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LM Ericsson Equipment for Carrier Channels of 
Program (Music) Quality, Type ZAB 1 
J P Y D D O K E & H S C H I L L I N G , T E L E F O N A K T I E B O L A G E T L M E R I C S S O N , S T O C K H O L M 

U.D.C. 621.395.44 
654.19 

This article, after mentioning the present need for carrier program channels 

and the currently applicable CCITT recommendations, describes the construc

tion, performance and application of the latest L M Ericsson program channel 

equipment designed to satisfy these requirements. 

Fig. 1 

A ZAB 1 hay 

A fullv-cquipped bay can accommodate tour sending 

and four receiving terminals 

The Need for Carrier Channels 
Long-distance channels for the transmission of broadcast programs between 

studio and radio sender are at present mostly provided by direct transmission 
of the audio-frequency band, often over special screened pairs or quads, in 
cables carrying other traffic. It is relatively easy to make provision for such 
pairs when laying new cables, and the techniques of obtaining the necessary 
transmission quality are well established. Latterly, however, the increasing 
use of radio links to carry multiplex carrier telephony for transmission of 
telephone channels has led to difficulties in the provision of adequate numbers 
of audio program channels, especially as it is usually desired to reserve for 
order-wire facilities at least part of the frequency band used by such channels. 
At the same time the number of channels needed is rising at an increasing 
pace, due amongst other things to the advent of television, where for instance 
accompanying sound commentary may sometimes be needed in several lan
guages simultaneously. For the transmission engineer it is natural to look for 
a solution to carrier techniques, which as in the case of commercial telephony 
provide the most economical way of deriving extra circuits. 

Transmission Performance Objectives 
Naturally it will be expected that the performance of a carrier-derived 

channel will be substantially the same as that of the audio program channel 
for which it substitutes. For international working the CCITT has established 
recommendations which have found wide acceptance, and tests have shown 
that CCITT "normal circuit" quality is indistinguishable from the original 
for the great majority of listeners. Nevertheless there remains at least one 
frequent misconception which it may be worth disposing of. This concerns 
the frequency range needed for good quality reproduction. The CCITT recom
mends a frequency response extending up to 10 kc/s, whereas it is widely 
believed that for so-called "high fidelity" reproduction a response up to 
some 15 kc/s is desirable. For audio-frequency lines and radio senders it is 
a comparatively simple matter to provide this, whereas extending the fre
quency range in carrier systems implies that other traffic facilities must be fore
gone. It is therefore important to resolve this diversity of views. The explana
tion is that transient distortion can become objectionable if delay (phase) distor
tion is excessive below 10 kc/s. The easiest way to ensure that this is small is 
to design for an extended frequency range. But provided the CCITT delay 
distortion limits are also maintained, a 10 kc/s upper limit is subjectively 
very satisfactory. As a result of conclusive evidence in this respect, the CCITT 
has recently abandoned its recommendation for a channel with extended 
frequency response. It may also be remarked that a wider transmitted band, 
besides displacing more telephone channels, also accepts a wider noise band 
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during transmission, and for the rare critical listener who can appreciate the 
extended response, the higher noise may actually result in a subjective 
worsening. 

This brings us to the subject of the noise objective for carrier program 
channels. It is to be expected that the cable or radio links over which trans
mission will be made are designed primarily to accommodate the maximum 
number of telephone circuits. This in turn means that they exploit fully the 
line noise limit recommended by CC1TT of 3 pW/km measured at a point 
of zero relative level with telephone psophometric weighting. As techniques 
are available for improving the noise level in some channels at the expense 
of others (e.g. by suitable pre-emphasis of the transmitted frequency band), 
it may be supposed that all telephone channels are on substantially the same 
footing in this respect-in other words, we can regard the spectrum of noise 
as flat ("white noise"). 

Now the nominal maximum circuit for program transmission according to 
current CCITT recommendations is 1000 km (although this is at present 
under review), and the allowable psophometric line noise power in each 
telephone channel to be substituted amounts to 3000 pW or - 55.2 dbmOp.1 

This psophometric noise level is that which would be produced by white 
noise with a level of - 51 .6 dbmO in a 4 kc/s band. The noise in a 12 kc/s 
band is three times as much, or - 46.8 dbmO. The effect of measurement 
with program psophometric weighting is to raise this figure by 5.2 db, i.e. 
it is at a level of - 4 1 . 6 dbmOp*. The acceptable limit according to CCITT re
commendations is a psophometric voltage of 6.2 mV at a point of relative 
level + 6 db, that is - 48 .0 dbmOp*. Thus even if the noise contribution 
of the terminal equipment is completely neglected, an improvement of 48.0-
41.6 = 6.4 db has to be looked for. Of this, 3 db is available to us due 
to the fact that CCITT permit the relative level for a program channel to 
be set that much higher than for a telephone channel. It is possible to obtain 
the remainder by the use of a suitable pre-emphasis of the program band. 
This is because the most disturbing frequencies, i.e. those with the greatest 
effect on the psophometer, are in fact those which occur in speech and music 
with relatively low amplitude. However, there is at present no generally 
accepted form of pre-emphasis curve, so that a little forethought needs to 
be taken with its use. This is especially so since it is recommended that 
frequency response be measured with input at each test frequency at zero 
absolute level, which may result in inconveniently high transmission levels for 
the emphasized frequencies, even though these would not occur in normal 
operation. 

As the whole matter of noise in program channels is being reviewed at 
present by CCITT, the above conclusions must be regarded as tentative, 
and a certain flexibility in design regarding this point was considered desirable. 

Other Desirable Features 
As this equipment is intended for general application in conjunction with 

any carrier system fulfilling CCITT recommendations, it was necessary to 
foresee interconnexion at some recognized point common to all such systems. 
What these do have in common is use of a basic group, most modern systems 
in fact using basic group B, 60-108 kc/s. Two possible frequency allocations 

1 The term x dbm is used to mean an absolute power level of x db relative to 
1 milliwatt. 
The term —x dbmO is used to mean a power level of x db below 1 milliwatt 
at a point of zero relative level, i.e. x db below normal channel test level at 
any point in the transmission system. 
The term x dbmOp is used to mean an interfering power level in a telephone 
channel measured with the CCI telephone psophometer, and giving the same 
reading as the calibrating tone with a level of x dbmO. 
The term x dbmOp* has a corresponding meaning for measurements in a program 
channel using the CCI program psophometer. 

Fig. 2 

Modulation plan 



T R A F F I C 

T telephone channels 

P program channel 

W westward 

E eastward 

a at audio frequencies 

at group frequencies 

at high frequencies 

send 

receive 

P R O G R A M E Q U I P M E N T 

M modulation equipment 

S h.f. sending equipment 

R h.f. receiving equipment 

D demodulation equipment 

B branching equipment 

(These blocks and the numbering of their external 

connexions corresponds with those of figs. 10 and 11.) 

C M channel modulators 

CD channel demodulators 

G M group modulators 

G D group demodulators 

within this group are recommended by CCITT, of which Position I using 
the band 84-96 kc-'s is preferred. In contrast to the alternative Position II 
(64-76 kcs), this allocation is also compatible with the use of 3 kc/s carrier 
spacing as used by some Administrations, and has furthermore the convenience 
of corresponding to a single sub-group of 3 telephone channels in those systems 
which employ this technique (see fig. 2). This was therefore to be the fre
quency allocation. Levels were to be adjustable over those recorded by CCITT 
as in use in different systems. 

The equipment ought to ensure freedom from interruptions during oper
ation. This implies the duplication of tubes or amplifiers with appropriate 
supervision and alarms, and other checking facilities. 

The permissible frequency error in carrier systems according to CCITT 
recommendations is 2 c/s. While this is imperceptible for speech, it implies 
that in a music transmission a certain note and its octave, for instance, may 
be 2 c/s "out of tune" with each other, and this is not insignificant. How
ever, frequency errors generally arise as a result of slow long-term drift, 
so that if corrected prior to a transmission satisfactory results are obtained. 
It is thus desirable to provide for adjustment of the demodulating oscillator 
frequency, and for checking this adjustment during the line-up period pre
ceding a transmission. 

The design should also provide easy servicing and flexibility of adaptation 
to traffic requirements at minimum cost. This of course is largely catered 
for by the standardized plug-in unit equipment practice. However, it is of 
interest to consider some of the traffic facilities which have been provided 
for in the design. Besides the simple sending and receiving terminals, the 
most important facilities are those of time sharing, through-connexion at 
group frequencies, and branching. 

The first of these is concerned with the fact that the principal need for 
program transmission does not usually coincide with the busy hour for tele
phone traffic, and that better utilization of the carrier system may be ob
tained by allowing telephony in the program band when program transmission 
is not actually in progress. This requires appropriate safeguards from inter
ruption of either type of traffic. 

The need for through-connexion occurs when the program has to be 
Fig. 4 x 7755 transferred from one carrier system to another. Of course this could be 
One program sent to two or more carrier done on an audio-frequency basis, by providing a full receiving terminal at 
systems the incoming system and a full sending terminal for the outgoing system. 

Fig. 3 x 24io 

Connexion for inserting program in an 
outgoing group 
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F i g . 5 X 7756 

Through-connexion of program at group 
frequencies with optional audio drop 

Fig. 6 X 2 4 1 3 

v.u. meter, U-link pane) and current 
distribution panel 

This would in fact give a technically acceptable result, since the equipment is 

designed to maintain C C I T T tolerances even for three tandem links. However , 

it is more economical to transfer the onwardgoing program without demodu

lation out of the 8 4 - 9 6 kc/s range, which at the same time means that less 

distortion is introduced. If the program is also needed at audio-frequency in 

the transfer station for local distribution, a demodulator can be connected 

to a branch output. 

The cost of the modulator and filter unit is a relatively large part of a 

sending terminal. Therefore if an incoming program at audio frequency has 

to be transmitted over a number of different carrier systems, it pays to avoid 

duplication of this part. For this reason a branching unit has been designed 

which provides several outputs at the same level as its input in the 8 4 - 9 6 kc's 

range. This can also be used for branching at a transfer station (where through-

connexion occurs) with corresponding economy. 

Some of the possible arrangements resulting from these facilities are shown 

in figs. 3, 4, 5 and 7. Changes in the normal set-up can be rapidly established 

with U-link or patch-cord connexions. 

Another feature considered desirable was to have a compact layout in the 

case of a small installation. The bay layout has therefore been made such 

that one complete sending terminal and one entirely independent receiving ter

minal together with all common equipment occupy one side of the bay only. 

A fully-equipped bay can accommodate up to four sending and four receiving 

terminals. A small installation may need to be placed at a point remote from 

normal audio-frequency program distribution equipment . For these cases 

it is possible, instead of the full complement of channelling equipment, to 

equip the bay with audio-frequency line amplifiers and equalizers. In certain 

cases also where group translation equipment is not available (e.g. in smaller 

carrier systems), it is possible to mount equipment providing a further fre

quency translation on the bay. 

Fig. 7 X 8 1 4 1 

Dropping off program at audio frequencies 

from a through-connected group 
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Fig. 8 x 8141 

Typical frequency response curve for a send

ing and receiving terminal "back-to-back" 

Fig. 9 X 2412 

Channel filter, partly withdrawn from the hay 

Design 
The essential problem of this equipment is that of modulation so as to 

obtain a single-sideband signal in the recommended frequency allocation of 
84-96 kc/s. With a lower limit for transmitted frequencies of 50 c/s, the filter 
requirements by normal techniques become rather exacting. Consequently 
various alternatives were also considered. The possibility of using vestigial 
sideband technique does not appear to be fully compatible with other recog
nized techniques, especially the use of out-of-band signalling in the 96-100 kc/s 
telephone channel. Slightly simpler filter requirements would result from 
the use of two stages of modulation, but not sufficiently to outweigh the 
extra cost. The phase-splitting method of single-sideband modulation offers 
many advantages and was studied in some detail. However, it proved possible 
to arrive at a single filter design for sending and receiving terminals and 
for through-connexion without demodulation. This fact, together with the 
avoidance of maintenance adjustments, resulted in a final decision in favour 
of conventional technique (see fig. 2). The performance of the filter may be 
judged from fig. 8. 

Block diagrams of the final design of sending and receiving terminals are 
given in figs. 10 and 11; further details of their functioning are given in the 
next section. 

Circuit Description 
The sending and receiving terminals are in principle entirely independent 

items of equipment, in contrast to the usual design for telephony, where a 
complete circuit must always consist of a go and return channel. Program 
transmission is normally a one-way service, and it will generally not be pos
sible to make use of the corresponding frequency band in the return direction 
of the carrier system. This is because the CCITT have specified a crosstalk 

Fig. 10 

Sending terminal block schematic 
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Fig. 11 

Receiving terminal block schematic 

limit between go and return directions in a carrier system of not more than 
35 db (4 nepers) and this is quite inadequate for the required quality of pro
gram transmission performance if use is made of the return path for an
other service. For modern systems, however, when the channel translating 
equipment is excluded, it may be possible to obtain a sufficiently high cross
talk figure to permit different programs to be sent in opposite directions if 
needed. 

