that the needle is not touched by the solder, so that no time measurement 
is made, or that the needle is touched without the wetting process having taken 
place in a satisfactory manner. To avoid erroneous measurements the wetting 
process must be followed in every test. 

Testing Temperature 
The testing temperature is normally 265 C, in exceptional cases 330 C or 

400c C. The temperature of the solder globule is set with an iron-constantan 
thermocouple in the soldering head and an electric temperature regulator with 
an accuracy of ± 1 C. The temperature of the solder globule is also checked 
occasionally with another thermocouple. 

Fig. 2 
Influence of soldering temperature on 
soldering speed 
Specimen: tinned nickel brass, 0.6 mm diameter, non
aged 

Solder: 60/40 SnPb. manufacturer A. see fig. 4 

Quantity of solder: 165 mg 

Flux: colophony dissolved in ethyl alcohol 

Speed of immersion: 16 mm/s 
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Fig. 3 

The rate of heating of tinned specimens of different material and shape is 
measured with thermocouples and an oscillograph at a present test temperature 
of 265 C. Tests have shown that the lowest possible soldering temperature 
(183 C) of the specimen when a soldering process is possible is attained after 
0.06 s. After 0.12 s the original rate of heating falls from 1700 to about 
35 degrees/s; the subsequent rise of heat thus takes place slowly. Within the 
course of 1 s the temperature increases from 210 C to 245 C. This means 
that the solderability after 0.16 s is tested at an almost stationary temperature. 

As expected, after 3—5 s there is a 5—45 degree difference of temperature 
between the surface of the specimen and the molten solder depending on the 
nature of the material and the dimensions of the specimen, and also on the 
quantity of flux. The solderability is dependent, among other factors, on the 
temperature and time. This means that, at too low testing temperatures, too 
low a solderability is measured, which therefore does not correspond to real
ity (fig. 2). In view of the fact that today the ordinary soldering temperature, 
using a soldering iron, is between 250 and 400 C, for printed circuits about 
250 C, a test temperature of 265 C may be considered realistic. 

Rate of Immersion of the Specimen 
To obtain reproducible results the specimen must be introduced into the 

solder at a defined rate. Attempts with 4, 7, 9. 13, 16 and 38 mm/s and two 
shapes of specimen (wire of 0.6 mm diameter and soldering tag, fig. 3, both 
tinned) showed the most suitable rate of immersion to be 9 ± 1.5 mm/s. 
A rate of immersion of 4 mm/s results in too long wetting times, 38 mm/s in 
too short times and too great a variance. 

The specimen-holders differ in weight. In order to be able to use the 
stipulated rate of immersion, the speed setting device — an air brake — is 
adjustable. 

Workpieces, Solders and Fluxes 

Specimen Material and Shape 
The specimens consisted of brass and nickel-brass in the form of soldering 

tags (fig. 3), both untinned and hot tinned with 60/40 SnPb solder. Tests were 

Dimensional sketch of the soldering tag of 
a relay spring (the top of the tag is tested 
for solderability) 

31 



also made with tinned round and rectangular copper wire (0.4 mm diameter. 
0.30X0.85 mm) and tinned tin bronze wire (diameter 0.6 mm). Investigations 
were also made of wires of different shapes and sizes, and of the soldering 
properties of different solders (fig. 4) and fluxes. The specimens were im
mersed in slightly activated colophony flux and then dried. Care was taken not 
to touch the test point with the fingers. 

Condition of Specimen 
The specimens were investigated as received, i.e. between one week and 

one month after surface treatment, and after ageing to IEC 68-2, Test C V, 21 
days (40 C, 90—95 % relative humidity). As regards tinned surfaces this 
method of ageing corresponds — as the tests have shown — approximately to 
1 year's storage at 15—25 C with the surfaces protected from weather and 
wind. Silver and gold coatings were aged under the following conditions: ac
cording to the Kesternich test and 3 h. 0.01 rr H-S. 75 % relative humidity. 

Solder 
The solder was 60/40 SnPb in pellet form weighing 165 mg per pellet in ac

cordance with IEC regulations.2 The pellet had been coated with slightly 
activated flux. 

Test Results 
The main result of the tests is that the measured soldering time for a 

number of specimens from a uniform quantity usually follows a logarithmic 
normal distribution. The wetting time necessary for soldering of a given 
material is not a concrete value but lies within a time interval. This means 
that two specimens which, for example, need 0.1 and 2 s soldering time, 

Fig. 4 
Soldering properties of 60/40 SnPb solder 
from different manufacturers 
Test : soldering tag as in fig. 3, tinned (60/40 SnPb 
solder), non-aged 

Testing temperature: 265 C 

Solder: 60/40 SnPb. manufacturers A and B 

Solder B in remolten form becomes solder C 

Quantity, of solder: 165 mg 

Flux: colophony dissolved in eth> I alcohol 
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respectively, may derive from a single quantity. A time obtained for I — 
specimens permits no definite conclusion concerning the solderability of the 
quantity available. 

In the logarithmic normal distribution diagram the measured soldering times 
result in a curve, the solderability curve. On this curve can be read the time 
required for a given percentage of all solderings. One can also determine in 
advance the number of defective soldered connections to be expected in the 
final product and relatable to unsuitable material. 

With the described method it is possible to determine unambiguously the 
solderability of a material. This has a number of consequences which are 
significant when drawing up material specifications, in material testing, de
velopment and investigation of materials, and also for the soldering technique. 
The results of the measurement can be evaluated in different ways. The 
method described below, however, has proved to be the simplest and the one 
which provides the most complete data. 

Deviation of Solderability Curve from the Normal 
Distribution 

In the time rage < 0.2 s deviations in the course of the solderability curve 
have been noticed which may be related to distrubance of heat transfer. One 
reason for this may be an excess of flux or too slow and irregular immersion 
of the specimen in the solder. 

Deviations from the normal distribution at times > 2 s occurred only when 
the solderability of the material was insufficient. In such cases soldering times 
up to 10 s were recorded. 

Random Sampling 
The solderability of a material generally follows a logarithmic normal dis

tribution. Certain rules for random sampling can therefore be set up. 

The number of tests which should be made depends chiefly on the intention 
of the measurement. As every measurement implies fixing and removal of 
the specimen and requires a certain time (for 50 measurements without pre
paration and analysis about 0.75 h), an attempt is made to limit the tests to 
a number such that definite conclusions can be drawn from the result in 
every particular case. 

If the solderability of an unknown material in this respect is to be in
vestigated, it generally suffices to make 12 tests in order to be able to decide 
whether more thorough testing would pay. The solderability is taken as being 
the next highest value of u + o for the series. This means that in normal 
cases 86 % of all specimens show a soldering time less than or equal to this 
value. With a material of which the solderability is known from previous 
measurements and the manufacturing procedure for which is reproducible. 12 
tests should suffice for assessment. 

