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DIRIVOX — L M Ericsson's Loudspeaking 
Communication System with Natural Speech 
Control 
A. B E R G Q U I S T , L M E R I C S S O N T E L E M A T E R I E L A B, S T O C K H O L M 

UDC 621.395.24 
LME8372 

Advanced electronics for automatic speech control, numerous standard 

traffic facilities and individual name calls are some of the advantages offered 

by L M Ericsson's new DIRIVOX loudspeaking communication system. 

DIRIVOX is the outcome of an intense development project aimed ai a 

flexible loudspeaking system with at least as good voice reproduction as in a 

non-loudspeaking system, but much more convenient to use. The goal has been 

to offer loudspeaking communication of \» high a class that it constitutes a 

real alternative to natural conversation. 

Natural Speech Control 
In an ordinary loudspeaking system the direction of speech is controlled 

manually. This makes "na tu ra l " conversation difficult as one party must have 

one hand occupied throughout the conversation. This method is best adapted 

for orders, brief questions and quick replies. 

One method of avoiding manual speech control would be to have both 

channels open at the same time. But as the overall loop gain (ratio between 

loss and gain) must not exceed I if singing is not to take place, the level and 

fidelity of sound would be unsatisfactory. 

Fig. 1 
Considerable earehas been devoted to the design 
of the DIRIVOX 
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In practice, however, a person does not speak and listen at the same time. 
Only one channel, therefore, need be open at a time. Through the introduction 
of sensitive control circuits, which all the time "listen" and quickly switch the 
direction of speech after each party has stopped speaking, adequate gain can 
be used. There is no danger of singing, since one channel is always cut-off 
when the other is transmitting sound. 

For satisfactory operation the speech switching function should be unnoticed. 
It should permit either party to break into the conversation naturally without 
abnormal raising of the voice, e.g. for comments, corrections and confirma­
tions such as "of course", "that's right", and the like. The speech control must 
also be as non-sensitive as possible to external noise ; nor, of course, must it 
distort the speech. 

After intense development work L M Ericsson has produced an electronic 
control equipment which fulfils these requirements. The DIRIVOX system 
is built up around this advanced electronics. Since DIRIVOX allows two 
parties to converse as though they were sitting in the same room, we speak 
of "natural speech control". 

Traffic Facilities 
In its standard form DIRIVOX has a number of traffic facilities which 

make the system simple and convenient to use. Fully dependable privacy, in­
dividual name calls, secretary transfer and "courteous" priority are some of 
these facilities. 

The alphabetical symbols on the various keys referred to below relate to 
fig. 2, which shows the master set in the DIRIVOX system. 

Incoming Calls 
When switch H is moved upwards, all calls come in automatically (hands-

free-accepted calls). A brief tone is heard in the master set and connection is 
immediately established. 

When switch H is moved downwards, a call is notified by repeated tones 
corresponding to the ringing signals of an ordinary telephone. The same tone 
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is heard at the calling extension and shows that the called extension is 
switched for privacy. The called extension accepts the call by brief pressure 
on the answering bar C. 

Outgoing Calls 
Name calls are made by pressing one of the ten buttons A. Access to a 

further ten extensions can be obtained by first pressing the preselection bar B 
followed by the desired button in row A. The names of the persons having 
these 20 extensions are marked on the labels above and below the digit 
buttons. 

In the larger systems the combinations of extensions to be called "by name" 
can be "tailored" for most requirements to allow quick contact with members 
of a working group or with common servicing departments. Every extension 
can choose two out of up to 32 combinations of ten extensions most suitable 
for his needs in the 90 line exchange. The extensions to be included in each 
combination can be chosen at will, as well as the order of sequence between 
them. 

The remaining extensions in large organizations are contacted on ordinary 
extension numbers. One first presses the digit-call preselection bar C until the 
yellow lamp J lights and dial tone is returned. The desired number is then 
keyed with the digit buttons. 

Busy Tone 
If the called extension is engaged a busy signal is returned, consisting of 

repeated short tones. 

"Courteous" Priority 
The type of priority offered by the DIR1VOX system is called "courteous" 

priority, i.e. if a priority extension calls an engaged number he can warn the 
conversing parties by means of a discreet tone. To do this he presses his talk-
listen bar E. When the parties have finished their conversation the priority 
caller is automatically connected to the desired extension. 

Clearing 
Bar D is used to clear a connection. After a hands-free-accepted call the 

caller alone need clear the connection. After a call to a privacy-connected 
extension, both extensions must clear the line. 

Secretary Transfer 
A certain number of extensions can have calls automatically transferred to 

another number, e.g. a secretary. This is done by operating switch G. Outgoing 
calls can be made whether the switch is operated or not. In some systems the 
extension to which calls are transferred can bypass the transfer connection 
and call the transferring extension. 
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Manual Speech Control 
If the called extension is in a room with high noise level (machine-room or 

the like), the automatic speech control may in rare cases not operate satis­
factorily. In such case the direction of speech can be controlled manually by 
either party by pressing bar E to talk and releasing it to listen. 

If the noise ceases during conversation, automatic control can be restored 
by the other party momentarily pressing his talk-listen bar E. 

Privacy 
The yellow lamp J indicates that the extension is switched to the line. During 

conversation the lamp lights on both extensions. In conjunction with the tones 
for establishment of the connection, this precludes all risk of eavesdropping. 

Temporary Privacy 
The extension microphone circuit can be cut-off with button F. A conversa­

tion with another person in the room can then not be overheard by the other 
extension. 

Non-loudspeaking Conversation 
Handset telephones or Ericofons can be connected to the D1RIVOX system 

if non-loudspeaking conversation is required. When using the handset or Erico-
fon. the microphone and loudspeaker of the DIRIVOX master are discon­
nected. 

Fig. 3 
Exchange AKD 847 with and without doors 
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Fig. 4 

Connecting-circuit amplifier 

Busy Lamp 
In a DIRIVOX system one need not wait for busy tone. If all connecting 

circuits are engaged the red lamp 1 lights. 

Extra Traffic Facilities 
An auxiliary equipment enables the DIRIVOX system to be used for paging. 

Ordinary conversations on the system are not disturbed by paging calls. 
Special loudspeakers can be used for paging in large rooms, for example, 
or out-of-doors. Visual and radio paging equipment can also be connected. 

Under certain circumstances tie lines can be arranged between different 
DIRIVOX exchanges. 

Exchanges and Systems 
The DIRIVOX systems consist of exchanges with built-in amplifiers and 

speech control circuits, and units for tone signals etc., extension sets and 
cabling. 

Fig. 5 

Par ts of DIRIVOX 

1 Microphone (with casing) 

2 Loudspeaker 

3 tipper part 
4 Lower part 
5 Keyset with microphone amplifier 
6 Gasket 
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Exchanges can be supplied for max. 20, 60 or 90 extensions. As the ex­
changes operate fairly silently and are of attractive appearance (fig. 3), they 
can well be placed in office premises. 

The electronic equipment consists of a connecting-circuit amplifier (fig. 4), 
tone generator and voltage stabilizer. The equipment has printed circuits and 
is fully transistorized. 

Extension sets are connected to the exchange on four-wire cables. Sets with 
secretary transfer facility require a fifth conductor. Ordinary plastic-insulated 
telephone cable can be used. The maximum length of line with 0.5 mm copper 
wire is 1000 metres and with 0.7 mm copper wire 2000 metres. 

In view of the few moving parts in the extension sets, the simple cabling, 
and the fact that all automatic equipment is placed centrally in the exchange, 
the system requires a minimum of maintenance. 

Master Set 
The master set has a robust, light grey thermoplastic casing. It contains 

a row of 10 buttons, two loudspeakers and a microphone in a special com­
partment (fig. 5). A master set connected to a large exchange also has a 
transistorized microphone amplifier. One model is made without call buttons 
—for use as subset for incoming calls alone. 

Push-button-dialling takes place on a relay-diode circuit. The operating 
voltage is 42 V AC. During keying this voltage is connected to the line wires 
and passes via rectifiers to the digit receiving relays (fig. 6). The relays operate 
in different combinations depending on whether the positive, negative or both 
half-cycles of the alternating current are used. 
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Natural Speech Control in the 
DIRIVOX System 
L M E L L Q V I S T , L M E R I C S S O N T E L E M A T E R I E L AB, S T O C K H O L M 

UDC 621.395.24 
LME 8372 

/ / a loudspeaking telephone conversation is to be equivalent to a natural 
conversation, the voice control must be so well designed that the conversing 
parties normally do not notice the switching of the direction of speech. No 
effort should be needed to interrupt the speaker, and the system must not 
distort the spoken word. It is important, too, that the voice control is as in­
sensitive as possible to room acoustics and to noise from fans, typewriters and 
the like. 

After intense development work Telefonaktiebolaget L M Ericsson has 
produced the advanced electronic equipment required for natural speech 
control. This article deals with the speech control circuits and with some of the 
ideas which lie behind them. 

The requirements in respect of speech control may be summarized under 
the following points: 

• Switching from one to the other channel must he extremely rapid and 
unnoticed by the conversing parties. 

• The turn-on time must be very short. The interval between the moment 
when the voice reaches the microphone and the moment when one channel 
of the amplifier works at full gain must be extremely short. Otherwise the 
first syllable, perhaps a whole word, will be lost. 

• The turn-off time must exceed the reverberation time for the called party's 
room. Sound reflected from furniture, walls etc. must not switch the 
direction of speech. The speaker must not hear the echo of his own voice. 

• Switching to the other channel must not occur between syllables or be­
tween words in a sentence. On the other hand the turn-off time must not 
be so long that a quickly alternating conversation is rendered impossible. 

• Either party must be able to interrupt the other quickly and effortlessly. 

The DIRIVOX speaking circuits, which use more than 60 transistors and 
other semiconductors on every conversation, fulfil these requirements. When 
a DIRIVOX connection has been established, the parties can carry on a hands-
free conversation. They need not worry about reversing the direction of speech, 
this is done by the DIRIVOX electronics. 

Speaking Circuits 
Every conversation makes use of two separate amplifier channels for the 

two directions of speech, and of control circuits which keep one channel open 
and the other closed, dependent on the direction of speech. 
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Fig. 1 shows a block schematic of the speech circuits. Each of the two 
identical speech channels consists of microphone, line attenuator, variable gain 
amplifier, variable attenuator, power amplifier and loudspeaker. 

The controlling circuits consist of mixers X1-X2, channel control amplifiers 
B1-B2 and the control bridge B. The latter controls the various amplifiers 
and attenuators in the speech channels. 

Microphone and loudspeaker are placed in the extension set. The line atten­
uator C is placed on the line between the extension set and the exchange. The 
other units in fig. 1 are placed in the connecting circuit unit in the exchange. 

In order to avoid singing, the ratio between attenuation and gain in the 
closed loop must not exceed 1. This is achieved through the fact that there is 
a reciprocal relationship between gain on one channel and attenuation on the 
other. 

A strong coupling can thereby be accepted between loudspeaker and micro­
phone, on an average -60 dB, the maximum in unfavourable cases being -40 
dB. This means that the extension set is very insensitive to location. 

Since all increases and decreases of the signal level in the entire speech chain 
are known, the signal in the active channel can be compared in control bridge 
B with that on the suppressed channel. If the control bridge receives from the 
suppressed channel only the signal deriving from the coupling between loud­
speaker and microphone in the receiving extension, it keeps the channel open. 
A very small additional signal in the suppressed channel, however, through the 
listener entering the conversation, causes the bridge to switch the direction. 

Since the control voltage is extracted both directly from the microphone and 
after the variable gain amplifier V, a low supplementary signal can be made 
to change the direction of speech. When the speech control has started to 
function fully, the amplifier V in the previously suppressed channel has its 
gain increased so that the signal to the control bridge increases further. Thus, 
once the signal has started, it increases with avalanche-like velocity. 
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Fig. 2 

Change of gain in channel A ( \FA) resulting 

from an input signal (Kin A) as function of time 

lt Turn-on time 

t3 Turn-off time 

The change of gain is achieved through change of impedance in the respec­
tive stages. The change of impedance is controlled by the bridge B and reduces 
the attenuation in the sending channel and the gain in the other channel. 

Switching Times 
The automatic voice switching does not take place instantaneously but with 

some delay. The choice of time constants for turn-on, turn-off and channel 
switching has great significance for the smoothness of speech control. 

Figs. 2 and 3 show the signal amplitudes on the speech channel inputs and 
outputs as function of time. For comparison with the switching times men­
tioned below, some durations for ordinary human sounds may be indicated. 
These vary greatly, of course, but. on an average, it may be said that the 
consonants lie chiefly between 22 and 75 ms and the vowels between 44 and 
120 ms. The shortest consonants are k (22 ms), r (35 ms) and n (68 ms). Among 
the vowels a short i has a duration of 50 ms and a long a 120 ms. 

In the idle condition the gain in both speech channels is so low that no 
singing can occur. 

If a signal enters channel A, the gain is increased in that channel as shown 
in fig. 2. The time /i is the turn-on time. It should be short in order that no 
syllable shall be lost at the beginning of a word. In the D1RIVOX it is around 
8 ms. The time t-> is the turn-off time which, in the D1R1VOX, is around 
150 ms. It should be long enough to preclude any variation in gain in the 
middle of a word owing to pauses between syllables. The turn-off time should 
also be so long that the speaker does not hear the echo of his own voice. 

Fig. 3 shows what happens if a signal enters channel B at the same moment 
as the signal ceases in channel A. The time /.•) is the switch-over time. In the 
DIRIVOX it is about 20 ms, so considerably less than the total turn-off and 
turn-on time, which permits rapid and natural reversal of the direction of 
speech without loss of syllables at the beginning of words. 

Fig. 3 

Changes of gain in channels A and B (JFA 

and AFB) as a result of two consecutive 

signals on the two channels, as function of time 

r3 Switch-over time l*ra '/ 
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The switching times are dependent on the sound level and increase with 
decreasing level. The turn-off and switch-over times are affected by the 
coupling between loudspeaker and microphone. This can be individually 
adjusted to the room acoustics and reverberation time by means of a poten­
tiometer built into the extension set. 

Frequency Range and Sound Level 
The DIR1VOX amplifier has a very sharp low-frequency roll-off. This is 

aided by the microphone, which has a steeply falling sensitivity below 400 450 
Hz. The room echo, which may cause speech to sound as if it came out of a 
barrel, is thereby avoided. Room echo increases heavily at frequencies below 
400 Hz. 

The upper cut-off frequency is 5000 Hz. This is not a critical value ; a 
higher cut-off frequency does not appreciably add to intelligibility. By avoiding 
frequencies above 5000 Hz, however, one avoids interference from fans and 
the like. 

A D1R1VOX circuit transmits the frequency band 400-5000 Hz, which 
provides very good intelligibility of speech. 

The intelligibility for a given frequency range is favourably influenced by 
an increase of sound level. The DIRIVOX system therefore utilizes a slightly 
elevated sound level. The channel gain is 80-85 dB, which gives an acoustic 
gain of 10 dB. The maximum power is 3 W, which ensures satisfactory 
dynamics. 

Insignificant Noise Sensitivity 
The variable gain amplifiers Bl and B2 (fig. 1) are frequency-corrected. 

This ensures that the entire system is very little sensitive to room noise, which 
as a rule lies in the lower frequency range. 

The switching of the channels is influenced by the wave fronts caused by 
speech and is therefore insensitive to continuous noise, even if at a higher 
level than the speech. 
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DIRIVOX — Flexible Loudspeaking Commu­
nication System with Many Traffic Facilities 
W. K U H N , L M E R I C S S O N T E L E M A T E R I E L A B . S T O C K H O L M 

UDC 621.395.24 
LME 8372 

The DIRIVOX systems are built up around exchanges of different types 
and capacities. This article deals with the exchanges ARD 631 for max. 20 
lines and AKD 847 for max. 60 or 90 lines. The same extension instrument 
is used with both types of exchange. Since the large exchange operates at a 
higher microphone level, the extension instruments for this exchange are sup­
plied with built-in microphone amplifier. The latter is in the form of a printed 
circuit card which is easily fitted into the instrument. 

Traffic Facilities 
The traffic facilities of the two exchanges are listed in the table on page 14. 

Common Name Call 
Speedy connection with frequently called extensions can be obtained by 

means of "name calls", by pressing one of ten call buttons. A further ten 
extensions can be called in this way by pressing first a preselection bar follow­
ed by one of the ten individual buttons. 

Individual Name Call 
Large exchanges can be equipped with relay sets which allow a larger num­

ber of name-call groups. This is an advantage in organizations in which there 
are groups among the staff who work in close cooperation. Each extension 
has the choice of two combinations of 10 names out of 32 possible in a 90-line 
exchange. 

Digit Calls 
Digit calls are used in large exchanges for calling extensions outside the 

caller's name-call groups. A digit-call preselection bar is pressed, dial tone is 
returned and the caller keys a two-digit number (10-99). Experience shows 
that, thanks to the individual name-call groups, only 10 % of all calls need 
usually be made as digit calls. 

Number of Simultaneous Conversations 
The number of possible simultaneous conversations depends on the number 

of connecting circuits. Loudspeaking conversations take a very much shorter 
time than other kinds of telephone calls. A limited number of connecting 
circuits, therefore, suffices for a large volume of traffic. If all connecting cir­
cuits are engaged, this is marked by the lighting of the red lamp on all un­
engaged extensions. 
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Priority with Camp-on-busy Feature 
When a priority extension calls an engaged number, busy tone is returned. 

Momentary depression of the talk-listen button sends a tone signal to the 
conversing parties. This signal indicates that someone wishes to communicate 
with one of them. As soon as they have cleared the line, a new connection is 
established automatically between the priority extension and the called party. 

Priority for any given extension is arranged through strapping in the ex­
change. 

Secretary Transfer 
Incoming calls can be transferred to another extension, e.g. a secretary, by 

operating a switch on the extension instrument. The transfer takes place ir­
respective of whether the call is made as name call or digit call. 

If desired, calls to several extensions can be transferred to a single number, 
e.g. when several persons have the same secretary. 

The operation of the transfer switch does not prevent the use of the exten­
sion for outgoing calls. 

By-passing of Transfer 
The extension to which calls are transferred can by-pass the transfer con­

nection, i.e. a secretary can communicate with her boss even if his extension 
is switched to her line. 

Paging 
The system can be used for audible, visual or radio paging. A paging call 

can be made from any extension. The audible signal is sent to selected free 
extensions without disturbance of engaged extensions. Separate loudspeakers 
or a separate public address system can be connected if desired. In large 
exchanges the extensions can be divided into groups to which paging calls can 
be made in any desired combination. 

Tie Lines 
DIRIVOX exchanges can be interconnected by means of tie lines. This 

requires a special unit (FUR-X) in one of the exchanges. In the other exchange 
the tie line terminates on an ordinary extension line. In this way an extension 
of the exchange which is equipped with FUR-X can make calls direct to any 
of the extensions in the other exchange. No connecting circuit is used in the 
exchange from which the call is made. 

If two lines are used, they may be connected to the same exchange or to 
two exchanges. 

If a two-way circuit is desired, both exchanges must be equipped with 
FUR-X. 

Exchange AKD 847 can be expanded in stages since the components are 
connected by plug and jack. Each switching unit serves a group of 30 lines. 
The connecting circuit units, register for digit calls, and name call groups can 
be installed according to requirements. 

13 



Traffic Facilities 

Facility 

Common name calls 

Individual name calls 

Digit calls 

Connecting circuits 

Priority 

Secretary transfer 

By-passing of transfer 

Paging (extra relay set) 

Tie line (extra relay set) 

Exchange ARD 631 
max. 20 lines 

For all 20 
extensions 

— 

2 

Optional number 
of extensions 

Standard for 1 
extension: extra 
for additional 
extensions 

To all or selected 
unengaged 
extensions 

Max. 1 

Exchange AKD 847 
max. 60 lines 1 max. 90 lines 

For extension nos 10—29 

8 individual combinations of 
10 names each for each 30-line 
group plus 8 individual groups 
per exchange 

10—69 

Max. 4* 

Max. 28 
extensions 

Standard for 
6 extensions 

10—99 

Max. 5* 

Max. 42 
extensions 

Standard for 
9 extensions 

Standard 

To any of 9 selected groups of 
extensions 

Max. 2** Max. 2** 

* Need not be initially installed to full capacity but can be added as desired. 
** Max. 1 if exchange equipped for paging. 

Privacy and Tones 
The various DIRIVOX exchanges have the same system for privacy and 

tone signalling. 

Privacy 
A call is announced by repeated tone signals. The called party takes the call 

by briefly depressing an answer button. The yellow lamp remains alight during 
the conversation as a reminder that the microphone is connected. A connection 
is cleared by briefly depressing the release button. 

A simpler method of taking a call is to set the privacy switch on the exten­
sion instrument for direct through-connection. A call is then announced by a 
distinct tone, after which it is put through automatically. The yellow lamp 
remains alight during the conversation. The connection is cleared by the caller 
without any action on the part of the called party. 

Through these privacy measures an extension user is completely safeguarded 
against eavesdropping. 

Tones 
The DIRIVOX exchange is equipped with a generator which delivers the 

call and busy tones. The generator is fully transistorized and has a volume 

14 



SLV 

Fig. 1 
Trunking diagram for ARD 631 
LR 

BR 
SLV 

SNR 

MT 

FUR-X 

PSR 

Line relay 

Cut-off relay 
Crossbar switch 

Connecting circuit 

Marker 

Tic line equipment 

Paging relay set 

_—--x 
r^—T 

i 1 i 1 

LR 

BR 

1 

20 

\ , 

N 
\ , 

\ , 
». 

r L_ 

SNR 1 

I 
SNR 2 

MT 

-\ FUR - X I 

I 

control for adjustment of the signal volume. The frequency of the signals is 
about 600 Hz. The character of the busy tone is 0.4 second on, 0.4 second off. 
The calling tone is sent at intervals of 1 second on, 1 second off. 

Operation of Exchanges 

Exchange ARD 631 
This exchange is designed for 20 extensions. Its trunking diagram is shown 

in fig. 1. 

The switching unit is a 6-horizontal crossbar switch with 5 verticals, four 
of which are used for switching between extension lines and the connecting 
circuits. The fifth vertical is used for tie lines to other exchanges. 

In the following the calling side will be referred to as the Aside and the 
receiving side as the B-side. 

When an extension makes a call, its line relay (LR) operates to identify 
the /1-extension and the marker (MT) is seized. The line relay connects the 
extension's line to the marker, which immediately analyses the keyed code. 
The marker hunts for a free connecting circuit (SNR) and connects the Aside 
of the connecting circuit via the crossbar switch to the A -extension's line. The 
cut-off relay (BR) then operates and the line relay releases. 

The code information stored in the marker causes the B-extension's line 
relay to operate. The B-extension has now been identified and the marker can 
connect the B-side of the switch to the B-extension's line. The marker then 
tests to see whether the B-extension is free. If so, the connection is set up. If 
the B-extension is engaged, the connecting circuit unit returns busy tone to the 
A -extension. In both cases the marker releases immediately thereafter. 

If a priority extension calls an engaged number, the connecting circuit unit 
returns busy tone. If the A -extension then presses his talk-listen button, the 
connecting circuit unit induces a discreet tone signal via the crossbar switch on 
the connection. 

The .4-extension can now wait on the camp-on-busy circuit: a test relay in 
the connecting circuit unit senses when the B-extension becomes free and then 
puts through the new call. 
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Fig. 2 
Trunking diagram for AKD 847, 60 lines 
LRV 

LR 

BR 

LA 

SNR 

MT 

REG 

FVR-X 

PSR 

Code switch unit 

Line relay 

Cut-off relay 

Relay set for name-call groups 

Connecting circuit 

Marker 

Register 

Tie line equipment 

Paging relay set 053 

Exchange AKD 847 
This exchange can be supplied for maximum capacities of 60 and 90 exten­

sions divided into groups of 30. The trunking diagrams for the two exchanges 
are shown in fig. 2 and 3. 

Each 30-line group has a complete switching unit (LRV) containing line 
and cut-off relays (LR, BR) and code switch with ten verticals (V1-V10). 
Every vertical has 30 multipled outlets. 

A connecting circuit (SNR) normally has access to two code switch verticals 
in each 30-line group, one on the A- and one on the B-side. Five connecting 
circuits therefore utilize all 30 verticals in the three code switches in order to 
be accessible to all extensions on the ,4-side and to reach all extensions on 
the B-side. 

When a 90-line exchange has a tie line (FUR-X) or paging (PSR) unit, two 
code switch verticals in each 30-line group are used for this purpose. They are 
obtained by grading the verticals of the first three connecting circuits on the 
/4-side. The first connecting circuit thus becomes accessible to extensions in 
the first 30-line group, the second connecting circuit to the second, and the 
third to the third group. The two remaining connecting circuits are accessible 

LRV 

Fig. 3 
Trunking diagram for AKD 847, 90 lines 
LRV Code switch unit 

LR Line relay 

BR Cut-off relay 

LA Relay set for name-call groups 

SNR Connecting circuit 

MT Marke r 

REG Register 

FUR-X Tic line equipment 

PSR Paging relay set 

1 Strap, to be removed if F l R-X or PSR 

installed 

© Strap, to be inserted if FL R-X or PSR 

installed 
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Fig. 4 
Simplified trunking diagram for AKD 847, 
name calls 
LRV Code switch unit 

LR Line relay 

BR Cut-off relay 

LA Relay set for name-call groups 

SNR Connecting circuit 

MT Marke r 

REG Register 

to all groups. Since the marker (MT) is in this case arranged so that the fourth 
and fifth connecting circuits are allotted a call only when the connecting 
circuit of the caller's 30-line group is engaged, this grading does not materially 
affect the traffic capacity of the exchange. 

There are two ways of making calls, i.e. name calls or digit (register) calls. 

Name calls do not make use of the register (REG). The operation of the 
exchange will be seen from the simplified diagram in fig. 4. 

When the button of the wanted extension is pressed, the line relay (LR) 
operates to identify the /(-extension and the marker (MT) is seized. At the 
same time the relays for the two name-call groups allocated to the A -extension 
operate in the respective LA unit. The line relay connects the extension line 
to the marker, which immediately analyses the keyed code. The information 
is transmitted to the relay sets for the name-call group in 1 out of 20 possible 
codes. 

The marker selects a free connecting circuit and connects the ,4-side of the 
code switch to the /1-extension. The cut-off relay (BR) then operates and the 
line relay releases. 

The code information stored in the marker and the LA unit, together with 
the information from one of the two operated group relays in the name-call 
unit (LA), now controls the operation of the wanted B-extension's line relay. 
The fi-extension is thereby identified and the marker can cause the associated 
vertical on the B-side to operate. The marker ascertains whether the B-exten-
sion is free and, if so, the connection is completed. If the fi-extension is en­
gaged, the connecting circuit unit returns busy tone to the ,4-extension. In 
both cases the marker releases immediately after the busy test. 

A register call does not engage any relay set for name-call groups (LA). 
Fig. 5 shows a simplified diagram of the method of operation of the exchange 
on register calls. 

When the ,4-extension makes a register call, he presses the digit-call prese­
lection bar, whereupon line relay and marker operate as described above. In 
this case the marker does not receive a name-call code but selects a free 
register (REG) and free connecting circuit. The Aside of the code switch is 
connected to the extension line and the register sends dial tone to the extension 
via the connecting circuit. The marker releases. 

Fig. 5 
Simplified trunking for AKD 847, digit calls 
LRV Code switch unit 

LR Line relay 

BR Cut-off relay 

LA Relay set for name-call groups 

SNR Connecting circuit 

MT M a r k e r 

REG Register 

The A -extension now Dresses the two buttons representing the B-extension's 
number. When the register has received two digits, it calls and seizes the 
marker. The register now actuates the line relay of the called extension, 
whereupon the marker operates the code switch and tests whether the fi-
extension is engaged, in the same way as before. Register and marker then 
release. 

Priority calls are made in the same way as described above, whether name 
calls or register calls. When the A -extension's line relay operates, a class-of-
service indication is sent from the line relay via the marker to the connecting 
circuit. A relay in the connecting circuit stores this information until the busy 
test has been completed. If the fi-extension is engaged, the connecting circuit 
unit returns busy tone. 

If the >4-extension presses the talk-listen button, the connecting circuit unit 
sends a discreet tone via the line relay to the called party's line. The A -exten­
sion can now remain on the line. A relay in the connecting circuit unit senses 
when the called fi-extension becomes free and then immediately sets up the 
connection. 
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Fig. 6 
Simplified trunking d 
call to special service 
LRV 

l.R 

OR 

MT 

FUR-X 
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Code switch uni 

Line relay 

Cut-off relay 
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agram for AKD 847, 
equipment 

Tie line equipment 

Paging relay set 

LRV 

LR 
BR 

\FUR-XjPSf?\ 

MT 

Tie line (FUR-X) and paging (PSR) calls are initiated as name calls, but 
no LA relay set, connecting circuit or register is used. The trunking diagram 
is shown in fig. 6. 

On depression of the appropriate button for a tie line or paging call, the 
line relay operates and the marker is seized. The marker analyses the code 
and selects a tie line or paging unit. If free, the unit's vertical which has access 
to the called extension is switched to the line. The marker releases and the 
connection is put through. 

Fig. 7 
Wall terminal with compensation resistor 

A call on a tie line to another exchange seizes an extension line in the latter. 
The call is thereafter completed in the same way as a call within the calling 
exchange. 

Installation 
Every extension is connected to the exchange on 4 wires. Extensions with 

secretary transfer facility require an extra conductor. Ordinary unscreened, 
plastic-insulated telephone cable with twisted pairs can be used. The line 
resistance may be up to 170 Q, i.e. 85 Q per conductor. With 0.5 mm copper 
wire, therefore, the maximal length of line is 1000 m and with 0.7 mm copper 
wire 2000 m. 

The extension set is connected through a flexible plastic cable and 5-point 
plug to a wall terminal. 

A compensation resistor to compensate the line resistance is soldered into 
the wall terminal (fig. 7), the compensation thereby being fixed to the line 
and not to the instrument. 

The incoming lines terminate on screw terminal blocks in the exchange. 

The larger exchanges (AKD 847) have an M.D.F., which on its line side has 
terminals for 110 lines (fig. 8). By alteration of the jumpering on the M.D.F. 
an extension user can be moved from one room to another without changing 
his number or name-call facility. The allocation of special facilities is done 
in the larger exchanges by means of single-wire straps in the switches and relay 
sets for name calls. 

Fig. 8 
M.D.F. for name-call jumpering, AKD 847 
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Fig. 9 
Exchange ARD 631 with and without front 
panel 

Design of Exchanges 
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Fig. 10 
Tone generator for ARD 631 

ARD 631 for 20 extensions is enclosed in a wall cabinet (fig. 9). For pur­
poses of installation and maintenance the entire exchange can be swung out 
so as to provide access to all components both at front and rear. 

The electronic equipment consists of tone generator, voltage stabilizer and 
two connecting circuit amplifiers with speech control circuits (fig. 10. 11 and 
12). The connecting circuit amplifiers and tone generator connect to the 
exchange cabling by plug and jack. 

The switching equipment consists of crossbar switches and ordinary tele­
phone relays. 

Fig. 11 
Voltage stabilizer 

A metal cover protects the exchange against dust and mechanical damage. 
The cover and bottom frame are enamelled light grey. 

Fig. 12 
Connecting circuit amplifier 
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Fig. 13 
Exchange AKD 847 
(Right) with doors removed 

Exchange AKD 847 is supplied in two sizes, for 60 and 90 lines (fig. 13). 
The racks are supplied ready cabled for maximum capacity. The switching 
equipments connect by plug and jack. Installation can thus be completed 
quickly and testing is very simple. The plug-and-jack arrangement also implies 
that the exchanges can be easily modified and extended without interruption 
of service. 

Each switch and relay set in the exchange has its individual dust cover. 

If the exchange is set up in an office or in a room used for other purposes, 
it can be supplied with a lockable door. It then has the appearance of a sheet-
metal filing cabinet. The doors also provide extra dust protection. 

Racks, relay covers etc. are antirust-treated and grey-enamelled. They can 
therefore be used also in tropical climates. 

Fig. 14 
Tone generator with power amplifier for 
AKD 847 

The electronic equipment is made up roughly of the same units as in the 
20-line exchange (fig. 11 and 12). The difference is that the tone generator in 
AKD 847 has its own power amplifier (fig. 14). 

The relay equipments, on the other hand, are of entirely different type. 
AKD 847 is register-controlled. The switching stage consists of code switches 
operating on the bypath principle. 

The dimensions of the exchanges are tabulated below: 

Exchange type 

ARD 631 
AKD 847, 60 lines 
AKD 847, 90 lines 

Height 

mm 
1000 
1940 
2400 

Width Depth 

mm 
425 

1025 
1025 

mm 
220 
250 
250 



Power Supply 
The exchanges are supplied from the commercial network via battery elimi­

nators, BMN 2430 for the 20-line exchange and BMN 2431 for the larger 
exchanges. Both units have the same dimensions: height 360, width 280 and 
depth 200 mm (fig. 15). 

The battery eliminators have tappings for 100 to 240 V (in steps of 10 V). 
50-60 Hz. The exchange equipment will tolerate mains voltage variations of 
up to ± 10 %. 

The output voltages are: 

BMN 2430 BMN 2431 

for relays and switches 48 V DC 3 A 48 V DC 5 A 

for electronic equipment 20 V DC 2 A 20 V DC 4.2 A 

for pushbutton-dialling 42 V AC 0.5 A 42 V AC 1 A 
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SRA-TRANSPORT-Mobile Radio Station 
H. N O R R B Y , S V E N S K A R A D I O A K T I E B O L A G E T , S T O C K H O L M 

UDC 621.396.721 
LME 8525 

Svenska Radio AB (SRA) has manufactured radio stations for mobile use 
and their associated stationary equipments for more than 20 years. In this 
field—as in all other electronics applications—developments in the last few 
years have been extremely rapid, due to a large extent to the transistor. 
Transistors have enabled the power consumption of radio stations to be greatly 
reduced. The increased radio traffic has rendered certain accessory apparatus 
necessary in some cases. With its Series 300. SRA has sought to meet the 
demands made by modern developments. The stations in this series have been 
given the name SRA-TRANSPORT. 

SRA-TRANSPORT is used for directing vehicles of different kinds—police, 
fire brigade, hauliers' and road maintenance vehicles, etc. This type of station 
is made for a maximum of six radio channels in three frequency bands, 30—41, 
70—87.5 and 100—108 MHz, and in all three cases in two models, one for 25 
and one for 50 kHz channel spacing. Owing to the serious shortage of fre­
quencies the Swedish Board of Telecommunications has ruled that, after a 
transitional period, radio traffic of this kind on the aforementioned frequency 
bands may be effected only with apparatus for the smaller channel spacing, 
and specifications have been issued for such equipments. SRA-TRANSPORT 
naturally fulfils the specifications, and the 80 MHz model for 25 kHz channel 
spacing has been put through type tests by the Radio Division of the Board 
of Telecommunications. It has also been type-tested according to the standards 
of the Swedish Army for shock stability (50 g acceleration). 

The designations of the three models in the aforementioned frequency ranges 
and of narrow-band type are CN-301, CN-302 and CN-303. In the broad-band 
type the letter N (narrow band) is replaced by B (broad band). 

The normal method of operation is simplex, i.e. two communicating stations 
must transmit alternately. A duplex model (simultaneous transmission) is also 
available. This is designated by a D. e.g. CN-302 D. The station can be 
transferred from one vehicle to another with different battery voltages—6, 
12 or 24 V—without any circuit modification. 

A complete standard radio station consists of 

• main unit containing transmitter, receiver and DC converter 

• control unit with built-in loudspeaker 

• microphone or handset with holder 

• aerial for roof- or side-mounting 

• fuse box and standby relay, cables and terminals 

An entire system of accessories has been developed for SRA-TRANSPORT. 
providing for widely varying requirements and permitting the station to be 
used in the most efficient possible manner. The station can, for instance, be 
supplied with an automatic channel changer for simultaneous watch on two 
radio channels, a squelch relay unit and a tone transmitter and tone receiver 

?? 



for selective calling. It can also be used as fixed station if equipped with a 
mains power unit. For the latter case there are two systems of operation, one 
for extended local control via a multiwire cable and one for remote control 
over a distance up to ten kilometres on a two-wire telephone line. The local 
control station is designated F/CN(B)-300 and the remote-control station 
F/CN(B)-300 R, F signifying "fixed" and R "remote control". 

For remote control a panel containing line relays is placed in the mains 
power unit. This line terminal panel can also contain a voice-operated T/R 
switching unit which permits connection of the station for simplex operation 
as well to the telephone network. 

Fig. 1 
Main unit 

The control unit for the mains-connected stations is used also for SRA's 
larger radio stations, types F-40 and F-100. 

Main Unit 
The main unit (fig. 1 and 2) consists of two sections. One comprises the 

transmitter driver and output stages ; these contain the only two valves in the 
station. The other section contains the transistorized units. The two sections 
are joined into a unit separated by a thermally insulating air gap. The life of 
the transistors and other components is thereby increased. The transistorized 
section is in turn divided into four subunits: transmitter modulator and low-
power stages, receiver RF and oscillator stages, receiver IF and AF stages, 
and the DC converter. The latter has effective aluminium heat sinks in which 
the transistors are mounted. The three former subunits are mounted on printed 
circuit cards in low frames. The latter are secured by captive screws on bars 
running along the inner sides of the main frame and can be easily removed for 
inspection. The main unit is mounted on a baseplate screwed to the vehicle 
and fixed to it by two snap-on catches. 

Fig. 2 
Main unit with cover removed. (From left) 
DC converter, modulator and low-power 
stages of transmitter (raised), RF amplifier 
and first oscillator of receiver. (Far right) 
Transmitter power unit with driver and out­
put stage 
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The operation of the transmitter and receiver will be seen in broad outline 
from the block schematics in fig. 3 and 4. 

Transmitter 
On the printed circuit card carrying the modulator and low-power stages 

there is first the oscillator. This is switchable between six crystals. Switching 
is done with diodes instead of relays, which for this purpose are rather un­
reliable. The voltage from the oscillator is amplified in one stage and then 
taken to the phase modulator, which is of diode type. As appears from the 
block schematic, in the narrow-band case only one modulator is used and in 
the broad-band case two modulators in cascade. After the modulation there 
follow a number of frequency- and deviation-multiplier stages. The crystal 
frequency is multiplied only twelve times, which means that spurious radiation 
from the transmitter is kept to a very low level. 

The circuit card delivers 10—15 mW at the transmitter frequency and this 
power is taken to the power amplifier. 

The AF amplifier of the transmitter includes a speech clipper for prevention 
of overmodulation and a low-pass filter which cuts-off speech frequencies 
above 3000 Hz. 

Fig 3 
Block schematic of transmitter 
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Speech-clipper 

Low-pass filter 

Microphone with built-in amplifier 

Receiver 
The receiver is a fully transistorized double superheterodyne. Its RF unit 

contains two stages with six tuned circuits, the crystal-controlled first oscillator 
with doubler stage and the first mixer. Switching of the crystals is done as in 
the transmitter with diodes. The subsequent IF unit comprises, first, four 
circuits tuned to 8.8 MHz. This first intermediate frequency and the signal 
from the second oscillator are taken to the second mixer, which is followed 
by 5 + 5 circuits with an intermediate amplifier stage. These circuits are tuned 
to the second intermediate frequency of 455 kHz. Thereafter follow a number 
of limiter stages and the discriminator which, via an emitter-follower, feeds 
the AF unit. This contains two amplifier stages and a push-pull output stage 
which delivers about 2 W at 1000 Hz and max. frequency deviation. 

The AF unit also contains a squelch circuit. It consists of two amplifier 
stages and a noise detector, the output voltage from which controls a keying 
stage which cuts off the AF amplifier in the absence of a carrier signal. 
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Fig. 4 
Block schematic of receiver 
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DC Converter 

The converter contains two push-pull oscillators with the windings on a 
common transformer core. The oscillators are thereby very rigidly coupled to 
one another, the output voltage being in phase. The connections for 6 V and 
12 V differ in the number of turns in the collector circuits and in the differ­
ence of bias point (the change being made in the battery plug). At 24 V 
battery voltage the two oscillators work from a DC point of view in series 
but from an AC point of view in parallel. The oscillator frequency is 3000— 
5000 Hz depending on the load. At this high frequency the transformer core 
could be made small despite the relatively large power output. In this case the 
core consists of a ferrite toroid. The AC voltage arising in the primary winding 
of the transformer is transformed to the desired values on the secondary side, 
rectified and smoothed. The DC converter delivers the following voltages: 

• + 450 V and + 225 V to the transmitter output stage, 

• - 18 V, stabilized, to the transmitter modulator and low-power stages and to 
the receiver, 

• - 15 V to the receiver output stage and 

• 6.3 V to the filaments of the transmitter valves. This voltage is obtained 
from a separate winding of the transformer. 

The relays station are fed from - 15 V and from the rectifier prior to the 
18 V stabilizer. 
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Fig. 5 
Control unit with microphone mounted in 
passenger car 

Control Unit 
The control unit (fig. 5) is built in a frame of grey impact-resistant plastic 

with top and bottom sections of sheet steel pressings. The loudspeaker is 
mounted on one of them. Top and bottom can be interchanged, so that the 
loudspeaker can be directed in the most favourable manner according to the 
position of the control unit. 

The control unit has space for a tone transmitter and tone receiver for 
selective calling (see below). The front panel carries the following controls: 

• Main switch. This has three positions. In the centre position, marked 0, the 
station is shut-down ; in the right hand position, marked cfj , only the 
receiver is in operation. This position is used when an especially low 
current consumption is important, e.g. when no charge goes to the battery. 
In the third position, marked s/ , heater voltage is supplied to the trans­
mitter valves, i.e. standby operation of transmitter. 