The audio input to the modulation equipment block (M) of the sending termi
nal is arranged to correspond either to that of an international link or an 
international line as recommended by CC1TT (either 0 or + 6 dbr). However, 
where the equipment is installed in a small station where no other program 
repeaters or switching equipment are provided, a line equalizer and audio 
amplifier may optionally be provided ahead of the modulation equipment 
block (see fig. 10). In the transmission path the regular modulation equipment 
includes in succession an attenuator for level adjustment, a limiter. a low-pass 
filter, and a pre-emphasis network. This latter can be replaced by a pad 
with flat frequency response, if preferred, by altering some strap connexions. 
The modulator itself is of the conventional balanced type, and a common 
96 kc/s oscillator feeds up to four sending terminals which can be mounted 
on the same bay. This oscillator, as indeed all other active units, has dupli
cated tubes whose cathode current is continuously monitored. The lower side
band of 96 kc/s is selected by the channel filter. 

The h.f. sending equipment block (S) provides for the introduction of the 
modulated program into the group path. It comprises principally amplifiers 
and attenuators to allow the relative levels to be adjusted over the range of 
those occurring in the basic group frequency range. The remaining telephone 
channels and the program channel are brought together to form the completed 
basic group via a hybrid. In addition this equipment comprises a stop filter 
for the 84-96 kc/s band. This is needed because the channel filters of the 
remaining telephone channels will naturally only be designed to ensure com
pliance with the normal telephony crosstalk recommendations for the ex
tracted telephone channels in this band, so that additional filtering is needed 
to ensure the higher performance recommended for crosstalk to a program 
channel. 

The remaining equipment block (F) in the sending terminal is the optional 
switching for time-sharing. The first position of the switch provides for direct 
through-connexion of the group frequencies, whereby all twelve telephone 
channels may be used. The second position is a preparatory position in 
which the three telephone channels to be substituted are still connected 
through, but the exchange is notified to remove them from traffic. On receiv
ing confirmation that this has been done, the switch may be placed in the third 
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Fig. 12 X8144 

Telephony program time-sharing changeover 

switches with associated signal lamps to the 

left. Above, tube failure alarm unit. 

position. The three telephone channels are cut out of service and the program 
equipment inserted. 

The receiving terminal (fig. 11) similarly consists of three blocks of equip
ment. The block for time-sharing switching (G) has an analogous function to 
that in the sending terminal. The h.f. receiving equipment block (R) has the 
converse function of the h.f. sending block, namely, to extract the modulated 
program from the telephone channels associated with it in the group. This 
is done by the "leak" method, that is, while the modulated program in one 
path is filtered out from the telephony ready for demodulation or h.f. through 
connexion to another group, it is not stopped in the path of the original 
group but continues to pass on with those telephone channels. Where demod
ulation of the telephone channels is going to be effected, we have to consider 
that their channel filters will normally only be designed to afford protection 
from an adjacent channel with a lowest transmitted frequency of 300 c/s 
whereas in the program channel the lowest frequency is 50 c/s. This is of 
especial importance if out-band signalling is used. To cater for this, a narrow 
band-stop filter may be included in the group path. After the filter for the 
program band, the program path is branched to give simultaneous outputs, at 
levels suitable for through-connexion and for demodulation respectively. 

The demodulation equipment block (D) contains the demodulator proper 
and an oscillator individual to the channel, a de-emphasis network which is 
the inverse of the pre-emphasis network in the sender, an attenuator and 
audio amplifier. By providing a small range of frequency adjustment on the 
oscillator, it is possible to correct for possible frequency errors in the carrier 
transmission path, and a simple but effective means is provided for checking 
carrier synchronism prior to program transmission. This consists in sending 
a tone, usually 800 c/s, considerably distorted at the sender so as to be rich 
in harmonics, and measuring the output at the receiver with a built-in peak 
voltmeter. If there has been a frequency shift, the overtones will no longer 
be in true harmonic relation to the fundamental at the output, but will slowly 
shift in phase, resulting in a varying peak voltage observable as a beat on 
the instrument. Use is also made of the 96 kc/s oscillation for monitoring the 
tubes in the audio amplifier. 

A telephone instrument may also be included in the equipment to provide 
for conversation, for example between the two terminals via the speaker 
circuit of the carrier system, or over any other trunks which may be provided. 

To ensure the greatest possible reliability of service, all operating voltages 
are monitored by relays giving alarm if any voltage fails. All fuses are of a 
type giving alarm on failure. Any failure causing interruption of service gives 
an urgent alarm. Other failures, e.g. one tube of a pair with duplicated func
tion, crystal oven temperature outside limits, etc. give a non-urgent alarm. 
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Electrical Characteristics 
Frequency Range 

The effectively transmitted band of frequencies is 40-10000 c/s. Trans
mission takes place in basic group B (60-108 kc/s) in the CCITT preferred 
position 84-96 kc/s (CCIF Green Book, vol. Ill bis, page 237). The 96 kc/s 
carrier is suppressed. 

Levels and Impedances 

The acceptable range of audio program input levels to a sending terminal 
is from - 13 dbr to + 10 dbr. With the extra amplifier mentioned earlier, 
levels down to - 4 0 dbr can be accepted. The nominal audio output level 
from a receiving terminal is either 0 or + 6 dbr. The nominal impedances 
for the audio input and output are 600 ohms, balanced. The group output 
level from a sending terminal can be adjusted between - 26 dbr and - 52 dbr. 
The same limits apply to the relative input and output levels of the telephone 
channels which make up the outgoing group. The corresponding range of 
group levels for a receiving terminal is from - 2 dbr to - 30 dbr. (The 
telephony levels are unchanged when the program equipment is inserted.) 
The nominal value of impedance at group frequencies can be either 150 or 
135 ohms balanced, or 75 ohms unbalanced. The return current coefficient 
against the selected nominal value does not exceed 10 % within the effec
tively transmitted band (return loss 20 db). 

Frequency Distortion 

Fig. 8 shows a typical response curve for a sending and a receiving termi
nal looped back-to-back on the carrier side. The limits shown are 3/,„ of 
those recommended by CCITT for a program circuit of normal type. These 
limits are kept with a good margin, thus leaving plenty to spare for possible 
additional distortion arising in the carrier system group link. 

Delay Distortion 

The table below gives the guaranteed delay distortion for ZAB 1 terminals 
back-to-back together with the CCITT recommendations for comparison. It 
will be seen that the delay distortion for the ZAB 1 terminals is less than 
V, of the CCITT limits. Further distortion from the carrier group link need 
not be expected, since the program channel is far removed from the edges 
of the group frequency band. 

Delay distortion 

10000 min 

'lOO min 
? 50 min 

ZAB 1, sending and 
receiving terminal con

nected back-to-back 

^ 2 milliseconds 
s: 6.5 
< 12 

CCITT, 
entire circuit 

< 8 milliseconds 
< 2 0 
< 8 0 

Non-Linear Distortion 

The harmonic distortion coefficient for ZAB 1 terminals looped back-
to-back at line-up level does not exceed 2 %, corresponding to a total har
monic ratio of 34 db. With "maximum voltage" applied (9 db above line-up 
level) the figures are 3 % or 30 db. These values are maintained for supply 
voltage variations of ± 1 0 % . The value recommended by CCITT for the 
latter case is 20 db (Green Book, vol. Ill bis, page 236). As stated by 
CCITT in a note, further distortion from the carrier system is practically negli
gible: this is because the carrier equipment being common to several channels 
must be highly linear in order not to produce unwanted intermodulation 
products. 
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Frequency Stability 
The frequency stability, i.e. the relative frequency variation between sender 

and receiver carrier oscillators, is better than 0.1 c/s per day. This is of the 
same order as can be expected of modern carrier systems. 

Transmission Quality, Through-Connexion Facilities 
From what has been said above, it will be seen that ZAB I equipment 

provides program transmission meeting CCITT recommendations for circuits 
of normal type (CCIF Green Book, vol. Ill bis, pages 232-238). 

These recommendations are also met for three ZAB I links (corresponding 
to the hypothetical reference circuit) tandem-connected on an audio-frequency 
basis. Using through-connexion at group frequencies, at least four tandem-
connected links are possible. The transmission performance achieved is such 
that even critical listeners could not detect any lowering in artistic quality 
in a program after transmission over a ZAB 1 link. 

Mechanical Construction 
In a normal ZAB 1 bay (see fig. 1), four sending and four receiving 

terminals can be accommodated. When not more than two sending and two 
receiving terminals are needed, amplifiers and equalizers for the incoming 
audio program can be included if desired, thereby in many cases dispensing 
with a separate audio repeater and equalizer bay. Mains supply units, current 
distribution, supervisory and alarm equipment, carrier oscillator for sender 
modulators, crystal oven and thermostat etc. serve all channels in the bay in 
common and hence are designated common equipment. Since the various equip
ment blocks are composed of plug-in units, the bay can readily be built out 
as required to suit particular traffic requirements. Also if these traffic require
ments are varying, they can be met by appropriately shifting plug-in units. 
All group amplifiers are identical and can be interchanged at will: this is 
also true of the channel filters for sender or receiver, the carrier oscillators, 
hybrids, and audio amplifiers. Only three different long-life tube types are 
used in the bay, and for these types equivalents are to be found among 
internationally available normal radio types. These features simplify and econ
omize in maintenance and first cost and supply of spares. 

The mechanical construction of ZAB 1 follows the general principles for 
L M Ericsson's carrier telephone equipment. Electrical components (resistors, 
capacitors, inductors) are mounted as sub-assemblies in pressure-tested sealed 
boxes. This ensures unimpaired performance even under extreme climatic 
conditions. The sub-assemblies are wired together in mounting frames to form 
plug-in units which connect to the bay wiring via sockets giving reliable con
tact. Several such units are carried on a shelf mounted on the bay frame. 
Larger units of common equipment (such as mains supply units, current 
distribution panel, U-link panel, crystal oven) are mounted directly on the 
bay frame and are permanently wired in circuit. To facilitate maintenance 
and fault-finding, in cases where full accessibility is not possible from the 
front, such panels are mounted so as to swing out on hinges. 

The ZAB 1 bay has the following standardized dimensions when equipped 
on both faces: height 2590 mm, width 514 mm, depth 456 mm. The front 
carries the common equipment and one sending and one receiving terminal; 
the rear carries 3 sending and 3 receiving terminals. 

The U-link panel, time-sharing changeover switches and current distribu
tion panel are placed at a convenient height on the front of the bay. The 
U-link panel contains all the important level measuring points. All operations 
needed for traffic switching are effected on this panel and by the changeover 
switches. The current distribution panel carries fuses and the common instru
ment which can be switched to measure all important voltages and currents. A 
volume meter, either of the peak indicating or v.u. type, can be mounted on 
the bay at eye level. The units are protected by removable light metal dust 
covers. 
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Performance Data 

Effectively transmitted frequency band 40—10000 c/s 

Frequency allocation in CCITT's basic group B 86.00—95.96 kc/s 

Carrier (suppressed) 96 kc/s 

Range of adjustment for carrier frequency . . . . ± 10 c/s 

Stability of carrier frequency during a period of 
24 hours with simultaneous mains voltage vari
ation of ± 10 % and ambient temperature vari
ation from + 10° C to + 40° C < ± 0.1 c/s 

Carrier leak to line < — 26 dbmO 

Variation of level in program terminals 
for ± 10 % change in mains voltage - 0 . 1 to + 0.3 db 

for change of ambient temperature from + 10° C 
to + 40° C < ± 0.5 db 

Frequency response, sending + receiving terminal < :l/](] of CCIF limits 
for normal type program 
circuit 

Frequency distortion for telephone channels . . . . < ± 0.1 db 

Program levels at audio frequencies 

Sender input, normally + 10 to - 13 dbr 

,, ,, , with extra amplifier —40 dbr min 

Receiver output 0 or + 6 dbr 

Levels at group frequencies 

Sender — 26 to — 52 dbr 

Receiver — 2 to — 30 dbr 

Impedances, input and output, audio side 600 ohms 

„ ,, ,, ,, , group side 150 ohms balanced 

or 135 „ 

or 75 ,, unbalanced 

Return loss against nominal impedance > 20 db 

Delay distortion r50 —rmin < 12 ms 

' l00 — 'min < 6.5 ms 

t —t < 2 ms 
10000 m m ^ - l l l a 

Total harmonic ratio, for send and receive termi
nals looped back-to-back, with "maximum volt
age" (+ 9 dbmO) applied > 30 db 

Noise voltage at receiver output (relative level 
+ 6 dbr) measured with program psophometer 
for back-to-back terminals sg 1.6 mV 

Weighted noise power referred to zero relative 
level for back-to-back terminals < 1000 pW 

Unweighted noise voltage at receiver output (rela
tive level + 6 dbr) in the frequency range. 30-
20000 c/s for back-to-back terminals < 4 mV 

Noise contribution in the telephone channels of 
the group from one send and one receive termi
nal when "maximum voltage" is applied, meas
ured with telephone psophometer < 15 pW 
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Crosstalk in a ZAB 1 bay 

between any two program channels > 87 db 

„ ,, „ telephone channels > 87 db 

,, „ telephone channel and a program 
channel terminal > 85 db 

,, the sending terminal and receiving ter
minal with same number > 85 db 

The ZAB 1 system maintains the above perform
ance under the following climatic conditions: 

Ambient temperature + 10° C to + 40° C 

Relative humidity in the temperature range 

+ 10° C to + 20° C 10 %— 85 % 

Relative humidity at 40° C 10 %—75 % 

Tube types used (commercial equivalent types in 
brackets) 18AK5 or 403B 

(6AK5) 
18AQ5 or 6AQ5L 
(6AQ5) 
ISC51 or 2C5IL 

(2C51) 

Mains supply 

Voltage 110/127/150/220/240 V 

Frequency 45—65 c/s 

Power consumption 

on starting 600 VA max 

running 450 VA max 
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Radio Link 1RL10 for 60(120) 
Telephone Circuits 

B R A M B A N I , A / S 

Fig. 1 X2380 

Map of the radio links installed in Norway 

E L E K T R 1 S K B U R E A U * O S L O 

U.D.C. 621.396.65 

The radio link described has been developed by A IS Elektrisk Bureau in Oslo 

at the instigation of Telefonaktieholaget L M Ericsson. This system operates 

in the band 225-470 Mc/s using frequency modulation. It is designed for 60 

(or with certain modifications 120) telephone circuits with CCI frequency 

allocation, and will operate in conjunction with L M Ericsson multiplex 

equipment. 