But if the solderability is to be established with sufficient accuracy for a 
material to be used in production, more than 50 tests must be made. In order 
to some extent to limit the measurements and simplify the evaluation, only 
50 tests were made. In the diagram the values are then arranged in rising 
order, starting at the 1 % line and going on via the 3. 5. 7 % to the 99 % line 
on which the 50th, i.e. the largest value, is plotted. See also fig. 2. 
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Fig. 5 

Diagram explaining the proposed limits for solderable 
material 

1. Limit between solderable material and material 
of limited hand solderability 

2. Limit between limited solderability and non-hand-
solderable material 

3. Limit between solderable and non-machine-solder-
able material 

Material Specifications 
As it is possible exactly to determine the solderability of a material, it is 

also possible to work out specifications for solderable material, whether in 
aged condition or not. One of the assumptions made is that the soldering times 
are in practice identical to those obtained in tests. 

It is usually required that a soldered connection can be produced manually 
within 1 s. In 10,000 connections there must not be more than one defect. 
Both these requirements must be fulfilled if the desired quality is to be 
attained (fig. 5). The quality level is thus determined by the data concerning 
soldering time and the number of defective soldered connections in relation 
to the total number of soldered connections. In complicated cases soldering 
times up to 2 s can be permitted for the same level of defects (fig. 5). Such 
material is of limited solderability. A material which in solderability tests 
exceeds 2 s soldering time and/or the defect level must be considered un
suitable for soldering. 

For mechanized soldering other requirements may be set up. As the fatigue 
of the operator or the influence of the piecework system need not be taken 
into account, the soldering time can be extended to 2 s. On the other hand 
the visual check of soldering is eliminated. In this case, therefore, one can 
distinguish only between solderable and non-solderable materials. At the 
same time the defect level must be raised to 1 in 100.000. which gives point 
3 (fig. 5). 

In general the solderability of a material can be defined as follows: 

The solderability of a material shall be such that not more than one 
soldering per A solderings requires a soldering time longer than B s at 
D C. 
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Fig. 5 shows defined points with assumed solderability curves. They in
dicate that in mechanized soldering — although a larger number of faultless 
soldered connections is required — the quality level of the material may be 
inferior to that for hand soldering as longer soldering times are allowed. On 
this account, therefore, a material which is suited for mechanized soldering 
may under certain circumstances only be of limited solderability by hand. On 
the other hand a material is perhaps no longer solderable by mechanized 
means, but is of limited solderability by hand. 

The earlier defined points were established on the following assumptions: 

• the material must be metallic 

• no non-metallic layers must be tested 

• the diameter of the specimen must not be more than 0.8 mm 

• no specimens must be tested which are larger than the soldering tag (fig. 3) 

• the random test must comprise 50 specimens. 

If other conditions exist, the limits must be chosen accordingly. 

If these requirements are set up and if it is possible to supervise them, the 
solderability can be taken to be a defined property in material and production 
specifications. Maximum soldering times, defect level and soldering tempe
rature must be specified. Data of manufacturing method and thickness of 
layer may therefore be unnecessary since, in any case, they generally provide 
unsatifactory information concerning the solderability of a material. 

Use of Solderability Curves in Practice 
An advantage of the solderability curve is that — compared with other 

statistical methods — it provides more information. If among 50 samples 
there is one which exhibits 2.2 s soldering time, i.e. does not comply with the 
requirements, in another procedure this would result in rejection of the 
material. It may happen, however, that some materials, owing to the im
possibility of obtaining quick replacements, must be used nevertheless. The 
solderability curve then provides a means of assessing the measures necessary 
for ensuring the optimal soldering results in each particular case. One can 
investigate whether the expected number of defects can be accepted. The 
curve also shows the soldering times required in relation to permissible defects. 
If the soldering time has been established, one must decide whether it can be 
realized. If not, a compromise can be made between soldering time and ex
pected number of defects. Only when these three courses prove unsatisfactory 
must the material be rejected. 

When a new mechanized soldering process was first introduced there were a 
large number of defective soldered connections. It proved that the material did 
not comply with the demands. By the present method it was possible to raise 
the quality level from 1 in 1000 to 0 defect in more than 15.000,000 con
nections. 

This was made possible by accurate determination of the solderability of 
the material, which in turn led to changes in the manufacturing process. All 
this could be done without difficulty thanks to the solderability test. An 
advantage was that the termination could be designed in a manner convenient 
for soldering while at the same time providing the means for simple and quick 
testing — and other checks. 
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It is sometimes difficult to attain the desired quality level as, in soldering, 
it is not only the workpiece, solder and flux that decide the result but also a 
number of other factors such as the design of the termination, the heating 
process and soldering temperature, training of the operator, working site, and 
last but not least suitable combinations of materials. 

Apart from random tests of solderability it is necessary to make a visual 
inspection of the material. Only in this way can one observe sections which 
appear critical and subject them to more thorough testing. 

Summary 
By the method proposed by TEN DUIS 1 and the present evaluation procedure 

it has been possible to make investigations which previously could be done 
only by determining the area of spread of the solder. In this way important 
results were achieved which could later be confirmed by measurement of the 
wetting time. The time measurement method, however, allows more accurate 
conclusions which are of great importance especially for practical use, e.g. 

• the influence of artifical ageing methods on the solderability of metallic 
coatings on different materials and their conformity with real ageing 

• the influence of thickness of layer on the solderability of different metals 

• the influence of the diffusion barrier layers on the solderability 

• the solderability of different gold coatings 

• the influence of soldering temperature on soldering speed (fig. 2) 

• suitability of different solders. 
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27 Million Kronor 
Order from Egypt 
L M Ericsson has signed a contract 
totalling 27 million kronor with 
UARTO (United Arab Republic Te
lecommunications Organization) for 
delivery of transmission equipment to 
Egypt. 

The equipment comprises coaxial 
cable with associated repeater equip
ment, terminal equipment, and spare 
parts and instruments. It is to be used 
for long distance telephony in Upper 

Mr. K. H. Badir, Minister of Communica
tions, signs the Egyptian contract. Sitting 
(left) Mr. Bjom Lundvall, President of 
LME, and (right) the Chairman of UARTO, 
Mr. Anis El Bardai. 

Egypt and will form a link over the 
900 km distance between Cairo and 
Assuan. Altogether 28 towns will be 
connected to the new link. 

In January 1969 L M Ericsson re
ceived an order from UARTO for ex
tension of trunk exchanges in Cairo, 
Alexandria and elsewhere, totalling 12 
million kronor. 