• Channel selector 

Stepwise volume control 

Switch on right: squelch "on" and "off" 

Switch on left: setting of tone code 

Green lamp, indicates station "on" 

Red lamp, indicates that a selective call has been received 

Row of keys with following functions: 

S/ — sending key 

j> = tone transmission 

Sel. = connection of tone receiver for selective call 

- / - = restoring after selective call 

As already mentioned, the station can be supplied either with a microphone 
(fig. 5) or a handset, in both cases with dynamic microphone inset and built-in 
transistor amplifier. The transmitter is operated with the microphone key. 
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Accessories 

Automatic Channel Changer 
As switching of the crystals is done purely electronically with diodes, auto­

matic watching on two channels simultaneously is possible. The switching is 
achieved through the fact that an astable multivibrator earths the leads to the 
crystal-switching diodes in the receiver alternately and so shifts between two 
channels. When a carrier signal arrives on one of the channels, the multivibra­
tor is locked in the position corresponding to that channel. This takes place 
through the fact that the voltage from the squelch circuit, which in the pres­
ence of a carrier signal deblocks the low-frequency amplifier, controls the 
multivibrator as well. 

The automatic channel changer is made up on a small printed wiring unit 
mounted on the RF and oscillator card of the receiver. If the station has an 
automatic channel changer, therefore, it can only be equipped with crystals 
for four channels. 

The channel selector on the control unit must be set to position 1 + 2 for 
simultaneous watch on two channels. When the call is to be answered, how­
ever, i.e. for operation of the transmitter, the channel selector must always be 
set to the desired position. 

Squelch Relay Unit 
The squelch circuit of the receiver opens and blocks the AF unit electron­

ically in the presence and absence, respectively, of a carrier signal. Often, 
however, it is desirable to extend the function of the squelch circuit to provide 
at the same time a contact closure, e.g. for starting an alarm device, lighting 
of lamps etc. The squelch relay unit provides precisely this extended function 
and, like the channel changer, is controlled by the detected voltage from the 
noise amplifier. 

The unit contains three transistors and one relay and is placed in the main 
frame near the socket for the control cable. 

Mains Power Unit 
This is carried on a base of pressed sheet steel similar to the bottom section 

of the main unit and, apart from its height, has the same dimensions as the 
transistorized part of the main unit. 

The unit delivers - 24 V DC, which is fed to the station via the battery 
plug, connected for 24 V. The DC converter thus operates when the station 
is connected to the mains. This has the practical advantage that, without 
special arrangements, any vehicle station whatsoever can be used as stationary 
equipment, an important point from the servicing point of view. The power 
unit contains a mains transformer, rectifier, choke and smoothing capacitor. 
The choke is of "swinging choke" type to maintain the output voltage as far 
as possible constant despite the large difference between sending and receiving 
current output. 

Control Unit and Operation of Mains-Connected Station 
Extended local control takes place, in the same way as when the station is 

installed in a vehicle, on a multiwire cable (max. 75 m), but the control unit 
is of different design. It naturally has the same facilities, but in this case is 
equipped entirely with push-buttons instead of knobs. 
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The control unit is enclosed in a plastic casing of console type. The tone 
transmitter and tone receiver can be built into the control unit. Fig. 6 shows 
the model with rows of buttons for sending of tone code (see Selective Calling 
page 30). The other buttons have the following functions: 

switching-on of control unit 

volume control (two buttons) 

connection of selective call receiver 

simultaneous watch on two channels 

channels 1—4 

transmission 

restore after selective call 

Yellow lamp indicating that the control unit is switched on 

Red lamp indicating receipt of a selective call 

The control unit has a built-in dynamic microphone and a microphone 
amplifier. For checking of uniform modulation when speaking, a level instru­
ment of the same type as used in most tape recorders is fitted on the panel 
between the two lamps. 

In some cases, however, for example in noisy premises, it may be inadvisable 
to use the built-in microphone. In such case an Ericofon can be connected to 
the control unit. The Ericofon has a dynamic microphone and a sending key 
and its bottom terminal is used in such a way that, when the Ericofon is raised, 
the built-in microphone is disconnected. 

The remote control unit is of exactly the same appearance and has the same 
controls as the local control unit but contains, in addition, a line transformer 
and a line amplifier both for microphone and loudspeaker ; also a rectifier 
unit which supplies the various amplifiers and relays. The control unit is 
connected to the mains via a transformer which delivers 2X17 V AC to the 
rectifier. The transformer is placed in a ventilated casing for wall mounting. 

Fig. 6 
Control unit for mains-connected station 
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The part of the remote control equipment belonging to the station position, 
the line terminal panel, is, as already mentioned, placed in the mains power 
unit. The panel contains three telephone relays, two of which connect the 
desired radio channel and the third controls the transmitter ; also a line trans­
former, level setting device, microphone socket and traffic switch. For remote 
control the latter must be set to "TRAF1K" position. In "TEL" position 
telephone communication is possible with the control unit via the line, which 
may be of value for servicing purposes. In the other two positions of the 
switch, FR1 and FR2, the station is entirely controlled from the line terminal 
panel. 

In the standard equipment the remote control system allows two radio 
channels. The principle is shown in fig. 7. When the remote control unit is 
switched on, DC is fed to the line via the potentiometer, LINJE. which is 
accessible on the underside of the control unit. The polarity depends on which 
of the buttons, ft or f->, is pressed. The potentiometer must be set so that 
K 1201 or K 1202 (depending on the polarity) operates with some margin to 
spare. The setting will of course depend on the line resistance. K 1201 connects 
channel 1 and K 1202 channel 2. When the sending key is pressed, the poten­
tiometer is short-circuited and the full line voltage, 36 V, is supplied. K 1203 
then operates and starts the transmitter. 

If key 1+2 is pressed, no direct current flows on the line; for the station 
with automatic channel changer this means that simultaneous watch is obtained 
on channels 1 and 2. In this position transmission is prevented. 

Zero level on the line, i.e. about 0.8 V AF, is set from the radio receiver 
at the station position and from the microphone amplifier on the control 
unit. The modulation of the transmitter and the volume of the loudspeaker 
will depend on the length of line and must be set accordingly. 
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Fig. 7 
The remote control system. S indicates the 
apparatus at the station position and M at 
the control position 
LT Line transformer 

K1201-K1203 Control relays 

l+2,fuft Channel keys 

// Transmission key 

A Automatic channel selector 

B Voice-operated T/R switching unit 

C Line terminal box 

TF Intermediate telephone set 

TT Tone transmitter 

TR Tone receiver 

TA Tone amplifier 

R Receiver output 

T v Transmitter output 



Voice-operated T/R Switching Unit 
The line terminal panel can be equipped with a unit for voice operation of 

the transmitter. This, as noted, is used especially when the radio station in 
simplex operation is to be connected to a telephone network. The voice-
operated unit has two inputs. The speech voltages from the line enter one 
input and, after amplification and rectification, start the transmitter via a relay 
circuit. The other input is connected to the radio receiver output and. if 
speech power comes from the latter, the relay set becomes inoperative and the 
transmitter cannot be started. On the control side the line is connected to the 
telephone network via an intermediate telephone set and line terminal box. 

Selective Calling 
As the name indicates, selective calling implies that calls are picked up only 

by a specific station. The method is becoming increasingly common and is 
adopted for several reasons, in most cases to reduce the irritation sometimes 
felt when personnel have to listen to a number of calls and conversations 
which do not concern them. SRA's selective calling system works with audio 
frequencies in the speech band. The 18 frequencies are divided into two groups, 
six with the alphabetical notations A—F and 12 with digits 0—II. Each tone 
code consists of two audio frequencies, an alphabetical frequency and a nu­
merical frequency, and these are sent simultaneously. The method provides a 
great safeguard against false calls and allows a total of 72 combinations. 

Apart from the controls referred to in conjunction with the control units, 
the apparatus consists of a two-tone transmitter and a two-tone receiver 
(fig. 8). These are transistorized and made up on printed circuit cards for 
placing in the control units, whether stationary or mobile. 

A tone transmitter contains two LC oscillators, one for the alphabetical 
frequency and one for the numerical. The various audio frequencies are 
obtained from different tappings on the coil. The selection of tapping is done 
in the stationary control unit with keys A—F and 0—//. The alphabetical 
keys release one another, while the numerical keys are non-locking. Code B9, 
for example, is sent by pressing first key B, which remains locked when the 
pressure is released, and then key 9, whereupon a carrier signal modulated 
with tones B and 9 is transmitted as long as key 9 is held depressed. 

Fig. 8 
Printed circuit card with tone transmitter 
(left) and tone receiver 
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In the vehicle control unit the alphabetical frequency is preset and can be 
changed only by resoldering. Thus in this case only a numerical frequency 
can be selected, i.e. one can have 12 combinations. The digit is selected with 
the switch on the left and is visible in the small square window at the bottom 
left of the panel. The carrier signal and the desired tone code are sent with 
the key marked J . 

The tone receiver contains two series tuned-circuits in parallel, and the 
desired combination of tones is obtained by connecting the tuning capacitors 
to certain terminals on the coils. The audio frequencies from the two circuits 
are rectified and control their respective transistors. These transistors are in 
series and, only when there is a control current on both, do they actuate a 
relay via a thyristor. If key SEL on the control unit is depressed, the loud­
speaker is bypassed. It is connected by the relay in the tone receiver only after 
reception of the correct combination of tones. This is indicated also by the 
lighting of the red lamp. At the end of conversation the restore key - / - is 
pressed, whereupon the lamp goes out and the loudspeaker is disconnected 
again. 

The mobile control unit has a position on the volume control marked with 
the symbol r-j, . This implies that an external alarm device such as a hooter 
can be connected. Alarm is issued as long as the numerical key on the sending 
control unit is kept depressed. 

Technical Data 
The data below relate to the 80 MHz model. The same data, however, apply 

to the 40 and 100 MHz models with the exception of the maximum frequency 
spacing between channels, which in the 40 MHz band is 400 kHz and in the 
100 MHz band 600 kHz. The output on the 100 MHz band, moreover, is 
maximized in Sweden to 3 W, but the Board of Telecommunications often 
allows 15 W. 

Type of station 

Frequency range 

Number of channels 

Max. channel spacing 

Min. channel spacing 

Frequency stability (ambient tem­
perature - 25° to + 45° C) 

Modulation 

Transmitter 

Power output 

Frequency multiplication 

Max. deviation 

AF characteristic 

Spurious radiation 

CN-302, CB-302 

70—87.5 MHz 

1—6 

550 kHz 

25 kHz (50 kHz for CB-302) 

Better than ± 20 X 10"6 (± 0.002 %) 

FM (phase) 

25 W ± 1 dB* 

12 times 

± 5 kHz (± 15 kHz for CB-302) at 
the 1000 Hz modulating frequency 

300—2500 Hz rising by 6 dB per octave 

- 8 5 dB 

* At 6.3 V battery voltage 20 W ± 1 dB. 
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Receiver 

Sensitivity (measured by EIA 
method) 

Selectivity 

Two-signal 

Three-signal 

AF output ± 1 dB 

AF characteristic 

Sensitivity to spurious signals 

Transistors 

Transmitter 

Receiver 

DC converter 

Power supply 

Power consumption 

6.3 V DC 
12.6 V DC 
25.2 V DC 
Mains connection 220 V 

Dimensions and weights 

Main unit + base plate 
Control unit with loudspeaker . . 
Mains power unit 

Better than 0.5 .̂V 

Better than 80 dB 

Better than 70 dB 

2 W at ± 5 kHz ( ± 1 5 kHz for CB-
302) deviation and 1000 Hz modulating 
frequency 

300—3000 Hz falling by 6 dB octave 

- 8 0 dB 

3-AC126, 2-AF118, 5-AF124. 1-QQE 
03/12 (valve), 1-6146 (valve) 

4-AF102, 7-AF125, 7-AC126, 2-AF118, 
2-AF124, 4-AC128 

4-2N277 

6, 12 or 24 V DC 
110—240 V. 50 Hz with mains power 
unit 

Receiving Standby Transmit 

1.5 A 4.3 A 18.8 A 
0.8 A 2.2 A 9.3 A 
0.4 A 1.1 A 4.8 A 
0.3 A 0.4 A 0.9 A 

Width Height Depth Weight 

mm mm mm mm 

250 100 400 10.7 
170 60 179 1.3 
250 140 300 14.2 



N E W S from 

All Quarters of the World 

Multimillion Order from Brazil 

and public buildings in the new capi­
ta], Brasilia. L M Ericsson has suppli­
ed and has on order from Brazil auto­
matic exchanges and other telephone 
equipment for 380,000 lines in more 
than 300 localities from Belem on the 
Amazon in the north to Pelotas near 
the Uruguay frontier in the south. 

Sao Paulo is one of the most rapid­
ly growing cities in the world. It is 
the largest industrial centre in Latin 
America and, with its roughly 6 mil­
lion inhabitants, is South America's 
largest city. 

Anhangabau Avenue, Sao Paulo 

L M Ericsson's Brazilian subsidiary, 
Ericsson do Brasil (EDB.), has received 
a very large order for telephone equip­
ment for the city of Sao Paulo. The 
contract was gained in hard compe­
tition with American, British and Ger­
man manufacturers and exceeds 100 
millon kronor in value. 

L M Ericsson has been established 
in Brazil through subsidiaries since 
1934 and has had a factory there since 
1955. The factory was designed by the 
internationally known architect, Os­
car Niemeyer, among whose other 
creations are the Presidential Palace 

Continued Automati­
zation of Norwegian 
Railways 

The first ARD 331 exchange was 
delivered at the end of last year to the 
Norwegian State Railways (NSB). It 
was installed at Oslo East and at the 
cut-over 1200 local lines from the 
earlier OS exchange and from a man­
ual exchange used for Oslo West 
were transferred to the new exchange. 
The new exchange is connected to the 
public telephone network via 40 two-
way exchange line circuits. Via trunk 
circuits it is also connected to NSB's 
exchanges at Trondheim, Bergen. 
Drammen and several other stations 
throughout Norway. The exchange 
has some 20 selective calling circuits 
and also a number of code ringing 
lines. There are five manual operators. 

The installation was excellently 
carried out by L M Ericsson's Nor­
wegian subsidiary, A/S Elektrisk Bu­
reau. 

The contract comprises 13 automat­
ic telephone exchanges of crossbar 
type for altogether 85,500 lines. It was 
signed with Companhia Telefonica 
Brasileira, Brazil's largest telephone 
operating company, which has nearly 
one million subscribers in the most 
important industrial and commercial 
parts of the country. 

The project covers the first stage 
in a plan for expansion of the Sao 
Paulo telephone network, where tele­
phones are in very great demand. 
The bulk of the equipment will be man­
ufactured at L M Ericsson's factory 
at Sao Jose dos Campos in Brazil. 

From the signing of the Sao Paulo contract. (Sitting from left) Sr. Geraldo Nobrega, EDB, Mr. 
Ragnar Hellberg, EDB, Sr. Carlos Reis Filho, Companhia Telefonica Brasileira, and Sr. Jose 
Meiches, Secretary of Public Works in Sao Paulo. 



Director General Hakan Sterky (left) receives a gift from Dr. Marcus 
Wallenberg, Chairman of the Board of L M Ericsson, and Mr. Sven T. 
Aberg, its former President. 

Last autumn L M Ericsson was visited by Sr. Alberto Maman, head of the 
Planning Department O P D (Olicina de Planiricacion y Desarrollo de 
Telecommunicaciones) of CANTV (Compania Anonima Nacional de Tele-
fonos de Venezuela) in connection with an earlier contract for 29 ARM ex­
changes. 

(Standing, from left) Messrs. R. Rinnan and G. Vikberg, LME, Sr. S. 
Grimaldi, CEV, Mr. T. Lindstedt, LME, Mr. van der Dys, CEV, and Mr. 
T. Andersson, LME, (Sitting) Srs. R. Diaz, J . Pagez, and A. Maman, 
CANTV, Mr. A. Stein, LME, Mr. N. Kauser, CANTV, and Mr. G. Fern-
stedt, LME. 

Retirement of Director 
General Hakan Sterky 

On his retirement from the Director 
Generalship of the Swedish Telecom­
munications Administration at the end 
of last year, Mr. Hakan Sterky receiv­
ed many tokens of respect at a fare­
well ceremony arranged in his honour. 
Some thirty representatives from a 
number of companies and from the 
management and officials of the Board 
of Telecommunications were in attend­
ance. 

Dr. Marcus Wallenberg, Chairman 
of the Board of L M Ericsson, pre­
sented 25,000 kronor to the fund for 
scholarships granted to members of 
the staff of the Administration, which 
had been founded by Director Gen­
eral Sterky. From the Board of Tele­
communications Mr. Sterky received, 
among other gifts, a transistor radio 
which is remarkable insofar as it can 
receive two programmes on the same 
wavelength. The Administration had 
published a book surveying the activ­
ities of the Administration during the 
last 25 years, a de luxe edition of 
which was presented to Mr. Sterky. 

32 ARF Exchanges 
to El Salvador 

In 1%4a contract was signed between 
L M Ericsson and Administracion Na­

cional de Telecomunicaciones of El 
Salvador in Central America, repre­
senting the first stage in the reorgani­
zation of the country's telephone sys­
tem. It comprised 26,000 lines, with 
ARF exchanges at the capital, San 
Salvador, and at Santa Ana and San 
Miguel, all of which are now under 
installation. 

On December 10, 1965, a new con­
tract was signed for the installation of 
a further 32 ARF exchanges totalling 
7.600 lines in rural areas. Since these 
exchanges will be connected to the au­
tomatic trunk network on modern ra­
dio links, the contract also includes 
the delivery and enlargement of a 
number of ARM exchanges. El Sal­
vador will then have an extremely 
modern telephone network. The con­
tract is worth about 8V2 million kro­
nor and is being financed by the 
World Bank. 

New Credit Agreement 
with Ecuador 

Through its subsidiary in Ecuador, 
L M Ericsson has signed two new 
credit agreements with the Telephone 
Administrations of Quito and Guaya­
quil. The contracts amount to 10 mil­
lion dollars and cover the total require­
ments of telephone equipment of the 
administrations up to 1974. The credit 
agreements extend those signed in 
1962. which totalled 6.8 million dol­
lars. 

The new credit agreements are 
guaranteed by the state of Ecuador 
and will form part of the 10-year fi­
nancing plan for Ecuador. This plan 
was drawn up in cooperation with the 
Interamerican Development Bank, and 
comprises some forty projects, among 
which the construction of the tele­
phone systems at Quito and Guaya­
quil. 

From the signing of the El Salvador contract. (From left) Dr. Margarito Gonzales Guerrero, Head 
of the State Telephone Administration, Col. Mario Guerrero, Mr. Ragnar Ling, L M Ericsson, and 
Dr. Alvaro Gonzales Lara. 
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L M Ericsson's new P.A.B.X. type AKD 74] , based on the code 
switch, has now been introduced in Colombia, the first installation 
being at the main offices of the Royal Bank of Canada at Bogota. 
The picture above shows the President of the Bank, Mr. Winston 
Kendall Moyle, and (left) the Technical Director of L M Ericsson's 
subsidiary company in Colombia, Sr. Alvaro Cifuentes, who recently 
held a special course at Lima, Peru, on this type of P.A.B.X. for 
Ericsson technicians in South America. 

Finland's first code switch exchange was opened at the end of last 
year when the Tampere Telephone Administration put into operation 
2000 of the contracted initial capacity of 4000 lines. This exchange, 
of system AKF 10, is an extension of the Tampere local exchange 
and is housed in a separate bunker. In his opening address the 
chairman of the board, Bank Director T. Hietala. emphasized the 
excellent commercial relations with L M Ericsson extending back 
to the twenties. The Managing Director of the Tampere Administra­
tion, K.V. Onnela, spoke of the rapid subscriber growth, which in 
the last nine months had amounted to 7 per cent. Mr, Onnela (right) 
is seen discussing a detail with his chief engineer, Mr. Rainer Letho. 

During a recent trip to Venezuela Mr. Bjbrn Lundvall, President of 
L M Ericsson, was received in audience by the Venezuelan President, 
Raul Leoni. (From left) Mr. Nils Kjellander, President of Compaiiia 
Anonima Ericsson, Caracas, Mr. Lundvall and President Leoni. 

November 10, 1965, was the tenth anniversary of the inauguration of the 
Ericsson do Brasil (EDB) factory at Sao Jose dos Campos. To celebrate the 
occasion a number of prominent visitors had been invited to view the plant. 
Among the 40 or so persons who arrived direct from Rio in a plane chartered by 
EDB were General Dirceu Coutinho, head of Empresa Brasileira de Tele-
eomunicacoes (EMBRATEL), and Captain Euclides Quandt de Oliveira, head 
of Conselho Nacional de Telecomunicacoes (CONTEL). Also General Elysio 
Dale Coutinho from the Communications Department of the Ministry of Defence 
and several representatives of Companhia Telefonica Brasileira (CTB) of Rio 
and Sao Paulo, headed by its director. General Landry Salles. The EDB Works 
Manager, Mr. Robert Brunn, demonstrated the firm's products and mentioned 
that the present production capacity is 80,000 telephones and 60,000 crossbar 
lines per annum. 

In the picture above from the tour of the factory are seen, in the centre, the 
Director of CTB, General Landry Salles, the chairman of EDB, Marshal Nelson 
de MeMo, and Captain Euclides Quandt de Oliveira. 

Several papers were read by Ericsson engineers at the Second International 
Telecommunication Congress at Madrid in November in 1965. An exhibition 
had been arranged in conjunction with the congress and was visited by the 
Minister of Industry, Sr. Lopez Bravo (photograph above, right). He is seen 
greeting Dr. Christian Jacoba'us, Technical Director of L M Ericsson. Between 
them (from right) General Rafael M? Cavanillas Prosper, chairman of Cia 
Espanola Ericsson, and Mr. Sven Oscar Englund, president of the same company. 
(Below) An interior from L M Ericsson's section of the exhibition. 



"" *V 

The flagship of the Nigerian Na\y , the frigate N.N.S. Nigeria, was delivered a few months ago 
from a yard in Holland. This 2000-ton frigate, which is designed for use against submarines and 
air attack, has a P.A.B.X. for 40 internal and 5 external lines. The telephone equipment was 
supplied from L M Ericsson's factory at Rijen, Holland. 

(Above) Some photographs from visits to the 
exhibition room and factory at Midsommar-
kransen. (From left to right) Mr. Knee Swan 
Tie, Research and Planning Director of the 
Indonesian PTT, is studying a crossbar switch 
demonstrated by Mr. Erpst Bergholm, L M 
Ericsson. Visitors from Madagascar are shown 
old and new telephones; (from left) M. Henri 
Rasolondraibe, Commercial Attache at the Em­
bassy in London, M.Eugene Lechat, Minister of 
Communications, his Permanent Secretary, M. 
Jean Ralaivas, M. Georg Ramparany,Commer­
cial Counsellora t the Parrs Embassy, and Mr. 
Erik Lundqvist, L M Ericsson. A group from 
the I 'N course on Trade Promotion were shown 
round the factory. Here they are seen inspecting 
the soldering of relay sets. 

Ericsson Technics 
Ericsson Technics No. 2. 1465, was 
issued at the year end, so completing 
the 21st annual volume of the jour­
nal. No. 1, 1965, was reported in 
Ericsson Review No. 1, 1965. No. 2 
contains three papers. 

The first is "Planning of Junction 
Network in a Multi-exchange Area. 
11. Extensions of the Principles and 
Applications" by Y. Rapp. This is a 
continuation of the paper published 
in No. 2. 1964, on the general plan for 
a multi-exchange area. This new pa­
per develops the principle of simul­
taneous optimization of the number 
of junctions and of the transmission 
plan. 

The second paper, by A. Torby. is 
entitled " Detectability of Signal in 
Noise when Using Range Gated MT1 
Radar" The author studies two alter­
natives for a coherent NTI system 
with range gating. In one system the 
signal-to-noise ratio in a range chan­
nel is determined principally by the 
limitation of bandwidth prior to the 
non-linear detection. In the other sys­
tem the signal-to-noise ratio in a range 
channel is dependent on the frequen­
cy of the doppler shift. 

The last paper, " A Class of Stochas­
tic Processes Applicable to the Con­

trol of Service Quality in Telephone 
Systems" is the thesis presented by 
G. Lind for the Filosofie Licentiat 
Degree in mathematical statistics at 
the University of Stockholm. The 
auther builds up a mathematical mod­
el in the form of a class of stochastic 
control processes designed to describe 
how technical faults arise, are super­
vised and repaired in telephone sys­
tems. The paper is intended to pro­
vide a basis for assessing how the sta­
tistical quality control of telephone 
plant should be organized. 

FATME's new factory at Rome was opened 
recently, the ceremony being attended by a large 
group of representatives of government and 
industry. The opening address was held by Sr. 
Marchesi. Sr. Baggiani presented a brief 
retrospect and mentioned that the total floor 
area of the factory is close on 700,000 sq.ft., 
which allows space for some 3000 employees. 
The Minister of Industry, Sr. Lami Starnuti, 
and the Mayor of Rome, Sr. Petrucci, also 
spoke. Cardinal Dante blessed the factory in the 
customary manner, after which the visitors were 
shown round the premises. In the photograph 
below are seen in the front row (from right) 
Monsignor Pietro Galavotti, Mr. Arvid Olsson, 
Mr. Bjiirn Lundvall, General Bucchi, Senator 
Latini, Senator Pennavaria, General Perrone 
and Cardinal Dante. 

36 



62
1.

39
6.

72
1 

85
25

 

cs
so

n 
R

ev
. 

m
ob

il
e 

us
e 

sa
rs

. 
In

 t
hi

s 
th

e 
la

st
 f

ew
 

s 
tr

an
si

st
or

, 
tio

ns
 t

o 
be

 
n 

ac
ce

ss
or

y 
ha

s 
so

ug
ht

 
io

ns
 i

n 
th

is
 

u« W o 

R 
•2 
a 

es 

1 

as 
o 

, (N S O O 
'•<S 

^ . S o i o o 

- l eg ' s £ 
j>° g o-a 
2 > o e 

t * H <" i*« C . v r- ca 3 o 

p o o o i: 
3.S.-S.. 

a 

X -

m so 

Sf S:H o 2 
ss S f t " 

5 c S u <u 
S o J3 2 
§ h >•- 2 
3 . 3 E.2 S 

s » s * -
t- * - 2 a> •a u « c r 

5 o c « . 
Q -— o « D 

a> 

•93 f " 
H 

8 H 

l | S 
w §•« 

6^£ 
% E < 

<S 2 ^ 
£ <i> 

E e „ 

°^^ 
on cd •*— 

, S E e 
&•§• -
<u S o 
a 2 u 

3 

BHZ 

Nl 
<" fi -H 

W i—< 

C 
rf rt q) 
o >" h 

a a •> 
ra C u 

UDC 621.395.24 
LME 8372 

BERGQUIST, A. : DIRIVOX—L M Ericsson's Loudspeaking Communi­
cation System with Natural Speech Control. Ericsson Rev. 45(1966): 1, 
pp . 2—7. 

Advanced electronics for automatic speech control, numerous standard 
traffic facilities and individual name calls are some of the advantages 
offered by L M Ericsson's new DIRIVOX loudspeaking communication 
system. 

DIRIVOX is the outcome of an intense development project aimed at 
a flexible loudspeaking system with at least as good voice reproduction 
as in a lowspeaking system, but much more convenient to use. The goal 
has been to offer loudspeaking communication of so high a class that it 
constitutes a real alternative to natural conversation. 

UDC 621.395.24 
LME 8372 

MELLQVIST, L.: Natural Speech Control in the DIRIVOX System. 
Ericsson Rev. 45(1966): 1, pp . 8—11. 

If a loudspeaking telephone conversation is to be equivalent to a natural 
conversation, the voice control must be so well designed that the convers­
ing parties normally do not notice the switching of the direction of speech. 
No effort should be needed to interrupt the speaker, and the system must 
not distort the spoken word. It is important, too, that the voice control is 
as insensitive as possible to room acoustics and to noise from fans, type­
writers and the like. 

After intense development work Telefonaktiebolaget L M Ericsson has 
produced the advanced electronic equipment required for natural speech 
control. This article deals with the speech control circuits and with some 
of the ideas which lie behind them. 

UDC 621.395.24 
LME 8372 

K U H N , W.: DIRIVOX—Flexible Loudspeaking Communication System 
with Many Traffic Facilities. Ericsson Rev. 45(1966): 1, pp . 12—21. 

The DIRIVOX systems are built up around exchanges of different types 
and capacities. This article deals with the exchanges ARD 631 for max. 
20 lines and AKD 847 for max. 60 or 90 lines. The same extension instru­
ment is used with both types of exchange. Since the large exchange oper­
ates at a higher microphone level, the extension instruments for this 
exchange are supplied with built-in microphone amplifier. The latter is 
in the form of a printed circuit card which is easily fitted into the in­
strument. 



The Ericsson Group 

Associated and co-operating enterprises 
and technical offices 

• EUROPE • 

D e n m a r k 
L M Ericsson A/S Kobenhavn F, 
Finsensvej 78, te l : Fa 6868, t gm : 
ericsson. telex: 9020 ericsson kh 
Telefon Fabrik Automatic A/S 
Kabenhavn K, Amaliegade 7, te l : 
CE 5188, tgm: automatic, telex: 
5264 
Dansk Signal Industri A/S Kaben­
havn Ft Finsensvej 78, te l : Fa 
6767, t gm : signaler 

F i n l and 

O/Y L M Ericsson A/B Helsinki, 
Fabianinkatu 6, te l : 12141, t gm : 
ericssons, telex: 12-546 

F rance 

Societe des Telephones Ericsson 
F-92-Cotombes 36, Boulevard de la 
Finlande, tel: Paris (1)242 35 00, 
tgm: ericsson 
F-75-Paris (17e.) 147. ruede Cour-
celles te l : Paris (1)22795 30, t gm : 
er ic 

G r e a t B r i t a i n 
Swedish Ericsson Company Ltd. 
Twickenham Middx, Regal House, 
London Road, te l : POPesgrove 
8151, tgm: teleric 
Production Control (Ericsson) 
Ltd. Twickenham Middx, Regal 
House, London Road, te l : POPes­
grove 8151, tgm: teleric 

I re land 
L M Ericsson Ltd. Dub/in 2, 32, Up­
per Mount Street, te l : 61931, tgm: 
ericsson, telex: 5310 

I t a l y 
FATME, Soc. per Az. Roma, C.P. 
4025 Appio. te l : 4694, tgm: 
fatme, telex: 61327 
SETEMER, Soc. per Az, Roma, Via 
G. Paisiello 43. te l : 868.854, 
tgm: setemer 
SIELTE, Soc. per Az. Roma, C.P. 
4024 Appio, te l : 780.221, tgm: 
sielte 

N e t h e r l a n d s 
Ericsson Telefoon-Maatschappij, 
N.V. Rijen (N.Br.), te l : 01692-3131, 
tgm: erictel, telex: 14354 
Voorburg-Den Haag, P.O.B. 3060, 
te l : 8 1 4 5 0 1 , tgm: erictel-haag, 
telex: 31109 

N o r w a y 
A/S Elektrisk Bureau Oslo 3, P.B. 
5055, te l : Centralbord 46 18 20, 
tgm: elektr iken, telex: 1723 
A/S Industri kontrol l Oslo 6, 
Grensevejen 86/88, te l : Central­
bord 68 34 64, tgm: indtrol l 
A/S Norsk Kabelfabrik Drammen, 
P.B. 500. te l : 83 76 50, tgm : kabel. 
A/S Norsk Signalindustri Oslo 3, 
P.B. 5055, te l : 46 18 20, tgm: sig­
nalindustri 

P o r t u g a l 
Sociedade Ericsson de Portugal 
Lda. Lisboa 7, Rua Filipe Folque, 
te l : 57193, tgm: ericsson 

Spa in 
Cia Espanola Ericsson, S. A. 
Madrid 8, Tor re de Madr id , 
Princesa 1, te l : 241 14 00, tgm: 
ericsson 

Sweden 
Telefonaktiebolaget L M Ericsson 
Stockholm 32, te l : 08/190000, tgm: 
telefonbolaget, telex: 19910 
AB Alpha Sundbyberg, te l : 08/ 
28 26 00, tgm: aktiealpha, telex: 
10082 
AB Ermi Karlskrona 1, te l : 0455/ 
23010, tgm: ermibolag 
AB Rifa Bromma 11, tef: 08/ 
26 26 10, tgm: elr i fa, telex: 10308 
AB Svenska Elektronror Sfock-
holm-Tyreso 1, te l : 08/7120120, 
t gm : electronics, telex: 1275 
Instruktionsteknik AB Stockholm 
44, te l : 08/68 08 70, tgm: instruk-
tec 
L M Ericssons Dri f tkontrol lakt ie-
bolag Solna, te l : 08/83 07 00, tgm: 
ericdata 

L M Ericssons Signalaktiebolag 
Stockholm Sv, te l : 08/6807 00, tgm: 
signalbolaget 
L M Ericsson Telemateriel AB, 
Stockho/m-Tyreso 1, Fack, te l : 08/ 
712 00 00, tgm: ellem, telex: 1275 
Sieverts Kabelverk AB Sundby­
berg, te l : 08/28 28 60, tgm: sie-
vertsfabrik, telex: 1676 
Svenska Radioaktiebolaget Stock-
ho/m 12, te l : 08/22 31 40, tgm: 
svenskradio, telex: 10094 
S w i t z e r l a n d 

Ericsson Telephone Sales Corp. 
AB, Stockholm, Zweignieder-
lassung Zur ich 8032 Zurich, Post-
fach, te l : 32 51 84, tgm: telerics-
son, telex: 52 669 
T u r k e y 
Ericsson Turk Ticaret Ltd. Sirketi 
Ankara, Rumeli Han, Ziya Go-
kalp Cad., te l : 1231 70, tgm: ellem 
Istanbul, Istanbul Burosu, Liman 
Han, Kat 5, No. 75, Bahoekapi, 
te l : 22 81 02, tgm: ellemist 
Izmir, Izmir Burosu, KisMkaya 
Han, Kat 3, No. 13, Halif Z iya 
Bulvari , te l : 37832, tgm: el lemir 

W e s t G e r m a n y 
Ericsson Verkaufsgesellschaft m. 
b. H. 4 Dusseldorf-Rath, Postfack 
88, te I : (0211 )63 30 31, tgm :erictet, 
telex: DSSD 8 58 6871 

• ASIA 

Ind ia 
Ericsson Telephone Sales Cor­
poration AB Calcutta 22, P.O.B. 
2324, te l : 45 44 94, tgm: inderic 
New Delhi 1, P.O.B. 669, tel: 
27 23 12, tgm : inderic 

Indones ia 
Ericsson Telephone Sales Cor­
poration AB Bandung, Djalan 
l r . H. Djuanda 151-153 , te l : 
8294, tgm: javeric 
Djakarta, Djalan Gunung Sahari 
26, te l : OG 48531, tgm: javeric 

I r a q 
Telefonaktiebolaget LM Ericsson, 
Technical office Baghdad, P. O. B. 
493, te l : 91454, tgm: ellemco 

Lebanon 
Telefonaktiebolaget LM Ericsson, 
Technical office Beyrouth, Rue du 
Parlement, Immeuble Bisharat, 
te l : 25 26 27, tgm: ellem 

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

E g y p i 
TelefonaktieooiageT LIVI ericsson, 
Technical office Egypt Branch 
Cairo, P.O.B. 2084, te l : 46 581, 
tgm: elleme 

M o r o c c o 
Society Marocaine des Telephones 
Ericsson Casablanca, 38, rue 
Mohamed Sedki, te l : 288-75, tgm: 
teluni 

Rhodesia, B e c h u a n a l a n d and 
M a l a w i 
Ericsson Telephone Sales Cor­
poration Ltd. Salisbury, Rhodesia, 
P.O.B. 2891, te l : 25737, tgm: 
ericofon 

T u n i s i a 
Telefonaktiebolaget LM Ericsson, 
Technical office Tunis, Boite Pos-
tale780, tel:240520, tgm:ericsson 

Z a m b i a 
Ericsson Telephone Sales Corp. 
AB. Ndola, P.O.B. 2256, te l : 3885, 
tgm: ericofon 

• AMERICA 

A r g e n t i n e 
Cia Ericsson S. A. C. I. Buenos 
Aires, Casilla de Correo 3550, te l : 
33 20 71, tgm: ericsson 
Cia Argentina de Telefonos S.A. 
Buenos Aires, Belgrano 894, te l : 
33 20 76, tgm: catel 
Cia Entrerr iana de TeleTonos 
S.A. Buenos Aires, Belgrano 894, 
te l : 33 20 76, t gm : catel 
Industrias El^ctricas de Quilmes 
S.A. Quilmes, FNGR, 12 de Oc-
tubre 1090, te l : 203-2775, t gm : 
indelqui-buenosaires 

B r a z i l 
Ericsson do Brasil Comerico e 
Industria S.A. Rio de Janeiro, 
C.P. 3601, te l : 43-0990, tgm: 
ericsson, telex: r io 310 

Canada 
LM Ericsson Ltd, Montreal 9, P.Q., 
2300 Laurentian Boulevard, City 
of St. Laurent, te l : 331-3310, 
tgm: canenc, telex; 1-2307 

Chile 
Cia Ericsson de Chile, S.A. 
Santiago de Chile, Casilla 101 43, 
tel : 825 55, tgm: ericsson 

C o l o m b i a 
Cia Ericsson Ltda, Bogota, Apar-
tado Aereo 4052, te l : 41 11 00, 
tgm: ericsson 

r'CW0fl, 
»artad0 L. M. fc., te l : /1BJ 

Ecuador 
Telefonos Ericsson C.A Ouii« 
Casilla 2138, tel : 16100. £ 2 
ericsson 
Guayaquil, Casilla 376, tel: 16B92 
tgm: ericsson 
M e x i c o 
Telefonos Ericsson S.A. Alexin 
D.F., Apartado M-9958, tt|! 
46 46 40, tgm: coeric 
Teleindustria, S.A. de CV 
Naucalpan, Est. de Mexico A&or' 
tado 297 ' P a r1 
Peru 
Cia Ericsson S. A. Lima, Apartado 
2982, te l : 34941, tgm: encVson 
telex: 3540202 
Soc. Telef6nica del Peru, S.A 
Arequipo, Apartado 112-1012, tel: 
60 60, tgm: telefonica 
El Sa lvador 
Telefonaktiebolaget LM Ericsson 
Technical office San Salvador 
Apartado 188, tel: 4989, tg m ' 
ericsson 
U r u g u a y 
Cia Ericsson S.A. Montevideo 
Casilla de Correo 575, tel: 92611* 
tgm: ericsson 
USA 
The Ericsson Corporation New 
York, N.Y., 10017, 100 Park 
Avenue, tel : MUrrayhill 5-4030 
tgm : erictel, telex: etelsac 620149 
North Electric Co, Go/ion, Ohio 
P.O.B. 688, tel : (419) 468-2420i 
tgm, northphone-galionohio, 
telex: 419-464-4860 

Venezue la 
Cia An6nima Ericsson Caracas, 
Apartado 3548, tel: 543121, tgm: 
ericsson 

• A U S T R A L I A & OCEANIA 

A u s t r a l i a 
L M Ericsson Pty. Ltd. Broadmta-
dows {Victoria), P.O.B. 41, tel: 
307-2341, tgm: ericmel, telex:AA 
30555 
North Sydney (NSW), 182 Blue1! 
Point Road, tel : 92 11 47, tgm: 
ericsyd 
Teleric Pty. Ltd. Broadmeadows 
(Victoria), P.O.B. 41, tel: 307-
2341, tgm: teleric, telex: A A 3055S 
North Sydney (NSW), 182 Blue's 
Point Road, tel : 92 11 47, tgm: 
teleric 

Representatives 
- E U R O P E • 

A u s t r i a 
Telecom G. m. b. H. Wien XI, 
Geiereckstrasse 6, te l : 74 15 81, 
tgm- teleric, telex: electrodiesel 
wn 2436 

B e l g i u m 
Electricite et Me~canique Suedoi-
ses Bruxe//es 5, 56. rue de Stassart, 
te l : 1114 16, tgm: electrosuede 

Greece 
"ETEP" S.A. Commerciale & 
Technique Athens 143, 57, Aka-
dimias Street, te l : 62 99 71 tgm: 
aetera th ina i , telex: 5708 

Ice land 
Johan Ronning H/F Reykjavik. 
P.O.B. 883, te l : 10632, tgm: 
ronning 

Y u g o s l a v i a 
Merkant i le Inozemna zastupstva 
Zagreb, Po5t pretinac 23, te l : 
36941, tgm: merkant i le, telex: 
21139 

• A S I A -

B u r m a 
Myanma Export Import Corp. 
Import Agency Division Rangoon, 
P.O.B. 400, te l : 10999, tgm: 
myaceico 

C a m b o d i a 
The East Asiatic Company Ltd. 
Phnom-Penh P.O.B. 625, te l : 
3334, t gm : pyramide 

C y p r u s 
Zeno D. Pierides Larnaca, P.O.B. 
25, te l : 2033, tgm: pierides 
H o n g K o n g & M a c a o 
Swedish Trading Co Ltd. Hong­
kong, P.O.B. 108, te l : 23 10 91, 
t gm : swedetrade 

I r a n 
Irano Swedish Company AB, 
Teheran, Khiabane Sevom Esfand 
29, te l : 310 66, tgm: iranoswede 

I r a q 
Usam Sharif Company W.L.L. 
Baghdad, P.O.B. 493, te l : 870 31, 
tgm: alhamra 