In recent years, radio links have taken an ever stronger position in long-
haul telecommunication networks. In certain respects the radio system has 
unquestionable advantages. By means of radio, reliable communication can 
be realized where terrain and climate present prohibitive difficulties for con
struction and maintenance of a cable route. In many other cases, a radio link 
may be favourable with respect to initial cost and installation time. Due to the 
long spacing between repeater stations, and the recent development of highly 
reliable tubes for very high frequencies, the maintenance cost is also kept low. 

To-day, radio links are manufactured for a wide variety of traffic handling 
capacities. Systems of 24, 60, 120, 240 and 600 circuits are customary. For 
still higher capacity, a number of radio links, each carrying 600 telephone 
circuits, can be operated in parallel. 

To meet the demand for communication equipment of medium traffic 
handling capacity, the radio link type 1RL10 was developed by A S Elektrisk 
Bureau, Oslo, at the instigation of Telefonaktieholaget L M Ericsson. It was 
originally designed for transmission of 60 telephone circuits in the baseband 
12-252 kc/s (or 60-300 kc/s). With slight modifications the same equipment 
can be used for 120 telephone circuits (60-552 kc/s). Besides handling 
ordinary telephone traffic, the link may also be used for transmission of high 
quality broadcast channels. Thus it may find application in a television link 
as an auxiliary system, transmitting sound channels, intercommunication, 
remote control signals etc. Due to its stability, the link also provides an excel
lent facility for telephone channels permitting v.f. telegraphy. 

A number of links are installed or are under installation in Norway, as seen 
on the map in fig. 1. Another link is being installed between Rio de Janeiro 
and Nova-Friburgo in Brazil. The Oslo-Kristiansand radio link, which compri
ses 7 hops with a total length of 298 km, was put into regular service in 
November, 1956. A considerable amount of operational experience has been 
gained since that time. In the following description this link is frequently 
referred to. 

System Specifications 
The radio link comprises: 

A terminal station at each end of the link. The sender converts information 
in the baseband into a frequency-modulated radio signal. The receiver performs 
a reverse operation for the other direction of transmission. 

Repeater stations. These receive the frequency-modulated signal, amplify it 
and retransmit it at a frequency different from the frequency of the received 
signal. This operation does not include demodulation to the baseband. 

The hop. This is the propagation space between two successive stations. 
The hop should provide a line-of-sight path between the antenna sites of the 
two stations. The length of a hop is dependent on the properties of the 
intermediate terrain and does not normally exceed 50 to 100 km. 

* Member of the Ericsson group. 
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The principal data of the system are: 

Fig. 2 

Schematic block diagrams of the two types of 

stations 

RI Input amplifier 

M l Input mixer 

I F Intermediate frequency amplifier 

F M F M exciter 

DI Discriminator 

M 2 Output mixer 

RO Output amplifier 

T O Converter oscillator 

T O M Modulated converter oscillator 

Discriminator 

Fig. 3 X 2383 

Block schematic diagram of FM exciter 

Baseband frequency range 300-10000 c/s and 
12-252 kc s 

Input and output impedance 300-10000 c/s . . . . 600 ohms balanced 
Input and output impedance 12-252 kc/s1 150 ohms balanced 
Input level 300-10000 c/s _ 27 dbr 
Output level „ q- 9 dbr 
Input level 12-252 kc/s1 — 52 dbr 
Output level „ + 1.75 dbr 
Level stability ± 0.5 db 
(The power levels refer to a channel test tone level 
for a deviation of 200 kc/s r.m.s.)-' 
Modulation type frequency modulation 
Transmitter frequency tunable in the range:1 . . . . 225-470 Mc/s 
Transmitter power output 5-10 watts 
Antenna type /./2-dipole with parabolic 

reflector 
Antenna gain at 400 Mc/s 20 db over x/2 dipole 
Receiver noise factor at 400 Mc/s 12 db max. 
Intermediate frequency 70 Mc/s 
Number of tubes in a terminal station 60 
(Two-way communication) 
Number of tubes in a repeater station 58 
(Two-way communication) 
Power consumption of terminal station 400 watts 

„ repeater 450 watts 
Dimensions of radio terminal: • bay 20 V4" X 18" X 86" 

(514 x 460 X 2190 mm) 
„ ,, repeater: same as for terminal 

1 Level and impedance ratings are in accordance with CCIR recommendations. 
Line amplifiers for the baseband 60—300 kc/s (75 ohm unbalanced) are optional, 
alternatively for 72 channels with a baseband of 12 300 kc/s. 

- By adjusting built-in attenuators the frequency deviation can be set to other values. 
3 Certain frequency combinations may give rise to interference. The frequency scheme 

shouldtherefore be worked out in cooperation with the manufacturer. 

System Description 
Schematic block diagrams of the two types of station are shown in fig. 2. 

F i g . 4 X 2384 

Mixer and 10 watt output amplifier (RO) 

Fig. 5 x 2 3 8 5 

Input amplifier and mixer (Kl) 

In the terminal sender, modulation of the radio frequency carrier by the 
baseband and service channel is performed by the frequency-modulated exciter 
FM, the carrier frequency being 70 Mc/s. The exciter output, which has a level 
of 1 watt, is fed to a power mixer M2 together with the output from a crystal 
controlled converter oscillator TO. The desired conversion product is selected 
and amplified in the sender output stage RO before it is fed to the antenna. 

Fig. 4 Fig. 5 



F i g . 6 X 2386 

Amplifier stage of input amplifier (RI). 

Cut-away view. 

In the terminal receiver, the signal from the antenna is first amplified in an 
input amplifier RI and thereafter converted in a mixer to the intermediate 
frequency of 70 Mc/s. The converter oscillator TO is the exact duplicate of 
that used in the sender. After the mixer follows an intermediate frequency 
amplifier IF which feeds 1 watt at 70 Mc/s to the discriminator Dl. 

gj 
In a repeater station, the receiver section comprises an input amplifier, 

mixer and IF amplifier as in the terminal receiver, but the IF amplifier out
put is fed directly to the output mixer. Both the output mixer and sender 
output stage are exactly the same as the corresponding parts of the terminal 
station. The converter oscillator TOM, however, differs somewhat from its 
terminal counterpart, the repeater version permitting modulation. This is neces
sary for transmission of the service channel signals from a repeater station. 

For service channel reception in 
discriminator. 

repeater, the IF amplifier includes a 

Frequencies indicated on the block diagrams are the actual frequencies 
used in the Oslo-Kristiansand link. 

F j g . 7 X 2387 

Repeater bay of Oslo—Kristiansand link. 
Panel covers removed. 

R O Sender output mixer and 10 Wamplifier 

T O M Modulated converter oscillator 

M I Measuring panel 

SR Service channel receiver 

SA Service channel amplifier 

IF Intermediate frequency amplifier 

R I Receiver input amplifier and mixer 

T O Converter oscillator 

P H 400 V power supply for R O 

P M Mains distribution panel 

The repeater stations are, as appears from the above, of the "non-demodu
lating repeater" type, with separate crystal controlled oscillators for the receiver 
and sender mixers. The 70 Mc/s intermediate frequency appears in both 
receiver and sender, with power levels allowing direct interconnexion. This 
also facilitates the establishment of a loop connexion on a 70 Mc/s basis, 
in terminals as well as repeaters, thus providing a convenient procedure for 
system performance measurements. 

In the following sections, a brief description of the units FM, RO, RI, IF 
and Dl is given. 

Frequency-Modulated Exciter FM 

This unit employs direct frequency modulation of a self-excited oscillator 
by means of a reactance tube. The oscillator operates at 17.5 Mc/s, necessi
tating a subsequent frequency quadrupling. The advantage of direct frequency 
modulation is that the required linearity can be achieved using a relatively 
modest number of lubes and components. On the other hand, frequency 
stability is not adequate; therefore an automatic frequency correction is 
required. This is done in the conventional way by checking the frequency in 
a discriminator, as shown by the block diagram of fig. 3. The discriminator 
yields a corrective signal which is amplified and impressed on the reactance 
tube together with the modulation signal. 

The linearity of this oscillator has proved to be very satisfactory. The 
oscillator is also easy to align and has shown satisfactory long-term stability 
of frequency as well as of linearity. 

Output Mixer and Amplifier RO 

Fig. 4 shows the unit RO which comprises two stages, both employing 
the "disk-seal" triode 2C39A. 

The first stage acts as a mixer (designated M2 in fig. 2), its input being 
fed at 1 watt from both FM exciter and converter oscillator. Power output 
from the mixer is also about 1 watt. The signal is amplified in the second 
stage, which delivers 10 watts to the antenna. 

1 
The circuits in both stages consist of resonant coaxial lines. They are 

tunable throughout the entire frequency range 225-470 Mc/s. 

The frequency response of the combination FM-RO has 4 Mc/s bandwidth 
at - 0 . 1 db, and is symmetrical about the centre frequency. 
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Fig. 8 

Detail of terminal bay 

Panel swung out to show supply leads and 

multi-way plug 

Input Amplifier RI 

Fig. 5 shows the unit. The circuits of this amplifier also consist of resonant 
coaxial lines employing the disk-seal triode 2C40. Referring to fig. 5. to the 
left is seen first a passive band-pass filter section. Then follow two equal 
amplifier stages, and finally the input mixer (designated Ml in fig. 2), also 
employing tube 2C40. Fig. 6 is a cut-away view of an amplifier stage. 

The combined input amplifier-mixer has a gain of 20 db and a noise figure 
better than 12 db. All stages are tunable throughout the entire frequency range. 

Intermediate Frequency Amplifier IF 

The amplifier is of conventional design with stagger-tuned pairs. The tube 
403 B (= 6AK5) is used throughout, except in the last stage which employs a 
6767 tube to handle the high power level (1 watt). A conventional automatic 
gain control keeps the output level constant within 1 db at 20 db fading. 

The maximum gain is about 100 db, the 3 db bandwidth is 7.5 Mc/s. The 
IF amplifiers in the repeaters have a built-in discriminator for service channel 
detection, as mentioned above. 

Fig. 9 
Repeater bay with covered panels 

Discriminator DI and Limiter 

The discriminator is of the so-called "Round-Travis" type [bibl. 11, employ
ing two resonant circuits tuned to 65 and 75 Mc/s respectively. Preceding the 
discriminator is a two-stage limiter using germanium diodes. The reduction 
of amplitude modulation obtained in the limiter amounts to 55 db for modu
lation frequencies from 300 c/s to about 2 Mc/s. 

Mechanical Construction 
The location of the individual units appears in fig. 7, which shows a 

repeater bay. The panels are mounted on both sides of the rack. Radio 
units for one transmission direction are assembled on the same side; the 
power supply units are common for both directions. All panels except the 
heaviest, are hinged and can be swung out (fig. 8) for inspection and serv
icing during operation. After disconnecting the supply voltages (multi-way 
plug), the unit is easily removed from the hinges for replacement by a spare 
unit. 

All units are protected by panel covers (fig. 9). The covers have no top 
or bottom, thus providing a vertical air duct for natural cooling of the 
equipment. 

Electrical Components 
The total operational reliability of the radio link is determined by the reliabil

ity of individual components. All components are therefore selected with the 
utmost care, they are all tropicalized and conservatively rated. Except for the 
disk-seal triodes 2C39A and 2C40, "long life" tubes with a guaranteed mini
mum life of at least 10000 hours are used throughout. The failure statistics 
discussed in the chapter "Operational Experience" confirm that due to con
servative rating, very satisfactory life-time figures are achieved also for the 
disk-seal tubes. The following tube types are used in the system: 

403B and 404A (radio frequency pentodes), 2C5I (double triode), 6761 
(pentode), 2C40 and 2C39A or 2C39B (disk-seal triodes). 
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Antenna System 

Fig. 10 

Repeater station with square-aperture 

parabolic antennas 

Fig. 11 X2I 

Dipole with parasitic element in aluminium 

reflector 

Of the many possible antenna types for this frequency range, a dipole in a 
parabolic reflector seems to be that which, besides satisfying the requirements 
of transmission performance, is also favourable with regard to economy and 
reliability. 

