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Maintenance of Aarhus Area Exchanges

M AHM, CHIEF ENGINEER, JUTLAND TELEPHONE COMPANY (JL.T.A.5.), AARHUS, DENMARK

Fig. 1
The J.T.A.S. head office in Aarhus

The left-hand side of the building houses the
Centrum and trunk exchanges,

"

U.D.C. 621.395.722.004.5

Siv automatic local exchanges and a trunk exchange of L M Ericsson's
crossbar svstem were opened in the Aarhuy area on Mav 1, 1953, An article
in Ericsson Review No, 301953 gave an account of the design of the system.
The present articte deals with the methods of maintenance and the results of

operation for the first six months of 1956,

All six local exchanges use the ARF 10 system. The largest is the main
exchange, Centrum. with 20,000 lines. The remaining five. with a total of
12,000 lines. are suburban exchanges. The trunk exchange uses the ARM 20
system with a capacity of 1.600 trunk and toll lines. It is operated jointly by
the Danish P.T.T. and I.T.AS.

The Centrum and trunk exchanges are installed in the same building. The
equipment rooms are painted with turpentine-free paint. and the tloors are
covered with linoleum. The Centrum and trunk switchrooms have air con-
ditioning systems with humidifiers. while the suburban exchanges have not.
Where humidifiers are employed, the relative humidity remains steady at about
60 701 in the suburban exchanges it fluctuates between 30 % and 70 %,

During the run-in period. maintenance consisted mainly of periodic routine
tests combined with trouble clearing. In course of time routine tests were made
at less frequent intervals, and now. at Centrum, they are performed only as
required. In the near future the same procedure will be adopted at the subur-
bun exchanges. A system of qualitative service control, consisting of the

compilation of statistics based on regular traffic tests, congestion metering,
alarm panels. and the like, will be introduced. Only if the statistics reveal rreg-
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ularities serious enough to affect service, will routine tests be instituted to
trace the trouble. Faults observed by subscribers or operators will in most
cases be reported to the wire chief’s desk. Various forms of automatic rou-
tiners, such as traffic route testers, exchange testers, tariff testers. line testers,
and register testers, are available.

The maintenance program can be classified as follows:

1. Localization of faults (traffic tester, centralograph. inspection, routine
tests).

[

Clearing of faults.

3. Cleaning of exchange equipment.

The first two categories of maintenance work are performed by exchange
maintenance men assisted by trainces. Cleaning of exchange equipment 1s
done by women.

Maintenance of Local Exchanges

The quantity of maintenance work is dependent on the size of the exchange,
the number of lines in service. traffic density, and the like. Some data of
interest pertaining to the local exchanges in the Aarhus area are given in
table 1.

Table 1

—— Busy hour traffic Ou,tf"qflg”s

at 1/1/56 | SL (outg. “incy| 1GV GV Pl‘;]d‘d“;

erlangs/ 100 subs. | erlangs erlangs - i
Centrum 14,802 70 495 518 9.0
¥eston coans 2,393 4.9 101 6.5
Brabrand . . .. 560 46 20.7 6.0
Risskov 1.667 48 64 .8 58
Skaade 1.074 5.1 432 6.2
Svd oo somean 3,586 49 143 5.9
24,082 6.2 | ses | sis | 79

The number of calls per subscriber and day is calculated as the Monday—
Friday average. On a day with heavy traffic the originated calls per subscriber
on the Centrum exchange may number about 11. and incoming calls roughly
the same.

The holding time on originating calls averages 105 sec.
» » » » incoming » » s »
Register holding time s eun s cddni 10 »

The busy hour calling rate is 11.5 for originating calls and 12.5 for incom-
ing calls,

In accordance with the customer’s specifications the equipment was designed
for a congestion of 0.2 % in every switching stage. with total congestion not
exceeding 1 % . At 10 % overload the congestion must not exceed | % per
switching stage. The filling grade for the individual thousands groups. how-
ever, is not especially high, and only on rare occasions does the volume of
traffic approach that for which the equipment was designed. so that congestion
seldom arises.

As already stated. now that troubles associated with the installation and
running-in period have largely disappeared, J.T.AS. has confined rtoutine
testing to the Centrum exchange and only uses it there as required. The

3



Fig. 3
The Aarhus Syd exchange
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method employved instead i1s test calls, which were formerly made by operators
but are now performed by Ericsson’s traffic route tester. Owing to the rotary
occupation of the switching devices, an excellent survey of how the exchanges
are working. and of their condition. is obtained by calling test numbers in the
virious thousands groups.

Table 2 shows the result of some 50,000 test calls made in the first six
months of 1956 between 32 local numbers in the 32 thousands groups of the
Aarhus local exchanges. The calls were distributed among the exchanges
according to their size.

Table 2
Miikier Faulrls\ gnd I?aullsqt:}nd
Route test calls congestion congestion
(quant.) (i 2
Centrart, mernal .. ueoee e s 20,030 19 0.09
Suburban, internal .. .. ... ... .. .. 5,850 4 0.07
Centrum—suburban A R R 9,425 14 015
Subirban—Centiim’ oz v soan 8,575 16 019
Suburban—suburban . 6,000 9 0.15
49 880 62 012

The percentage of faults. including congestion, averages about 0.1 %. The
largest percentage of faults is on inter-suburban exchange traffic. The reasons
for this are that congestion is calculated to be 0.5 % on junction circuits
as against 0.2 % in the switching stages. and also that more equipment is
called into use. However. the fault percentage is so low that, including con-
gestion. it is below the congestion specified in the tender.

Faults found in automatic tests. as well as service complaints, are recorded
on trouble cards and detailed trouble reports. As far as possible the faults
are traced and cleared. The number of faults and their nature are set out in
tables 3 and 4. covering the first six months of 1956, During that period
a total of 421 cards were dealt with at Centrum, and 166 cards at the subur-
ban exchanges. Of the faults reported at Centrum, 271 were cleared, while
150 remained untraced. The corresponding figures for the suburban exchanges
were 127 and 39.



Faults at Centrum Jan.—June 1956.

Table 3
Out-of-adjustment faults ........ 71
BT SORtEEIS. wnomew oy mommen 19
Burnt eontacls’ o semses oe 4
Sticking armatures . .....cossves .. 2
OPENS oo simm S s T it Fads o 16
SHOTts v s s suses S EEsn o5 39
Fealdage swasws susseann imas mowes 4
Soldering faults: s swn wawmvina 13
Installation faults .............. 4
Parts out of position ............ 31
Burnt-out coils or resistors ...... 18
Wear: & svis I inms s VauRnED | 1
Defective components . ......... 22
Other: faulls o udesnn vass adaas 22

Total 266

Faults at suburban exchanges Jan.—June 1956.

Table 4

Out-of-adjustment  faults ........ 39
Dirty contacts ................ 3
Burnt contacts ................ 0
Sticking armatures ............ 4
Opens . ......uiuieennnnnnn 10
Shorts ... .o 20
Leakage ...................... 1
Soldering faults ................ 3
Installation faults .............. 1
Parts out of position ............ 23
Burnt-out coils or resistors ...... 12
Wear ... 1
Defective components .......... 5
Other faults .................. 5

Total 127

The time spent on maintenance, including supervisor’s time, at the Centrum
and suburban exchanges during the first six months of 1956 was as follows:

Centtiift . woos swvmammens 4.229 hours
Suburban exchanges .... 2447 »

The numbers of lines at the Centrum and suburban exchanges are 20,000
and 12,000 respectively. On the assumption of similar conditions during the
second six month period, the time spent on maintenance per subscriber’s line
and year would be

Centrum ................ 0.43 hour
Suburban exchanges........ 041 »

Routine tests are still retained to a certain extent at the suburban exchanges.
When this procedure is discarded. and tests are only made as required. the
maintenance time at the suburban exchanges will undoubtedly be considerably
reduced.

The working hours at Centrum are from 7 a.m. to 4.15 p.m. on weekdays,
7 am. to 1 p.m. on Saturdays, The suburban exchanges are unattended.
Technicians are called in the event of serious trouble outside working hours.

q
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Aarhus is a central point in the Danish
trunk network with direct junctions to

most main exchanges in the country

Maintenance of Aarhus Trunk Exchange

The Aarhus trunk exchange. as already mentioned. is run jointly by the
Danish P.T.T. and I.T.A.S. Maintenance and fault clearing are the respon-
sibility of J.T.A.S.

When the Aarhus trunk exchange opened, a large proportion of manual
operation was considered necessary. Later, automatic operation was used more
and more, the Aarhus subscribers and manual exchange operators themselves
dialling the distant subscriber’s number or manual exchange, as the case
might be. This necessitated extensive changes in the trunk exchange, which
have naturally affected the maintenance situation.

The trunk circuits to and from Aarhus consist of two-wire and four-wire
lines. For the two-wire toll lines there are two switching stages with 400
outlets cach and a load of roughly 100 erlangs per stage. The trunk circuits
also have two switching stages with 400 outlets cach. the load being about
240 erlangs per stage. The numbers of circuits terminating at the trunk
exchange as at July 1. 1956, are tabulated below,

Table 5
Type of circuit ‘ Inc. ‘ Orig. ~ B()lhway‘ Total
= ’ I
International circuits ., .. .. ...... 9 9
PT.T. cireunts . .. . ... ... .. .. 83 89 28 200
JT.AS. trunk circuits . ., .. .. .. 191 189 276 656
[ Ol Cireiits o 35 oo s ws oma e 88 | 292 385
| 362 | 283 | 605 | 1,250

The holding time of connections on trunk circuits 1s about 250 seconds and
on toll circuits about 205 seconds. The busy hour calling rate is 12.3 % for
both tvpes of circuit.



The same practice is adopted at the trunk exchange as at the local exchange,
that traffic tests are performed in order to check the quality of service and
for fault tracing purposes. But routine tests—of tariffs, registers, lines. and
the like
The tests are at present done at fairly frequent intervals, but it has not yet
been decided whether this will continue in future. The centralograph, which

are also retained to a much greater extent at the trunk exchange.

is connected into the circuit every time a fault condition arises, is a great
help in tracing. The intention had been to record the faults indicated by the
centralograph on punch cards, and so obtain an overall picture of the faults
and their frequency in different parts of the equipment. However. the faults
have proved too few to justify the use of this method.

In traffic tests during the first six months of 1956 there were 23,080 calls
to trunk exchanges. The faults numbered 480 or 2.08 % . They are classitied
in table 6, from which it is seen that the fault percentage at the trunk exchange
and local exchange is only 0.60 % .

Table 6
Total rumber of test CalS: vuowsine smee smeesan 23,080
Number of faults on line, repeater station or

ISttt JERENAIEE s cimmmesswn pms T 342 148 %

Number of faults at local or trunk exchange .... 138  0.60 %
480 2.08 %

Altogether 279 fault cards were handled during the first six months of 1956,
of which 263 were cleared and 16 remained untraced. The faults are spe-
cified in table 7.

Table 7

(=]

Out-of-adjustment faults . ....... 121
Dirty contacts . ..........ooou... 9
Burnt contacts . ............... 2
Sticking armatures . ............. |
OPENS . vttt e 3
BHOEE . onme mawremseemes, s 34
|
6
q
2

Leakage ... ... ... ... ..
Soldering FAltS - oomnss s 3
Tristallation: FilE o vmmmmmssmmass
Parts out of position ............
Burnt-out coils or resistors ...... 12
BT s s soamamonn masei Seameme 9
Defective components — ........ 13
Other faults ..o semmvs wmpsans 0

Total 263

In addition, 147 faults occurred in the switchboard operators’ equipment
and a few out-of-adjustment faults on keys.

The time, including supervisor's time. spent on clearing faults at the trunk
exchange during the period was 6.026 hours. Assuming the same conditions
during the second six months. the time spent on maintenance per line and
vear would be 9.7 hours.

The number of connections established through the trunk exchange is
about 24.6 millions a year. Thus the maintenance time per 10.000 connections
is 4.9 hours.



Table 8 shows the lost calls due to busy route, conflicting call on bothway
line, internal congestion and faults in the trunk exchange markers. The table
is bused on the average of the period 9.30—10.30 a.m. for the first six months
of 1956.

Table 8
Markers Markers
originating traffic incoming traffic
Number o Number axL
Occupations ... .. ............| 4785 100 5873 100
Established connections ., .. .. ....| 4,273 892 5356 91.2
Buisy tOMES. s s wn snesenaien w 468 99 452 77
Other lostcalls .. .. ............ 44 09 65 1.1
Specification of other lost calls
ConflichoEcallss- vusose wvamsees w 22 0.4 18 03
Internal congestion, . .. .......... - 0.1 27 0.5
Faults 18 04 20 03

As shown by the table, the number of non-established connections in the
busy hour was roughly 10 % . the main cause being 8—10 % busy routes.

As already mentioned, the service data given in this article are average
data only. But it can be said that at the present time the exchanges are working
to the full satisfaction of subscribers, and there is no doubt that with careful
maintenance the trouble rate should be low and the expenditure on main-
tenance comparatively slight. Maintenance time must of course not be cut
below the point at which constant satisfactory service can he provided. On
the other hand, entirely trouble-free service should not be considered neces-
sary, since the last per mille of faults would be very expensive to eliminate.



Mechanization of the Aland Telephone Network

KNUT VON SCHANTZ ALANDS TELEFONANDELSLAG, GODBY

U.D.C, 621.395.34(480.3)

In many  countries where telephone networks have been converted 1o
antomatic operation the need for comparatively simall rural exchanges soon
became apparent. L M Ericsson's first rural exchange of crosshar tvpe was
delivered to the Swedish Teleconununications Administration in 1946, Since

then 68,550 lines have been placed in service up to Jan. I, 1957.

In the present article Mr. Knut von Schaniz, head of the Alands Telefon-
andelslag, gives an account of the results attained through the mechanization
of the Aland network. The article was earlier published in the Finnish journal

“Puhelin®, but has been revised to include the latest available data.

There is a general belief on the mainland that Aland consists of countless
islets and skerries, the inhabitants of which live on fishing and seafaring.
Closer acquaintance with the islands, however, brings a different view. The
main island is, in fact, 1,500 sq. kilometres in area with extensive forests,
hills and fertile valleys and plains. Several hundred kilometres of roads wind
through the countless villages of the nine parishes, and the thousand odd
cars of the 20,000 inhabitants have all the space they need to move about in.
— And nonetheless this natural beauty-spot possesses 6,654 rocky islets and
skerries of every shape and size spread among a further six parishes.

This the most westerly of Finland's telephone zones counts some 4,200
subscribers on 50 or so exchanges. The main islands of Aland and Vardo
have about 3,500 subscribers. The remaining 700 are scattered throughout
the surrounding archipelago. Among the former, 1.500 are served by Marie-
hamns Telefon AB. and the remaining 2,000 by Alands Telefonandelslag.
Among the archipelago subscribers 400 in the outer fringe come under the
Finnish P.T.T., and 300 on Foglo are distributed among five small under-
takings with as many exchanges.

Dial telephones are at present possessed by Marichamn's 1.500 subscribers.
The population of Marichamn and environs is 6.000. A further 1.000. or
one half, of the Alands Telefonandelslag subscribers are connected to the
automatic network. Of the entire number of subscribers 60 % have dial
telephones.

Thus it will be seen that the telephone density of Aland is 21 subscribers
per 100 inhabitants—in Marichamn alone 25—compared with 11 per 100 for
the whole of Finland.

Opening Stages

In 1944 the cable plant of Alands Telefonandelslag had deteriorated to such
an extent that the transfer of the entire undertaking to the P.T.T. appeared
the only possible course. At the last minute, however. it was decided to keep
the company intact: and since the P.T.T. granted a respite of two years fo
JQ(/Q put the network in order, an intense work of reconstruction was set in motion.

Mariehamn had gone over to automatic working in 1942 with the installa-
Fig. 1 x 2204 tion of L M Ericsson's AGF system based on 500-line selectors. But it was
Map of Aland to take ten years before the example was followed in the rural areas. The

1*_r05917 g



Fig. 2
Aland cable network
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decision to mechanize the Alands Telefonandelslag area, comprising the greater
part of the zone, was made in 1952, The calculations showed clearly that the
step would pay provided that the capital was forthcoming. Tenders were
requested from the leading firms, and L. M Ericsson’s offer of the ARK
system proved the most favourable, having in mind the already existing
system in the zone centre,

Maintenance of the System

All in all. the offer comprised 20 exchanges catering for 2.200 lines, of
which half were to be handed over ready installed by 1956, As regards the
other half, the agreement 1s for successive delivery up to 1960,

The choice of system was influenced partly by the special conditions under
which the exchanges were to be looked after and maintained. The repair of
a fault in a remote unattended exchange—aund remote exchanges abound
in the Aland area—costs many times as much as in a large staffed exchange.

Experience hitherto has shown thuat the svstem chosen has well fulfilled
the expectations placed on it as regards quality of service and low main-
tenance expenditure. For the switching equipment alone at the terminal
exchanges, excluding M.D.F. and power plant. the maintenance requirement
has been 0.2 hr per subscriber and year. As an example. the Sibby 60-line
exchange has had only 3 faults in 18 months, of which one was caused by
lightning. To ensure efficient maintenance. complete remote measuring equip-
ment is being installed in the zone area.

Outside Plant

It would hardly have been possible to carry through the conversion quicker
than in nine years. The extensive cable network was mostly ruined. and
financial considerations would not have permitted a quicker rate of work.


file:///3560O-35799

Fig. 3 % 8012
Mariehamn local exchange (linefinders
S, 1st group selectors I-GV and final
selectors LV) and the transit stage of
type ARM 50 (GVN) with junctions
FIR-L and FDUKR to Marichamn and
other exchanges

The quality of cable construction would have sutfered, since satisfactory
results depend largely on careful and accurate planning and efficient manage-
ment. The network comprises some 14,000 poles and 100 kilometres of over-
head cable. Part of the plant had admittedly been reconditioned by 1952, but
the larger part of the work remained to be done.

The indispensable investment in the network for the years 19531960
was estimated at 117 million marks, covering the following average annual
requirements of materials: 1,200 impregnated poles, 9.000 kg 2 mm stec!
wire. and 3.5 million marks worth of cable. Linesmen’s wages amount 1o
some 4 million marks per annum,

The trunk cables consist of old 3 mm steel wire. and. on grounds of
attenuation, must in due course be replaced by 2.5 mm copper wire in many
places. Between group centres and terminal exchanges 2 mm copper cadmium
wire is already being used. as well as for very distant subscribers,

Mariechamn—Jomala is to be loaded in the near future, and Odkarby—
Marichamn is to be provided with a carrier system, so attaining an attenuation
gain of 0.2 nepers at the Odkarby group centre. Virdo is to be connected
in due course to Jomala by radio link. Subsidiary automatic exchanges and
party lines have been successfully employed where justified on economic
grounds, Nevertheless the principle has been to employ these systems only
when absolutely necessary for economic reasons. Such expedients always
imply some kind of makeshift, with the restrictions attendant thereon.

The Zone Centre

The equipment needed at the zone centre at Mariehamn for mechanization
of the rural arca has been procured by Marichamns Telefon AB. A writien
agreement has been drawn up in respect to its joint use. An automatic
switching stage of L M Ericsson’s type ARM 50 (GVN) for 24 volt operation
was brought into use in September 1956, At the same time the dial lines

I S G

11000-11999
Peq |

—
=

l

§ I-6v Lv

‘TE—:?4

1200012999 2] wai |
D

-

*l.-‘—DUh;l?I
To other

exchanges

11



(UPLR) of the manual trunk exchange were transferred from the linefinder
stage in the AGE exchange to the ARM 50 stage, and the registers were
changed for 3-digit numbering. Simultaneously with the ARM 50 stage. the
company had ordered the installation of a new power plant for 24 volts
S0 amps. Thus when long distance subscriber dialling is extended to Aland,
there will be equipment ready to receive the long distance circuits on a 4-wire
basis. Marichamn also administers Jirsd exchange with its 30 subscribers,
which is to be converted to the crossbar ARK system in 1957. The much
discussed underwater mine at Nvhamn will be among the subscribers of the

latter exchange.

Buildings

The rural automatic exchange buildings have been constructed of wood,
the walls being made of old telephone poles that are still in reasonable condi-
tion. sawn down to 4 - 4" and bolted together. The walls were thercafter
covered off with insulating material. The cost of such buildings ranged from
225.000—500,000 marks according to the size of the building. Owing to the
key position of the Godby exchange, however, the latter building was con-
structed of Siporex blocks (30 e¢m, k = 0.5). It measures 4 « 8 metres and
costs 750,000 marks. On the other hand there is an annual saving of about
7.000 marks on fire insurance premiums as compared with a similar wooden
building. Power consumption up to now has amounted to about 70 kWh
per cu.m. per annum, maintaining a minimum temperature in the automatic
exchange buildings of 5—8" C. By pressing the minimum temperature
to + 1 C, however, it should be possible to lower the power consumption.

Fig. 4 X 2002

Auto exchange building

The Marichamn building has been extended on the north side by some
10 metres to accommodate the ARM 50 equipment, the M.D.F. being placed
between the local exchange and the transit stage. The extension also provides
space for the new power plant with its distribution board.

Finance

To finance the extensive project, the Alands Telefonandelslag decided to
raise the deposit from 10 to 30,000 marks per share, to be paid up over a
number of years. The installation charge was fixed at 20,000 marks within
a 3-kilometre arca, and the annual subscription at 7,000 marks irrespective
of distance.

In 1952 operators’ salaries amounted to 8 million marks per annum. They
have now fallen to half that amount, and the saving well covers the interest
and amortization on the investment in automatic equipment and buildings.

The long term debt is at present 42 million marks and 1s calculated to rise
to 70 million by 1960. By that time the outside plant will have been practically
entirely renewed. Plant. property and equipment is expected to stand at about
150 million marks at the same date. The company’s annual budget at present
runs at about 55 million marks. After 1960, when all larger outlays have
been completed. it should be possible to reduce outstanding debts fairly rapidly
while at the same time lowering the tariffs.

System of Charges and Numbering Scheme

The company’s previous charges. in manual and automatic arcas alike,
were 4 marks for local calls and 12 marks for a 3-minute zone call including
the basic impulse in the automatic area. The automatic charges have now
been unified to a single tariff of 10 marks per 2 minute period irrespective
of the origin of the call. The reason for this step was the difficulty of arriving
at fair rates for the different parishes since the group area boundaries and
parish boundaries do not coincide. Moreover. one parish may have one



exchange, while another has perhaps two or three. Thus the basic impulse fee
has been deducted from the previous automatic charge, and local calls are
charged on a time basis.

The local fee in Mariehamn is now 2 marks a minute, and for calls to rural
districts 5 marks a minute—the same charge as within the rural network.

The tarifts of the manual group are 15 marks per 3 minute call to rural
districts and 5 marks per local call.

When the ARM 50 stage was taken into use, 5-digit numbering was adopted
throughout the entire automatic area including Mariechamn. By this means
Marichamn, which is growing steadily at a rate of nearly 100 subscribers a
vear, was assured of an adequate number reserve. At the same time the
future connection of the outlying islands to the automatic arca will be able
to take place without friction.

Staft Policy

An important role in any reconstruction project of this magnitude. in-
volving large investments and difficulty in obtaining capital. is played by the
staff, whose competence and proficiency will have a decisive effect on the
final success. Special attention must be paid to the powers of leadership,
sense of responsibility and proficiency of foremen and others in Kkey
positions, 1f the care of pole lines, cables and exchange equipment—not to
mention stores, office work and motor vehicles—can be entrusted to capable
hands, the managing director and chiel engineer will be freed from many
unnecessary worries and the company will save substantial sums every year.

Thought must likewise be devoted to the training of craftsmen and to the
question of how to get trained staff to remain in the company's service. It
may be pointed out here that Alands Telefonandelslag pays 50 % of the cost
of correspondence courses taken by its employees whenever such studies are
considered of benefit to the company. In addition, the company pays for the
training of capable fitters at Helsinki and Stockholm,

With a view to hinding the staff to the company, all salaried employees 24
years of age and with 3 years in the company’s service are granted a pension
insurance. The insurance includes full retiring age pension in addition to
invalidity and family pension and funeral expenses. The company pays 2/s,
and the employee '/3. of the premium. The employee's share amounts on an
average to 6 % of his salary. Other social benefits. such as staff housing etc.,
are provided as far as the company’s finances permit.

Public Relations

An important factor—perhaps the most important for successful operation
—is good relations with subscribers. A speedy trouble clearing service. polite-
ness on the part of repairmen, the production of visible results. and an
efficient information service in regard to all changes affecting subscribers,
are examples of the means to strengthen these relations.—At a later stage a
system of systematic observation of traffic conditions should be started. based
on statistics. and the results should be used to maintain the quality of service
above a minimum level of profitability and satisfaction to subscribers.

By the time Alands Telefonandelslag has completed the mechanization of
its area in 1960. it will have roughly 4.000 dial subscribers, Of the remaining
magneto subscribers, it should be possible to link up the 300 Foglé lines
with the rest of the network. Under present conditions. on the other hand,
it is hardly conceivable that the 400 P.T.T. subscribers in the outer
archipelago can be put on dial service without great financial sacrifice. But
technical progress is rapid. and within a few years the conditions will be
changed by the electrification of the archipelugo—a fundamental condition for
the fullscale conversion of this part of the area to automatic working.

€4



Connecting and Protector Strips for Main
Distribution Frames

E NYLUND, TELEFONAKTIEBOLAGET LMERICSSON, STOCKHOLM

Tddd 444434

Fig. 1 X217
Main distribution frame type BAB 12

showing old connecting and protector strips
(lefr) and the new designs (right)
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U.D.C. 621.395.669

The connecting and protector strips made by L M Ericsson have undergone
virtually no change for many years. They are rvather bulky, however, and this
may prove a serious inconvenience especially in rapidly growing telephone
svsiens. A new connecting and protector strip with pairs on [0 pon centres
way  therefore desicned, occupying only two-thirds of the vertical space
required by the previous strip. The strip is composed of standard elenents,
so iy simpler 1o manufacture, pack and install. New and more efficient
excesy current cut-outs and over-voltage arresters have been designed at the

Suie tine.

Protector Unit Combinations

The most common method of protection used in telephone exchunges
hitherto consisted of a combination of three protector elements placed in the
following sequence: nearest the line a fuse which usually blows at 3 amps.;
thereafter an over-voltage arrester. normally consisting of carbon blocks with
mica separator. for protection against atmospheric discharges: and. on the
exchange side, a heat coil which operates to long-duration “sneak™ currents of
min. (.15 amp. This form of protection was originally designed since the
external plant consisted largely of open wire lines.

Many areas are nowadays served entirely by metal sheathed cables and do
not require so high a measure of protection; the over-voltage arrester al any
rate must be considered unnecessary in such arcas. If there is any risk of
sneak currents or contact with power lines, however, excess current cut-outs
should be installed. Sneak currents, if of sufficient duration. may unduly heat
the coils of line relays. The current at which the heat coil operates must be
above the transmitter current at the lowest line resistance. but below the
sneak current that would cause overheating of the line relays.