Japan 
GadeIius & Co. Ltd. Tokyo C, 
P.O.B. 1284. te l : 403-2141. tgm: 
goticus, telex: 22-675 

J o r d a n 
The Arab Trading & Develop­
ment Co.. Ltd. Amman, P.O.B. 1, 
te l : 259 81, tgm: aradeve 

K o r e a 
Gadelius & Co. Ltd. Seoul, I.P.O. 
B. 1421, te l : 22 -9866 , tgm: gade-
liusco 

K u w a i t 
Morad Yousuf Behbehani Kuwait, 
State of Kuwait, P.O.B. 146, te l : 
32251, tgm: barakat 

Lebanon 
Swedish Levant Trading (Eli£ 
B. Helou) Beyrouth, P.O.B. 931, 
te l : 23 16 24, tgm: skefko 

M a l a y s i a and Brune i 
Swedish Trading Co. Ltd. Kuala 
Lumpur, P.O.B. 2298, tel :253l6, 
tgm: swedetrade 

Pak is tan 
TELEC Electronics & Machinery 
Ltd. Karachi 2,14, Motan Building, 
Bunder Road, te l : 231723, tgm: 
elco 

Ph i l i pp ines 
U.S. Industries Philippines Inc. 
Manila, P.O.B. 125, te l : 88 93 51, 
tgm: usiphil, telex: 344 

Saudi A r a b i a 

Engineering Projects & Products 
Co. Riyadh. P.O.B. 987, te l : 271, 
tgm: eppcol 

S i ngapo re 
Swedish Trading Co. Ltd. Singa­
pore 1, 42 Chartered Bank Cham­
bers, Battery Road, te l : 94362, 
tgm: swedetrade 

Sy r ia 
Constant in Georgiades Damas, 
Rue Ghassan, Har ika, te l : 
1-02-89, tgm: georgiades 

V i e t n a m 
Vo Tuyen Dien-Thoai Viet-Nam, 
Saigon, P.O.B. 10 49, te l : 22 660, 
tgm: telerad 

• A F R I C A • 
Congo 
I.P.T.C. (Congo) Leopo/dvi//e 1, 
P.O.B. 8922, te l : 5345, tgm: 
induexpan 

E th iop ia 
Mosvold Company (Ethiopia) Ltd. 
Addis Abeba, P.O.B. 1371, te l : 
14567, tgm: mosvold 

Ghana 
The Standard Electric Company 
Accra, P.O.B. 17, te l : 646 15, tgm: 
standard 

Kenya , T a n z a n i a , U g a n d a 
Transcandia Telecommunication 
Sales Ltd. Nairobi, Kenya, P.O.B. 
7296, te l : 25941, tgm: trantel 

L i b e r i a 
Post & Communications Tele­
phone Exchange, Monrovia, Cor­
ner Ashmun & Lynch Street, te l : 
22222, tgm: radiol ibe 

L i bya 
ADECO African Development & 
Engineering Co Tripoli, P.O.B. 
2390, te l : 33906, tgm: adeco 

M a u r i t i u s 

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

M o r o c c o (Tang ie r ) 
Elmar S. A . -SEYRE Tetuan, 
Apartado 440, te): 3701, tgm: 
elmar 

M o z a m b i q u e 
J. Martins Marques & Co Lda. 
Lourenco Marques, P.O.B. 2409, 
te l : 5953, tgm: marquesco 

N i g e r i a 
I.P.T.C. (West Africa) Ltd. Lagos, 
P.O.B. 2037, te l : 26531 tgm: 
consult, telex: shell pb 35 

South A f r i c a , S o u t h - W e s t 
A f r i c a 
Dryden Communications (Pty.) 
Ltd. Johannesburg, P.O.B. 2440, 
te l : 838-5454, tgm: qualsteels 

Sudan 
TECOMA Technical Consulting 
and Machinery Co. Ltd. Khar­
toum, P.O.B. 866, te l : 72224, ext. 
27, tgm: sutecoma 

T u n i s i a 
Ateliers Mexaniques du SAHEL, 
Sousse, Route de Monast i r /Djem-
maf, te l : 21.011, tgm: amesa 

• A M E R I C A • 

B a h a m a Is lands 
Anglo American Electrical Com­
pany Ltd., Freeport, Grand Baha­
ma, P.O.B. 104 

B o l i v i a 
Johansson & Cia, S.A. La Paz, 
Casilla 678, te l : 25923, tgm: Jo­
hansson 

B r i t i sh G u i a n a 
General Supplies Agency George­
town, P.O.B. 375, tgm: benwlks 

Costa Rica 
Tropical Commission Co. Ltd. San 
Jose, Apartado 661, te l : 3432, 
tgm: troco, telex: CR-126 

D o m i n i c a n Repub l ic 
Carcia & Gautier, C. por A, 
Santo Domingo, Apartado 771, 
te l : 3645, tgm: gart ier 

G u a t e m a l a 
Nils Pira Ciudad de Guatemala, 
Apartado 36, te l : 62258, tgm: 
nilspira 

J a m a i c a and Br i t . Honduras 
Morr is E. Parkin Kingston, P.O.B. 
354, te l : 24077, tgm: morrispark 

Ne the r l ands Ant i l les 
S.E.L. Maduro & Sons. Inc. 
Willemstad, Curacao, P.O.B. 304, 
te l : 11200, tgm: madurosons 

N i c a r a g u a 
Sonitel Centroamerica S.A. Ma­
nagua, Apartado 1271, tel: 4476, 
tgm: sonitel 

P a n a m a 
Sonitel, S. A. Panama, R.P. Apor 
tado 4349, tel: 5-3640, tgm: 
sonitel 

Pa raguay 
S.A. Comercial e Industrial H. 
Petersen Asuncidn, Casilla 592, 
te l : 9868, tgm: pargtrade 

Puer to Rico 
Novae Electronics Inc. San Juan, 
F 17, Park Lane, Bayamdn, tel: 
782-1054, tgm: novaelec 

El Sa lvador 
Dada-Dada & Co. San Salvador, 
Apartado 274, tel: 4860, tgm: 
dada 

S u r i n a m 
C. Kersten & Co. N.V. ff lr j 
moribo, P.O.B. 1808, tel: 
t gm: kersten 

T r i n i d a d , W . I. 
Leon J. Ache Ltd. Porf-of-SpjrfJ 
100 Frederick Street, tel: 323. 
tgm: achegram 

U S A 
State Labs. Inc. New York N.J 
10003, 215 Park Avenue So' 
te l : (212) 677-8400, t g m ; / ' 
labs, telex: (212) 867-6996 {ft 
electron tubes) 
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H o n d u r a s N e w Z e a l a n d 
Quinch6n Leon y_ Cia Teguci- ASEAjEler t rMN^ZM-t^^ j [ ] |JJ 

tgm: 
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Automatic Data Collection in 
a Swedish Iron and Steel Works 
O L L E L A N T Z , S T O C K H O L M 

UDC 669.1.013.5 
681.3 

LME 872 
L M Ericsson has designed an automatic data collection system HDC 800. 

The system is based on components of the very highest reliability, which have 
been thoroughly tested in telephony. 

In the past two years an installation has been in use within a Swedish iron 
and steel works comprising data collection for steel plant - cogging mill. i. c. 
for the production of steel billets and slabs. The system includes a special 
signalling plant for direction of the flow of materials through pit furnaces. 

The data collection system comprises the collection of primary data from 
furnace units in the steel plant, casting and stripper positions, ingot stock, 
pit furnace shop and cogging mill with two cooling beds (Fig. I). 

The direct planning of the production within this section is done by a fore­
man at a central position at the pit furnaces. The foreman's job is to ob­
tain optimal production in the cogging mill. This is conditional on the best 
possible use being made of the available pit furnaces for the material supplied 
from the steelworks. 

From centralographs the planning foreman receives a flow chart of the 
process in the steel plant. Times and results of casting and stripping of ingots 
are recorded. The centralograms constitute the planning foreman's instrument 

Fig. 1 

Flow chart 

T Steel plant 

- Ingot stock 

(1) Pi t furnace shop 

D Cogging mill 

Input stations 
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for directing the flow of materials. A simultaneous check of the flow eliminates 
the risk of using the wrong material, a point of the very greatest importance 
in a high-grade steel works. 

Within the pit furnace shop orders for lowering and withdrawal of ingots 
are given via the special signalling system. Signals are used to check the 
heating and soaking times, so guaranteeing correct treatment of the ingots. 
Confusion between materials in the pit furnaces is eliminated through the 
fact that a direct order is issued concerning each ingot. The signalling system 
is also connected to the data collection system. 

From the cogging mill automatic reports are given of productive time, 
down-time and the result of rolling. 

From the feed-in stations in the steel plant data are reported of the time 
when a charge starts, and of the result of casting and stripping in the form 
of number of ingots of each type. The times of each phase of production are 
recorded automatically, also on a C'entralograph. 

From the ingots stock, reports are given of the ingoing and outgoing quantity 
of material per charge, again in the form of number of ingots of each type. 

When work is ordered in the pit furnace shop a report is automatically sent 
to the HDC system of how the ingots from a charge are distributed in the 
various pit furnaces, particulars of heating times, soaking times, hot-holding 
times and empty times of each pit furnace. 

From the pit furnace control station, reports are given of how the ingots 
from the charge are allocated among different billet production orders. At 
the same feed station the time taken up by each production order in the 
cogging mill is reported, and which crew the report refers to. Data of produc­
tive time or down-time are controlled by machine contacts in the rolling mill. 

During down-times in the cogging mill the controller indicates the cause, 
and in the event of rejects during rolling he also reports the quantity and cause. 
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The result of the billet production is reported in the form of number, type 
and total weight of billets per production order from the cooling beds. 

The output device consists of a tape punch. Via punched cards the data 
processing centre produces the necessary data for checking that instructions 
have been followed, as well as a result report for following-up prognoses 
and projects. 

The automatic data collection provides chiefly 

• information concerning production, flow of materials, and production 
planning 

• reports required between the steel plant, pit furnaces and rolling mill 

• orders for jobs at pit furnaces and cogging mill with simultaneous collection 
of the desired information 

• automatic collection of the necessary variable primary data. 

An effective flow of information within the billet production sector should 
provide the management with rapid and reliable data for the making of 
decisions, and at a lower administrative cost than by conventional methods. 
The system should simplify the decision process and function in such a way 
that the departments concerned within the company are warned in advance 
of situations which require action. 

Examples of information furnished for the production chain up to the rolled 
billets are: 

• Steel plant 
Reports showing the result of production are presented for the various 
furnace units in the steel plant and provide information concerning times 
of handling and transport from the casting positions up to lowering into 
the pit furnaces. 

• Pit furnaces 
Reports of down-times and repair times, and occupation times with 
breakdown by heating and soaking times specified per furnace and for the 
entire furnace capacity. 

• Rolling mill 
Reports for the works management and planning departement are quickly 
compiled on a 24-hour basis. The production result is supplemented by 
data of operating and down-times and by output reports for each partic­
ular order per grade and charge. 

• Ingot stock 
Reports on the present stock and its alterations are sent to the works 
management and planning departement. 

• Reports required for the accounting of wages, materials and costs are 
distributed to the relevant departments within the company. 

The goal in constructing the flow of information has been to obtain a better 
control over quality, quantity and costs. To reach this goal a production 
ordering and planning system was required, combined with automatic data 
collection. After a thorough investigation of the conditions a H DC S00 system 
was installed. 



Fig. 4 

Reporting point in rolling mill 

This system widens the bottleneck in a comparatively complicated production 
chain. The quality of the information obtained has been considerably raised 
through the automatic data collection. 

Automatic data collection has reduced the personnel required for reporting 
work and has increased production. It has also provided an objective basis 
for planning and direction of the flow of materials and has resulted in a 
higher utilization of the pit furnaces. 

A cautious estimate shows that with a mere 3 per cent rise of production 
the installation pays for itself in two years. The first year's experience reveals 
that the rise of production has been more than 3 per cent. 

In addition to these directly calculable savings, a better basis is obtained 
for planning and a better grip on the control of quality, quantity and costs. 
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An Experimental 24-Channel System with 
Pulse Code Modulation 
G E I N A R 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 621.395.454 
621.376.56 

LME 8436 

This article presents an account of an experimental transmission system with 

pulse code modulation developed at Telefonaktieholaget L M Ericsson. The 

system has 24 speech channels and is mainly intended for unloaded cables with 

repeaters connected at the loading points. 

The article describes the operation of the system and its electrical and 

mechanical structure. Technical data and some experience from a field test in 

cooperation with the Swedish Telecommunications Administration are pre­

sented. 

Investigations of the possibility of transmitt ing several telegraph or telephone 

messages on the same pair of wires started as early as the mid-19th century. 

The discovery of the electron tube and the development of filter technique 

during the first decades of the 20th century permitted the design of frequency-

division systems. In these systems the speech voltage is modulated on a carrier 

wave and every channel has its specific frequency position during the trans­

mission. The carrier systems came into practical use on a large scale during 

the thirties and are today the basis of all long-distance telephony. 

Another type of multiplex transmission is obtained if, instead of separating 

the channels in frequency, one employs time-division. These systems employ 

some form of pulse modulat ion, and pulse code modulat ion (PCM) is one 

of the many alternatives. The idea of using PCM for telephony was conceived 

at the end of the thirties, but only since the advent of modern semiconductor 

components has it been possible to design economically competitive systems. 

Today PCM is used as short-haul system in the United States, Japan and Italy, 

and a great interest is being shown in this type of system all over the world. 

This article describes an experimental PCM system for 24 channels for use 

on unloaded pair cables. The system was designed in cooperation between 

L M Ericsson's Research and Long Distance Divisions. 

Principles 
T h e general principles of a time multiplex system with PCM are shown in 

fig. 1. The incoming speech voltages are sampled periodically and the sample 

Fig. 1 
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values are converted to binary form with the aid of an encoder which, for 
every sample value, delivers a group of on-off pulses. These groups of pulses 
are transmitted in serial form on the line, which usually contains repeaters. 
On the receiver side the procedure is reversed: groups of binary pulses are 
converted in a decoder to sample values from which the speech signal can 
then be reconstructed. 

A more detailed picture of the procedure may be obtained by studying the 
simplified block diagram in fig. 2. On the sender side the signals first pass 
through a bandpass filter with the pass band 300-3400 Hz. After the sampling 
gates there follows an instantaneous compressor and thereafter a pulse stretcher 
and encoder. Compression and expansion of the signals improve the volume 
range of the system in a manner which will be described below. The pulse 
stretcher is necessary in order to give the encoder sufficient time to carry out 
the analogue-digital conversion, whereas the compressor requires short pulses 
in order to have time to be restored between them. Before the pulses from the 
encoder are sent on the line, the polarity of each alternate pulse is reversed, 
so obtaining a bipolar pulse train. This reduces the frequency range of the line 
signals and prevents the occurrence of a DC voltage component. 

The sampling gates, encoder and other units must be extremely accurately 
synchronized in time. On the sender side, as appears from fig. 2, there is a 
crystal oscillator which controls a logic network, which in turn coordinates 
the various functions. The sampling frequency is 8000 Hz and the code used 
has 7 binary digits per sample. An eighth binary digit is needed for signalling 
and synchronization, which means that the frequency of the crystal oscillator 
is 24 X 8000 x (7 + 1) = 1536 kHz. This is also the pulse frequency on the line. 

The transmission on the line is effected via repeaters at the loading points, 
which implies a repeater spacing of 1400-1800 m. The repeaters detect and 
regenerate the bipolar pulse train along the line, and therefore the incoming 
pulse train on the receiver side has in principle exactly the same appearance 
as on the sender side. 

As appears from fig. 2, the received pulse train first passes through a decoder 
which converts the groups of binary pulses into amplitude-modulated pulses. 
After an expander, which restores the amplitude relations, the pulses are 
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Pulse train after encoder 
divided among the various channels by means of distribution gates. The speech 
signals are obtained after passage through a bandpass filter of essentially the 
same type as on the sender side. For coordination of the various functions 
there is a clock pulse circuit which extracts from the incoming pulse train the 
fundamental frequency 1536 kHz. The subsequent synchronization takes place 
via a logic network in the same way as in the sender. 

The pulse train after its passage through the encoder is shown in fig. 3. 
All 24 channels are sampled within one frame, corresponding in time to 125 «s 
and containing 192 pulse positions. Of the 8 pulses in a channel, as already 
mentioned, 7 are used for speech and 1 for signalling and synchronization. The 
division between the two latter functions is effected by using alternate frames 
for signalling and synchronization. The system contains two independent signal 
channels produced, as appears from fig. 3, by allocating alternate frames to 
signalling channel I and signalling channel 11. 

As already mentioned, the system contains a compressor and an expander 
in order to improve the volume range, and some brief discussion of questions 
associated therewith may be advisable. Since the encoder converts the analogue 
signal value to the nearest 7-digit binary number, a quantizing error arises. 
This implies that the speech signals on the receiver side do not exactly cor­
respond to those on the sender side, and the consequent distortion is called 
quantizing distortion. For the same reason signals with high amplitude will be 
liable to be clipped since the encoder cannot indicate higher amplitudes than 
correspond to the binary number 2", and this phenomenon is called overload 
distortion. 

In contradistinction to overload distortion, quantizing distortion is more 
troublesome the lower the signal level, since the relative errors are then 
greater. The two types of distortion result in the fact that a PCM system 
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Fig. 5 
Terminal equipment for 24-channel PCM 
system 

has a limited volume range, i.e. a range of levels within which the signal must 
lie in order not to be exposed to undue quantizing distortion on one side or 
undue clipping on the other. By selecting a compression curve of a suitable 
shape, the volume range can be greatly increased compared with linear quanti­
zation. This is effected by using smaller quantization steps for low signal levels 
than for higher, so producing a roughly similar relative quantizing error over 
the entire amplitude range. 

Fig. 4 shows, for a logarithmic compressor, a theoretical curve of distortion 
expressed as signal-to-noise ratio in dB as function of the level of the speech 
voltage. The diagram also shows the interval within which 98 per cent of the 
subscribers may be expected to lie under normal conditions. 

Terminal Equipment 
The mechanical structure of the terminal equipment of the experimental 

PCM system is shown in fig. 5. On a bay 670 mm wide X 1940 mm high have 
been placed the sender and receiver equipment for 24 channels with the asso­
ciated power supply and supervisory units. The units are made up on printed 
circuit cards placed on shelves, each of which accommodates max. 30 cards. 
An example of the mechanical structure of the units is shown in fig. 6, a 
frequency divider belonging to the logic networks and the compressor. The 
circuits are made up exclusively of silicon semiconductors, and a bay contains 
about 500 transistors and 900 diodes. 

Fig. 6 
Example of units in terminal equipment 
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Fig. 7 
Block schematic of line equipment 

Line Equipment 
The repeaters along the line are supplied with DC on the phantom circuit 

as shown in fig. 7. Two repeaters are supplied from a common voltage sta­
bilizing network. 

If the terminals are far apart, the line is supplied from both terminals as 
shown in fig. 7. The maximum distance between power-supplying terminals is 
determined by the gauge of the conductors and the maximum permissible 
voltage. For normal cases it is around 30-40 km. 
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Block schematic of repeater 
L Line building-out network 

P Amplifier 

D Detector 

T Synchronization 

R Regeneration 

A block schematic of the repeater is shown in fig. 8. It contains a simple 
line building-out network followed by an amplifier with suitable pulse-forming 
properties. A synchronizing signal is derived from the incoming pulse train 
and controls the detection circuit and the pulse circuit which produces the 
regenerated signal. The procedure is shown in fig. 9, which shows how serious 
disturbances can give rise to erroneous pulses in the outgoing signal. Such 
errors are rare, however ; in practical tests with the equipment the error rate 
was of an order of 10"8 for a chain of 20 repeaters. So low a figure implies 
that the digital errors do not affect the quality of transmission in the system. 
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Fig. 10 
Repeater unit 

Four one-way repeaters are placed in the same mechanical unit, as shown in 
fig. 10. The unit is watertight and mechanically sturdy and can be placed 
directly on a shelf in a cable manhole as shown in fig. 11. The connection to 
the pair cable is effected in a gastight C.T. box connected to the main cable 
by a branched joint. Fig. 12 shows the arrangement, with the protective cover 
of the C.T. box removed. 

Use of PCM 
The experimental system described has successfully passed through field 

tests carried out in cooperation with the Swedish Telecommunications Ad­
ministration. From the technical data it is evident that the system provides a 
fully acceptable quality of transmission for speech. Tests have shown that it 
can also be used for data transmission. 

Fig. 11 
Repeater unit in cable manhole 

Fig. 12 
C. T. box for repeater 

A PCM system has a number of characteristics which distinguish it from 
a carrier system. The signals are transmitted in digital form and the equipment 
works to a large extent on a digital basis, i.e. in the same way as a computer. 
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The rapid development of digital technique, both in respect of components 
and circuits, offers hopes that a PCM system could be slightly cheaper than a 
corresponding carrier system. An advantage of PCM is that no balancing of 
the cables is necessary and that cables of widely differing dimensions can be 
employed. 

The introduction of PCM, however, may lead to problems and consequent 
extra costs when working with existing carrier systems. This applies particularly 
to the possibility of setting-up through-connections, i.e. replacement of groups 
of channels, between the two types of system. 

PCM has been mainly used hitherto for links in local networks, but other 
possibilities are conceivable in the future. One example is integrated systems 
in which the transmission and switching processes in a telephone network are 
combined into one unit. This is made possible by the fact that modern tele­
phone exchanges are starting to use digital techniques, which makes them 
particularly adaptable to PCM. 

Technical Data 

Number of channels 

Frequency band per channel 

Nominal levels at 4 wire point 
sending side 
receiving side 

Impedance at 4-wire point 

Frequency response 

Sampling frequency per channel 

Number of binary digits per sample 

Compressor characteristic 

Crosstalk between channels 
subsequent channel 
other channels 

24 

0.3-3.4 kHz 

- 7 dBr 
+ 4 dBr 

600 ohms balanced 

as per CC1TT Rec. G. 232 
(1964) 

8000 Hz 

logarithmic 

better than 65 dB 
better than 70 dB 

Noise on silent channel 

Volume range 

less than - 6 5 dBmOp 

32 db 

Quantizing distortion within volume range better than 25 dB 

Number of signal channels per speech channel 2 

Signalling distortion max. 4 ms 

Power supply of hay 
voltage 
power 

220 V AC 
240 W 



MAGICALL — Automatic Dialler 
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MAGICALL. the automatic dialler, is a valuable aid to persons who make 

large numbers of telephone calls daily. It can be connected to an ordinary 

telephone set. It memorizes a large quantity of telephone numbers, and with 

it a call is put through to the desired subscriber by pressing a single button 

without needing to use the telephone dial. MAGICALL was developed by an 

American company, DASA Corp., and will he sold by L M Ericsson in many 

parts of the world. This article presents an account of the dialler and its mode 

of operation. 

M A G I C A L L is a modern accessory equipment for telephone sets and was 

developed primarily as an aid to business subscribers. It offers numerous 

advantages to business executives, their secretaries and office staff. In the first 

place one avoids the troublesome procedure of searching through the telephone 

directory for a number and dialling it. M A G I C A L L also sets up calls more 

quickly. After a number has been recorded in M A G I C A L L the corresponding 

dial pulses are transmitted at the highest speed allowed by the exchange 

equipment, so that a call is put through more quickly than when a subscriber 

dials a number . And thirdly—a very important p o i n t — M A G I C A L L cannot 

dial a wrong number. 

T h e increased number of telephones in all countries and the increasing 

trend towards subscriber-dialled t runk calls have resulted in complicated area 

codes and telephone numbers. The situation has reached the point where 

numbers are practically impossible to remember and are very difficult to dial 

correctly. This is no problem for the M A G I C A L L equipment, which can 

dial calls anywhere in the world, however complicated the number. 

Fig. 1 
The complete MAGICALL assembly. (Left) 
Dial-in unit and power unit, (centre) dialler. 

4 s 
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Another advantage of MAGICALL is of interest to telephone administra­
tions. Since calls are put through more quickly and the number of wrongly 
dialled calls is reduced, the switching path is occupied for a shorter time on 
the setting-up of connections. In other words, the extensive use of MAGICALL 
will increase the capacity of a telephone network. 

Construction and Operation 
MAGICALL is an electronic dialler in which telephone numbers (with area 

codes) are recorded on magnetic tape by a dial-in unit, which plugs into the 
rear of the dialler. The complete MAGICALL assembly consists of the dialler, 
tape cartridge, dial-in unit and power unit. The complete equipment is shown 
in Fig. 1. 

The magnetic tape, one side of which is formed as a subscriber list, is 
enclosed in a cartridge which can be easily removed by the subscriber and 
replaced by a cartridge containing other numbers. The standard cartridge has 
space for 400 listings; a special cartridge is available for 1000 listings. The 
alphabetical subscriber's list is visible through a window on the front of the 
dialler. Subscribers' names and telephone numbers can be written on the list 
in pencil or typed. 

Flexible cords run between the telephone set (any normal telephone set), 
the dialler and power unit, the latter being connected to an AC wall terminal 
(Fig. 2). On the front of the dialler are push-buttons for recording of numbers 
and placing of calls. 

The MAGICALL can be connected both to loudspeaking and ordinary 
telephone sets and can be used with all public and private telephone systems. 

Plugging-in of the dial-in unit automatically converts the dialler for re­
cording of telephone numbers (Fig. 3). Numbers are automatically erased 
when a new number is recorded in the position of an earlier number. 

For recording of a subscriber's number an electric motor drives the tape 
quickly across the alphabet at the bottom of the window and stops it opposite 
the desired alphabetical group. A red vertical index line on the tape makes it 
easy to locate the tape directly on the desired letter. A shutter on the front 
of the dialler is then raised and lays bare the subscriber's list. Name and 

TELEPHONE 
LINE 

Fig. 2 
MAGICALL equipment, bloek schematic 
A'.-l power unit 

l\'S dialler 
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Fig. 3 

Dial-in unit connected to dialler 

telephone number can now be easily entered in pencil. One then places the 
name between the guide-lines on the window, presses the call button and 
dials the number on the dial-in unit. If the subscriber's list is to be typed, the 
entire cartridge can be removed and the tape placed round the typewriter 
roller. 

To place a call, the subscriber's number is found by quick-winding of the 
tape to the desired alphabetical group in the same way as for recording a 
number. When the wanted name or telephone number appears in the window, 
the subscriber raises his handset, waits for dial tone and presses the call 
button. A magnetic head then scans the dial pulses on the tape and transmits 
them at a frequency of 10 pulses per second. The call is put through auto­
matically in a shorter time than when dialling a number in the ordinary way. 

Operation 
The digital information is stored in MAG1CALL on a magnetic tape. All 

information is recorded and played back by a magnetic head which is driven 
by a synchronized motor at a constant speed across the tape. The tape is 
contained in a replaceable cartridge and moves in its longitudinal direction. 
The movement is controlled by an electric motor, and changes of the direction 
of movement are effected mechanically. There is also a selector wheel for 
moving the magnetic tape by hand. MAGICALL is operated with the call 
button and start button. These two controls have the same electrical func­
tion, namely to start the head motor. The only difference is that, on depression 

r 
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of the call button, a catch is released and the magnetic head is allowed to 
start from its normal starting position. On depression of the start button the 
magnetic head starts its movement across the tape from the point at which it 
happens to be at the moment. For recording there is an adapter containing, 
among other items, an ordinary dial. The return movement of the dial is 
controlled by a synchronized motor, and the dial therefore has a more exact 
pulsing frequency than an ordinary governor type dial. The dial of the 
adapter has a make/break ratio of 1 :1 . The length of the pulse, however, is 
not a decisive factor, since it is only the fore edge of the pulse that is used 
for triggering. 

The electronics of MAG1CALL consist of an amplifier and of a motor and 
pulsing unit. The function of the amplifier is to scan the recorded digital 
information and, after amplification and conversion into well defined pulses, 
to transmit them to the motor and pulsing unit. The function of the motor 
and pulsing unit is to scan the pulses from the amplifier and to ensure that 
the movement of the magnetic head across the tape and the pulsing on the 
subscriber's line are in accordance with the recorded digital information. For 
recording of a subscriber's number the adapter is connected to the telephone 
set. A 3 mA direct current then flows through the magnetic head and the 
tape is magnetized (see fig. 4). 

On depression of the call button the head motor starts and a lamp lights on 
the adapter to indicate that the motor is running. The magnetic head starts to 
move across the tape. After 1.4 second an electronic timer in the motor and 
pulsing unit causes the motor to stop. The lamp on the adapter goes out, so 
indicating that the apparatus is ready for recording of a subscriber's number. 
The procedure requires some recording discipline, however, and ensures that 
every recorded item of information is included in the playback irrespective 
of mechanical and electronic functional tolerances. 

When a digit is now dialled on the adapter dial, the head motor is started by 
a contact in the dial and the lamp relights. During the return movement of 
the dial its pulsing contacts open alternately and the direct current through 
the magnetic head changes direction, with the result that the tape is alternately 
magnetized in the two directions. At the same time, in step with the pulsing, 
a change of state takes place on the amplifier input, which results in a train 

Fig. 4 

Circuit diagram 

Q ) Telephone set 

(2) Motor and pulsing unit 

(3) Amplifier 

(4) Magnetic head 

(5) Power unit 

© Head motor 

© Rectifier 

® Motor relay 

® Shunt and safety relay 

® Poising relay 

© Pulsing contact 

© Shunt contact 

© Safety contact 

® Adapter 

52 



T W O AREA 
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Fig. 5 
Time diagram of pulses on its output. Each of these pulses controls flip-flops and timers in 

the motor and pulsing unit. When the dial has returned to normal, the 
contact which kept the motor running during pulsing opens. The motor is 
kept running for a further 0.6 second by the electronic timer. The motor then 
stops in response to a pulse from the timer and the lamp on the adapter goes 
out. The apparatus is now ready for recording of a new digit. 

If the information to be recorded consists of several independent groups 
such as area codes and subscriber number, the following procedure is used. 
The call button is pressed and the first group (the area code) is recorded as 
already described. When the lamp on the adapter goes out after the last digit 
and the head motor has thus stopped, the start button is pressed. The motor 
then restarts and the lamp of the adapter lights. The motor runs for a further 
1.4 second and is then stopped by a pulse from the timer. The lamp goes out, 
so indicating that the next group (the subscriber's number) can be recorded 
(see fig. 5). 

For playback the adapter is disconnected, whereupon the direct current 
through the magnetic head disappears. The amplifier is now ready to receive 
information from the tape. 

When a recorded subscriber's number is to be played back, the call button 
is pressed, the head motor starts and moves the magnetic head across the 
tape. If no information is encountered within 3.5 seconds, the motor is 
stopped by a pulse from the timer. Otherwise the following events take place. 
During the recording the tape was alternately magnetized in the two directions. 
These alterations in the direction of magnetization are recognized by the 
magnetic head as a train of pulses. Each single pulse is amplified in the 
amplifier and taken to the pulsing flip-flop in the motor and pulsing unit, 
which then breaks the current to the pulsing relay. 

The pulsing contacts open and cut off the line current on the subscriber's 
line. The break time is controlled by an electronic timer and, after 61 ms, 
the latter delivers a pulse which restores the flip-flop. The pulsing relay then 
operates and closes the pulsing contacts and restores the line current on the 
subscriber's line. The break time can be set with a potentiometer for different 
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break/make ratios. The equipment is normally delivered for a 60/40 ratio. 
Every pulse to the flip-flop is recorded by the motor timer which senses the 
time between the pulses. The process is repeated for each individual pulse 
from the amplifier. After the last pulse in the item of information the timer 
recognizes the longer interval and stops the motor after 1 second. 

If the information to be played back consists of several groups such as area 
codes and subscriber's number, the procedure is as follows. The call button 
is pressed and the first group is played back. After the motor has stopped 
and the line tone indicates that the first group of information has been 
delivered, the start button is pressed. The head motor then starts again and 
the magnetic head scans the tape for the next group (the subscriber's number) 
(Figs. 5 and 6). 

The MAGICALL equipment is so arranged schematically that, if a fault 
occurs on any circuit, the equipment is immediately disconnected from the 
line so that no false pulses can be transmitted. 

Clutch, gear and push-buttons are made of Delrin, which has a low friction 
coefficient and is highly reliable. The MAGICALL equipment is mechanically 
and electrically robust in order to prevent damage during transport, and all 
electronic components are of high quality. Fig. 7 shows the compact structure 
of the dialler. 

The MAGICALL equipment is supplied in a light grey shade. It has a low, 
elegant shape and takes up no more space on a desk than a telephone set. 



Fig. 7 
Dialler with cover removed 

Main Features of MAGICALL 

1. Rapid setting-up of calls. 

2. Simple plug-in connection. 

3. Power supply from battery eliminator. 

4. Quick finding of a telephone number. 

5. Can be connected to different types of dial telephones 

6. Time-saving. 

7. Simple operation. 

8. Efficient and reliable. 

9. Adequate number capacity. 

10. Adequate digital capacity for subscriber-dialled trunk calls. 
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The rapid increase in telephone density, the automatization of international 
as well as national trunk traffic, the introduction of new traffic facilities, and 
the demand from subscribers for still higher quality of service—all these facts 
make it necessary to concentrate attention on maintenance to a greater 
degree than before. Consequently the telephone administrations are forced 
to choose a telephone system which both requires the least possible main­
tenance and has inherent facilities for far-reaching rationalization of main­
tenance. This article shows how L M Ericsson's crossbar exchanges satisfy these 
requirements and suggests means of rationalization. 

Before discussing the centralization trend. L M Ericsson's basic mainte­
nance philosophy will be briefly reviewed. 

Fundamental Principles 

Maintenance Economy 
In principle switching equipment maintenance consists of: 

1. Service supervision (indication of whether a fault exists) 

2. Repair (when a fault has occurred) 

3. Preventive maintenance (lubrication, periodical cleaning of relay con­

tacts, etc.) 

L M Ericsson's crossbar equipment requires no preventive maintenance, in 
itself a very important rationalization measure. In these exchanges, in other 
words, the maintenance work consists of supervision and the repair of faults. 

Supervision, i.e. measures to ascertain whether faults exist, should be per­
formed as continuously as possible in a telephone exchange. The costs of 
supervision are proportional to the size of the plant and may be very great 
if the supervision is carried out manually. 

Fault repairs may be divided into two phases, analysis of the fault-indicating 
information (fault tracing) and the repair proper. 

The costs of fault tracing are proportional to the fault incidence, i.e. to the 
number of faults to be repaired per annum. Fault tracing can be rationalized 
to a great extent through the use of fault indicators. 

The factors which have a decisive influence on the maintenance of a 
telephone exchange without preventive maintenance are, in other words: 

a) The degree of automatization of the supervision; 

b) The fault incidence for the exchange, i.e. the number of faults to be 
repaired per annum in order to attain a desired quality of service. 

The extent to which supervision should be automatized is a techno-economical 
question and depends largely on the telephone exchange system to be super­
vised. As a general rule it may be said that "common control" systems of all 
types can be easily provided with fully automatic supervision. 

The supervision of L M Ericsson's crossbar exchanges is in practice fully 
automatized and requires an insignificant amount of manual work. The general 
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rule for these exchanges, therefore, is that maintenance effort and, conse­
quently, maintenance costs, are practically proportional to the incidence of 
faults in the equipment. This fault incidence is under normal circumstances 
low—operational statistics from various markets point to the fact that an L M 
Ericsson crossbar switch becomes defective, on an average, once every 40th 
to 50th year, and that the corresponding figure for L M Ericsson relays is 
once every 400th to 500th year. 

Maintenance Philosophy 
The equipments and methods we use to-day are based largely on the main­

tenance philosophy which evolved in the late fifties in collaboration between 
manufacturer and administrations and which may be denoted as controlled 
corrective maintenance. This is characterized by the following requirements: 

• That the equipments should to the greatest possible extent be isolated in 
separate rooms, which are visited only in connection with a job to be done. 
The environmental factor is of the greatest importance in maintenance 
rationalization, because unsuitable premises may well multiply the fault 
incidence and thus cause an increase in maintenance costs. The importance 
of the principle of the " isolated room " for telecommunication equipment 
can hardly be sufficiently stressed.1 

• That periodical maintenance and marginal tests should be adopted only in 
exceptional cases and only when found necessary in practice. Before the in­
troduction of such routines, furthermore, one should investigate whether the 
cause of the fault can be eliminated by alteration of a circuit or component. 

• The operation of the equipment should be supervised as continuously as 
possible and the operational result should be the controlling factor in the 
maintenance effort. 

• The supervisory equipments should be designed to check the operation of 
the exchange from the subscriber's point of view. The switching equip­
ments should be regarded as carriers of functions, not carriers of technical 
data. No action should be taken on account of a solitary disturbance, but 
only when a predetermined failure rate has been reached. 

These general principles have resulted in the following main groups of equip­
ments for supervision of the various L M Ericsson systems. 

ARM-* 

ARK^ 

ARF^ 

DL^ 

DL -> 

DL^ 

Centralograph 

Lamp panel 
(portable) 

Counters 
Lamp panel 

Fig. 1 

Supervision of common control units 

Main Types of Test and Supervisory Methods 

Continuous Supervision of Common Control Units 
Markers, code receivers, registers, etc., are continuously supervised by means 

of built-in circuits. In case of an unsuccessful connection an impulse is sent to 
a service alarm unit (DL), in principle consisting of a memory which checks the 
frequency of unsuccessful connections. If this frequency tends to be too high, 
an alarm is issued. In system ARM a centralograph—in other systems (ARF 
and ARK) counters or lamp panels—are used for the subsequent detailed 
tracing of the fault, see fig. 1. 

Supervision by Means of Test Traffic 
Supervision by means of generated test traffic has proved exceptionally 

useful and constitutes the cornerstone in our supervisory system. The method 
is used for quality control as well as for fault tracing. The primary aid for 
this purpose is the traffic route tester with accessories, which is used to 
set-up test calls between "automatic subscribers" at strategic points in the 
telephone network. The programming of the test traffic is done with care in 
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order to cover every type of traffic and all subscriber groups at as frequent in­
tervals as possible. The testing procedure is generally based on modern statis­
tical sampling methods, usually sequential analysis. 

Service Observation 
Observation of subscriber-generated traffic is an essential complement to 

the supervision exercised by the traffic route tester. One or more of the normal 
registers in the exchange, equipped for supervision of the connections tested, 
are used for this purpose. The register records unsuccessful connections and 
permits the operator to follow the connections from a supervisory desk. In 
local exchanges checks can be made of the calling subscriber's line and dialling. 
This technique is applied to local as well as trunk exchanges. 

Test of Individual Units 
When the supervisory equipments indicate a fault in an exchange, or in a 

unit or group of units, the fault must be located. For this purpose a large 
number of testers have been developed for detailed fault tracing. They are 
usually designed for connection directly to the unit to be tested, and the 
subsequent testing operation is performed fully automatically. Typical exam­
ples of this type of equipments are the SL-GV tester for ARF and the 
exchange tester for ARM. 

Supervision of Traffic Volume 
In order to supervise the traffic quality, equipments are available for 

measurement of congestion, occupation and traffic volume. Congestion is con­
tinuously supervised. A complete traffic measurement is performed on an in­
dication from the congestion meters or periodically on a fixed time schedule. 
Erlang measurements on individual subscriber lines (PBX) can be carried out 
with a special instrument. 

Maintenance of Local Exchanges in City Network 

General Principles 
The maintenance philosophy for local exchanges has in recent yeras shown 

an increasing trend towards centralized maintenance. Fifteen to twenty years 
ago the switchroom was the normal habitat for the maintenance staff. In the 
mid-fifties the thesis was introduced that maintenance staff should not be in the 
switchroom more than absolutely necessary. On this account L M Ericsson's 
crossbar exchanges were often equipped for central service control (CDK). 
This implied the concentration of all supervisory equipment to a control room 
in the same building as the switchrooms and usually in direct communication 
with them. The control room was intended as the normal place for the main­
tenance staff, and from it the exchanges were supervised and a certain 
amount of fault tracing could be done. The control room also serves as the 
sole entrance to the switchroom, thus forming a desirable air-lock. 

During recent years a tendency has been noticeable to push centralization 
still further, viz. especially in large cities to form a centrally situated switching 
maintenance office common to all exchanges in the district. The idea is that all 
or as many exchanges as possible should be unattended and that their main­
tenance should be carried out by patrols under the control of the maintenance 
office. The intention is that only very large exchanges of 10,000-15,000 lines 
or more should be attended. 



Technique and organization are closely interwoven, and changes in main­
tenance technique are often reflected in the maintenance organization. The 
traditional form of maintenance organization in a city is that each exchange 
has its chief, responsible for his exchange. This is an excellent system in 
single-exchange areas but may have disadvantages in multi-exchange areas. 
The "entirety" of the area may be neglected and the interest concentrated on 
the individual exchange. In actual fact, from the subscriber point of view a 
multi-exchange area constitutes a single switching machine and the service 
is judged on the total result. The maintenance should then be organized on 
the same principle - that the multi-exchange area as a whole is the unit, the 
individual plant being of minor importance and to be treated as an integral 
part and not as an independent administrative unit. 

This conception, of regarding the multi-exchange area as a techno-admini-
strative unit, has several advantages. The limited resources can be directed 
towards those parts of the area which are in most urgent need of them for the 
moment. The result is a more uniform service to subscribers and avoidance 
of time lags when an individual exchange is temporarily overloaded with 
work. And last but not least—the same control is exercised over every type of 
traffic within the area. There is a tendency in individual exchange operation 
to concentrate on the local traffic and to neglect the junction traffic. An 
individual route or a special type of traffic (e.g. special services or trunk 
junction lines) tends to be overlooked in an exchange-bound organization be­
cause the responsibility is divided between several exchanges. 