It is desirable to employ the largest possible reflector. With larger reflectors, 
the received signal strength increases and the radio path distortion decreases 
(see discussion in the section "Signal-to-Noise Ratio") thus the signal-to-
noise ratio is improved. However, practical considerations regarding weight, 
cost and available space set an upper limit to the size. 

For Oslo-Kristiansand, reflectors with a square aperture of 3 by 3 metres 
are used (fig. 10). More recently, a circular reflector of 3.5 m. diameter has 
been adopted for use on subsequent installations. The latter type is made of 
seawater-resistant aluminium and weighs only 60 kg. The gain of this aerial 
system is 20 db relative to a dipole at 400 Mc/s. 

Fig. 11 shows the dipole mounted in the aluminium reflector. The dipole 
has one parasitic element (auxiliary reflector). 

It is very important to have a good impedance match between dipole and 
feeder. The dipoles are therefore adjusted individually to give a standing wave 
ratio better than 1.1 over a 4 Mc/s wide band centered on the working 
frequency. 

Antenna Feeders 

Long feeder cables between antenna and radio equipment are frequently 
unavoidable. These should preferably be of a low-loss type. A so-called Styro-
flex cable has proved to be very suitable. The Styroflex cable is a special 
coaxial cable, in which the inner conductor is mechanically supported by a 
polystyrene tape helix. The outer conductor is a 3/4" aluminium tube, which 
makes the cable somewhat rigid and difficult to handle. The characteristic 
impedance (nominally 50 ohms) is stated to be constant within 2.5 %. 

On short feeder runs, up to some 10-20 metres, a simpler type of cable 
may be used, such as the solid dielectric type RG17U. The attenuation figures 
at 400 Mc/s for these two cable types are: 

Fig. 12 

Cut-away view of feeder types 

Upper: Styroflex, lower: RG 17 U 

Auxiliary Equipment 
Service Channel 

For intercommunication between the radio stations, a speech channel band 
of 300-3000 c/s is utilised. The stations are rung using a common v.f. 
signal of 2700 c/s. In the radio terminals the service channel modulates the 
FM exciter in the usual way (see block diagram fig. 2). In repeaters, the 
crystal stage of the sender converter oscillator is phase modulated. 
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In fig. 12 cut-away views of the two cable types are shown. 

Common Antenna Operation 

When large antennas are used, it may be desirable to work several radio-
frequency channels on a single antenna. This is done on the Oslo-Fredrikstad 
link, which runs parallel with the two first hops of the link Oslo-Kristian-
sand. Dipole and feeder are common, and the two channels are separated 
by branching filters. Two senders work together on one antenna, and two re
ceivers on the other, the frequency difference in one pair being 8 Mc/s. 



Measuring Panel 

Each radio bay is equipped with a central measuring panel where all tube 
currents and other vital currents and voltages can be read. This device has 
proved to be very useful. In many cases, regular logging of the readings 
enables the operator to detect, for instance, tube faults in the latent stage. 
Thus the faulty component can be replaced before the transmission is appreci
ably impaired. 

Fault Indication 

The fault indication device enables information about faults to be transmit
ted from repeaters to terminal stations. If the latter are also unattended, the 
information can be transmitted further over a conventional line. A general 
fault warning is sent automatically. By operating a remote interrogating 
device at the terminal station, the faulty station can be identified and more 
specific information as to the kind of fault can be obtained. In its simplest 
form this device can indicate a total of 8 different faults from each station. 
If desired, the information capacity can easily be increased. 

Stand-by Channel 

At present, it is almost impossible to satisfy the requirements of the 
telecommunication authorities regarding the reliability of national and inter
national telephone networks, as far as the radio equipment itself is concerned, 
without duplicating the radio equipment. The required freedom from service 
interruptions can be accomplished by installing stand-by equipment to take 
over traffic when the regular equipment fails. The stand-by channel is put 
into action by an automatic switching device which operates if the sender 
output falls below a pre-set level, or if the level of pilot tone is too low. 

Path Attenuation, Choice of Station Sites 
Assuming that sender and receiver are located in free space, the cal

culation of signal power arriving at the receiver antenna is very simple. For 
practical use the following formula is suitable: 

18 

In actual cases the path attenuation is influenced by the presence of the earth. 
With a small ground clearance for the line-of-sight from sender to receiver, 
the terrain has a screening action, and the received power is less than the 
free space value. With larger clearance, parts of the power emitted may 
also reach the receiver by reflexion from the ground. Depending on phase 
conditions, this contribution to the received power may be positive or negative 
with respect to the direct signal. The calculation of received power over an 
actual path is therefore somewhat uncertain, but reasonable accuracy may be 
attained if the following points are observed: 

1. It seems generally accepted that an unobstructed first Fresnel zone is 
sufficient to give "free space" conditions, [bibl. 2 and 3]. (First Fresnel 
zone is the locus (ellipsoid) of reflexion points giving a path difference of 
half a wavelength between direct and reflected beam). 



Fig. 13 X8128 

Path profiles on the Oslo-Kristiansand route 

Normal earth radius 

2. With a tangent path over smooth ground, an additional loss of the order 
of 20 db can be expected Ibibl. 4|. 

3. With a tangent path over a sharp obstacle, the additional loss amounts 
to about 6 db. [bibl. 5]. 

Plotting path profiles is one of the first things to do in planning a link route. 
Subsequent check of line-of-sight between the stations should always be made 
by optical means. It is our experience that once a free line-of-sight is ascer
tained,, measurement of path attenuation is unnecessary. It should be noted, 
however, that this rule does not apply to hops where severe reflexions can be 
expected, as for instance over water. 

Fig. 13 shows path profiles of two of the hops on the Oslo-Kristiansand 
route. The earth curvature appears very exaggerated, because distance and 
height are drawn to different scales. The longer of the two hops has almost 
complete clearance for the first Fresnel zone, while the shorter has a tangent 
path over a sharp obstacle. The measured additional losses are I and 6 db 
respectively, which are in good agreement with the expected figures. 

It appears from the measurements presented in the next section that if a 
part of the energy radiated from a sender reaches a receiver via a reflexion 
path, cross-talk noise results due to interference between the direct and the 
reflected wave. This special type of distortion can be reduced to some extent 
by suitable choice of station sites. 

The same type of interference can also result if a part of the sender 
power overreaches its hop and reaches a second receiver tuned to the same 
frequency. To avoid this effect, a zigzag course of the link route is preferable. 

Fig. 14 x c l 2 9 

Frequency scheme for the Oslo-Kristiansand 

link 

Frequencies: 388.23 Mc/s, 404.7 Mc's, 437.64 Mc/s, 
454.11 Mc/s 
H Horizontal polarization 
V Vertical polarization 
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50 lOOpV 05 tmV 5 

Receiver input voltage across 50 ohms 

Fig. 15 

Thermal noise 

Channel test tone deviation ^ 2 0 0 k e s r.m.s 

Noise figure F = 1 2 db 

fm = ccntre frequency of telephone c lannel 

because of the directivity of the aerials. If it is impossible to avoid placing 
several stations in a straight line without screening terrain formations, this 
interference can be minimized by a suitable choice of frequencies, or by 
alternating the polarization of the aerials. 

Fig. 14 shows as an example the frequency scheme for the Oslo-Kristian-
sand link. In order to economize with frequency space, the same frequencies 
are used on alternate hops. 

Originally, only vertical polarization was employed. This resulted in "jump-
over" interference at some stations. The polarization was therefore alternated, 
as appears from the figure. 

Signal-to-Noise Ratio 
In the following, the noise problems on radio links are briefly reviewed, 

and the performance obtained on the Oslo-Kristiansand link is presented in 
comparison with the CCIR recommendations on transmission performance 
[bibl. 6]. It should be noted that, according to established practice, the signal-
to-noise ratio (abbreviated s.n.r.) is expressed in terms of a noise power level 
denominated dbmO. This actually means the ratio in decibels of a reference 
signal level, the so-called channel test tone, to the noise level in a single tele
phone channel of 3100 c/s bandwidth. As is known, the test tone is defined as 
having an absolute level of 1 mW at a point of zero relative level. CCIR has 
recommended certain values of the frequency deviation of the transmitted 
signal which result when the test tone is impressed on the baseband terminals 
of an FM radio link. For 60 circuit systems, 50, 100 and 200 kc/s deviation 
(r.m.s.) are recommended values. 

A radio link introduces two principal sources of noise in a telephone channel: 

1) Circuit noise and tube noise originating from the input stages of radio 
receivers; in the following such noise is designated thermal noise. 

2) Crosstalk (intermodulation from other channels caused by non-linear 
distortion in the transmission elements.) Crosstalk is mainly unintelligible. 
The requirements for freedom from distortion are, as is known from conven
tional carrier frequency techniques, extremely strict, and at present it seems 
that they can only be satisfied by radio systems using frequency modulation. 

The thermal noise level caused by one receiver alone is easy to calculate. 
It is characteristic for frequency-modulated systems that the noise level 
depends on the frequency location of the channel in the baseband. The 
channel at the high end of the baseband has the poorest s.n.r. In fig. 15, the 
s.n.r. for several individual channels is plotted against receiver input voltage. 

All non-linear elements in the system contribute to the crosstalk. The 
largest contributions come from modulator and demodulator, from all radio 
frequency circuits (because of the inherent delay variations), from aerial feed
ers and from the hop between transmitter and receiver. Calculation of cross
talk noise is very complicated and a detailed discussion is beyond the scope of 
this paper. Usually, the crosstalk noise will also be worst in the highest 
channels. 

Noise voltages from thermal noise and crosstalk are uncorrelated and add 
on a power basis. If the degree of modulation (frequency deviation) on a 
radio link is increased, the relative thermal noise level decreases. On the 
other hand, the crosstalk noise increases, and consequently an optimum 
deviation can be found, which gives the best s.n.r. in any certain system. This 
optimum deviation is not necessarily the same for channels at the high and 
low ends of the baseband. 
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Measurement of Signal-to-Noise Ratio 

Conventional methods of measuring the transmission performance of carrier 
frequency systems appear to be unsuitable for testing radio links. 

More recently a new test procedure, the so-called "white noise" method, 
has come in use Ibibl. 7|. According to this method, the multiplex signal is 
substituted by a signal of random noise (white noise) of the same bandwidth. 
The test noise loads the system in a realistic manner, and the results can easily 
be interpreted. This method has proved to be so effective for testing multi
channel systems that CCIR and CCITT have proposed specifications for the 
test noise loading for various system sizes. 

A noise test equipment has been developed at the laboratory of Elektrisk 
Bureau. All measurements on the Oslo-Kristiansand radio link have been 
made with this equipment. The test equipment permits quick checking of the 
signal-to-noise ratio (s.n.r.) of a number of individual channels within the 
baseband. For the sake of simplicity, however, only the results for the lowest 
and highest channel are presented here. By plotting curves of s.n.r. against 
applied test noise power, the optimum degree of modulation can easily be 
found. 

Transmission Quality Requirements 

The CCIR recommendations apply to a reference link of 2500 km length. 
According to CCIR Recommendation No. 200, a maximum noise of 5000 pW 
(psophometric) is allowed in a busy hour in the absence of fading. The figure 
refers to a point in the system of zero relative level. No recommendation is 
given about how this noise is to be distributed. In bibl. [8] and [9] a suitable 
distribution is proposed. Based on this proposal, we may assume the per
missible noise power for the route Oslo-Kristiansand (298 km): 

298 
Line noise: 5000 = 600 pW 

2500 
2 terminals: 500 pW 

Total 1100 pW 

This corresponds to a noise level of — 60 dbmO (s.n.r. of 60 db). 

For one hop comprising two terminals separated by a distance of 50 km 
the requirement is fixed at - 65 dbmO. 

Measured performance Oslo-Kristiansand 

As mentioned above, the s.n.r. for the Oslo-Kristiansand link has been 
measured using the white noise method. Thus the noise level in a telephone 
channel has been plotted as a function of the degree of modulation, the latter 
expressed in terms of frequency deviation of the channel test tone. A test-
noise loading of + 2.8 dbmO has been used. This rating is based on the CCIR 
recommendation for the noise loading of N channels: 

P„= — 15 + 10 1og10 yVdbmO (2) 

However, this rating applies when N ^ 240 channels. For smaller channel 
numbers, a higher relative loading is proposed: 

Pn = — 1 + 4 log1(J TV dbmO (3) 

when 12 s; N < 240 ibibl. 10]. This proposition is not yet ratified as a 
recommendation. According to formula 3. the noise loading for 60 channels 
should be + 6 . 1 dbmO. If this rating is used, the results presented below should 
be corrected. 

Three different types of measurement have been made: 
1. Sending and receiving equipment of a terminal station looped at inter

mediate frequency - that is, with no radio frequency equipment included. 
The unit FM in fig. 2 is connected to the discriminator DI with a limiter 
included. 
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F i g . 17 X 2395 

S .n . r . measurements with noise loading. 