Orders for 28.7 Million 
Kronor for Iraq and 
Lebanon 
The telephone administrations in Iraq 
and Lebanon have ordered from L M 
Ericsson switching equipment and out
side plant to a total value of 28.7 
million kronor. 

The order from Iraq is a step in 
the extensive programme of expansion 
of the national telephone system and 
comprises the delivery and installation 
of cable and other outside plant for 
the local networks in Baghdad and 
Mosul for altogether about 15 million 
kronor. 

This is the second large order from 
Iraq in the course of 18 months. Dur
ing the summer of 1968 outside plant 
was ordered for five cities including 
Baghdad to a value of some 14 mil
lion kronor. 

Two contracts have been signed be
tween the Lebanon Telephone Ad
ministration and L M Ericsson, total
ling 13.7 million kronor. 

One contract is for a trunk ex
change in Beirut with 104 lines for in
ternational traffic. 

The other comprises 9 local ex
changes totalling 10,000 subscriber 
lines, of which four for Beirut, one 
for Tripoli, and four for rural areas. 
The contract also covers certain 
equipment for a further 11.000 sub
scriber lines. 

In May 1969 a contract was signed 
for reconstruction and modernization 
of 11 local exchanges and two trunk 
exchanges and for seven new local ex
changes, at a total value of 10.2 mil
lion kronor. 

Second Order for Computer-Controlled Telephone Exchanges in Finland 
Within the course of three years L M 
Ericsson has received two orders for 
computer-controlled telephone ex
changes from Finnish telephone ad
ministrations. 

The last contract was signed a short 
time ago in Turku, between represen
tatives of the Turku Telephone Ad
ministration and L M Ericsson's Fin
nish subsidiary. O/Y L M Ericsson 
AB. 

From the signing of the contract in Turku 
Castle. (Sitting from left) S. Lbnnstrom, 
L M Ericsson, V. Tahti, Turku Telephone 
Administration, P. Koponen and V. J. 
Leino, Turku-Municipality, Y. OIlus and O. 
Hjelt, O/Y L M Ericsson AB. 

The order, totalling 12.2 million 
kronor, comprises the delivery and in
stallation of a computer-controlled 
telephone exchange at Turku, with 
8000 subscriber lines and a number of 
trunk lines, and three exchanges of 
other type for the Turku suburbs. The 
order is the largest received by L M 

Ericsson from a local Finnish tele
phone administration. 

In 1966 L M Ericsson received an 
order from the Finnish PTT for a 
computer-controlled telephone ex
change for Helsinki for the handling 
of national and international traffic. 



From the signing of the Malaysian agree
ment. (From left) Mr. Chew Kam Pok, 
Head of the Malaysian Telephone Adminis
tration, Mr. Tun Sambanthan, P I T Minis
ter, Mr. Bjorn l.undvall, President of LME, 
Mr. A. Uvhagen and Mr. L. Edmark, LME, 
and the Swedish Charge d'Affaires in Ma
laysia, Mr. A. Willen. 

New Long-Term Agreement with Malaysia 
Factory at Kuala Lumpur 

A new long-term agreement has been 
signed between the Malaysian Tele
phone Administration (Telecoms) and 
L M Ericsson for delivery of all 
switching equipment for expansion of 
the national telephone network up to 
1980. 

The equipment is to be delivered 
from a factory at Kuala Lumpur, on 
which preparatory work has started. 
It is calculated that in the initial stage 
the factory will employ about one 
hundred persons. 

Manufacturing Company 
in Singapore 
An agreement has been concluded be
tween Singapore Telephone Board 
(STB) and L M Ericsson for the crea
tion of a joint company in Singapore 
for manufacture of telecommunica
tion equipment. 

The new company is to manufac
ture equipment for public and private 
telephone exchanges, telephone sets, 
and other telecommunication equip
ment. It is expected that around 250 
persons will be employed by the time 
when the planned production has been 
attained. The new company will also 
take over the sales activities at present 
being conducted in Singapore by 
Ericsson Telephone Company Private 
Ltd. 

Since the end of last century LME 
has delivered telephone equipment to 
Singapore, which was one of the first 
countries in the Far East in which te
lephone service was introduced. In 
1964 Singapore Telephone Board de
cided to introduce L M Ericsson's 
crossbar system as standard. Since 
then L M Ericsson has received ord
ers for 13 public telephone exchanges 
totalling 64.000 subscriber lines. 

In 1967 LME also delivered equip
ment for an international transit cen
tre in Singapore, which links the re
public with subscribers in Asia. Au
stralia. America and Europe. 

Skandinaviska Banker) Orders 
Large Data Communication 
System from L M Ericsson 

L M Ericsson is to deliver to Skandi
naviska Banken a data communica
tion system to a value of 7.3 million 
kronor. 

The equipments in this system, 
which is to work on line in real time, 
were developed and are being manu
factured by L M Ericsson. They in
clude two communication computers 
UAC 1610 and 13 regional line con
centrators. 

L M Ericsson's data communication 
system will provide a direct connec
tion between some 350 branch offices 
of the bank throughout the country, 
with initially more than 600 cashiers' 
desks, and a central computer of type 
IBM 360 in the data processing centre 
in Stockholm. Communications from 
and to the cashiers' desks will be sent 
via a rented line network and the re
gional line concentrators to the com
munication computer and data proces
sing centre. 

The regional line concentrators will 
be used for concentrating messages 
from a number of lines to a single 
line. In this way the telephone lines 
will be more effectively used and the 
rental cost reduced. 

The main function of the communi
cation computer UAC 1610 is to re
lieve the central administrative com
puter of the major portion of the real 
time requirements placed by a large 
data communication network. 

Four Automatic Exchanges 
to the West Indies 
L M Ericsson has received a contract 
from Cable and Wireless (West Indies) 
Ltd. for delivery of four telephone ex
changes for international traffic to a 
value of 5.5 million kronor. 

Three of the exchanges are to be 
installed in Antigua, Barbados and 
Jamaica. The fourth is intended for 
an associated company of Cable and 
Wireless. 

The exchanges are designed for se
mi-automatic traffic, i.e. the operators 
can dial direct to subscribers in other 
countries. This will be of special value 
for connections within the West Indies 
and with Europe and North America. 

The intention is that the Jamaican 
exchange in Kingston will have a final 
capacity of 150 international lines, 120 
trunk lines to local exchanges and 15 
circuits to the Cayman Islands. The 
Barbados exchange will have 92 inter
national and 70 trunk lines and 73 cir
cuits to surrounding islands. The An
tigua exchange will have a capacity of 
108 international circuits, 77 circuits 
to surrounding islands, and 40 to St. 
Johns automatic telephone exchange. 