The outside plant maintenance in the majority of large cities has in fact for 
a long time been organized on the centralization principle, and there is no 
doubt that this is an important reason why better service has been available 
at a lower cost in this sphere. There are many things to be said in favour 
of applying this principle also to city exchanges, with centralized supervision 
and centralized control of the repair organization. 

The extent to which centralization can be taken depends to a great extent 
on the character of the exchanges. In older types of system which have limited 
facilities for built-in checking circuits and require regular routine tests of 
individual units, and in which there are a great number of faults to repair, there 
is less possibility of centralized maintenance. Here one must presumably be 
content to supervise the functional quality by means of test traffic and cen­
tralized handling of subscribers' complaints. 

Modern common control systems, on the other hand, such as L M Ericsson's 
ARF system with its great facilities for built-in, fully automatic service super­
vision and its low fault incidence, are extremely suitable for centralized super­
vision and fault repair. Such a centralized maintenance system implies in 
principle that: 

• there is in the area a switching maintenance office to which information 
about faults, congestion, subscribers' complaints, etc.. flow in, and which 
then evaluates the information and orders action to be taken. This main­
tenance office can be situated either in conjunction with an exchange or in 
suitable office premises. 

• all exchanges except the largest (above 10,000-15,000 lines) are unattended. 

• all repair work is carried out by patrols of one or two men under the con­
trol of the maintenance office. 

• equipment for fault location and repair is carried out by the patrol, if port­
able, and otherwise kept permanently at the respective exchanges. 

• each exchange is provided with a control panel on which the input and 
output units of the supervisory equipment for the exchange are concen­
trated. At large exchanges this panel should be situated in a separate 
control room. 
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Fig. 2 

Example of city network, T-town, with auto­

matic ARF exchanges 

Switching maintenance office, fig. 3 B 
Outside plant maintenance office, fig. 3 A 

o 7000 
E 

= number of subscribers 
maintenance equipment in fig. 3 E 
approximate number of faults per 
month 

all statistics and all paper work is concentrated to the maintenance office. 
The fault repairmen (the patrols) con consequently be utilized for repair 
work to the full extent. Not only is their time then effectively spent, but 
they also become specialists, as they are always kept in top trim through 
their qualified work. 

by means of traffic route testers under the control of the maintenance 
office continuous test traffic is generated according to predetermined 
programs. Thus a continuous check is kept on unsuccessful calls, i.e. a 
measure of the functional quality of the equipments. The test subscribers 
are positioned at different exchanges and are programmed to call each 
other in such a way that the result presents a true picture of the service 
from the subscriber^ point of view. The result is read at the maintenance 
office. 

• as a complement to the results from the traffic route tester, the traffic 
generated by subscribers is also supervised. This is done by means of one or 
more observation lamp panels (OBR) which can be connected to control 
registers at the desired exchanges within the area. 

Maintenance of the Exchanges in T-town 

To concretize the picture. Fig. 2 shows an example of a medium-sized city 
network in T-town. embracing 80,000 subscribers on 11 exchanges. The super­
vision is carried out from a centrally situated maintenance office. The figure 
shows the size of each of the 11 exchanges, the expected fault rate per month 
and suitable supervisory equipment according to the typical cases shown in 
fig. 3. Suitable switching maintenance office equipments will be seen in fig. 3A, 
and equipments for outside plant maintenance offices in fig. 3B. 

Practical experience and operational statistics from ARF exchanges in diffe­
rent parts of the world indicate 10-20 repaired faults per year and 1 000 
lines, and at the same time a very high functional quality, i.e. all faults have 
been repaired. This implies that in a centrally situated ARF exchange of 5 000 
lines 1-2 faults are repaired per week and in a 10.000-line ARF exchange 1 
fault every second or third day. If these figures are applied in our example-
the result is an average of about 7 faults per day for the whole area. 
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In addition to this there are alterations on PABX and junction lines, periodic 
maintenance of batteries and signalling machines, and reading of congestion 
and traffic meters. The extent of re-grading, PBX alterations, etc., is entirely 
dependent on the growth rate in the area. If on a major scale, this work 
should be carried out by specialized staff, preferably from the Plant Con­
struction Department. 

In this example permanent repairmen are probably placed at exchanges A 
and B. In exchanges of this size two repairmen should be occupied on fault 
tracing, and thus two men are stationed at exchange A and two at exchange fi. 
The number of faults to be repaired per day for the remaining area is 3, which 
should be possible for two 2-man motorized patrols. The maintenance office 
also requires one man. 

Maintenance of Rural Exchanges 

General Principles 
The basic philosophy concerning maintenance of our rural exchanges ARK 

is identical to that for city exchanges; supervision should be automatized and 
supervisory information should be transmitted to a central maintenance office. 
Besides the normal alarm system the exchanges are equipped with service 
alarm for continuous supervision of the function of the common control units. 
The network as a whole is supervised by the traffic route tester, which con­
tinuously generates test calls between automatic test subscribers distributed 
throughout the area. The supervision of correct charging is performed at the 
ARK and small ARM exchanges by the traffic route tester, and at the larger 
ARM exchanges by special tariff testers. Disregarding batteries and signalling 
machines no periodic inspections are necessary, the supervision being per­
formed entirely by the equipment mentioned above. 

Maintenance of Rural Networks 
To present the aforementioned principles in concrete shape, Fig. 4 shows an 

example of an automatized rural network with fully automatic supervision. The 
network consists of ARK exchanges and a few ARM. Fig. 5 shows the testing 
and supervisory equipment, which in this case is kept at each exchange. The 
maintenance office is presumed to be situated at exchange 1, and the switching 
maintenance is attended to by motorized patrols specialized in this work. As 
routine tests and periodic inspections are used only to a small extent, the 
quantity of maintenance work is dependent almost exclusively on the number 
of faults to be repaired. 

As the transit equipments constitute a considerable part of the entire 
equipment, the operational statistics are here based on the number of single-
sided racks. The empirical figure for ARK exchanges is about 1 fault per 
single-sided rack and year. In this case, as for ARF. the figure applies to 
districts where the functional quality of the exchanges has been established, 
i.e. all faults have been repaired. In the rural network shown in Fig. 2, some 
500-600 faults per annum would consequently have to be repaired, i.e. 2-3 
faults per day. The number of staff required depends to a great extent on 
local conditions, but two men at exchange 10. also attending to the mainte­
nance office, seems reasonable. There remain 2-3 faults per day in the remaining 
district, which should be managed by two one-man motorized patrols. A 
certain share of general jobs, such as minor PBX and junction line alterations, 
should be attended to by this staff. 

To facilitate the directing of outside plant repairmen in the rural network, 
the district has been provided with equipment for remote-controlled measure­
ment of subscriber lines. L M Ericsson are developing two types of remote-
controlled line measurement systems for the ARK exchanges. In one system 
the measuring device is located at the group centre and requires physical 
junctions to the terminal exchange, in the other the measuring device is located 
at the terminal exchange and entirely independent of the type of junction line. 
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Maintenance of Transit Exchanges ARM 

ARM in Rural Networks 
The strategy for transit exchange maintenance is partly dependent on the 

field of application. Transit exchanges in the rural network are included in 
the traffic route tester program, which covers switching equipment as well as 
lines. This, in conjunction with the service alarm, usually provides for complete 
supervision of the exchange. For fault tracing and repair centralographs are 
used for the common control units (M. VM, etc.J and exchange testers for lines 
and individual units. The supervision of congestion is performed by reading 
the counters at the respective exchanges. 

ARM in the LD Network 
The question of operation and maintenance of ARM exchanges when used 

in national and international LD networks has several aspects. In the first 
place the equipment at the exchanges must be supervised and faults repaired. 
It is, however, also desirable that the supervisory equipments provide informa­
tion about weaknesses in the lines connected to the exchanges or in the LD 
network as a whole. 

The maintenance philosophy which has been outlinedabove in connection with 
city and rural networks is to a great extent based on supervision of the network as 
a whole by means of programmed test traffic from subscriber to subscriber. In 
the LD network, with its extensive geographical spread and more complicated 
administration, the principle of individual supervision of each part of the network 
is applied to a greater extent, i.e. each exchange and each group of trunks 
is separately supervised. It is consequently essential to verify by means 
of the traffic route tester that the maintenance of the different parts of the 
network has been successful and to check the total result by means of test traffic 
between automatic subscribers spread throughout the country. This is per­
formed by traffic route testers, and by this means the LD network is super­
vised also from the subscriber-customer's point of view. 

As in the case of ARM in the rural network, service alarm and centralograph 
continuously supervise the common control units (VM, M, TB, REG, etc.) 
and selector stages. The trunks are supervised as regards transmission as 
well as switching function by means of the automatic transmission measuring 
equipment- (ATME). This equipment is punched-card-controlled and utilizes 
the normal selector stages as access selectors. It tests the trunk circuits 
individually, setting-up calls in accordance with predetermined programs. The 
result is presented on punched cards and for international circuits is recorded 
at both line terminals. 

If ATME is not used, the circuit supervision is performed by periodical 
checks with exchange testers working automatically with test numbers in a 
suitable local exchange. 

Testing of the operation of local exchanges in relation to the ARM exchange 
is performed by means of test traffic set up by the traffic route tester from 
different exchanges to a " test route " in the ARM. Supervision of the operation 
from ARM local exchanges is performed from the ARM exchanges by means 
of terminal control registers and exchange testers. 

Equipment in which charging takes place is regularly tested by special tariff 
testers. 

The primary purpose of the ARM control register is to indicate abnormal 
fault or congestion rates at certain destinations or on certain routes. The reg­
ister also serves as source of engineering and traffic statistics for the appraise­
ment of the LD network as a whole. The result is presented either on punched 
cards or on counters. An operator can, via a visual display connected to the 
control register, observe the connections handled by the control register. 



The supervision of congestion is performed by congestion meters, one per 
route, and by regular traffic measurements. 

The maintenance office for ARM exchanges in the LD network should be at 
the ARM exchange and be in charge both of the switching and transmission 
equipments. A large part of the ARM exchange information concerns the lines, 
and much duplication of labour can be avoided by a single organization for 
directing of the maintenance work at switching centres and repeater stations. 
To the LD maintenance office are sent alarms and all fault reports in connec­
tion with LD traffic. Input and output units for the supervisory equipment in 
the exchange are located in the maintenance office, from which AT ME is also 
controlled. 

As in the case of rural and city networks, it is essential to regard the LD 
network as a single switching machine from the maintenance and operational 
points of view from the start and to include the capitalized value of the main­
tenance cost. LD centres controlling the LD maintenance offices should 
therefore be arranged at a few places within the LD network. The LD centres 
should be responsible for the technical and traffic supervision of the LD 
network both on a short-term and long-term basis. 

Economic Aspects 
The extent to which centralization can be taken varies with local circum­

stances. It is our belief, however, that the general principle can be applied all 
over the world. Automatic and centralized supervision leads to a more rational 
utilization of staff, and above all better operational results and a better survey 
of the results. 

In the case of new plant, it is natural to plan for economic maintenance 
from the start and to include the capitalized value of the maintenance cost 
when estimating the cost of planned plant. 

In the case of existing plant the possibility of rationalizing maintenance 
should be constantly kept in mind, especially if there is a possibility of obtaining 
better functioning exchanges as a "by-product". In this connection rationali­
zation usually involves investments in buildings, maintenance equipments and 
staff training. These investments will be profitable and justified so long as 
they are below the capitalized value of the maintenance cost saved. The saving 
of one man costing 6,000 US $ per annum over a period of 25 years warrants 
an investment of the order of 65,000 US $ (see Fig. 6). 

Profitability limit 
for investments 

133000$ 

100000? 

US $ 67000? 

Fig. 6 
Profitability limit for investments in relation to 
saved maintenance time. Account has not been 
taken of wage increases. At an annual wage 
increase of 3°0 the profitability limit rises by 
about 40% 
Annual interest 7 . 5 % 
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Service life: 25 years 
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Future Trends 
Future developments will probably accentuate the trend towards centraliza­

tion. The data technique will make it possible to transmit a large amount of 
information and to process it at high speed in electronic computers. Technical 
and traffic information will be data-processed together with fault reports and 
indicate the probable sources of faults. 

The possibility of sending information from the maintenance office to the 
exchanges facilitates remote-controlled tests and remote-controlled blocking of 
faulty units, and " storage " of faults for more rational use of the time of the 
repair staff. Perhaps the greatest advantage in this connection will be the 
substantially increased facilities for supervision of traffic volume and conges­
tion, which will permit effective centralized supervision of the complicated and 
expensive national and international networks. 
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LM Ericsson Exchanges Cut into Service 1965 

1965—a new record year for L M Ericsson Crossbar Systems. More than 

650,000 lines of crossbar systems ARF and ARK installed in 1965. 

In the following tables is shown the number of new telephone exchange lines 

installed in each country during 1965, including extensions of existing 

exchanges. The figures represent only public exchanges and include also 

equipment manufactured on L M Ericsson licence. Such manufacture on 

licence is indicated for each country in question by an asterisk. 

CITY EXCHANGES 

Public automatic 
exchanges with 
crossbar- or code 

Argentine 
Australia 

New South Wal 
Queensland 

telephone 
500-line. 
switches. 

:s 61.2001 
9,800 

South Australia 15,400 
Tasmania 
West Australia 
Victoria 

Bolivia 
Brazil 
Burma 
Chad-' 
Colombia 
Dahomey1 

Denmark 
Ecuador 
Ethiopia 

6,600 
10,400 
41,600 

500-line 
selectors 

Number of 
lines incl. 

extensions 

100 
2.000 

14,200 

500 
1,500 

Crossbar or 
code switches 

Number of 
lines incl. 
extensions 

3,000 

145,000* 

6,500 
1,000 

200 
19,400 

800 
50,600 

1,800 

Finland 
France1 

Gabon1 

Iceland 
Ireland 
Italy 
Ivory Coast 
Lebanon 
Liberia 
Mexico 
Netherlands 
Netherlands West Indies 
Niger2 

Norway 
Panama 
Sweden 
Thailand 
Tunisia 
Turkey 
UAR (Egypt) 
USA2 

Venezuela 
Yugoslavia 

Total 

2,200 

39,700 

10,000 

20,500 

600 

5,000 
5,500 

83,500 

12,000 

400 

197,700 

27,600 
102,880* 

200 
900 

10,400 
60,800 

400 
3,400 
3,000 

1 5,000 
1 2,000 

200 
3,800 

16.000 
9,000 
6,000 

42,900 
25,750 

19,000* 

587,530 

1 System CP 400, delivered by Societe Francaise des Telephones Ericsson, Colombes, or their licensees. 
2 System NX-1, delivered by North Electric Co., Galion, Ohio. 

In 1965 public automatic exchanges of a 
total capacity of appro*. 587.000 lines were 
installed of L M Ericsson Crossbar Systems 
for city exchanges. In 1960 the correspon­
ding figure was 90,000 lines only, illustrating 
the rapid advance of L M Ericsson crossbar 
technique. 
The photo shows a group of 1000 lines of 
system ARF in the new exchange at Bron-
derslev, Denmark. 
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RURAL EXCHANGES 

Public automatic rural e. 
crossbar switches, system 
NX-2. 

Australia 
New South-Wales 
Queensland 
South Australia 
Tasmania 
West Australia 
Victoria 

Brazil 
Canada 
Denmark 
Ecuador 
Finland 
Iceland 
Ireland 
Italy 
Lebanon 
Liberia 
Mexico 
Netherlands 
Norway 
Sweden 
Thailand 
Tunisia 
USA1 

Yugoslavia 

xchanges with 
ARK. ART. 

2,120 
3,330 
4,900 
1,230 
2,490 
7,100 

Total 

Number of 
lines incl. 
extensions 

21,170* 

400 
300 

9,750 
100 

6,280 
1,410 
4,090 
6,730 

800 
40 

1,020 
400 

3,120 
3,200 
2,800 

300 
11,910* 
5,440* 

79,260 

System NX-2, delivered by North Electric Co., Galion, Ohio. 

The total multiple capacity of L M Ericsson automatic transit 
exchanges in service or on order amounts today to more than 
250.000 lines The photo shows the group selector stage of an 
L M Ericsson transit exchange of a capacity of 2000 lines. 
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Today there are more than 3000 automatic rural exchanges in 
service or on order of L M Ericsson Crossbar systems ARK of a 
total capacity of approx. 600,000 subscriber lines. The photo 
shows such an exchange of a capacity of 600 subscriber lines. 

TRANSIT EXCHANGES 

Transit exchanges with crossbar switches, 
system ARF. ARM. ART. or with 500-
line selectors, system AGF. 

Canada 
Colombia 
Denmark 
Ecuador 
Finland 
Iceland 
Ireland 
Italy 
Lebanon 
Liberia 
Mexico 
Netherlands 
Norway 
Sweden 
Tunisia 
UAR (Egypt) 
Yugoslavia 

Tota! 

Multiple 
Capacity 

200 
880 

10,940 
400 

1,640 
520 

1,460 
6,280 

200 
80 

320 
800 
720 

9,335 
1,380 

400 
3,660 

39,215 
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All Quarters of the World 

The automatic exchange at Santa Ana is one 
of L M Ericsson's first in Costa Rica and has 
an initial capacity of 400 ARF lines. 

Important New Contracts 
BRAZIL 

L M Ericsson has achieved a new 
advance in Brazil through the order 
obtained by its subsidiary company, 
Ericsson do Brasil, for telephone 
equipment for still another large city, 
Belo Horizonte, capital of the state of 
Minas Gerais with 800.000 inhabitants. 
The contract amounts to 50 million 
kronor. 

The Belo Horizonte contract is for 
50,000 lines of automatic local and 
long-distance switching equipment. It 
also covers 30,000 telephone sets. 

Deliveries are to start in 1966 and 
be completed by the beginning of 
1969, by which time all the earlier 
equipment will have been removed 
and replaced by L M Ericsson's mod­
ern crossbar equipment. 

The bulk of the equipment vill be 
supplied from L M Ericsson's Brazil­
ian factory at Sao Jose dos Campos. 

KUWAIT 

L M Ericsson has obtained a large 
order for telephone exchange equip­

ment for Kuwait in the face of hard 
international competition. 

The contract comprises the delivery 
and installation of five automatic tel­
ephone exchanges of L M Ericsson's 
crossbar system and is worth some 10 
million Swedish kronor. The ex­
changes are expected to be in opera­
tion during the first half of 1968. 

Kuwait is one of the world's largest 
oil producers. The country is under­
going rapid development and further 
expansions of the telephone network 
will therefore be necessary. 

Kuwait is the fifth Arab country to 
adopt Ericsson crossbar for automa­
tization of its telephone network. The 
others are the United Arab Republic, 
Lebanon, Tunisia and Saudi Arabia. 

MALAYSIA 
In cooperation with ASEA, L M 

Ericsson has received an order from 
National Electricity Board, Kuala 
Lumpur. Malaysia, comprising tele­
phone equipments for power line car­
rier systems and v. f. metering chan-

Large Scale Automatiza­
tion Project in 
Costa Rica 

During the latter part of 1963 invi­
tations for tenders were issued for a 
large scale project of automatization 
of the area centered on the Costa 
Rican capital, San Jose, and a large 
number of provincial towns as well. 
At the end of 1964 a contract was 
signed with L M Ericsson for the 
delivery of five new crossbar ex­
changes totalling 26,380 lines for San 
Jose and the surrounding area (Zona 
Metropolitana). 

The first exchanges were ready for 
commissioning in early 1966 and on 
April 30 the two largest exchanges, 
San Jose I and San Jose II, were 
opened, totalling 17,600 lines. Earlier. 
1000 lines had been cut-over at Escazu 
and 400 lines at Santa Ana. 

It may be mentioned that this was 
one of the first development projects 
in telephony of which the financing 
was based on a loan from the World 
Bank. 

From the signing of the contract in Kuwait. (From left) Mr. Hans Augustinson, LME, Mr. Morad 
Yousuf Behhehani, LME agent, Messrs. Abdul Rahman Ghoneim and Marzouk al Marzouk, 
Assistant Llndersecretaries, PTT, and H.E. Mr. Saleh Abdulmalik Al-Saleh, PTT Minister. 

nels, special telephone switchboards 
for these carrier systems, and remote 
control and telemetering equipment. 

The project will mean that a large 
part of Malaysia's most important 
transformer and power stations will 
be supervised form a main control 
room at Kuala Lumpur. 

The total contract is worth rather 
more than 4 million kronor. The or­
der was obtained by ASEA/LME after 
lengthy negotiations and in keen 
competition with other suppliers. 



To finance its continued expansion on the foreign market L M Ericsson has taken out a 20-year 
6 '•; per cent loan of 20 million US $ through a bank consortium headed by S. G. Warburg & Co. 
Ltd., London, Stockholms Enskilda Bank and Svenska Handelsbanken. The loan was issued at 
a rate of 97 '., per cent and has been placed on the international capital market. 
From the signing of the agreement with the banks in London on March 10, 1966. (From left) Mr. 
S. Wikander, Svenska Handelsbanken, Mr. Marc Wallenberg Jr. , Stockholms Enskilda Bank, 
Mr. Bjorn Lundvall, and Mr. B. Kelly, S. G. Warburg & Co. Ltd. 

Subscriber-Dialled Calls 
within Scandinavia 

At the end of last year a section for 
outgoing subscriber-dialled inter­
national traffic was opened at the 
Stockholm International Centre. This 
section will initially handle only 
traffic from the Stockholm area to 
accessible parts of Denmark and Nor­
way, but will later handle traffic 
transited through Stockholm from 
other zones as well. 

Calls are charged by repeated in­
dications directly on the subscriber's 
meter in the same way as calls within 
the national network. Under the pre­
sent tariff calls to Denmark and Nor­
way will be charged at the rate of 
one call unit per interval of 5.7 
seconds. 

For settlement between the coun­
tries a special settlement equipment 
has been supplied which permits 
measurement of the volume of traffic 
to the various destinations. 

New Telex Exchange 
in Nigeria 

On May 6 L M Ericsson's first telex 
exchange in Africa was opened in the 
Nigerian capital. Lagos. The initial 
capacity of the exchange is 120 lines 
and its ultimate capacity 400 lines. 

In an address at the opening cere­
mony Mr. C. O. Lawson, Permanent 

Secretary to the Ministry of Commu­
nications, denoted the new exchange 
as a milepost in the development of 
Nigeria's telecommunications and 
stated also that plans exist for expand­
ing the telex network to cover other 
main centres in the country as well. 

The opening ceremony was attended 
by representatives of the Nigerian 
Chamber of Commerce, members of 
the government and of the diplomatic 
corps. 

L M Ericsson's Largest 
Cut-over in Holland 

The largest cut-over of LM Ericsson 
equipment in Holland hitherto took 
place at the beginning of April 1966. 
A new group centre, Vlietweg, was 
placed in service at Dordrecht com­
prising 15,000 ARF lines with a transit 
stage of 1400 ARM lines. In con­
junction therewith 5000 ARF lines 
were cut over at Zwijndrecht, 2000 
ARF at Berkel, a 400-group of ARM 
at Rotterdam DC, as well as two 
AKL 10 detached exchanges of 200 
lines each. 

A large scale plan of operations had 
been drawn up for the cut-over, 
which was completed in the remark­
ably short time of 21 minutes. Al­
together 200 technicians were engaged 
on the operation. 

Among the persons invited to the 
opening ceremony on April 5 were 
Mr. S. A. Posthumus, Secretary to the 
Ministry of Traffic and Water Regu­
lation, and members of the PTT 
management, among whom Professor 
G. H. Bast, Mr. P. F. Blickman, Mr. 
R. Diks, Professor H. L. van Lommel, 
Mr. A. D. J. Uurbanus as well as 
representatives of The City Council, 
Rotterdam Telephone Area and L M 
Ericsson. 

In conjunction with the opening of the new automatic exchanges in the Dordrecht sector an aerial 
view panel of the area had been prepared. (From left) the Mayor of Dordrecht, Mr. J . J. van der 
Lee, the Mayor of Dubbeldam, Mr. J . P. M. Beelaerts van Emmichoven, aad the Mayor of 
Zwijndrecht, Mr. C. Slobbe. On the far right is Mr. John C. Spakler, Director of the Rotterdam 
Telephone Area. 
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Mr. Bjorn 1 umh.ill. President of L M Ericsson, and Mr. Arne Stein, Vice President, made an 
official visit to Brazil at the beginning of the year. The photo shows their arrival at the Sao Paulo 
airport. (From left) Mr. Jose Falcao of L M Ericsson's subsidiary company, Ericsson do Brasil 
(EDB), Dr. Jose Diniz, EDB, Mr. Ragnar Hellberg, President of EDB, Mr. Arne Stein, Dr. 
Geraldo Nobrega, EDB, Consul General Erik Svedelius, member of the board of EDB, Marshal 
Nelson de Mello, chairman of the board of EDB, Mr. Bjiirn Lundvall, and Messrs. Einar Berg-
strand and Fernando Cenegaglio, EDB. 

Mr. Lewis Chagfu (above), Minister of In­
formation and Telecommunications of Zambia, 
and the new Ambassador to Sweden of the 
United Arab Republic, Mr. Mustafa Tawfiq 
(below, right), have visited L M Ericsson at 
Midsommarkransen. They are here seen being 
shown round the Exhibition Room by Mr . Erik 
Lundqvist. 

In conjunction with a meeting at the Swedish 
Board of Telecommunications, the motto of 
which was "Efficiency and Service", the 
management of the Board and regional ma­
nagers of the Administration visited L M 
Ericsson's Midsommarkransen plant on April 
19. They were shown certain sections of the 
manufacture in conjunction with an examina­
tion of L M Ericsson's system for quality 
control. At the same time L M Ericsson's new 
features in the field of outside plant construc­
tion were demonstrated, during which this 
photograph was taken in the jointers' school. 
(From left) Mr . Lars R. Rbnnebrink, Mr . 
Malte Patricks, Vice President, and, from the 
Administration, Director General Bertil Bjurel, 
Mr. Gosta Sjogren, Regional Manager, Mr. 
G. A. Pettersson, Technical Director, and Mr. 
Arvid Lundqvist, Director of Stores. 

Another celebrated guest, Mr. Oiva Saloila of the Finnish PTT, is seen trying out an Ericofon 
with the assistance of Mr. Bjorn Lundvall, President of L M Ericsson, and Mr. Malte Patricks, 
Vice President (left). 



Mr. Arvid Westling (left) receives from the 
new president, Mr. Yngve Akesson, a split-up 
cable with an address of thanks from the 
staff of SKV. 

New Head of Sieverts 
Kabelverk 

Mr. Arvid Westling retired on 
pension at the end of February after 
more than 15 years as President of 
Sieverts Kabelverk (SKV). 

After graduating from the Stock­
holm Institute of Technology in 1923 
and holding various appointments in 
the following years. Mr. Westling 
joined L M Ericsson in 1929 as 
engineer at Radiobolaget. In 1936 he 
moved to the Long Distance Division 
and was appointed its head in 1940. 
In 1946 he was appointed Chief 
Engineer and since 1951 has been 
President of SKV. 

His successor is Mr. Yngve Akes­
son, former Vice President of SKV. 

Mr. Akesson, after graduating from 
the Chalmers University of Technol­
ogy in Gothenburg in 1949, joined 
SKV as assistant to the Head of the 
Plastic- and Rubber-insulated Cable 
Division. After various other appoint­
ments during the years 1954-1965 he 
returned to SKV and became Vice 
President in September last year. 

L M Ericsson Sells Con­
trolling Interest in 
North Electric 

L M Ericsson has concluded an a-
greement with United Utilities Inc. 
Kansas City, USA, under which United 
Utilities acquires 350,000 shares in 
the North Electric Company. Galion, 
USA. a subsidiary of L M Ericsson. 
The agreement is subject to the 

approval of the Swedish and United 
States authorities. 

Through this acquisition, at a price 
of US $ 30 per share. United Utilities 
will become the holder of some 52 % 
of the shares in North Electric. L M 
Ericsson will retain the remainder of 
its holdings (some 30 percent) and has 
offered to purchase the shares of 
minority holders at a price not below 
the selling price to United Utilities. 

The agreement implies that L M 
Ericsson will continue to participate 
very actively in the management of 
North Electric, will place its "know-
how " within the fields of sales, engi­
neering, production and administration 
at the company's disposal and will 
also cooperate in the development and 
introduction of new products. 

North Electric's program consists 
of the manufacture and sale of auto­
matic telephone exchanges based on 
L M Ericsson's crossbar switching 
systems, Ericofons, and power equip­
ments for telephone operating com­
panies and for manufacturers of data 
processing equipments and other 
customers with precise tolerance re­
quirements. The company also manu­
factures telecommunication equip­
ment for the American Defence 
Forces. In 1965 North Electric's in­
voicing amounted to rather more than 
23 million US $. 

United Utilities is a holding com­
pany for the second largest group of 
telephone operating companies in the 
United States outside the Bell group 
and also owns electricity, gas and 
water works. United Utilities has 
more than 850,000 subscribers in 17 
states and in recent years has increased 
its range of activities through the 
purchase of telephone operating com­
panies. 

The cooperation between United 
Utilities and L M Ericsson in North 
Electric opens the way to further ex­
pansion of North Electric's activities 
and is considered to be of great im­
portance for L M Ericsson through 
the exchange of experience and the 
opportunities for introduction of new 
equipments offered by cooperation 
with a large American telephone 
operating company. 

Ericsson Technics 
Ericsson Technics No. 1, 1966, was 

issued in April and contains three 
papers. 

The first, "Active Network Syn­
thesis" by T. Fjallbrant, presents a 
synthesis method for amplifiers using 
negative resistance elements such as 
metric amplifiers and controlled sour­
ces such as transistors. The synthesized 
amplifiers have a very low gain sensi­
tivity. A considerable improvement in 
the gain and phase stability is obtained 
without any loss in gain, bandwidth 
or noise figure. In this way a very 
serious drawback of the parametric 
amplifier has been overcome. 

The second paper, by G. Einarsson, 
is entitled "Time-Frequency Coded 
Pulse Communication Systems". The 
author deals with communication 
systems of "RADAS" type using 
time-frequency coded signals. A com­
parison between different modulation 
procedures based on the probability 
of false signals shows that Delta 
modulation appears most appropriate 
for this type of system. In this case 
around five disturbing stations can be 
allowed per MHz of system band­
width. The communication facilities 
for radio stations distributed at ran­
dom over irregular terrain are being 
studied. 

The last paper, "Statistical Analysis 
of the Times of Non-Repeated 
Tasks. A Study of the Ratio of Two 
Normally Distributed Variables", has 
two authors, J. Ehrenborg and G. 
Elofsson. Statistical methods are 
used to deal with an important prob­
lem of administrative rationalization. 
For qualified office work the hy­
pothesis is set up that both planned 
and real times have a normal distri­
bution around merely intuitively 
known standard times. A test for the 
hypothesis is presented, as also a 
practical application. 

Donation 
To assist technological research in 

Mexico, Mr. Hugo G. Beckman, Head 
of Telefonos de Mexico, S.A., has 
donated 10,000 shares in the company 
to " Patronato del Centro de Investi-
gacion y Estudios Avanzados del 
Instituto Politecnico Nacional' 
(Centre for Technological Develop­
ment and Research). The value of the 
shares corresponds to nearly half a 
million kronor and the yield will be 
used in whatever manner is found 
appropriate 
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UDC 669.1.013.5 
681.3 

LME 872 

LANTZ, O.: Automatic Data Collection in a Swedish Iron and Steel 
Works. Ericsson Rev. 4J(1966): 2, pp. 38—41. 

L M Ericsson has designed an automatic data collection system HDC 800. 
The system is based on components of the very highest reliability, which 
have been thoroughly tested in telephony. 

In the past two years an installation has been in use within a Swedish 
iron and steel works comprising data collection for steel plant-cogging 
mill, i.e. for the production of steel billets and slabs. The system includes 
a special signalling plant for direction of the flow of materials through 
pit furnaces. 

UDC 621.395.454 
621.376.56 

LME 8436 

EINARSSON, G.: An Experimental 24-Channel System with Pulse Code 
Modulation. Ericsson Rev. 45(1966): 2, pp. 42—48. 

The article presents an account of an experimental transmission system 
with pulse code modulation developed at Telefonaktiebolaget L M Erics­
son. The system has 24 speech channels and is mainly intended for 
unloaded cables with repeaters connected at the loading points. 

The article describes the operation of the system and its electrical and 
mechanical structure. Technical data and some experience from a field 
test in cooperation with the Swedish Telecommunications Administration 
are presented. 

UDC 621.395.636 
621.395.721.7 

LME 8223 

EKSTROM, H. & NYLEN, P.: MAGICALL—Automatic Dialler. Ericsson 

Rev. 43(1966): 2, pp. 49—55. 

MAGICALL, the automatic dialler, is a valuable aid to persons who 
make large numbers of telephone calls daily. It can be connected to an 
ordinary telephone set. It memorizes a large quantity of telephone numbers, 
and with it a call is put through to the desired subscriber by pressing a 
single button without needing to use the telephone dial. MAGICALL 
was developed by an American company, DASA Corp., and will be 
sold by L M Ericsson in many parts of the world. The article presents an 
account of the dialler and its mode of operation. 



The Ericsson Group 

Associated and co-operating enterprises 
and technical offices 

• E U R O P E • 

D e n m a r k 

L M Ericsson A /S Kebenhavn F, 
Finsensvej 78 , ( e l : Fa 6868 , t g m : 
er icsson, t e l e x : 9020 ericsson k h 
T e l e f o n F a b r i k A u t o m a t i c A / S 
Kobenhavn K, A m a l i e g a d e 7, t e l : 
CE 5188 , t g m : a u t o m a t i c , t e l e x : 
5264 

D a n s k Signal Industr i A/S Keben-
havn F, Finsensvej 78 , t e l : Fa 
6767 , t g m : s igna le r 

F i n l a n d 

O / Y L M Ericsson A / B Helsinki , 
F a b i a n i n k a t u 6, t e l : A 8 2 8 2 , t g m : 
ericssons, t e l e x : 12 -546 

F r a n c e 

Societe F ranca ise des Te lephones 
Ericsson F-92-Co/ombes 36, Bou le ­
v a r d de la F i n l a n d e , te l : Par is 
(1 )242 35 0 0 . t g m : ericsson 
F-75-Poris 147, r u e d e Cource l l es , 
t e l : Par is ( 1 ) 2 2 7 9 5 3 0 , t g m : e r i c 

G r e a t B r i t a i n 

Swedish Ericsson C o m p a n y Ltd . 
Twickenham Middx, R e g a l H o u s e , 
L o n d o n R o a d , t e l : P O P e s g r o v e 
8 1 5 1 . t g m : te le r ic 
Product ion C o n t r o l (Ericsson) 
Ltd . Twickenham Middx, R e g a l 
H o u s e , London R o a d , t e l : P O P e s ­
g r o v e 8 1 5 1 , t g m : te ler ic 

I r e l a n d 

L M Ericsson Ltd . Dublin 2, 32 , U p ­
per M o u n t Street , t e l : 6 1 9 3 1 , t g m : 
er icsson, t e l e x : 5310 

Italy 
F A T M E , Soc. p e r A z . Roma, C.P. 
4025 A p p i o , t e l : 4694 , t g m : 
f o t m e , t e l e x : 61327 

SET EMER , Soc. per A z . Roma, V i a 
G . Paisiel lo 4 3 , t e l : 868 .854 , 
t g m : s e t e m e r 
S IELTE, Soc. per Az . Roma, C . P . 
4024 A p p i o . t e l : 7 8 0 . 2 2 1 , t g m : 
sielte 

N e t h e r l a n d s 

Ericsson Te le foon-Maatschap>pi j , 
N . V . Rijen (N .Br . ) , t e l : 0 1 6 9 2 - 3 1 3 1 , 
I g m : e r i c i e l , t e l e x : 54114 
Voorburg-Den H a a g , P . O . B . 3060, 
t e l : 81 4 5 0 1 . t g m : e r i c t e l - h a a g , 
t e l e x : 31109 

N o r w a y 

A/S Elek . r isk B u r e a u Oslo 3, P.B. 
5055 , t e l : C e n . r o l b o r d 46 18 2 0 , 
. g m : e l e k . r i k e n , t e l e x : 1723 
A /S Indus t r i kon t ro l l Oslo 6, 
G r e n s e v e j e n 86 /88 , t e l : C e n t r a l -
b o r d 68 34 64, t g m : indt ro l l 
A/S N o r s k K a b e l f a b r i k Drammen, 
P.B. 500 , t e l : 8 3 7 6 5 0 , t g m : k a b o l 
A /S N o r s k S ignal industr i Oslo 3, 
P.B. 5055 , t e l : 46 18 20 , t g m : sig­
na l indust r i 

P o r t u g a l 
Sociedade Ericsson de Por tuga l 
L d a . Lisboa 7, R u a Fil ipe Fo lque , 
t e l : 57193 , t g m : ericsson 

S p a i n 

C i a Espanola Ericsson, S. A . 
Madrid 8, T o r r e de M a d r i d , 
Pr incesa 1 , t e l : 241 14 0 0 , t g m : 
ericsson 

S w e d e n 
T e l e f o n a k t i e b o l a g e t L M Ericsson 
Stockholm 32, t e l : 08 /19 0 0 0 0 , tgm : 
te le fonbo lage t , t e l e x : 19910 
AB A l p h a Sundbyberg, t e l : 0 8 / 
28 26 0 0 , t g m : a k t i e a l p h a , t e l e x : 
10082 
C a s a Konsul t A B Alvsjo, H u d -
d i n g e v d g e n 417 . te l : 0 8 / 4 7 2 5 6 5 . 
t g m : casaconsult 
AB Ermi Korlskrona 1 , t e l : 0455 / 
23010 . t g m : e r m i b o l a g 
AB Rifa Bromma 1 1 , t e l : 0 8 / 
26 26 10, t g m : e l r i f a , t e l e x : 10308 
AB Svenska E l e k t r o n r o r Stock­
holm-Tyreso 1 , t e l : 0 8 / 7 1 2 01 20, 
t g m : electronics, t e l e x : 1275 
Instrukt ionstekf i ik A B Stockholm 
44, t e l : 0 8 / 6 8 08 70, t g m : instruk-
lec 

L M Ericssons D r i f t k o n t r o l l a k l i e -
bolag So/no, t e l : 08 /83 07 00 , t g m : 
e r i c d a t a 

L prt ericssons cngnalakt iebolag 
Stockholm Sv. t e l : 0 8 / 6 8 0 7 0 0 , I g m : 
s i g n a l b o l a g e t 

L M Ericsson T e l e m a t e r i e l A B , 
Stockholm-Tyreso 1 , Fack, t e l : 0 8 / 
7 1 2 00 0 0 , t g m : e l l e m , t e l e x : 1275 
Siever ts K a b e l v e r k A B Sundby­
berg, t e l : 0 8 / 2 8 28 60 , t g m : sie-
ver ts fabr ik , t e l e x : 1676 
Svenska R a d i o a k t i e b o l a g e t Stock­
holm 12, t e l : 0 8 / 2 2 31 40 , t g m : 
s v e n s k r a d i o , . e l e x : 10094 
S w i t z e r l a n d 

Ericsson T e l e p h o n e Sales C o r p . 
A B , S tockho lm, Z w e i g n i e d e r -
lassung Z u r i c h 8032 Zurich, Post-
f a c h , t e l : 32 51 84, t g m : teler ics-
son, t e l e x : 52 669 
T u r k e y 

Ericsson T u r k T i c a r e t Ltd. Sirket i 
Ankara, Rumel i H a n , Z i y a G 6 -
k a l p C a d . , t e l : 1 2 3 1 7 0 , t g m : e l l e m 
Istanbul, Istanbul Burosu , L i m a n 
H a n , K a t 5, N o . 75 , B a h o e k a p i , 
t e l : 22 81 0 2 , t g m : el lemist 
Izmir, I z m i r Burosu , K i s i l k a y a 
H a n , K a t 3, N o . 13, H a l i f Z i y a 
B u l v a r i , t e l : 37832 , t g m : e l l e m i r 

W e s t G e r m a n y 

Ericsson Verkaufsgesel lschaf t m. 
b. H . 4 Diisseldorf-Ralh, Postfack 
136 , t e l : (0211)63 30 3 1 . t g m : e r i c -
te l , t e l e x : D S S D 8 58 6871 

• ASIA • 

I n d i a 

Ericsson T e l e p h o n e Sales C o r ­
p o r a t i o n A B Calcutta 22, P .O .B . 
2324 , t e l : 45 44 94, t g m : inder ic 
New Delhi 1, P .O .B . 669 , t e l : 
27 23 12, t g m : inder ic 

I n d o n e s i a 

Ericsson T e l e p h o n e Sales C o r ­
pora t ion AB Bandung, D j a l a n 
I r . H . D j u a n d a 1 5 1 - 1 5 3 , t e l : 
8294. t g m : j a v e r i c 
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A New Generation of Transmission Equipment 
E. E R I K S E N , T E L E F O N A K T I E B O L A G E T L M E R I C S S O N , S T O C K H O L M 

UDC 621.395.44 
LME 8400 

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

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

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

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

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

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

smaller and smaller volume. As regards carrier systems, the major part of the 
terminal equipment consists of channel translating bays. If the volume per 
terminated channel is calculated for these bays, a good measure of the 
volumetric development of carrier systems is obtained. Fig. 2 shows how the 
space requirement has decreased over the years. 

74 



Channel 

Kanal 
Group 

12G 
Supergroup Mastergroup Supermastergroup Line group 

60G 300 G 900G LG 

Kanal/12G 

+ — 
12/60 G 

Fig. 1 

Modulation biock used in terminal equipment 

for the most important carrier systems for 

coaxial cables and radio links. 