L M Ericsson has designed a new fuse which is a combination of ordinary
fuse and heat coil. In this combined fuse the current passes through a small
heater element soldered 1o a straight fuse wire. Al sneak currents exceeding
0.15 amp.—the minimum fusing current—the solder melts and disconnection
takes place with roughly the same time lag as in the old heat coil. At currents
above 2—3 amps, the straight wire fuses first, and very quickly. as shown in
fig. 7. The combined fuse is described in greater detail below.

On the fringes of an exchange area long stretches of line may consist of
bare wire or self-supporting insulated wire. Over-voltage protection will be
required at the distribution points between bare wire and cable. Hazardous
voltages caused by atmospheric discharges or by contact between the bare
wire and a power line cannot enter the telephone cable or the exchange if
the over-voltage protector operates in the required manner. It may happen.
however, that part of the voltage wave from the overhead line continues to
the exchange owing to high resistance to earth or to a fault in the protector
clements. But this wave cannot attain higher amplitude than the breakdown
voltage of the cable, which is usually limited to 2.000 volts. Under such



Fig. 2 X 6975
10-pair strips

(From left) connecting strip NEL 11o0, pro-
tector serip NFL 31rr, and protector strip
NFL 3211

Fig. 3 X 2148

50-pair protector mounting
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conditions it muay be advisable 10 place over-voltage arresters in the protector
strip at the exchange. A new over-voltage arrester has been designed. It
consists of two metal electrodes pressed into a plastic tube to provide
the proper spark gap. The 3-amp. fuses employed up to now. the main object
of which was to prevent overheating of the over-voltage arrester. have been dis-
carded. The new over-voltage arrester cannot be overheated since. when
heated up, the plastic tube softens and the electrodes are forced together by
the mounting springs, so providing a direct circuit to earth. The over-
voltage arrester is described in greater detail below.

Opinions in regard to the proper protection for exchange equipment will,
no doubt, always be divided. However, the present trend is towards a reduction
in the number of protector elements at exchanges served by cables. There
are already exchanges at which all protection has been discarded. or at
which an ordinary 0.5 amp. fuse alone is retained. The new strip has there-
fore been designed for use either with or without different combinations of
protectors.

Connecting and Protector Strips

The new connecting and protector strips are made up in [O-pair units. The
10-pair strips are assembled on a common mounting (fig. 3), which will
carry 10, 20 or 50 pairs. Several 50-pair mountings can be placed one above
the other in the M.D.F.. as previously.

The 10-pair strips are made in various forms to cater for different combi-
nations of protector elements. Consequently different categories of lines,
even in one exchange, can be protected in different ways. These different
types of 10-pair strips are interchangeable without reforming of the cables.
Similarly, they are capable of replacement by other not vet existing tvpes, as
new ideas and designs of protector are produced. In the new strip the sections
for alarm and interception circuits have been omitted. The alarm device was
considered unnecessary since it functioned only on operation of the heat coil.
Trouble of this kind represents only a very small fraction of the total interrup-
tions to telephone service. The interception circuits are now terminated on
the test jack strip. A main distribution frame is shown in fig. 1 with two
50-pair strips of the old type alongside three S0-pair strips of the new tvpe.

At present five different 10-pair strips are being manufactured. as listed in
table 1. They have soldering tags on the line side and screw terminals for the

jumper wires,

15



Fig. 4 X 6976
Label holder NBM 1111

Fig. s X 6977

Over-voltage arrester NGA 3001 (lefr)
and combined fuse NGH 35001
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Table 1
Strip Protector elements Connection
NEL 100 = o— @
L A3
o @
NFL 310/ Fuse NGH 2201 (0.5 A) s— >
L s
NFL 3111 Combined fuse NGH 5001 e—q—=1—
NFL 320] Fuse NGH 2202 (1 Ay and over-
voltage arrester NGA 3001
Fr o
NFL 321} Combined fuse NGH 5001 and'|
over-voltage arrester NG A _?(I()Ii

Fig. 2 shows three of the 10-pair strips tabulated above, viz. NEL 1100,
NFL 3111 and NFL 3211, They are assembled on a frame of nickel-plated
brass sheet, which at the same time constitutes the carth connection for the
over-voltage arresters. The 10-pair fuse strips NFL 3101 and combined fuse
strips NFL 3111 are of identical construction, differing only in the protector

P




Fig. 6 X 2140
The combined fuse NGH 5001
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Fig. 7 X 2150

Fusing curve of combined fuse NGH
5001

elements, Similarly the 10-pair strips NFL 320/ arc of identical construction
to strips NFL 32117, The pairs are on 10 mm centres. Every installed 10-pair
strip occupies a vertical space of 105 mm.

The contact springs. of tinned german silver, are assembled on plastic
blocks with high insulation resistance to breakdown and leakage currents.
The leakage current paths are at least 4 mm long, which suffices for
indoor installation. Under the connecting screw is a slot for the wire. This
arrangement greatly simplifies the wireman’s work. as the end of the wire
need not be formed into a loop.

The Protector Mounting

Fig. 3 shows a protector mounting for five 10-pair strips. When carrying
over-voltage arresters, the mounting at the same time serves as earth connec-
tion. As stated above, mountings are made for one. two and five 10-pair
strips. No waste of space is involved in placing several mountings one above
the other. For instance, one 10-pair and two 20-pair mountings occupy the
same space as a 30-pair mounting. The mounting i1s made of nickel-plated
brass and has earth terminals at each end. It also carries fanning strips for
the jumper wires, The fanning strips are made of anodized aluminium. The
anodization provides satisfactory protection against corrosion and is electri-
cally insulating.

Label Holder NBM 1111

Every 10-pair strip can be fitted with a label holder as shown in fig. 4. Two
spring catches permit the holder to be pushed into position without needing
to be secured by screws. It is supplied with label and transparent protecting
plate.

Over-voltage Arrester NGA 3001

This protector, illustrated in fig. 5. consists of two cvlindrical metal
electrodes of a patented alloy which are pressed into a plastic tube so as to
produce the proper gap between them. The breakdown voltage is 700—
1.O0O volts d.c. As in all over-voltage arresters of this type. the striking
potential increases by 10 to 20 per cent on steep wave front voltage surges.
Its load capacity is greater than that of carbon arresters. Arrester NG.A 3001
withstands a large number of discharges of up to 0.2 coulombs, whercas
carbon arresters are often short-circuited at 0.1 coulombs. In the event of a
permanent arc being formed. the electrodes become heated. This causes the
plastic tube to soften, whereupon the electrodes are forced together by the
mounting springs so that the line becomes earthed. The protector must then be
replaced.

Combined Fuse NGH 5001

This fuse, illustrated in fig. 6. is of a patented design. The end caps 4 and
the glass tube € are the same as in fuse NGH 22, F is a helical spring which,
at point £, i1s attached by a solder of low melting point to the metal rod D.
Also soldered to point £ is an insulated resistance wire. which is first wound
a number of turns around the rod and then continues in the form of fuse
wire B. At fairly low currents the rod heats up until the solder at point £
melts, Owing to the relatively large mass of the rod. a certain period elapses
before the break occurs. At high currents wire B melts very quickly, and
before the solder. Fig. 7 shows the fusing curves of the solder (4) and the

A fusz wire (B). The curve of the combined fuse unit thus follows the fully

drawn line. The resistance of this fuse is only ahout 4 ohms. The resistance
of the old type of heat coil was 8§ ohms.

17
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Cable, 50-pair, ready formed

Fig. 9

Protector strip with cable ready soldered
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Fuse NGH 22

In conjunction with the redesign of the connecting and protector strips the
fuses have also been modified to some extent, the end caps now being made
of thin brass sheet instead of being turned out of bar stock as earlier. They
have also been flanged to prevent the fuse from slipping in its holder. The new
fuses are designated NGH 22 and replace the former tvpe NGH 20.

Installation

The new connecting and protector strips can be fitted to main frames BARB
I2—174 and other types. The frame need only be equipped with a simple
fixing bar holed to take the new strips. Fitting of the fixing bar can be done
without difficulty while the main frame is in service. If old type protector
strips are replaced by new types, the cables must be reformed. If the strips
are supplied complete with mounting they are numbered as in the table helow.

Protector mountings, 10-pair strips and protector eclements are packed
separately for shipment. The mountings should be erected in the frame first.
The switchboard cable should then be formed as shown in fig. 8. The 10-pair
strips, from which the inside terminal blocks are removed. can thercafter be
screwed into position and the cable connected as in fig. 9. As seen in the
photograph. the fanning strips on the protector mounting are so constructed
that the formed cable need not be threaded but can be laid directly into

position.
Table 2
Consisting of
Cod Capacity

YT pairs 10-pair strips Protector
Number | Code no. mounting

NEL 1101 10 1 NEL 1100 479079
NEL 1102 20 2 » » 479080
NEL 1105 50 5 " » 475155
NFL 3131 10 I NFL 3101 479079
NFL 3132 20 2 » » 479080
NFL 3135 50 5 " a» 475155
NFL 3141 10 1 NFL 3111 479079
NFL 3142 20 2 » » 479080
NFL 3145 50 5 » » 475155
NFL 3231 10 1 NFL 3201 479079
NFEL 3232 20 2 » » 479080
NFL 3235 50 5 » » 475155
NFL 3241 10 | NFL 321/ 479079
NFL 3242 20 2 » » 479080
NFL 3245 50 5 » » 475155




Visual Staff Locator System for Small and
Medium-sized Offices

O ITRGENS, TELEFONAKTIEBOLAGET L M ERICSSON, STOCKHOLM

U.D.C. 654938

L M Ericsson's kevset operated staff locator svstenm with facilities for paging
100, or alternatively, 200 persons was described in Eriesson Review No. [,
1954, So large a number of signals is seldom needed in small and medium-
sized offices, and L M Ericsson has therefore introduced the similar, but

smaller system presented in this article.

An important part of customer service is a well managed telephone
switchboard, Customers tend to judge the whole efficiency of an organization
by the speed and confidence inspired by the switchboard operator. What
the customer notices is how long he has to wait for connection to the person
he wants to speak to. To be Kept waiting merely irritates him—and on long
distance calls costs him money as well. Any firm that wants to show good
customer service must make sure that telephone delay is cut to a minimum.

A common reason for telephone hold-ups is that some people. naturally.
are kept on the move from one department to another. When the operator
fails 1o get a person on his normal extension, she tries to trace him in other
parts of the building and put the call through to him there. The quicker she
is able to contact him, the less time will the caller have to wait. An invaluable
aid in this respect is a staff locator system.

General Principles
A staff locator system should meet the following requirements:

The operator must be able to send signals from the switchboard to
various points in the building.

Individual and easily recognizable signals must be allocatable to all
persons whom the operator regularly needs to contact.

The signals must not be disturbing to persons at their normal place
of work.

The manipulations required of the switchboard operator must be
simple. and the signal must continue to be displayed until the sought
party answers by telephone or by other means. or until the operator
cancels it

L M Ericsson’s Keyset operated. sequence paging system, described in
Ericsson Review No. 1. 1954, meets these requirements to the full. Systems
of this kind are mainly adapted to large organizations, and L M Ericsson has
therefore introduced a similar smaller system comprising 31 signals with
alternative steady or flashing light. so allowing in fact for 62 separate signals.
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Fig. 1 X 2189
Block schematic of systems with Keyset
KEM 3204

keyset KEM 3204
lamp relay set KFH 153001

ors

1
2
3 lamp indie
4 transformer

Fig. 2 X 4939
Lamp indicator KNH 8311

with differently coloured lamps in vertical
arrav. Dimensions: width 90 mm, heighe 232
mm, depth 61 mm

Fig. 3

Lamp indicators KNH 93501 for flush
mounting (left) and KNH 9511 for sur-
face mounting (right)

Dimensions:

KNH gs501: diamerer 85 mm, depth 53 mm
KNH 9s11: diamerer 92 mm, depth 41 mm
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Equipment and Operation

The new staff locator system is composed of lamp indicators, keysel, lamp
relay set and mains transformer, as in the block schematic of fig. 1.

Lamp indicators

The system is based on the principle of visual signalling on lamp indicators.
F'wo Kinds of indicator may be used (figs. 2 and 3), the vertical type having
differently coloured lenses and the circular type red lenses. In the latter type
the lamps are 1.2 W and are fully visible at distances of 30 feet and above;
in the former type the lamps are 3 W, being visible at 100 ft. and within a
sector of 1807, Both tyvpes of indicator are made for wall mounting and should
be placed about 6 ft. from the floor. Thirty-one visual signals are obtainable:
five by the lighting of the five lamps individually. twenty-five by different
combinations of two, three or four lamps. and finally one signal consisting of
all five lamps Lighting at once. Since the two kinds of lamp indicator produce
ntirely different signal patterns. all indicators in one office should be of the

same type. Both types can incorporate a built-in buzzer.

The usual arrangement is to have one lamp indicator in each room and
others distributed as necessary in corridors, stock room. archives, mess rooms
ete. The general rule should be that the signals should not disturb persons
sitting at their desks. These persons can be reached by the operator on the
phone, and the whole object of the staff locator system 1s to contact people
who do not answer on their own extensions. The indicators should consequently
be placed on the wall behind the occupant’s desk so that they will cause him
no disturbance but will be noticed by other people visiting him.

The addition of a buzzer in the indicator may be advisuble in corridors

and in localities where visual signals alone are insufficient. Irrespective of the




Fi.g. 4 X BoOR
Keyset KEM 3294

placed beside switchboard

placing of indicators, it is a general fact that a steady light is far less apt to
catch the attention than a flashing light, so that steady light signals should
preferably be combined with acoustic signals. The buzzer should sound only
when the lamp lights. and not continue while the light is on.

Kevset and lamp relay set

A keyset (fig. 4) for initiating the desired signal on the lamp indicators is
placed at the switchboard. Every signal is represented by a 1, 2 or 3-digit
number, the Keyset having nine keys for this purpose. The keying of a number
sets up the corresponding lamp combination in a separate lamp relay set
(fig. 5). and when the operator thereupon presses kev 4 or B, the signal is
displayed on all lamp indicators. Key A4 produces a steadv. and key B
flashing, light. If buzzers are installed, both keys, by being pressed fully down.
operate the buzzers as well. The signal is cancelled and the keys restored by
pressing key O between keys A4 and B.

Power requirements

A mains transformer supplies 48 or 24 volts a.c. for operation of the
lamp indicators and at the same time. via a rectifier in the lamp relay set,
feeds the d.c. circuits in the keyset and lamp relay set. A 48 volt supply is
normal in systems incorporating vertical type indicators, but the latter
«an be fitted with lamps for 24 volts if required. The circular indicator is
intended solely for the lower voltage. So, too. are the buzzers, irrespective ol
the type of indicator in which they are mounted.

Cuabling

Five separate conductors and a common return circuit are required between
the lamp relay set and lamp indicators. If buzzers are desired. one additional
conductor must be installed. A suitable cable is ordinary 12-wire P. V. C.
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Fig. 5 X 7718
Lamp relay set KFB 15301

(right) wirth cover removed

Fig. 6 2200
Block schematic of systems with keyset
KEM 3204 and absence indicator

keyser KEM 3204

lamp relay set KFB 15301

lamp indicarors

rransformer
absence indicator relay set KFB 15313

W fe e b=

absence indicator panel at main entrance
time indicator panel ar switchboard

V-

3

insulated telephone cable (EKKX), in which 6 wires constitute the return circuil.
All lamp indicators should be connected in parallel. and the cable can suitably
be drawn from indicator to indicator without having to pass through terminal
boxes. The voltage drop in the circuit should not exceed 10 % at maximum
load. On fong circuits it might therefore be necessary to combine the EKKX
cable with a heavier feed cable (EKKP).

Absence Indicator

Paging signals will. of course, be of no use if the called party is away from
the office. To avoid paging to no purpose, the system can be supplemented
by absence indicator equipment. When the operator keys the number of a
person who has marked himself absent, the signal is blocked by a special
relay set (KFB 15313) in circuit with the keyset. A signal is at the same time
returned to a time indicator panel. mounted at the switchboard, which informs
the operator of the time at which the person is expected back or that he will
be away all day. These indications are marked by the person himself on an
absence indicator panel at the main office entrance. Every person to be
accommodated on the system has his own knob on the absence indicator
panel. which he turns to the required setting whenever he enters or leaves the
office. The knobs are electrically connected to the relay set and to the time
indicator panel at the switchboard. The absence indicator panel accommodates
equipment for 31 persons.

The general layout of the system is shown schematically in fig. 6.

¢[00 0 0o}




Traffic Signals at Visterbron, Stockholm

BENGT

VON MATERN,

THE STOCKHOLM TOWN BUILDING OFFICE

U.D.C. 656.056(487.1)

L M Ervicsson's vehicle convrolled waffic sivnals have heen earlier deseribed
in Lricsson Review Nos. 3/1950, 1/195] and 2 1955, The present article
contains an account of the traffic control installation, with many tnteresting
features, ar the Langholmsplan intersection on the approach to Visterbron in
Stockholm. In particular a new method of varving the maxinum green periods,

so providing several stgnal programmes, iy described.
F g : prog

Traffic signals of L M Ericsson make were installed at Langholmsplan on
the south side of the Visterbron Bridge in Stockholm in August 1956, Viister-
bron is the only north-south bridge west of the city and has to carry increasing
quantities of traffic. At present some 45.000 motor vehicles and trams cross the
bridge every day. and at rush hours it is used to maximum capacity. This
heavy volume of traffic obliged the municipal authorities to widen the bridge
to six lanes and to reconstruct Langholmsplan at its southern abutment.

Layout of Langholmsplan

Langholmsplan was earlier formed as a roundabout, which meant that
right-turning traffic caused considerable stoppage. Since its reconstruction into
a signal-controlled crossing with right-turn prohibition. and simultaneous
widening of the bridge, the traffic flows more smoothly. The present layout
is shown in fig. 1. It is seen that the tramway has a large stopping place in
the centre of the intersection. Signals are located at three points: at the
junction of Langholmsgatan—Hogalidsgatan, and at two pedestrian crossings
with push button operation on the cast and west of the tram stop. An inter-
nally lit “No Right Turn™ sign is presented to traffic coming from Vister-
bron. Vehicles intending to turn right from that direction are instead directed
left immediately after the bridge abutment and take a newly built road under
the bridge leading to the western part of Sodermalm. Traffic from the oppo-
site direction is likewise forbidden to swing direct right into Hogalidsgatan.
But such traffic is rare and 1s allowed to turn at point @ (fig. 1).

Three Interconnected Installations

The three signal installations are interconnected, the larger constituting the
master installation (/) with the two others (2 and 3) dependent on it.

If no demand has been registered from pedestrian push buttons at 2 and 3,
signals at / operate as a normal two-phase system whereas traffic passing
signals at 2 and 3 has right-of-way. Two-way traffic movement takes place on
Langholmsgatan during phase A4, and on Hdégalidsgatan—which has two
right-turn lanes leading onto the bridge—during phase D. The interplay
between ! and 2 is evinced if a pedestrian has required passage at 2. Signals
at 2 thereupon follow the changes at / in the sense that the red aspect is pre-
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Fig. 1 X 1712
Sketch of site

A signal-controlled street crossing (1) and two
with
push burrons (2 and 3). The signals are inter-
connected,

signal-controlled  pedestrian  crossings

sented to Langholmsgatan at 2 immediately before it is presented at /. After
the pedestrian phase at 2 and D phase at /. the light for Lingholmsgatan re-
turns to green simultaneously at the two installations. The reason for the
interconnection is primarily to avoid traffic from the bridge having to queue
more than once per vehicle and to avoid vehicles queuing in the middie of
the pedestrian crossing at 2.

If there is no traffic on Hogalidsgatan, and consequently no need of
right-of-way for that street. 2 changes on operation of the button without
waiting for any length of time for impulses from /.

Installation 2 may be said to be placed in front of the master installation
in the direction of traffic movement. Thus the problem of warning 2 of the
change in the master installation “that has not yet occurred, but which is to
has been solved without difficulty. Although the interconnection
between [ and 3, the latter being placed behind /, should be simpler, another
factor complicates the problem in this instance, This is that 3 is passed by
traffic from two directions, by northward traffic on Liangholmsgatan (phase
A) and by traffic from Hégalidsgatan (phase D). Since queuing in front of 3,
caused by one of these two streams of traffic, interferes with the other, it was
considered advisable to preclude such queuing altogether. On the assumption
that a pedestrian request has been made at 3, the interconnection comes into
effect in changing / from two-phase to three-phase. The third phase € (about
7 secs.) consists of “all red”, that is to say the red aspect is presented to all
directions of traffic. During this comparatively short phase there is time for
a vacuum 1o torm at 3, i.e. the accumulation space 3 is empty of vehicles. The
phase sequence in this instance is such that the last vehicle to pass northwards
from Langholmsgatan immediately before the signals switch to the third
phase—red in all directions—has just time to pass 3 before the pedestrian
phase at 3 appears. After the all red phase at / has disappeared, the green
aspect is given to Hogalidsgatan. so that the first vehicle arrives in reasonable
time to be met by green on signal 3.

occur’”



Fig. 2 X 8007
Control cabinet and signals at the street
crossing

The signal head in the centre controls the
tramway traffic and in the photograph shows
a white arrow. The sign on the signal mast
on the right indicates »No right turn».

Three Programme Vehicle Control

The signals are vehicle controlled by means of magnetic detectors embedded
under the asphalt. The detectors operate to all kinds of vehicles and are
directional. The function of vehicle control—which must now be universaiiy
known—is that the lengths of the green periods automatically vary from one
cycle to the next according to the existing volume ol traffic passing the signal
intersection, and that at maximum volume the green periods displayed to the
different streets are limited to a predetermined maximum tme. In normal
vehicle controlled signal systems the maximum periods can bhe adjusted by
means of knobs. cach street and phase having a “maximum knoh™.

Experience abroad and in Sweden has shown that the maximum knob
arrangement is usually adequate for the requirements both at peak hours and
other times. But it has proved deficieat at certain places where the morning
traffic differs markedly in direction and volume from the afternoon traffic,
or where other special conditions prevail. Many different procedures have
been tried out to overcome this problem. Since the method of wvariable
maximum green periods tried at Langholmsplan may be assumed to be entirely
new, a brief description may be of interest.

Lingholmsgatan has three maximum knobs, as also Hogalidsgatan. Thus
each phase has a “low maximum”, a “normal maximum”™ and a “high
maximum”—programmes I, II and I1I. The change from one programme to
a higher or lower takes place automatically under certain given conditions.
as follows:

An increase from programme 1 to programme II for phase 4 (Langholms-
gatan phase) takes place on condition that the maximum period of programme
I has been taken out fully by the traffic in street A4 n, times in succession. (1,
can be set on a special 7, knob from 1 to 10 units.)

An increase from programme Il to Il takes place under similar conditions.
Here there is a n, knob which can be given values other than n,.

A decrease from programme 111 to programme Il takes place on condition
that the maximum period on programme III has not been taken out n, times
in succession.




Fig. 3 X 7714
Control cabinet

On the left of the left-hand photograph is the
control and indicating panel on which ditfer-
ent forms of operation can be set and indi-
cations of wvehicl: impulses erc. can be read;
in the centre are the maximum time selectors,
The latrer, shown in enlargement (right), are
used for serring the different programmes be-
tween which the system automatically changes
50 as to adapl the signals as required by the
current traffic situation.

A decrease from programme I to programme I takes place under similar
conditions and with the associated n, knob.

Hogalidsgatan is similarly equipped with three programmes. So far the

following settings have heen found suitable:

[_angholmsgatan Hogalidsgatan
(phase A) (phase D)

Maximum times on

programme | 20 secs. 12.5 secs.

programme 11 30 secs, 17.5 secs.

programme [11 50 secs. 25 secs.
Number of maximum times taken

out by the traffic in sequence

n, (I—=JT) | 1

n, (I — 110 3 3
Number of maximum times not taken

out by the traffic in sequence

n, (HI—11) 3

i, (11— 3 3

When the programme sclectors are switched off. the installation functions
as an ordinary vehicle-controlled system with maximum times that can be
set separately and that arc entirely distinet from the maximum times for
programmes I, 11 and 1L

To arrive at proper settings of the eight n knobs. as also of the maximum
knobs, naturally requires a careful study of the tratfic. The aim is to select
values which cause the signals to follow programme I at nighttime, programme
I during peak hours, and programme Il at other times.

Experience gained hitherto has shown that the requirements have been
satistied. At midday. for example. it may be noticed that programme 11 alter-
nates with programme I on Hogalidsgatan, while at the same time programme
HI alternates with programme Il on Liangholmsgatan. At night programme |
usually occurs on Hogabdsgatan, and programme | or on some occasions

programme 1l on Lingholmsgatan.
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N X 005
Fig. 4 X 8010

Two traffic situations

(Left) traffic in phase A and (right) in phase D

- !ll Mﬂmlm
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Ordinary vehicle control implies that the signals change before the termina-
tion of the maximum time if the traffic intensity diminishes to some extent
during a phase. Programme control is a further step in the development of
vehicle control, since the maximum green times as well can be adapted to the
prevailing traffic load, i.e. the load during a certain number of successive
cycles. The combination of ordinary vehicle control and programme control
has very great advantages, therefore. The systems described have also proved
their worth in bringing about a great increase in capacity and in more
flexible handling of the traffic.