A spokesman of Cable and Wireless 
states that the reason for placing the 
order with L M Ericsson was the 
company's great international experi
ence of installations of this kind. 

Cable and Wireless is a large tele
phone operating company working in 
more than 50 countries and its tele
phone network handles the transit 
traffic within the Brittish Common
wealth section of the West Indies. 
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One of the most popular exhibits at the 
large Office Equipment Fair "Kontor/ Data 
69" in Stockholm was the "paperless office" 
where L M Ericsson Telemateriel AB gave 
a concrete vision of what the office of the 
future may look like. With the aid of the 
telephone with all its variant types (non-
loudspeaking with wireless headphone, loud-
speaking, videophone etc.I the business exe

cutive can work in the most rational possible 
way in the large comfortable armchair. The 
screen of the videophone can be switched 
over to a computer which displays the desir
ed information in the form of digits, graphs 
etc. The "paperless office" is thus a fact. 
There was a constant throng around the 

armchair during the eight days of the Fair. 
Amused and interested visitors tried out the 
chair and had the finesses demonstrated to 
them. All offers to purchase, however, had 
to be refused. The picture above (left) shows 
the artist Poul Strdyer's version of the LMS 
armchair. 

In the American Financial World's compe
tition for the year's best Annual Report in 
1969 L M Ericsson obtained second place in 
its class for enterprises outside North Ame-

The Ericsson Annual Report was considered 
to be the best among those of private en
terprises. The first place was taken by the 
Dutch KLM. Carl O. Lennmalm (left), re
cently appointed head of the Ericsson Cor
poration, New York, is seen receiving the 
diploma on behalf of L M Ericsson. 

The old telephones in the L M 
Ericsson Exhibition Room always 
attract visitors. Here Mr. Moham
med Hoveyda from the PTT, Te
heran, Iran, is pleased to see that 
the 1878 Ericsson telephone can 
still be used today. 

The Institution of Telecommunica
tion Engineers, India, arranged at 
their annual meeting a conference 
and exhibition of telecommunica
tion equipment in Calcutta. The 
meeting was opened by General 
I. D. Verma, seen in the centre of 
the photograph with Mr. A. B. 
Bhattacharya, Head of Ericsson 
Sales Corporation, Calcutta, beside 
him. 

The planned factory at Batu Tiga, about 
25 km west of Kuala Lumpur, will have an 
area of 2600 m2. 



L M Ericsson Equips the New Swedish Parliament 

New Company Heads 

lvar Hilfing Nils Soderqvist 

United Kingdom 

lvar Hilfing, who until the end of 
1969 was Head of Compahia Espa-
nola Ericsson S.A.. Madrid, has been 
appointed President of Swedish Erics
son Company Ltd, Centrum Electron
ics Ltd, Centrum Rentals Ltd and 
Production Control (Ericsson) Ltd in 
the United Kingdom. Mr. Hilfing suc
ceeds Mr. Ake Nycander, who re
tires on pension on May 31 this year. 
Mr. Nycander will remain member of 
the board of the British companies 
until the end of 1970. 

Spain 

Mr. Nils Soderqvist was appointed 
Head of Compania Espanola Ericsson 
S.A. as from January 1. 1970. Mr. 
Soderqvist had previously been Trea
surer of the company. 

Luciano Marrubini 

Italy 
Mr. Umberto Leveque retired on pen
sion from the post of President of 
L M Ericsson's Italian subsidiary 
FATME, Rome, in November 1969. 

He was succeeded on November 15. 
1969, by Mr. Luciano Marrubini, 
whose last post was with IRJ-Finmec-
canica. 

The Vice President. Mr. Lamberto 
Albanese. has been appointed to serve 
as deputy to the President in the event 
of his absence. 
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L M Ericsson will be responsible for 
all telesignalling equipment in the new 
Swedish Parliament. The photograph 
above shows a model of the Legisla
tive Chamber as it will appear when 
the new single-chamber parliament 
moves in for the spring session in 
1971. L M Ericsson Telemateriel AB 
is to install, among other equipment. 

Ericsson Technics 
The 25th Volume of Ericsson Tech
nics is now complete after the appear
ance of No. 4. 1969. Nos 1 and 2 
were reviewed in Ericsson Review No. 
4, 1969. A brief report follows on the 
contents of Nos. 3 and 4, containing 
two papers each. 

No. 3 starts with a paper by G. 
Kjellstrom. "Network Optimization 
by Random Variation of Component 
Values". It presents a method of mi
nimization of a discontinuous objec
tive function of a set of design vari
ables. Some examples are given of 
how the method can be used for op
timization of electrical networks by 
direct variation of the components. 

In the second paper, "Performance 
of Phase- and Amplitude-Modulated 
Signals on a Gaussian Channel", by 
R. Ottoson. a combination of phase-
and amplitude-modulated signals 
transmitted over a band-limited chan
nel disturbed by white Gaussian noise 
is considered. By using phase modula
tion at two amplitude levels instead of 
one. it is shown that the gain in signal 
energy is 1—4 dB. 

The first paper in No. 4 is "Back-
scattering from a Dielectric-Coated 
Metallic Cylinder for Various Angles 
of Incidence" by H. Wilhelmson and 
H. Cerda. Extensive computer calcula
tions are reported for the backscatter-

a voting machine, intercom system, 
clocks, fire alarm, simultaneous inter
pretation system, paging system, clos
ed circuit television, and a very large 
sound distribution plant including 
equipment of advanced design at 
every member's seat. 

The equipment is to be installed 
and operating by January 1, 1971. 

ing of a plane electromagnetic wave 
by a dielectric-coated metallic cylind
er. The results are presented in the 
form of graphs which show the back-
scattering cross-sections as function of 
the angle of incidence and of the ex
ternal radius of the dielectric layer. 
Both principal directions of polariza
tion of the incident plane wave are 
considered. 

"Accuracy of Traffic Measurements 
in a Poisson Traffic Process. Arbitra
ry Distribution of Intervals between 
Observations and Fixed Number of 
Observations" is the title of the se
cond paper in this number. The auth
or. G. Lind, solves the problem of 
determining the accuracy of traffic 
measurements in a Poisson traffic 
process when making a fixed number 
of orbservations with independent, ar
bitrarily distributed intervals between 
them. The paper is a continuation of 
an earlier paper in Ericsson Technics 
No. 4. 1967. in which corresponding 
problems were solved for the case of 
a measuring period of fixed length. 
The results constitute a generalization 
of earlier known results for the case 
of constant intervals between observa
tions. They are intended, among other 
purposes, to give guidance in the de
termination of the extent and arrange
ment of simulations of traffic proces
ses. 
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Associated and co-operating enterprises and technical offices 

• EUROPE . 