1 
60/300G 

60- 1300 

1 — 60/300G 

812-2044 

1 1 

60/900 G 

312-4028 
(60 -4028) 

300/300G 

64- 1296 

300/900G 

8516 -12388 

900/900G 

900/2700G 

i — 900/2700 G 

, 
i L- i 
i 

i 
i i • 
• 

300 ci 
Alt. 1 

A l l . 2 

900 ci 
Alt. 1 

2700 c 
Alt. 1 

10800 
Alt. 1 

900 ci 
Alt. 2 
/960 c 
\A l t . 

2700 i 
Alt. 2 

10800 
Alt . 2 

rcuit system 
60-1300 kHz 

rcuit system 
316-4188 KHz 

ircuit system 
316-12388 kHz 

circuit system 

rcuit system 
312-4028 kHz 

3: 60-4028 kHz,/ 

ircuit system 
312:12336 kHz 

circuit system 

This development has meant that telecommunications administrations have 
been able to use existing station buildings for many more terminated channels 
than originally planned. This normally does not mean so much as regards 
the cost of the equipment rooms as this is, as a rule, only a few percent of 
the cost of equipment. From the telephone administration's point of view it 
is more important that the erection of new station buildings can be postponed 
for the future and that its heavily tried personnel resources are not loaded with 
a large amount of planning work. This work is particularly difficult if the 
repeater station cannot be increased in size but must be geographically moved. 

Fig. 2 

Reduction in volume of channel translating 

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

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

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

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

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

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

The Shelf Stack 
This is characterized by the following: 

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

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

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

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

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

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

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

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

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

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

b — s 

M4 
Fig. 3 

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

The following assumptions have been made 

1. 7200 circuits are terminated 

2. 30 supergroups of 150 are through connected 

3. 6 mastergroups of 36 are through connected 

4. 6 supermastergroups of 18 are through con­

nected 
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Fig. 4 

Maintenance test points are easily accessible 

under the apparatus units. 

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

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

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

Fig. 5 

Comparison betwen M3 and M4 methods of 

construction regarding bay layout 

] Bay and shelf cabling 

n Test field for maintenance 

Terminal strip field 

Station cabling 

M3 

± 
WW 

it 

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

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

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

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

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

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

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

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

Fig. 7 

Apparatus unit with coaxial connectors 

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

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

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

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

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

• Simplified installation planning 

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

• Simplified planning of extensions 

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

• Better economics 

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

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

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



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

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

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

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

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

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

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

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

• The equipment is more economic for small terminal stations 

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

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

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

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

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

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

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

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

To facilitate connection to these different primary voltages, the power 
supply units are provided with built-in voltage stabilizers which have such 
a regulating range that normally occurring voltage variations of the a. c. mains 
and station batteries are compensated. 
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The article describes the M4 method of construction from the mechanical 
point of view, how the problems of reduction of volume while retaining 
flexibility were solved, how the design has been carried out to obtain simplest 
installation work and to a certain extent what experience has been gained 
during the development period. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Shelf complete with units; right, an unmounted 

21 module unit 

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

been utilized in this method of construction. 



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

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

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

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

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

Fig. 2 

Unit and sub-assemblies 

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

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

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

Case shape 

No. of 4.25 mm 
with modules 

6 

6 

8 

8 

11 

16 

21 

Intermediate wall 
width without 

X 

Sub-assemblies accommodated 

No. 

1 

2 

1 

2 

2 

3 

2 

4 

Component 
W l d t h height (mm) 

Vi 
l / j 

15.5 

15.5 

Vi I 23.5 
I / 

Vi 

Vi 

Vi 

7 i 

23.5 

15.5 

15.5 

23.5 

15.5 

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

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

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

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

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

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

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

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

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



Fig. 4 
Shelf for plug-in type units 

Left, connector field for connection to station cabling 

and right, connectors to bay cabling. On the upper 

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

guiding studs and in its front edge the retractable 

designation strip and strips for supervision etc. 

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

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

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

c) only for coaxial plugs, and 

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

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

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

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

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

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

Fig. 6 
A selection of strips for the shelf front 

In the front row, strip 730080 equipped for four 

different fields of use 

1 Coaxial sockets RNT 14802 for U-link connection 

2 Ditto for test purposes 

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

switch R M D 94001 

In the far row, 

5 Dummy strip 730082/1 

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

94002 

7 Flat pin contact socket RNV 22004 for test pur­

poses 

8 Flat pin contact socket RNV 22001 for plug-in 

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

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

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

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

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

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

Fig. 7 

Sockets for connecting units 

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

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

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

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

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

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

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

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

The change from an all-welded bay frame (Mi method of construction and 
earlier) to a bay which can be assembled in the station, results in simplified 
store keeping, fewer packing and transport problems and most important of 
all. results in less time being required as the work of station installation and 
cabling can be started before the particular part for the respective bay i.e. the 
right hand beam with cable and contact arrangement has been delivered. 
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Fig. 10 

Shelf (excluding units) mounted in a bay 

a Left hand connectors 

b Right hand connectors 

Fig. 11 

Perspective drawing of station construction 

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

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

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

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

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

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

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

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

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

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

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

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

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

26- and 6-pole connectors 

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

complete flat pin contact plug RPB 23106. the flat 

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

the removable side and the shape of the cable clamp. 

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

complete plug RPV 23101, the flat pin str ip RPV 

23102 and case halves. 

Far row. flat pin contact socket RNV 22107 suitable 

for three flat pin contact plugs RPV 22101. 

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

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

Fig. 13 

Coaxial connectors 

First row, centre contacts with ring nut. 

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

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

jointing sleeve. 

Third row. mounting details for cable connections etc. 

Fourth row, examples of applications, from left. 

connecting box N E D 40301 adjacent to coaxial socket 

RNT 14801 with two cables connected at an angle. 

O \ 

91 



Fig. 14 

A small selection of plastic details, mainly 

in carbonate plastic, which have been designed 

for the new method of construction. 

mtm L 

There are two types of coaxial plug 

• RPT 14801 for connecting the units to the shelf cabling 

• RPT 14802 for connecting to free cable ends. 

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

Three types of coaxial sockets have been designed 

• RNT 14801 for connecting units to the shelf cabling 

• RNT 14802 for normal use 

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

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

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

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

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



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

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

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

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

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

Mechanical Data 
Bay 

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

Shelf (standard) 

width (including securing lugs) 
depth 
height 

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

Unit 

width 

depth 
height 
no. of unit assemblies 
weight 

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

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

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

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

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

Speech 
channel 

Subgroup 

0.3 3 . i 

552 

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

Fig. 2 
Channel and group translating equipment 

kanaI/12G Channel translating equipment 

12/60G Group translating equipment 

kanal/60G Combined channel and group translat­

ing equipment 

Frequencies in kHz 

ALTERNATIVE I 

The terminal equipments for carrier systems engineered in the M4 construc­

tion practice fully conform to the frequency allocations recommended by the 

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

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

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

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

group assemblies. 

Translating Equipment 

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

of the channel translating equipment , which assembles speech channels into 

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

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

basic supergroups. The frequency allocations for the respective frequency 

blocks are shown in fig. 1. 

The equipment for forming and breaking down basic supergroups is provided 

in two versions, as shown in fig. 2. 

Alternative 1 employs separate shelves for the channel translating equipment 

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

use in network configurations where the traffic band normally through con­

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

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

ments. 

k a n a l / l 2 G 1 

k a n a l / 1 2 G 2 

k a n a l / 1 2 G 3 

k a n a l / 1 2 G 

kanal/12G5 

channel 
0.3—3.4 

LV 

1 2 / 6 0 G 

A—fcn— 
9 — 1 > 4 -

basic group 
60—108 

<> fcaj— • 

ALTERNATIVE II 

basic suoergroup 
312—552 

basic supergroup 
312—552 
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BASIC FREQUENCY 

BAND 

411.92 

LINE FREQUENCY 
BAND (line group) 
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3up 

oermas-
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- line 
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Fig. 3 

Frequency arrangements for terminals with 

mastergroups 

Frequencies in kHz 

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

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

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

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

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

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

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

Translation of Supergroups into Line Groups 

Terminals with Mastergroups 

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

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

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

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

Fig. 4 

Translating equipment for terminals with 

mastergroups 

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

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

ment 
Frequencies in kHz 

Basic super­
group 
312—552 

Basic master­
group 
812—2044 

Basic super­
mastergroup 
8516—12388 

60/300G 

C * -

**-

300/900G 

fc+-

900/2700G 

900/900G . [ 900/9 

300/300 G 

2700-channel 
line group 
316—12388 

900-channel 
line group 
31 6—41 88 

300-channel 
line group 
64—1296 
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BASIC FREQUENCY 
BAND 

LINE FREQUENCY BAND 
(line group) 

Fig. 5 
Frequency arrangements for terminals with­
out mastergroups 
Frequencies in kHz 

Supergroup 

300-channel line group 

960-channel line group 

1 5-SG assembly 

2700-channel line group 
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The 2700-channel (12 MHz) line group is formed by assembling three basic 
supermastergroups into the 316-12.388 kHz range. For 1800-circuit radio-relay 
systems use is made of a 316-8204 kHz line group consisting of supermaster­
groups 1 and 2 of the 1 2 MHz line group. 

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

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

Terminals without Mastergroups 

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

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

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

Fig. 6 
Translating equipment for terminals without 
mastergroups 

60/960G Supergroup translating equipment for 

the formation of a 960-channel line 

group or 15-superEroup assembly 

60/300G Supergroup translating equipment for 

the formation of a 300-channel line 

group 

15-supcrgroup translating equipment 900/2700G 

Frequencies in kHz 

Basic super­
group 
312—552 

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

60/960G 

-N-

60/300 G 

N" 

-N -

-N -

900/ 2 700 G 

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

960-channel 
line group 
60—4028 
Alt. II 

300-channel 
li ne group 
60-1 300 

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

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

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

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

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

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

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

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

ALTERNATIVE I HO 124 

I 
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F0 124/12 
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I 

60 
PG 84.08 

111.92 
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PG 1552 

' 
124 60 8408 1552 

300 411.92 

ALTERNATIVE II F0124/440-, HO 124 

t • I » • 
12 60 84 08 155211096 

300 41192 

Fig. 7 
Centralized fundamental and pilot generating 

equipment (common frequency supply) 

HO Master oscillator 
FO Frequency converting shell 
PG Pilot generating shelf 
Frequencies in kHz 

ALTERNATIVE III HO 2500 

rp^f 
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P 
60,300 

PG 84 08 
41192 
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300 41192 
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The pilot frequencies generated by the common frequency supply are the 
60 and 300 kHz frequency comparison pilots, the 84.08, 411.42, 1552 and 
11,096 kHz for level maintenance of the group, supergroup, mastergroup and 
supermastergroup respectively. All pilot frequencies are obtained by conversion 
of the master frequency concerned. Thus frequency maintenance in the terminal 
equipment can be concentrated entirely on the master frequency. 

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

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

Carrier Basic Frequencies 

12 kHz: channel translating equipment, 

group translating equipment, 

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

124 kHz: supergroup translating equipments for the formation of basic 

mastergroups and 960-channel line groups, 

mastergroup modulating equipment, 

supermastergroup modulating equipment, 

supermastergroup translating equipment. 

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

supermastergroup modulating equipment, 

supermastergroup translating equipment. 

Pilot Frequencies 

60, 300 kHz: frequency comparison pilots 

84.08 kHz: group reference pilot 

411.92 kHz: supergroup reference pilot 

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

11,096 kHz: supermastergroup reference pilot 

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

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

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



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

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

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

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

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

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

Equipment for Level Supervision and Regulation 

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

basic group B 

basic supergroup 

basic mastergroup 

basic supermastergroup 

15-supergroup assembly 

84.08 kHz 

411.92 kHz 

1552 kHz 

1,096 kHz 

1552 kHz 

Supervision of Transmitted Pilot 

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

Fig. 8 
Distribution of carrier basic frequencies and 
pilot frequencies in a 2700-circuit terminal 
kanal/12G Channel translating equipment 

12 GDF Group distribution frame 

12/60G Group translating equipment 

60 G D F Supergroup distribution frame 

60/300G Supergroup translating equipment 

300 G D F Mastergroup distribution frame 

300/900G Mastergroup translating equipment 

900 G D F Supermastergroup distribution frame 

900/2700G Supermastergroup translating equip­

ment 

Frequencies in kHz 
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SEND DIRECTION 

Fig. 9 

Block diagram of mastergroup translating 

equipment with built-in carrier generating 

equipment 

Frequencies in kHz 

Mastergroup input o-

- • 440 
From common 

frequency 
supply 

Mastergroup output °-

~° Supermastergroup output 

o Supermastergroup input 

RECEIVE DIRECTION 

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

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

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

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

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

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

Equipment for level supervision and regula­

tion for a 2700-circuit terminal 

kanal/12G Channel translating equipment 

12/60G Group translating equipment 

60/300G Supergroup translating equipment 

300/900G Mastergroup translating equipment 

900/2700G Supermastergroup translating equip­

ment 

P M Centralized pilot receiver 

Frequencies in kHz 

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

Power Supplies and Alarm Circuits 

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

Power supply variants are available for the following primary voltages: 

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

Bay arrangement for a 2700-circuit terminal 

1 Channel and group translating bay for forming 

4 supergroups (240 channels) 

2 Supergroup translating bay for forming 10 mas­

tergroups {50 supergroup*) 

3 Mastergroup and supermastergroup translating 

bay for forming one 2700-channel line group 

(9 mastergroups) 

4 Common frequency generating bay 
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If required, the power supply can be duplicated, one serving as standby to 
the other, regular, supply. The standby power pack can serve as standby to 
several regular power packs accommodated in other bays. 

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

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

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

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

functional units of the terminal, the assembly of the equipment into bays is 
very simple. Generally the inter-shelf wiring consists only of the wiring for 
power supply and alarms. Consequently a large variety of bay arrangements 
can be offered. Fig. 11 shows the different bay types forming a 2700-circuit 
terminal. This terminal employs three bay types for the translating equipment. 
The shelf stacks for channel and group translation have been combined into 
one bay, which makes this arrangement suitable for applications where groups 
are not normally through connected. Also the mastergroup and supermaster­
group translating shelf stacks have been accommodated in one bay, producing 
a complete 2700-channel line group. 
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The channel and group translating equipment is engineered in L M Erics­
son's new construction practice for transmission equipment and has been 
designed in accordance with the principles described in the introductory 
articles in this issue of Ericsson Review. 

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

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

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

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

ELECTRICAL DESIGN 
Modulation 
Modulation Plan 

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

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

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

Modulation plan for assembling 12 channels 

into a basic group 

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

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

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

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

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

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

Fig. 2 

Modulation plan for assembling 5 groups into 

a basic supergroup 

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

M Maintenance test point 

F Fault location test point 

Sig Incoming and outgoing signal 

SB Signalling blocking 

All frequencies in kHz 

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

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

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

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

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

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

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

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

Block diagram of group translating equipment 

M Maintenance test point 

F Fault location test point 

SB Signalling blocking 

All frequencies in kHz 

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

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

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

f h ± U 

Fig. 5 

Circuit diagram of modulator 

is Signal frequency 
fD Carrier frequency 

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

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

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

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

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

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

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

Fig. 7 
Attenuation characteristic of receiving chan­

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

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

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

Fig. 8 

Attenuation characteristic of group filter 
Limiter 

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

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

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

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

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

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

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

Fig. 9 

Limiting characteristic of channel translating 

equipment 

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

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

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

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

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

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

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

To facilitate various measurements different types of test points have 
been included in the equipment according to certain principles. A distinction 
is made between maintenance test points and fault location test points, denoted 
by M and F respectively in the block diagrams of figs. 3 and 4. 
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Fig. 10 
Channel pads. Design and assemhiv 

Fig. 11 
Channel pads. Arrangement in maintenance 
strip. The shelf is shown with the cover plates 
removed 



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

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

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

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

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

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

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

• Out-band signalling, low-level 

• Out-band signalling, high-level 

• In-band signalling, one-frequency 

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

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

Fig. 12 

Selectivity characteristic of low-level out-hand 

signalling receiver. The curve shows the level 

needed to operate the signalling receiver relay 

for a signal applied to the input of the group 

receive equipment. 

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

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

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

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

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

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

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

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

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

and the corresponding arrangements of the signalling equipment. 

semi-continuous, low-level 
tone-on idle 

tone-off idle 

discontinuous, high- or low-level 

Strapping for 

making 

X 

X 

breaking 

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

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

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

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

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

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

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

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

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

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

Fig . 13 

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

m e n t 

B Broad-band pilot receiver 

S Selective pilot receiver 

L Logic circuit 

20 s Delay circuit approx. 20 sec 

SB Signalling blocking 

NK Release 

VB Blocking of exchange 

S M Signalling receiver 3825 Hz 

Sig Outgoing signal 

F Fault location test point 

All frequencies in kHz 

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



Fig. 14 
Block diagram of carrier generating equipment 
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In the event of supergroup failure all signalling receivers associated with 

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

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

On release an alarm is sent out. 

Carrier Generation 

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

cies are required: 

• 12, 16 and 20 kHz for channel translation 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

• considerable reductions in size 

• comparatively large savings in power 

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

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

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

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

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

The signalling frequency is individually supervised. 

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

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



MECHANICAL CONSTRUCTION 
Apparatus Units 
Channel Translation with Signalling 

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

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

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

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

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

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

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

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

Fig. 17 

Channel pack 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

and equipped with the translating equipment and four-

wire terminating equipment for one basic group 

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

Shelves and Shelf Stacks 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TECHNICAL DATA 
Frequency Ranges 

Nominal bandwidth occupied per channel 4 kHz 

Effectively transmitted speech band 0.3-3.4 kHz 

Nominal band occupied by a group 60-108 kHz 

Nominal band occupied by a supergroup 312-552 kHz 



Nominal Levels 

At Channel 4-wire Points 
sending direction 
receiving direction 

-14 dBr 
1-8 dBr 

At Basic Group Points 

sending direction 
receiving direction 

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

At Basic Supergroup Points 

sending direction 
receiving direction 

-35 dBr 
-30 dBr 

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

Fig. 27 
Group translating bay 

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

at basic supergroup points 

Amplitude Frequency Response 

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

Group Translating Equipment 

Send and Receive Path Respectively 

Attenuation distortion referred to loss 
at 84.08 kHz is less than 

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

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

Carrier leak 

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

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

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

=0.5 dB 

0.3 dB 

+ 10 dBmO 

CTE GTE 

-28 dBmO -40 dBmO 
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Fig. 28 

Variation with frequency of the overall loss 

relative to 800 Hz for all 12 channels of a 

group, cascaded at voice frequencies and looped 

at group frequencies. (Mean value per channel) 

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

dB i 

+ 2 -

-1 -

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

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

1000 2000 3000 Hz 

7777777777777177777777777777777777777777777777777777777777777777777777, 

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

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

CTE 

75 dB 

53 dB 

GTE 

85 dB 

85 dB 

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

Signalling 

Out-Band Signalling 

Frequency 
Level 

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

3825 Hz 
-18 alt. -6 dBmO 

6 ms 

Fig. 29 

Variation with frequency of overall loss rela­

tive to 800 Hz for individual channels looped 

at group frequencies 

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

The curves show the spread for 12 channels 

A Maximum 

B Average 

C Minimum 

1000 2000 3000 Hz 

T77777777777777y/?777777777777777777777777777777777777777777777777777777Z 
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Fig. 30 

Group delay as a function of frequency for a 

channel looped at group frequencies 

Mean value for 12 channels 

4 1 

3 V 

2 \ 

1 

0 1 

In-Band Signalling 

Frequency 
Level 

3 3.4 

kHz 

2280 alt. 2400 Hz 
-6 dBmO 

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

Carrier Generation 
Incoming carrier basic frequency 
at level/impedance 

12 kHz 
0 dBm/75 ohms 

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

Carrier frequencies 
channel carriers 
subgroup carriers 
group carriers 

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

Signalling frequencies 
out-band 
in-band 

3825 Hz 
2280 Hz alt. 2400 Hz 

Power Consumption 

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

excl. carrier generation 
incl. carrier generation 

10 W 

55 
20 

5 
17 

W 
VV 

w 
w 
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Bays 

Channel and group translating 
bay 

Equipped with: 

4 channel and group trans­
lating shelf stacks 

1 carrier generating shelf 

Group translating hay 

Equipped with: 

4 group translating shelves 
with carrier generation 

15 group translating shelves 
without carrier generation 

2 pilot receiver shelves 

Supply from 

battery 

24 V 

320 W 

375 W 

36, 48 or 60 V 

290 W 

340 W 

mains 

110, 127 or 220 V 

320 W 

375 W 
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Equipment for Level Supervision and 
Regulation 
A. B R E N E , T E L E F O N A K T I E B O L A G E T L M E R I C S S O N , S T O C K H O L M 

UDC 621.395.44 
621.395.66 

LME 8471 

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

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

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

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

Z-b Frequency block 

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

Assigned pilot Injected into 

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

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

8,248 kHz Supermastergr. transl. equip. 

Supergroup 

Mastergroup 

Supermastergroup 

Fig. 1 

Example of level regulation 

a Incoming line frequency band, level deviation from 

nominal 

b Supermastergroup level deviation from nominal 

after supermastergroup level regulation 

c Mastergroup level deviation after mastergroup 

level deviation 

d Supergroup level deviation after supergroup level 

regulation 

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

Pilot receiver 

Pilot 
frequency 

84.08 
411.92 

84.08 kHz 

Carrier 
frequency 

-
496 

Pilot receiver 1 

Pilot 
frequency 

1,552 
8,248 

11,096 

552 kHz 

Carrier 
frequency 

6.696 
12,648 

125 

t * 



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

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

Operation 
The following description of the operating principles refers to equipment 

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

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

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

The filter suppresses interference from speech and signalling frequencies, 
thus preventing these from affecting regulation. Its discrimination characteristic 
is shown in fig. 4. After separating out. the pilot frequency is amplified in two 
identical amplifiers 5 and 6, and rectified in a pilot rectifier 7 before being 
applied to an electronic level sensing device, the decision circuit 8. This com­
prises four Schmitt trigger circuits, each of which is set to an individual 
voltage threshold. These voltage thresholds have been fixed at such values that 
any level deviation exceeding + 0 . 5 or -0 .5 dB will cause one of the two 
Schmitt triggers arranged for regulation to respond. Should the level deviation 
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Fig. 3 

Regulation and supervision of group and super­

group levels with common pilot receiver 

Demodulator with regulating circuit and static 

relay (SR) 

Automatic level control 

Pilot modulator 

Pilot filter 84.08 kHz 

Amplifier 

Amplifier 

Rectifier 

Decision circuit (d.c. amplifier. Schmitt triggers 

and logic circuit) 

Timing control 

Threshold monitor 

Alarm indicator 

Static relay for outgoing pilot 

Indicating instrument 

Star t button 

Switch for manual checking 

A Alarm extension 

B Blocking of regulation stepping pulse 

C Control of Schmitt triggers 

D Drive stage 

E Short circuit of decision circuit input 

F Injection of outgoing 84.08 kHz pilot 

G Basic groups 

H To automatic level control (alarm, level < nom. 

and level > nom.) 

IC Input circuits 

L Alarm holding circuit 

Log Logic circuit 

M Maintenance test point for received frequency 

block 

Memory circuit 

Input jack for connection of optional frequency 

block (manual checking) 

Mo Translating (receive) equipment 

P Pilot receiving shelf 

Regulation stepping pulse 

Starting pulse 

Supergroups 

Timing pulse 

M e 

Mi 

R 

S 

SG 

T 

exceed the alarm limit, which can be set to ± 2 dB or ± 4 dB, also one of the 
two Schmitt triggers arranged for alarm will respond, operating a logic circuit, 
which in its turn extends an alarm. At the same time regulation is clamped, so 
that amplification in the transmission path is unchanged. 

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

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

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

The outgoing reference pilot, generated by the common frequency supply 
of the terminal and injected in the send path immediately after the formation 
of the basic group and supergroup, is also checked once during each scanning 
cycle by means of an alarm indicator / / and a static relay 12. If this pilot level 
deviates from its nominal value by more than. 0.5 dB, an alarm is given. Thus 
a check is obtained on the level of the outgoing pilot as well as on the function 
of the common pilot receiver. 
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Attenuation characteristic for pilot filter 84.08 
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Fig. 5 

Decision circuit with rectifier and logic 

circuits 

© Transistor for short-circuiiing amplifier input 

© DC amplifier 

® Schmitt trigger circuits 

@ Logic circuits 

© Voltage standard 

© Threshold monitor 

© Rectifier 

CD Indicating instrument 

© To level controls (alarm, level < nom. and leve| 

> nom.) 

Fig. 6 

Timing control 

© Incorrect scanning 

© Interrupted scanning 

© Start ing pulse to alarm indicator 

© In hibiting of regulation stepping pulse 

© Control pulse for short-circuiting decision circuit 

© Scanning fault indication 

© Regulation stepping pulse out 

© Timing pulse in 

© From manual testing and threshold monitor 

To increase the reliability of the decision circuit a threshold monitor 10 is 
automatically connected once during each scanning cycle to check the four 
Schmitt triggers by means of zener-controlled d.c. voltages. 

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

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

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

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

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

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

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

digital converter. A block diagram is shown in fig. 5. The rectifier converts 
the pilot signal into a direct voltage, which is passed through a d.c. amplifier 
and then applied to the level sensing circuit. Where manual checking of the 
level in any frequency block is desired an indicating instrument can be 
connected to the output of the d.c. amplifier. The level sensing circuit consists 
of four Schmitt triggers. Two of these are employed for the regulation of 
minor level deviations (±0 .5 dB): the other two can be set to indicate devia­
tions of ± 2 dB or ± 4 dB. To eliminate the hysteresis of the Schmitt triggers, 
a transistor circuit controlled by the timing control and serving to short-circuit 
the input of the d.c. amplifier between each two consecutive tests has been 
inserted between the pilot rectifier and the d.c. amplifier. In this manner the 
Schmitt triggers will always be actuated by a d.c. signal rising from a low 
value (short circuit) to a value corresponding to the level of the frequency 
block concerned. 
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Fig. 7 

Demodulator and automatic level control 
© Trigger pulse input 

© To static relay 
© Trigger pulse output for connection of next 

frequency block 

@ Timing pulse output 

© End-position alarm 

© Automatic reset 

© Level alarm 

© Input circuits (alarm, stepping pulse, level < 

nom. and level > nom.) 

© Demodulator with regulating circuit 

@ To timing control 

® From timing control 

® From logic circuit in decision circuit 

The four Schmitt triggers are connected to logic circuits. At three outputs 
these logic circuits give digital information on the pilot level. The logic 
circuit output + 0.5 dB and -0 .5 dB for regulation are inhibited when one of 
the alarm circuits, + 4 dB or - 4 dB, has been triggered. 

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

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

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

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

Fig. 8 

Level control 
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Threshold monitor 

(T) Trigger pulse input 

(2) Trigger pulse output 

(3) From decision circuit 

(4) Fault in decision circuit 

(5) Rectified pilot 

® To decision circuit 

(7) Voltage standard 

® Logic circuit 
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Fig. 10 

Static relay with pilot receiver input 

(D Pilot receiver 

<2) H F signal from hybrid in demodulator 

(D DC voltage Irom level control during test 

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

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

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

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

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

Fig. 11 

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

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

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

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

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

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

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

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

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

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

Technical Data 
Testing 

Number of supervised groups 
supergroups 

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

Automatic level regulation 

Range of regulation 
Regulation error 
Regulation step 
Number of regulation steps 

Automatic level supervision 

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

Level reference 

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

Power consumption 

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

basic equipment 
increase per added frequency block 

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

basic equipment 
increase per added frequency block 

VII VII 

2.5 
10 
10 

> 
< 
< 
32 

100 
50 
sec. 
sec. 
/xsec. 

± 4 dB 
1 dB 
0.4 dB 

± 2 dB or ± 4 dB 

± 0.5 dB 

1(1 

1 

10 
1 

vv 
w 

w 
w 
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Supergroup Translating Equipment 
for a 960-Circuit System 
G. O U V R I E R , T E L E F O N A K T I E B O L A G E T L M E R I C S S O N , S T O C K H O L M 

UDC 621.395.44 
621.376 

LME 8421 7544 

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

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

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

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

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

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

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

Fig. 1 
Modulation plan for the translation of 16 

supergroups into a 960-channel line group. 

Frequencies in k H z 

^ 1 
312 \ 552 

\ 612 1116 1364 

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

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

1860 2108 2355 2604 2852 3100 3348 3596 3844 4092 4340 

312 564 B12 1060 1308 1556 1804 2052 2300 2548 2796 3044 3292 3540 3788 
300 552 804 1052 1300 1548 1796 2044 2292 2540 2788 3036 32S4 3532 3780 4028 
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Fig. 2 
Block diagram of supergroup translating equip­
ment for 960-circuit systems. 1116 
Below: the built-in carr ier generating equipment 

Right: the pilot receivers 411.92 and 1552 kHz re­

spectively common to a number of supergroups 

1—16 Supergroup input and output terminals 

M Maintenance test point 

F Fault location test point 
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Translating Equipment 

Modulators 

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

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

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

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

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

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

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

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

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

Supergroup Combination and Separation 

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

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



Fig. 5 
Demodulator unit 

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

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

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

Amplifiers 
The supergroup translating equipment includes only one amplifier in each 

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

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

the station cabling cannot be disregarded. 

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

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

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

• 12 kHz for the generation of the 612 kHz carrier 

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

Harmonic Generators 

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

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

Carrier Filters 

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

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

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

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

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

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

fault location test points. 

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

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

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

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

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

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

Frequencies in kHz 

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

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

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

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

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

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

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

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

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

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

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

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

Technical Data 
Frequency Ranges 

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

Nominal Levels 

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

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

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

Nominal Impedance 

basic supergroup and line group 75 ohms unbal. 
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Frequency Distortion 

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

Level Regulation Range 

for the incoming supergroup in the receive path :4dB 

Carrier Leaks 

measured at sending equipment output do not exceed -40 dBmO 

[ ^ • • • • • • m w n M I H I M 

Attenuation of Intelligible Crosstalk 

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

Power Consumption 

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

Supergroup translating shelf stack 
excl. regulating equipment 28 W 

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

with automatic level regulation the additional 

power drain per supergroup is 1 W 

Line entrance equipment shelf 3 W 

Bay assembly 
(operated from mains or station battery) 

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

Fig. 10 
Supergroup translating bay 

The bay contains: 
3 supergroup translating shelf stacks 

3 line entrance shelves 

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

1 service shelf with fuses, etc. 

1 power pack 
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Italian President Visits L M Ericsson 
In conjunction with the Italian state 

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

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

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

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

President Saragat signs his name on a memo­
rial tablet. 

Fusion in France 
The fusion which has been planned 

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

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

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

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

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

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



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

Maintenance Conference 
The Maintenance Conference held 

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

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

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

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

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

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

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

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

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

Opening of New Auto­
matic Exchanges 
ETHIOPIA 

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

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

EGYPT 

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

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



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

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

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

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

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

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

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



Director Luigi Baggiani Director Umberto Leveque Director Aldo D'Arrigo 

Management Changes at 
FATME and SIELTE 

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

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

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

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

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

his time, interpersed with wel 
leisure. 

earned 

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

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

Organizational Change 
Mr. Per Ahlstrbm was appointed 

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

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

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

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

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

UDC 621.395.44 
62.002.2 

LME 60 84 

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

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

UDC 621.395.44 
LME 8424 8442 

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

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

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

Corrigenda in Ericsson Review No. 3, 1966 
i 

Cage 98, line 24 should read: 

440 kHz: mastergroup translating equipment... 

Jage 135, line 1 should be deleted 

UDC 621.395.44 
621.376 

LME 8421 7544 

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

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

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

UDC 621.395.44 
62.002.2 

LME 60 84 

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

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

UDC 621.395.44 
LME 8424 8442 

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

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

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

UDC 621.395.44 
621.376 

LME 8421 7544 

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

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

The article describes the electrical design of the equipment and its 
mechanical assembly into shelves and shelf stacks. Finally a few practical 
applications of these in different bay arrangements are shown and a 
summary of technical data is given. 
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tgm: elekfr iken, telex: 1723 
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ericsson 
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Telefonaktiebolaget L M Ericsson 
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Casa Konsult AB Alvsjo, Hud-
dingevdgen 417, tel : 08/472565, 
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AB Rifa Bromma 11, te l : 08/ 
26 26 10. tgm: elr i fa, telex: 10308 
AB Svenska Elektronror Stock-
holm-Tyreso 1, te l : 08/712 0120, 
tgm: electronics, telex: 1275 
instruktionsteknik AB Stockholm 
44, te l : 08/68 08 70, tgm: instruk-
tec 
L M Ericssons Dri f tkontrol lakt ie-
bolag Solna, te l : 08/83 07 00, tgm : 
ericdata 
L M Ericssons Signalaktiebolag 
Stockholm Sv, te l : 08/6807 00, tgm: 
signalbolaget 

L M hncsson Telcmateriel AB, 
Stockholm-Tyreso 1, Fack, te l : 08/ 
712 00 00, tgm: elJem, telex: 1275 
Sieverts Kabelverk AB Sundby­
berg, tel: 08/28 28 60, tgm: sie-
vertsfabrik, telex: 1676 
Svenska Radioaktiebolaget Sfock-
holm 12, te l : 08/22 3140, t gm : 
svenskradio, telex: 10094 
S w i t z e r l a n d 

Ericsson Telephone Sales Corp. 
AB, Stockholm, Zweignieder-
lassung Zur ich 8032 Zurich, Post-
fach, te l : 32 51 84, tgm: telerics-
son, telex: 52 669 
T u r k e y 
Ericsson Turk Ticaret Ltd. Sirketi 
Ankara, Rumeli Han, Z iya Go-
kalp Cad., te l : 12 31 70, tgm : ellem 
Istanbul, Istanbul Biirosu, Liman 
Han, Kat 5, No. 75, Bahoekapi, 
tel: 22 81 02, tgm: ellemist 
Izmir, Izmir Burosu, Kisilkaya 
Han, Kat 3, No. 13. Halif Z iya 
Bulvari , te l : 37832, tgm: el lemir 
West Germany 
Ericsson Verkaufsgesellschaft m. 
b. H. 4 Dusseldorf-Ratb, Postfack 
136, te l : (0211)63 3031, tgm e r i c ­
tel , telex: DSSD 8 58 6871 

• ASIA • 

I n d i a 
Ericsson Telephone Sales Cor­
poration AB Calcutta 22, P.O.B. 
2324, te l : 45 44 94, tgm: inderic 
New Delhi 1, P.O.B. 669, te l : 
27 23 12, tgm: inderic 
Indones ia 
Ericsson Telephone Sales Cor­
poration AB Banduna, Djalan 
lr. H. Djuanda 151-153, te l : 
8294, tgm: javeric 
Djakarta, Djalan Gunung Sahari 
26, tel: OG 48531, tgm: javeric 
I r a q 
Telefonaktiebolaget LM Ericsson, 
Technical office Baghdad, P. O. B. 
493, tel: 91454, tgm: ellemco 
K u w a i t 
Telefonaktiebolaget LM Ericsson, 
Technical office, Kuwait, State of 
Kuwait, P.O.B. 5997, tgm: erictel 
Lebanon 
Telefonaktiebolaget LM Ericsson, 
Technical office Beyrouth, Rue du 
Parlement, Immeuble Bisharat, 
te l : 25 26 27, tgm: ellem 

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

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

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

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

Telefonaktiebolaget LM Ericsson, 
Technical office Tunis, Boite Pos-
tale 780, tel :240520, tgm :ericsson 
Z a m b i a 
Ericsson Telephone Sales Corp. 
AB. Ndola, P.O.B. 2256, te l : 3885, 
tgm: ericofon 

• AMERICA • 

A r g e n t i n e 
Cia Ericsson S. A. C. I. Buenos 
Aires, Casilla de Correo 3550, te l : 
33 20 71, tgm: ericsson 
Cia Argentina de Telefonos S.A. 
Buenos Aires, Belgrano 894, te l : 
33 20 76, t gm : catel 
Cia Entrerr iana de TeleTonos 
S.A. Buenos Aires, Belgrano 894, 
tel: 33 20 76, tgm: catel 
Industrias Electricas de Quilmes 
S.A. Quilmes, FNGR, 12 de Oc-
tubre 1090, te l : 203-2775, tgm: 
indelqui-buenosaires 

B r a z i l 
Ericsson do Brasil Com erica e 
Indiistria S.A. Rio de Janeiro, 
C.P. 3601, te l : 43-0990, tgm: 
ericsson, telex: r io 310 

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

Chile 
Cia Ericsson de Chile, S.A. 
Santiago de Chile, Casilla 101 43, 
te l : 825 55, tgm: ericsson 

C o l o m b i a 
Cia Ericsson Ltda, Bogafd, Apar­
tado Aereo 4052, te l : 41 11 00. 
tgm: ericsson 

Cos ta Rica 
Telefonaktiebolaget LM Ericsson, 

^partado 

Telefonos Ericsson C.A. Quiio 
Casilla 2138, tel : 16100. S 
ericsson 
Guayaquil, Casilla 376, tel- H89J 
tgm: ericsson 
M e x i c o 
Telefonos Ericsson S.A. Mhia 
D.F., Apartado M-9958 t,|. 
46 46 40, tgm: coeric ' 
Latinoamericana de Cables S A 
Mexico 12, D.F., Apartado Poitni 
25737, tel. 493650, tgm: la, i„°™ 
Teleindustria, S.A. de CV 
Mexico 1, D.F., Apartado 1062* 
te l : 46 46 40, tgm: ericsson. telex' 
017:7485 ' " " 

Peru 

Cia Ericsson S. A. Lima, Apartado 
2982, tel: 34941, t 8 m e r ^ 
telex: 3540202 "' 
Soc. Telefonica del Peru, SA 
Arequipa, Apartado 112-101*2, tel* 
60 60, tgm: telefonica 
El Sa lvador 
Telefonaktiebolaget LM Ericsson 
Technical office San Salvador 
Apartado 188, tel: 4989, tgm' 
ericsson 

U r u g u a y 

Cfa Ericsson S.A. Montevldto, 
Casilla de Correo 575, tel: 92611 
tgm: ericsson 

U S A 

The Ericsson Corporation New 
York, N.Y.. 10017, 100 Park 
Avenue, tel: MUrrayhill 5-4030 
tgm: erictel, telex: etelsac 620149 
North Electric Co, Gah'on, Ohio 
44833, P.O.B. 688, tel: (419J 
468-24 20, tgm, northphone-ga-
lionohio, telex: 098-728 
Venezue la 
Cia An6nima Ericsson Caracas, 
Apartado 3548, tel: 543121, Igm: 
ericsson 
• A U S T R A L I A & OCEANIA-
A u s t r a l i a 
L M Ericsson Pty. Ltd. Broadmta-
dows (Victoria), P.O.B. 41, tel' 
307-2341, tgm: ericmel, telex:AA 
30555 
North Sydney (NSW), 134 Barcom 
Avenue, Roshcutters Bay, tel: 
31 0941, tgm: ericsyd 
Teleric Pty. Ltd. Broadmeadowu 
(Victoria), P.O.B. 41, tel: 3071 
2341, tgm : teleric, telex: AA 30555 
North Sydney (NSW), 134 Barcomj 
Avenue, Roshculters Bay, tela 
31 0941, tgm: teleric 

Representatives 
• E U R O P E * 

A u s t r i a 
Telecom Handelsgesellschaft m. 
b . H . T030 Wien, Gigergasse 1,tel: 
73 35 45,tgm: teleric, telex: 11638. 