.M Ericsson Exchanges Cut into Service 1956

Exchanges with s00-line selectors
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. . Number
Town Exchange of Jines
Argentine
Mendoza Mendoza 11 3000
Parana (extension) 500
Australia
Melbourne PABX (extension) 250
Bolivia
Cochabamba (extension) 1000
Brazil
Belo Horizonte (extension) 4000
Ribeirao Preto (extension) 2000
Colombia
Barranquilla Principal 10000
Barranquilla Estadio 3500
Barranquilla Sur 1500
Bogota DE Centro {extension) 1000
Bogoti DE Chapinero (extension) 3000
Bogota DE Las Cruces  (extension) 1000
Bogota DE Muzu 2000
Bogota DE Ricaurte {extension) 2000
Medellin Americal fextension) 1500
Medellin Bosque (extension) 2000
Medellin Centro (extension) 3000
Lihiopia
Addis Abeba Centro {extension) 1000
Addis Abeba Filwoha (extension) GO0
Finland
Karjasilta (extension) S00
Kuopio (extension)| 1000
Pori Bjirneborg (extension} 500
Seinijoki {extension) 300
Turku Abo (extension) 500

Number
Town Exchange of lines

ltaly

North Italy

Adria (extension) 200
Chioggia (extension) 200
Este (extension) 100
Legnago (extension) 900
Montagnana 700
Padova (extension) 2400
Rovigo (extension) 400
S. Bonifacio (extension) 200
S. Dona di Piave (extension) 200
Schio {extension) 200
Thiene (extension) 100
Treviso (extension) 500
Valdagno {extension) 200
Venezia Centro (extension) 1500
Venezia Lido (extension) 600
Venezia Mestre (extension) 1900
Venezia Murano (extension) 20
Verona (extension) 2500
Vicenza (extension) 1100
South ltaly

Alcamo (extension) 200
Barletta (extension) 200
Benevento {extension) 500
Brindisi (extension) 600
Caltagirone (extension) 100
Capri (extension) 110
Caserta (extension) 500
Cassino 400
Catania {extension) 2000
Catanzaro (extension) 700
Cosenza (extension) 700
Crotone 600
Enna (extension) 100
Foggia (extension) 800
Giarre Riposto (extension) 40
Lecce (extension) 700
Napoli Centro (extension) 2000
Napoh Nolana (extension) 2500
Napoli Portici (extension) 200
Napoli Vomero (extension) 1000
Naocera Inferiore (extension) 300
Palermo Liberta (extension) 1500
Palermo Polacchi (extension)| 4(_IU(J'|




T Exch Number

oW AEnAnge of lines
Palermo S. Lorenzo 500
Ragusa (extension) 500
Rossano 400
Siracusa (extension) 1000
Vibo Valentia 400
Lebanon
Beirut (extension) 7500
Beirut PABX {extension) 720
Mexico
Mexico DF Chapultepec  (extension) 1500
Mexico DF Madrid 10000
Meéxico DF Piedad (extension) 400
Mexico DF Roma (extension) 3000
Mexico DF Sabino 3000
Mexico DF San Angel (extension) 500
Mexico DF Zocalo (extension) 1500
Netherlands
Rotterdam Centrum LI (extension) 7500
Rotterdam 1 PABX 200
Rotterdam Schiedam (extension) 500
Norway
Narvik 2500
Porsgrunn {extension) 500
Stavanger (extension) 1000
Tromso 3000
Panama
Panama city I PABX 230
Union of
South Africa
Cape Town PABX (extension) 100
Sweden
Arvika 1 PABX 160
Bollnis {extension) 1000
Boriis 2 PABX 540
Eskilstuna (extension) 3000
Fagersta I PABX (00
Falképing (extension) 500
Filipstad 1 PABX 140
Finspang 1 PABX 400
Givle I PABX 280
Gothenburg 1 PABX 140
Gothenburg Hisingen (extension) 3000
Gothenburg Kalltorp (extension) 3000
Gothenburg Vasa (extension) 500

) Number
Town Exchange of lines
Gothenburg Orgryle 7000
Gothenburg Kortedala (extension) 2000
Haglors (extension) 500
Halmstad I PABX 100
Huskvarna (extension) 1000
Hillabrotiet 1 PABX 100}
Hiirnosand I PABX 120)
Jonkoping (extension) 2000
Karlstad (extension) 1000
Kristianstad (extension) S00
Kristinehamn {extension) 1000
Koping I PABX 260
Landskrona I PABX 120
Lidkoping (extension) 1000
Linkoping I PABX 140
Ludvika (extension) 500
Lund 1 PABX 300
Molndal 1 PABX 140
Norrkoping (extension) 1000
Nykoping 1 PABX 120
Oxelosund I PABX 120
Saltsjo-Jirla 1 PABX 120
Smedjebacken I PABX 160
Solna I PABX 200
Stockholm 7 PABX 1360
Stockholm Handen (extension) 500
Stockholm Hiisselby (extension) 4000
Stockholm Milarhdjden (extension) 3000
Stockholm Risunda (extension) 3000
Stockholm Tullinge (extension) 500
Stockholm Ulriksdal 4000
Stockholm Orby (extension) 4500
Surahammar I PABX 300
Sodertilje (extension) 500
Solveshorg (extension) 300
Trollhittan (extension) 1000
Uppsala 2 PABX 320
Viistervik (extension) 1000
Orebro (extension) 6000
Ostersund 2 PABX 240
Ovriga Sverige PABX (extensions) 1480
Turkey
Ankara Bahgelievler  (extension) 1000
Ankara Kecioren (extension) 200
Ankara Yenimahalle  (extension) 1000
Aydin 1000
Denizli 1000
Erzurum 2000
Iskenderun 1000
Izmir Karsivaka (extension) 1000
Nazilli 1000
Tire 500
Venezuela
Cartpano extension) 400
Merida 1500
San Felipe 500
Total| 202830
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Exchanges with crossbar switches

Town

Denmark

Horsens
Copenhagen
Copenhagen
Copenhagen
Copenhagen
Copenhagen
Copenhagen
Copenhagen
Copenhagen
Copenhagen
Copenhagen
Odense
Rudkobing
Skagen

Finland

Helsinki/Helsinglors
Helsinki/Helsingtors
Helsinki/Helsingfors

Helsinki/Helsingfors

Helsinki/Helsingfors
Helsinki/ Helsingfors

. | Number
| Exchange of liigi Town Exchange
|
Netherlands
fextension) 4000 Haag 1 PABX
PAX 180 Rotterdam Centrum I1 (extension)
PARX 120 Rotterdam Noord I (extension)
Bagsvaerd (extension) 1000 Rotterdam West 11 (extension)
Glostrup 5000
Kastrup  {extension) 2000 o
Lyngby 10000 ' v
Valby (extension)| 2000 Oslo I PABX
Vestshel  (extension) 1000
Virum (extension) 1000 )
Yrsa (extension) 1000 Sweden
1000 Alingsas
1000 Finsping I PAX
1600 Motala
Stockholm 3 PABX
Stockholm PABX {extension)
Sunne
Haaga/ Haga 1000 Visterss PAX (exRiErsion
Herttoniemi Hertoniis 3000
Keskusta/ Centrum
(extension) 1400 Y ugo-Slavia
Kiipyli/ Kotthy _ Bitolj
(extension) 5000 Nikaic
Pakila/Baggbole 3000 Pula
Sorndinen/Sornis |
(extension) 2000 Total

Rural exchanges with crossbar switches, system ARK

Number

ol lines

120
7500
5000
3000

70

4500
300
6500
hstl]
150
1300
100

500
400
700

77300

Riral exchanges with 100-line selectors, svstem XY

Country

Number

Number
of lines

.

Country

Number

Numbher
of lines”

Finland 1970 Norway Iig 4310
fraly 18 2360
Sweden 3 2600
Total 41 ’ 6930 Total 12 4310
* The number of lines includes both new exchanges and extensions of existing exchanges.
Exchanges with reluy selectors, 100-, 30-, 252 and 12-line selectors
(delivered from Stockholm)
Number
) Number | o¢ jines
|
| Exchanges with relay selectors 173 1474
\ Exchanges with 100-line selectors, system AHD 106 9470
Exchanges with 30-. 25- and 12-line selectors, system OL 330 9700
Total 609‘ 20644
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L M Ericsson Presents Automatic
Exchange to Cali, Colombia

In September last year a serious
explosion occurred in the town of
Cali, Colombia. Seven lorries loaded
with dynamite exploded while parked
on a barracks square. Eight blocks
of buildings were levelled with the
ground, windows were smashed with-
in two miles radius, and the explosion
left a crater 100 yards in diameter.

The death roll was very heavy,
and large numbers of people were
injured. The destruction in the town
was appalling. All normal life stop-
ped, military and civilian squads were
sent in to assist the injured and clear
up after the devastation.

L M Ericsson, represented in Co-
lombia by their affiliates Cia
son Ltda. contacted

Erics-
the Colombian

relief  organization  Sendas
way of financial offered
automatic equipment for
5800 hines of other make that hap-
pened to be available. The gift con-
tributed to some extent to the relief
campaign for Cali
motion throughout the country.

and, by
assistance,
telephone

which was set in

The head of Cia Ericsson Ltda.
Mr. Olal Gustafson, presented the
deed of gift to the President of Co-
lombia, Gustavo Rojas Pi-
nilla, at the end of last year. In Feb-
ruary 1957 L M
to hand over the gift in concrete form
to the Mayor of Cali, Col. Andres
Munoz, who officially accepted the
Cali's  behalt  from
Fernstedt and Olal

General

Ericsson was able

equipment  on
Gote
Gustalson.

Messrs,

Mr. Gote the deed of

transfer for

Fernstedt signs

the gift to the town of

Cali. On his right is the Mayor of Cali.

(Below) Mr. Olaf Gustafson presents
the deed of gift to the President of
Colombia.

The press devoted much space to
this evidence of L. M Ericsson’s desire
to help. The presentation ceremony
was also televised.

The town of Cali has a telephone
which differs entirely from
L M Ericsson's, so that the gift was
in no way bound up with a business
deal-a fact which aroused consider-
able respect appreciation from
the press and local population.

system

and

First Crossbar
Switching Exchange
in Africa

The ftirst crossbar  exchange in
Africa  was installed  at Gatooma.

Southern Rhodesia, in January to the

orders of the Rhodesia Post Office.
It is a 1,000-line city exchange of
L M Ericsson’s type ARF S0 with

equipment  for auto-manual  trunk
traffic. The equipment was installed
by the Post Office staff with the as-
sistance of an L. M Ericsson engincer
who remained for six weeks after the
cut-over to instruction to the
Post Office maintenance staff. Before
his departure 10,000 test connections

aive

had been made without a single fault
occurring, and the exchange has since
functioned satistactorily.



C.T.C. for Jugoslavian Railways

The Jugoslavian  Railways  have
decided to install modern interlocking
systems and centralized tratfic con-
trol (CTC) on the very heavily traf-
ficked Doboj-Zenica com-
prising some 100 kilometres of the
single track line between Brod and
Sarajevo, L M Ericssons Signalaktic-

section

bolag has received an order for the
cquipment and will also supervise the
work of nstallation.

The Doboj-Zenica section  has
twelve  stations. with
four tracks. The traffic is very heavy,

cach three or
and the present capacity of the line
is inadequate. The capacity will be
introduc-
and

increased, however, by the
tion of signalling  equipment
CTC, which will render the
capable of carrying the heavier traf-
fic that is anticipated within the next

section

few years.
All stations relay
locking plants, but only the four larg-

will have inter-

est exchanges will be equipped with

On the 1ooth Anniversary of the Swed-
ish State Railways on December 1, 1956,
Messrs. H Thorelli, H Lindberg, H In-
A Westling
for 25,000 kronor from
Erik Upmark,
head of S.S.R. It is proposed that this

\Llii'll'l‘.i\’l' -II'II.' 1‘rL"§‘."I1{L'LI a

deed of gift

the Ericsson group to

sum shall be used for scholarships to

S.5.R. staft’ for travel within Europe.
19
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local control panels that can be oper-
ated when the stations are discon-
nected from the CTC system. The
CTC office will be located at Doboj,
and all stations will normally be con-
trolled from it.

Some  ten
protected by lifting gates and signals
for automatic control by trains.

The CTC system will be of L M
Ericsson’s standard type with the illu-
minated track diagram separate from

road crossings will be

the keyset type control pancl I'he

CTC office will also have a lram-
araph.
The Doboj-Zenica plant will  be

completed in three stages and be fully
installed by 1960,

Ericsson Technics

Ericsson Technics No. 2, 19536, has
recently appeared. An article by Pro-
fessor € G Aurell of the Chalmers
University of Technology, Gothen-
burg, entitled “The Equivalent Trans-
mission Line of a Linear Four-Termi-
nal Network. Calculations with Cas-
cade-Connected Four-Terminal Net-
works™. describes a systematic proce-
dure for the calculation of impedances
and powers in cascade-connected four-
terminal  networks. The concept
“equivalent transmission line™ is ex-
tended to apply also to non-symmet-
rical and non-reciprocal four-terminal
networks. The article *"New Types of
Sections for Zig-Zag Filters” by Pro-
fessor T Laurent, of the Stockholm
Institute of Technology, presents new
types of band-pass sections named
“zig-zig"  and  “zag-zag” sections
which can be introduced into a zig-
zag filter ladder without producing
reflection. This provides full freedom
in the choice of attenuation peaks in
a filter ladder of this kind.

Finally, an article by H Higgblom
and S Tomner of AB Svenska Elek-
tronror, Stockholm, *Developments
of the Strophotron™, describes the
theoretical and  experimental  work
done on the development of stropho-
tron oscillators within the frequency
range 1.000-5,000 Mc/s.




LM Ericsson, Midsommarkransen, is
admittedly a bit spoilt as regards celeb-
rities. But it is no common occurrence
to have two Nobel Prize Winners vis-
iting the company at one time. This
did happen recently, and the two gentle-
men were Dr. Walter Brattain of Bell
Laboratories and Professor John Barden
of the University of Illinois. They are
seen with Dr. Christian Jacobius in the
photograph (right). The two Americans

were awarded the 1956 Physics Prize

for their fundamental work in the field
of transistors.

The Lapp, Anders Rikko,
reindeer-owner from Gilli-
vare, was in Stockholm at
the end of January to have
a look at the capital. He
was particularly anxious to
sce LME, A friend arranged
the introduction, and he
was taken round the firm.
He is seen (left) in his
resplendent Lapp costume
using an Ericofon in the
Exhibition Room.

Loke Darshan, the Private Secretary of the King of
Nepal, took the opportunity of visiting L M Erics-
son when recently in Sweden. Here he is seen be-
coming acquainted with the Ericofon, L M Ericsson’s
new telephone.

The Head of the Peruvian Ministry of Telecommuni-
cations, Dr. Jorge Fernandez Stoll, recently visited
LME’s operating company, Sociedad Telefénica del
Peru, at Arequipa. LME’s Peru manager, Sr. Jaime
Uminsky (right), demonstrated the Ericofon for the
Minister.

L)
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New LM Ericsson Exchanges in
Gothenburg, Landskrona and Leksand

The automatic exchange at
Orgryte, Gothenburg, was opened in
1956, It 1s a central
exchange, having direct junctions with
other exchanges in the mner area of
Gothenburg. The Orgryte exchange
15 built on the 500-line selector sys-
tem. It is of the type as the
previous L M Ericsson exchanges
Gothenburg and initially  caters for
7,000 When the new
exchange opened, 4,700
subscribers from the Vasa exchange
and

new

December area

sdme

subscribers.
Wils some

were transferred renumbered.
This

change to accept new subscribers.

transter enabled the latter ex-

L M Ericsson partook in the first inter-
national exhibition for electronics, tele-
communications and radio, held in
Mexico in December 1956, through the
agency of Compafiia Comercial Erics-
son S.A. LM Ericsson's stand presented
a general survey of the company’s pro-

duction. (Right) The Ericofon corner.
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The new automatic exchange at
Landskrona, opened in February, of-
fers the longest subscriber-dialled con-
nections in Sweden. The exchange
comprises 7,000 lines and has equip-
ment for zone traftic and tull-auto-
matic trunk traffic. It employs cross-
bar switches of the Swedish Tele-
communications Administration type
manufactured by L M Ericsson. This
exchange provided Landskrona with
full-automatic trunking to Stockholm

New Automatic
Exchange at
Mendoza

A main exchange with a capacity
of 3.000 lines for the telephone oper-
ating  company, Cia Argentina de
Telefonos, has been opened in Men-
doza. The inaugural ceremony for
the opening of the exchange-Men-
doza Il-which formed part of the
official programme of the Province
of Mendoza for the celebration of
the Argentine Commemoration Day,
was presided over by the Provincial
Interim Governor, Dr. Isidoro Bus-
quets, and the equipment was conse-
crated by the Bishop of Mendoza and
Neuquen, Monsenor Dr.  Alfonso
Maria Buteler, seen in the photo-
graph at the service ohservation desk.
Among other persons at the opening
of the exchange, the installation of
which was carried out by Cia Sud-
americana de Teléfonos L M Erics-
son, were the entire provincial gov-
ernment and general staff.

and Gothenburg, among other places,
via the Malmo transit exchange. Since
the opening of the Landskrona ex-
change Sweden’s longest subscriber-
dialled connection stretches from the
island of Ven in the Sound 1o Singd
in Roslagen, a distance of 818 kilo-
metres.

A crossbar exchange of the Tele-
communications Administration type,
for 1,500 lines, has also been supplied
recently by L M Ericsson to Leksand.




icsson

vehicle controlled

U.D.C. 656.056.(487.1)
. In particular a new method

of L M Ericsson's

installation

Traffic Signals at Visterbron, Stockholm. Er
traffic signals on the approach to Visterbron

Rev. 34 (1957) No. 1, pp. 23-27.
the

voN MATERN, B

An account of

of varying the maximum green periods, so providing several signal
programmes, is described.

U.D.C. 654938

this article.

mn

d offices, and L M Ericsson has therefore introduced

lar, but smaller system presented

um-sizes

100, or alternatively, 200 persons was described in Ericsson

U.D.C. 621.395.722.044.5

AHM, M: Maintenance of Aarhus Area Exchanges. Ericsson Rev. 34
(1957) No. 1, pp. 2-8.

Six automatic local exchanges and a trunk exchange of L M Ericsson's
crossbar system were opened in the Aarhus area on May 1, 1953. The
article deals with the methods of maintenance and the results of operation
for the first six months of 1956.

U.D.C. 621.395.34(480.3)

VON ScHANTZ, K: Mechanization of the Aland Telephone Network.
Ericsson Rev. 34 (1957) No. 1, pp. 9-13.

In this article an account is given of the results attained through the
mechanization of the Aland network.

U.D.C. 621.395.669

NyrLunp, E: Connecting and Protector Strips for Main Distribution
Frames. Ericsson Rev. 34 (1957) No. 1, pp. 14-18.

Telefonaktiebolaget L M Ericsson has designed a new connecting and
protector strip with pairs on 10 mm centres, occupying only two-thirds
of the vertical space required by the previous strip. The strip is composed
of standard elements, so is simpler to manufacture, pack and install.

imi

IRGENS, O: Visual Staff Locator System for Small and Medium-sized
paging

Offices. Ericsson Rev. 34 (1957) No. 1, pp. 19-22.
Review No. 1, 1954. So large a number of signals is seldom needed in

small and med

L M Ericsson’s keyset operated staff locator system with facilities for

the s




The Ericsson Group

Associated and co-operating enterprises

« EURCPE »

Danmark

L M Ericsson AJS Koebenhavn F,
Finsens Vej 78, Tel: Fa 6868, t1gm:
ericsson

Telefon Fabrik Auvtomalic AJS
Kebenhavn K, Amaliegade 7, tel:
C 5188, tgm: automatic
Dansk Signal Indusiri A/S Keben-
havn F, Finsens Vej 78, tel: Fa
6767, tgm: signaler

Deutschland
Ericsson Verkaufsgesellschaft m.

b. H. Disseldorf 1, Worringer
Strasse 109, tel: 84461, tgm:
erictel
Espafia

Cia Espafiola Ericsson, 5.
Madrid, Conde de Xiquena 1
tel: 315303, Igm;ericsson

A.
3,

France

Société des Téléphones Ericsson
Colombes (5¢inz), Boulevard de la
Finlande, tel: CHA 35-00, 1gm:
ericsson

Paris 17e, 147 Rue de Courcelles,
tel: Carnot 95-30, tgm: eric
Sociétd Cindric Paris 20e, 111 Rue
Villiers de I'lsle Adam, tel:
Ménilmontant 87-51, tgm: cin-
ericsson

Great Britain

Swedish Ericsson Company Ltd.
London, W. C. |, 329 High Hel-

Italia

Setemear, Soc. per Az, Milano, Yia
dei Giardini 7, fel: 662241,1gm:
setemer

SIELTE, Soc. per Az. — Socield
Impianti  Elettrici e Telefonici
Sistema Ericsson Roma, C. P.
4024 Appio, tel; 780221, 1gm:
sielte

F. A. T, M. E. Soc. per Az, —
Fabbrica Apparecchi Telefonici
e Maleriale Elettrico »Brevethi
Ericsson»  Roma, C. P. 4025
Appio, tel: 780 021, tgm: fatme
S.E.T. Soc. per Az Societa
Esercizi Telefonici MNapoli, Via
Roberio Bracco 20, tel: 50 000,
tgm: sel

Hederland
Ericsson Telefoon-Maatschappii,
M.V, Rijen (N. Br.}, tel: 01692-555
tgm: erictel
den Hoag—Scheveningen, 10, Pa-
lacestraat, tel: 555500, tgm:
erictel-haag

MNorge

A/S Elekirisk Bureau Oslo, P, B.
5055, tel: Centralbord 461820,
tgm: elektriken

AlS Industrikontroll Oslo, Teater-
galen 12,tel: Centralbord 335085,
tgm: indtroll

AJS Marsk Kabelfabrik Drammen,
P. B. 205, tel: 12 85, tgm: kabel
AlS Norsk Signalindustri Oslo, P.B,
Mij 2214, 1el: Ceniralbord 56 53 54,
tgm: signalindustri

Parivgal

Sociedade Ericsson de Portugal,
Lda. Lisboa 7, Rua Filipe Falque,
tel: 57193, tgm: ericsson

Suom

QY L M Ericsson A/B Heisinki,
Fabianinkatu 6, tel: A 8282, tgm:
ericssons

Sverige

Telefonaktiebolaget L M Ericsson
Stockho!m 32, tel: 19 00 00, tgm:
telefonbolaget

AB Alpha Sundbyberg, tel:
28 26 00, tgm: aktiealpha-stock-
holm

AB Ermex Solna, tel: 820100,
tgm: elock-stockholm

AB Ermi Ulvsunda 1, tel: 26 26 00,
tgm: ermibolag-stockholm

AB Rifa Ulvsunda, tel: 26 26 10,
tgm: elrifa-stockholm

AB Svenska Elektronrér Stock-
holm 20, tel: 440305, tgm:
electronics

L M Ericssons Driftkontrollaktie-
bolag Seina, tel: 27 27 25, tgm:
powers-stockholm

L M Ericssons Signalaktiebolag
Stockholm 9, tel: 680700, 1gm:
signalbolage!

LM Ericssons Svenska Forsalj-
ningsakliebolag Stockholm,
Kungsgatan 33, tel: 223100,
tgm: ellem

Mexikanska Telefonaktiebolaget
Ericsson Stockholm 32, tel: 190000,
tgm:mexikan

Sieverts Kabelverk Sundbyberg,
tel: 28 28 60, 1gm: sieverisfabrik=-
stockholm

Svenska Radioaktiebolaget Srack-
holm, Alstromergatan 12, lel:
22 31 40,tgm: svenskradio

« ASIA

India

Ericsson Telephone Sales Cor-
poralion AB Calcutta, P. O. B,
2324, reg. mail: Colcutta 22, 5
Commissariat Road, P. O, Hasl-
ings, tel: 45-4494, tgm: inderic
MNew Delhi, 35, Indra Palace,
tel: 44490, tgm: inderic

Liban

Telefonaktiebolager L M Erics-
son, Technical Office Beyrouth,
Rue du Parlement, Immeuble
Bisharat, tel; 33555, tgm: ellem
Tirkiye

Ericsson Tirk Ltd. Sirketi Ankara
id-_i Han, Zafer Meydani, Yeni-
sehir, tel: 23170, tgm: ellem
Istanbul, Istanbul Birosu, Liman

Han, Kat 5, No. 75, Bahgekapt,
tel: 228102, tgm: ellemist

« AMERICA »

Argentina

Cla Sudamericana de Teléfonos
L M Ericsson 5. A. Buenos Aires,
Belgrano 894, tel: 332071, tgm:
ericsson

Corp. Sudamericana de Telé-
fonos y Telégrafos 5. A. Buenos
Aires, Belgrano B94, tel: 332071,
tgm: cartefe

Cla Argentina de Teléfonos 5. A.
Buenos Aires, Perd 263, ftel:
305011, tgm: cecea

Cia Entrerriana de Teléfonos
S. A. Buenos Aires, Perd 163, tel:
305011, tgm: cecea

Cfa Comercial de Administra-
cian S. A. Buenos Aires, Perl 263,
tel: 305011, tgm: cecea
Industrias Eléctricas de Quilmes
5. A. Quilmes FCNGR, 12 de
Octubre 1090, tel: 203-2775, tgm:
indelqui-buenosaires

Brasil

Ericsson do Brasil Comércio e
Industria_S. A. Rio de Janeiro,
C. P. 3601, tel: 43-0990, tgm:

ericsson
Sdo Paule C. P, 5677, tgm: erics-

son

Empresa Sul Americana de Tele-
fones 5. A. Rio de faneiro, C. P,
4684, tel: 43-0990,1gm: emsulalel

Canada
Ericsson Telephone Sales of Ca-

Cia -Eri:smn de Chile 5. A

Santioge, Casilla 10143, ftel:
82555, tgm: ericsson-santiage-
dechile

Colombia

Cla Ericsson Ltda. Bogotd, Apar
tado Adreo 4052, tel: 11-100,
lgm: ericsson

México

Cia Comercial Ericsson 5, A,
México D. F., Aparlado 9958, tej:
46-45-40, tgm: coeric-mexico
Teléfonos de México §. A,
México D, F., Paseo de la Re-
forma 107 fel: 21-91.00, tgm:
telmex-mexico

Perd

Cia Ericsson S, A, Lima, Aparfadg
2982, tel: 34941, 1gm: ericsson
Soc. Telefénica del Perd, 5. A,
Arequipa, Casilla de Correo 112,
tgm: felefonica

Uruguay

Cla Ericsson S. A. Montevideo,
Casilla de Correo 575, tel: 84433,
tgm: ericsson

UsSA

The Ericsson Corporation New
York 17, N. Y., 100 Park Avenus,
fel: Murray Hill 5-4030, tgm:
erictel

North Electric Co. Galion, Ohis,
P. O. B. 417, tel: 24201, 1gm:
northphone-galionohio

Venezuela

Cla Andnima Ericsson Caracas,
Apartado 3548, tel: 543121, 1gm;
ericsson

Teléfonos Ericsson C.A. Cara.
cas, Aparlado 3548, tel: 557467,
tgm: tevela

+ AUSTRALIA & OCEANIA »

born, tel: Holborn 1092, 1gm: gchweiz g i
teleric Ericsson Telephone Sales Corp. Indonesio nada Ltid, r“"'lrel""r %EQL:IQE\'(.!.’.BO Aus'"‘, i
Production Conlrol (Ericsson) AB, Stockholm, Zweignieder- Ericsson Telephone Sales Cor- Bales Road, fel: 2 + L M Ericsson Telephone Co. Py,
Ltd. tonden, W. C. I, 319 High lassung Zirich Zirich, Postfach poration AB Bandung, Djalan '9M: caneric Lid. Melbourne C 1I(V:-:tarla], Kel-
Holborn, tel: Holborn 1092, Zirich 32, tel: 325184, tgm: tel- Dago 151, tel: 2135, 1gm: Torento 18, Ont., 34 Advance vin Hall, 55 Collins IP|¢C8. tel;
tgm: productrol holb ericsson javeric Road, tel: BE 1—1306 Cen. 5646, tgm: ericmel
. Saudi Arabia Mocgambique Haiti
Agf”fles Mohamed Fazil Abdulla Arab ). Martins Marques Lourengo F. Georges Naudé Port ou Prince,
leddah, P. O. B. 39, tel: 405, igm: Marques, P. O, B. 456, tel: 5953, P.O.B. A 147, fel: 3075, tgm:
«EURCPE» Iran arab tgm: linsmargues nodeco
Belgique Irano  Swedish Company AB g . i 5 Honduras
Electricité et MécaniqueSuédoises Teheran, Khiaban 5evom Esfand yrla_ : ngerlnl ; s i i
201-203, tel: 36761, tgm: irano- Georgiades, Moussa & Cie Do- Scan African Trading Co. Yaba- Cio de Comisiones Inter-Amer|