Denmark 
L M Ericsson A/S DK-2000 Kaben-
havn F, Flnsensve] 78, t e l : (01) 
34 6868, tgm: ericsson, te lex: 9020 
'•ERICSSON K H " 

GNT AUTOMATIC A/S DK-2860 
Soborg, TelefonveJ 6, t e l : (01) 
69 5188, t gm : nortelmatic, te lex: 
5264, "GNT AUTOMATIC K H " 
Dansk Signal Industrl A/S DK-2650 
Hvldovre. Stamholmen 175. Avedore 
Holme, t e l : (01) 49 0333, tgm: sig
naler kobenhavn, telex: 6503 

Finland 
O/Y L M Ericsson A/B Helsinki 13. 
P.O.B. 13018, t e l : (90) 12141 tgm: 
ericssons, te lex: 12546, "ERICS
SON SF" 

France 
Soclete Francalse des Telephones 
Ericsson F-92-Colombes. 36. Boule
vard de la Finlande, t e l : Paris (1) 
7813535, tgm: ericsson colombes, 
te lex: 62179, "ERICSSON C L O M B " 
F-75-Parls !7e, 147, rue de Cour-
cel les, t e l : Paris (1) 227 9530, tgm: 
eric paris, te lex: 29276, "ERICS
SON PARIS" 

Etablissements Ferrer-Auran, 13 
Marseille, 2, Rue Estelle, t e l : 
20 6940, tgm: etabferrer, te lex: 
42579, "R INGMARS" 

Great Britain 
Swedish Ericsson Company Ltd. 
Morden. Surrey, Crown House, Lon
don Road, t e l : (01)542 1001, tgm: 
teleric, te lex: 935979, "SWEDERIC 
L D N " 
Swedish Ericsson Telecommunica
tions Ltd., Morden, Surrey. Crown 
House, London Road, t e l : (01) 
542 1001, tgm: teleric, te lex: 935979, 
•SWEDERIC L D N " 
Production Control (Ericsson) Ltd. 
Morden, Surrey, Crown House, 
London Road, t e l : (01)542 1001. 
tgm: productrol, te lex: 935979, 
"SWEDERIC L D N " 
Centrum Electronics Ltd. Morden, 
Surrey, Crown House, London 
Road, t e l : (01)542 2222, tgm: cele-
fon, te lex: 935979 "SWEDERIC 
L D N " 

Centrum Rentals Ltd. Morden, 
Surrey, Crown House, London 
Road, t e l : (01)542 1001, tgm: cele-
fon, telex 935979 "SWEDERIC 
L D N " 

Ireland 
L M Ericsson Ltd. Dublin 2. 32, 
Upper Mount Street, t e l : (01)619 31, 
tgm: ericsson, te lex: 5310, "ERICS
SON DUBL IN" 

Italy 
FATME Soc. per Az. 1-OO100 Roma, 
C P. 4025 Applo, t e l : (06)4694, 
t gm : fatme, te lex: 61327, "61327 
FATME" 
SETEMER, Soc. per Az. 1-0019S 
Roma, Via G. Palslel lo 43, t e l : 
(06) 86 8854, t gm : setemer 
SIELTE, Soc. per Az. 1-00100 Roma, 
C.P. 5100, t e l : (06)577 8041, tgm: 
sielte, te lex: 61225, "61225 SIELTE" 

Netherlands 
Ericsson TelefoonmaatschapplJ N.V. 
Rljen (N.Br.), P. O. B. 8, t e l : 
(01612)3131, tgm: er lctel , te lex: 
54114, "ERICTEL RIJEN" 
Voorburg-Den Haag, P. O. B. 3060 
te l - (070)814501, t gm : er ictel , te
lex: 31109. "ERICTEL DEN H A A G " 

Norway 
A/S Elektrlsk Bureau Oslo 3, P.B. 
5055 Ma|, t e l : (02)461820, tgm: 
elektrlken, te lex: 11723, "TELEB N " 
A/S Industrikontroll Oslo 6. Grense-
velen 86/88, 3. etg., t e l : (02)68 7200, 
tgm: Indtroll 

A/S Norsk Kabelfabrlk Drammen. 
P.O.B. 369, t e l : (02)83 7650, tgm: 
kabel, telex: 18149, "KABEL N " . 
A/S Telesystemer Oslo 6, Tveten-
velen 32. Bryn, t e l : (02)68 7200, 
tgm: telesystemer, te lex: 16900, 
"ALARM N " 

Poland 
Telefonaktlebolaget L M Ericsson, 
Technical Office, Warszawa. U l . 
Nowy Swlat 42, t e l : 26 4926, tgm: 
tellme, telex: 813710, "813710 
TELLME PL" 

Portugal 
Sociedade Ericsson de Portugal 
Lda. Llsboa 1, Rua Fllipe Folque 7, 
1°, t e l : 571 93, tgm: ericsson 

Spain 
Cia Espanola Ericsson, S.A. Getafe, 
Paseo Felipe Calleja 6, t e l : 
295 2100, tgm: ericsson, te lex: 
22666. "ERIGE E" 

Sweden 
Telefonaktiebolaget L M Ericsson, 
S-126 M Stockholm 32. t e l : (08) 
19 0000, tgm, telefonbolaget, te lex: 
17440, "LME S " 
Bjurhagens Fabrikers AB. S-212 (5 
Malms. Fack, t e l : (040) 93 4770 
AB Rifa, S-161 30 Bromma 11. t e l : 
(08)26 2600, tgm: elr i fa, te lex: 
10308, "ELRIFA S T H " 

Instruktlonsteknik AB, S-117 47 
Stockholm 44, t e l : (08)68 0870, 
tgm: Instruktec 
L M Ericsson Data AB, S-171 88 
Solna, t e l : (08)83 0700, tgm, erlc-
data, te lex: 10793 "ERICDATA 
S T H " 
L M Ericsson Telemateriel AB. 
S-J35 01 Stockholm-Tyresd 1, Fack, 
t e l : (08)712 0000 tgm: ellem, telex: 
1275, "1275 TELERGA S " 
Sleverts Kabelverk AB, S-172 87 
Sundbyberg, t e l : (08) 28 2860, tgm : 
sievertsfabrlk, te lex: 1676, "SIEV-
KAB S T H " 
Svenska Radioaktiebolaget, S-102 20 
Stockholm 12. t e l : (08) 22 31 40, 
tgm: svenskradlo, te lex: 10094, 
"SVENSKRADIO S T H " 

Switzerland 
Ericsson A G . 8061 Zurich. Postfach, 
t e l : (051)416606, tgm: telerlcsson, 
te lex: 52669, "ERIC C H " 