B e l g i u m 
Electricity et Mecanique Sue"doi-
ses Bruxelles S, 56, rue de Stassart, 
te l : 1114 16, t gm : electrosuede 

Greece 
"ETEP" S.A. Commerciale & 
Technique Athens 143, 57, Aka-
dimias Street, te l : 62 99 71 tgm: 
aeter athinai, telex: 5708 

Ice land 
Johan Ronning H/F Reykjavik, 
P.O.B. 883. tel: 10632, t gm : 
rdnning 

Y u g o s l a v i a 
Merkant i le Inozemna zastupstva 
Zagreb, Po5t pretinac 23, te l : 
36941, tgm: merkant i le, telex: 
21139 

- A S I A • 

B u r m a 
Myanma Export Import Corp. 
Import Agency Division Rangoon, 
P.O.B. 403, tel : 14618, tgm: 
myanimpor t 

C a m b o d i a 
The East Asiatic Company Ltd. 
Phnom-Penh P.O.B. 625, tel: 
3334, tgm: pyramide 

C y p r u s 
Zeno D. Pierides Lamaca, P.O.B. 
25, te l : 2033, tgm: pierides 

H o n g K o n g & Macao 
Swedish Trading Co Ltd. Hong­
kong, P.O.B. 108, te l : 23 10 91, 
tgm: swedetrade 

I r a n 
frano Swedish Company AB, 
Teheran, Khiabane Sevom Esfand 
29, te l : 310 66, tgm: iranoswede 

I r a q 
Usam Sharif Company W.L.L. 
Bagtidad, P.O.B. 492, te l : 870 31, 
tgm: a lhamra 

Japan 
Gadelius & Co. Ltd. Tokyo C, 
P.O.B. 1284, tel: 403-2141, tgm: 
goticus, telex: 22-675 

J o r d a n 
The Arab Trading & Develop­
ment Co., Lid. Amman, P.O.B. 1, 
te l : 259 81, tgm: aradeve 

K o r e a 

Gadelius & Co. Ltd. Seoul, I.P.O. 
B. 1421, te l : 22 -9866 , tgm: gade-
liusco 

K u w a i t 

Morad Yousuf Behbehani Kuwait, 
State of Kuwait, P.O.B. 146, te l : 
32251, tgm: barakat 

L e b a n o n 

Swedish Levant Trading (Elie 
B. Helou) Beyrouth, P.O.B. 931, 
tel: 23 16 24, tgm: skefko 

M a l a y s i a and B rune i 

Swedish Trading Co. Ltd. Kuala 
Lumpur. P.O.B. 2298, tel:25316, 
tgm: swedetrade 

Pak is tan 

TELEC Electronics & Machinery 
Ltd. Karachi 2,14, Motan Building, 
Bunder Road, tel: 231723, tgm: 
elco 

Ph i l i pp ines 

U.S.I. Philippines Inc. Manila, 
P.O.B. 125, te l : 88 93 51, tgm: 
usiphil, telex: 344 

Saud i A r a b i a 

Engineering Projects & Products 
Co. Ltd, Eppco, Riyadh, P.O.B. 
987, te l : 271, tgm: eppcol 

S i ngapo re 

Swedish Trading Co. (M) Ltd. 
Singapore 1, 3rd f loor, 31 Bank of 
China Bldg, Battery Road, te l : 
94362, tgm: swedetrade 

Sy r i a 

Conslantin Georgiades Damas, 
Rue Fardos (Balkis), Immeuble 
Kosseihati, P.O.B. 2398, tel: 
26673, tgm: georgiades 

V i e t n a m 

Vo Tuyen Dien-Thoai Viet-Nam, 
Saigon, P.O.B. 10 49, tel: 22 660, 
tgm: telerad 

• A F R I C A • 

Congo 
I.P.T.C. (Congo) Kinshasa, P.O.B. 
8922, te l : 5345, tgm: induexpan 

E th iop ia 

Mosvold Company (Ethiopia) Ltd. 
Addis Abeba, P.O.B. 1371, te l : 
14567, tgm: mosvold 

Ghana 

R.T. Briscoe Ltd., Accra, P.O.B. 
1635, tel: 66903, tgm: briscoe, 
telex: 295 

Kenya , T a n z a n i a , U g a n d a 

Transcandia Telecommunication 
Sales Ltd. Nairobi, Kenya, P.O.B. 
7296, tel: 25941, tgm: trantel 

L i b e r i a 

Post & Communications Tele­
phone Exchange, Monrovia, Cor­
ner Ashmun & Lynch Street, te l : 
22222, tgm: radiol ibe 

L i bya 

ADECO African Development & 
Engineering Co Tripoli, P.O.B. 
2390, te l : 33906, tgm: adeco 

M a u r i t i u s 

Maurit ius Trading Co. Ltd. Port 
Louis, P.O.B. 201, tgm: agentou 

M o r o c c o (Tang ie r ) 

Elmar S. A. —SEYRE Tanger, 
Musa Ben Nusiar, 46, tel: 12220, 
t g m : elmar 

M o z a m b i q u e 

J. Martins Marques & Co Lda. 
Lourenco Marques, P.O.B. 2409, 
te l : 5953, tgm: marquesco 

N i g e r i a 

I.P.T.C. (West Africa) Ltd. Lagos, 
P.O.B. 2037, te l : 26531 t gm : 
consult, telex: shell bp 35 

South A f r i c a , S o u t h - W e s t 
A f r i c a 
Dryden Communications (Pty.) 
Ltd. Johannesburg, P.O.B. 2440, 
te l : 838-5454, tgm: qualsteels 

Sudan 
TECOMA Technical Consulting 
and Machinery Co. Ltd. Khor-
foum, P.O.B. 866, te l : 72224, ext. 
27, tgm: sufecoma 

T u n i s i a 

Ateliers M^caniques du SAHEL, 
Sousse, Route de Monast ir /Djem-
mal, te l : 21.011, tgm: amesa 

• A M E R I C A • 

B a h a m a Is lands 
Anglo American Electrical Com­
pany Ltd., Freeport, Grand Baha­
ma, P.O.B. 104 

Bolivia 
Johansson & Cia, S.A. La Paz, 
Casilla 678, tel: 25923, tgm: Jo­
hansson 

G u i a n a 
General Supplies Agency George­
town, P.O.B. 375, tgm: benwlks 

Cos ta Rica 
Tropical Commission Co. Ltd. San 
Jose, Apartado 661, te l : 3432, 
t gm : troco, telex: CR-126 

D o m i n i c a n Repub l ic 
Carcla & Gautier, C. por A. 
Santo Domingo, Apartado 771, 
te l : 3645, tgm: gart ier 

G u a t e m a l a 
Nils Pira Ciudad de Guatemala, 
Apartado 36, te l : 62258, tgm: 
nilspira 

H o n d u r a s 
Qp iny -hAn I » n n v C In T, 

ga 
tgi 

J a m a i c a and Br i t . Honduras 
Morris E. Parkin Kingston, P-O.M 
354, te l : 24077, tgm: morrisparfl 

Ne the r lands Ant i l les 
S.E.L. Maduro & Sons. Imjfl 
Wiilemstod, Curacao, P.O.B. 3041 
te l : 11200, tgm: madurosons j 

N i ca ragua 
Sonitel Centroamerica S.A. Mdfl 
nagua, Apartado 1271, tel: 447H 
tgm: sonitel 

P a n a m a 
Sonitel, S. A. Panama, R. P. ApdM 
tado 4349, tel: 5-3640, t f l l f l 
sonitel 

Paraguay 
S.A. Comercial e Industrial I B 
Petersen Asuncidn, Casilla 592,1 
tel: 9868, tgm: pargtrade 

Puer to Rico 
Novae Electronics Inc. San Jut 
F 17, Park Lane, Bayam6n, I 
782-1054, tgm: novaelec 

El Sa lvador 
Dada-Dada & Co. San Salvat 
Apartado 274, tel: 4860, tg( 
dada 

S u r i n a m 
C. Kersten & Co. N.V. Pa 
maribo, P.O.B. 1808, tel: 
tgm: kersten 

T r i n i d a d , W . I. 
Leon J. Ache Ltd. Porl-of-S 
100 Frederick Street, tel: 31 
tgm: achegram 

U S A 
State Labs. Inc. New York,_N 
10003, 215 Park Avenue boi 
te l : (212) 677-8400, tgm: stt 
labs, telex: (212) 867-6996 (f 
electron tubes) 

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

N e w Zea land J 
ASFA Electric ( N Z ) Ltd. Weljjjrt 
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Maintenance and Operating Experience with 
Transistorized Channel Translating Equipment 
B. F O R S B E R G . T H E B O A R D O F T E L E C O M M U N I C A T I O N S , S T O C K H O L M 

UDC 621.382.3 
621.376.3.004.5 

LME 8421 7544 
726 

This article presents the results of investigations made by the Swedish Tele­
communications Administration on transistorized channel translating equip­
ment of L M Ericsson design. Comparisons are also made with the charac­
teristics of earlier equipment using tubes. The article is based on a paper 
presented at L M Ericssons maintenance conference, June 3rd, 1965. 

The function of channel translating equipment, it will be recalled, is to shift 
speech frequencies in the range 300-3400 Hz to a higher position in the 
frequency spectrum. After modulation, 12 speech channels form a basic group 
in the standardized band 60-108 kHz with the channels inverted: this is 
CCIIT's basic group B. This frequency band is normally the first stage to­
wards building up the frequency allocation of larger carrier systems, and hence 
channel translating equipment is the most extensively needed part of the ter­
minal equipment in all larger systems. 

The Swedish Administration started commissioning fully transistorized 
channel translating equipment during 1961. This involved the introduction of 
several items and components of entirely new design. An investigation of their 
behaviour under service conditions was naturally of significance for future 
extensions of the Swedish carrier network. 

The presentation which follows, and which deals with service results for 
a limited part of an extensive multi-channel equipment, is based mainly on 
two sources of information. The first consists of service reports obtained 
from the operating divisions. The other type of information treated consists of 
the results of a special program of measurement carried out over a number 

Fig. 1 
Terminal equipment up to the basic supergroup 

KMU Channel translating bay 

12-GMU Group 

M Maintenance test point 

F Fault location test point 

All frequencies in kHz 

12 IS ?D 

-fH, 
v. as ioa 120 

c^j^n^c^L 
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Fig. 2 
Comparative fault statistics 

Each column indicates the number of faults per 

annum per 60 telephone channels, with the same type 

of channel and group translating equipment in both 

terminals. 

Type I = fully transistorized channel and group 

translating equipment, L M E type M 3 

„ II = channel and group translating equipment 

using tubes, L M E type M2 

Both types of equipment use out-band signalling of a 

frequency 3825 Hz. 

Faults per annum 
traced to channel 
and group translating 
equipment (2 terminals) 

15 

10 

12 

vm 
i n 

1963 

I IT 

1964 

of years on randomly selected fully transistorized channel translating equipment 
and to a restricted extent transistorized group translating equipment. Fig. 1 is 
a block diagram of the equipment involved. 

Knowledge Gained from Service Reports 
In assessing the service characteristics of new types of equipment, a com­

parison with corresponding characteristics of earlier types is usually of great 
help. With a view to this, fault records of 1963 and 1964 have been examined. 
Information covering about 5 % of all equipment in service has been gone 
through, and those supergroups provided with the same type of channel and 
group modulating equipment at the two terminal stations of the supergroup 
link have been selected for attention. 

Fig. 2 shows the failure rate for two different types of channel and group 
translating equipment of L M Ericsson's manufacture. Type I is a fully 
transistorized equipment with components mounted on printed wiring cards. 
Type II is an earlier design which takes up more space and uses vacuum tubes 
as amplifying elements. 

During both the years under examination, the transistorized equipment 
(type 1) had a significantly lower fault rate than that using tubes (type 11). 
Some interesting comparisons between the two types of equipment can be 
made by classifying the faults into two groups as follows: 

• Group 1 - - those faults which could be corrected in a simple routine 
manner 

« Group 2 — those faults involving less simple fault location or repair. 

In the transistorized equipment, the simpler faults (Group 1) are mainly 
restricted to occasional faults in plug-in signalling relays. These have contacts 
which are sealed into glass tubes and whose contact surfaces are wetted by 
mercury. The glass tubes are protected by an outer container and are further­
more filled with hydrogen under high pressure in order to reduce electrical 
erosion of the contact surfaces. Investigation of faulty relays from the first 
deliveries showed that too much mercury could find its way onto the contact 
surfaces of the moving contact spring, thereby providing an unwanted path 
when the contacts should be open. These faults could be temporarily cured by 
gently tapping the relay. However, to avoid a repetition of this type of fault, 
relays with the tendency mentioned were replaced by others of a new type 
which, although using the same basic design, has been improved in this respect. 
For some years all new deliveries of equipment comprise the improved relay. 
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Fig. 3 
List of units in channel and group translating 
equipment of L M Ericsson manufacture re­
paired during 1964. 

Type of unit 

Modem ; filter 

Amplifier 
Signalling sender 

Signalling receiver 
Pilot converter 

Carrier distribu­
tion unit 

Regulated loss 
network 

Telephone unit 
Mains supply unit 

Equipment type M2" 
(136 Supergroups in operation) 

No. of units 
repaired 

100 

27 
4 

26 

d 

No. per 
supergroup 
per annum 

0.81 

0.20 
0.03 

0.19 

Equipment type M3'' 
(94 Supergroups in operation) 

No. of units 
repaired 

11 

8 
5 

4 
2 

i 

3 

V 
1 

No. per 
supergroup 
annum per 

0.12 

0.08 
0.05 

0.04 
0.02 

0.01 

0.03 

0.01 

" Equipment type M2 —equipment with tube amplifiers 
b „ „ M3 = fully transistorized equipment 
c Fault does not affect traffic, only maintenance 
11 Type M2 uses battery operation or centralized supply bay 

The relays are not meant to be adjusted, and since it has not yet been possible 
to observe any contact wear whatever, a very long life is to be expected. 

Improper functioning of the signalling relay nevertheless as might be expected 
occurs more often in tube equipment than in transistorized equipment. In the 
type II channel translating equipment, the signalling relay contacts are of the 
conventional dry type with access for inspection and adjustment, so that 
contact faults result amongst other things from corrosion of the contact 
material. The latter type of equipment also requires other routine attention 
such as tube replacement. 

To give a clearer idea of the faults in Group 2, repeater stations' repair 
orders have been studied for all channel and group translating equipment of 
the types mentioned which had been in service for at least a year. A summary 
of the result is given in figure 3. Among other things it can be seen that the 
number of repairs per supergroup per year was 3V2 times as great for the 
earlier tube equipment than for the transistorized. Fault location and replace­
ment of faulty units has been made very much easier in the transistorized 
equipment by the fault-finding test points provided in the units and by the 
plug-in connexion of the units themselves. Reliable service from this method 
of connexion, however, demands reliable contact devices. Our experience of 
plug-in connexions using gold as the contact material has without exception 
been good. Investigation of faulty contacts in the transistorized channel translat­
ing equipment also indicates that reliable methods have been used during 
manufacture for soldering to the printed wiring cards. 

Knowledge Gained from the Special Investigations 
Questions of the greatest interest for an operating engineer are in what way 

and how rapidly equipment ages. Amongst other things the answers will help 
him to decide what maintenance methods should be used in order to counteract 
a gradual degradation in the service quality of telephone circuits with time. 
Special measurements, covering a period of 2 or 3 years and still in progress, 
have therefore been made in certain stations on the above-mentioned tran­
sistorized channel translating equipment of L M Ericsson manufacture. As is 
the case for most long-term tests, the investigation requires much time and 
the measurement results can of course be dealt with in different ways. For this 
presentation, a simplified treatment was aimed at and was in fact necessary 
because of the time available. 
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Method of Measurement 
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Measurement Results 

Fig. 4 

Investigation of variation in level in transistor­

ized channel and group translating equipment 

Test period 24 months 

M Modulator or demodulator 

£> Amplifier 

T* Adjustable loss (setting unaltered) 

0 Oscillator 

(7) Level measuring set 

| Attenuator for measurement 

S Sender 

M Receiver 

No. of channels 
checked (n) 

24 

Measured changes in level 1 </v after 24 months 

+ \cN 

7 

OcN 

7 

- UN 

1 

-2cN 

7 

- 3cN 

7 

M = — = -0.3c/V 
n 

In all transmission equipment a good stability of level is aimed at. The 
special measurements of level made on the channel and group translating 
equipment on a sample basis during 2 years show that the level stability in 
this equipment is good. Only small changes have been measured, of the order 
of a hundredth of a neper (apart from faulty units). The results of measure­
ments and the measuring technique used are indicated in fig. 4. The measuring 
accuracy is of the order of ±0.01 N and the greatest change measured was 
- 0.03 N. The frequency response curve relative to 800 Hz over the trans­
mission band 300 to 3400 Hz has also been checked during a longer period. 
Changes have been small and the tolerance limits required on delivery were 
still met after 3 years for all channels tested. The measurement results are given 
in figure 5: measurement accuracy is about ± 0.01 N. 

7. Average, max. and min. curves of variation of loss, with frequency relative to 800 Hz 

1.1. First measurement, on delivery 1.2. Second measurement, about 36 months after 
the first measurement 

3 3 4 4 kHz 3 3.4 4 kHz 

Fig. 5 

Aging of transistorized channel translating 

equipment. Attenuation frequency distortion 

for 24 channels loop-connected at basic super­

group (sender +• receiver) 

Test period 36 months 

Limits shown in 1.1 and 1.2 are 1/3 of those given in 
CCITT Red Book volume IH, diagram No. 1. 

2. Changes in overall loss after 36 months. The curves have been calculated from the absolute 

values of changes. 
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The quality of signalling transmission is of considerable interest. Checks of 
10 Hz impulse distortion in the signalling path have therefore been carried out 
on the channel translating equipment over a period of 3Va years without 
making any adjustments to the signalling units. The measurement results for 
12 channels tested at normal signalling level are given in fig. 6. The check 
included both v.f. signalling sender and receiver in the corresponding channel 
including its relay. The points for the individual channels represent the average 
value of three measurements at 10 Hz but with different impulse ratios, 
namely 50/50 ms, 60/40 ms and 70/30 ms (the figures indicate the break and 
make times respectively). Besides giving the average values of distortion at the 
various times, the summary also indicated the maximum and minimum values. 
The average value for distortion of the length of a received pulse on delivery 
was -1 .7 ms and after 42 months -2 .3 ms. Distortion figures with a minus 
sign signify that the contact closure was shorter by the given number of 
milliseconds. Measurement accuracy was about ± 1 ms (of which reading 
accuracy was about ± 0.5 ms). On delivery the limit for distortion is ± 6 ms. 

As regards the quality of speech transmission, important factors in this are 
given by measurements on noise and crosstalk. The variation with time of 
thermal noise has been studied in three stations and the results are shown in 
fig. 7 and 8. Measurements were made on transistorized channel and group 
translating equipment with sending and receiving sides looped at the super­
group distribution frame. Figure 7 shows the values of psophometrically 
weighted noise power at a point of zero relative level for each of the channels 
in a supergroup. The measurements indicated an increase of the noise level 
in each channel of some 10 to 15 pW over a period of two years. The high 
initial measured value for channel 2 in group for equipment delivered 1961 
was due to interference from the mains supply unit in the bay. This inter­
ference was eliminated by improved screening, as can be seen from the second 
series of measurements. Fig. 8 shows the statistical distribution of measured 
values of noise power on delivery and after 2 years. The figure shows (1) that 
the average value increased by 14 pW to a final value of 50 pW, (2) that after 
2 years all individual values are still below the delivery guarantee limit of 
100 pW. 

Besides the long-term tests just described on changes in thermal noise in a 
system without input loading, measurements of intermodulation noise in 
channel and group translating equipment have also been made. For these 
tests. 59 channels in a supergroup were each loaded with a white noise signal 
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Aging effects in transistorized channel and 

group translating equipment, measured loop-

connected at basic supergroup 

Weighted thermal noise in respective channel 
First measurement 06.11.61 
Second measurement 10.10.63 

at - 1 5 dBmO; the average increase in noise power in the remaining channel 
(i.e. the intermodulation noise) was 14 pW with a standard deviation of 7 pW. 
The highest value did not exceed 30 pW. 

Intelligible crosstalk between channels within a group has also been checked 
on delivery and after about 3Va years in service. The results are shown in fig. 9. 
The measurements have been carried out both with and without semi-continuous 
out-band signalling applied (3825 Hz, level - 18 dBmO). The measurements have 
been made using a single frequency applied to the interfering channel and a 
selective measuring set connected to the disturbed channel. For values of 
crosstalk ratio up to 80 dB, the measurement accuracy was about ± 1 dB; for 
higher values somewhat worse. All values were better than those guaranteed on 
delivery, namely 75 dB. This applies both without and with outband signalling 
applied, although in the latter case the values obtained were somewhat lower; 
this is probably due to intermodulation. 

Fig. 8 

Aging effects in transistorized channel and 

group translating equipment, measured loop-

connected at basic supergroup 
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The carrier leak from the channel modulator lies only 175 Hz from the out-
band signalling frequency, so that this leak can interfere with signalling trans­
mission if its level is not sufficiently low. The channel modulators in the 
transistorized equipment under study have been designed for low carrier 
power which helps to keep down the leak. This alone would not however 
prevent aging of the modulator diodes from causing an unacceptably high 
unbalance voltage, i.e. giving rise to disturbing carrier leak. The carrier leaks 
in two supergroups (channel and group translating equipment) have been in­
vestigated 3Va years after being placed in service. Since carrier leaks from 
higher modulation stages (3-channel sub-group and group) can in certain cases 
add to channel carrier leaks, the tests were made in the basic supergroup range 
(312-552 kHz). 

Measurement Results 

Average value - 47 dBmO 
Worst value - 36.5 dBmO 
Guaranteed limit on delivery - 28 dBmO 

The measured results indicate that the carrier leak is still at a comfortably low 
level and that the stability of the modulator balance is good. 

Summary 
The fault statistics and aging tests described here show how the introduction 

of transistorized channel translating equipment has led to good and stable 
transmission quality and lower failure rate than the corresponding tube equip­
ment could provide. The equipment also more readily permits simplified 
maintenance routines with consequent lower maintenance costs. 
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L M Ericsson has played an internationally leading part in the development 
of present-day crossbar technology. The superior qualities of L M Ericssons 
crossbar systems, such as high speed, high operational reliability, low main­
tenance cost and great capability of being adapted to present and future 
technical requirements have led to the introduction of our crossbar systems 
by more and more telephone administrations in their networks. The first public 
crossbar exchange using L M Ericsson's crossbar system working on the 
advanced by-path and link principles was put into operation in Helsinki 
in 1950. Since then, our crossbar systems have been subjected to continual 
development in regard to greater traffic facilities and mechanical improve­
ments to the crossbar switch and other components. This article presents a 
survey of the development of L M Ericsson's public local telephone system 
ARF, rural system ARK and transit system ARM and at the same time gives 
a brief presentation of new traffic facilities. The systems are described in more 
detail in a new series of brochures. 

ARF 50 and ARF 51 
As mentioned earlier, the first local exchange of L M Ericsson's crossbar 

system ARF 50 and working on the link principle with common markers for 
interworking with 60 V step-by-step systems was put into operation in Helsinki 
in 1950. In this city there are now 25 such exchanges in operation. In other 
countries too, ARF 50 has been adopted as the standard system. The registers 
in this system are associated with each switching stage. 

The system has been progressively improved. In 1954, the facility of connect­
ing two markers per 1000-line group was incorporated and jack units were 
introduced on switch and relay racks so that these racks could be plugged 
into the exchange cabling. Different system types for various traffic capacities 
have also been introduced, and moreover, the system has been continuously 
developed so that it now includes transistorized engaged testing and increased 
possibilities of alternative routing. 

In 1958, a 48 V type designated ARF 51 was developed for interworking 
with BPO step-by-step systems. 

ARF 100 and ARF 101 
A new system ARF 100 was put into operation in Denmark in 1953. This 

system has central registers, more advanced grouping and greater possibilities 
of alternative routing, thereby making it particularly suitable for use in large 
multi-exchange networks. 

Three years later, this system was replaced by ARF 101 where two markers 
per 1000 line group could be connected to the SL stage instead of one. thereby 
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Fig. 1 

Interior of a largo city exchange of L M Erics­

son's system ARF 102 in operation at Padova, 

Italy 

offering a complete exchange series having different traffic capacities. The 
system is mechanically further developed due to the use of jack units for 
plugging in switch racks to the exchange cabling. 

ARF 102 
The first crossbar exchange of system ARF 102 was put into service in 

Venice, Italy in 1960 and was the first in the world to use compelled sequence 
multi-frequency code (MFC) signalling. 

In this system the called subscriber functions of the final selector relay set 
have been incorporated in the link circuit relay set SR and in the incoming 
junction line relay set FIR which simplifies interworking with other telephone 
systems. 

New Facilities 
The new facilities which have so far been introduced in system ARF 102 

will now be briefly mentioned. 

Compelled sequence multi-frequency code signalling has been worked upon 
by L M Ericsson for a long time. The basic ideas were developed in 1954 and 
the first field trials were made in the Netherlands in 1957. This signalling 
system is included as standard and offers the following advantages: 

• Rapidity. Six to seven digits per second can be transferred. 

• Reliability. The system is self-checking and insensitive to disturbances in 
transmission as there are no margins on signal duration. 

O Unlimited application. The system can be used on all types of 2-wire and 
4-wire lines. 
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• Optimum number of signals in both directions for numerical and other in­
formation concerning the calling and called subscribers. The system is thus 
adaptable to all present and future traffic facilities. Additional advantages 
from the traffic routing point of view are obtained as it is possible to repeat 
certain digits. 

• Wide operating range sufficient to economically cover all types of traffic 
encountered in practice. 

• Simple transit registers with short holding time owing to the use of end-to-end 
signalling. 

• Self-checking, thereby avoiding transmission of incorrect information and 
facilitating fault location. 

Identification of the A-subscriber is mainly used in connection with toll 
ticketing. Even if toll ticketing is not so widespread at present it will certainly 
be required to an increasing extent in association with fully automatic inter­
national traffic. The registers of system ARF 102 are arranged for receiving 
and storing the A -subscriber's number and for sending this forward by MFC 
signalling to a trunk register. 

Push-button dialling pulses from the subscriber's set will become more and 
more widespread in the future. The new register block which will be described 
below can be supplemented with code receivers for reception of push-button 
dialling pulses from the subscriber's telephone set. As its standard for public 
exchanges, L M Ericsson uses a multi-frequency signalling system in which 
each digit is characterized by two tones. These tones are selected from two 
groups, each consisting of four frequencies. 

Division of subscribers into different classes is required more and more in 
today's telephone network so as to be able to offer different services. It is 
possible to have up to 40 different classes of service in system ARF 102. 
Examples of /(-(calling)subscriber classes of service are: push-button telephone 
set. two-party line, subscriber barred from making trunk calls, immediate price 
information to subscriber when there is toll-ticket charging, coin box set, 
test line call, etc. Examples of B-(called)subscriber classes of service are: 
incoming calls barred, no call charging, direct in-dialling to PABX extension 
etc. 

Fig. 2 
Telephone set for push button dialling 
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A new register block has been developed which as mentioned above enables 
push-button telephone sets to be connected. This register block is built up using 
new principles, with separate analysers for digital analysis and translation. 
Relays are used as digital store, which offers advantages when the rapid push­
button dialling is used. The new register block offers the great advantage that 
different types of code sender for different signalling systems can easily be 
connected. This can be used when interworking with exchanges having a 
different type of signalling than compelled MFC and is of great importance for 
future developments when new and even more rapid signalling systems can 
be introduced. 

A three-stage group selector unit having greater multiple capacity has been 
developed to meet the need in large multi-exchange networks. Initially, the 
group selector unit can consist of two stages A and B. and when required a 
third stage C is added. The smallest unit consisting of only A and B stages 
has 160 inlets and 400 outlets served by a common marker organization. By 
adding one to four separate C stages each having 100 inlets and 400 outlets, 
the multiple capacity is successively increased from 400 to 700, 1000, 1300 and 
1600. The C stage is controlled by a common marker which is permanently 
connected to the marker organization of the A and B stages. A connection 
through all three stages is made by conditional selection. The fully built-out 
unit permits choice of about 200 routes with an availability of between 5 and 
80 with up to five alternative route attempts. 

A 4-wire group selector stage has been developed to obtain better transmis­
sion properties when distributing trunk traffic from the trunk exchange to the 
different local exchanges in a metropolitan network. Individual balancing of 
the lines to the different local exchanges can therefore be arranged. 

Direct in-dialling to PABX extensions has become increasingly important, 
and on request system ARF 102 can be supplied initially with this feature or 
it can be added later. We recommend the use of a linked numbering plan in 
connection with direct in-dialling i.e. PABX extensions to which direct connec­
tion can be made are given numbers in the public number series. This is in 
agreement with most administrations' wishes. This feature, which means that 
a subscriber on the public exchange can dial directly to any extension on a 
PABX without the intervention of an operator, is of course dependent on the 
design of the different PABX's. 

Centralized absent subscriber service offers many advantages. A very ad­
vanced system has been developed for ARF 102, with operator service, an­
nouncing machines etc. of different types connected to the main exchange in a 
multi-exchange area. The system is provided with decentralized electronic stores 
(ferrite cores) for marking of absent subscriber service for the individual 
subscribers connected to the other exchanges in the network, for rerouting calls 
to the central absent subscriber service equipment at the main exchange. 

Lines connected for absent subscriber service can be divided up into fourteen 
classes, for example: 

• changed number 

• vacant number 

• subscription ended 

• information given by different groups of operators and/or announcing 
machines 

• tracing of malicious calls. 

Subscribers connected to absent subscriber service can make outgoing calls 
without operator assistance. 



Terminal Exchanges Type ARF 102 
System ARF 102 has also been modified so that the subscriber stage can 

be used as combined group and final selector stage. This type is intended for 
use in terminal exchanges with an initial capacity of up to about 900 subscriber 
lines. The final capacity is the same as for the normal ARF system as the 
group selector can be introduced when required. 

This application, which permits subsequent introduction of the group selector 
stage, means that the ARF system becomes more economic for small exchanges. 

ARK 30 and ARK 50 
The first rural exchange of type ARK 30 was put into service in Liseleje, 

Denmark, in 1951 and the system has since then been widely used in many 
countries including Finland, Yugoslavia and Italy. 

In 1962, a new, rural system ARK 50 was introduced which differs from the 
ARK 30 system in the following respects: 

• Compelled sequence multi-frequency code signalling has been introduced 
which reduces the setting up time and in general gives the advantages 
enumerated above concerning this signalling system. 

• In addition to the route to the primary centre, the larger of the exchange 
types can be provided with three direct (early choice) routes to other ex­
changes. 

• Subscribers can be divided into 6 different service classes, which number 
can be easily increased if necessary. 

• System ARK 50 is more flexibly designed and requires less space as double-
sided racks are used. 

• Two markers can be connected in the case of the larger of the exchange 
types. 

With a view to further simplifying installation and testing of ARK 50, the 
mechanical design has been modified so that all racks are provided with jack 
units for connection to exchange cabling. At the same time the intermediate 
distribution frames (IDF) have been replaced by BDH racks, where the ex­
change cabling is connected, and the IDF jumpers now consist of replaceable 
cables provided with plugs. 

In this way, the installation is simpler and more rapid, handing-over testing 
is more complete and layout more compact, at the same time enabling exten­
sions to be appreciably easier. For standardized lay-outs, moreover, a large 
amount of exchange cabling can be factory-made in the form of cables with 
plugs. 

The registers for a rural network with ARK 50 are concentrated to the higher 
ranking primary centres. Where necessary, the terminal exchanges can be 
provided with small local registers which can take care of local calls if all 
junctions to the primary centre are busy. In certain cases, however, it can also 
be necessary to provide the ARK exchange with complete registers. 

One type of the standard system ARK 50 has been developed which identifies 
the A subscriber for toll-ticketing purposes. 

157 



ARM 100, ARM 201 and ARM 503 
In 1452. the first transit exchange of system ARM 10 was put into service 

in Rotterdam. 

A new system ARM 201 with a different grouping and marker organization 
was put into service in Aarhus, Denmark in 1953. Route markers and test 
blocks were introduced in a later type and this led to a more flexible and easily 
extendable system. 

In the years 1962 and 1963 the time required for markers to make their tests 
was reduced and a new exchange type ARM 20114 having a greatly increased 
traffic-handling capacity was introduced. 

The first international exchanges of a modified system ARM 20 with 100-line 
instead of 200-line grouping and 10-pole through connection were put into 
service in Copenhagen and Rotterdam in 1959. 

In 1954, the first exchanges of system ARM 501 were put into service in 
Finland and Italy. In this system, a large number of the analysing functions 
were carried out in the register. The system was superseded in 1961 by ARM 
503 which had in all essentials the same marker organization as system ARM 
201. This meant that the same type of repeaters and registers could be used in 
ARM 201 and ARM 503. 

Toll-ticketing equipment for automatic toll ticketing has been developed. A 
complete ARM network with toll ticketing has been in operation in Egypt 
since 1964. and the system is being successively introduced in Mexico. 

Fig. 3 

Crossbar system ARM 20 in Montreal, Canada 
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Fig. 4 

Crossbar system ARM 20 in Randers, Denmark 

This equipment uses common ferrite core matrices. Each call to be charged 
on toll ticketing is allocated a part of the store in this matrix in which in­
formation on the calling and called subscribers' numbers, time of commence­
ment of call etc. is stored. Read-out is made at the end of the call, from 
which the call duration is worked out. 

Feed-out can be arranged in different ways, depending on requirements. 
For example, read-out can be made directly to a card punch, tape punch or 
magnetic tape. Immediate service, i.e. immediate price information, can be 
given by arranging immediate sorting out of the card or by simultaneous 
write-out on an electric typewriter. 

In large national networks it is important to centralize the toll-ticketing 
equipment. A method has also been developed, for example, for transfer of 
primary data from the terminal exchange or primary centre to trunk exchange 
by using MFC. Centralization of common data handling for a whole country 
or a large zone is obtained by feeding-out data from trunk exchanges after 
completion of calls to a central computer via a tape recording equipment and 
data link. In this way the data-handling equipment is fully engaged and card 
punching and various card transports, sorting etc. are avoided. 

Signalling principles have also undergone successive improvements and can 
be adapted to requirements in any particular case. L M Ericsson's compelled 
multi-frequency code signalling for register signalling, the advantages of which 
have been touched on previously, has gained increased popularity. 

Interworking with Other Systems 
ARF, ARK and ARM systems have been successively supplemented with 

equipment for interworking with different types of step-by-step and register-
controlled systems. Today, as a result of previous operational experience. L M 
Ericsson can offer equipment for interworking with any telephone system 
existing on the world market. 
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Maintenance and Centralized Service Supervision 
The systems have been adapted for more simple maintenance methods and 

for widespread centralization of the maintenance work. For example, a new 
alarm system for remote alarm transmission has been developed. 

All systems have also been designed to the requirements of L M Ericsson's 
maintenance philosophy of centralized service supervision which mainly aims 
at continuous, automatic supervision and registration of service quality. 

Automatic Registration of Call Charging Pulses 
An electronic system has been developed for automatic registration of call 

charging pulses, which can replace the subscribers' meters in our crossbar 

160 



exchanges and in other conventional electromechanical systems. The system 
provides the possibility of full automation and centralization of the registration 
of call charging. 

Information on the number of charging pulses for each subscriber is received 
and stored in an electronic store consisting of ferrite cores. In this equipment 
up to about 65,000 charging pulses per subscriber can be stored before it is 
necessary to read out. Read-out can be made at suitable intervals and transfer 
of information to a central location carried out using the normal exchange 
equipment, junction lines and MFC signalling or rapid data transfer systems 
depending on the requirements of the centralized equipment. L M Ericsson 
has also developed a 600 baud data conversion system suitable for this transfer 
of information. 

Automatic Transmission Measurement 
Owing to the individual selection feature of ARM exchanges they are partic­

ularly suitable for automatic measurement of transmission characteristics 
from a central point in a trunk network, as the normal switching network 
can be used for setting up connections to be tested. L M Ericsson has produced 
a fully automatic transmission measuring equipment for this purpose which 
uses punched cards or tape for control of measurements and for presenting 
the measurement results. With separate access switches, this system can also 
be made suitable for use with transit exchanges of other manufacture. 

Mechanical Improvements 
With a view to improving operational reliability and life and to make the 

various components suitable for automatic manufacturing processes, crossbar 
switches, relays and other units have been subjected to continuous improvements. 
New elements such as printed circuits with semiconductors, reed relays and 
mercury-wetted reed relays have been introduced. 

Fig. 6 
Automatic transmission measuring equipment, 
laboratory tests, Stockholm 
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In the crossbar switch itself, fifteen improvements have been successively 
introduced, the most important of these being: 

• Selecting finger damper has been introduced which has permitted the use 
of naturally oscillating selecting fingers with short transient time and has 
eliminated maintenance. 

• Contact strip rack insulation has been changed from varnish to separate 
insulating sheet which has eliminated the risk of flash-over. 

• Spherical core face and residual plate have been introduced instead of 
residual stud in the crossbar vertical which has led to higher holding force 
and less wear. 

• Horizontal damping device of rust-resistant material has been introduced 
so that simplified adjustment has been obtained. 

• The end plates of the crossbar switch as well as the armature of the horizontal 
have been changed to improve the magnetic circuit of the horizontal and 
increase the speed of operation. 

The standard RAF relay has also undergone fifteen improvements of which 
can be mentioned: 

• New springset, to give improved resistance to wear and improved adjust­
ment, has been introduced twice. 

• Improved coil insulation using nylon and polyester film to give higher in­
sulation resistance and better resistance to climatic conditions has been 
introduced. 

• The armature system adjusting screws have been replaced by adjustment 
tongues which stabilize adjustment. 

The multi-coil relays, racks, relay sets, jack boxes and terminal strips have 
likewise been subjected to continuous surveillance for improvement in design. 

Future Plans 
The development of our crossbar systems progresses continuously, and 

influenced by proposals from telephone administrations in those countries 
where our systems have been introduced, new traffic facilities are introduced. 
The crossbar switch and other components are subjected to successive im­
provements as new materials become available and the technology advances 
in general. 



Voting Machine for Swedish Parliament 
O. S A N D E L L , L M E R I C S S O N T E L E M A T E R I E L A B , S T O C K H O L M - T Y R E S O 

UDC 654.938 
LME 869 

L M Ericsson installed a voting machine in the Swedish Parliament (the Riks­
dag) in the early thirties. After the machine had been operating for more than 
30 years, it was found that il was starting to become worn out. The Riksdag 
decided to replace it by a new and more modern machine, and once again 
L M Ericsson was entrusted with the order. 

The machine has been designed in intimate cooperation with the Riksdag. 
Account has been taken of the future possibility of a Single Chamber system, 
in that the various units can be simply interconnected into a system for up to 
400 members. 

The voting machine collects, records, distributes and photographs the results 
of every parliamentary division. A keyboard is installed at every member's seat 
and at the Speaker's and Clerk's desks. 

The equipment is self-controlling insofar as, in the event of a wrong count, 
the result is not displayed but a recount is made automatically. If there is an 
error after the recount, a lamp lights at the Secretary's position. If any lamp 
fails during a division, this is signalled to the Secretary's keyboard and in some 
cases to the Speaker's keyboard as well. 

The result of a division (number of Ayes and Noes etc.) is transmitted to 
the Speaker's keyboard and via a TV installation to four TV receivers in the 
Legislative Chamber and to a number of TV receivers outside the Chamber. 

The vote cast by each member and the result of the division are shown on 
a record board. The record board is photographed automatically after every 
division. 

The vote cast by each member is also shown on a voting board in the 
Legislative Chamber. 

In addition to the distribution of the results of divisions, the TV equipment 
is also used for other parliamentary work. A speaker may use it for showing 
diagrams or other pictures. The press can follow the work of the Riksdag from 
the press-room, visitors can be given an idea of the procedure before visiting 
the chambers, changes of the agenda can be displayed, the question to be 
voted-on can be displayed when the members are summoned to a division, etc. 

System Units 

The voting machine consists of the following units: 

• Central equipment with power supply and intermediate distribution frame 

• Speaker's keyboard 

• Secretary's keyboard 

• Member's keyboard 

• Clerk's keyboard 

• Voting board 

• Record board 

• Result panels 

• Photographic equipment 

• TV equipment 

• Cabling 
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Fig. 1 

Central equipment, (left) intermediate distri­

bution frame 

Central Equipment 

The central equipment for the voting machine is made up essentially of 
telephone relays (Fig. 1) The choice of an electromechanical system was due 
chiefly to the suitability of the telephone relay for the circuitry problems of a 
voting machine. The telephone relay also fulfils all practical requirements of 
rapidity. The time from completion of voting to presentation of the result is 
about 4 seconds. (In the previous equipment the time was 40 seconds.) 

The relay equipments are assembled in easily handled units which connect 
to the rack cabling by plug and jack. The racks are of BDH type, height 2.4 
metres, and can be provided with doors with locks. 

The power supply for the machine comes from two 48V/40A charging rec­
tifiers and two 48V/320Ah batteries with distribution panel. 

The batteries are in parallel but are connected across individual fuses, which 
means that a battery can be disconnected if faulty. 

In addition to distribution and battery fuses the distribution panel also 
contains voltmeters and ammeters. 

Keyboards 

All keyboards have push-buttons with built-in lamps. When a button has 
been pressed, the lamp inside the button lights as an acknowledgement that 
the signal has been received by the central equipment. The Speaker's and 
Secretary's keyboards have also been designed to avoid faulty operation as far 
as possible. If the wrong button is pressed, nothing happens. The Speaker may, 
for example, cancel a voting result before it has been photographed and before 
the lamp in the PHOTOGRAPHED button has lit. 

Speaker's Keyboard 

The Speaker's keyboard (Fig. 2) contains the necessary push-buttons and 
lamps for voting. It also contains a panel on which the result of the division 
is shown. 

The Speaker need operate only three of the eight buttons on his keyboard. 
When a division is to take place he presses the DIVISION button and, when 
the members have cast their votes, the VOTING COMPLETED button. He 
presses the CANCELLATION button when the result of a division is no 
longer required. 

The lamps in the other five buttons inform the Speaker that 

• a signal calling for a division has been transmitted 

• a member is correcting his vote 

• there is a lamp fault in a member's keyboard 

• the count has been completed 

• the photographing of the record has been completed 

Fig. 2 

Speaker's ke\hoard (left) 
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Fig. 3 

Secretary's keyboard 

Fig. 4 

Member's keyboard 

Secretary's keyboard 

The Secretary has a keyboard (Fig. 3) containing push-buttons and lamps 
for switching-on and testing the system, and push-buttons for the TV equip­
ment. The Secretary decides what picture shall be shown on the TV receivers. 

The switching-on of the TV system automatically connects up the camera 
which is trained on the Speaker. A camera trained on the result board is 
likewise automatically connected when the counting of votes has been com­
pleted. 

Members' keyboards 

Each member's position is fitted with a keyboard containing four push­
buttons with built-in lamps (Fig. 4). 

When the Speaker calls for a division, the lamps in the members' CORREC­
TION buttons light. To register his vote, the member presses the relevant 
button marked AYE, NO or ABSTAIN. A lamp lights in the button that has 
been pressed and the lamp in the CORRECTION button goes out. If the 
wrong button is pressed the member presses the CORRECTION button. The 
lamp then goes out and the lamp in the CORRECTION button lights up 
again. He can then record a new vote. If no button is pressed, the member is 
recorded as absent. 