Brixelles, 56 Rue de Stassart, tel:
111416, tgm: electrosuede

Greece
»ETEP», 5. A, Commerciale &
Technique Athens, 41 Stadiou
Street, tel: 31 211, tgm: aeter
athinai
Ireland

E. C. Handcock, L1d. Dublin, C 5,
17 Fleel Street, tel: 76 501, 1gm:
forward

Island

lohan Ronning H/F Reykjavik,
P. O. B. 883, tel: 4320, tgm:
rénning

Yovgoslavie

Merkantile Inozemna Zastu-

pstva Zagreb, P. O. B. 23, tel:
25—222, tigm:merkantile

Osterreich

Inglamark, Industrie-Beliefe-
rungs-Gesellschaft Markowitsch
& Co. Wien XV, Maria Hilfer-
strasse 133, tel: R 32-0-11, ygm:
inglomark

« ASLA .
Burma
Vulcan Trading Co. Ltd. Rangoon,
P. O. B. 581, tel: S. 878, tgm:
suecia

Ceylon

Yulcan Trading Co. (Private) Ltd,
Colombe 1, 19 York Street, lel;
3636, tgm: vultra

China

The Ekman Fareign Agencies
Ltd. Shanghai, P. O. B. 855, tel
16242-3, 1gm: ekmans
Hongkong

The Swedish Trading Co. Ltd,
Hangkong, Prince’s Building, lce
House Street, tel: 20171, 1gm:
swedetrade

swede

Iraq

Swedish Oriental Company AB
Boghdad, Azzoz Building 269 A/
195 King Faisal |l Street, tel:
84819, 1gm: swedeorient

Israel

los. Muller, A. & M. Engineer
(Representations & Import) Lid,
Haita, P.O.B. 143, tel: 3160, tgm:
mullerson

Japan

Gadelius Co. Ltd. Tokyo, Shiba
Park Mo, 7 Minalo-ku, tel:
{43)-1847, t1gm: goticus

Jordan

H. L. Larsson & Sons Lid. Levant
Amman, P. O. B, 647, 1gm: larson-
hus

Kuwait

Latiff, Supplies Lid. Kuwait, P.O.B,
67, tgm: latisup

Liban

Swedish Levan! Trading Co. Bey-
roath, P. O, B, 931, tel: 31624,
tgm: skeflo

Malaya

Thoresen & Co. (Malaya) Lid.
Singanore, P, O, B. 653, tel: 6818,
lgm: thoresenco

Pakistan

Vulean Trading Co. (Pakistan)
Ltd. Karachi City, P. O. B. 4776,
t=l: 32506, tgm: vulcan

Philippines

Koppel (Philippines) Inc. Manila,
P. R, P, Q. B. 125, tel: 3-37-53,
tgm: koppelrail

maos, Rue Ghassan, Harika, tel:
10289, tgm: georgiades

Thailand
Vichien Radio & Television Co.,
Lid. Bangkok, 299-301  Suri-

wongse Road, tel: 31869, 1gm:
vision
Vietnam, Cambodja & Laos

Compagnie Inlernalionale de
Commerce Soigon, (Yietnam],
P. ©. B. 204 tel: 20253, 1gm:
intercom

« AFRICA »

British East Africa

Transcandia Lid. MNairobi, Kenya,
P. O. B. 5933, tel: 3312, tgm:
transcanda

Congo Belge

Sociéte Anonyme Internationale
de Télégraphie sans Fil (SAIT)
Bruxelles (Belgique), 25, Boule-
vard du Régent, tel: 12 50 70, tgm:
wireless

Egypt

Swedish Industries Caira, P, O, B,
1722, tel: 51408, tgm: ecopro-
duct

Ethiopia

Swedish  Ethiopian Company
Addis Ababa, P. O. B. 264, tel:
1447, t1gm: eliocomp

Ghana (Gold Coast)

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

Maroc

Elear 5. A. Tangier, Francisco
Vitoria, 4, tel: 2220, tgm: elcor

&
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Lagos 32, P.O.B. 1,igm: swed-
africa
Rhodesia & Nyasaland

Reunert & Lenz, (Rhodesia)
Ltd. Salisbury (Southern Rhadesia),

P. Q. B. 2071, tel; 27001, tgm:
rockdrill

Unian of South Africa
Reuner! & Lenz, Litd. Johannes-

burg, P. Q. B. 92, tel: 33-5201,
tgm: rockdrill

« AMERICA »
Bolivia
lohansson & Cla, 5. A, Lo Poz,
Casilla 678, tel: 2700, tgm: jo-
hansson
Costa Rica
Tropical Commission Cao. Lid. San

José, Apartado 661, tel: 3432,
fgm: froco

Cuba

Me Avoy y Cla Hobana, Apartado
2379, tel: U-2527, tgm: mac-
avoy

Curagao M. W. L.

S. E. L. Maduro & Sons, Inc.

Curagao, P. O, B. 172, tel: 1200,
tgm: madurosons-willemstad

Repiblica Dominicana
Garcla & Gautier, C. por A,
Ciudad Trujillo, Apartade 771, tel:
3645, tgm: gartier

Ecuvador

lvan Bohman & Co. Guayagquil,
Casilla 1317, tel: Centro 208,
tgm: boman

Guatemala

Mils Pira Ciudad de Guatemaola,
Apartade 36, fel: 3311, 1gm: nils-
pira-guatemala

cana, S. A. Tegucigalpa D, C,
P. O. B. 114, tel: 15-63, igm:
inter

Jamaica and Brit. Honduras
Marris E, Parkin Kingstan, P, O,8,
354, tel: 4077, tgm: morrispark
Micaragua

1. R. E. Tefel & Co, Ltd. Managua,
Apariado 14, tel: 387-1169, tgm}
tefelto

Panama
Productas Mundiales, 5. A
Ponama, R. P., P. O. B. 2017, tel:

2 2003, tgm: mundi

Paraguay

H. Petersen S. R. L. Asuncién
Casilla 592, tel: 268, tgm: parg
trade (Agent of Cia Sudame
ricana de Teléfonos L M Ericsson
S. A. Buenos Aires)

El Salvador

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

Surinam

C. Kersten & Co. M. V. Para
maribo, P. O. B. 216, tel; 2541
tgm: kersten

UsA

State Labs. Inc., MNew York 1i
N.Y,, 649 Broadway, tel: Orego
7-8400, tgm: statelabs. Only fo
electron tubes

*AUSTRALIA & OCEANIA

New Zealand
ASEA Electric (N Z) Ltd. Wellin
ton C 1., Huddart Parker Buildin
Past Office Square, tel: 70-61
tam: aseaburd
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L M Ericsson’s 960-Circuit System for Coaxial

Cables

[. Introduction and Survey

B LUNDVALL TELEFONAKTIEBOLAGETLMERICSSON, STOCKHOLM

Fig. 1
Coaxial cable of American type

Internal diameter of outer conducrer 0.27°. The
figure shows the cable which was used in the
experimental construction New York —Phila-
delphia, 1936 — 1037,
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U.D.C, 621.395,54

I'he present article and the two following describe L M Ericsson's 960)-
cireuit system for coaxial cables. This introductory article gives a short review
of the history of the development of the coaxial svstem and gives an account
of the essential features of the 960-circuit system which have been determined
by the recommendations of the CCITT and the requivements of the network.
Having touched upon the rechnical requirements and the tvpe of signalling,

the article concludes with the prospect of future developments.

The intention of this article and the two forthcoming articles "Il System
Line Equipment™ and “lI. Terminal Equipment™ is 1o try to give a survey
of the development and construction which has been carried out hy L M
Ericsson’s  Transmission Department during a period of years. In this
introductory article, one s justified in touching on the short but intensive
history of the development of the coaxial system, which forms the background
to the decision to include this system in the manufacturing program of the
Transmission Department.

History

It 15 rather natural that it was in the US.A. where the study was begun of
the problem of being able to provide large groups of circuits between places
separated by noticeably large distances from each other. As a start two
methods of solution of the problem were pursued: by the so-called J-systems
which constitute 12-circuit systems for open-wire lines and by the so-called
K-systems which were designed as 12-circuit systems for symmetrical pair
cables with separate cables for each direction of transmission. None of the
solutions was ideal; open-wire systems gave large maintenance difficulties and
even important technical difficulties with the variation of their transmission
characteristics with weather conditions. Cable systems were on the other
hand very expensive in laying out.

It was clear that the solution of the problem lay in the design of a new
transmission medium which enabled transmission of a wide frequency band
and had stable and reproducible transmission characteristics.  So through
development work at Bell laboratories, a new type of cable came into being,
the so-called coaxial cable. intended for burying in the ground.

The original coaxial cable developed about 193335 does not differ
appreciably from the modern coaxial cables manufactured today, with the
exception that the ecarliest types had slightly smaller dimensions. The new
cuble showed itself capable of fulfilling the technical requirements of both




Fig. 2 N HOL8
Modern 6-tube coaxial cable

with core and layer of quads and screened radio
pairs

Fig. 3 X 2208
A coaxial tube of modern design

The internal diameter of the outer conductor
i50.375".

installation and transmission and very quickly formed the basis of the Ameri-
can long distance cable network which was built up during the years 1940—
1950,

To be able to use what for that time was considered to be an enormous
bandwidth, a carrier frequency equipment was developed by Bell Labo-
ratories. This so-called L-1 system provided primarily the transmission of 4480
circuits over the cable. the system capacity being later increased to 600
circuits. The first coaxial system was put into trial operation between New
York and Philadelphia in the years 1936—1937.

It is clear that the American development affected the European telephone
administrations. who were struggling with similar problems. Both the British
Post Office in England and the then Reichspost in Germany commenced early
investigation into the economic possibilities of the coaxial system in the
telephone network of their respective countries. The first system was finished
in England between London and Birmingham in the years 1937—38, and in
Germany several main routes were built during the period 1936—42.

With regard to the Swedish network, the Royal Board of Telecommunica-
tions seriously studied the application of the coaxial system for the first time
at the end of the 1930°s for communication between Gothenburg. Hilsing-
borg and Malmoé. As the actual number of circuits was then too small to
enable the coaxial system to compete, an alternative was finally selected using
12-circuit systems for symmetrical pair cables.

The second world war caused development and system planning work on
the telephone side to cease everywhere and this applied also to the coaxial
system.

At the end of the war there was a very great demand for new long-distance
communications, this applying also to Sweden. The studies which were
carried out by the Royal Board of Telecommunications clearly demonstrated
the economic advantages of the coaxial system. This led to the decision by
L. M Ericsson during the year 1946 to develop such a system.

The Coaxial Cable

Even if the intention of this series of articles is to describe the character-
istics of the carrier frequency equipment, a few words must be said about the
coaxial cable so that the reasons for the design or “organization™ of the
system may be made clear. The vital transmission item in the coaxial cable
is the coaxial tube, which in principle consists of a thin copper tube. in the
centre of which is placed a solid copper wire supported by circular polythene
washers spaced approximately 30 mm apart from each other. The copper wire
(the inner conductor) carries the electric current in one direction and the
copper tube (the outer conductor) acts as the return conductor. The attenu-
ation of a coaxial tube having standardized dimensions varies with frequency
in accordance with fig. 4. An important characteristic of the coaxial tube is
that the crosstalk attenuation between two adjacent tubes increases with
frequency. This characteristic together with that of the line attenuation,
which at lower frequencies varies rapidly thereby making the equalization
of attenuation at repeaters difficult. has determined that 60 kc/s has been
chosen as the lower limit for the frequency band sent over the cable.
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Fig. 4 X 8015
The frequency dependence of the atte-
nuation in db km at 20 C for a coaxial
tube of normal type

6-tube cable manufzciured by Sieverts Cable
Waorks.

™
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The upper frequency limit is, with the means which present technigues can
offer. set at 10—20 Mc's almost solely due to economic reasons.

In the system described here the upper frequency limit has been set at
4 Me/s, or more accurately 4092 ke/s. which gives an attenuation of
4.85 db/km at + 35 C. This in turn determines the separation between re-
peater stations at 9.5 to 10 km. as will be shown in more detail in a forth-
coming article.

A distinguishing feature of coaxial cables is that, due to the high crosstalk
attenuation between tubes, a tube for each direction of transmission can he
contained inside the same lead sheath and a cable can contain several tube
pairs. Cables containing configurations of 4, 6 and 8 tubes are the most
common.

An advantage of the cable type is that the interstices which occur between
the circular tubes can be filled with ordinary pairs or quads. Further, the core
of the cable can be tormed of layers of pairs or quads which with normal
loading can be used for intermediate local communications along the long
distance cable route. Hereby a significant economic advantage is of course
obtained.

The voltage which the coaxial tube can withstand between inner conductor
and outer conductor is so high that the requisite electrical power for operation
of several repeater stations can be sent over the power line which can be
formed from the inner conductors of two tubes.

Main Features of the System

It has already been mentioned that out of the potentially very wide
frequency band. the range 60 k¢/s to 4092 ke/s has been chosen for the
960-circuit system.

This frequency band is employed in the system so that it is divided into
16 bands each of width 240 kec/s separated by spaces of 8 ke/s except between
bands 1, 2, and 3 where the space is 12 ke/s (see fig. 5). Each of the 16 bands.
a so-called supergroup. is composed of 60 telephone channels cach of 4 ke/s
nominal bandwidth. In the figure the frequency position of the so-called line
pilots is indicated. i.e. signals which are continuously or occasionally sent out
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along the cable from a terminal. The characteristic of these pilots is that they
are placed in the spaces between the supergroups or at the ends of the trans-
mission band. Of the frequencies used continuously, 4 092 ke/s is used and
sent out as the line regulating pilot which is used at each repeater station,
2792 ke/s is the line regulating pilot which is used at certain larger stations
situated at a greater distance from each other, and 60 kc/s is the frequency
comparison signal. The other so-called inter-supergroup pilots are only sent
out occasionally and are used as measuring signals to check the levels along
the cable,

As has been mentioned, the coaxial cable has rather a large attenuation
which varies with frequency. To compensate for this attenuation,
repeaters are introduced at regular intervals along the cable. The maximum
distance or rather the maximum amplification at a given upper limiting
frequency for the transmitted band is solely decided by the output power
available and the quality of electron tubes which are at one’s disposal. The
choice of the upper frequency limit or of the transmitted bandwidth (which
in this case is the same) thereby becomes an economic question. dependent
on the relationship between the price of coaxial tubes and repeater equipment.

also

The choice which was made already in 1947, of an upper frequency limit
of approximately 4 Mc/s and a maximum amplification of 48 db (which per-
mits o maximum repeater separiation of about 10 km) has been a good
compromise from the technical and economic point of view and is still valid
today concerning new systems.

Due to the possibility of the feeding of power over the cable. a large
number of repeater stations along the cable route can be made unattended.
Normally about every 10th to 20th station is attended. At these stations, power
feeding equipment is also located together with certain additional equipment
for manual equalization of certain accumulating level variations. The sending
amplifier equipment and the receiving amplifier equipment is placed at the
terminal stations.

In this way a so-called h.f. line 1s built up. see fig. 6. As a rule the h.f. line
is also a pilot section le.
without interruption.

line pilots pass between both terminal stations

In the terminal stations the supergroups shown in fig. 5 are formed. This
cccurs, as in all Ericsson systems, by combining three channels to make a
sub-group in the frequency range 6—18 ke/s at the first modulation stage.
By repeated sub-group and group modulation. the following groups standard-
ized by CCITT are formed, the basic group in the frequency range 60—108
Ke/s containing 12 channels and the basic supergroup in the frequency
312 to 532 ke/s containing 60 channels.

range
The line frequency band of the
coaxial system as shown in fig. 5 is obtained in the last group modulation in

( Power feeding

station

Terminal

|
i | starion
|



Fig. 7 X BO16

Very simplified block schematic diagram
of the terminal equipment
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accordance with the simplified block schematic diagram in fig. 7. A detailed
survey of the lay-out of terminal equipment is given in a forthcoming article.

So far, the build-up of the coaxial system gives the impression of simplicity
and straightforwardness. The picture is very much more complex when we
proceed to the next chapter: Coaxial System Networks.

Coaxial System Networks

In leaving the simple case of pure terminal traffic on a coaxial cable be-
tween two stations and going on to consider the working on a coaxial cable
system network which links the larger traffic centres, new requirements as
regards system flexibility are necessary for economic reasons and also the
transmission technical requirements must be improved for quality reasons.

The most important requirement as regards system flexibility is that it must
be possible to through connect large blocks of circuits at a station where
certain other blocks terminate without having to through connect on a voice
frequency basis. This is an essential factor in the economics of the coaxial
system, as a very large part of the cost of the terminal equipment is in the
channel modulation equipment. For such through connexions, CCITT has
recommended that groups of 12 circuits are through connected at 60—108
ke/s while groups of 60 circuits are through connected at 312—552 ke/s.

This latter factor is the indirect reason why the line frequency band for the
4 Mc/s system is divided up into 16 parts. each part consisting of a band of
240 Ke/s or 60 circuits,

Both the through connexion facilities mentioned make it natural to intro-
duce central “marshalling”™ or distribution points in the terminal equipments
where through connexion and redirection of groups or supergroups can be
carried out. These are the so-called group and supergroup distribution bays,
see fig. 8.

To illustrate this, a typical station having four coaxial cables going out from
it has been drawn in fig. 9. From the figure it is apparent that to each pair
of tubes there is directly connected a so-called supergroup translating
equipment. The duty of this equipment is to build up a line frequency band
of 16 supergroups in the outgoing direction as shown in fig. 5. and to sepa-



Fig. 8 X 2207

Supergroup Distribution Bay

The vertical jack field for the station side is
nearest the viewer. In the rear is scen the ho-
rizontal jack field for the line side. cach jack
field catering for 16 supergroups.

rate and demodulate the line group frequency band into the component
16 supergroups in the incoming direction. These supergroups, now in the
frequency band 312—552 ke/s, are sent to a distnibution bay common (o
the station. where through connexion or termination can be carried out using
cords. In the figure it is shown how supergroup Y in the cable goimng 1o A
via the distribution bay is connected to the group translating cquipment in
the station. Its function is o build up the basic supergroup from 60 channels
in the outgoing direction and to break down the basic supergroup inlo
60 channels in the incoming direction by three stages of modulation and de-
modulation respectively. 1t s also shown how the incoming supergroup 15 in
the cable coming from B via the distribution bay is sent to a through con-
nexion filter and from there back again via the distribution bay to the out-
going side for supergroup 3 in the cable going to €. In the same way. the
incoming supergroup 3 in the cable coming from C is connected to the out-
going supergroup 15 in the cable going to B. By this procedure, a block of
60 circuils has been transterred from the cable coming from B to the cable
going to C without having been demodulated to the speech frequency band.

In characterizing a station in a coaxial network, the following concepts
are employed.

HFE Line Equipment, which comprises the outgoing and incoming ampli-
fiers for each couaxial tube pair in the cable (terminal amplifier equipment).

Supergroup Translating Eqguipment, to which a certain cable, but not neces-
sarily each tube pair is connected (it is possible to have stand-by tube pairs
equipped).

Station Equipment for common functions, in which is included supergroup
distribution frames. through connexion filters, group translating and channcl-
ling equipment, carrier frequency generators etc.

In addition to these characteristics it should be possible for a long-distance
supergroup to be through connected at several stations. This leads to very high
requirements concerning attenuation distortion and noise in the supergroup
translating equipment and through connexion filters. It has also lead to a
desire to be able to “mark™ each supergroup so that it is possible to test each
one. For this reason, each of the supergroups is provided, after it has been
formed. with a pilot frequency of a precise value and level which then must
follow the supergroup until it finally becomes broken down. Using special
measuring instruments, the supergroup level can be tested during traffic at all
through connexion stations.

In the supergroup translating equipment there exists also the possibility of
introducing equipment for automatic level regulation of each incoming super-
group using supergroup pilots. In certain countries, through connexion of
groups of 12 circuits also occurs. In principle it can be said that a new distri-
bution frame is introduced between the second and third modulation stage in
the group translating and channelling equipment shown in fig. 9. Even the
12 circuit groups are “marked” with a special group pilot frequency.

Technical Requirements for Transmission

When CCITT after the war took up its work again. it was clear that the
coaxial system would be among the most important media for building up
international communications. For this reason studies were immediately
recommenced to decide on recommendations for the system. This work has
now been carried on for ten years and has resulted in a large number of
recommendations, which often go into very great detail.

One of the most important results has been the proposal of the so-called
nominal maximum circuit for the 960-circuit system. This defines for calcu-
lation purposes a certain proposed usage and this is given in fig. 10,
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The nominal maximum circuit is composed of 3 links connected in tandem
with the links through connected at audio frequency. Each link contains one
through connexion on a group basis and one on a supergroup basis and there-
fore consists of nine h.f. lines. The length of the nominal maximum circuit
1s 2 500 km. Each h.f. line is therefore assumed to have a length of 280 km.
The system was originally defined so as to be able to fix the noise require-
ments. Today the average value of the noise in one channel over the whole
length measured during the busy hour at a point of relative level 0 dbr should
not exceed 10000 pW. Of this value, 7 500 pW is allocated to the h.f. line
and 2 500 pW to the terminal equipment.

Naturally, the nominal maximum circuit can also be used for other calcu-
lations or divisions of transmission requirements such as frequency stability,
circuit level stability, intelligible crosstalk, circuit attenuation distortion eic.
The creation of this nominal maximum circuit must be considered as one of
CCITT's greatest contributions in the field of carrier frequency systems and
it has been shown that it s very useful both to administrations and manu-
fucturers to be able to have this circuit to fall back on when carrying out
planning and design.

In the planning of the 960-circuit system, the following working targets
were aimed at in the nominal maximum circuit,

Noise including unintelligible crosstalk < 10000 pW
Average value measured during the busy
hour at a point having a level of 0 dbr.

Intelligible crosstalk hetween circuits =~ 58 db

“écart diaphonique”

2500 km
1600 miles .
60— 002 ke s (line group) 0.3—3-4 ke s (channel) 6o—108 kc's (group) 312—352 ke s (supergroup)



Circuit level stability <+2db

Circuit attenuation distortion Satistying the
requirement given in fig. 3, diagram |
of Volume I of CCIF XVII Plenary
Assembly

Frequency stability of the 800 ¢/s test tone max + 2 ¢/s

The sub-division of these basic requirements of the different parts of the
system and how the problems are solved are given in the two articles to be
published later.

The only serious criticism that can be directed against the nominal maxi-
mum circuit today is that it contains too few through connexions on a super-
group basis. The increasing use of coaxial systems in networks has meant
that the number of through supergroup connexions can he from 8 to 10,
even within one country. This in turn naturally means enhanced requirements
for the supergroup translating equipment.

Signalling

Even on the subject of signalling. CCITT has in the past put in extensive
work which has consisted of field trials over a long period using both
1-frequency and 2-frequency signalling within the speech band, to ascertain
which of the two suggested systems was the most suitable for international
semi-automatic or fully automatic use. The final result of this study was that
both systems were recommended and freedom was left to the negotiating
administrations to be able to choose the system which best suited the case in
question.

For the I-frequency system. the frequency 2280 c¢/s was recommended, and
for the 2-frequency system the frequencies of 2040 c¢/s and 2400 c/s were
recommended. The frequencies chosen have been placed as high as possible
within the speech band. taking account of what existing loaded cables could
transmit without introducing too much attenuation. By selecting high frequen-
cies the risk of signal imitation by speech currents in the channel is reduced.

In the planning of the construction of the voice frequency parts of the
coaxial system, a very strong requirement was proved to be that of making
the part consisting of four-wire termination, v.f. signalling receiver, channel
amplifier and the pads for level adjustment as flexible as possible so as to be
able to meet different customers’ requirements. This question was solved by
mechanically separating the channel filter equipment and those parts just
referred to and putting them on different bays, and also as a consequence by
introducing plug-in functional units to a very great extent.

Another requirement in the construction was that both [-frequency and
2-frequency signalling equipment should be integral parts built into the carrier
system whereby a saving of cost could be obtained. As the equipment was
realized in practice. it is possible to take care of practically every occurring
requirement regarding signalling systems and signalling frequencies of ihe
I-frequency and 2-frequency system type, using two variants of the voice
frequency bay and variants of the signalling receiver units and relay equip-
ment. Examples of [-frequency and 2-frequency receivers are shown in
fig. 11.

In latter years. interest has arisen in a new method of signalling on carrier
systems where the signal is sent by means of a frequency placed outside the
speech band. Using suitably designed filter protection. a signalling channel
which is protected and independent of the speech channel can be formed.
The frequency of 3825 c/s has been chosen as the signalling frequency. This
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4 X 2208
Fig. 11 x 2208

1-, 2-frequency signalling receivers for

in-band signalling

a) Two I-frequency signalling receivers in a
plug-in unit.

b) One z-frequency signalling receiver in a
plug-in unit.

makes a compromise between the desire of having the largest possible distance
from the signalling frequency to its own speech hand and to the neighbouring
channel. and to carrier leaks and group pilots. The characteristics of this
method of signalling are that signals may be sent while speech is present and
that greater possibilities exist for sending continuous signals such as those
that are present in pure d.c. systems than exist with the in-hand systems. With
certain special signalling or tariff metering methods, or with certain methods
of building up intermediate relay sets. out-band signalling. particularly the
continuous type, can be attractive.

This system has also been able to be included in the existing design of the
960-circuit system due to the flexibility of the voice frequency parts. as men-
toned earhier.

Development Tendencies

The cable piant which comes into existence in the laying down of a couxial
cable represents a considerable investment. Partly from this factor and partly
from “competition” with centimetre wavelength radio links with their lower
plant cost. a desire has arisen that more intensive use could be made of the
available frequency band of the coaxial tubes. To this must also be added
that the existing 4 Mc/'s band does not make possible the complete transmis-
sion of a 625-line television signal, which requires an effectively transmitied
bandwidth of 5 Mc/s. As the special character of the television signal—the
hand between 25 ¢'s and 5 Mce/s must be transmitted—makes the trans-
mission using single sideband with a suppressed carrier practically impossible,
the transmission must take place on a vestigial sideband basis with a partly
suppressed carrier. whereby a bandwidth of about 5.5 Me/s is required of the
transmission medium.

As a result of this struggle to obtain better use of the coaxial tube. the
so-called 1-3 system was developed at the end of the 1940°s at the Bell Labo-
ratories in U.S.A. This system had a transmitted frequency band of from
about 300 ke's to 8.5 Mc's, whereby the repeater spuacing was reduced 1o
4 miles.

Somewhat later in Europe. repeater equipment was developed for ftrans-
mission of television signals having an upper frequency limit of about 6 Mc/s,
and having practically the same repeater spacing as for the 960-circuit sysiem.
The repeater equipment however is rather complex and a great disadvantage
is that when operating with telephone circuits. no more than 900 of these can
be permitted.