Turkey 
Ericsson Turk Tlcaret Ltd. Slrketl 
Ankara, Rumeli Han, Zlya Gokalp 
Cad. t e l : 12 3170, tgm: ellem 

West Germany 
Deutsche Ericsson G.m.b.H. Tele-
material, 4 DOsseldorf 1, Postfach 
2628, t e l : (0211)35 3594, tgm: erlc
t e l : te lex: 8587912, "ERIC D " 
Centrum Electronic G.m.b.H. 3 Han
nover, Postfach 1247, t e l : (0511) 
63 1018, tgm: centronic, te lex: 
0922913, "CELEC D " 

• ASIA • 
India 
Ericsson Telephone Sales Corpora
tion AB Calcutta 22, P.O.B. 2324, 
t e l : (032)45 4494, tgm: inderlc 
New Delhi 49, L25, South Extension 
Part I I . t e l : (011)626505, tgm: 
Inderlc 

Indonesia 
Ericsson Telephone Sales Corpora
tion AB Bandung, Djalan Ir. H. D]u-
anda 151, t e l : (082)820 94, tgm: 
laverlc 
Djakarta, P.O.B. 2443 t e l : (07) 
463 97, tgm: ]averlc 

Iraq 
Telefonaktlebolaget L M Ericsson, 
Installation Branch, Baghdad P.O.B. 
2388, Alwlyah, t e l : 947 14, tgm: 
ellemco 

Kuwait 
Telefonaktiebolaget L M Ericsson, 
Technical office, Kuwait, State of 
Kuwait, P.O.B. 5979, t e l : 268 55, 
tgm: erictel 

Lebanon 
Telefonaktiebolaget L M Ericsson, 
Technical office Beyrouth B.P. 8148, 
t e l : 25 2627. tgm: ellem, telex: 876, 
"ELLEM BERYT" 

Malaysia 
Ericsson Tallpon SDN BHD, Peta-
ling Jaya, P.O.B. No 9, t e l : Kuala 
Lumpur (03)56 1523, tgm: kuleric, 
telex: 265 "ERICMAL K L " 

Pakistan 
L M Ericsson Telephone Company, 
Technical off ice, Karachi, P.O.B. 
7398, t e l : (90)51 6112, tgm: ericsson 

Singapore 
Ericsson Telephone Co. Private Ltd. 
Singapore 1, P.O.B. 3079, t e l : 
98 1155, tgm: slnerlc 

Thailand 
Ericsson Telephone Corp. Far East 
AB Bangkok. P.O.B. 824, t e l : (02) 
580 41, tgm: ericsson, te lex: 2274, 
"THAIERIC" 

• AFRICA • 
Algeria 
Soclete Algerlenne des Telephones 
Ericsson, El Blar (Algers). 4, rue 
Mouloud Hadjen, t e l : 78 2692, tgm: 
eric alger 

Egypt (UAR) 
Telefonaktlebolaget L M Ericsson, 
Technical office Egypt Branch Cairo 
P.O.B. 2084, t e l : (02)465 81, t gm: 
elleme 

Ethiopia, Sudan 
Telefonaktlebolaget L M Ericsson, 
Technical off ice, Addis Ababa, 
P.O.B. 3366. t e l : (01)492 60, tgm: 
ericsson, te lex: 21090 "MOSFIRM 
A D D I S " 

Libya 
Telefonaktlebolaget L M Ericsson 
Technical Off ice, Tripoli, P.O.B. 
3002, t e l : 36193, tgm: ericsson 

Malawi 
Ericsson Telephone Sales Corpora
tion AB, Blantyre, P.O.B. 431, t e l : 
300 95, tgm: erlcofon 

Morocco 
Soclete Marocaine des Telephones 
Ericsson Casablanca. 87, Rue Ka-
ratchi, t e l : 788 75, tgm: ericsson 

South Africa, Southwest Afr ica, 
Botswana, Lesotho, Swaziland 
L M Ericsson (Pty.) Ltd, Johannes
burg, P.O.B. 4728, t e l : 836 7771, 
tgm: erlcofon 

Tunisia 
Telefonaktiebolaget L M Ericsson, 
Technical off ice, Tunis, Bolte Pos-
tale 780, t e l : (01)24 0520, tgm: 
ericsson, te lex: 695, "ERICSSON 
TUNIS" . 

Zambia 
Ericsson Telephone Sales Corpora
tion AB Lusaka, P.O.B. 2762, t e l : 
(146)744 42, tgm: erlcofon 
Ndola, P.O.B. 2256, t e l : (143)3885, 
tgm: erlcofon 

• AMERICA • 
Argentine 
Cia Ericsson S.A.C.I . Buenos Aires 
Casil la de Correo 3550, t e l : 33 2071, 
tgm: ericsson, telex: 0122196, 
"CATEL BA" 
Cia Argentina de Telefonos S.A. 
Buenos Aires, Belgrano 894, t e l : 
33 2076, tgm: catel, te lex: 0122196, 
"CATEL BA" 
Cia Entrerriana de Telefonos S.A. 
Buenos Aires, Belgrano 894, t e l : 
33 2076, tgm: catel, telex: 0122196, 
"CATEL BA" 
Industrlas Electricas de QuHmes 
S.A. Qullmes FNGR, 12 de Octubre 
1090, t e l : 253 2775, tgm: Indelqui 
buenosalres, telex: 0122196, "CATEL 
BA" 

Brazil 

Ericsson do Brasil Comerclo e 
Industrla S.A. Sao Paulo, C P 
5677, t e l : 287 2011, tgm: erlcsson, 
telex: 021817, •ERICSSON S P O " 
Fios e Cabos Plasticos do Brasil 
S.A. (FICAP), R/o da Janeiro, calxa 
postal : 1828, t e l : 29 0185, tgm: 
f icap, te lex: 031563, 'F ICAP R I O " 

Canada 
L M Ericsson Limited Montreal 381, 
Quebec, 2300 Laurentlan Boulevard 
St. Laurent, t e l : (514)331 3310, tgm: 
caneric, te lex: 05-267682, (TWX) 
610-421-3311, "CANERIC MTL" 
Ericsson Centrum (Canada) Ltd. 
Montreal 381, Quebec, 2300 Lauren-
tian Boulevard, St. Laurent 

Central America 
Telefonaktiebolaget L M Ericsson, 
Oficina Tecnica de Centroamerlca 
y Panama, San Salvador, Apartado 
188, t e l : 21 7640, tgm: ericsson 

Chi le 
Cia Ericsson de Chile S.A. Santia
go, Casil la 10143, t e l : (04)825 55, 
tgm: ericsson, te lex: SGO 389 
"ERICHILE SG0389" 