The Deputy Speakers have voting buttons (corresponding to the members' 
keyboards) on the wall beside their seats when they are not on duty at the 
Speaker's desk, and on the Speaker's desk. The Speaker has voting buttons 
only on his desk. 

Clerk's keyboard 

The Clerk has a keyboard (Fig. 5) for indicating the date, committee and 
report number, section or subsections. From his keyboard he lights lamps 

Fig. 5 
Clerk's keyboard 
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Fig. 6 

Voting board; (left) a TV receiver 

displaying the required text on the record board, so that the photographic 
plate automatically registers the text which indicates the subject of the vote. 
If the vote is on a question which cannot be indicated from the keyboard, a 
card with the required text can be inserted in a space on the record board 
before the photograph is taken. 

Voting Board 

A voting board is placed on the wall in each chamber (Fig. 6). The board 
is made up in the form of a plan of the Chamber. 

Each member is represented on the board by four lamps, a green lamp 
denoting AYE, red NO, orange ABSTAIN, and white that the member is 
absent. The AYE and NO lamps have large lenses, the ABSTAIN and ABSENT 
lamps small lenses. 

In front of the voting board is a curtain which is automatically drawn when 
the voting installation is switched on and off. 

Fig. 7 

Record board 

In the foreground an electrically operated camera 
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Fig. 8 

Result panels and two automatically operating 

TV cameras 

Record Board 

The record board (Fig. 7) contains lamps which show the vote cast by each 
member. The record board is photographed after every division. The board 
is made up of lamp-holders with duplicated lamps for maximum reliability. 
The light from the two lamps is focussed by a plexiglass lens on the indication 
concerned. Eight lamps are thus required for every member. 

When a lamp fails, the fact is indicated on the Secretary's keyboard. The 
probability of both lamps under the same lens failing simultaneously is very 
small. The members' numbers and names are printed on tape placed under 
the lamps. 

The record board also contains a result panel of the same kind as on the 
Speaker's keyboard, as well as numerical and alphabetical indicators which 
show the question to be voted on. 

After every division the record board is photographed by an automatic 
camera. The record board is enclosed in a cabinet. 

Result Panels 

Result panels are placed at the Speaker's position and on the record board. 
There are also two result panels for each Chamber in front of a TV camera 
in a dark-room. The result panels carry the text AYE, NO. ABSTAIN and 
ABSENT (Fig. 8). There are also 12 numerical indicators in four rows. After 
a count, lamps light in these indicators and each indicator shows a number. 

Photographic Equipment 

Fig. 9 

Distribution equipment for TV installation 

An electrically operated Hasselblad camera (Fig. 7) is used for photo­
graphing the record board. The camera takes 16 plates. Developing and 
enlargement are done in a dark-room in the parliament building. The filed 
photograph is roughly A4 size. The negatives are also filed. 

TV Equipment 

For each chamber there are four TV cameras and one spare. The TV 
equipment was delivered by Marconi, England, through Svenska Radioaktie-
bolaget. Fig. 9 shows the distribution equipment. 
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Fig. 10 

Block diagram 
In addition tn the equipment shown in the block dia­

gram there is an equipment for automatic testing of 

the system. 

P U 

LR 

ETR 

TTR 

R M 1 

R M 2 

R M 3 

RM 4 

T M R 

SA 

M 

1.M 

PT 

RhT 

RT 

M A T 

M A S 

MAK 

Member's keyboard 

Line equipment 

Units digit relays 

Tens digit relays 

Result store for AYE votes 

» » » N O votes 

» » » A B S T E N T I O N S 

» » » ABSENT members 

Speaker's relay equipment 

Totalizing relays 

Lamp supervisory relays 

Alarm relays 

Record board 

Voting board 

Result panel 
Keyboard lor Speaker 

» » Secretary 

» » Clerk 

One camera is trained on the result panels, one on the Speaker, one on the 
platform, and one is used for showing documents etc. 

In each Chamber there are four 25" TV receivers, and another ten or so 
23" TV receivers outside the Chambers. The TV receivers outside the Chambers 
can be used for picture and sound reproduction from both Chambers. 

The Secretary can also show the picture of one Chamber on the TV receivers 
in the other. This may be required, for example, in the case of joint voting. 

The existing sound distribution system has been connected to the TV receiver 
loudspeakers. 

Cabling 

Ten wires are required to each member's position, five wires per member 
to the voting board, and eight wires per member and a common return wire 
to the record board. About 100 wires are required to each result panel. A large 
number of wires are also required to the Speaker's, Secretary's and Clerk's 
keyboards. 

Coaxial cables are used for the TV equipment and EKKS cable for the 
sound distribution to the TV receivers. 

All cables to the central equipment terminate on an intermediate distribution 
frame. The wiring between the relay racks also passes via the intermediate 
distribution frame so as to simplify the alteration of the inter-rack wiring 
in the event of changing to a Single Chamber system. 

Operation 

The block diagram for the voting system is shown in Fig. 10. 

To switch on the installation, an ON button is pressed on the Secretary's 
keyboard MAS. 

When voting is to take place, the Speaker presses the VOTING button on 
his keyboard MAT. This lights all CORRECTION lamps on the member's 
keyboards PU. 

A member's vote is registered in LR at the same time as lamps light on PU, 
on the voting board RFT and on the record board PT. The Clerk has in good 
time set the text indicating the subject of the vote on his keyboard MAK. 

When the voting has been completed, the Speaker presses the VOTING 
COMPLETED button on MAT. The count then starts, the AYE votes being 
counted first. In ETR the relays operate which correspond to the AYE votes. 

Totalling of the AYE votes is done in ETR and TTR and the result is stored 
in the result store RM I. 

ETR and TTR restore, after which counting of the NO votes starts. Now 
the relays operate in ETR which correspond to the NO votes. Totalling of the 
NO votes takes place in ETR and TTR and the result is stored in RM 2. 

168 

The totalling and storage of ABSTENTIONS and absent members is done 
in the same way. Thereafter the number of votes stored in the result store is 



totalled in SA. A check is made that the total agrees with the number of 
members in the Chamber If it does not, all RM are restored and a new count is 
made. If this does not agree either, a lamp lights in MAS to indicate that the 
count is wrong. In such case no result is indicated on the result panels. 

If the count is correct, indicators light on the result panels to show the 
number of AYES, NOES and ABSTENTIONS and of absent members. 

The camera in front of the result panels is automatically switched on and 
the result can then be read on the TV receiver. If any lamp has failed on the 
result panel on which the TV camera is trained, the camera turns to a parallel 
panel. 

When the count is complete, the record board is automatically photographed, 
which is seen by the Speaker and Secretary by the lighting of a lamp on MAT 
and MAS respectively. 

The Speaker can now clear the result panels by pressing the CANCELLA­
TION button. 

Supervisory Equipment 

The voting machine is equipped with extensive supervisory arrangements. If 
any lamp on a member's keyboard fails during a session, the fact is signalled 
to the Speaker. The voting can continue. The Speaker announces that the 
voting has been registered but that, for example, an AYE lamp has not lit. If 
a lamp fails on the result panel in front of the TV camera, the camera turns 
automatically to a parallel panel. 

The system incorporates automatic test equipment with which important 
functions can be tested in accordance with a predetermined program. Selection 
buttons for these tests are placed on the Secretary's keyboard. Normally these 
tests are made from this keyboard in the assembly room but, if desired, they 
can be made from a keyboard in the machine room. In this way observations 
can be made on the central equipment during the test. 

Three tests can be made. 

• Test 1 checks all lamps on the members' keyboards, voting board and 
record board. 

D Test 2 checks the lamps in the indicators on the result panels. 

• Test 3 extends over a number of divisions. This test checks all totalling 
circuits in ETR and TTR. 

Faulty lamps and functions are indicated in such a way that the least possible 
amount of work is needed to remedy the fault. 

If a test is to be made also of the television and camera equipment for the 
record board, this can be done from the Speaker's or Secretary's keyboard. 
The procedure is the same as for an ordinary division. 

In the event of a fault during voting, alarm lamps light at the Secretary's 
and Speaker's positions. Visual or audible alarms can also be obtained at a 
number of points, if desired. 
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TEHG—A Mercury-Wetted Contact Switch 
L. T O R S T E N S S O N , A K T I E B O L A G E T S V E N S K A E L E K T R O N R O R , S T O C K H O L M - T Y R E S O 

Fig. 1 

TEHG mercury-wetted contact switch 

MAX.8.2 

Fig. 2 

Sketch of T E H G mercury-wetted contact 

switch 

<T) Contact leads 

(2) Moving reed (armature) 

(D Mercury 

(5) Fixed contacts 

(5) Baf f le w i res 

(6) T u b u l a r stem ( te rm ina l ) 

© Weld 

Dimensions in mm 

UDC 621.318.56.D6ft.fi 
LME 5524 735 

Mercury-wetted switches have been developed in the United States since the 
forties. Their good properties as regards life and reliability, and their speed 
combined with small dimensions, give them an increasing use in modern 
switching applications. AB Svenska Elektronror (SER) has started making 
these switches under the type designation TEHG. This article describes the 
construction, operation and properties of the TEHG switch. 

The switch, which has a break-before-make contact function, employs mercury 
wetting of the contact surfaces for good and stable contact without bounce. 
The switch opens and closes circuits carrying currents up to 2 A with operate 
times of 1-3 ms. The expected life is 109 operations at maximum load. The 
TEHG switch is made also in a make-before-break form and with correspond­
ing data. The former type alone will be described in this article. 

Construction of the mercury switch 
The construction of the switch is shown in fig. 2. It consists of a glass capsule 

enclosing two fixed contacts of platinum alloy (4) and a moving reed armature 
(2) in a protective gas atmosphere under high pressure. Connection to the 
external circuits is effected through contact leads (1) and (6) passing through 
the glass, both of which are conductors for the electric current and for a 
magnetic flux. The glass capsule also contains a reservoir of mercury (3) for 
wetting of the contacts. 

The moving reed, made of a nickel-coated nickel-iron alloy, has longitudinal 
0.1 mm grooves to form paths for the mercury. It is welded to a tubular stem 
(6). This serves also as bushing through the glass and is used for refilling of the 
protective gas to a pressure of 17 atm (1.7 MN/m2). The stem is sealed by a 
vacuum-tight weld (7) close to the glass capsule. 

Operation 
The mode of operation is shown schematically in fig. 3. The moving reed, 

the armature (2), closes to one of the two fixed contacts (4). These contacts 
are at the same time formed as magnetic pole pieces and conduct a permanent 
magnetic flux perpendicular to the armature. The armature is magnetized by 
an axial relay coil (8) outside the glass capsule and is deflected towards one of 
the contacts by magnetic action between the armature and the two magnets. 
The spring force of the armature counteracts the deflection and tends to return 
it to mid-position. Fig. 4 shows the complete relay with its magnetic system. 
The two upper steel or ferrite magnets are magnetized to appropriate values. 
A switch with TEHG contacts is therefore always polarized, i.e. is dependent 
on the polarity of the energizing current. If one of the magnets is more strongly 
magnetized, a single-side-stable relay is obtained. If the magnets are equally 
powerful the relay is bi-stable. 

Since the contact surfaces are wetted with mercury, a large contact surface 
is obtained without the need to apply a heavy contact force. This means that 
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Fig. 3 
Simplified representation of relay 

d) Moving reed (armature) 

© Coil 

fe^ 
Fig. 4 
Mercury-wetted contact relay with switch, 
magnetic system and casing 

the capsule can be given small dimensions. Transfer of the mercury from the 
reservoir (3) up to the contacts takes place via the reed. The 0.1 mm longi­
tudinal grooves serve as capillary paths for the mercury. In one type of TEH (J 
switch the quantity of mercury on the actual contact surfaces is limited so that 
one contact opens before the other closes. To avoid splashing of mercury, 
which would disturb the operation, the tongue has two transverse baffle wires 
(5). The pole pieces, furthermore, have grooves for collecting beads of mercury, 
and the parts which are not to be wetted are oxidized. The dynamic transfer 
action is described in fig. 5. The use of a mercury reservoir means that the 
switch can be allowed a maximum slope of 30° from the vertical. 

Operate time 
The time taken for the reed to transfer to the opposing contact from the 

moment of voltage being applied to the coil is called the operate time. This 
is dependent on the m.m.f. (ampere turns) of the coil and on the time con­
stant. The operate time is normally 1-3 ms. The time during the transfer 
action when the reed does not make contact is called the transfer time. This 
is normally 0.1-0.4 ms but is dependent on the m.m.f. of the coil. Fig. 6 shows 
a transfer action at 50 Hz. An example of how the operate time varies with 
the ampere turns of the coil is shown in fig. 7. 

Adjustment of sensitivity 
The sensitivity is dependent on the strength of the magnetic field. This can 

be adjusted in a relay by successive demagnetizing of the two magnets. It 
would be theoretically possible to demagnetize down to a value at which the 
spring force of the armature predominates. One can thus obtain a maximum 
sensitivity of 5-10 ampere turns. An increased sensitivity, however, prolongs 
the operate time. 

Contact bounce 
Contact bounce arises in ordinary relays at the moment of closure of the 

contacts. Mercury-wetted contact switches, however, are free from contact 
bounce. This is because the mercury adheres to the two contact surfaces so 
that it continues to form a bridge after operation of the switch. Mechanical 
vibrations are also damped by the mercury. 

Symmetry 
The symmetrical properties of a relay are of great importance for certain 

relay functions. The symmetry of the switch is determined primarily by the 
resting position of the reed between the fixed contacts. The reed must there-

Fig. 5 
Dynamics of mercury-wetted contact switch 
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Fig. 6 

Transfer action of a relay, 50 Hz, square wave 

voltage 

T Period, 20 ms 

Ti Make to contact 1,10 ms 

Tj M a k e to contact 2, 10 ms 

ti . tj Transfer times, 0.1—0.4 ms 

t Operate time 

The upper figure represents the oscilloscope picture 
of the contact function. 

fore be as symmetrically positioned as possible. Since the placing of the fixed 
contacts also contributes to symmetry, a mere visual inspection for symmetry 
cannot be entirely satisfactory. Measurements by means of field reversals are 
made under special conditions with such low magnetic forces that asymmetry 
arises, for example, in the spring tension of the reed. 

Breakdown voltage and insulation resistance 
With the reed closed to one of the fixed contacts the TEHG capsule can he 

subjected to 3500 V AC peak without arcing. This is achieved through the 
high gas pressure in the capsule. Arcing, if it occurs, may therefore be due to 
insufficient pressure. To ensure a high insulation resistance the gas must be 
extremely pure and free from water vapour. The insulation resistance of TEHG 
is above 1000 mQ. 

Life 
The life of the switch is usually defined as the number of operating cycles 

it can perform under given conditions until failure or a given frequency of 
failures. The life is dependent chiefly on the resistance of the contact surfaces 
to wear as a result of opening and closing of a circuit. In the TEHG switch 
the conditions for long life are met by the fact that mercury is added to the 
contact surfaces. The mercury wetting ensures a continuous area of contact 
and prevents erosion of the underlying contact metal. The switch therefore has 
a low and very stable contact resistance during its entire life. At maximum 
load and with a contact protection circuit the expected life of the TEHG 
switch is at least 10" operating cycles. 

Operate time 

ms 
4 

\ 

4 5 10 20 30 40 50 100 200 

Ampere turns 
Fig. 7 

Example of variation of operate time with 

number of ampere turns in a coil 

Contact protection 
Owing to the great speed with which the circuit is broken in a mercury-

wetted switch a high transient voltage is induced in the inductance of the load 
circuit, which may cause damage and shorten the life of the switch. Except at 
very low loads, therefore, it is recommended that mercury-wetted switches 
should always be protected by a network consisting of a capacitor and a re­
sistor in series. This CR unit must be connected as close to the switch as 
possible. To calculate the minimum value for these components one may use 
the expressions 

C = 0.1/- nF 

U 
R = 0.1 - Q 

/« 

where 

/ = the current through the contact in amperes 

U — the contact supply voltage in volts 

50 
a = 1 + U 

The capacitance C obtained from the formula is often insufficient, and 
appropriate values must be determined by observing the break-and-make 
processes on an oscilloscope. At medium amperages standard CR units can 
often be used (see Ericsson Review No. 2. 1461. The CR Unit - a Rational 
C imtact Protection Component). Fig. 8 shows an example of a contact protec­
tion circuit. 
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If the voltage is below 50 V the resistance can be excluded. For voltages 
above 50 V the resistance must never be lower than 0.5 Q. To reduce the 
transients still further a CR circuit must sometimes be supplemented by diodes 
or similar components to lead off energy stored in the inductive load. 

Manufacture at SER 
The TEHG switch is made by AB Svenska Elektronror in specially arranged 

premises since the production involves the use of mercury and high pressures, 
and complete freedom from dust must be ensured. The personnel must wear 
masks and goggles, for example, and observe special rules of cleanliness. 
SER's many years of experience of glass-metal seals and vacuum technique 
have been essential for this manufacture. Fig. 9 shows the sealing of the reed. 
To ensure satisfactory symmetry, this is done in an alternating magnetic field. 
After this sealing operation the capsule is stress-relieve annealed in a reducing 
hydrogen gas, which eliminates the risk of cracking of the glass and prevents 
oxidizing of the metallic parts in the capsule. It is then filled with triple-
distilled mercury with certain alloying elements added for optimum wetting of 
the reed. This is followed by vacuum pumping and filling with dry hydrogen 
gas to a high pressure. After sealing and welding of the tubular stem, a leakage 
test is made in oil. The capsules are subjected to tumbling in an oven, after 
which the contacts are operated for 16 hours. They are then inspected under a 
microscope and subjected to electrical measurements. 

Applications 
The main applications of the TEHG switch are in various types of relays. 

It is designed for use, among other purposes, in L M Ericsson relays of types 
RAG 700. RAG 720 and RAG 740. One form is shown in fig. 4. which is an 
enclosed relay with coil and permanent magnets. Such relays are used, for 
example, in telephone exchanges. A switch can also serve as vibrator with a 
frequency up to 200 Hz. A biassed switch can be used as rectifier if the coil is 
fed with alternating voltage of correct phase. Two switches can function as 
phase detector. The TEHG switch can also be used as coaxial relay for switch­
ing of signals with frequencies up to 700 MHz. 

The normal power consumption for a TEHG switch is 20 mW, which places 
it in a class with sensitive relays. The driving power, however, can be reduced 
to below 1 mW by introducing a secondary winding. A switch of this kind can 
be used in an overload protector. 

Mercury-wetted contact switches thus have many applications and, through 
their excellent performance, increase the life and reliability of the system. 

Technical data 

Contact function TEHG -I 

Contact function TEHG-2 

Contact protection 

le Contact current, max. 
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Form C (break-before-make) 

Form D (make-before-break) 

Under load the contact must be 
protected by a capacitor and re­
sistor in series 

2 A 



Voltage 

peak value, D C or AC 

Max. load 

Contact resistance 

typical value 

max. value 

Contact bounce 

Capacitance 

between a rmature and one contact 

(maximum value) 

Insulation resistance 

Breakdown voltage 

peak value, A C 

Shock 

(without mechanical damage) 

Vibration 

(at 10-500 Hz without mechanical 

damage) 

Temperature range 

Characteristics (depending on permanent 

magnets and ampere turns) 

min. m.m.f. for transfer 

T E H G - 1 , transfer time 

T E H G - 2 , bridging time 

operate time 

500 V 

100 VA 

15 m Q 

50 m Q 

None 

1.5 pF 

1000 MQ 

3500 V 

30 g(g = 9.81 m/s-) 

10 g 

-38°C to + 1)0° C 

5 - ) 0 A (ampere turns) 

0.1-0.4 ms 

Less than 1 ms 

1—3 ms 
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Electrical Components for the M4 Method of 
Construction 
P. O. H A R R I S , 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 621.3.049.7 
LME 73 84 

When selecting components for the new M4 method of construction the 
reliability of the components has played a large role. The judgement of the 
components has been partly based on experiences obtained from the earlier 
method of construction M3 for which comprehensive operational statistics are 
available, and partly on the results of thoroughly testing new components and 
materials. Besides standardized testing to IEC and similar specifications, failure 
mechanisms of the components have been studied by special methods. This 
article describes the most important components and gives some of their 
properties. 

New components, better materials and more sophisticated designs have resul­
ted in a very high reliability and at the same time smaller dimensions of most 
of the components. A further reduction in volume could be possible but would 
mean larger manufacturing difficulties and risks of variations in quality. The 
volume has in most cases been reduced to half or one third of the correspon­
ding component volumes in the earlier method of construction. When mounted 
on printed circuit boards the component height of most of the components has 
been reduced from 23.5 mm to 15.5 mm. 

Failure Rates of Components and Their Stress 
Dependence 

For the components used in the M3 method of construction, operational 
statistics for the Channel Translating Bay ZDG HOI have been made. Mean 
failure rates according to table 1 have been obtained. It will be seen that these 
failure rates are very low, and there is no reasonable possibility of confirming 
these low failure rates by laboratory tests at stresses used in actual operation. 
The quantity of components used in such tests would be much too large for it 
to be economically feasible. 

Table 1. Repair Statistics for 280 Channel Translating Bays ZDG 801 for the Years 
1961—1965: Failures Caused by Component Faults 

Component 

Inductors and 
transformers 

Resistors 
Capacitors 
Semiconductor 

components, Ge 

Total electronic 
components 

Printed circuit 
boards 

Contacts 

Number of 
components 
in operation 

790,000 
1,710,000 
1,130,000 

398,000 

4,028,000 

89,600 
1,089,000 

Cumulative 
operating time 

Mh 

16,100 
34,900 
23,000 

8,100 

82,100 

1,830 
22,200 

Number of 
failures 

64 
2 

38 

49 

153 

8 
0 

Mean failure 
rate • 109 

h"1 

4.0 
0.06 
1.65 

6.0 

1.9 

4.4 
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To check that the failure rate really is the wanted low one. testing must be 
done at appreciably elevated stresses and the probable failure rate calculated 
using the laws governing the changes of the material properties in the compo­
nents. 

The first "law" is the chemical reaction law, the so-called Arrhenius' law, 
which popularly expressed says that the chemical reaction rate doubles for each 
10°C rise in temperature. The law is generally expressed as 

Y=Ae-BIT 

where 

1 
v = reaction rate 

L 

L = life 

T = absolute temperature 

A, B — constants 

The second "law" says that the life of an insulating material in a direct elec­
tric field is inversely proportional to the »-th power of the applied direct volt­
age, i.e. 

'£o 
L0 \Ut 

(2) 

where 

L, = life at voltage XJX 

L„ = life at voltage U„ 

These two equations can be combined into 

where 

L, 

L0 

U 

*-*(§) • ' "' 
= life at Uj and T1 

= life at U0 and T„ 

= applied direct voltage 

(3) 

11. a = constants to be empirically determined for each material and 
type of chemical process underlying the failure mechanism. 

The value of the constant n is usually 4—6 for paper used in capacitors, 3 for 
ceramic insulating materials and 6-12 for mica. The constant a usually has 
values between 5 and 20°C. 

The term 
r, \ T,-T, 

in equation (3) above is usually called the acceleration factor and can be used 
not only for recalculating lives between different stresses but also for recalcula­
tion of failure rates. When estimating acceleration factors these should be 
chosen with care so that faulty conclusions about expected failure rates are not 
obtained. 

The failure mechanisms in the component types can be found by testing at 
elevated stresses and can be eliminated by changes in design. A certain un-
evenness in the component production, however, results in there always being 
some weak components left in the component batches. The failure rate of 
equipments as well as components normally follows the well-known bath tub 



curve. To reduce the risk of early failures a reliability screening is used for 
some components by using, for instance, burning-in. The components are 
subjected to thermal or electrical stress for some hundreds of hours. Com­
ponents whose reliability is doubtful can then—by comparing the component 
properties before and after burning-in—be rejected and the reliability of the 
remaining components in the batch is increased by about one order of 
magnitude. 

Also by direct measurement of certain primary or secondary properties of 
the components and rejection of the "individualists" a good increase in relia­
bility of the components left in the batch has been obtained. 

Semiconductor Components 

At the beginning of the 1960's semiconductor manufacturers were able to 
delight the users of electronic components with silicon diodes and transistors 
manufactured by the so-called planar process. Here the connections to the 
transistor electrodes are situated in one plane and the crystal surface is 
protected against influences from the surroundings by a silicon oxide layer. 
Better stability is obtained of both the crystal and crystal surface than for 
germanium semiconductor components, though we have experienced very good 
operating results with these hitherto as they have been used under suitable 
operating conditions. 

The silicon diodes and transistors have gradually been improved as different 
development problems have been eliminated. Modern silicon components offer 
very reliable operation, not only as individual transistors and diodes but also 
as integrated circuits with transistors, diodes, resistors and capacitors made in 
one and the same silicon chip. 

Transistors 

Two transistor types have been standardized for use in carrier frequency 
equipment using the M4 method of construction. One type is housed in a 
TO-18 can for low power applications and another type in a TO-5 can for 
somewhat higher dissipations. The two transistors are shown in fig. 1 together 
with wire guide and heat sinks. 

Fig. 1 

Semiconductor components 

1 Transistor in TO-18 can with wire guide 
2 Heat sink for TO-18 can 
3 Transistor in TO-5 can 
4 Heat sink for TO-5 can 
5 Signal diode 
6 1A Rectifier 
7 10A Rectifier 
8 7A Thyristor 
9 20A Thyristor 
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Current gain 

200 

Fig. 2 

Change in current gain as a function of time 

during load testing at 300 mVV at 25 C for 

100 silicon transistors in TO-5 can. 

Max. 

907. 

Med. 

10% 

Min. 

100000 h 

Time 

When studying the reliability of the transistors, long-term operating tests 
have been made, see fig. 2, together with short-term overload tests with 
gradually increasing thermal and electrical stresses, so-called step-stress testing. 
During the operating tests the silicon transistors have shown very good long-
term stability and the maximum change of the current gain is only 10% for 
20,000 hours of operation. As the changes in principle follow a linear rela­
tionship with logarithmic time scale it can be assumed that our transistors will 
function very well during the equipment life. 

To obtain reliable function for a long time, it has been decided as a result 
of investigations, that the junction temperature of the components must not 

Load current 
600 
mA 

200 

V 
1000 \ 2000 

Norma l operating conditions 

3000 h 

Time 

Number of survivors 

Fig. 3 

Stcp-stress-testing of signal diode at 100 C 

Lpper diagram: Increase of load current with time 

Lower diagram: Number of surviving diodes with time 

1 
\ 

2000 3000 h 
Time 
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exceed +130°C. This is very much less than what many manufacturers state 
but it has been found necessary to keep to this value in order to ensure really 
long and failure-free function of the equipment. 

Diodes 

The diodes chosen as standard diodes are shown in fig. I. The signal diode 
is made with two heat sinks, one on each side of the crystal which is thereby 
given very efficient cooling. Tests carried out on this diode type include a step-
stress test, the result of which is shown in fig. 3. As the first diode did not fail 
until after 1900 hours, when the load had increased to 400 mA, i.e. 20 to 30 
times the normal operating current, by estimating the life regarding the short 
circuit failure mechanism, it can be stated that its life should be several orders 
of magnitude higher than the equipment life. 

Thyristors, i.e. controlled rectifiers, are used in some supply units, and these 
are shown in fig. 1. The time at which current is allowed to pass through the 
diode can be varied by means of a current to a gate electrode. These com­
ponents are used for voltage conversion and as protecting devices against over-
voltage or short circuit. They are made for mean currents of 7 A and 20 A and 
can withstand high peak currents. 

Integrated Circuits 

Digital integrated circuits have been introduced for the generation of carrier 
frequencies and for some regulating functions. The TO-5 can that has 8 and 
10 connections has been chosen from the available encapsulations. This 
encapsulation is well known in transistor manufacture and it also allows the 
mounting of the integrated circuits together with discrete components on the 
printed circuits. 

Magnetic Components 

New magnetic components, i.e. inductors and transformers, have been de­
signed for the new component height 15.5 mm. At the same time the other 
dimensions have been reduced, making the total volume of the new magnetic 
components only about one third of the earlier ones. This has been possible by 
the use of new, better ferrite core materials and by making the designs utilize 
the rectangular mounting space better. 

In all cases, in spite of the volume reduction it has been possible to maintain 
the same performance of the new inductors and transformers compared with 
the corresponding older and larger ones and in some respects improve them. 
This is especially so in the case of reliability, which though previously very 
good has been increased by more extensive use of coil formers with moulded-in 
soldering tags, thereby making extra soldering points for joining at the winding 
terminations unnecessary. 

With the advent of newer, better ferrite materials for inductors and trans­
formers it has been possible to reduce the effective core volume to about one 
half of that used previously. Table 2 gives a comparison of some of the most 
important properties of older and newer ferrite materials. 

For inductors intended for use in the frequency range up to about 100 kHz 
the lower disaccommodation factor DF, which is a measure of the decrease of 
the permeability with time, i.e. the time stability of the inductance, has primarily 
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Table 2. Comparison of Material Properties of Ferrites Used in the M3 and M4 
Methods of Construction 

Material 

inductor 
material 

M3 
M4 

Transfor­
mer 

material 
M3 
M4 

Relative 
initial 

permeability 

/t 

1 200 
2 000 

2 100 
3 000 

Hysteresis 
material 

constant* 

'IB • 1 0 3 

< 7.7 
< 1.2 

< 3.6 
< 1.8 

Disaccom-
modation 
factor** 

DF 106 

< 10 
< 4.5 

Relative 
temperature 
coefficient 

+ 20 to 
+ 60°C 

TCI/i • 106 

0 —2 
0.5—1.5 

Relative 
dissipation 
factor at 
100 kHz 

tan dip 10fi 

< 18 
< 5 

< 15 
< 15 

* The hysteresis material constant )/B is standardized by IEC and its definition is 
given in IEC Publication 125, Amendment 1. 

** The disaccommodation factor DF = Aftl/t2 is defined as linear in a diagram 
with logarithmic time scale, and A/A is the change in // during a time decade. 

permitted the halving of the core volume. At the same time both the hysteresis 
material constant •nB and the relative dissipation factor tan S//x have been 
reduced and this permits the use of higher effective permeability /x,, in the 
magnetic circuit, thus compensating for the increase of the copper losses 
R(>/L accompanying the reduction in dimensions. Core materials with about 
the same properties as in the M3 method of construction are used for in­
ductors intended for use at frequencies above 100 kHz. Fig. 4 shows the 
relative dissipation factor tan 8/ju, for the ferrite materials used in the M4 
method of construction. The same factor for earlier materials is shown for 
comparison purposes. 

For transformers the volume reduction has been brought about by using 
new materials with higher permeability and lower hysteresis losses. The higher 

ton 5 i n 6 

y 

Fig. 4 

Typical values of the relative dissipation factor 
as a function of frequency for 

A Ferrile material of MnZn-type intended for 

frequencies up to about 100 kHz—used in the M4 

method of construction 

B Ferrite material of MnZn-type intended for 

frequencies up to about 100 kHz—used in the 

M 3 method of construction 

C Carbonyl iron powder with // = 50—used earlier 

in toroid cores in the M2 method of construction 

D Ferrite material of MnZn-type intended for fre­

quencies up to about 1 M H z 

E Ferrite material of NiZn-type intended for fre­

quencies up to about 10 MHz 

zS^ 

D / 

/ ^̂  
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Fig. 5 

Inductors of different generations 

Top row: Inductors built up with toroid cores of 

carbonyl iron powder, M2 method of construction 

Middle row: Inductors built up with pot cores of 

ferrite material, M 3 method of construction, from 

left REG 101 ( z 36 mm). REG 111 ( 25 mm) and 

REG 112 ( 0 18 mm) 

Bottom row: Inductors built up with ferrite cores, 

M4 method of construction, from left REG 316 (X 25), 

REG 506 (W 17) and REG 123 (P 11/7) 

permeability allows a high inductance to be obtained in a smaller volume than 
before, while the lower hysteresis losses mean that the quality factor of the 
transformer does not decrease and that the non-linear distortion, i.e. the 
generation of harmonics is kept low. These viewpoints are of course also of 
interest for inductors. 

The materials which have been chosen for coil formers and as insulation in 
other cases have been selected so as to avoid corrosion in windings and 
tappings. The failure types which occur in inductive components mainly consist 
of open-circuits at terminals, and to reduce these, careful work has been put 
down in the design of the soldering tags of the coil formers. These permit 
direct connection of the winding wire to the coil former soldering tags when 
winding the coil and dip soldering the connections. 

Inductors 

Fig. 5 shows three different generations of inductors. The top row shows 
toroid inductors with carbonyl iron cores, used during the 1930"s and 1940's. 
The middle row shows inductors with ferrite cores of the pot core type, used 
in the M3 method of construction and the bottom row shows the new in­
ductors, designed for the M4 method of construction. 

The inductor mainly used in the M4 method of construction is that shown in 
the middle of the bottom row. It is built up using a new core type called wing 
core or W-core allowing the use of coil formers with moulded-in soldering 
tags. Its design uses the rectangular space on the printed circuit board very 
efficiently. The effective core volume is about half the volume of the pot core 
(REG 111) used earlier but the total mounting volume is only 26 % of the 
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Fig. 6 

Assembly of ferrite cored inductors of X-core 

type (top) and wing core type 

corresponding earlier one. The designation of the core is W 17 and it requires 
a space on the printed circuit board of 7 X 7 modules (one module = 0.1" = 
2.54 mm). 

In spite of the great dimensional reduction the properties of the new in­
ductor are in no way poorer than the earlier one: in some cases rather better. 
This is especially the case for the inductance adjustment range where, by 
using an improved trimmer core design, a larger adjustment range can be had 
when there are small air gaps, i.e. at high relative permeability. This makes 
the coil manufacture simpler and cheaper as wider tolerances can be used in 
the production than was earlier the case. The new trimming arrangement gives 
full stability and this has been confirmed by comparing results of aging tests 
on inductors with such trimmer cores and without. The total inductance change 
during the service life of the equipment is just a few tenths of a percent. 

For inductors with requirements on lower loss resistance and low harmonic 
distortion the line of X-cores used earlier in transformers of the MS method 
of construction has been supplemented with a smaller, adjustable type, X25. 
This core has properties that are almost equal to the 36 mm pot core inductor 
used earlier though it only occupies 31 % of its volume. Like the wing core, 
the X-core also makes use of the mounting space much better than the pot 
cores. It needs a mounting area on the printed circuit board of 10 X 10 modules. 

The simple construction of the two inductors described is shown in fig. 6. 
They consist of two core halves, coil former with winding and trimmer core 
with its nut. The parts are cemented together using an epoxy resin and the 
inductors are then mounted on the printed circuit boards by means of their 
soldering tags. The tags are bent on the rear of the boards and soldered. The 
connection to the boards and the cemented joint have good mechanical 
strength and the components will withstand not only shock and vibration 
stresses of those magnitudes found during transport but also those specified 
for many military applications of electronic equipment. The two inductor types 
are available with the new improved ferrite material for frequencies up to 
about 100 kHz and also with cores for higher frequencies up to about 1 MHz 
and about 10 MHz, see fig. 4. 

# 

X 
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Table 3 shows for different inductor types a comparison between mounting 
volume, effective volume (i.e. the effective volume of the magnetic circuit + 



Table 3. Volume and Efficiency Comparison between Different Inductors and Trans­
formers 

Inductor 
Transformer 
(LME code) 

Pot core, 25 mm 
(REG 111) 

W17 (REG 506) 
Pot core, 36 mm 

(REG 101) 
X 25 (REG 316) 
X 30 (REG 301) 
X 36 (REG 302) 
E 25 (REG 203) 
E 14.5 (REG 203) 

Method 
of 

construction 

M3 

M4 
M3 

M4 
M3 
M3 
M3 
M4 

Total 
mounting 

volume cm3 

18.5 

4.8 
34 

10.5 
21.5 
38.5 
14.5 
3.0 

Effective 
volume 

cm3 

4.1 

1.9 
12 

6.0 
1 1 
23 

3.9 
I.I 

Effective 

volume 
Total volume 

0.22 

0.40 
0.35 

0.57 
0.52 
0.59 
0.27 
0.38 

the effective winding volume) and the ratio between these two volumes, which 
can be regarded as a measure of the design effectiveness. From the table it 
can be seen that the wing core and the X-core both have appreciably better 
volume utilization ratios than corresponding pot cores. 

Although the magnetic circuits of wing and X-cores are not as fully closed 
as in the case of pot cores, only an insignificant decrease in crosstalk attenua­
tion is found between two inductors of either of the wing or X-core types 
placed close to each other compared with that between two pot core inductors 
of corresponding sizes. 

Transformers 

The X-core type developed for the M3 method of construction has been 
retained for transformers with low attenuation and large bandwidths, but by 
introducing a better core material it has been possible to use the internationally 
standardized X 25-core with 15.5 mm mounting height with almost the same 
data as the X 50-transformer. The total mounting volume for A' 25 is only half 
that for X 30. Fig. 7 shows these two X-core transformers together with the 
larger transformer X 36 intended for special low frequency applications and 
retained from the M3 method of construction. 

Fig. 7 
Ferrite cored transformers of different sizes 
Top row from left—mounting height 23.5 mm: 

REG 302 (X 36), REG 301 (X 30), REG 203 (E 25) 

Bottom row from left—mounting height IS.5 mm: 

REG 316 (X 25), REG 204 (E 14.5) 
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The figure also shows two E-core transformers, viz. one designed for Mi 
with an E 25-core and a smaller one with an £ 74.5-core which only occupies 
a mounting space of 5 X 6 modules. 

Table 3 also shows for the different transformer types the mounting volume, 
the effective volume and the volume utilization ratio. Of course the X-core 
types are much better than the E-core types but these latter ones are justified 
from an economical point of view where electrical requirements do not call 
for the quality of the X-core transformers. 

Resistors 

As in earlier designs, carbon film resistors are used as standard resistors 
in the M4 method of construction. A resistor with smaller dimensions has 
been introduced as it has been found that the majority of the resistors are 
loaded with dissipations below 100 mW. The resistance values are chosen from 
the internationally standardized series of preferred numbers E 48 and tolerance 
±2 % is mainly used and thereby the flora of resistance values to be kept in 
stock is reduced. The smaller resistor allows a vertical mounting and this 
means a mounting space saving of about 50 % in the apparatus designs. 

Stability investigations made show that the quality of the smaller resistor is 
as high as that of the larger types. The resistance changes when long term 
testing with rated load at +70°C for 10,000 hours are below a few tenths of a 
percent for resistance values up to 10 to 20 kQ. Higher resistance values having 
a poorer stability will in our equipment not be loaded with more than a frac­
tion of the rated load and at these lower dissipations the same low resistance 
changes will be found. 

Cast Circuit Blocks 

In some applications in the M4 method of construction there is a need for 
matched component sets which it must be possible to check as functional units. 
Examples of these are shown in fig. 8. They consist of transistors and resistors 
which are matched in pairs prior to casting and mounting on printed circuits, 
giving small differences in resistance between the resistors in a pair and small 
differences in properties between the transistors in a pair. In order to keep 
this close matching the resistors are artificially aged before matching. An 
epoxy resin with low influence on the resistor stability has been chosen for 
the casting and the results of detailed studies of the casting technique have also 
been incorporated. 

By casting in these component sets, they are obtained as units which can be 
tested and preproduced before assembly on the unit printed circuits and they 
can also be delivered as spare parts. A better temperature equality between the 
components in the set is also obtained. 

Capacitors 

Capacitors are used in carrier equipment for two different applications, viz. 
together with inductors as frequency determining elements in filters, and as 
coupling and decoupling capacitors in amplifier circuits and the like. The 
requirements on the capacitors are quite different in the two cases. In filter 



Fig. 9 

Capacitors 

Top row: coupling and decoupling capacitors of 

metallized paper type 

Bottom row: filter capacitors of polystyrene and 

mica types 

circuits, low losses, close capacitance tolerances and high long-term stability 
are wanted together with small changes in the resonant frequency for tem­
perature changes. For coupling and decoupling capacitors, the requirements 
are mainly a low and stable impedance over a wide frequency range and a 
high insulation resistance. 

Filter Capacitors 

The main capacitor in our filters is a polystyrene capacitor, see fig. 9. This 
capacitor is a development of types used earlier. It is made with extended 
metal foils in contrast to earlier types which had inserted connecting metal 
strips. It has hereby been possible to reduce the styrene foil thickness some­
what without jeopardizing the breakdown voltage. The connection wires are 
soldered to the edges of the metal foils giving a low series resistance and low 
dissipation factor at high frequencies, see fig. 10. 

The capacitor is cast in a special epoxy resin and the humidity protection 
is further increased as a diffusion inhibiting aluminium foil surrounds the 
larger part of the outer sides of the capacitors. To obtain close capacitance 

tan 6 

10'2 

Fig. 10 

Frequency dependence of the dissipation factor 

of polystyrene capacitors 

A 1000 pF RJA 361, extended metal foil 

B 1000 pF RJA 801, inserted metal strips 

C 10000 pF RJA 361, extended metal foil 

D 10000 pF RJA 801. inserted metal strips 

' B 

C / / 

/ > ' A . 
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tolerances two capacitor windings matched together are used. The temperature 
coefficient of the capacitor is about -100 X 10"/°C which gives good com­
pensation of the positive temperature coefficient of the inductors. The stability 
of the capacitor is very good and capacitance changes of maximum 0.2 % are 
found both in long time usage, after temperature cycling between +70°C and 
-25°C and after humidity testing for 30 cycles according to the IEC accelerated 
humidity test. 

Mica capacitors are still used for the smallest capacitances. The type chosen 
is a smaller version of the mica capacitor used earlier but has improved 
humidity protection obtained by a special process during the manufacture. 