For the present. development in Europe follows two lines, one towards the
design of repeater equipment capable of operating satisfactorily over a
frequency band of 300 to 12000 ke/s, and the other towards an improved
6 Mc/'s system. The final frequency plan for the first system, the so-called
12 Mc's system, has not vet been decided by CCITT. However it is being
planned to be similar to the L-3 system either for pure telephony operation
when 2700 circuits may be transmitted, or for combined operation when
1 200 telephone circuits and a 625-line television circuit can be transmitted
simultancously over a tube pair.

The increase in transmitted bandwidth is carried out in a similar manner to
the L-3 system by halving the 4 Mc/s svstem repeater spacing. which means
that the sections become 5 km max. The situation has not vet become clear
concerning the economics of the system. except that it may be economically
motivated to put the system in on existing cables when the 4 Mc/s system
capacity is no longer adequate.

Improvements of the characteristics of electron tubes during recent years
have meant that it may be possible to develop simple three stage repeaters
for the 6 Mc's systems while retaining the 4 Mc/s system repeater spacing



(10 km maximum) and in principle having the same design. Simultancously
the frequency band used for telephony can be increased to about 5.5 Me s
thus taking care of 1 200 telephone circuits. No final frequency plan has vet
been decided by CCITT. It is rather clear that this system is economical priniu-
rily for new installations of cable and equipment, and that its occurrence will
provide very great competition with the 4 Mc/s system, particularly in the
cases where television will also be transmitted on some of the tube pairs in the
coaxial cable.

The terminal equipment characteristics are now, ai least for systems with
4 ke/s carrter spacing, so bounded by CCITT recommendations that no
further developments are likely at least as regards the frequency plan, except
for the complementary group modulation stages that 12 Me/s and 6 Me/s
systems require. Other characteristics such as frequency stability. noise, intelli-
gible crosstalk, attenuation distortion etc., have in the main hezn fixed. Thess
requirements have now been driven so far on many points that they are on
the limit of what can be obtained in fairly rational production. There are
many signs that future improvements will be concentrated on developing
designs which are suitable for smoother production in order to obtain a re-
duction in costs,

The introduction of new components will naturally affect the construction
and price. without however bringing with them radical alterations in per-
formance. The introduction of transistors, primarily in the channelling equip-
ment, will in this way facilitate a continued reduction of the equipment
volume and result in an appreciable reduction in power consumption. Several
of the factors named operate so that the coaxial system slowly but surely will
reduce the distance below which the loaded cable is the more economic trans-
mission medium.
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Telefonaktieholager I M Ericsson has introduced a new type of switch-
hoard for large P.M.B.X .5 requiring more than one operator's position. In the
desien of these switchboards particular attention has been paid to low running
costs and vood telephone service, as well as 1o reliability and simplicity in
handling, To facilitate installation, maintenance and  future extensions, the
switchboards are made up as building blocks complete with switchboard unus,
switching sets and relay sets. These switchboards, designated ADF 301 and
ADE 302, will operate in conjunction with all automatic and manual public

telephone systems.

The new C.B. type P.M.B.X.s possess all the normal facilities for calls be-
tween extensions and between extensions and public exchange subscribers,
with dialling either by the extension or by the operator, and in addition many
new features and finesses.

The first feature that strikes the eve is the introduction of the so-called
multiple lamp system. This is most efficient for multi-position switchboards,
and not especially costly since the usual form of separate answering fields
with their intermediate distribution frame can be eliminated. The multiple
lamp system enables all operators to answer any call that comes in. This
evens out the work of operators, makes for better utilization of operators’
time. reduces waiting time. eliminates concentration problems. and makes
more efficient use of the switching units. The curves in fig. 1 show roughly
the difference in traffic handling capacity between a system with separate
answering fields and a multiple lamp system. The switchboards have also
heen equipped with automatic repeated ringing, which starts when the opera-
tor plugs up the ringing cord. while at the same time ringing tone is sent 1o
the calling party. If required, switching over to manual ringing—to provide
a less disturbing signal, which may be important at nighttime in hotels, hospi-
tals, etc.—can be simply arranged.

If a requested number is engaged, the operator can plug the calling party
to a waiting jack. A slowly flashing lamp reminds the operator that a call is
waiting to be put through. while at the same time the waiting party hears an
intermittent tone indicating that he is still connected to the switchboard. It is
likewise possible for an operator to connect the line to a supervisory jack
while waiting for a trunk call. This connection permits audible supervision
of the expected trunk connection while the operator is answering other calls.

An operator can never listen to a conversation connected through any of the
cord pairs without the conversing parties’ knowledge. An intermittent tone
is automatically extended to warn them that a third party is listening.

Transfer and enquiry facilities are provided on incoming exchange line calls
and on outgoing calls established by the operator.

The exchange lines have been equipped with busy lamps so that the opera-
tors can easily and quickly find free lines in the group. and the busy test to

extension lines is done with the tip of the ringing cord plug.



Fig. 2 X 8022

P.M.B.X. type ADF 301

Fig. 3 X 7719
ADF jor1, rear view with rear covers

removed

During periods when the switchboard is unattended, all exchange lines can
be placed on night service and the current to the switchboard can be cut off.
The battery supply for night service extensions comes from the public
exchange. The extension instruments should therefore be matched to the
supply system of the public exchange. Every cord pair can be connected
through individually, which enables an executive to have a direct line to the
public exchange.

Both switching sets and relay sets are made in the form of plug and jack
units, If any unit in the switchboard is suspected of being faulty, it is a simpie
matter to remove it for inspection and adjusiment, or replace it by another.
without the operator’s work being hindered.




Fig. 4 X 2212
Relay jack

Fig. 5 X g

Line unit for extensions to ADF 3o1

Fig. 6 X 7718

Relay set with front cover removed
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Fhe switchboards are designed for an operating voltage of 24 +4 V. ERE
system works with a line resistance of 500 ohms and leakage resistance of
15.000 ochms.

I'he current consumption during the busy hour is about 2 amps per position.
g Vv hour 1s about mps |

Construction

The suite is composed of single position sections with two-panel jack fields.
Every section s made up of a steel frame and all woodwork consists of oak

veneered laminated boards.

The keyshelf accommodates |8 switching sets and | position set. The key-
shelf is lined with green linoleum and forms an admirable writing surface,
Under the keyshelf is a compartment for the operator’s personal belongings,
A metal Kicking shield is provided along the bottom of the board. The rear
cover consists of a light wood fibre board with deal frame.

The cable turning units that are always placed at each end of a suite
resemble the normal operators’ positions but have a single-panel jack field,
so that the first and last operators in the row have the same access to a
complete multiple as the intermediate operators. The cable turning units are
spaceous and incorporate all incoming cables as well as certain equipment
common 1o the suite. Figs. 2 and 3 show a P.M.B.X. consisting of four oper-

ators’ positions and two cable turning positions.

The frames of the line units are made of nylon-filled thermoplastic. The
cquipment for every line consists, in the first multiple appearance, of a relay,
jack and lamp combined nto a single unit, the relay jack (fig. 4). Fig. 5 shows
a line unit consisting of ten such relay jacks., Despite its compact construction,
all springs are readily accessible for inspection and adjustment. The first
multiple appearance has complete relay jacks. whereas the remainder of the
multiple has no relays and thus comprises units consisting of jack and lamp
only, made up in sets of ten.

The vital element of the switchboard, the cord pair equipment, consists of
two units—the switching set, used by the operator and therefore placed on
the keyshelf. and the relay set located at the back of the position. Both units
are connected by multi-pole plugs and jacks. The relay set comprises equip-
ment for two cord pairs, so that it is advisable to always equip every position
with an even number of cord pairs. The switching sets (fig. 7) have frames
of nylon-filled thermoplastic, which has a high mechanical strength and good
tropicproof properties. The cord circuit keys are equipped with frames of
die cast zinc. which ensures a high standard of precision in key operation.
The springs have twin contacts to ensure reliable contact performance. Fig. 6
shows the cord relay set with the protecting cover removed. All relay springs
naturally have twin contacts.

The exchange line call relays have also been assembled into relay sets
located at the rear of the left-hand cable turning position. Each of these
relay sets serves 10 exchange lines. At the right of fig. 3 are seen two such

exchange line relay sets.




Fig. 7

Switching set

X 221

Fig. 8

Position set

Fig. o

Splitting and ringing key unit

Fig. 10

Switchboard unit

X 2215

X 2218

X 8021

The position equipment. i.e. the common cquipment for one operator’s
position, is divided into two units. The larger unit (fig. 8). comprising the
position set proper. is placed on a cross-glued oak board covered on both
sides with paper laminate. This unit is located in the vertical field below the
jack panel. The position relays, keys, jacks and lamps are mounted on this
unit, being connected by multi-pole plugs. On the front of the position sel
are seen the jacks for the waiting and supervisory circuits, the keys for audible
calling and clearing signals and for switching from automatic to manual
ringing, as well as a pilot lamp with white lens and a fuse lamp with red lens.
The splitting key and munual ringing key, as well as an observation lamp,
have been mounted on a smaller unit (fig. 9) and are wired to a multi-pole
plug. The smaller unit is placed on the keyshelf beside the cord pairs.

For the interconnection of relay sets. switching sets and position sets, some
form of wiring unit is required. This unit, known as the switchboard unit,
has been designed as shown in fig. 10. The switchboard unit also accommo-
dates fuses tor the cord pair relay sets and for pole changers. In addition,
there are cord terminal blocks, cord fasteners and screw terminal blocks for

the ringing source. manager's telephone instrument. hand generator and dial.

All components have been designed to withstand tropical climates. Plastic
msulated wire is used throughout. All vital components are protected against
dust to the greatest possible extent,

ADF 301

ADF 301 has a maximum capacity of 40 exchange lines and 480 extensions.
The number of exchange lines can be increased at the expense of the extension
lines. The space for multiple wiring is so ample that the wiring can be formed
as a circular cable as shown in fig. 11, which can be easily made up by the
installation personnel. All relay equipment is mounted inside the switchbhoard,
which makes installation work easier and cheaper and reduces the space
required for the plant.
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Fig. 11 X #0249

Multiple cable for ADF jor

Fig. 12 X 2218
Jack and lamp strip for ADF 302 wired to

the multiple mat
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ADF 302

In this switchboard the line and cut-off relays have been placed in a separate
rack so that the extension multiple can be made up of ordinary jack and lamp
strips, each strip accommodating 20 jacks or lamps. By this means a maximum
capacity of 40 exchange lines and 1.400 extensions has been attained. The
number of exchange lines can be increased at the expense of extension lines,

In this type of switchboard the multipling must be composed of flat multiple
mats as shown in fig. 12.

Accessories

Equipment for Magneto Public Exchange Lines

Exchange lines to a magneto public exchange must be equipped with special
relay equipment. On plugging up to a magneto exchange line, a call signal
is automatically sent to the magneto exchange. When the extension handset
15 replaced at the end of conversation, a clearing signal is sent to the exchange.
Under night switching conditions the calling and clearing signals are controlled
from the extension’s C.B. instrument.

Muain Distribution Frame

The M.D.F. constitutes a link between the switchboard and lines. It enables
the lines to be casily moved to any desired position in the switchboard mul-
tiple. which is a valuable feature when a person transfers to a new office but
wishes to retain his old telephone number,

A suitable M.D.F. is BAB 25 with connecting strips NEL 1105 and test
jack strips RNR 1001, This M.D.F. can also accommodate protector strips
NFL 3245 with fuses and overvoltage arresters.

Extension lines, being normally located indoors, need not generally be pro-
tected against overvoltages. If there are lines subject to the risk of over-
voltages, they should be equipped with overvoltage arresters and fuses.

Ringing Equipment

A ringing machine is required to generate the ringing current, In small and
medium-sized plants the ringing machine may consist of a pole changer of
type RGN 6012, made up of a relay, a transformer and a capacitor accom-



modated in a metal box. RGN 6012, which is operated by a primary voltage
between 20 and 28 V, supplies a 25-cycle ringing current with a power
sufficient for simultancous ringing on ten bells.

If A.C. supply is available, a frequency transformer of type RES 250 can
be used. These transformers are made up in different designs according to
whether they are to operate on 50-cycle or 60-cycle systems. The frequency
transformers have no moving parts subject to wear and are, therefore, a more
reliable source of ringing current.

If mains failure is of common occurrence, it is advisable to combine the
frequency transformer with the pole changer RGN 6012, By being connected
to a switching relay of type RGN 6030, it is automatically switched into
circuit in the event of current failure.

Power Plant

The most reliable and uniform current supply is undoubtedly obtained from
storage batteries with automatic charging unit. For the switchboards under
consideration it is advisable to use a storage battery with a capacity of about
15 Ah per position. In considering the design of the power plant. attention
should be paid to the anticipated ultimate capacity.

The battery charging unit should recharge a run-down battery after about
ten hours. The following types of charging units, designed for connection to
an A.C. system. are recommended.

Suitable final
Code Current rating Frequency :
capacity
A c/s
BMM 1832 4 40—60 2—3 positions
BMM 1923 8 40—60 4—5 »
BMM 1924 12 40—60 6—8 »

If there is very little risk of failure on the A.C. supply system, the battery
can be eliminated and a mains-connected power unit can be used instead. The
following types of unit are recommended:

> Suitable final
Code Current rating Frequency .
capacity
A c/s
BMN 3202 6 50 23 positions
BMN 3301 12 50 4—6 "

These units will operate on mains voltages of 110, 127 or 220 V.
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The L M Ericsson Attendance Time Recorders

E LUNDQVIST, TELEFONAKTIEBOLAGET LM ERICSSON, DIVISION ERGA, STOCKHOLM

U.D.C. 681174

When LM Ericsson some thirty yvears ago started to make time recorders
this was on a rather modest scale. The production rate has since then gradually
increased and by now there are about 20,000 L M Ericsson machines in oper-
ation, In addition L M Eriesson attendance time recorders are produced on

license in England where over 12,000 recorders have been manufactured.

The requirements on a time recorder for attendance control with regard to
reliability and mechanical strength are very exacting indeed and in addition
a comparatively long operational life is generally expected, about 15 or 20
vears. The development of new designs in this field is, therefore, rather a slow
process as cach mechanism and picce part must be subjected to penetrating
and above all time-consuming laboratory tests and field trials. A series of
engineering developments and revisions have recently been concluded based on
many vears of experience with reégard to installation, operation, maintenance
and production in different countries and in a wide variation of conditions.
This work has resulted in a range of improvements on already existing card
operated time recorder models and also in a number of new types of machines.
At the same time all production of handle operated time recorders has been
terminated. A presentation of the L M Ericsson new card operated fully auto-

matic attendance time recorders should, therefore, be of gveneral interest.

In the past a time recorder was generally looked upon as something neces-
sary evil, a watchdog keeping a severe eye on anybody being late for work in
the morning. The disciplinary aspect of the time recorder still remains but
nowadays other tasks are considered more important particularly the collect-
ing of the basic data which is required by the accountancy and personnel
departments in an organization. Added to this public authorities and other
institutions must in these days be provided with an ever growing amount of
statements regarding illness, holidays. overtime &c. At the same time the
time card is more and more being regarded as a contract between the
employvee and the employer. Whereas time recorders earlier were used almost
exclusively for labour paid by the hour in factories and works, they are now
just as common in offices, banks and warehouses with salaried staff. The
reason for this is obviously not the need for more rigid discipline but the fact
that o check system with time recorders has proved to be not only the most
reliable but also the cheapest method of obtaining the data required for wages
and personnel accounting.

It is. therefore, evident that the requirements on a modern time recorder
differ considerably from those prevailing, say. 25 vears ago. Instead of the
ancient time clock. severe in lines and action, and with a slight touch of
Gestapo in it. people now want a machine of the same nature as an office
machine, a typewriter or a calculator. Apart from an attractive appearance,
which in itself is of no small importance, this means that the machine always,
also out of normal clocking hours, should be immediately ready for use and
easy in operation with a minimum of manual controls. It also means that the
registrations without exceptions should be clear. certain and easy to read.

The degree of fast and automatic action depends on the one hand on the

Fig. 1 w a0 Printing process as such and on the other on the method of separating succes-
Time recorder KCA 310—KCA 330 for Ve registrations. From the first of these requirements follows that the printing
attendance registration action should take place on the insertion of the card in the receiver without
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Fig. 2 ®7722 the agency of handles or keys: from the second that the location of the regis-

Different methods of registration on
the time cards

A Time controlled printing location

B LME registration with consccutive spacing,
weekly cards

C  Semi monthly card

I3 Fortnightly card

E Single column card

(Underlined recordings are actually printed in

red.)

trations on the card must be fully automatic and that the layout of the regis-
trations is easy to read.

Location of Registration

If the more or less manual methods of card setting are disregarded. as being
detinitely obsolete, there are at present two methods in use for the location of
cach particular registration to a particular place. In one of these systems the
clocking position is controlled by time. the printing spaces being moved verti-
cally at intervals according to a predetermined time program. According to
the other the registrations are placed one under the other irrespective of ume
Le. two consecutive recordings on the same card will always appear adjacent
to each other.

With the first mzntioned system the registrations will be scattered down
the card (A in fig. 2). There are usually about twenty printing positions in u
column and the registartions will appear in each of these during a certain time
period. This means that, if two recordings are made during the same period.
they will be printed in the same space. The time program for the space shift-
ing must, therefore. be arrunged not only with reference to arrival and depar-
ture times but also to the probability of irregular recordings at different times
of the day. Overtime before and after normal working hours must also be
considered.

The L M Ericsson time recorders are designed according to the second alter-
native. which we may term consecutive spacing (B in fig. 2). With this
method overprinting, i.e. two different recordings in the same space. is prin-
cipally impossible. No time program is required and the registrations always
appear in the correct positions one immediately under the other irrespective
of their referring to overtime, short absences or normal clocking time. This

-
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Fig. 3

Card locating mechanism

a locating levers

Fig. 4

Locating lever arresting the card

b stopping edge

Fig. 5
Locating action

left, one locating

right, both levers
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is particularly valuable in offices and warehouses where arrivals and depar-
tures necessarily vary more than elsewhere. Personnel with irregular working
hours such as cleaners, van drivers and night watchmen can use the same
machine as the rest of the employees without any special arrangements having
to be made.

With the consecutive spacing the registrations are printed in an office-like
manner with one entry under the other. The compact form of the recordings
makes the card clear and easy to read; the eye does not have travel up and
down the card to find the different registrations.

The cards for the L. M Ericsson time recorders have vertical day columns,
If the pay-period or check-period is one week, the card has seven day columns
with space for eight clockings per column (B in fig. 2). This machine agrees
as regards function with the standard type which has been marketed by L M
Ericsson for many years.
development is a machine producing 16 record spaces per column
2). The card is divided in two sections each intended for one week.
week is printed in the upper section and the second week in ihe

A new
(D in fig.
The first
lower section of the card. Another new type is intended for cards with eight
slightly narrower columns also divided in two sections (C in fig. 2). This
machine may be used when the pay-period is half a month or a full month.
Each end of the card can be used for clocking during 16 days. On cach of
types C and D the card layout normally allows six registrations per day,

Finally in another new model the recordings are arranged in one single
column with space for 22 clockings (E in fig. 2). This type of recording is
particularly useful for shift-work in three shifts, where registration in separate
day columns as a rule is not quite satisfactory. This machine is also excellent
as job coster and as dual purpose machine for both attendance recording and
job costing in small factories, garages and jobbing workshops.

Mechanical Design of the Card Locating Mechanism

On the L M Ericsson time recorders the consecutive spacing is achieved by
means of hole-punching. On each clocking a hole is punched at the side of
the registration. When the card is printed the first time in a column and is
pushed down the card slot, it 1s halted by a fixed stop. For subsequent
registrations in the same column the card is arrested by a locating mechanism
which catches in the hole previously punched. This mechanism (fig. 3) consists
of two locating levers which are pressed against the inserted card by a sysiem
of levers and spiral springs. When a hole arrives in front of the locating levers,
these will be rotated forward causing a sharp edge on each lever to jam the
It should be noted that
the locating pointers which enter the hole in the card, do not themselves halt
the downward movement, as was the case on previous models. The halting

card against the frame just below the hole (fig. 4).

action is wholly due to the stopping edge on the levers jamming the card and
this explains why closer spacing now can be produced without any danger of

the card being torn or ripped.

The double locating lever arrangement allows wider variations on the card
width. In previous designs, where one locating lever was used, excessive side
play of the card could result in a hole passing at the side of the locating
pointer. which then would fail to enter. The two locating levers in the present
design can enter a hole independently and one or the other or both will
always be in the path of the hole (fig. 5).

Time recorders with consecutive spacing require accurate sideway location
of the card. In the L M Ericsson recorders the sideway movement of the card
receiver is obtained by means of a worm spindle allowing a minimum of later-
al play. An improvement has been made on the new models by the intro-
duction of a six-start worm spindle in place of the earlier two-start spindle.
I'he operation of this new spindle has proved very satisfactory in the most

adverse conditions.



Fig. 6 X 2221
Reserve handle

fitted on time recorder

Fig. 7 X 2228

Stepping movement for hour printing
wheel

Automatic Printing

The L M Ericsson new time recorders have been designed with special
attention to casiest possible clocking procedure, high clocking speed. one-hand
operation and lowest possible noise level. The operating time is less than 1/10r
sec. and the machine is after an operation immediately ready to make a new
impression, The clocking speed is, therefore, not dependent on the machine
as such but is limited by other factors such as the finding and reinsertion of
the time cards in the card rack pockets, the nimbleness or slowness of differ-
ent individuals and local layout. Thirty recordings per minute has proved
to be a fair maximum although the interval between two successive clockings
sometimes may be one second or less,

The printing mechanism in the L M Ericsson time recorders is operated by
two powerful clectromagnets. The power supply consists of a rectifier fitted
inside the machine which can be connected direct to the electric mains of
220V or 110V A.C. or D.C. The magnets are controlled by a contact spring
set which is closed when the two locating levers enter a hole or when the
bottom edge of a card not previously punched hits a platform, The contact
is opened as soon as the printing action is completed and cannot be closed
again until the card has been pulled out of the recorder. It is, therefore, impos-
sible to make several recordings in the same position. If the card is lifted
before the printing action is completed the contact will break and the action
is discontinued and it is, therefore, equally impossible to produce a recording
if the card is not in the correct position. The operating time varies between
50 and 100 msecs depending on variations in the mains voltage,

Reserve Handle

In certain districts mains failures occur frequentlv. The L. M Ericsson time
recorders can, therefore. be fitted with a reserve handle when necessary (fig. 6).
The reserve handle mechanism is a selfcontained unit which can be fitted
on all present types of machines. It is mounted on the inside of the cover on
the right hand side of the machine and has been given a shape and position
not inviting to use unless required. The printing mechanism is operated when
the handle 1s pulled forward.

Printing Wheels

Time recorders for cards covering a week, a fortnight, half a month or a
full month, i.e. 7-column or 8-column machines, print the time in hours and
minutes. Single column machines print in addition week number and week
day.

The hours are registered in accordance with the 24-hour system but ma-
chines can be supplied for 12-hour system with P.M. figures underlined. The
minute registration may be printed either as ordinary minutes or in 1/10 hour
or to nearest 1/100 hour.

The step by step movement of the hour wheel is controlled by a cam disk
on the minute wheel spindle in cooperation with a stepping plate (fig. 7). The
mechanism is designed in such a way that the hour wheel is locked in all
positions of the minute spindle and it cannot, therefore. be brought out of
phase accidently when the cover is removed for ribbon replacement. setting
operations &c. Day wheels and week number wheels on single column ma-
chines are operated by a tripping mechanism of the disk and pinion type.

'-j.
on



Fig. & X 2222
Sound signalling device

mounted in the Fottom lefe hand corner of
the machine

Driving Mechanism

The L M Ericsson time recorders are operated by 1/ 1-minute master clock
impulses. The impulses operate an electromagnetic stepping mechanism driving
the printing wheels, the dial on the front of the machine, program unit and
card receiver day change mechanism. The current consumption is 60 mA per
impulse for the standard voltage 24 V.

In districts with reliable frequency controlled A.C. mains it is. particularly
for small installations, possible to connect the machines to the electric supply
voltage in order to cut out the cost for master clock and power supply.

In such cases the time recorder is provided with a synchronous motor
attachment which is mounted as a selfcontained unit inside the machine. This
attachment can be supplied for 220V or 110V, 50 ¢/s or 60 ¢/s.

Program Unit

The L M Ericsson time recorders are provided with two-coloured ink ribbon
and clock regular time in blue and the late arrivals, early departures, breaks
and other irregularities in red.

The colour changes take place automatically and are controlled by a pro-
gram unit inside the machine which also controls the card receiver day change
movement. The setting of a required colour change program takes place by
means of small flat program pins being inserted in narrow slots arranged
round the periphery of the four program wheels in the umt. Colour changes
can be arranged on even S-munute intervals but other times can be set by the
use of specially bent pins. The four program wheels are in action one at the
time and in a sequence which allows a deviating program on one day in the
week. usually the Saturday.

A sound signal device can when required be fitted in conjunction with the
program unit. This device will operate bells or buzzers at the colour change
times to indicate starting and stopping of work. The signals can be automati-
cally cut out on Sundays or any other day if required. The duration of the
signals s adjustable between 5 and 15 secs. The operating voltage for the
signal device and the bells may be obtained from existing 24V battery or
from a separate 24 V bell transformer.

General Mechanical Construction

In the design and engineering of the L M Ericsson new time recorders a
considerable amount of work has been spent on the selection of raw material,
tolerances and manufacturing methods. Accelerated laboratory tests have been
made on separate units as well as complete machines with considerable margins
outside normal life. As an example may be mentioned a test on a complete
machine closely assimilating actual working conditions. At the end of 11/2
million registrations the wear was found to be so insignificant that the opera-
ting margins before and after the test were practically indentical. Apart from
laboratory test field trials have also been carried out.

All spindles and pivots are made of stainless steel and other steel parts are
zinc plated ensuring a minimum of corrosion. Heavily loaded cam disks,
pawls and ratchets are made of steel alloys and hardened. The program wheels
are turned from brass hot stamping to ensure highest possible strength of the



segments between the program slots. The printing wheels are zine alloy die-
castings of the same quality as in the past has proved to stand up to the ham-
mer action very adequately.

As shown in figs | and 6 the new L M Ericsson time recorders are enclosed
in a moderately streamlined cover finished in grey-green hammer-tone stove
cnamel. This finish produces a smooth and durable surtace which is casy 1o

Keep clean.

The cover contains a compartment for the collection of the punch bits
from the cards. It is also provided with a lock to prevent unauthorized access
to the interior. The removal of the cover is very easy, the only operation
necessary being the turning of the key in the lock. When the cover has been
removed all parts for the setting of the machine and replacement of ribbon
is readily accessible from the front.

The design of a good time recorder must in mechanical respects combine
fine tolerances with robustness. The close tolerances are necessitated by the
watch and program character of the machine with requirements of correct
identification of each of the 10.080 minutes in a week. to mention one
example only, and on the other side by requirements related to the printing
process to produce clear, uniform and correctly positioned registrations. At
the same time the recorders must stand up to very rough treatment and oper-
ate satisfactorily in unfavourable conditions. Added to this the fault rate
must be low, for one thing due to the fact that the machines themselves record
their fault in no uncertain manner.