Highest channel, 250 kc/s. 

Curves explained under fig. 16. 

F i g . 18 X2396 

Measurements at 250 kc/s over a 5 km 
optical path 

1 Normal dipoles in parabolic reflectors 

2 One reflector substituted by a "corner reflector"1 

3 As 1, with improved radiation pattern of dipoles 

4 As 3, with reflectors netting-clad 

2. Sending and receiving equipment looped at radio frequency via an 80 db 
attenuator. Radio frequency equipment is included but not antennas and 
feeders. 

3. The entire radio link Oslo-Kristiansand. 

In figs. 16 and 17, the solid lines indicate total s.n.r., while the dotted lines 
indicate s.n.r. due to thermal noise alone. 

Fig. 16 shows the results obtained in the 14 kc/s channel. The curves 
exhibit a pronounced maximum of s.n.r. As expected, curve 1 (for terminal 
equipment looped at intermediate frequency) shows the best results. The de
terioration when the entire route is included (curve 3) is small except with a 
very high degree of modulation. With normal modulation, all figures are 
substantially better than the requirements. 

Fig. 17 shows the corresponding results obtained for the highest channel 
(250 kc/s). Curve 1 exhibits approximately the same figures as for the lowest 
channel, but there is an appreciable deterioration for terminal equipment 
looped at radio frequency (curve 2). This is mainly caused by the delay 
distortion of the radio frequency circuits. For the entire route the deterio
ration is very pronounced, and far greater than was expected. The radio 
equipment alone complies with the requirements, but in the actual link this 
channel falls short by about 10 db. 

This result has been subject to extensive research. An approach to the 
problem was made with a local terminal loop including feeders and antennas 
separated by about 2 metres. The results were comparable to case 1 above, 
proving that antennas and feeders performed well. 

It soon became evident that the distortion was originating from the hop 
itself, and suspicion was focussed on possible unwanted signal paths between 
sender and receiver, caused by terrain reflexions (multi-path propagation). 
Measurements on a 5 km. experimental link are summarized in fig. 18. Curve 
No. 1 shows s.n.r. resulting when the normal antennas were used. The curve 
follows an unexpected pattern, the s.n.r. deteriorating rapidly at a very low 
degree of modulation. The best s.n.r. is obtained at a very large deviation. The 
conventional view that s.n.r. is best when the contributions from thermal noise 
and crosstalk are equal, does not apply to this case. To explain this pattern, 
it must be assumed that the transmission path exhibits distortion factors of high 
order. This phenomenon, however, cannot be thoroughly dealt with here. 

Fig. 18 further shows that the crosstalk can be substantially improved if 
antennas with less side lobe radiation are used. It seems quite feasible to satisfy 
the CCITT recommendations. The investigation, not yet concluded, also seems 
to suggest that the path length is of minor significance for the crosstalk noise, 
provided the path is within line-of-sight. 

Distortion due to a reflected signal can also arise in a fundamentally different 
way, namely by "amplitude to phase conversion" in the receiver proper. In
vestigations have shown, however, that this contribution is negligible. 

Operational Experience 
The Oslo-Kristiansand radio link has now been in operation for more than 

17 months, and the experience gathered so far is a good basis for judgement 
of the operational problems to be encountered and the reliability which can 
be achieved. 

It should be noted that no stand-by equipment is installed on this link. 
Usually, the occurrence of a fault, for instance a tube failure, involves total 

22 



traffic stoppage. The duration of the stoppage cannot be shorter than the 
time spent by the serviceman travelling to the station. With the exception of 
Oslo and Tryvann, which are staffed 24 hours a day because of other services, 
the stations are unattended. It is fairly easy to reach these stations, but 
takes nevertheless between half an hour and an hour, even in summer. In 
winter conditions it takes even longer. 

Table 1. Summary of faults from 1.12. 1956 to 1.5. 1958 
wit ho u I stand-by 

Cause of fault 

Tubes 2C39A 
Tubes 2C40 
Other tubes 
Other components 
Lightning 
Mains power 
failure 
Unknown cause 

Sum 

Total 
number 

in use 

56 
42 

482 

Faults 
causing 
break
down 

7 
1 
4 

17 
1 

15 
13 

58 

Faults not 
causing 
break
down 

11 
19 
6 

26 
0 

0 
3 

65 

Total of 
faults 

18 
20 
10 
43 

1 

15 
16 

123 

Break
down 
hours 

38.5 
1.2 

16.1 
65.6 

5.0 

47.0 
7.5 

180.9 

Break
down in% 

of time 

0.31 
0.01 
0.13 
0.53 
0.04 

0.38 
0.06 

1.46 

The summary of service failures presented in table 1 should be judged with 
these conditions in view. The breakdown time is dominated by failures of the 
tube 2C39A. The average lifetime of this tube has nevertheless proved to be 
satisfactory, being well above 10000 hours, probably in the neighbourhood of 
20000. It appears from the summary that the mains power has failed several 
times. This is due to some deficiencies of the stand-by power plants which 
have later been overcome, and also because stand-by power is not yet installed 
at one of the repeaters. 

The breakdown time has a decreasing tendency. Table 2 shows the percent 
breakdown time for each month from December, 1956 to April, 1958. 

Breakdown or transmission impairment caused by climatic conditions has 
never been observed. It is remarkable that the performance of antennas and 
feeders has never been appreciably impaired, even under heavy snow and ice 
loading. 

Table 2. Monthly failure statistics from Dec, 1956 to April 1958. 
Radio link w i t li o u t s tan d-b y. 

Month 

Dec. 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 

1956 
1957 

' 
' 
' 
1 

' 
' 
" 

Breakdown in 
percent of 

time 

3.25 
1.3 
1.18 
0.37 
1.9 
2.35 
2.3 
4.1 
1.85 

Month 

Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
March 
April 

1957 
" 
" 
" 

1958 
" 
" 
" 

Breakdown in 
percent of 

time 

0 
0 
0.16 
0 
0.1 
0.7 
0.4 
0.04 

Fading 

On the Oslo-Kristiansand link, a continuous recording of fading has been 
made on the hop Tryvann-Fredrikstad. This hop is about 87 km long and 
thus the longest on the route. An exhaustive study of the recorded data is 
in progress. Preliminary investigation for the first six months of recording has 
shown that fading deeper than 10 db has occurred for 0.85 % of the time, 
deeper than 20 db for 0.06 %, and deeper than 30 db for 0.0003 % of the 
time. The latter figure corresponds to 7 minutes in half a year. 
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Recording of fading on the other hops has not been made , but there is no 

indication that fading occurs to any serious extent. Traffic breakdown or 

impairment due to fading has so far not occurred. 

Service 

The service work on the Oslo-Kris t iansand link is performed at each 

station by the district telegraph technicians, who attended a 3-days instruction 

p rogramme at the laboratories of Elektrisk Bureau. The service includes 

weekly routine inspections with logging of all instrument readings, and em

ergency visits ordered by the terminal operator in case of a fault at a station. 

As mentioned above, this link is operat ing without any stand-by equipment. 

There are no complete replacement units stored at the stations. It should also 

be noted that the fault indication device mentioned earlier is not installed on 

the Oslo-Kris t iansand link. Instead, a remote control equipment enables the 

terminal operator in Oslo to localize the faulty station, without giving specific 

information as to the kind of fault. T h e service work is therefore based on the 

assumption that all faults can be localized and repaired on the station. For 

this purpose a small stock of spare components is kept on all stations. In most 

cases, a fault can be localized in a few minutes by means of the measuring 

panel. 

Repairing this kind of equipment on the spot may seem difficult. However, 

in practice it has worked out well. The majority of the failures are due to 

defective tubes. Several units are critical and need laboratory facilities for 

proper adjustment. In the case of a fault in one of these units, a temporary 

repair is made on the spot, and a replacement unit is sent as soon as possible. 

This procedure has never resulted in a temporary impairment of transmission 

performance. 
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Vehicle-actuated Traffic Signals at 
Sodertaljevagen—Sockenvagen, Stockholm 
G B E R G L O F , T H E S T O C K H O L M S T R E E T S I M P R O V E M E N T B O A R D , S T O C K H O L M 

U.D.C. 625.746 
656.057 

L M Ericsson's vehicle-actuated traffic signal systems have been described 

in earlier numbers of Ericsson Review. In a vehicle-actuated system the green 

signal periods vary automatically from one cycle to the next according to the 

current volume of traffic passing through the intersection. The particular fea

ture of EM Ericsson's system is the use of electric cable detectors which are 

installed under the road surface, being therefore unexposed to wear from 

passing vehicles. Consequently the life of the detectors - which are normally 

the most heavily taxed components in a road signal plant - is practically un

limited. The author of this article is the engineer responsible for the planning 

of all signal installations in Stockholm. The installation he describes is a new 

and rather complicated one in a suburb on the south of the city. The control 

apparatus in E M Ericsson's system has proved to possess the necessary flexi

bility for dealing with many new requirements in traffic control. 

A traffic signal plant manufactured by L M Ericsson was installed at the 

end of June 1958 at the junction of Sodertaljevagen and Sockenvagen about 

1 mile south-west of the Liljeholmen bridge. Sockenvagen comes in from the 

east to meet Sodertaljevagen in a T-junction. The traffic at the junction has 

progressively increased, and by 1956 had reached such proport ions that some 

action to improve the situation had become imperative. This was confirmed by 

the high accident statistics at the junction. 

Sodertaljevagen forms part of Highway One and is the approach road to 

Stockholm from the south, but is at the same time an important link between 

the city and the south-western suburbs. Sockenvagen provides a link east

wards, particularly with certain suburbs, and serves to some extent as an outer 

circular road, stretching from Sodertaljevagen to Skarpnack on the boundary 

of the town of Nacka. 

The two roads meeting at this junction are accordingly very important 

arteries, the main streams of traffic being along Sodertaljevagen in both direc

tions and from Sockenvagen via Sodertaljevagen townwards and vice versa. The 

traffic from Sockenvagen southwards is admittedly smaller, but is of no mean 

proport ions nevertheless. The passage through the junction is complicated by 

the considerable bicycle and autocycle traffic on the side lanes on both roads, 

and by the large number of pedestrians proceeding especially to the several 

bus stops in the vicinity. There are also two schools and a fairly large resident 

populat ion in the neighbourhood. 

The appearance of the junction prior to the reconstruction is shown in fig. 1. 

The new plan, involving the installation of traffic signals, was based on a 

traffic count at the Sodertal jevagen-Sockenvagen junction on June 3, 1955. 

The traffic quantities recorded in that count during morning and afternoon 
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Fig. 1 x 2 4 0 6 

Sodertaljevagen—Sockenvagen before the 

1957 reconstruction 

Fig. 2 X 2 4 0 7 

The junction after the reconstruction 



F i g . 3 X 2408 

Traffic quantities counted on June 3, 1955, 
during peak hours in morning (above) and 
afternoon (below) 

F i g . 4 X 7754 

The seven signal phases in the 1958 plant: 
main phases B, D, F; sub-phases A, C, El; 
and pedestrian phase E2 

peak hours are shown in fig. 3, the first figure representing motor cars, lorries 
and buses, the second motor cycles and autocycles, and the third push cycles. 
The final arrangement is shown in fig. 2. The work was completed during 1957 
and the signals were installed at the end of June 1958. 

The traffic signals consist of a vehicle-actuated system comprising seven 
phases, which on first thought may appear unnecessarily many. The various 
phases are illustrated in fig. 4. 

On closer consideration it is seen that the phases consist of three "main 
phases" B, D and F, for the Sodertaljevagen traffic in both directions, for 
traffic entering Sodertaljevagen from Sockenvagen, and for traffic turning right 
from Sodertaljevagen into Sockenvagen. Each main phase has a sub-phase for 
bicycles and autocycles in the same directions. A, C and EI. The bicycle phases 
can be kept quite brief; they operate only in response to a bicycle request and 
come immediately before each main phase. With this phase sequence, traffic 
turning left from Sodertaljevagen into Sockenvagen can proceed uninterrup
tedly through the successive phases B, C and D. In the same way the traffic 
turning left out of Sockenvagen can proceed in phases D, EI and F, and the 
Sodertaljevagen traffic towards town in phases F, A and B. The seventh phase 
F2 is intended solely for pedestrians crossing the western carriageway of Soder
taljevagen; it operates in response to a pedestrian request only if there is not 
already a request for phase El, i.e. bicycle and autocycle traffic swinging right 
into Sockenvagen. The provision of phase F2 means that the traffic on the 
eastern carriageway of Sodertaljevagen is not interrupted if a single pedestrian 
wishes to cross the western carriageway. All pedestrian crossings have push 
buttons, and pedestrians can everywhere cross simultaneously with the vehicle 
traffic in one or more of the phases. 