Colombia 
Ericsson de Colombia S.A. Bogota, 
Apartado Aereo 4052, t e l : (92) 
411100, tgm: ericsson, te lex: 
044507, "ERICSSON B O G " 
Fabrlcas Colomblanas de Materia-
les Electrlcos Facomec S.A. Call, 
Apartado Aereo 4534, t e l : 42 1061, 
tgm: facomec, telex: 55673, "FACO
MEC C L O " 

Costa Rica 
Telefonaktiebolaget L M Ericsson, 
Technical office San Jose, Apartado 
10073. t e l : 21 1466, tgm: ericsson 

Ecuador 
Telefonos Ericsson C.A. Quito, 
Casil la 2138. t e l : 52 4000, tgm: 
ericsson 
Guayaquil, Casil la 376, t e l : 52 6900, 
tgm: ericsson 

Cont. on next page 
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Associated and co-operating enterprises and technical offices (Com. from preceding page) 

Mexico 
Telefonos Ericsson S.A. Mexico 
D.F.. Apartado 9958, t e l : (25) 
46 4640, t gm : coeric, te lex: 
01772485. "ERICSSON MEX" 
Latinoamericana de Cables S.A. de 
C.V. Mexico 12 D.F., Apartado 
12737, t e l : (2)549 3650, tgm: latin-
casa 

Teleindustria, S.A. de C.V. Mexico 
1, D.F., Apartado 1062, t e l : (2) 
546 4640, Factory: (2)576 3166, tgm: 
ericsson, te lex: 01772485, 'ERICS
SON MEX" 
Telemontaje, S.A. de C.V. Mexico 
I, D.F., Apartado Postal 1062, t e l : 
(2)576 4044, tgm: erlcssonmexicodf, 
te lex: 01772485, "ERICSSON MEX'' 

Peru 
Cla Ericsson S.A. Lima, Apartado 
2982, t e l : 23 4941, tgm: ericsson, 

telex: 3540202, "ERICSSON 
3540202" 
Soc. Telefonica del Peru, S.A. Are-
quipa. Apartado 112-1012, t e l : 6060 
tgm: telefonica 

El Salvador 
Telefonaktiebolaget L M Ericsson, 
Technical office San Salvador, 
Apartado 188, t e l : 217940, tgm: 
ericsson 

Uruguay 
Cia Ericsson S.A. Montevideo, Ca-
si l la de Correo 575, t e l : 926 11, 
tgm: ericsson 

USA 
The Ericsson Corporation New York, 
N.Y. 10017, 100 Park Avenue, t e l : 
(212)685 4030, tgm: erictei, telex: 
620484, "ERICTEC 620484" 

Ericsson Centrum Inc. New York, 
N.Y. 10016, 16, East 40th Street, 
t e l : (212)679 1000, tgm: erictei, te
lex: 620149, "ETELSAC 620149" 

Venezuela 
Cia Anbnima Ericsson Caracas, 
Apartado 3548, t e l : (02)34 4661, 
tgm: ericsson, te lex: 22734, "22734 
ERIC VEN" 
Alambres y Cables Venezolanos 
C.A. (ALCAVE) Caracas, Apartado 
del Este 62107, t e l : (02)33 9791, 
tgm: alcave, telex: 845, "ALCAVE 
VE" 

• AUSTRALIA & OCEANIA . 
Australia 
L M Ericsson Pty. Ltd. Broad-
meadows, Victoria 3047, P.O.B. 41, 
t e l : (03)309 2244, tgm: ericmel, 
te lex: AA 30555, "ERICMEL" 

Rushcutters Bay N.S.W. 2011, 134 
Barcom Avenue, t e l : (02)310941, 
tgm: erlcsyd, te lex: A A 21358 
"ERICSYD" 

Port Moresby, Territory of Papua 
and New Guinea, P.O.B. 1367, 
Boroko, t e l : 569 65, tgm: ericpor 

Teleric Pty. Ltd. Broadmeadows, 
Victoria 3047, P.O.B. 41, te l : (03) 
309 2244, tgm: teleric, telex: 
AA 30555, "ERICMEL" 

Rushcutters Bay N.S.W. 2011, 134 
Barcom Avenue, t e l : (02)310941, 
tgm: teleric, telex: AA 21358, 
"ERICSYD" 
Conqueror Cables Pty. Limited, Dee 
Why. N.S.W. 2099, P.O.B. 69, te l : 
(02)98 0364, tgm, concab Sydney 
A.E.E. Capacitors Pty. Ltd. Preston, 
Victoria 3072, 202 Bell Street, 
P.O.B. 95, t e l : (03)480 1211, tgm: 
engiquip melbourne 

Representatives 

. EUROPE . 
Austria 
Telecom Handelsgeselischaft m.b. 
H., 1142 Wlen. Schanzstrasse 33. 
t e l : 92 2621, tgm: teleric, te lex: 
11638, "11638 TELECOM A " 

Belgium 
Allumage Lumiere S.A. Bruxelles 7. 
128-130 Chauss6e de Mons, te l : 
22 9870, tgm: allumalux, telex: 
21582, "ALLUMALUX BRU" 

Greece 
Angelos Cotzias Athens, 18, Odos 
Omirou, t e l : 62 6031, tgm: cotzia-
san, te lex: 215252, "215252 CTS GR" 

Iceland 
Johan Ronning Reykjavik, P.O.B. 
883. t e l : 224 95, tgm: ronning, te
lex: 40. "ROENNING RYK" 

Spain 
TRANSA Transacciones Canarias 
S.A., Las Palmas de Gran Canarias, 
Tomas Morales 38, t e l : 21 8508, 
tgm: transa. te lex: 824, "MAVAC 
LPE" 
Santa Cruz de Tenerlle, Sabino 
Berthelot, 3, t e l : 24 5897, t gm : 
transa 

Yugoslavia 
Merkantile Inozemna Zastupstva Za-
grep po§t pretinac 23, t e l : 41 6655, 
tgm: merkantile, te lex: 21139, 
"21139 YU MERTIL" 
Beogred, U l . 7. Jula br. 18, t e l : 
62 1773 tgm: merkantile. te lex: 
11506, "YU MERKAN" 

. ASIA . 