From the above it should be clear that these fundamental requirements
have been well satisfied in the development of the L M Ericsson new time
recorders particularly in view of the technical and scientific resources and
the long tradition of quality engineering which are behind its production.



Mechanization of Duct Manufacture

NSIDENMARK, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

U.D.C. 621.315.233

The majority of cables in a modern urban network are placed in conduils.
The ducts may be made of different materials such as concrete, tile, fibre ete.
L M Ericsson's ducts consisting of precast concrete blocks 1 metre in length,
with one or more ducts in each, have been used for more than 50 years and
still stand up to the hich requirements thar must be placed on an underground

cable installation.

Until a few vears ago ducts were hand-tamped (see Ericsson Review no. [,
1938, and instruction N 1531—001). In view of the universal rise in wages
and the greater demands for rapid, uniform production with unskilled labour,
a mechanical form of production became an wrgent regitivement. In collabo-
ration with Ottoverken of Borrby, therefore, Telefonaktiebolager L M Ericsson
has designed a compressor-vibrator machine for 4-way ducts, with which con-
duit construction can be carried out much more rapidly. The machine also
produces ducts of hicher quality despite the lower quantity of cement eni-

ploved.

1. Importance of Underground Conduits in a Telephone
Network

When planning a telephone network, attention must be paid not only to
keeping down first costs and reducing service interruptions as far as possible,
but also to the possibility of rapid and inexpensive extensions of the network
to kecp puace with the rise in subscriber density. Underground conduits have
long been found to be the generally best solution. This method of construc-
tion employs a piping system laid at a depth of 0.8—1 metre. into which the
telephone cables can be pulled. To facilitate the pulling-in of the cables,
manholes are placed at intervals of 80-—100 metres along the system.

The laving of conduit to cater for the requirements during a period of
15—20 years is admittedly quite costly, but involves the following important
advantages:

I. Rapid and inexpensive installation of cables.

2. The cables are well protected against mechanical damage. and a minimum

of interruptions in the service may he anticipated.

(ad

When an extension is to be made, the work is limited to pulling-in a cable
containing the desired number of pairs into an empty line of ducts without
the need of excavating the roadway. With armoured cables buried directly
in the earth. on the other hand. every extension will involve the digging
and filling in of a cable trench, with the consequent expense of breaking
up and relaying the roadway.

2. Different Tvpes of Conduir

Conduit systems may be divided into two main types, one employing pre-

cast units. the other using ducts cast on site.

Fig. 1 L M Ericsson’s conduit system belongs to the first type. the units consisting
Compressor-vibrator LVA 3015 of conerete ducts one metre in length. generally 1—4-way (earlier up to
=)
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Fig. 2 X 8025
General assembly of compressor-vibrator
LVA 3015

Mould

Mould traverscr

Canvas sleeve

Automatic table raising device
Mould vibrator with motor
Upper press

Guides

4-way duct

Core vibrator with motor
Hydraulic cylinder
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37-way ducts were used). The inside diameter of the ducts is 90 mm. per-
mitting the pulling-in of cables of up to 75 mm diameter. Tile ducts with
up to 8 ducts, used especially in U.S.A., also belong to this type. For ducts
cast on site, use is made either of fibre tubes, Eternit tubes, or the like, which
are cast in a concrete bed, or of inflated rubber tubes which, when the con-
crete has solified after a couple of days. can be deflated and withdrawn.

3. Mechanization of Duct Manufacture

In our mechanical age the old method of hand-tamping must be considercd
outmoded. It may still be warranted in small telephone networks. since the
transport and installation of a large machine for only some tens of thousands
of duct metres would not pay. But for systems comprising 5.000 lines and
upwards. requiring 50,000 duct metres or above. a mechanical form of duct
making must be profitable,

Al the same time a hand tamped duct can never be watertight: to become
watertight, the concrete must be vibrated. The need of watertight ducts arises
now and again, as in low-lying city areas, and the possibility of manufacturing
watertight ducts may mean the avoidance of expensive armoured cables which
always cause trouble in any extension of networks.
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Fig. 3
Fig. 3
Mould LVA 2024

Fig. 4
Upper Aange plate LVY 1114

Fig. s
Bottom flange plate LVY 1104

Fig. 6
Mould removing fork LVY 1121

Fig. 7
Frame for assembly of mould LVY 1131

Fig. 8
Mould carriage LVV 1012

Fig. 6
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Fig. 4 Fig; 5

Another disadvantage of manual production is the lack of uniformity in
quality of the ducts. which leads to a fairly high rate of rejections. The
rejection rate can be considerably reduced by mechanical production,

For these reasons, in L M Ericsson installations ducts are being mechani-
cally produced to an increasing extent, using a specially constructed com-
pressor-vibrator. This machine has also been delivered to a number of

telephone administrations.

Compressor-Vibrator LVA 3015

The appearance and dimensions of the compressor-vibrator will be seen
from figs. | and 2. The following equipment is required for the manufacture
of ducts:

3 moulds LVA 2024 (fig. 3)

3 upper flange plates LVY 1114 (fig. 4)
400 bottom flange plates LVY 1104 (fig. 5)
2 mould removing forks LVY 1121 (fig. 6)
2 mould assembly frames LVY 1131 (fig. 7)
2 mould carriages LVY 1012 (fig. 8)

1 grinding machine LFA 1001 (fig. 9)

The machine is also supplied with a set of tools and of spare parts.

As the name of the machine indicates, it works on the principle of compres-
sion and vibration, The vibration takes place partly in the cores and partly
in the mould, resulting in a very powerful and uniform vibration of the
concrete. The pressure is applied to an upper flange plate which is forced
down into the concrete-filled mould.

The body of the machine consists of a rectangular stand of welded 1 beams.
At the rear of the stand are welded two vertical 1 beams, and at the front are
bolted two vertical shafts. The vertical beams and shafts are held together at
the top by a steel plate. Two cross beams, one upper and one lower, slide
vertically on the shatts.

Fig. 7 Fig. 8
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Rubber cable, j-core,
length abour 3 metres

rinding machine 1001

In the lower cross beam, on which the mould stands. are holes for the
four cores which form the four channels (ways) through the concrete duct. The
cores are bolted to a vibrator hox in the stand. The box 1s separated from the
stand by vibration insulators, so that the vibrations from the bottom vibrator
are transmitted only to the cores and not to the stand. The core vibrator is
operated by an electric motor with belt drive. In the lower cross beam 1s a
traversing device which, when the cross beam with mould has been hoisted
above the tops of the cores, swings the mould horizontally above or away
from the cores. In the upper cross beam is a plate fitted with tappets which
torce the upper flange plate down into the mould atter the mould has been
filled with concrete.

The upper and lower cross beams are connected by two tie rods. The shafts
on which the cross beams are mounted are protected against dust and concrete
waste by canvas sleeves, The movements of the cross beams are governed by
two hydraulic eylinders driven by an LLM.O. type pump. The pump is driven
by an electric motor. The working pressure of the pump can be adjusted by
means of an overflow valve built into the hydraulic system. The direction of
movement of the cylinders is determined by a 4-way valve.

A mould vibrator. likewise driven by an electric motor, is attached to each
mould. The motion is transmitted through a friction disc on the driving wheel
of the vibrator. The mould vibrator motor, mounted on a hinged bracket on
one of the rear beams, can be swung out from the vibrator and. in the oper-
ating position, is held pressed against the vibrator by a spring. This movement
is synchronized with the movement of the feed table for filling the mould with
concrete, the feed table being likewise mounted on two bearings on the two
rear beams. Both these movements are geared to the movement of the lower
cross beam and thus take place automatically in conjunction with the lifting
and lowering of the mould.

After the mould has been placed in position on the lower cross beam. all
operations (with the exception of the two stated below) are mechanical, being
controlled from an instrument panel on the right of the machine. This pancl
carries the following apparatus:

motor fuse and pump motor switch
4-way valve for cylinders

core vibrator switch

mould vibrator switch

pressure gauge

Immediately behind the panel is the overflow valve for regulation of
pressure, mounted in one of the branches of the hydraulic system.

The only manual operations are the movement of the mould over or away
from the cores, which is done with the handle of the abovementioned travers-
ing device, and the placing of the upper flange plate into the mould. Filling
of concrete is usually done from a concrete mixer with chute, but can of
course be done by hand. The construction of the machine is described in
greater detail in instruction N 1551—002 “Compressor-Vibrator LVA 30157,

Orders for the machine must specify the supply system at the site of instal-
lation of the machine. The machine is normally supplied for 3-phase.
220/380 V., 50 c/s. For other systems the motors will naturally be adapted
to the requirements.
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Fig. 1o x 8027

Placing the mould in the machine

Fig. 11 X 8028

Hoisting the mould above the cores

Fig. 10
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crete mixture—cement, sand (or shingle) and water
applies to the grading of the sand (cf. instruction N 1531—003).

Compression-Vibration Procedure

Preparation of Concrete Mixture

Precise instructions regarding the quality of the raw materials for the con-
are available. The same

The concrete mixture should contain about 325—400 kg cement per cu.m.

concrete.

The amount of water required in the mixture will depend on local con-

ditions and is difficult to state in advance. With too much water the duct
sticks to the walls of the mould. and longitudinal cracks may arise in its
surface when removed from the mould. With too little water the duct, when

removed from the mould, does not hold together but will collapse on the
slightest touch. A brief trial run at the start of fabrication, however, should
soon show the correct quantity of water to be added.

The compression-vibration method of duct making is always employed for
the production of fairly large guantities. Both on economic grounds, therefore,
and to ensure a uniform quality of mixture. the preparation of the concrete
should be done mechanically in a special concrete mixer. The latter should
be erected in the immediate vicinity of the compressor-vibrator. The ready
mixed concrete is tapped into a hopper with chute located above the feed
table of the compressor-vibrator. The hopper must be built on site.

Assembly of the Mould

The mould LVA 2024 should be assembled in a special frame LVY 1131
on the storage site for newly moulded ducts.

The mould is brought up to the machine in a mould carriage LVV 1012,
close enough to be tipped directly into its position in the machine.

Fig, 11
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Fig. 12 X 2231

Moving the mould above the cores by
hand

l::ig’ 15 N 2234

The upper press forces down the upper
flange plate

Fig. 13 X 2232 Fig. 14 X 2233
Filling the mould with concrete (here  Placing the upper flange plate in the

done by hand, in practice from a con- mould
crete mixer)

Operating Process

The assembled mould is placed on the lower cross beam (fig. 10), and the
pump motor for the hydraulic system is started.

The 4-way valve is set to negative pressure and the mould is hoisted up
above the cores (fig. 11). When the mould has reached the desired level, the
4-way valve is restored to zero, which stops the movement.

By means of a lever, fitting into two hooks in the bottom of the mould,
the mould is swung over the cores by a simple manual operation (fig. 12). The
d4-way valve is set to positive pressure, which lowers the mould over the cores.
When the lower cross beam has reassumed its bottom position, the valve 1s
restored to zero.

Simultaneously with the lowering of the moulds the feed table automati-
cally drops. grips the mould and locks 1t. When the table is lowered. the
mould vibrator motor is likewise automatically swung forward and connected
to the mould vibrator through the friction coupling.

The core vibrator is started. and filling of the mould with concrete starts
(fig. 13). When the mould 1s roughly one third full. the mould vibrator is
also started, after which the mould is filled completely. Both vibrators are then
stopped and the upper flange plate 1s placed in the mould (fig. 14).

The 4-way valve is set to positive pressure, whereupon the upper cross heam
descends. At the sume time both vibrators are started once again. The switch-
ing of the 4-way valve from positive to negative pressure produces repeated
brief pressures by the upper press. which forces the upper flange plate down
into the mould and compresses the concrete in the top of the mould (fig. 15).
After attaining sufficient compression, the vibrators are stopped. Care should
be taken that the upper press bears on the upper flange plate until both
vibrators have stopped.



Fig. 16

Removing the mould from the duct

Fig. 17
The finished duct
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The 4-way valve is set to negative pressure, whereby the mould with the
ready cast duct is hoisted up above the cores. The movement is stopped by
restoring the 4-way valve to zero.

By means of the lever the mould is brought forward so as to clear the cores.
The 4-way valve is set to positive pressure. the mould is lowered in front of
the cores and the cross beams reassume their bottom positions, The 4-way
valve 1s then restored to zero.

The mould with the ready cast duct is then removed from the machine
and transported to the removal site.

Removal of Mould
The mould is now carried off with the duct inside it to the storage site for

newly cast ducts.

The mould is then removed (fig. 16). The floor surface at the removal site
must be completely plane so that the new ducts stand exactly vertically. The
floor should be solid. preferubly of concrete. but requires no special prepa-
ration as in hand tamping when the ducts must be left standing each on its
own hottom plate during the 24 hours following removal of the mould. A
special mould removing fork is supplied for separation of the two halves of
the mould.

Final Treatment

After casting, the ducts must go through a careful final treatment.

Watering

The ducts should remain on the removal site for up to 24 hours (hig. 17).
After this period to allow for preliminary setting of the cement. the ducts
are carried out to the stock pile in the open air, Here they are stacked hori-
zontally in 7 to 8 layers one above the other.

The curing of the ducts now starts, and for at least 3 weeks they must be
constantly watered.

During the curing period in the open air the ducts should not be exposed
to direct sunhght. It will therefore be necessary either to build up a simple
form of shelter or to cover the ducts with fibre mats or similar material.

Polishing the Duct Wavs

To obtain a perfectly smooth surface in the ducts, they should be polished
with a grinding machine LFA 1001 (fig. 9) driven by a built-in electric motor.

Storagce

The ducts should be stored for at least 4—5 weeks. The longer they are
kept in the open air before being laid underground. the greater will be their
durability and strength.

Assembly, Starting and Maintenance of Machine

The machine should be erected on a concrete foundation which brings the
upper edge of the lower cross beam (and thus the bottom of the mould) level
with the floor.

The electrical connections should be made in accordance with the connect-
ing diagram supplied with the machine. A separate instruction is supplied for
starting and maintenance of the machine (N 1551—002),
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Space and Staff Requirements

Fig. 18 shows a suitable floor plan for the manufacture of ducts by this
method. The floor space required per duct during the first period of curing,
which should not be less than 24 hours, is 0.375 sq.m. For a daily production
of 150 units per 8-hour shift. about 250 sq.m. should suffice. About 90 sq.m.
will be required for machinery, stores etc.

The plan takes into consideration the entire process through the plant from
raw material up to the finished product. The raw materials (cement. sand and
shingle), are loaded into a car equipped with a scale which enables the correct
proportions of materials to be directly weighed. The car runs on rails and
is emptied through a bottom trap into the ladle of the mixer. The transport
of the raw materials can, of course, be arranged with ordinary wheelbarrows.
From the mixer the ready mixed concrete passes via a chute direct into the
compressor-vibrator. This machine has been centrally located in order to
reduce as far as possible the distance to the removal site.

The following hands are required:

1—2 men for weighing of sand, transport of sand and cement to the
concrete mixer, and handling of the mixer;

I man to operate the compressor-vibrator;

2 men to remove moulds (depending on distance from machine to
removal site):

2 men to transport the ducts to the place of storage, damp them and,
when necessary polish the ducts and perform other minor tasks.

With a team of this size the capacity of the machine will be a good 150
ducts per 8-hour shift. The output will of course vary according to local
conditions. Considerably better results have been obtained in certain cases.
This compares with about 25 ducts per mould and 8-hour shift produced by
hand-tamping.

Comparison between Compression-Vibrated and Hand-
Tamped Ducts

Mechanically vibrated ducts have a number of advantages over hand-
tamped. both as regards water tightness and mechanical strength.

Despite the superior quality of the vibrated duct, the cement content has
been reduced. With hand-tamping 500 kg cement per cu.m. concrete is
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required. whereas the vibrated product only requires 325—400 kg cement
per cu.m.

The quality of ducts produced by hand-tamping, morcover, must of
necessity vary very considerably. Such factors must be taken into account as
the individual skill of the workman and that, if he is tired, he cannot work
the concrete as etficiently as when he is rested. With the compressor-vibrator
the quality will be uniform, since the concrete is always worked to the same
extent.

Finally as regards the production costs. the mechanical method is very much
cheaper than the manual. For a production of 150 < 4-way ducts per day the
following comparison may be made between the labour required in the two
cases.

Hand-tamping Mechanical pro-

duction

Concrete mixer , .., .. ....... B I man I man
Tamper .. ... ... .. ... ... .. 6 men —
Machinee@perater:, . .. oo e Sees oo — 1 man
Mould remover | . . ST R G - 2 men
Finishers . 2 men 2 men
9 men 6 men

These figures show that mechanical production can reduce the working
time hy about 33 % . In conclusion, thercfore. it may be said that the
mechanical method offers the possibility of quicker production and higher
quality at lower production costs.

It may be added that the compressor-vibrator LVA 3015 is designed solely
for 4-way ducts. In the extension of networks it has proved most economical
to base conduit construction on this type of unit. On heavy cable routes the
4-way unit can be combined to form capacities of 8. 12, 16 ducts etc. On
smaller routes, such as branches from the main route to risers to poles or a
wall, it may be advisable to employ single-way or 2-way ducts, which should
then be hand-tamped.

There 15 no essential difficulty, however, in manufacturing compression-
vibration machines for ducts of other capacities. or of different shape or size,
such as for 100 mm inside diameter.



Electromagnetic Underpillow Loudspeaker

HEKSTROM, TELEFONAKTIEBOLAGET LM ERICSSON STOCKHOLM
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Fig. 1 X 2205
Cross-section of underpillow loud-
speaker RLE go1

Fig. 2 X 8020
The handy size of the underpillow loud-
speaker is seen from this photo. When

in use it is pushed in under the pillow.

U.D.C. 621.395,623.7

LM Ericsson has started 1o manifacture an underpilow lowdspeaker type
RLE 901—902, It is intended for central radio installations in hospitals and as
extra loudspeaker for connection to home radio sets aned similar eqguipnrent.

A description of the underpillow loudspeaker is ¢iven in this article.

The possibility of listening to radio and gramophone or tape recorded pro-
grammes is of enormous value to the well-being of hospital patients. Such
arrangements have been provided for a long time past in hospital common
rooms and private wards where it has been possible to use an ordinary loud-
speaker. In general wards, however, the usual practice has been to provide
carphones for individual use. Earphones are very uncomfortable, on the other
hand. and tiring for patients to have on. A modern and robust pillowspeaker
has therefore been a long-felt need. The introduction of I M Ericsson’s under-
pillow loudspeaker presents general ward patients with high-class individual
loudspeakers which cause no disturbance to other patients.

The underpillow loudspeaker RLE 901 is intended for use in conjunction
with central radio installations at hospitals and has been specially designed in
consultation with hospital experts. It has soft lines and causes the patient no
inconvenience when placed under the pillow. The loudspeaker has an electro-
magneiic system with very good sound quality. It has a compensated frequency
response curve, which ensures perfect reproduction: the damping effect of
the pillow, moreover, contributes to correct reproduction of the bass register.
Adjustment of volume is most simply done by changing the position of the
speaker under the pillow.

The polystyrene case which encloses the magnetic system is easy to keep
clean and 1s insensitive to impact. The loudspeaker is entirely enclosed, so
that the case can be safely washed and disinfected. The pillowspeaker can be
hung up by means of a hole through the frame.
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Ihe underpillow loudspeaker is made in two models: type RLE 901 for
hospitals, and type RLE 902 for home use as extra loudspeaker with radio
sets and similar equipment,

I'he hospital type pillowspeaker is ivory-white and has a plastic cord with
plug for connection to a central radio terminal by the bedside. Thanks to its
high efficiency and high impedance (7.500 ohms) the loudspeaker can be
connected direct to existing earphone circuits. This model requires a signal
voltage of about 14 volts. The power consumption is 1/10 watt.

The model for home use 1s made in a light-green shade, likewise with plastic
cord. It has low impedance (15 ohms), so can be connected direct 10 an extra
loudspeaker terminal on a radio set.

In addition to filling a great need at hospitals, the new underpillow loud-
speaker has manifest advantages for private use as well. One or more pillow-
speakers can be connected to any modern radio set and so enable each
member of the family to hear radio programmes without disturbing others.



Prime Minister Nehru
Visits L M Ericsson

During his ofticial visit to Sweden in June. India’s
Prime Mimister Jawaharlal Nehru, made a call at
L M Ericsson’s plant at Midsommarkransen. Stock-
holm. Ciceroned by the president of the company.
and accompanied by the Swedish Ambassador to
India, Mrs Alva Myrdal, and various representatives
of the company’s management, Mr Nehru made an
hour's tour of the plant, where he took an eager
interest in the various products
Processes,

and muanufacturing

(Top right) Mr Nehru signing
book. The
commenced with a brief address

the visitors’ visit
on the company’s activities by
the president, Mr Sven T. Aberg.
(Left) Mr Nehru seated between
(from right) Mrs Alva Myrdal,
Swedish Ambassador to India,
Mr Ernfrid Browaldh, vicechair-
man of the board of L M Erics-

son, and (on left) Messrs Hans

Thaorelli, vice-president of L M
Ericsson, and Gustav Cederwall
of the Ministry of Commerce.
During his tour of the plant
Mr Nehru met two Indian eng-
ineers working at L M Ericsson
(above). Before his departure,
the Prime Minister was presen-
ted with a photograph album
containing snapshots taken du-

ring the visit (below),
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Dial Telephones in Aalborg

Aalborg, Denmark's third largest
city. has been equipped with dial te-
lephones. The exchange 1s accommo-
dated in a magnificent new admini-
strative building at Nytorv, and 1s the
largest exchange so far to be equipped
with L M Ericsson’s crosshar syvstem

ARF 101.

On Sunday morning, April 28, Aual-

borg subscribers tried out their dial
telephones  with good results. Calls

can now be dialled not only to the
neighbouring exchanges, but also to
Copenhagen and Aarhus. among other
localities.

I'he Portuguese State Railways, Com-
panhia dos Caminhos de Ferro Portu-
guese (CP), opened the first electrified
section of the Portuguese railway net-
work on April 28, The installation covers
the Lisbon-Sintra and Lisbon-Entronca-

mento lines, 37 and 107 Kilometres in
length respectively., L M Ericsson’s de-

liveries comprised complete telephone

70

The equipment was jointly deliv-
ered bv L M Eriesson, Midsommar-
kransen, Telefon Fabrik Automatic
ot Copenhagen, and L M Ericsson’s
Danish aftiliates. L M Ericsson A S,

(Above) The first dialled call through

Aalborg’s new exchange was between
Mr P. Schack Eyber, chairman of Jydsk
A'S, Aarhus, and Mr Sven T.

Aberg, president of L M Ericsson. Inter-

Telefon

ested onlooker is Mr Paul Draminsky,
president of [.T.A.S.

New Ship —
New Telephones

Capt. Gunnar Nordenson. of the
Swedish America Line's new flagship
“Gripsholm™, one of LM
Ericsson’s  streamlined Ericofons,
which are installed in all luxury ca-
bins on the ship. With Capt. Norden-
son is Mr Nils A. Sterner. L M Erics-
son’s vice-president in New York,
who visited the 23.000-tonner on the
completion of her maiden vovage,
“Gripsholm™ is Scandinavia's largest
luxury liner and the first vessel to be
equipped with this “telephone of to-

using

morrow’ .

equipment including cable, line material,
automatic exchanges and selective calling

system.

Among the guests of honour at the inau-
guration ceremony were the President
of Portugal, General Francisco Craveiro
Lopes, the Minister of Communications,
General Manuel Gomes de Aranjo, and
the Cardinal of Lishon, don Manuel Gon-

cales Cereira, who pronounced his bles-

sing on the enterprise in accordance with

Catholic custom.

(Left) In the foreground are seen (from
left) the President of Portugal, the Mini-
and Mr R.
General

ster of Communications,

Espregueira Mendes, Director
of CP.
Station in Lisbon, they accompanied the

Starting from Santa Apolénia

premiére train over the entire electrified

section.



Unofficial visitors to Stockholm in the
middle of June were Prince Rainier of
Monaco and his wife, Princess Grace.
During their stay here, the celebrated
visitors were presented by L M Ericsson
with an Ericofon. Here they are, be-
coming acquainted with their new tele-
phone.

Mexico City recently held an exhibition
in conjunction with the first International
Congress of Electronics. The L M Erics-
son company, Teléfonos de México, S.A.,
was represented in no less than five sec-
tions of the exhibition. An interested
group of visitors is here studying a map
of the TDM telephone network in Mexico.

L M Ericsson was recently visited by
fifteen French sales directors. Mr Otto
Siewert acted as their guide on a tour of
the Midsommarkransen plant. Here the
guests are inspecting a central equipment

for sound distribution system.
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75th Anniversary Exhibition
of Elektrisk Bureau, Oslo

On May 2 this vear L M Ericsson’s
Norwegian assoctates, A'S Elektrisk
Bureau of Oslo. celebrated their 75th
anniversary. This company, the oldest
clectrotechnical enterprise in Norway.
was for many vyears the only manu-
facturer ot telecommunications equip-
ment i the couniry and.
start in 1882, its main activities have
been in the field of telephony. In re-
cent vears Elektrisk Bureau has star-
ted to manufacture other telecommu-
nications equipment as well. The firm
has large installation departments and
conducts comprehensive business acti-

vities.

since s

On the morning of May 2, at a
celebration attended by the assembled
management of the company and by
members of the board. gifts were pre-
sented from the staff of Elektrisk Bu-
reau and from Norwegian and foreign
business connections. The gift of the
parent company was presented by the
president. Mr Sven T. Aberg. in per-
son.

Later on the same day the anniver-
sary exhibition was opened under the
title of “Contact over land and seza”
in the exhibition rooms of the Oslo
Handicrafts and Industry Association.
I'he welcoming address was delivered
by the president of Elektrisk Bureau,
Mr V. Harboe Lund. and the comme-
moration speech by the chairman of
the board. Mr G. Ring Amundsen. The
Minister of Commerce.
Mr Jens Haugland. extended the zood
wishes of the government. During the

Norwegian

72

days on which the exhibition was
open it was visited by over 25,000
persons, a remarkably high figure in
view of the various competing attrac-
tions in Oslo at the time.

Conference on Maintenance
of Telephone Exchanges

During the period June 3—7 a
conference attended by 27 delegates
representing  the  telephone  admini-
strations of a number of countries.
and called at the imtiative of L M
Ericsson, was held at Midsommargéar-
den, Stockholm, for the discussion of
exchange muintenance problems.

In consideration of the fact that a
large proportion of the budget of a
telephone administration is allocated
to maintenance, the discussion revol-
ved especially around the means of
reducing maintenance costs without
thereby neglecting the justified de-
mands of the public for efficient ser-
vice. Particular attention was paid to
servicing methods for automatic ex-
changes and long distance equipment.
One day was spent in visiting some
of the Swedish Telecommunications
Administration  automatic exchanges
in the Stockholm area and in Upp-
sala.

It was the general opinion that the
mutual exchange of experience during
the conference would prove of great
value to the administrations in the
handling of their maintenance pro-
blems.