26 



Fig. S X 8138 

The phase sequence of signals may follow 
either of these three cycles; one or more 
phases, with the exception of phase B, may 
be skipped within any one cycle. In the ab
sence of a request the cycle returns to phase B, 

The phase sequence for traffic of all kinds and in all directions is A-B-C-D— 
El-F, and any phase or phases are skipped for which no request exists. If there 
is no request for changing to green or for extension of the green period, the 
cycle returns to phase B\ phase B cannot be skipped. A restriction exists to the 
extent that phases C or D cannot occur in the same cycle as the two phases 
E2 and F. The reason for this is that, with the phase sequence C-D-E2-F, the 
forward-going traffic on the eastern carriageway of Sodertaljevagen, after 
having waited through phases C and D, would start moving in phase E2 and 
then be stopped again in phase F before being allowed to proceed again in 
phases A and B. Consequently, if a request from motor vehicles turning right 
out of Sodertaljevagen is received after the change to phase E2 has already 
started, the phase sequence will continue to C-(or D-)E2-A (or —B), whereas, 
if the request comes before the change to E2 has started, the phase sequence 
will instead be C-(or D-)E1-F (or -A or -B). If phases C or D have not 
preceded phase E2, a change can be made to F or A or B. The possible com
binations in any one cycle are illustrated in fig. 5, and, as stated, any one or 
more of the phases, except phase B, can be skipped in any cycle. 

In order to make the fullest possible use of the capacity of the junction 
without unnecessary delays between one flow of traffic and another, phase D 
has been given a zero minimum period in phase sequences C—D-El and C—D— 
F. The reason will be apparent if one considers that, at the end of phase C, 
there may still be traffic turning right out of Sockenvagen. The signals now 
change to phase D; but during the change to phase D the last right-turning 
vehicle from Sockenvagen may have passed the stop limit. In order that right 
turning traffic from Sodertaljevagen shall not have to wait unnecessarily long, 
the change from phase D to whichever of phases El or F has been requested 
must start as soon as the change from phase C to phase D has been completed. 
The left-turning traffic from Sockenvagen is not affected by the latter change 
but continues uninterrupted. On the same principle it has been arranged that 
the minimum F period shall be zero in the sequences El-F—A or El-F-B, and 
the minimum B period zero in the sequences A-B-C or A-B-D. The following 
rule may be formulated. If no light changes aspect more than once in three 
successive phases, the minimum green period for the middle phase shall be 
zero. Thus the change from the middle phase starts at the same instant as the 
change to that phase has been completed if the need for the middle phase no 
longer exists at that time. 

The traffic-handling capacity of this junction since the installation of the 
signals has been very satisfactory. One complication, however, has been the 
long and steep hill leading up to the junction from the north; heavily 
loaded lorries have found it difficult to get moving and follow the vehicle in 
front without exceeding the predetermined interval. This has led to gaps in 
the columns, with the consequent risk of the signals switching to red. During 
the morning and afternoon rush hours the police have usually controlled the 
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signals by push-button operation, which has been very much simpler than the 
earlier method of traffic control by police on ordinary point duty. Four push 
buttons are provided for manual control of signals, one for each of phases 
A, C and EI, and one marked "No bicycles", which switches the signals from 
A to B, C to D, and El to F. Phase E2 cannot be operated by manual control. 

After the signals had been in use for some months, a traffic count was 
made at the junction on November 15-17. The highest number of vehicles 
during one hour was counted on Saturday, November 15, between 12.45 a.m. 
and 1.45 p.m. The traffic quantities during this hour are shown in fig. 6, the 
volume per lane and hour being about 1200 motor vehicles, which, in view of 
the traffic being divided into three main phases, is a very high figure. 

As stated in the introduction, the signalling plant with electric cable detectors 
was designed, manufactured and tested by L M Ericsson. Special relay sets were 
added to the standard equipment in order to meet all the requirements of this 
heavily trafficked junction with its combined motor vehicle, bicycle and 
pedestrian traffic. The plant has so far operated at the same high level of 
reliability as the previous systems supplied to the City of Stockholm by 
L M Ericsson. 
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Traffic count during peak hour on November 

15, 1958 (12.45 a.m.—1.45 p.m.) 



LM Ericsson Exchanges Cut into Service 1958 
Exchanges with 500-line selectors 

Town 

Argentine 

Mendoza 

Brazil 

Americana 
Aragatuba 
Carangola 
Cuiaba 
Curvelo 
Divinopolis 
Dracena 
Franca 
Limeira 
Maringa 
Mirassol 
Oswaldo Cruz 
Patos (Paraiba) 
Sao Jose do Rio Preto 
Sete Lagoas 
Tupa 

Colombia 

Barranquilla 
» 

Bogota DE 
» 

Manizales 
Medellin 

» 
Neiva 
Yarumal 

Ecuador 

Guayaquil 
Quito 

Ethiopia 

Addis Ababa 

Finland 

Oulu/UIeaborg 
Rauma/Raumo 
Tampere/Tammerfors 
Turku/Abo 
Vasa/Vaasa 

Iceland 

Reykjavik 

Italy 
North Italy 

Padova 
Schio 

E x c h a n g e 

Mendoza I 

Estadio 
Sur 
Ciudad Universitaria 
San Fernando 

Bosque 
Centro 

Mariscal Sucre 

Centro 

Grensas 

(extension) 

(extension) 
(extension) 
(extension) 

(extension) 
(extension) 

(extension) 

(extension) 

(extension) 
(extension) 

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

(extension) 
(extension) 

(extension) 

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

(extension) 

(extension) 
(extension) 

N u m b e r 
of l i n e s 

1000 

500 
500 
160 

1000 
300 
500 
500 

1500 
1000 
500 
500 
500 
500 
500 
500 

1000 

1000 
1000 
3000 
1000 
2000 
1000 
500 
500 
500 

1000 
500 

500 

500 
500 

2000 
2000 

500 

1500 

2500 
300 
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T o w n 

Stra 
Treviso 
Venezia 
Vicenza 

South Italy 

Acireale 
Avellino 
Castellamare 
Castellamare del Golfo 
Catanzaro 
Isola Liri 
Lecce 
Matera 
Mazara del Vallo 
Messina 
Molfetta 
Napoli/Neapel 

» 
» 
» 
» 
» 
» 

Palermo 
» 

Potenza 
Ragusa 
Reggio Calabria 
Salerno 
Sora 
Taranto 
Trapani 

Lebanon 

Beirut 
Furn el Chebak 

Mexico 

Mexico DF 
» 
» 
» 
» 
» 
» 
» 
» 

Puebla 

Netherlands 

Rotterdam 
» 

Norway 

Steinkjer 
Trondheim 

E x c h a n g e 

Centro 

Bagnoli 
Centro 
Fuorigrotta 
Museo 
Nolana 
Portici 
Posillipo 
Ferrovia 
Polacchi 

Atzcapotzalco 
Madrid 
Peravillo 
Piedad 
Portales 
Sabino 
Saro 
Valle 
Victoria 

Schiedam 
West II 

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

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

(extension) 
(extension) 

(extension) 
(extension) 

(extension) 

(extension) 
(extension) 

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

(extension) 
(extension) 

(extension) 

(extension) 
(extension) 
(extension) 

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

(extension) 
(extension) 

(extension) 

N u m b e r 
of l i n e s 

20 
500 

2400 
1500 

1000 
1000 
500 

80 
1100 
300 

1000 
1000 
1000 
4500 
1000 
1500 
3000 
2500 

500 
1500 
3000 
2000 
2500 
3500 
1000 
1000 
1000 
1300 
400 

1300 
1000 

3000 
1500 

500 
10000 

1000 
9000 
1000 
500 
500 

1000 
500 

1000 

2000 
3000 

1500 
2500 J 
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T o w n 

New Zealand 

Kensington 
Onerahi 

Panama 

David 
Panama City 

Salvador 

San Salvador 

Sweden 

Enkoping 
Gavle 
Gothenburg 

» 
Huskvarna 
Jakobsberg 
Jonkoping 
Karlskoga 
Karlstad 
Ludvika 
Norrtalje 
Stockholm 

» 
» 
» 
» 
» 
» 
» 
» 
» 
» 

Trollhattan 
Uppsala 
Vasteras 

Turkey 

Antalya 
Cankiri 
Usak 

Venezuela 

Barquisimeto 
Cabimas 
Ciudad Bolivar 
Coro 
Cumana 
La Concordia 
Lecheria 
Maturin 

E x c h a 

Panama IV 

Biskopsgarden 
Molndal 

Kungsholmen 
Farsta 
Huddinge 
Hasselby 
Lidingo-Villastad 
Lidingo-Brevik 
Storangen 
Sundbyberg 
Viggbyholm 
Arsta 
Orby 

n g e 

(extension) 

(extension) 

(extension) 
(extension) 

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

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

(extension) 

(extension) 
(extension) 
(extension) 

Total 

N u m b e r 
of l i n e s 

500 
500 

200 
1000 

2000 

500 
500 

6000 
1000 
1000 
500 
500 

1500 
1500 
500 
500 

1000 
8000 
1000 
3000 
1000 
1000 
1000 
1000 
1000 

10000 
3000 
1000 
2500 
1500 

1000 
500 
500 

1000 
1500 
1000 
900 

1650 
1000 
300 

1500 

180710 
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Public exchanges with crossbar switches 

T o w n 

Brazil 
Santo Andre 

» 
» 
» 
» 

Burma 
Rangoon 

» 

Denmark 
Aalborg 
Copenhagen 

» 
» 
» 
» 
» 

Odense 

Finland 
Helsinki'Hclsingfors 

» 

» 

» 

» 

Karjaa/Karis 

Indonesia 
Magelang 

Ireland 
Limerick 

e x c h a n g e 

Santo Andre 
Sao Caetano 
Sao Bernardo 
Ribeirao Pires 
Maua 

North 
Insein 

(extension) 
Bella 
Dams0 
Herlev (extension) 
Hvidovre 
R0dovre (extension) 
S0borg 

(extension) 

Kaarela/Karbole 
Malmi Malm 

(extension) 
Meilahti/Mejlans 

(extension) 
Pakila Baggbole 

(extension) 
Sorniiinen/Somas 

(extension) 

(extension 

N u m b e r 
of l i n e s 

4000 
2000 
1200 
200 
200 

2000 
300 

2000 
1000 
1000 
1000 
5000 
1000 
1000 

22000 

1000 

1000 

1000 

1000 

1000 
1000 

1000 

400 

T o w n 

Netherlands 

Rotterdam 
» 

Pakistan 

Sukkur 

Sweden 

Skovde 

Yugo-Slavia 

Beograd 
» 

Kraljevo 
N i s 

Sombor 
Zagreb 

» 

U.S.A.* 

Leesburg, Florida 
North Madison, 
Indiana 
Winter Garden, 
Florida 
Crestline, Ohio 
Gabon, Ohio 
Woodland (Mans
field), Ohio 
Dalton, Georgia 
Live Oak, Florida 
Florida State 
University 

E x c h a n g e 

Schiedam (extension) 
West II (extension) 

Krunski Venae 
Rakovica 

(extension) 

Pescenica (extension) 
Trnje 

Total 

N u m b e r 
of l ines 

2000 
3000 

1000 

6700 

2000 
600 
600 

1000 
1000 
1000 
2000 

3000 

600 

1500 
1200 
1000 

1000 
4000 
1000 

1000 

86500 

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

Private automatic telephone 
exchanges PAX and PABX 
(delivered from Stockholm) 

Exchanges with 500-line selectors 

Exchanges with crossbar switches 

All-relay exchanges 

Exchanges with 100-line selectors, 
system AHD 

Exchanges with 30- and 25-line 
selectors, system OL 

Total 

Number 

39 

17 

489 

160 

308 

1013 

Number 
of lines** 

13820 

4130 

4431 

14770 

10023 

47174 

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

Denmark 
Etluopia 
Finland 
Italy 
Netherlands 
Poland 
Sweden 

Total 

Rural exchanges with 100-line 
selectors, system XY 

Norway 

Number 

— 
1 

58 
2 
3 

— 
2 

66 

13 

Number 
of lines** 

100 
60 

6500 
1180 
2300 
1000 
3600 

14740 

2820 

** The number of lines includes both new exchanges and extensions of existing exchanges. 
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N E W S from 
All Quarters of the World 

Record Increase in World Telephones 
U. S. A. still holds the lead 

The telephone networks of the 
world are expanding at an ever in
creasing rate. In 1957 the number of 
installed telephones rose by 7,800,000 
-the largest annual increase in the 
history of telephony. U.S.A. still 
holds first place with 37 telephones 
per 100 inhabitants. For the whole 
world the figure is only five. 

"The World's Telephones", issued 
annually by the American Telephone 
and Telegraph Company, records 
fifteen countries with a million and 
more telephones at January 1, 1958. 
The year previously there were four
teen. The fifteenth country is the 
Soviet Union, for which statistics are 
now available. 

The annual rise in telephones in 
the years prior to the late war was 
about one million. In 1939 there were 
41.1 million telephones in the world. 
Since the war the increase has been 
very much faster, and there are now 
117.8 million. The order of countries 
having more than 1 million telephones 
has not changed much. U.S.A. retains 
the lead, with Sweden still second. 
Canada again occupies third place. 
The only change of order is that Italy 
has passed Argentina. 

Among the million-telephone coun
tries the greatest expansion since 1948 
has been in Japan, where the number 
of telephones has risen by 225.2 per 
cent. Next come Italy with an in
crease of 208.1 per cent, Spain 162.8 
per cent, Holland 138.0 per cent, 
Canada 115.9 per cent, Australia 
100.2 per cent. Among the other 
countries listed the increase varies 
between 58.8 and 85.9 per cent. 