Burma 
Myanma Export Import Corp., Agen
cy Div. Rangoon, P.O.B. 404, t e l : 
146 18, tgm: myanimport 

Cambodia 
Comln Khmere S.A. Phonom-Penh, 
P.O.B. 625, t e l : 233 34, tgm: engin
eer 

Cyprus 
Zeno D. Pierldes Larnaca, P.O.B. 
25, t e l : 2033, tgm pierldes 
S.A. Petrides & Sons Ltd. Nicosia, 
P.O.B. 1122, te l . 627 88, tgm: arma
ture 

Hong Kong and Macao 
Swedish Trading Co. Ltd. Hong-
Kong, P.O.B. 108, t e l : 23 1091, tgm: 
swedetrade 

Iran 
Irano Swedish Company AB, Tehe
ran Khiabane Sevom Esfand 29, t e l : 
314160, tgm: iranoswede 

Iraq 
Usam Sharif Company W.L.L. 
Baghdad. P.O.B. 492, t e l : 870 31, 
tgm: alhamra 

Jordan 
The Arab Trading & Development 
Co. Ltd. Amman, P.O.B. 6141, t e l : 
259 81, tgm: aradeve 

Kuwait 
Morad Yousuf Behbehani Kuwait, 
State of Kuwait, P.O.B. 146, t e l : 
322 51, tgm: barakat, te lex: 048, 
•BEHBEHANI KUWAIT" 

Lebanon 
Swedish Levant Trading (Elie B. 
Helou) Beyrouth, P.O.B. 931, t e l : 
23 1624, tgm. skefko 

Pakistan 
H.M. Trading Company, Karachi 2, 
218—219 Qamar House, 2nd Floor, 
Bunder Road, t e l : (90)22 2151 
Panaslan Marketing Service Ltd., 
Karachi, P.O.B. 3941, t e l : 512051, 
Ext. 53, tgm: panasian 

Philippines 
USIPHIL Inc. Manila, P.O.B. 125, 
t e l : 88 9351, tgm: uslphi l , telex: 
PN 3550, "USIPHIL PN 3550" 

Saudi Arabia 
Engineering Projects & Products 
Co. Ltd. (Eppco), Riyadh, P.O.B. 
987, t e l : 222 22, tgm: eppcol 
Yeddah, P.O.B. 1502, t e l : 4567, 
tgm: eppcol 
Dammam, P.O.B. 450, t e l : 222 22, 
tgm: eppcol 

Syria 
Constantin Georgiades, Damas, 
P.O.B. 2398, t e l : 266 73, tgm: geor
giades 

Taiwan 
Trans-Eurasia Enterprise, Ltd. 
Taipei, P.O.B. 3880, t e l : 517038, 
tgm: esbtrading 

Republic of Vietnam 
Vo Tuyen Dien-Thoai Vietnam, 
Saigon: P.O.B. 1049, t e l : 226 60, 
tgm: telerad 
International Business Representa
t ive, Saigon, 26—28, Hal Ba Trung 
Street, t e l : 226 60, tgm: Ibur 

• AFRICA . 
Congo (Kinshasa) 
I.P.T.C. (Congo) Ltd. Kinshasa 1, 
P.O.B. 8922, te l : 253 45. tgm: indu-
expan, telex: 327, "PTC K I N " 

Ethiopia 
Mosvold Company (Ethiopia) Ltd. 
Addis Ababa, P.O.B. 1371, t e l : 
(01)10100, tgm: mosvold, telex: 
21090 "MOSFIRM ADDIS" 

Ghana 
R.T. Briscoe Ltd. Accra, P.O.B. 
1635, t e l : 669 03, tgm: briscoe, 
telex:295, "BRISCOE ACCRA" 

Kenya 
Transcandia Ltd. Telecommunica
tions Division Nairobi, Kenya. 
P.O.B. 5933. te l : 579 22, tgm: trans-
canda, telex: 22304 

Liberia 
Post & Communications Telephone 
Exchange, Monrovia, Corner Ash-
mun & Lynch Streets, t e l : 222 22, 
tgm: radiolibe 

Libya 
ADECO African Development & 
Engineering Co Tripoli, P.O.B. 3621, 
t e l : 339 06, tgm: adeco 

Mozambique 
J. Martins Marques & Ca. Lda. 
Lourenco Marques, P.O.B. 2409, 
t e l : 5953, tgm: marquesco 

Sudan 
Contomichalos, Sons & Co. Ltd. 
Enoineering & Agencies Dept., 
Khartoum, P.O.B. 866, t e l : 776 95, 
tgm: suconta, te lex: 251, "CONTO-
L O S " 

Tanzania 
Transcandia Ltd. Telecommunica
tions Division, Dar es Salaam, 
P.O.B. 2, t e l : 234 69, tgm: tran-
scanda 

Uganda 
Transcandia Ltd. Telecommunica
tions Division, Kampala, P.O.B. 
5358, t e l : 638 27, tgm: transcanda 

• AMERICA . 
Bahama Islands 
Anglo American Electrical Com
pany Ltd. Freeport, Grand Bahama, 
P.O.B. 104 

Costa Rica 
Tropical Commission Co. Ltd. San 
lose, Apartado 661, t e l : 22 5511, 
tgm: troco 

Dominican Republic 
Humberto Garcia, C. por A. Santo 
Domingo, Apartado 771, te l : 3645, 
tgm: gartier 

Guatemala 
Nils Plra Cludad de Guatemala, 
Apartado 36, t e l : 62 2570, tgm: nils-
pira 

Guyana 
General Supplies Agency George
town, P.O.B. 375, tgm: benwlks 

Honduras 
Qulnchdn Leon y Cia Tegucigalpa, 
Apartado 85, t e l : 25171, tgm: 
qulnchon 

Netherlands Antilles 
S.E.L. Maduro & Sons. Inc. Wlllem-
stad, Curacao P.O.B. 304, te l : 
112 00, tgm: madurosons, telex: CU 
92 

Nicaragua 
Roberto Teran G. Managua, Apar
tado 689, t e l : 224 00, tgm : roteran 

Panama 
Sonltel, S.A. Panama 5. R.P., Apar
tado 4349, t e l : 25 3640, tgm: sonitel, 
telex: 368674, "368674 SONITEL" 

Paraguay 
S.A. Comercial e Industrial H. 
Petersen Asuncldn, Casil la 592. te l : 
9868, tgm: pargtrade 

El Salvador 
Dada-Dada & Co. San Salvador 
Apartado 274, t e l : 217940, tgm: 
dada 

Surinam 
W.E. van Romondt's Trading Com
pany Ltd.. Paramaribo, t e l : 2831, 
tgm: vanromondt 

Trinidad, W. I . 
Leon J. Ache Ltd. Port-ol-Spaln, 
100 Frederic Street, t e l : 323 57, 
tgm: achegram 

• AUSTRALIA & OCEANIA • 
New Zealand 
ASEA Electric (NZ) Ltd. Wellington 
C. /., P.O.B. 3239, t e l : 706 14 tgm: 
asea, te lex: 3431. "ASEAWELL NZ 
3431" 
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