Full Automatization
of Lysekil Area

On Sunday, May 12, dial telephone
traffic was opencd for the 5.500
subscribers in the Lysekil area. In
addition to the automatization of the
entire area, dial trunk facilities were
opened to a number of localities in-
cluding  Gothenburg, Kungshacka,
Trollhiittan, Vinersborg, Uddevalla,
Firgelanda, Munkedal. Grastorp and
Lerum.

Of the 21 exchanges in the Lysckil
arca. all of which operate on the
Swedish  Telecommunications
bar system, the five largest were ma-

CrOss-

nufactured and installed by LM
Ericsson.
The Lysekil exchanges comprise

1.900 lines and equipment for toll
and full-automatic trunk tratfic. The
Gravarne and Hunnebostrand junc-
tion centres and the Bovallstrand and
Brastad terminal exchanges have a
total of 2,700 lines and interworking
cquipment.

L M Ericsson Scholarship
Grants for 50000 kronor

Telefonaktiebolaget L M Ericsson’s
Foundation for the Promotion of
Electrotechnical Research has granted
seven scholarships this yvear amount-
ing to 16,000 kronor.

The company's Foundation for
Travel and Study Scholarships has at
the same time made grants amount-
ing to 33,225 kronor to 24 employees
of the Ericsson group and to 6 em-
ployees of the Swedish Telecommuni-
cations Administration.

{Below) Some of the maintenance con-

ference delegates — from left, Messrs
T. Kaczynski, Poland, F. Arig, Turkey,
and D.A. Alberts, Holland, with, in the
centre, Mr M. Patricks of L M Ericsson.




Ericsson

U.D.C. 621.395.623.7
o ipstallations in

U.D.C. 621.355.44

LuNDVALL, B: L M Ericsson's 960-Circuit System for Coaxial Cables.
I Imtroduction and Survey. Ericsson Rev. 34 (1957 No. 2, pp.
36—45.

The article gives a short review of the history of the development of the
coaxial system and gives an account of (he essential features of the 960-
circnit system. Having touched upon the requirements for transmission
technique and the 1ype of signalling, the ariicle concludes with the
prospect of future developments.

hospitals, and a3 extra loudspeaker for home radio sets, is being made by

ExsTrROM, H: Electromagnetic Underpillow Loudspeaker.
L M Ericsson.

Rev,34 (1957) No. 2, pp. 67—68.
An underpillow loudspeaker for use with central radi

UDC, 621.395.26

ADENSTEDT, W: Mulii-Position C.B, Type Private Manual Branch
Exchanges. Ericsson Rev. 34 {1957) No. 2, pp. 46—51.

A new type of multiposition P.M.B.X. has been introduced by L M Erics-
son. The main emphasis is on low operating cost, reliability and ease
of management. The boards are made up in units to facilitate installa-
tion, maintenance and future extensions.

UD.C. 621.315.233

UD.C. 681.174

Lunpovist, E: The L M Ericsson Atiendance Time Recorders. Erics-
son Rev. 34 (1957) No. 2, pp. 52—57.

A presentation of the L M Fricsson new card operated fully automatic
attendance time recorders.

The article describes a recently constructed compressor-vibrator machine
for manufacture of 4-way ducts, which offers considerable advantages

SIDENMARK, N: Mechanization of Duci Manufaciure. Ericsson Rev,
over previous methods of duct manufacture,

34 (1957) No. 2, pp. 58—66.




The Ericsson Group

Associated and co-operating enterprises

« EUROPE »

Danmark

L M Ericsson A/5 Kebenhavn F,
Finsens Vej 78, Tel: Fa 6868,tgm:
ericsson

Telefon Fabrik Automalic AfS
Kebenhavn K, Amaliegade 7, tel:
C 5188, tgm: automalic
Dansk Signal Industri A/S Keben-
hovn F, Finsens Vej 78, tel: Fa
6767, 1gm: signaler

Devlschiand
Ericsson Verkaulsgesellschalt m.

b, H. Disselderf 1, Worringer
Strasse 109, tel: B4 461, tgm:
erictel

Espafia

Cla Espaiiola Ericsson, S. A.
Madrid, Conde de Xiguena 13,
tel: 315303, tgm:ericsson

France

Société des Téléphones Ericsson
Colombes (Seine), Boulevard de la
Finlande, tel: CHA 35-00, 1gm:
ericsson

Paris 17¢, 147 Rue de Courcelles,
tel: Carnol 95-30, 1gm: eric
Sociélé Cinéric Paris 20e, 111 Rue
Villiers de I'lsle Adam, tel:
Ménilmontant 87-51, tgm: cin-
ericsson

Great Britain

Swedish Ericssan Company Lid.
London, W. C. I, 329 High Hel-
born, tel: Holborn 10%1, igm:

Italia

Setemer, Soc. per Az. Milano, Via
dei Giardini 7, tel: 662241, tgm:
sefemer

SIELTE, Soc. per Az. — Socield
Impianti Elettrici e Telefonici
Sistema Ericsson Roma, C. P.
4024 Appio, tel: 7802121, tgm:
sielte

F. A. T. M. E. 50c. per Az.—
Fabbrica Apparecchi Telefonici
e Materiale Elettrico »Brevetli
Ericsson» Roma, . P. 4025
Appio, tel: 780 021, tgm: fatme
S.E.T. Soc. per Az. Sociela
Esercizi Telefonici MNapoli, Via
Roberio Bracco 20, {el: 50 000,
tgm: sel

Mederland o
Ericsson Telefoan-Maatschappil,
M.V, Rijen (N. Br.), tel: 01692-555
tgm: erictel

den Haag—Scheveningen, 10, Pa-
lacestraat, tel: 555500, tgm:
erictel-haag

MNorge

A[S Elektrisk Bureau Oslo, P. B,
5055, tel: Ceniralbord 461820,
tgm: elektriken

A/S Industrikentroll Osla, Teater-
gaten 12, tel: Centralbord 335085,
tgm: indtroll

AlS Maorsk Kabelfabrik Drammen,
P. B. 205, tel: 12 85, tgm: kabel
AlS Morsk Signalindustri Oslo, P.B,
Mi 2214, tel: Centralbord 56 53 54,
tgm: signalindustri

Poriuvgal

Sociedade Ericsson de Portugal,
Lda. Lisboa 7, Rua Filipe Folque,
tel: 57193, 1gm: ericsson

Schweiz

Svomi

O/Y L M Ericssen AJ/B Helsinki,
Fabianinkalu 6, tel: A 8282, tgm:
ericssons

Sverige

Telefonaktiebolage! L M Ericsson
Stockholm 32, tel: 19 00 00, tgm:
telefonbalaget

AB Alpha Sundbyberg, tel:
28 26 €0, tgm: aktiealpha-stock-
holm

AB Ermex Solna, tel: 8201 00,
tgm: elock-stockholm

AB Ermi Ulvsunda 1, tel: 26 26 00,
tgm: ermibolag-stockholm

AB Rifa Ulvsunda, tel: 26 26 10,
tgm: elrifa-stockholm

AB Svenska Elektronror Stock-
holm 20, tel: 440305, tgm:
elecironics

L M Ericssons Driftkonirollaktie-
bolag Solna, tel: 27 27 25, tgm:
powers-stockholm

L M Ericssons Signalakliebelag
Stockholm 9, tel: 680700, tam:
signalbolage!

LM Ericssons Svenska Forsalj-
ningsaktiebolag Stockhslm,
Kungsgatan 33, tel: 223100,
tgm: ellem

Mexikanska Telefonakliebolaget
Ericsson Stockholm 32, tel: 190000,
tgm:mexikan

Sieverts Kabelverk Sundbyberg,
tel: 28 18 60, tgm: sieverisfabrik-
stockholm

Svenska Radicaktiebolaget Stock-
holm, Alstromergatan 12, tel:
22 31 40,1gm: svenskradio

= ASIA

India

Ericsson Telephone Sales Cor-
poration AB Calcutta, P. O. B.
2324, reg. mail: Calcutta 22, 5
Commissarial Road, P. O. Hast-
ings, tel: 45-4494, tgm: inderic
New Oeihi, 35, Indra Palace,
tel; 44490, tgm: inderic

Indonesia
Ericsson Telephone Sales Cor-

Liban

Telefonaktiebolaget L M Erics-
son, Technical Office Beyrouth,
Rue du Parlement, Immeuble
Bisharat, fel: 33555, tgm: ellem

Tirkiye

Ericsson Tiirk Lid. Sirketi Ankara
Adil Han, Zafer Meydani, Yeni-
sehir, tel: 23170, 1gm: ellem
Istapbul, Istanbul Birosu, Liman
Han, Kat 5, No, 75, Bahgekapi,
tel; 228102, tgm; ellemist

« AMERICA

Argentina

Cia Sudamericana de Teléfonos
L M Ericsson S. A. Buenos Aires,
Belgrano 894, tel: 332071, tgm:
ericsson

Corp. Sudamericana de Telé-
fanos y Telégrafos 5. A. Buenos
Aires, Belgrano 894, tel: 332071,
tgm: cartefe

Cla Argentina de Teléfonos 5. A.
Buenos Aires, Perd 263, tel:
305011, tgm: cecea

Cia Enirerriana de Teléfonos
S. A. Buenos Aires, Perd 263, tel:
305011, tgm: cecea

Cla Comercial de Admin_is!ru-
cién 5. A. Buenos Aires, Pert 263,
tel: 305011, 1gm: cecea
Industrias Eléctricas de Quilmes
5. A. Quilmes FCNGR, 11 de
Oclubre 1090, tel: 203-2775, tgm:
indelqui-buenosaires

Brasil

Ericsson do Brasil Comércio e
Inddstria 5. A. Rio de Janeiro,
C. P. 3601, tel: 43-0990, tgm:
ericsson

550 Poulo C. P. 5677, 1gm: erics-
son

Canada
Ericsson Telephone Sales of Ca-
nada Lid, Montreal 8, Que., 130

wniie
Cla Ericsson de Chile 5. A
Santiago,

Casilla 10143, falz
81555, tgm: ericsson-uunlign.;
dechile

Colombia

Cla Ericsson Lida. Bogotd, Apam
tado Aéreo 4052, tel: 11-100,
tgm: ericsson

México
Cla Comercial Ericsson S, A,
México D. F., Apartado 9958, lal
46-46-40, 1gm: coeric-mexico
Teléfonos de México §. A,
México D. F,, Paseo de la Re-
forma 107, tel: 18-82-20, tgm;
telmex-mexico

Perd
Cla Ericssan 5. A, Lima, Aparlado
2982, tel: 34941, tgm: ericsson
Soc. Telefénica del Perd, §,
Arequipa, Casilla de Correo 112,
tgm: telefonica

Uruguay
Cla Ericsson 5. A. Montevideo,
Casilla de Correo 575, tel: 84433,
tgm: ericsson

USA

The Ericsson Corporalion New
York 17, M. Y., 100 Park Avenus,
tel: Murray Hill 5-4030, tgm:
erictel

torth Electric Co. Galion, Ohls,
P. O. B. 417, tel: 24201, tgm:
northphone-galionohie

Venezuela

Cla Anénima Erlesson Caracas,
Apariado 3548, tel: 543121, 1gm:
ericsson i

Teléfonos Ericsson C.A. Cares
cas, Apartado 3548, tel: 557467,
tgm: tevela |

» AUSTRALIA & OCEANIA »
Australia

teleric Ericsson Telephone Sales Corp, poration AB Banduna, Dijalan tel: RE. 1-6428 2 3
Preduction Conlirel (Ericsson) AB, Stockholm, Zweignieder- Dago 151, tel: 2135, 1gm: Fgﬂr:‘e.s CE::;?E el L M Ericsson Te!ephqnn ;0.
Ltd. Lendon, W. C. I, 329 High lassung Ziirich Zirich, Postfach iaveric . Ltd. Melbourne C 1 (Victoria),
Holbarn, tel: Holborn 1092, Zurich 32, tel: 325184, tgm: tel- Diakorts, Djalan Gunung Sehari Toronfo 18, Onf,, 34 Advance vin Hall, 55 Col!ms Place,
tgm: productrel holb ericsson 26, tel: Gambir 50, tgm: javeric Road, tel: BE 1—1306 Cen. 5646, tgm: ericmel
P . Savdl Arabia Mosambique Haiti Gl s
aencies Mohamed Fazil Abdulla Arab J. Martins Marques Lourengo F.Georges Naudé Port au Prince,
a Jeddah, P. O. B. 39, tel: 405, tgm: Marques, P. O. B, 456, tel: 5953, P.O.B. A 147, tel: 3075, tgm:
+EUROFE- Iran arab tgm: tinsmarques nodeco X
Belglque Irano Swedish Company AB Syria Nigeri Honduras -
! " : Teh . 1 geria " ;.
EiRsicte e MOcaninUs oo 25133;_ 12:1;'“3?]"21?2:::: Ei:uli\‘: Georgiades, Moussa & Cie Do- Scan African Trading Co. Yaba- Cfa de Comisiones Infer-Ameris

Bruxelles, 56 Rue de Stassart, tel:
111416, Igm: elacirosuede

Greece
»ETEP», S. A. Commerciale &
Technique Athens, 41, Stadiou
Street, tel: 31211, tgm: aeter-
athinai

treland
E. C. Handcock, Lid. Dublin, C 5,
17 Fleet Street, tel: 76 501, 1gm:
forward

Island
lohan Rénning H/F Reykjavik,
P. O, B. 45, lel: 14320, 1gm:
rénning

Youpgoslavie
Merkanlile Inozemna Zastu-
pstva Zagreb, P. O. B. 23, tel:

25—222, tgm:merkantile

Osterreich
Inglomark, Indusirie-Beliefe-
rungs-Gesellschaft Markowiisch
& Co. Wien XV, Maria Hilfer-
sirasse 133, tel: R 32-0-11, 1gm:
inglomark

s ASIA »
Burma
Vulean Trading Co. Ltd. Rangooen,
P. O. B. 581, 1el: 5. 878, tgm:
suecia
Ceylon
Vulcan Trading Co. (Private) Ltd.

Colombe 1, 19 York Street, fel:
3636, tgm: vulira

China

The Ekman Foreign Agencies

Lid. Shanghai, P. O. B. 855, tel:
16241-3, igm: ekmans
Hongkona

The Swedish Trading Co. Ltd.
Hongkona, Prince’s Building, lce
House Street, tel: 20171, tgm;
swedelrade

swede

Irag

Keopman & Co. Technische Han-
del Maatschappij M.V, c/o Messrs.
Dwyer & Co. (Irag) Ltd. Baghdad,
P.O.B. 22, tel: 86860

Israel

Jos. Muller, A. & M. Engineer
(Representations & Import) Lid,
Haifa, P.C.B. 143, tel: 3160, tgm:
mullerson

Japan

Gadelius Co. Ltd. Tokyo, Shiba
Park Mo, 7 Minato-ku, lel:
(43)-1847, 1gm: golicus

Jordan

H. L. Larsson & Sons Lid. Levant
Amman, P. O. B, 647, 1gm: larson-
hus

Kuwait

Latiff, Supplies Ltd. Kuwait, P.O.B,
&7, tgm: latisup

Liban
Swedish Levant Trading Co. Bey-

routh, P. O. B. 931, tel: 31624,
tgm: skefko

Malaya

Thorezsen & Co. (Malaya) Ltd.

Singapore, P. ©. B, 653, tel; 6818,
tgm: thoresenco

Pakistan

Vulcan Trading Co. (Pakistan)
Ltd. Karechi City, P. O. B, 4776,
tel: 32506, 1gm: vulcan

Philippines
Koppel (Philippines) Inc. Manila,

P. R., P. O. B. 125, tel: 3-37-53,
tgm: keppelrail

mas, Rue Ghassan, Harika, tel:
10289, tgm: gecrgiades

Thailand
Vichien Radio & Television Co.,
Ltd. Bangkok, 299-301, Suri-

wonagse Road, tel: 318 69, tgm:
Yisian

Vietnam, Cambodja & Laos
Compagnie Inlernationale de
Commerce Saigon, (Yietnam),
F. O. B, 204 tel: 20253, igm:
intercom

s AFRICA «

British East Africa
Transcandia Ltd. Mairobi, Kenya,
P. O. B. 5933, tel: 3312, tgm:
transcanda

Congo Belige

Sociéte Anonyme Internationale
de Télégraphie sans Fil (SAIT)
Bruxelles (Belgique), 25, Boule-
vard du Régent, tel: 125070, 1gm:
wireless

Egypt
The Pharaonic Engineering &

Industrial Co. Caire, 33, Oribi
Street, tel: 43684, tgm: radiation

Ethiopia
Swedish  Ethiopian Company
Addis Ababo, P, O. B. 264, tel:

1447, 1gm: eticcomp

Ghana (Gold Coast)

The Siandard Electric Company
Acero, P, O. B, 17, tel. 2785, 1gm:
standard

Maroc

Elcor S. A. Tongier, Francisco
Vitoria, 4, tel: 2220, tgm: elcor

Logos 32, P.O.B. 1, tgm: swed-
africa

Rhodesia & Nyasaland
Reunert & Lenz, (Rhodesia)
Ltd, Salisbury {Southern Rhodesia),
P. O. B. 2071, tel: 27001, tgm:
rockdrill

Union of South Africa
Reunert & Lenz, Ltd. Johannes-

burg, P, O, B. 92, tel: 33-5201,
tgm: rockdrifl

« AMERICA »
Bolivia

Johansson & Cla, S. A. La Paoz,
Casilla 678, tel: 2700, 1gm: jo-

hansson

Costa Rica
Tropical Cammission Co. Lid. San
José, Apartado 661, fel: 3432,
tgm: froco

Cuba
Me Avay y Cla Habana, Apartade
2379, tei: W-2527, tgm: mac-
avoy

Curagao N. W. L

5. E. L. Maduro & Sons, Inc.
Curagge, P. O. B, 171, tel: 1200,
tgm: madurosons-willemstad

Repiblica Dominicana
Garcia & Gautier, C. por A,
Ciudad Trujillo, Apariado 771, 1el:
3645, tgm: gartier

Ecuador
lvan Bohman & Co. Guayaquil,
Casilla 1317, tel: Centro 208,

fgm: boman

Guatemala

Mils Pira Ciudad de Guatemala,
Apartado 36, tel: 3311, 1gm: nils-
pira-guatemala

cana, 5. A. Tegucigalpa D. G4
P. O. B. 114, tel: 15-63, Igm
inter

Jamaica and Brit. Hondural

Morris E. Parkin Kingston, P. O.B,
354, tel: 4077, tgm: morrispark

Micaragua f
1. R.E. Tefel & Co. Ltd. Managua
Apariado 24, tel: 387-1169, Igm
tefelto

Panama

Productos Mundiales, 5. A
Panama, R. P., P. O. B. 2017, el
22003, tgm: mundi

Paraguaoy
H. Petersen S. R. L. Asuncid
Casilla 592, tel: 268, tgm: pa
trade (Agent of Cia Suda
ricana de Teléfonos L M Eri
S. A. Buenos Aires)

El Selvedor
Dada-Dada & Co. San_Salvadof
Apartade 274, tel: 4860, tgm
dadg

Surinam B
C. Kersten & Ca. N. V. Parg=
maribo, P. O. B. 216, tel:
tgm: kerslen

USA
State Labs. Inc,, New York 12
N.Y., 649 Broadway, tel: Orege
7-8400, tgm: statelabs. Only o
electron fubes

«AUSTRALIA & OCEANIAY

MNew Zealand
ASEA Electric (N Z) Ltd. Wellin
ton C 1., Huddart Parker Buildl
Post Office Square, tel:
tgm: aseaburd
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LM Ericsson’s 960-Circuit System for

Coaxial Cables

[I. HF Line Equipment

O EKHOLM, E ERIKSEN & T KJELLERYD, TELEFONAKTIEBOLAGET L M ERICSSON, STOCKHOLM
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U.D.C. 621.395.44

L M Ericsson's new hof. line equipment for the 960-circuwit system
ZAX 9602 is described in thiv and the following two numbers of Ericsson
Review. The present article deals with those parts of the equipment which

are directly connected with the transmitted signal hand. the h.f. signal path.

A brief explanation of the different tvpes of repeater stations is given by

way of mtroduction. The h.f. characteristics of the transmission medinm—the

coaxial cable—and the natwre of the transmitted signal are then dealt with,

A special section is devoted to the problem of maintaining the level of the
widle signal band at a constant value, and finally in a section on the line
amplifier, details are given of how the requirements which must be placed

o an hof. line equipment as regards high frequencies have been satisfied.

In forthcoming nmuwmbers of Eriesson Review. equipment for power supply
and supervision and the mechanical constriction and maintenance problems
will he reated.

As the term “ht. line” cannot yet be considered as belonging to every-day
tele-technical language. it is appropriate that this term be defined. By the
term h.f. line is to be understood an equipment which transmits a given
frequency band from one terminal station to another with a certain stated loss
or gain, which is normally constant over the frequency band, and whose
distortion lies within fixed limits. In principle an h.t. line can consist of any
type of equipment satisfying the loss and distortion requirements. Most com-
mon now are cable or radio link h.f. lines, at any rate when the transmission
of large blocks of telephone channels is concerned. To have really quite clear
for oneself where the h.f. line begins and ends is of great importance both
for the design e.g. of power supply and supervision equipment, and for routine
maintenance. On important traffic routes it may be justifiable to have an
h.f. Line as stand-by for one or more h.. lines in traffic. The mput and
output of an h.t. line are therefore often characterized by having manual or
automatic arrangements at these points for switch-over without interruption
to a stand-by line.

In the following. an h.f. line is described where the transmitted band 1s
from 60 to 4092 ke's and the transmitting medium is made up of coaxial
lines. As mentioned in a previous article, this h.f. line equipment consists of,
us well as the cable:

a) Terniinal Repeater Stations
The sending equipment in this type of station contains a pre-emphasis net-
work and an amplitier for changing the “flat™ signal level™ received from
the terminal equipment to a signal level curve which increases with fre-
quency and thus is more suitable for sending out to the coaxial line. In
addition. equipment for stabilization and continuous transmission of two

By the term “flat”™ signal level is meant here and subsequently that the level
per chunnel for all channels at this point is the same irrespective of the position
of the channel in the frequency band.
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line pilots 4092 and 2792 Kke/s which are used for automatic supervision
and gain regulation in subsequent stations s included.

The receiving equipment amplifies the signals coming in from the cable
and sends them out with a flat level characteristic to the terminal equip-
ment. In addition to the automatic pilot regulation, a manually regulated
equalizer may be required for compensation of level errors which have
accumulated over a number of repeater sections.

The terminal repeater stations also contain plant for the feeding of power
to the nearest unattended repeaters and equipment for remote supervision
of a number of dependent repeater stations.

by Attended Repeater Stations
These contain plant for feeding power in two directions. and if so desired
can be provided with equipment for manual and automatic equalization.
In general they are comparable with the following:

¢) Unattended Repeater Stations
These compensate for the loss and its principal variations in the previous
cable section in each of the two directions of transmission. Fig. 1 shows
how the signal path is formed in an unattended repeater station.

The HF Signal Path
The Coaxial Cable

The cable constitutes an appreciable part of the h.f. line equipment, and
as the electrical characteristics of the coaxial tube determine the design of
the equipment, the most
mentioned.

amplifier important line characteristics will be

Loss

The line constant which is of most interest is the attenuation coefficient s.
It can be shown that to a close approximation, » is proportional to the
expression

1 e
| d
D D
In( —
d
where D is the internal diameter of the outer conductor and o is the external
diameter of the inner conductor. It is seen that the attenuation coefficient
is inversely proportional to the diameter of the outer conductor. Differentia-
tion of the expression shows that a minimum is obtained for a diameter

ratio D/d = 3.6. All coaxial tubes are therefore constructed with a diameter
ratio which lies near this value.
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Fig. 2

Relative losses for coaxial cables
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Now if a coaxial tube having a large outer diameter is chosen, an expensive
cahle will certainly be obtained though with few coaxial repeater stations. If
a small outer diameter is chosen, the cable will be cheaper, but on the other
hand many repeater stations are required. It is clear that with fixed prices
for cable and repeater equipment, it is possible to determine a cable diameter
which is the most economical for the whole system.

On the basis of calculations of this nature, the CCITT (previously CCIF)
have recommended a coaxial line having the following dimensions:

D—95mm D

d — 26 mm d

The optimum dimensions stated however show very flat maxima and there-
fore not all manufacturers follow exactly the values given above, The coaxial
cables used in the USA and likewise several coaxial cables in Sweden there-
fore have the following dimensions:

D=947 mm D

4 = =52
o =255 mm 1

The frequency dependence of the attenuation can for example for the latter
cable type be given as

% — 0.016 4 2,428y / + 0.009 f db/km at + 15" C

where [ is the frequency in Mc/s.

It is seen that the attenuation is mainly dependent on the square root of /.
This frequency dependence arises due to the apparent increase of resistance
with fregquency due to the skin effect in the inner and outer conductors.

To obtain a practical idea of the difference in allenuation between coaxial
lines of different manufacture and different manufacturing batches, the atten-
uation for a series of actual cable routes has been measured. The measured
values have then heen adjusted for the length of cable so that the attenuation
at 4.1 Mec s corresponds to 48.6 db (5.6 N). Then the differences in the atien-
uations thus obtammed and the attenuation of an idealized cable with the
coefficient

2 = 24.1\ f db

have been calculated. The result is shown in fig. 2. It is seen that the greatest
differences occur at frequencies 60 ke's and 2.0 Mc/s where the difference
between the cables goes up to about 0.3 db. On the same diagram, the ampli-
fication design target for a complete repeater station has been drawn in. It
is seen that the differences between this target curve and the actual cable


http://24.lv

attenuations are not large, so that the same repeater equipment can be used
without re-trimming for all these types of coaxial cable.

As the cable attenuation is mainly determined by the a.c. resistance of
the copper conductors, the attenuation is dependent on the temperature of the
cable. The denendence is about 0.21 % per degree Centigrade, this coefficient

being the same for all frequencies within the actual frequency band.

A change of temperature is thus electrically equivalent to a change of length
of the cable. For cables buried at a normal depth of 80 cm (327), the annual
variations of the cable temperature in the Scandinavian countries is about
+ 107 C maximum. The diurnal temperature variations, of the order of
+0.17 C, produce hardly any effect on the cable attenuation.

Impedance

It is nossible o give o mathematical expression for the cable impedance
and its dependence on frequency in a similar way as for the attenuation. For
coaxial conductors with D/d = 9.47/2.55 mm,

0.92
Z =743+ (1 —j)ohms
\

where f is the frequency in Mc/s (f > 0.1 Mc/s)

The impedance actually measured, however, never shows such a smooth
relationship, but sudden deviations of up to + 0.3 ohm from a mean curve can
occur. These are caused by the different joint lengths not being alike in
impedance, and also by small variations in impedance which can arise in
the joint itself. Trregularities of impedance are most quickly measured with
the assistance of a nulse echo meter. With this instrument the position of
the impedance irregularities which may have arisen during the laying of the
cables can also be localized. It may be assumed that a repeater section of
the jointed cable is free from echoes worse than 60 db down. For telephone
transmission it is possible to tolerate a higher echo, but coaxial cables are often
installed with the idea of future use for television transmission. It is therefore
usually ensured that the cable system satisties the requirements tor an echo-
free transmission of the latter type of signal. even if such a signal is not
planned at the time.