In these fifteen countries the tele
phone is still used most in Canada, 
but it looks as though Sweden might 
pass Canada in conversations per ca

pita next year. U.S.A. is third in this 
respect, while statistics of per capita 
conversations in France and the Soviet 
Union are lacking. The figure for the 
whole world is approximate. 

Among all countries in the world, 
however, the crown goes to Alaska, 

where every inhabitant has 581 con
versations per annum. In Hawaii the 
figure is 522.2. The lowest figure is 
in French West Africa, one conversa
tion per inhabitant per annum. 

Washington, D.C., has a higher te
lephone density than any other cityr 

70 telephones per 100 inhabitants. 
San Francisco (60.1) had held the 
lead for many years, but has now 
been outdistanced by Washington, 
Atlantic City, N.J. (62.7) and Los 
Angeles (61.0). After the American 
cities come Basel, Switzerland, with 
57.5, and Stockholm, Sweden, with 
57.2. 

Among the leading fifteen coun
tries Switzerland has gone furthest in 
automatization, 99.7 per cent of 
Swiss telephones now being automatic. 
West Germany is second, followed by 
Holland, Italy and East Germany. 
U.S.A. is sixth with 89.4 per cent, 
Argentina seventh with 83 per cent, 
and Sweden eighth with 82 per cent. 

Countries with above one million telephones 
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L M Ericsson visit 
to Far East 

Early this year the president of L M 
Ericsson, Mr. Sven Ture Aberg, ac
companied by Mr. Malte Patricks, 
made a journey to Thailand, Burma, 
Indonesia and Australia. The photo
graph below was taken in Bangkok 
and shows Mr. Aberg with Comman
der Tabpanawong Bunnag, Chief of 
Port Organization and (left) Mr. Sa-
nong Thavisin, director of the Vichien 
Radio & Television Co. Ltd., the L M 
Ericsson representatives in Thailand. 

Danish State Railways install 
additional C. T. C. Plant 

The Danish State Railways opened 
their first centralized-traffic-controlled 
section of line in 1956. This was a 
single-track line running from Vor-
dingborg to Masnedo across the bridge 
linking the islands of Zealand and 
Falster. A second C.T.C. plant was 
brought into commission on the 
double-track line Nyborg-Odense-
Tommerup in 1956 and 1957. The 
C.T.C. equipment for the latter in
stallation is shown in the photograph 
above. 

The interlocking equipment for 
these installations and the operators' 
desks for the C.T.C. offices were 
delivered mainly by L M Ericsson's 
Danish associates, Dansk Signal In-

dustri A/S, while the remaining 
C.T.C. equipment came from L M 
Ericssons Signalaktiebolag in Stock
holm. 

The Danish Railways have a long-
term plan for the installation of 
C.T.C. on several lines (see map). The 
aim is, first, to place the Nykobing-
Gedser section under centralized traf
fic control, later linking up with the 
Vordingborg-Masnedo system so as 
to form a continuous C.T.C. line 
between Gedser and Vordingborg 
with C.T.C. office at Nykobing. 

The double-track line Copenhagen 
-Korsor is to be converted to C.T.C, 
beginning with the Taastrup-Ringsted 
section with C.T.C. office at Roskilde. 

The Nyborg-Tommerup line, with 
C.T.C. office at Odense, is to be 
extended to Fredericia. 

The next project is the Lunderskov 
-Padborg line on Jutland, starting 
with the Tinglev-Rodekro section and 
a provisional C.T.C. office at Ting-
lev. Finally it is planned that C.T.C. 
shall be installed on the Struer-Hjerm 
line on Jutland with C.T.C. office at 
Struer. 

As before, the main part of the 
interlocking equipment will be deliv
ered by Dansk Signal Industri and 
the C.T.C. equipment by L M Erics
sons Signalaktiebolag. 

With the completion of this pro
gramme the Danish State Railways 
will be one of the biggest users of 
C.T.C. in Europe, considered in rela
tion to total railway mileage. 
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A study group from the Norwegian 
Defence College visited Stockholm 
and Copenhagen in February. The 
Norwegian officers, led by Chief 
of the College Staff, Major General 
W Hansteen, are here examining 
a 500-line switch at Midsommar-
kransen. 

(Right) Ivar Bjorklind who recently took part 
in the Swedish "Double or Quits" TV com
petition. Mr. Bjorklind is a transport worker 
at Ermi, l lvsunda. His subject was "Swedish 
proletariat literature". A great favourite with 
the public, he unfortunately failed on the 
2,500 kronor question. The photograph is 
taken from a TV film showing him at his daily 
work on Ermi's electricity meters. Ivar Bjork
lind has already written one book and is to 
have a new novel published this autumn. 

The inauguration of the new 500-selector exchange at 
Arsta, Stockholm, did not in fact take place to the ac
companiment of hula-hula dancing, as might be thought 
from the photograph. The garlands are not Hawaiian 
flowers, but plugs used for the cut-over of the new exchange. 
From left, Messrs. Malte Patricks and Eric Ledin, LME, 
and Mr. Olle Linder of the Swedish Telecommunications 
Administration. 

(Below) A unique photograph of ten telephone veterans 
from L M Ericsson's head factory, each of whom has 
worked more than 50 years with the company. All have 
received L M Ericsson's gold, silver and bronze medals, 
and all are shareholders in the worldwide enterprise which 
they have helped to create. (Standing, from left) Ludvig 
Ljungqvist (started 1897), Karl Larsson (83 years old and 
employed at LME for 63 years), Fabian Stagnell (started 
1897), Albert Milton (started 1907) and Axel Lundgren 
(started 1898). (Sitting, from left) Thure Karlsson (52 
years with company), Hilma Jansson (started 1908), Ruth 
Elg (started 1908), Lisa Carlsson (started 1907) and Axel 
Rydstrom (started 1905). 

In conjunction with the installation of a new 
president at O/Y L M Ericsson A/B, Helsinki, 
representatives of Telefonaktiebolaget L M 
Ericsson paid a visit to the Finnish subsidiary 
and to the Finnish P.T.T. (From left, above) 
Mr. Sven TureAberg, Mr. S J Ahola, Director 
General of the Finnish P.T.T., Mr. Cornelius 
Berglund, LME, Mr. Sven Weber, previous 
president of O/Y L M Ericsson A/B, and the 
new president Mr. Fngmar Horelli. 



L M Ericsson delivers C. T. C. to Pakistan 

L M Ericsson has been awarded 
the contract, in face of international 
competition, for relay interlocking 
plants for the two large railway sta
tions at Karachi, capital of Pakistan, 
and for C.T.C. equipment on the 
roughly 20-kilometre double-track 
line between Karachi Cantonment 
Station and Landhi. The order is 
worth about 4 million kronor. 

L M Ericsson is both to deliver and 
install the equipment. The work is to 
be completed in three stages, starting 
with the C.T.C. installation, followed 
by Karachi City Station and, finally, 
Karachi Cantonment Station. All in
stallations are to be completed within 
two years. 

Karachi City is a terminal station. 
Some 3 kilometres to the east lies 
Karachi Cantonment, and thence a 

double-track line runs east-northeast 
via Landhi. Karachi City and Karachi 
Cantonment are linked by three 
tracks, all of which will be equipped 
with relay interlockings. One track is 
to have signalling equipment for 
movement in both directions, the other 
two tracks being unidirectional. On 
the C.T.C. section both tracks will be 
equipped with signals for two-way 
movement and the C.T.C. office will 
he in the same building as the relay 
interlocking plant for Karachi Can
tonment. The size of the plant will be 
realized from the fact that some 150 
points are to be equipped with electri
cal point machines. 

The Pakistan network covers some 
12,000 kilometres of track. The sig
nalling system, which has hitherto 
been mainly mechanical, is to be 
thoroughly modernized. 

L M Ericsson 
Exchanges in Ecuador 
to be Extended 

A contract was recently signed by 
the government of Ecuador and L M 
Ericsson covering 5,000 lines of ex
change equipment. This will be used 
for extension of the Ericsson ex
changes at the capital city of Quito. 

In conjunction with the signing of 
the agreement the President of Ecua
dor, Dr. Camilo Ponce Enriquez made 
an inspection of the Quito telephone 
exchanges, accompanied by a delega
tion of high government officials. The 
President is seen (left) with Dr. Sixto 
Duran Ballen from the Ministry of 
Public Works and Dr. Jose Maria 
Espinoza Correa, head of the Quito 
Telephone Company. 

New 500-switch 
exchange delivered 
to Turkey 

Of all lines installed by L M Ericsson during 
1958, 43", , were of crossbar system and 5 7 % 
of 500-line system. 

New Reference List of 
L M Ericsson Public 
Automatic Exchanges 

A new reference list of L M 
Ericsson public automatic exchanges 
throughout the world as at January 1, 
1959, has just been issued. 

Elsewhere in this issue is a list of 
all L M Ericsson exchanges cut-over 
during 1958. In addition to these fig
ures the reference list contains data of 
the number of city, rural and transit 
exchanges hitherto delivered by L M 

A new 500-switch exchange with 
1,000 lines was recently opened at 
Antalaya in Turkey. The Antalaya ex
change is one of thirty to be built by 
L M Ericsson in medium-sized Turk
ish towns. The Prime Minister, Mr. 
Adnan Menderes, officiated at the in
auguration of the exchange. The pho
tograph shows (from left) the head of 
the Telecommunications Department 
of the P.T.T., Turhan Zirh, the Prime 
Minister and the Swedish Ambassa
dor, A. Croneborg. 

Ericsson with location, system, capa
city and year of opening. Exchanges 
on order are also listed. 
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U.D.C. 621.395.44 
654.19 

PYDDOKE, J & SCHILLING, H: L M Ericsson Equipment for Carrier 
Channels of Program (Music) Quality, Type ZAB 1. Ericsson Rev. 
36(1959): No. 1, pp. 2-12. 

This article, after mentioning the present need for carrier program 
channels and the currently applicable CCITT recommendations, describes 
the construction, performance and application of the latest L M Ericsson 
program channel equipment designed to satisfy these requirements. 

U.D.C. 621.396.65 

BRAMBANI, C: Radio Link 1RL10 for 60 (120) Telephone Circuits. 
Ericsson Rev. 36(1959): No. 1, pp. 13-24. 

The radio link described has been developed by A/S Elektrisk Bureau in 
Oslo at the instigation of Telefonaktiebolaget L M Ericsson. This system 
operates in the band 225-470 Mc/s using frequency modulation. It is 
designed for 60 (or with certain modifications 120) telephone circuits 
with CCI frequency allocation, and will operate in conjunction with L M 
Ericsson multiplex equipment. 

U.D.C. 625.746 
656.057 

BERGLOF, G: Vehicle-actuated Traffic Signals at Sodertaljevagen 
-Sockenvdgen, Stockholm. Ericsson Rev. 36(1959): No. 1, pp. 25-28. 

L M Ericsson's vehicle-actuated traffic signal systems have been described 
in earlier numbers of Ericsson Review. The author of this article is the 
engineer responsible for the planning of all signal installations in Stock
holm. The installation he describes is a new and rather complicated one 
in a suburb on the south of the city. The control apparatus in L M 
Ericsson's system has proved to possess the necessary flexibility for dealing 
with many new requirements in traffic control. 