Coupling and Decoupling Capacitors 

Capacitors with higher capacitances than those used in filter applications are 
needed for coupling and decoupling purposes. In the M4 method of construc­
tion a metallized paper capacitor, see fig. 9, and a dry tantalum oxide capacitor 
have been chosen. 

The metallized paper capacitor is made with a dielectric consisting of two 
layers of paper, one of which is metallized. The risk of decrease of insulation 
resistance with time is thereby very small and self healing of the type present 
in single layer metallized paper capacitors does not occur. 

The capacitor is impregnated and cast in using a humidity protecting epoxy 
resin. To further improve the humidity protection an aluminium foil surrounds 
the major part of the winding and forms a humidity barrier. 

The tantalum oxide capacitor is hermetically sealed with a glass feed-through. 
It is made in four sizes for charges 50, 200, 1000 and 2000 /xC. The smallest 
size can be mounted vertically in the same way as resistors. Tantalum oxide 
capacitors have much smaller dimensions than the ordinary aluminium wet 
electrolytic capacitors and can be used up to higher temperatures; +85°C 
without voltage derating, and up to +125°C at reduced voltages. When using 
different manufacturers estimates of suitable acceleration factors for recalcula­
tion, life testing at +125°C at increased voltage indicates very good life at 
normal operation, well exceeding several hundred thousand hours. It has also 
been found from the life tests that the properties of the capacitors are very 
stable. The capacitance changes have been found to be only one or two 
percent after operation for 10,000 hours. 

Quartz Crystals 

The new component height 15.5 mm has brought with it a demand for a 
new quartz crystal with smaller dimensions. The earlier quartz crystal in a 
llJ mm glass bulb has been redesigned so that it can be housed in a 10 mm 
glass bulb. Fig. 11 shows this new crystal together with a foam plastic 
mounting holder reducing the mechanical stresses on the crystal during 
transport. This glass bulb is intended for filter crystals within the frequency 
range 60-160 kHz. 



The frequency stability of the new crystal is very high and the typical 
frequency drift is less than 2 X 104'' per time decade at temperatures up to 
-f55°C. An improved vacuum technique has been introduced during manu­
facture so as to obtain high stability of both frequency and loss resistance. 

Coaxial Cable 

A ductile coaxial cable with 75 ohms characteristic impedance and 5.6 mm 
diameter has been designed for the M4 method of construction. The cable, 
which has double screening is intended both for fixed mounting in bays and 
the like and also for use in flexible coupling cables. The attenuation which is 
proportional to the square root of the frequency is 0.02 dB/m at 2 MHz. 

Both the near-end and far-end crosstalk attenuations of the cable are high 
and for two cables, mounted close together attenuation values exceeding 120 
dB have been measured for the frequency range up to 15 MHz for lengths up 
to 70 metres. 

During the design of the double screening braid, account has been taken not 
only of the crosstalk attenuation properties but also to the peelability, making 
the cable easy to handle when used in the factory and during installation work. 

Contacts 

The connectors for the printed circuit boards consist of gold plated metal 
strips bent around the edge of the board and soldered to the foil pattern, see 
fig. 12, in the same way as in the Mi method of construction. Two gold plated 
fork contacts mate against each metal strip at four places, i.e. four contact 
points are connected in parallel. To increase the wear resistance, the metal 
strips are made with a rolled gold surface, giving a very smooth, mirror sur-

Fig. 12 

Printed circuit board with contacts 

At left: a fork contact, a board contact and a coaxial 
plug can be seen 
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Fig. 13 

Distribution curves for the contact resistance 
of coaxial connectors RPT 148/RNT 148 and 
fork and board connectors. 

A Initial values 

B After 2000 wear cycles : aging for 100 days at 

+ 70 C 

C After 200 wear cycles -f aging for 100 days at 

+ 70 C 

© Coaxial connectors, inner conductor 

(2) Coaxial connectors, outer conductor 

(3) Printed circuit board connectors 

95 

5 6 mSl 

Contact resistance 

face, much smoother than can be had by electrolytic gold plating. The elec-
trolytically gold plated contact surface on the fork contact is polished by the 
rubbing against the surface of the metal strip and the wear is very small. 

As gold plated connectors are used, very low and stable contact resistance 
is obtained, which makes the connectors suitable also for low level circuits. 
Fig. 13 shows a distribution curve for the contact resistance of a number of 
connectors in unused condition and after wear testing and heat aging. It can be 
seen that the contact resistance has only increased a few tenths of a milliohm. 

Fig. 13 also shows the contact resistance of coaxial connector RPT 148 (pin 
contact) and RNT 148 (jack contact) between the inner conductors and be­
tween the outer conductors in unused condition and after wear and aging tests. 

The coaxial connector is a development of earlier types used but has smaller 
dimensions. The contact surfaces are gold plated as in earlier types. 

V 

Relays 
A relay is needed in signalling receivers for controlling the operation of the 

exchange switches, and as before a mercury wetted reed relay is used, see fig. 
14. The relay chosen is much smaller than the one used earlier and is made 
for direct mounting on the printed circuit board. The relay sensitivity is of 
course lower due to the smaller winding space for the new relay, which 
requires about 50 mW operating power. This is however no longer a problem 
as modern transistors can give the power needed without jeopardizing re­
liability. The life of the relay is high—more than 10" operations—and the 
contact load may go up to 2 A, 500 V, but max. 100 VA. The contact resistance 
is highly stable, variations of this resistance during the relay life not being 
more than a few milliohms. 

Fig. 14 

Mercury netted, polarized reed relay, intended 
for mounting on printed circuit board together 
with reed capsule 
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ERICSSON urns from 

All Quarters of the World 

New Type of Telephone Exchange 

Telefonaktiebolaget L M Ericsson 
has received important orders for 
transit centres of an entirely new 
type, in which program control and 
electronics are introduced on a large 
scale for the first time. 

An order from the Dutch PTT is 
for a new transit centre for Rotter­
dam to a value of around 10 million 
kronor. It will serve as switching 
centre for traffic between the city of 
Rotterdam, the surrounding district 
and the remainder of the country, be 
a transit point for the 18 district 
centres of the country, and control 
the switching of subscriber-dialled in­
ternational traffic to and from the 
southern parts of the country. It is to 
be ready for operation by the end 
of June 1968. Its ultimate capacity is 
estimated at around 30,000 trunk 
lines. 

Another order comes from Finland 
and is for a transit centre at Helsinki 
for automatic and semiautomatic tele­
phone traffic, both national and in­
ternational. It will have an initial 
capacity of 4000 incoming and out­

going lines and is expected to be in 
operation by the middle of 1969. 

A third order has been received 
from the Royal Swedish Air Force 
Administration, valued at over 10 
million kronor, for equipment for 
electronic exchanges for general tele­
communications on the Air Force Ad­
ministration network. 

The equipments for these orders 
are based on an entirely new tele­
phone system for large local ex­
changes, a stored-program-controlled 
system developed by L M Ericsson in 
close cooperation with the Swedish 
Telecommunications Administration. 
The joint working group—the Elec­
tronics Committee—which evolved 
this system was created in 1956 in 
order to study questions relating to 
the design of automatic switching 
systems based on electronic com­
ponents. The new system employs 
code switches for setting up of the 
connections, and the setting-up pro­
cedure—as also signalling and super­
vision of connections—is controlled 
by an electronic computer. 

Programme testing in the combined computer-and-control room of the AKE exchange. Commu­
nication between man and machine is effected by means of typewriters, tape punch and tape 
reader. 

nnnnnmdl! 
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A computer-controlled telephone 
exchange 

The computer-controlled telephone 
system operates in the same way as 
a process-controlled production sys­
tem, the product in this case being 
telephone calls. The requirement of 
high reliability is met by duplication 
of the computer. The two computers 
work synchronously and, on failure 
of one of them, the other takes over 
the entire job. 

A computer-controlled system of 
this kind offers great advantages in 
the form of flexibility, since the mode 
of operation of the switching equip­
ment can be easily adapted to meet 
new marketing requirements, new sub­
scriber desires and telephone habits, 
and changes in the structure of the 
telephone network. Such alterations 
at present involve costly reconstruc­
tion of the actual switching equip­
ment, which often leads to a deterio­
ration of service. 

The new system can provide several 
interesting new forms of service at a 
reasonable cost, e.g. 

- push-button dialling 
- automatic transfer of calls to 

another line if the subscriber is 
engaged or does not answer 

- subscribers can get through to cer­
tain predetermined long numbers 
by dialling only two or three digits 

- enquiries to other numbers during 
a call 

- transfer of calls to other number 
- temporary switching of all incom­

ing calls to another number 
- automatic interception 
- centralized control and supervision 

of the exchanges 

The first exchange is being built at 
Tumba 

The development work on the new 
system has now advanced so far that 
the first equipment has been installed 
for 4800 subscriber lines in the Tele­
communications Administration's zone 
centre at Tumba outside Stockholm. 
Programming of the computer system 
is under way and, after final tests, the 
entire equipment will be ready for 
operation by the beginning of next 
year. 

This new switching technique, and 
the possibilities it offers of new sub­
scriber services and of rationalized 
telephone operation, has already 
aroused attention in many parts of 
the world. 

Cont. on p. 192 
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Inauguration of Liberia's 
New Telecommunication 
System 

As reported in Ericsson Review No. 
1. 1963. the Liberian government plac­
ed orders with L M Ericsson in 1961 
and 1962 for equipments for a nation­
wide telecommunications project. The 
installation of these equipments was 
completed in the spring of 1966 and 
they have now been handed over to 
the Administration. 

After earlier being virtually devoid 
of telecommunications. Liberia today 
has one of the most modern auto­
matic telecommunications systems in 
the world. 

L M Ericsson has installed carrier 
terminals, telephone exhanges and lo­
cal line plant at altogether 22 places 
(see map). The largest towns and the 
main points within the country have-
been connected to the capital, Monro­
via, via radio links built by RCA. 
Liberia has thus acquired a telephone 
network of a quality which permits 
international calls even from remote 
and inaccessible places in the country. 

Liberia is one of the most vigor­
ously expanding countries in Africa. 
This has been due chiefly to the de­
velopment of the rich iron ore de­
posits and of crude rubber produc­
tion. The industrial development for 
exploitation of the country's raw ma­
terial resources has also led to a great 
expansion in the road and electricity 
supply networks. 

Five years ago Monrovia was a typ­
ically African city with a population 
of 70,000. Today the population is 
250,000 and large new buildings give 
the city a modern European air. 

The first call after the inauguration of the 
exchange in Buchanan was put through by 
Superintendent Williams to President Tub­
man. On his right is Deputy General Post­
master Cooper. 

Turku University Hospital 
Orders New PABX 

O/Y L M Ericsson A B, Finland, 
recently received an order for a large 
PABX type AKD 791 for the Turku 
University Hospital. The order is espe­
cially welcome as this will be the first 
installation of this type of PABX in 
Finland. 

The initial capacity of the PABX 
will be 900 lines, 80 connecting cir­
cuits and 84 exchange lines, and vari­
ous special services will be provided, 
such as automatic call-back, paging in 
three areas, and trunk discrimination. 

Electronic CTC System 
for Swedish State 
Railways 

This autumn L M Ericsson receiv­
ed an order for an electronic CTC 
system (ECTC) from the Swedish 
State Railways. When fully developed 
the system will control from the CTC 
office in Stockholm some 70 stations 
along 220 km of double track and 350 
km of single track. The ECTC system 
includes two computers for supervi­
sion of the process in the CTC office. 
The order also comprises an electro­
nic train describer system and equip­
ment which allows automatic control 
of the entire plant. An additional 
computer is required for these latter 
functions. The computers are of the 
same type and were designed by L M 
Ericssons Signalaktiebolag. The equip­
ment will be successively installed 
during the years 1967-1969. 

Norwegian Broadcasting 
Corporation Purchases 
DIRIVOX 

In November 1964 Elektrisk Bu­
reau. Oslo, received a preliminary en­
quiry from the Norwegian Broadcast­
ing Association for a DIRIVOX in­
stallation of 270 lines. In conjunc­
tion with this enquiry representatives 
of LMS—previously Erga Division 
—visited Oslo in order to demon­
strate DIRIVOX in cooperation with 
Elektrisk Bureau. The Norwegian 
Broadcasting Corporation already had 
an 80-line ITT system, but the Cor­
poration's experts were so impressed 
with the DIRIVOX system that in 
April, 1966, Elektrisk Bureau received 
a new, more specified enquiry from 
the Corporation. The communication 
requirement had now grown to 400 
lines, for later extension to 800 lines. 

The name-call services of DIRI­
VOX proved to be one of the trump 
cards in the decision. The Corpora­
tion's experts on electroacoustics and 
telecommunications engineering also 
judged DIRIVOX to be superior to 
competitive makes in construction, 
function, sound quality, natural speech 
control, and special services. 

Expansion of AB Alpha 
L M Ericsson has decided to expand 

AB Alpha's present factory in the new 
industrial area of Kristianstad. The 
new factory building will have a floor 
area of 13,000 sq.m. and will in due 
course take over the plastics manufac­
ture now being carried on at Sundby-
berg. 

The number of employees will then 
be doubled. The new factory buil­
ding will connect on to the present 
factory. The cost for the project is 
estimated at 7 million kronor. 

DKB Changes Name 
L M Ericsson Driftkontrol! AB has 

changed its name to L M Ericsson 
Data AB. 

The change of name is due to the 
increasing emphasis of the company 
on data processing equipment. L M 
Ericsson Data AB is today the second 
largest Swedish supplier of punched 
card and data processing machines. 

Since 1942 the company has been 
entirely owned by L M Ericsson. Its 
headquarters are at Solna, with branch 
offices at Gothenburg and Malmb. 
The company at present employs some 
400 persons. 
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L M Ericsson was visited in the autumn by Mr. Cesar Moya, Undersecretary of State, and Sr. 
Leopoldo Benitez, Director of the Ecuador Ministry for Public Works and Telecommunications. 
(From left) Mr. Bjorn Lundvall, LME, Dr. Cesar Moya, Sr. Leopoldo Benitez, and Mr. Arne 
Stein, LME. 

The head of the Venezuelan Air Force, General J . Miliani, on a visit to 
L M Ericsson at Midsommarkransen. (From left) General J . Milliani, 
General J . C. Rosali, Venezuelan Air Force and Mr. E. Lundqvist, LME, 
who showed the visitors around the Exhibition Room. In the background 
Col. N. Wachtmeister and Major G. Blomberg of the Swedish Air Force. 

At the end of October Crown Prince Carl 
Gustaf was given a day's leave from the prep­
arations for Alvsnabben's round-the-world-
trip in order to make a tour of the province of 
Blekinge. In the company of the provincial 
governor, Mr. Thure Andersson, he visited a 
number of factories in the province, among 
which L M Ericsson's Karlskrona works where 
he was shown round the factory and given a 
brief account of the growth of L M Ericsson in 
Sweden by the factory manager, Mr. Erik 
Olsson. (From left) The Provincial Governor, 
Mr. Thure Andersson, the Crown Prince, and 
Mr. Erik Olsson are seen studying the work of 
Mrs. Anita Lundberg on a rotary assembling 
machine for microphone insets. 

Mr. Bjarni Benediktsson, Prime Minister of Iceland, visited L M 
Ericsson's head factory at the end of October. The program for his 
visit included an address in the Exhibition Room and a tour of the 
factory under the guidance of Mr. Eric Lundqvist. (From left) Mr. 
Eric Lundqvist, the Prime Minister, Mr. 
Malte Patricks (LME), Mr. Herman 
Minister, and the Swedish Ambassador 
Granberg. 

Bjarni Benediktsson, Mr. 
Kling, Swedish Cabinet 
to Iceland, Mr. Gunnar 

The recently launched m/s Svea is here seen on her maiden voyage. This vessel, which cost 30 
million kronor, will run on the Sweden-England route. Of the equipment on board, the Gothenburg 
office of L M Ericsson Telematerial AB supplied a DIRIVOX system, a P.A.B.X. AKD 860 
and an electric clock system. - - - . . • - „ 

The VI International Fair was held at Bogota 
between September 1 and 20. Cia Ericsson 
Ltda. exhibited a number of products, among 
which a panel illustrating the successive func­
tions of the code switch AKD 741 at normal 
switching rate particularly attracted the interest 
of the public. Another appreciated feature was 
the artistic arrangement with suspended and 
illuminated Ericofons in different colours, as 
shown in the photograph. This was reviewed 
in the press under the name of "Telephone 
rain". 
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Gosta Gerdhem 
In Memoriam 

Gosta Gerdhem died on November 
28, 1966. He was born in Stockholm 
in 18%. 

He graduated as a civil engineer 
in 1422. 

From his father, K.VV. Gerdhem, 
one of the Swedish pioneers in tele­
phony abroad—among other places 
in Moscow and Mexico—around the 
turn of the century, he had got tele­
phony in his blood. It was therefore 
natural that the son, Gosta, entered 
the service of the L M Ericsson group, 
starting in the Railway Signalling 
Division—he had earlier worked in 
the Swedish Railways Signalling Ser­
vice. 

Within a year or so, however, his 
commercial talents took him to the 
subsidiary company at Vienna, and 
thereafter to Bukarest, where he was 
director of L M Ericsson's sales com­
pany from 1929 to 1933. In 1934 he 
returned to Sweden as head of the 
Swedish Sales Division in Stockholm. 

After the opening of the new fac­
tory at Midsommarkransen in 1940 
Gosta and I shared the responsibility 
for the parent company's activities 
there—he. naturally, on the commer­
cial and administrative side. I have a 
happy memory of our work together. 

In 1942 L M Ericsson took over 
the fire-ravaged site at Ulvsunda from 
Platen-Munters and Gosta was ap­
pointed head of the new company, 
ERM1, for the production of elec­
tricity meters and electrical instru­
ments. He entered with gusto into the 
planning of the new building and its 
equipment and into the building up of 
the new company's internal organiza­

tion. Under his leadership ERMI grew 
so quickly that a new building had 
soon to be erected. 

His knowledge of languages and his 
ability to find the right word at a 
sticky stage in negotiations—usually 
combined with a good story—were 
of great help in his international work. 

He was interested in people in gen­
eral. This he showed especially in the 
establishment of, and in his relations 
with, ERMI's labour-management 
committee. After 1955 he had the res­
ponsibility within the parent company 
for a number of special commercial 
and other questions. He was also 
acting director of L M Ericsson's com­
pany for the manufacturer of locks. 
ERMEX, in Solna. 

All who were in close contact with 
him will feel the loss of a friend with 
a ready fund of humour and a con­
stant readiness to enter into their 
problems, and this applies not least to 

Hans Thorelli 

Organizational Changes 

'Tjfi- • i .Mir * " 

Mr. Ingmar Boberg 

Mr. Ingmar Boberg was appointed 
President of L M Ericssons Signal-
aktiebolag (SIB) as from October 1, 
1966. He superseded Mr. Hakan Insu-
lander who, after 22 years as presi­
dent, had retired from that position at 
his own request. Mr. Insulander re­
mains in SIB. however, as consultant. 

Mr. Karl-Erik Wahlqvist was ap­
pointed to succeed Mr. Boberg as 
Sales Manager as from the same data. 

The previous head of AB Alpha. 
Mr. Stig Jacobsson, has been appoin­
ted Director of Production of Sieverts 
Kabelverk as from October 1, 1966. 
As from the same date Mr. Sten-Ake 
Nilsson, previous head of the Erga 
Division, was appointed Acting Presi­
dent of AB Alpha. 

New Appointments 

Mr. Lars-Erik Thornberg 

Mr. Lars-Eric Thornberg, Executive 
Vice President of AB Ermi, Karls-
krona, was appointed President of 
Ermi on December 1, 1966. 

Mr. Thornberg was born in 1922. 
His career with L M Ericsson started 
in Ericsson do Brasil, where he was 
Treasurer from 1959 to 1962. He has 
since been with AB Ermi and was 
appointed Executive Vice President in 
1963. 

Mr. Adolf Drougge retires from the 
presidency on pension but will remain 
with the company for a further three 
months for special assignments. 

New Type... 
Cont. from p. 189 

An automatic telephone exhange of 
today is controlled by a "brain" 
which sets up connections and directs 
the telephone traffic. This brain has 
hitherto functioned on the classical 
basis of electromechanical compo­
nents, selectors and relays. Sweden has 
long held a leading position in this 
field, founded on the pioneering 
achievements of the Swedish Tele­
communications Administration in the 
early twenties when the first crossbar 
exchanges were designed and built. In 
the last two or three decades cross­
bar switching has become the domi­
nating system in large parts of the 
world, including the United States, 
where the Bell companies began to 
take an interest in the Swedish achieve­
ments at an eraly stage and them­
selves developed similar exchanges. 
Ericsson crossbar exchanges, the de­
sign of which started in the forties, 
have gained great successes on the 
world market and have been installed 
in numerous countries throughout the 
world. 
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UDC 621.382.3 
621.376.3.004.5 

LME 8421 7544 
726 

FORSBERG, B.: Maintenance and Operating Experience with Transistorized 
Channel Translating Equipment. Ericsson Rev. 4J(1966):4, pp. 146—152. 

The article presents the results of investigations made by the Swedish 
Telecommunications Administration on transistorized channel translating 
equipment of L M Ericsson design. Comparisons are also made with the 
characteristics of earlier equipment using tubes. The article is based on a 
paper presented at L M Ericssons maintenance conference, June 3rd, 1965. 

UDC 621.395.344 
LME 8302 7363 

ELLSTAM, S.: L M Ericsson's Crossbar Systems, Their Development and New 
Traffic Facilities. Ericsson Rev. 43(1966): 4, pp. 153—162. 

L M Ericsson has played an internationally leading part in the develop­
ment of present-day crossbar technology. The superior qualities of L M 
Ericsson's crossbar systems, such as high speed, high operational reliability, 
low maintenance cost and great capability of being adapted to present and 
future technical requirements have led to the introduction of our crossbar 
systems by more and more telephone administrations in their networks. 
The first public crossbar exchange using L M Ericsson's crossbar system 
working on the advanced by-path and link principles was put into opera­
tion in Helsinki in 1950. Since then, our crossbar systems have been 
subjected to continual development in regard to greater traffic facilities 
and mechanical improvements to the crossbar switch and other com­
ponents. The article presents a survey of the development of L M Erics­
son's public local telephone system ARF, rural system ARK and transit 
system ARM and at the same time gives a brief presentation of new traffic 
facilities. The systems are described in more detail in a new series of 
brochures. 

UDC 654.938 
LME 869 

SANDELL, O.: Voting Machine for Swedish Parliament. Ericsson Rev. 45(1966): 4, 
pp. 163—169. 

L M Ericsson installed a voting machine in the Swedish Parliament (the 
Riksdag) in the early thirties. After the machine had been operating for 
more than 30 years, it was found that it was starting to become worn out. 
The Riksdag decided to replace it by a new and more modern machine, 
and once again L M Ericsson was entrusted with the order. 

The machine has been designed in intimate cooperation with the Riks­
dag. Account has been taken of the future possibility of a Single Chamber 
system, in that the various units can be simply interconnected into a 
system for up to 400 members. 



v/u The Ericsson Group 
Associated and co-operating enterprises 

and technical offices 
• EUROPE • 

D e n m a r k 
L M Ericsson A/S Kebenhavn F, 
Finsensvej 78, tel: Fa 6868, tgm: 
ericsson, telex: 9020 ericsson kh 
Telefon Fabrik Automatic A/S 
S0rborg, Telefonvej 6, tel: 69 51 88 
tgm: automatic, telex: 5264 
Dansk Signal Industri A/S Kaben-
havn F, Finsensvej 78, tel: Fa 
6767, tgm: signaler 

Finland 

O/Y L M Ericsson A/B Helsinki, 
Fabianinkatu 6, tel: A 8282, tgm : 
ericssons, telex: 12-546 

France 

Soci£t6 Francaise des Telephones 
Ericsson F-92-Colombes 36, Boule­
vard de la Finlande, tel: Paris 
(1)242 35 00, tgm: ericsson co-
lombes, telex: 62179 
F-75-Paris 147, rue de Courcelles, 
tel: Paris (1)2279530, tgm: eric 
par is 

Grea t Bri tain 
Swedish Ericsson Company Ltd. 
Twickenham Middx, Regal House, 
London Road, tel: POPesgrove 
8151, tgm: teleric 
Production Control (Ericsson) 
Ltd. Twickenham Middx, Regal 
House, London Road, tel: POPes­
grove 8151, tgm: teleric 

I re land 
L M Ericsson Ltd. Dublin 2. 32, Up­
per Mount Street, tel: 61931, tgm: 
ericsson, telex: 5310 

I ta ly 
FATME, Soc. per Az. Roma, C.P. 
4025 Appio, tel: 4694, tgm: 
fatme, telex: 61327 

SETEMER, Soc. per Az. Roma, Via 
G. Paisiello 43, tel: 868.854, 
tgm: setemer 
SIELTE, Soc. per Az. Roma, C.P. 
4024 Appio, tel: 780.221, tgm: 
sielte 

Nether lands 
Ericsson Telefoonmaatschappij, 
N.V. Rj/en(N.Br.), tel: 01692-3131, 
tgm: erictel, telex: 54114 
Voorburg-Den Hoag, P.O.B. 3060, 
tel: 8145 01, tgm: erictel-haag, 
telex: 31109 
N o r w a y 

A/S Elektrisk Bureau Oslo 3, P.B. 
5055, tel: Centralbord 46 18 20, 
tgm: elektriken, telex: 1723 
A/S Industrikontroll Oslo 6, 
Grensevejen 86/88, tel: Central­
bord 68 34 64, tgm: indtroll 
A/S Norsk Kabelfabrik Drammen, 
P.B. 500, tel: 83 76 50, tgm: kabel 
A/S Norsk Signalindustri Oslo 3, 
P.B. 5055. tel: 46 18 20. tgm: sig­
nalindustri 

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

Spain 
Cia Espafiola Ericsson, S. A. 
Madrid 8, Torre de Madrid, 
Princesa 1, tel: 241 14 00, tgm: 
ericsson 

Sweden 
Telefonaktiebolaget L M Ericsson 
Stockholm 32, tel: 08/190000, tgm : 
telefonbolaget, telex: 19910 
AB Alpha Sundbyberg, tel: 08/ 
28 26 00, tgm: aktiealpha, telex: 
10082 
Casa Konsult AB Alvsjo, Hud-
dingevdgen 417, tel: 08/4725 65, 
tgm: casaconsult 
AB Ermi Kariskrona f, tel: 0455/ 
23010, tgm: ermibolag 
AB Rifa Bromma 11, tel: 08/ 
26 26 10, tgm: elrtfa, telex: 10308 
AB Svenska E lek tronror Slock-
hoim-Tyreso 1, tel: 08/712 01 20, 
tgm: electronics, telex: 1275 
Instruktionsteknik AB Stockholm 
44, tel: 08/68 08 70, tgm: instruk-
tec 
L M Ericsson Data AB So/no, tel: 
08/83 07 00, tgm: ericdata 
L M Ericssons Signalaktiebolag 
Stockholm Sv, tel: 08/680700, tgm: 
signalbolaget 

L rvi ericsson i eiematenel AB, 
Slockhotm-Tyreso 1, Fack, te l : 08/ 
712 00 00, tgm: ellem, telex: 1275 
Sieverts Kabelverk AB Sundby-
berg. tel: 08/28 28 60, tgm: sie-
vertsfabrik, telex: 1676 
Svenska Radioaktiebolaget Stock­
holm 12, tel: 08/22 31 40. tgm: 
svenskradio, telex: 10094 
Swi tzer land 
Ericsson Telephone Sales Corp. 
AB, Stockholm, Zweignieder-
lassung Zurich 8032 Zurich, Post-
fach, tel: 32 51 84, tgm: telerics-
son, telex: 52 669 
T u r k e y 
Ericsson Turk Ticaret Ltd. Sirketi 
Ankara, Rumeli Han, Ziya Go-
kalpCad., tel: 1231 70, tgm: ellem 
Istanbul, Istanbul Burosu, Liman 
Han, Kat 5, No. 75, Bahoekapi, 
tel: 22 81 02, tgm: ellemist 
Izmir, Izmir Burosu, Kisilkaya 
Han, Kat 3, No. 13, Halif Ziya 
Bulvari, tel: 37832, tgm: ellemir 
West G e r m a n y 
Ericsion Verkaufsgesellschaft m. 
b. H. 4 Dusseldorf-Rath, Postfack 
136, tel: (0211)63 30 31, lgm:eric-
tel, telex: DSSD 8 58 6871 

• ASIA • 
India 
Ericsson Telephone Sales Cor­
poration AB Calcutta 22, P.O.B. 
2324, tel: 45 44 94, tgm: inderic 
New Delhi 16, South Extension 
Part II, tel: 76505 tgm: inderic 

Indonesia 
Ericsson Telephone Sales Cor­
poration AB Bandung, Djalan 
Ir. H. Djuanda 151-153 , tel: 
8294, tgm: javeric 
Djakarta, Djalan Gunung Sahari 
26, tel: OG 48531, tgm: javeric 
I raq 
Telefonaktiebolaget LM Ericsson, 
Technical office Baghdad, P. O. B. 
493, tel: 91454, tgm: ellemco 
Kuwai t 
Telefonaktiebolaget LM Ericsson, 
Technical office, Kuwait, State of 
Kuwait, P.O.B. 5997, tgm: erictel 
Lebanon 
Telefonaktiebolaget LM Ericsson, 
Technical office Beyrouth, Rue du 
Parlement, Immeuble Bisharat, 
tel: 25 26 27, tgm: ellem 

Thai land 
Ericsson Telephone Corp. Far 
East AB Bangkok, P.O.B. 824, tel: 
55511-2 tgm: ericsson 

•gm: erto> 

Telefonaktiebolaget LM Ericsson, 
Technical office Egypt Branch 
Cairo, P.O.B. 2084, tel: 46 581, 
tgm: elleme 

Morocco 
Society Marocaine des Telephones 
Ericsson Casablanca, 38, rve 
Mohamed Ssdki, tel: 788-75, tgm: 
ericsson 

Rhodesia, Botswana and M a ­
lawi 
Ericsson Telephone Sales Cor­
poration Ltd. Salisbury, Rhodesia, 
P.O.B. 2391, tel: 25737, tgm: 
ericofon 
Tunisia 
Telefonaktiebolaget LM Ericsson, 
Technical office Turn's, Boite Pos-
tale 780, tel :2405 20, tgm :ericsson 
Z a m b i a 
Ericsson Telephone Sales Corp, 
AB. Ndola, P.O.B. 2256, tel: 3885, 
tgm: ericofon 

• AMERICA • 
Argent ine 
Cla Ericsson S. A. C. I. Buenos 
Aires, Casilla de Correo 3550, tel: 
33 20 71, tgm: ericsson 
Cta Argentina de Telefonos S.A. 
Buenos Aires, Belgrano 894, tel: 
33 20 76, tgm: catel 
Cfa Entrerriana de Telefonos 
S.A. Buenos Aires, Belgrano 894, 
tel: 33 20 76, tgm: catel 
Industrias Electricas de Quilmes 
S.A. Quilmes, FNGR, 12 de Oc-
tubre 1090, tel: 203-2775, tgm: 
indelqui-buenosaires 
Brazi l 
Ericsson do Brasil ComeVico e 
Industria S.A. Rio de Janeiro, 
C.P. 3601, tel: 43-0990, tgm: 
ericsson, tefex: rio 310 
Canada 
LM Ericsson Ltd, Montreal 9, P.Q., 
2300 Laurentian Boulevard, City 
of St. Laurent, tel: 331-3310, 
tgm: caneric, telex: 1-2307 

Chi le 
Cla Ericsson de Chile, S.A. 
Santiago de Chile, Casilla 101 43, 
tel: 825 55, tgm: ericsson 
Colombia 
Cfa Ericsson Ltda, BogaM, Apar-
tado Aereo 4052, tel: 41 11 00, 
tgm: ericsson 
Costa Rica 
Telefonaktiebolaget LM Ericsson, 
Technical office San Jose, Apartado 

L t u a u u r 

Telefonos Ericsson C.A. Qui,, 
Casilla 2138, tel: 16100 t.L. 
ericsson 
Guayaquil, Casilla 376, tel: 1689J 
tgm: ericsson 
Mexico 
Telefonos Ericsson S.A. Mhla 
D.F., Apartado M-9958 t.|! 
46 46 40, tgm: coeric ' 
Latinoamericana de Cables S A 
Mexico 12, D.F., Apartado P0,|.i 
25737, tel. 493650. tgm: | a l i n °™ 
Teleindustria, S.A. de CV 
Mexico 1, D.F., Apartado 1062' 
01747485 W' * g m : e r i c " o n ' , e l « « 
Peru 

Cla Ericsson S. A. Lima, Apartado 
2982, tel: 34941, tgm: ericon 
telex: 3540202 ' 
Soc. Telefonica del Peru, S.A 
Arequipa, Apartado 112-1012, till 
60 60, tgm: telefonica 
El Salvador 

Telefonaktiebolaget LM Ericsson 
Technical office San Solvodor' 
Apartado 188, tel: 21-7640, tgnv 
ericsson 
Uruguay 
Cia Ericsson S.A. Montevideo, 
Casilla de Correo 575, tel: 92611, 
tgm: ericsson 
USA 
The Ericsson Corporation New 
York, N.Y., 10017, 100 Pork 
Avenue, tel: MUrrayhill 5-4030 
tgm: erictel, telex: etelsac 620149 
North Electric Co, Go/ion, Ohio, 
44833, P.O.B. 688, tel: (419) 
468-24 20, tgm, northphone-oi 
lionohio, telex: 098-728 
Venezuela 
Cla An6nima Ericsson Coracet 
Apartado 3548, tel: 543121, tgrn! 
ericsson 
• A U S T R A L I A & OCEANIA) 
Austral ia 
L M Ericsson Pty. Ltd. Broadffliit 
dows (Victoria), P.O.B. 41, tel' 
307-2341, tgm: ericmel, telex:AI 
30555 
North Sydney (NSW), 134 Barcom 
Avenue, Rushcutters Bay, tel; 
31 09 41, tgm: ericsyd 
Teleric Pty. Ltd. Broodmeadowi 
(Victoria), P.O.B. 41, tel: 307. 
2341. tgm: teleric, telex: AA305JJ 
North Sydney (NSW), 134 Barcom 
Avenue, Rushcutlers Bay, 111 
31 09 41, tgm: teleric 

'JO, 

I') 

Representatives 
• E U R O P E • 

Austr ia 
Telecom Handelsgesellschaft m. 
b.H. 1030 Wien, Gigergasse 1,tel: 
73 35 45, tgm: teleric, telex: 11638. 

Belgium 
Electricity ef Me"cam'que Sue"doi-
ses Bruxe//es 5, 56, rue de Stassart, 
tel: 11 14 16, tgm: electrosuede 

Greece 
Mr. Angelos Cotzias Athens, 39, 
Akademiestreet, tel: 626-031, 
tgm: cotziasan, telex: 252 

Iceland 
Johan Ronning H/F Reykjavik, 
P.O.B. 883, tel: 10632, tgm: 
ronning 

Yugoslavia 
Merkantile Inozemna zastupstva 
Zagreb, PoSt pretinac 23, tel: 
36941, tgm: merkantile, telex: 
21139 

• ASIA • 

B u r m a 
Myanma Export Import Corp. 
Import Agency Division Rangoon, 
P.O.B. 403, tel: 14618, tgm: 
myanimport 

C a m b o d i a 
The East Asiatic Company Ltd. 
Phnom-Penn P.O.B. 625, tel: 
3334, tgm: pyramide 

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

Hong Kong & Macao 
Swedish Trading Co Ltd. Hong­
kong. P.O.B. 108, tel: 23 10 91, 
tgm: swedetrade 

I ran 
Irano Swedish Company AB, 
Teheran, Khiabane Sevom Esfand 
29, tel: 310 66, tgm: iranoswede 

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

Japan 
Gadelius & Co. Ltd. Tokyo C, 
P.O.B. 1284, tel: 403-2141, tgm: 
goticus, telex: 22-675 

Jordan 
The Arab Trading & Develop­
ment Co., Ltd. Amman, P.O.B. 1, 
tel: 259 81, tgm: aradeve 

Korea 
Gadelius & Co. Ltd. Seoul, I.P.O. 
B. 1421, tel: 22 -9866 , tgm: gade-
liusco 

Kuwai t 
Morad Yousuf Behbehani Kuwait, 
State of Kuwait, P.O.B. 146, tel: 
32251, tgm: barakat 

Lebanon 
Swedish Levant Trading (Elie 
B. Helou) Beyrouth, P.O.B. 931, 
tel: 23 16 24, tgm: skefko 

Malaysia and Brunei 
Swedish Trading Co. (M) Ltd. 
Kuala Lumpur, P.O.B. 2298, tel: 
25316, tgm: swedetrade 

Pakistan 
TELEC Electronics & Machinery 
Ltd. Karachi 2, 415, Mehboob 
Chambers, Victoria Road, tel: 
231723, tgm: elco 

Philippines 
U.S.I. Philippines Inc. Manila, 
P.O.B. 125, tel: 88 93 51, tgm: 
usiphil, telex: 344 

Saudi A r a b i a 
Engineering Projects & Products 
Co. Ltd, Eppco, Riyadh, P.O.B. 
987, tel: 271, tgm: eppcol 

Singapore 
Swedish Trading Co. (M) Ltd. 
Singapore 1, 3rd floor, 31 Bank of 
China Bldg, Battery Road, tel: 
94362, tgm: swedetrade 

Syria 
Constant! n Georgiades Damas, 
Rue Fardos (Balkis), Immeuble 
Kosseihati, P.O.B. 2398, tel: 
26673, tgm: georgiades 

V i e t n a m 
Vo Tuyen Dien-Thoai Vlet-Nam, 
Saigon, P.O.B. 10 49, tel: 22 660, 
tgm: telerad 

• A F R I C A • 
Congo 
I.P.T.C. (Congo) Kinchasa, P.O.B. 
8922, tel: 5345, tgm: induexpan 

Ethiopia 
Mosvold Company (Ethiopia) Ltd. 
Addis Abeba, P.O.B. 1371, tel: 
14567, tgm: mosvold 

Ghana 
R.T. Briscoe Ltd., Accra, P.O.B. 
1635, tel: 66903, tgm: briscoe, 
telex: 295 

Kenya, Tanzan ia , Uganda 
Transcandia Telecommunication 
Sales Ltd. Nairobi, Kenya, P.O.B. 
7296, tel: 25941, tgm: trantel 

L iber ia 
Post & Communications Tele­
phone Exchange, Monrovia, Cor­
ner Ashmun & Lynch Street, tel: 
22222, tgm: radiolibe 

Libya 
ADECO African Development & 
Engineering Co Tripoli, P.O.B. 
2390, tel: 33906, tgm: adeco 

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

Morocco (Tangier ) 
Elmar S. A. -SEYRE Tanger, 
Musa Ben Nusiar, 46, tel: 12220, 
tgm: elmar 

M o z a m b i q u e 
J. Martins Marques & Co Lda. 
Lourenco Marques, P.O.B. 2409, 
tel: 5953, tgm: marquesco 

N iger ia 
I.P.T.C. (West Africa) Ltd. Lagos, 
P.O.B. 2037, tel: 26531 tgm: 
consult, telex: shelf bp 35 

South Afr ica , South-West 
Af r ica 
Dryden Communications (Pty.) 
Ltd. Johannesburg, P.O.B. 2440, 
tel: 838-5454, tgm: qualsteels 

Sudan 
TECOMA Technical Consulting 
and Machinery Co. Ltd. Khar­
toum, P.O.B. 866, tel: 72224, ext. 
27, tgm: sutecoma 

Tunisia 
Ateliers Mexaniques du SAHEL, 
Sousse, Route de Monasfir/Djem-
mal, tel: 21.011, tgm: amesa 

• A M E R I C A • 

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

Bolivia 
Johansson & Cla, S.A. La Paz, 
Casilla 678, tel: 25923, tgm: Jo­
hansson 

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

Costa Rica 
Tropical Commission Co. Ltd. San 
Jos6, Apartado 661, tel: 3432, 
tgm: troco, telex: CR-126 

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

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

Honduras 

Jamaica and Brit. Honduras 
Morris E. Parkin Kingston, P .of l 
354, tel: 24077, tgm: morris pan] 

Netherlands Antilles 
S.E.L. Maduro & Sons. Inc. 
Willemstad, Curacao, P.O.B. 3M, 
tel: 11200, tgm: maduroioni 

Nicaragua 
Sonitel Cenfroamerica S.A. Ma­
nagua, Apartado 1271, tel: 447a 
tgm: sonitel 

Panama 
Sonitel, S. A. Panama, R. P. Apar-
tado 4349, tel: 5-3640, tgm: 
sonitel 

Paraguay 
S.A. Comercial • Industrial H. 
Petersen Asuncidn, Casilla 5w 
tel: 9868, tgm: pargtrade 

El Salvador 
Dada-Dada & Co. San Salvodir, 
Apartado 274, tel: 214860, tgm: 
dada 

Sur inam 
C. Kersten & Co. N.V. M * 
maribo, P.O.B. 1808, tel: 4444J 
tgm: kersten 

Tr in idad , W . I. 
Leon J. Ache Ltd. Porl-of-Spcjn, 
100 Frederick Street, tel: 3235/, 
tgm: achegram 

USA 
State Labs. Inc. New * • ' * . " •£ ! 

10003, 215 Park Avenue Sou", 
tel: (212) 677-8400, torn:/o«-
labs, telex: (212) 867-6996 (For 
electron tubes) 

• A U S T R A L I A & OCEANIA 1 

N e w Zealand 
. - - . - , . - / K -r\ HA We'""'' 

s'l:7(WHi 
1431 