The Ericsson Group 

Associated and co-operating enterprises 

Lebanon 

son, Technical Office Beyrouth, 
Rue du Parle ment, Immcuble 
Bisharat, te l : 33555, t gm : ellem 

Turkey 
Ericsson Turk Ltd. §irket i Ankara, 
Adil Han, Zafer Meydani, Yeni-
$ehir, te l : 23170, t gm : ellem 
Istanbul, Istanbul Burosu, Liman 
Han, Kat 5, No . 75, Bahcekapi, 
te l : 228102, t gm : ellemist 

• A F R I C A • 

Union of South Af r ica 
L M Ericsson Telephone Co. Pty. 
Ltd. Johannesburg, 70, Loved ay 
Street, tel : 33-2742, tgm: ericofon 

. A M E R I C A • 

Argent ine 
Cia Sudamericana de Telefonos 
L M Ericsson S. A. Buenos Aires, 
Belgrano 894. te l : 332071, t g m : 
ericsson 
Corp. Sudamericana de Tele
fonos y Telegrafos S. A. Buenos 
Aires, Belgrano 894, te l : 332071, 
t gm : cartefe 

Cia Argentina de Telefonos S. A. 
Buenos Aires, Peru 263, te l : 
305011, t gm : cecea 

Cia En trer r iana de Telefonos 
S. A. Buenos Aires, Peru 263, te l : 
305011, t g m : cecea 
Cia Comercial de Administra-
ci6n S. A. Buenos Aires, Peru 263, 
te l : 305011, t gm : cecea 
Industrias Electricas de Quilmes 
S. A. Quilmes FCNGR, 12 de Oc-
tubre 1090, te l : 203-2775, t gm : 
indelqui-buenosaires 

Braz i l 
Ericsson do Brasil Come>cio • 
Industria S. A. Rio de Janeiro, 
C. P. 3601, te l : 43-0990, t g m : 
ericsson 

mmmmmml on 
ban ba/KJdor, a jaivouur v..A., 
Apartado Postal 188, tel: 4989, 
tgm: ericsson 

Chile 
Cia Ericsson de Chile S. A. 
Santiago, Casilla 10143, tel : 
82555, t g m : ericsson-santiago-
dechile 

Colombia 
Cia Ericsson Ltda. Bogo/d, Apar
tado Aereo 4052, tel: 11-100, 
t g m : ericsson 

Ecuador 
Telefonaktiebolaget L M Ericsson 
Quito, Casil la Postal 2138, tel: 
33777, tgm: ericsson 

Mexico 
Cia Comercial Ericsson S. A. 
Mexico D. F., Apartado 9958, tel: 
46-46-40, t gm : coeric-mexico 
Industria de Telecomunicaci6n 
S.A. de C V . Mexico 6, D.F., Paseo 
de la Reforma 122, 6° piso, tel: 
354814, tgm: industel 

Peru 
Cia Ericsson S. A. Lima, Apartado 
2982. te l : 34941, t gm : ericsson 
Soc. Telefonica del Peru, S. A. 
Arequipa, Casilla de Correo 112, 
t gm : telefonica 
Uruguay 

Cia Ericsson S. A. Montevideo, 
Casilla de Correo 575. tel : 84433, 
t g m : ericsson 

USA 
The Ericsson Corporation New 
York 17, N. Y., 100 Park Avenue. 
t e l : Murray Hi l l 5-4030, tgm: 
erictel 
Nor th Electric Co. Cation, Ohio, 
P. O. B. 417. tel : Howard 8-2420, 
t gm : northphone-galionohio 

Venezuela 
Cia An in ima Ericsson Caracas, 
Apartado 3548, te l : 543121, tgm: 
ericsson 

. E U R O P E • 

D e n m a r k 
L M Ericsson A/S Kabenhavn Ft 

Finsens Vej 78, te l : Fa 6868, 
tgm: ericsson 

Telefon Fabrik Automatic A/S 
Kabenhavn K, Amaliegade 7, te l : 
C 5188, t g m : automatic 

Dansk Signal Industri A/S Kaben
havn F, Finsens Vej 78, te l : Fa 
6767, t gm : signaler 

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

France 
Society des Telephones Ericsson 
Cofombes (Seine), Boulevard de la 
Finlande, te l : CHA 35-00. t gm : 
ericsson 

Pan's 17e, 147 Rue de Courcelles, 
te l : Carnot 95-30, tgm: eric 

G e r m a n y 
Ericsson Verkaufsgesellschaft m. 
b. H. Diisseldorf 1, Wor r i nge r 
Strasse 109, te l : 84461, tgm: 
erictel 

Grea t Br i ta in 
Swedish Ericsson Company Ltd. 
London, W. C. 1. 329 High Hol -
born , te l : Holborn 1092, t g m : 
teleric 

Production Control (Ericsson) 
Ltd. London. W. C. 1, 329 High 
Holborn, te l : Holborn 1092. 
t gm : productrol holb 

I ta ly 
Setemer, Soc. per Az. Milano, Via 
dei Giardin i 7, te l : 662241, tgm: 
setemer 

SIELTE, Soc. per Az. — Societd 
Impianti Elettrici e Telefon ici 
Sistema Ericsson Roma. C. P. 
4024 Appio, te l : 780221, t gm : 
sielte 

F. A. T. M. E. Soc. per Az. — 
Fabbrica Apparecchi Telefonici 
e Materiale Elettrico »Brevetti 
Ericsson» Roma, C. P. 4025 
Appio. te l : 780021, t gm : fatme 

Nether lands 
Ericsson Telefoon-Maatschappij, 
N.V. Rijen (N. Br.), te l : 01692-555. 
t gm : erictel 

den Haag—Scheveningen, 10, Pa-
lacestraat, te l : 55 55 00. t gm : 
erictel-haag 

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

A/S Industrikontrol l Oslo, Teater-
gaten12.tel :Centralbord 335085. 
tgm: indtrol l 

A/S Norsk Kabelfabr ik Drammen, 
P. B. 205, te l : 1285. t gm : kabel 

A/S Norsk Signal industri Oslo, 
P. B. Mj 2214. te l : Centralbord 
56 53 54, t g m : signalindustri 

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

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

Sweden 
Telefonaktiebolaget L M Ericsson 
Stockholm 32, te l : 19 00 00, t gm : 
telefonbolaget 

ABAIphaSundbyberg. te l :282600. 
t gm : aktiealpha-stockholm 
AB Ermex Solna, tel: 82 0100, 
tgm: elock-stockhalm 
AB Ermi Bromma H . t e l : 262600, 
t g m : ermibolag-stockholm 
AB Rifa Bromma 11, te l : 26 26 10, 
tgm: elrifa-stockholm 
AB Svenska Elektronror Stock
holm 20, tel: 44 03 05, t gm : 
electronics 

L M Ericssons Dri f tkontrol lakt ie-
bolag Soma, te l : 27 27 25, t gm : 
powers-Stockholm 
L M Ericssons Signalaktiebolag 
Stockholm 9, te l : 68 07 00, t gm : 
signalbolaget 

L M Ericssons Svenska Forsdlj-
ningsaktiebolag Stockholm 1, 
Box 877, tel: 22 31 00, t gm : 
ellem 

Mexikanska Telefonaktiebolaget 
Ericsson Stockholm 32,tel: 190000, 
t g m : mexikan 

Sieverts KabelverkABSundbvberg, 
tel 282860, t g m : sievertsfabrik-
stockholm 
Svenska Radioaktiebolaget Stock
holm, Alstromergatan 14, t e l : 
22 31 40, t g m : svenskradio 

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

• ASIA . 

India 
Ericsson Telephone Sales Cor
poration AB New Delhi 1, P.O.B.. 
669, reg. ma i l : 1/3 Asaf AM Road 
(Delhi Estate Building), tel : 28512, 
t gm : inderic 

Bombay, Manu Mansion, 16, 
Old Custom House, t gm : inderic 

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

Indonesia 
Ericsson Telephone Sales Cor
poration AB Bandung, Djalan 
Dago 151, tel: 2135, t gm : 
javeric 
Djakarta, Djalan Gunung Sahari 
26, te l : Gambir 50, t gm : javeric 

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

Syria 
Georgtades, Moussa & Cie Da-
mas, Rue Ghassan, Har ika , te l : 
1-02-89, t g m : georgiades 

Thai land 
Vichien Radio & Television Co., 
Ltd. Bangkok, 299-301, Suriwong-
se Road, te l : 31 364, t g m : vision 

V i e t n a m 
Vo Tuyen Dien-Thoai Viet-Nam, 
Materiel Radio & Tel^phonique 
du Vietnam Saigon, 17, Cong 
Truong Lam-Son, te l : 20805, t gm : 
telerad 

. AFRICA • 

Be lg ian Congo 
Societe Anonyme Internationals 
de Telegraph ie sans Fil (SAIT) 
Bruxelles (Belgique), 25, Boule
vard du Regent, te l : 125070, 
t g m : wireless 

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

Egypt 
The Pharaonic Engineering & In
dustrial Co. Cairo, 33, Orabi 
Street, te l : 4-36-84,tgm: radiation 

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

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

M o r o c c o 
Elcor S. A. Tonaier, Francisco 
Vi tor ia. 4, te l : 2220. t gm : elcor 

0 

Sao Paulo C. P. 5677. tel: 36-6951. 
tgm: ericsson 

Canada 
Ericsson Telephone Sales of Ca
nada Ltd. Montreal 8, Que., 130 
Bates Road, te l : RE 1-6428, t gm : 
caneric 
Toronto 18, Ont., 34 Advance 
Road, te l : BE 1-1306 

Mozambique 
J. Martins Marques Lourenco 
Marques, P. O. B. 456, te l : 5953, 
t g m : tinsmarques 

Niger ia 
Scan African Trading Co. Yabo-
Lagos 32, P. O. B. 1 , t gm : swed-
africa 

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

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

. A M E R I C A . 

Bolivia 
Johansson & Cia, S. A. La Paz, 
Casilla 678, te l : 2700, t g m : Jo
hansson 

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

Cuba 
Mc Avoy y Cia Habana, Apartado 
2379, te l : U-2527, t gm : macavoy 

Curacao N . W . I. 
S. E. L. Maduro & Sons, Inc. 
Curacao. P. O. B. 172, te l : 1200, 
t gm : madurosons-willemstad 

Dominican Republic 
Garcia & Gautier, C. por A. 
Ctudad Trujillo, Apartado 771 , 
te l : 3645, t g m : gart ier 

Ecuador 
Sociedad Radiot£cnica Ecuato-
r iana Quito, Casilla de Corrao 
414, tel: 12140, tgm: rota 

Guatema la 
Nils Pira Ciudad de Guatemala, 
Apartado ^£ te l : 3311. ta rn : 
ni lspira-gi . 

Telefonos Ericsson C. A. Caracas, 
Apartado 3548,tel: 5431 21,tgm: 
tevela 

. AUSTRALIA & OCEANIA • 
Austra l ia 
L M Ericsson Telephone Co. Ply. 
Ltd. Me/bourne C 1 (Victoria), Kel
vin Ha l l , 55 Collins Place, tel: 
MF 56 46, t gm : ericmel 

Hai t i 
F. Georges Naud6 Port au Prince, 
P. O . B. A 147, te l : 3075, tgm: 
nodeco 

Honduras 
Cia de Comisiones Inter-Ameri
cana. S. A. Tegucigalpa D. C, 
P. O . B. 114, te l : 15-63, tgm: 
inter 

Jamaica and Brit. Honduras 
Morr is E. Parkin Kingston, P.O.B. 
354, te l : 4077, t gm : morrispark 

Nicaragua 
J. R. E. Tefel & Co. Ltd. Managua, 
Apartado 24, te l : 387-1169, tgm: 
tefel to 

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

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

El Salvador 
Dada-Dada & Co. Son Salvador, 
Apartado 274, te l : 4860, tgm: 
dada 

Sur inam 
C. Kersten & Co. N . V. Para
maribo, P. O. B. 216, te l : 2541, 
t g m : kersten 

U S A 
State Labs.Inc., New York 12.N.Y., 
649 Broadway, te l : Oregon 7-
8400, t gm : statelabs. Only for 
electron tubes 

. AUSTRALIA & OCEANIA-

New Zealand 
ASEA Electric ( N Z) Ltd. Welling
ton C.1.,Huddart Parker Building, 
Post Office Square, te l : 70-614, 

Agencies 
. E U R O P E • 

Austr ia 
Inglomark, Industrie-Beliefe-
rungs-Gesellschaft Markowitsch 
& Co. Wien XV, Mar ia Hil fer-
strasse 133, te l : R 32-0-11, t gm : 
ing lomark 

Belgium 
Electricity et MecaniqueSu£doises 
Bruxelles 5, 56 Rue de Stassart, 
te l : 11 14 16, t g m : electrosuede 

Greece 
»ETEP». S. A. Commerciale & 
Technique A/bens, 41 , Stadiou 
Street, te l : 31211, t gm : aeter-
athinai 

I re land 
Communication Systems Ltd. Dub-
fin, 40. Upper Fitzwil ltam Street, 
tel: 61576/7, tgm: crossbar 

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

Yugo-Slavia 
Merkant i le Inozemna Zastupstva 
Zagreb, Post pretinac 23, te l : 25-
222, t g m : merkant i le 

• ASIA . 

B u r m a 
Vulcan Trading Co. Ltd. Rangoon, 
P. O. B. 581, tel: S. 878, t gm : 
suecia 

Ceylon 
Vulcan Trading Co. (Private) Ltd. 
Colombo 1, 19. York Street, te l : 
36-36. t gm : vul t ra 

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

Hong Kong 
The Swedish Trading Co. Ltd. 
Hongkong, Prince's Building, Ice 
House Street, te l : 20171, t gm : 
swedetrade 

I ran 
Irano Swedish Company AB 
Teheran, Khiaban Sevom Esfand 
201-203, te l : 36761, t gm : i rano-
sweda 

I raq 
Koopman & Co.T.H.M., N.V.,c/o 
Messrs. Dwyer & Co. (Iraq) Ltd. 
Baghdad, P. O. B. 22, te l : 86860, 
t gm : havede 

Japan 
Gadelius & Co. Ltd. Tokyo, No . 
3-19, Denma-cho, Akasaka, M i -
nato-Ku, tel: 48-5361, tgm: go-
ticus 

Jordan 
H. L. Larsson & Sons Ltd. Levant 
Amman, P. O. B. 647, tgm: larson-
hus 

Kuwai t 
Latiff Supplies Ltd. Kuwaif, P.O.B. 
67, t gm : latisup 

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

Pakistan 
Vulcan Trading Co. (Pakistan) 
Ltd. Karachi City, P. O. B. 4776, 
te l : 32506, t gm : vulcan 

Philippines 
Koppel (Philippines) Inc. Manila 
P. R., P. O. B. 125, te l : 3-37-53, 
t g m : koppelrai l 