Crosstalk

The electromagnetic field is totally enclosed by the outer conductor. No
inductive type coupling with other coaxial tubes can therefore occur even if
these are contained in the same lead sheath. At high frequencies, galvanic
couplings are also excluded as no current flows on the outside of the coaxial
line due 1o the skin effect. The skin effect becomes less at lower frequencies
and the possibility of galvanic couplings begins to arise. This in general is
the reason why a coaxial cable 1s not used for frequencies lower than 60 ke 's.

Technical Transmission Requirements

So as to be able 1o design the h.f. line amplifier. one must have a thorough
knowledge of the signal to be transmitted and of what distortion it may
undergo.

Character of the Signal

Since the h.f. line interconnects the multiplex equipment for a large num-
ber of channels, the transmitted signal will consist of the frequency-transtated
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speech voltages from a continually varying number of telephone subscribers.
The properties of the transmitted signal can therefore best be described on
a statistical basis.

It can be assumed that the traffic on the h.f. line is composed of groups
of junction circuits linking various automatic or manual exchanges. Some of
these are first-choice groups carrying relatively heavy traffic. The amount of
traffic carried by such a group during the busy hour can amount to as much
as 0.9 erlang/junction. The majority are however later-choice groups which
reject only a small proportion of the traffic offered. The maximum traffic
carried for, say, a | % overflow depends on the number of junctions in that
aroup. Thus a group of 12 circuits carries (1.5 erlang/circuit, whereas a group
of 60 circuits with the same grade of service carries 0.8 erlang circuit.

An investigation of a considerable number of such groups, in a network
with automatic exploitation of a large proportion of the groups, gave an
average value of 0.72 erlang/circuit. However it may be expected that the
future will see an increase in the size of groups of high traffic density. In
what follows the values for loading have therefore been calculated on the
basis of an average traffic of 0.75 erlang/circuit.

If it 1s assumed that traffic in both early-choice and later-choice junctions
is Erlang-distributed, then it cun be shown on the basis of the above
traffic figures that the deviation is approximately equal to the square root of
the average traffic for late choice junctions and about half this value for
carly choice junctions. The traffic on the h.i. line as a whole can also be
assumed to be Erlang-distributed. This implies that the distribution for the
total traffic hes somewhere between a Poisson and a binomial distribution. By
calculating on the basis of a Poisson distribution, an absolute upper limit of
possible traffic distributions has been chosen, independently of how the
circuits are later allocated between early and late choice junctions. Fig. 3
gives graphically (distribution curve A) the probability with which at least as
many channels as shown in the abscissa are seized for traffic, for an h.f. line
having a bandwidth permitting a maximum of 960 channels.

On a circuit carrying traffic the conversation proceeds alternately between
the 4- and B-subscriber. To calculate the loading of the line amphfiers by
speech, one is interested in the time during which a circuit transmits con-
tinuous speech in one direction. The channel in question is then said to he
active. Since it can be assumed that there is as much talking from 4 to B as
from B to 4, a seized channel 1s active at most 50 % of the time, as a long-
term average. Some time besides is accounted for by pauses in conversation,
or time during which the circuit is seized but the called subscriber has not
vet answered etc. Consequently a reasonable assumption is that a seized
channel is active 40 % of the time. On this basis a distribution curve for the
number of active channels has been calculated. This is curve B of fig. 3.

It now remains to asses the magnitude of the speech power for continuous
speech in. say, a point of zero relative level. This power must also be dealt
with statistically, since it is affected by a number of factors such as the refer-
ence equivalent of the microphone, the loss in the subscriber’s line, and the
sound volume of the subscriber’s speech. Besides all this, the speech voltage in
itself is of a very complex nature. It has therefore been a much discussed
question for many vears as to what average power per active channel one
should allow for in designing the h.f. line. In recent years a number of meas-
urements have heen published touching this subject!: 2, from which it appears
that speech power can be taken as having a log-normal distribution with an
average value of —10 to =15 dbm0 and a deviation 6 = 5 db, The CCITT (for-



merly CCIF) have recently recommended that the following average values
should be used

speech 16 .”\V

signalling 10 uW

carrier leak, ete. 6 4W

In the value of 16 ¢W the CCITT have allowed for a channel activity of
25 %, so that the average power for continuous speech is 64 W or
-12 dbmi.

The values in Table 1 (below) for a 960-channel h.f. line have been cul-
culated on the following assumptions

1) Speech power distribution, log-normal

nm — —12dbhmu

a— Adb

4

Constant loading in all channels due to signalling, carrier leaks, ete., 16 «W,
corresponding to — 18 dbm0.

3) Curve B, fig. 3.
Table 1
Power of the composite signal referred to channel test level
Y oF time: during Average power Peak power
busy hour
50 + 15.3 dbm0 + 28.3 dbmoO
1 + 15.8 dbm0 + 28.8 dbmO

For systems in which the signal voltage is composed of a large number of
speech voltages, the composite signal has the same character as white noise.
Table 1 thus points the way. not only as regards the work of design, but also
in that the values given in the column * Average power ™ can directly be used
for test measurements on actual h.f. lines, where the signal voltages are
simulated by means of a noise generator,

Noise Requirements

As already mentioned in the previous article (Ericsson Review No. 1, 1957)
the CCITT have standardized a nominal maximum circuit of length 2500 km
as an aid to design calculations. According to this, the h.f. line may contribute
an average noise power of 7500 pW during the busy hour, referred to a point
of zero relative level. This value refers to channels with 4 ke/s spacing and
15 weighted in accordance with the CCITT psophometer curve as recom-
mended in 1951, Since the nominal maximum circuit passes over 9 distinct line
sections, each of which can trensmit different signal vollages, the total noise
power can be sub-divided between them on a power basis. An h.f. line section
280 km long may thus contribute a total noise of 830 pW.

However, line sections of considerably greater length than 280 km can
occur in practice. Consideration must then be given to the fact that within
a single line section distortion products can add on a voltage basis. This can
lead to difficulties if the equipment is not designed from the start so as (o
maintain very low values for non-linear distortion, even if the basic thermal
noise thereby necessarily becomes somewhat higher. Our design targets for the
contribution of each repeater station, at a distance of 9.5 km from the next,
were therefore made

for basic noise <15 pW
for intermodulation noise < | pW

Intermodulation noise is here supposed measured with a loading on the h.f.
line of 4 15.3 dbmo0 in accordance with Table 1.
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Equalization

For an h.f. hne of as little as 179 of the length of the nominal maximum
circuit, the loss for the signal voltages at the highest frequencies is 1350 db.
This large loss has to be compensated for so that the residual error is of the
order of 1 db. It can thus be understood that the accuracy with which the
gain at each station corrects for the cable loss and the stability of this gain
are cach subject to exacting requirements. Here one must distinguish between
on the one hand errors in the desired compensation of the cable losses which
do not vary with time (“fixed errors™), and on the other hand those which
vary with time (“variable errors™).

Fixed Errors

It was clear from the outset in planning the system that there would be a
great simplification of maintenance for telephone administration if a single
type of line amplifier were used, without regard to the length or type of cable.

The following causes of fixed errors could be noted

a) Coaxial line sections are of different lengths,

b) The target value of gain will not correspond exactly with the cable loss,
since there are minor differences in loss between different types of coaxial
cable.

¢) The actual gain does not exactly correspond with the frequency response
design target.

To equalize those level errors which arise due to the varying lengths of the
line sections, the latter may be built out with passive networks to the same
electrical length. This naturally gives rise to the same basic noise as if all
the sections were of maximum length. However it not infrequently happens
in laying out a cable network that a large proportion of the cable sections are
shorter than the design maximum. By providing the amplifier with alternative
strapped connexions, it has been made to correspond to either of two differ-
ent cable lengths, viz. 9.5 and 10.0 km (46.0 and 48.6 db gain at the highest
frequency transmitted). It is thereby possible to reduce the basic noise by
some 3 db for every cable section which does not exceed 9.5 km, compared
with that which would have resulted if the 10.0 km amplifier had been used
throughout. This change in gain does not involve any additional adjustment, and
the basic idea of a uniform amplifier has thus been retained. Building-out net-
works are provided in a variety of types so that building-out can be made in
steps of about 250 m (1.13 db at the highest frequency). The residual loss
error due to varying lengths of cable need thus not exceed about 0.6 db, and
this error can without difficulty be taken up by the automatic regulation for
cable temperature.

The errors arising under points a) and b) are small, but they occur at every
repeater station, often in such a way that the errors add directly. Our
experience with actual installations is that it usually suffices to equalize these
errors at every sixth repeater. To permit equalization even in cases where the
gain 1s insufficient. provision has been made for raising the gain of the line
amplitier by 3 db over the entire frequency hand.

It should be noted that a line amplifier can be changed without uny need
for altering the equalizing network. The line amplifiers are in fact manu-
factured to so close tolerances that the deviation in gain from one to another
does not exceed 0.05 db.

Variable Errors
The most important causes of variable errors are

al change in cable loss due to temperature variations.
by change in repeater gain due to tube aging.
¢) change in repeater gain due to temperature variations,



Of the causes mentioned, that of change in cable loss due to temperature
variations is the most significant in magnitude. As will appear from earlier
remarks under the heading “Coaxial cable”, the annual variation in loss in
Scandinavia amounts to at most + 2 % . For a loss at the highest transmitted
frequency of 48.6 db per repeater section, the corresponding change in loss
is thus about + 1 db. This change is already so large as to need correction
at every repeater, in order that the balance between basic noise and inter-
modulation noise shall not be upset, with a resulting increase in total noise,
Since the frequency dependence of changes in loss is proportional to the cable
loss and thus practically the same for all types of coaxial cable, automatic
correction of this error can relatively easily be arranged. This is done with
the aid of an auxiliary signal or “pilot”™ which is transmitted over the h.f. line.
The frequency chosen for this pilot is 4092 ke/s, near the upper edge of the
band, which is & natural choice as it is there the variations are greatest.

The pilot level is measured at each repeater, and deviations from nominal
are arranged to control the repeater gain. This control is in the proper sense
for a correction of the level error, in accordance with the usual principles
of servo regulation. The range of regulation of the amplifier needs to be
greater than the + 1 db required by the cable temperature error for two
reasons. The first is that, as mentioned earlier, this regulation also takes care
of the deviations due to the building-out network being available only in
steps of 250 m. The second is that it is not always possible during installation
to determine exactly the cable temperature and hence the proper working
point for the temperature-compensating regulator. The regulation (servo) loop
has therefore been designed for a normal working range of + 2 db.

Changes in repeater gain due to changes in ambient temperature, humidity,
etc., can become difficult to handle. As a ruie they occur very rapidly and
therefore need an automatic form of correction. Considerable effort has
however been expended in the choice of components and mechanical design,
in order to prevent these particular effects from becoming noticeable at all.
The stability thereby achieved is so high that as a rule no automatic regulaticn
will be required for coaxial line sections of up to 500 km in length.

Nevertheless, regulation equipment controlled by a 2792 kc's pilot s
available for h.f. lines working under extreme conditions. If this equipment
is found to be necessary, an extra amplifier needs to be included in the signal
path to compensate for the basic loss in the control network. This does not
cause any problem, as the bays for attended intermediate and terminal
repeaters are wired so that this regulation equipment can always be inserted.

The dependence of the amplifier equipment on tube aging is a source of
error of u rather different Kind from the other two mentioned. Thus the
average mutual conductance for a whole coaxial line link only alters very
gradually. It has furthermore a tendency to become stabilized at a particular
salue, provided there are no changes in maintenance procedure. This implies
that the effect of tube aging can be corrected by a manuval adjustment.
Experience shows that besides those changes taking place due to the causes
mentioned, there are others for which it is difficult to attribute any particular
cause. These changes usually occur slowly, and although they may individually
be small. the result is that the error curve requiring manual equalization is
of a variable nature. To enable these error curves to be equalized in a simple
manner a so-called “cosine equalizer™ has been introduced. If a Fourier
analysis of the given error curve is made, it can be resolved into a series of
cosine terms, which can then be corrected one at a time by means of the
cosine equalizer. This cosine equalizer will be described in more detail in an
article in the next issue of Ericsson Review. However. a summary of the pro-
cedure can be given here.
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1) Additional measuring pilots, with frequencies situated between the super-
groups in the line group, are transmitted over the line. These pilots, also
called inter-supergroup pilots, can be transmitted without interfering with
traffic,

2) The levels of these pilots are selectively measured, and discrepancies from
the nominal levels noted.

3) By means of a computer developed for the purpose, the necessary adjusi-
ments to the cosine equalizer are calculated.

4) The cosine equalizer is adjusted accordingly: this concludes the equaliza-
tion operation.

All equipment is so designed that station maintenance personnel can carry
out the entire operation by following the procedure given above.

The cosine equalizer has a large inherent loss, so that it cannot be intro-
duced without at the same time providing additional amplification. As with
the 2792 ke's regulation, the bavs for terminal and attended intermediate
repeaters have been so wired that they can at any time be equipped with
cosine equalizers. For h.f. lines generally speaking, only about every fifteenth
repeater needs to be provided with such manual equahzer equipment.

The Line Amplifier

In this section the new line amplifier for 4 Mc/s coaxial systems is de-
scribed, with emphasis on its use in unattended repeater stations.

Characteristics Required

Some of the necessary requirements concerning amplifier equipment for a
coaxial system have already been treated in the previous section, and these
will be briefly recapitulated together with further requirements which make
their appearance in the design of the system.

a) The target value of gain is decided by the average loss of a number of
known cables. Manufacturing and maintenance requirements point to one
type of amplifier. However, noise calculations for systems already designed
or projected show the desirability of having a 9.5 km and also a 10 km ampli-
fier variant. The object has therefore been to combine these opposing aims
by making one amplifier with provision for strapping, giving ecither 46.0 db
or 48.6 db gain respectively. These values of gain are by definition the gain
between the input and output cable boxes of the station. The amplifier itself
must be designed to produce a somewhat higher gain to allow for loss in
certain unavoidable networks in the whole station.

b) Strict requirements must he fulfilled as regards noise and intermodula-
ton,

¢) Each amplifier equipment must be able to compensate automatically for
the variation of attenuation with temperature in the preceding cable section.

d) High stability against the effect of changes in ambient temperature and
humidity. and also against supply voltage variations and tube aging must be
aimed at.

¢) The requirement of freedom from self-oscillation is self-evident.

fy A fault in a single tube or at component in the power supply equipment

must not result in an interruption in traffic.

g) Input and output impedances must fulfil certain requirements.

If the input impedance of the amplifier equipment is exactly equal to the
cable impedance, all the energy which is transmitted by the cable will be
accepted by the amplifier, and therefore no part of the energy will be reflected
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back to the cable. This is in itsell of no great importance. The problem first
arises if the attenuation back to the previous station is low, and further that
the output impedance of that station does not exactly correspond with the
cable impedance. A part of the energy is then reflected again, but this time in
the same direction as the transmitted signals. This appears as a voltage whose
phuse, due to phase shift in the cable or in the input and output circuits ol
the amplifier equipment, can assume any angle relative to that of the trans-
mitted signal voltage. Both voltages add vectorially, which in practice mani-
fests itself as if the cable attenuation varied irregularly with frequency. The
CCITT have recommended that for telephone transmission the attenuation
distortion due to mismatches between amplifier equipment and the cable shall
not exceed 1 % per repeater section i.e, the over-all echo attenuation shall be
at least 40 db. According to this
A, I{r i Ay 4 Ay out + 2"'.{

where A - and A are the values of return loss at the input and output

respectively of a repeater station, and A, is the cable loss per repeater section.

The CCITT recommendations mean, as will be seen, requirements on
amplifier equipment only at low frequencies where there is low cable loss. In
addition to the CCITT recommendations, a design target has been set up for
the new h.f. line equipment of a value of return loss for the line amplifier of
at least 16 db over the whole frequency band. This helps to make the ampli-
fication obtained in practice more reproducible in different applications. If
the amplifier impedances were not controlled, small variations in the adjacent
impedances could produce disturbing variations in the operating gain. This
is especially important when operating with line building-out networks and
equalizer networks.

The Electron Tube

The electron tube is the basic element which determines the targets which
can be obtained in the line amplifier and thereby in the whole h.f. line. The
figure of merit, noise resistance and  distortion determine the maximum
repeater spacing. The power consumption decides the number of unattended
stations that can be supplied with power via the cuble using a given feeding
voltage, The tube life will have a deciding importance in the routine mainte-
nance carried out by administrations. Good characteristics in this respect
must be weighed against the cost of the tubes, which however can be allowad
ta be rather high, especially if one can thereby reduce maintenance. The choice
has fallen on the long-life tube type 404 4 which was originally standardized
by Western Electric for use in their 7'D 2 radio link system. This tube is
now manufactured in Sweden by AB Svenska Elektronror. With the idea of
their use in unattended repeater stations specially in mind, the Swedish tubes
have been made with gold-plated pins.

The most important data for the tube type 404 A are the following:

Mutual Conductance S =125mAlY

Figure of Merit : i . = 210 Mg¢/s
2G4 T
Noise Resistance — 550 ohms
Distortion factors Ay, = 39 db
Ay =72 db
Tube Life 10000 hours
The distortion factors are given for an output power P, = ImW in an

anode resistance R = 1.4 kilohm. A4,, is the ratio between the fundamental
and the second harmonic and A, is the corresponding ratio for the third
harmonic. The tube life is defined as the guaranteed average hife for u large
batch of tubes whose end-of-life point is set at 65 % of the nominal value
of the mutual conductance. Long life tests already completed and in progress
show that the true value of the tube life under operating conditions consider-
ably exceeds the guaranteed 10000 hours,
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Electrical Construction
Nenworks determining amplification

The target gain curve according to the preceding section applies to the
complete repeater station. The internal subdivision of the curve hetween the
amplifier and the different types of networks can naturally be varied. At one
extreme one can consider the use of a flat response amplifier in tandem
with an attenuation building-out network, in modified form wholly or partly
combined with the input and output transformers of the amplifier. At the other
extreme, the whole frequency dependence could be thought of as being deter-
mined by a feedback network in the amplifier itself. In L. M Ericsson’s new
repeater equipment, it has been decided that the curve in the upper part ol
the frequency band be fixed with the help of a feedback network, while for
the lower part, a completely separate “gain equalizer” be used. It is outside
the scope of this article to give the reasons for this division. It may be
stated here however that with a given total gain, a network connected in
tandem will mean either an increase in the basic noise or the intermodulation
noise. On the other hand, as regards a feedback network in the amplifier, its
mechanical dimensions must be kept small so as to be able to obtain a high
fecdback at high frequencies. The method of connexion of the networks for
compensation of the fixed attenvation of the cable, and the subdivision of
the amplification curve are shown in fig. 1 and fig. 4. The loss of the power
separation filter 1s negligible within the signal band 60 to 4092 kc/s.

Two variants of gain equalizer exist, one being used in stations where the
amplifier 1s strapped to give a gain of 46.0 db and the other where it is
strapped to give a gain of 48.6 db.

Connexion of the network for automatic regulation can be made in several
different ways.  Placing this before or after the amplifier gives a reduced
effective remeater gain for a given signal-to-noise ratio, due to the additional
attenuation which the network itself introduces. Placing the network between
two separate amplifiers would mean a total of at least four tube stages and
thereby an increased number of tubes. In addition, the stability requirement
of the single amplifier would be doubled.

An investigation has shown that for a 4 Mc/s amplifier the most suitable
position for the network is in the feedback path. The stability requirement
for self-oscillation when the amolifier has been regulated down to give
minimum gain certainly means that the effective repeater gain cannot be set
as high as would be possible with amplifiers having fixed negative feedback.
I'his reduction of gain however need not be so great as in the first alternative
with the same signal-to-noise ratio. In addition, for a network in the negative
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feedbuck line. no real impedance requirements need he made. It can there-
fore be designed using fewer components than a network in the signal path
itself. The network has been designed so that a variation in level of + 2 db
at 4092 ke/s can be corrected with a nearly constant control ratio.

Amplifier Circuit Diagram

The basic principle is a three-stage feedback amplifier with the feedback
network I between the cathodes of the first and last stages, see fig. 5. The
amphtying part, the so-called p-part has been constructed as two parallel
o sections, ¢ and g, which in principle are independent of each other, and
each of which receives its power supplies from its own power supply unit.
To reduce distortion the grids of the final tube stages are connected together
as far as h.f. is concerned. The transformers and feedback networks are
common. By using this method of construction, a fault in one of the u sections,
e.g. a tube fault or a fault in any of the power supply units, has negligible
effect on the characteristics of the repeater. The tube currents as well as
the separate feeding voltages are individually supervised. A fault at an
unattended station produces an alarm at the supervising station and can
therefore quickly be cleared so that operational security is restored. In cables
where all tube pairs carry traffic or with new installations where a complete
stand-by h.f. line is considered to be too expensive, this duplication of the
1 sections is of great importance in operational security.

With a large amount of feedback (/. ~ U.), the following gain formula
applies (see fig. 5)

Z. Y U
A=A, +A4,+20log —J-‘-j " — 20 log E1‘ where

s 1

U, .
A, = 20 log t_f — Input transformer (7¥,) turns ratio
e |

U, :
A, — 20 log UJ — Output transformer (7r,) turns ratio
1

Z, — Impedance of cable. 75 ohms

| = é;— — Transfer admittance of the ;i network
8

The Transformers

As is seen from the amplification formula. the turns ratio of the input and
output networks should be as large as possible. The limit i1s set by the capac-
itances which are a part of the terminations on the high impedance side of
the transformers. These capacitances consist mainly of tube capacitances, but
stray capacitances of components and wiring are also included. In the design
of the input and output networks, one can consider firstly a characteristic
which increases at higher frequencies and secondly a flat frequency charac-
teristic. The latter alternative naturally gives somewhat less gain with a given
signal-to-noise ratio, but on the other hand is less sensitive to variations in
component values, e.g. with temperature, and needs only a little more than
half the number of components for the same impedance requirements. The
flat type has therefore been chosen. with both transformers resistively termi-
nated on the high impedance side. The large band width of 60—4092 ke s
puts stringent requirements on the design of the transformers (see fig. 6
especially as regards a small and stable leakaze coefficient. The solution of
this problem has been possible by using a special technique of grinding
ceramic coil bobbins with small dimensions and close tolerances and also by
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using ferrite cores. The leakage inductance and capacitunce of the trans-
former are made so as to constitute a low-pass filter at high frequencies. In
this way the design impedance requirements for a value of at least 16 db

return loss have been achieved.

The feedback network

The feedback network consists of a common regulation network and two
supplementary networks which can be strapped for 46.0 or 48.6 db gain at
4092 ke's,

Regulation is obtained by using an indirectly heated thermistor. The regu-
lation range is limited to 4.7 db irrespective of the thermistor current.
Alternatively  for convenience during installation  measurements  etc., the
thermistor can be replaced by a fixed resistor (265 ohms), whereby the nomi-
nal value of amplifier gain (46.0 or 48.6 db) is obtained. The two supple-
mentary networks provide the possibility of making a flat gain correction of
about 0.2 db and a slope gain correction from about 3500 to 4092 Ke/'s with
an amplitude of about 0.4 db. This is the only adjustment needed on final
testing of the amplifier in the factory.

Feedback

The object of feedback is both to reduce distortion and 1o increase
the stability against variations in the i sections.  The design chosen implies
that the feedback is a maximum at low frequencies. In this way a simple
form of gain variation with tube aging is also obtained. The limit for the
feedback obtainable 1s set in principle by the figure of merit for the tube
and the stray circuit capacitances. Freedom from self-oscillation is determined
by the phase and amplitude margins in the feedback. These margins are so
chosen that self-oscillation cannot occur for tube mutual conductances up 1o
35 ¢ above nominal. The tubes operate with d.c. feedback, so that the
influence of the supply voltages on the mutual conductance of the tubes is

appreciably reduced.

Components

By muaintaining close tolerances on the components in the networks deter-
mining the gain, the scatter in production is kept low. As regards capacitors
and coils, this result is achieved by measurement with a bridge and by using
resonance adjustment respectively.  Such meuasuring methods need precision
equipment, but on the other hand result in simpler final testing.

Measurement of non-linearity in components i1s used to a large extent in
order to detect incipient bad contacts.
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The Mechanical Construction of the Amplifier

The general principle for the equipment is that it should withstand a tropical
climate. This has been obtained by putting all networks which determine gain
into hermetically sealed containers. In the line amplifier the transformers
and the feedback network are mounted in a die-cast hox. the lid of which
has rubber seals. The y sections have not been mounted in hermetically
sealed containers, as their effect on amplification is appreciably less, see fig. 7.
By the use of tropicalized components, reliability of operation has been
turther increased.

By having great mechanical stability and precise location of the compo-
nents, good reproducibility has been obtained, even at the highest frequencies
where the amplifier characteristics must be tested for stability against self-
oscillation i.e. up to some 100 Me/s.

The mechanical and electrical construction also permit the amplifier to be
changed without affecting operation or necessitating trimming.

Performance
Methody of Measurement

The requirement of having small deviations from the target value of gain
curve places very high demands on the accuracy of medsurements. Special
measuring equipment has therefore been developed by means of which a
measurement accuracy of 0,01 db is obtained. For trimming of return loss,
the use of a specially developed sweep meter results in an appreciable simpli-
fication. This trimming results in very little scatter in the insertion loss of the
transformers. The following data are all obtained from manufacturing resulrs
and are given for the connexion of the repeater corresponding to 46.0 db
nominal gain.
Guain

Fig. 8 shows the departure of the actual gain curve from the target value
and applies for tubes with nominal mutual conductance. The standard devia-
tion o is also shown.

db
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Impedance
Fig. 9 shows the return loss relative to the cable for the input and output
impedances.

Reculation

Fig. 10 shows the regulation error for a regulation of 2 db.

Distortion

With a signal level of 0 dbm at the output side of the amplifier and a fre-
quency of 1 Mc/s, the second harmonic (2 Mc/s) has a level of =78 dbm und
the third harmonic (3 Mc/s) has a level of =103 dbm. Overloading occurs at
an output level of +23 dbm.

Stabiliry
Fig. 11 shows the change in gain due to a reduction in mutual conductance
of all tubes by 1 db.

The change in gain after 10 repeater stattons with a 2 % reduction ol the
feeding voltage can also be seen from fig. 11. The feeding voltage is normally
maintained within this tolerance by stabilizers in the power feeds to the cable,

Fig. 12 shows the change in gain for an ambient temperature of 20 + 30 C,

As will be seen, the temperature coefficient has the same form as the regu-
lation graph, and so the temperature error is almost regulated out.

Tropical tests have been carried out in accordance with 1EC 68 D IV,
which comprises temperature cyching between 20 C and 547 C at 100 %
relative humidity for 6 days. The change in gain after completion of these
tests was neghgible.
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The Pilot Receiver

The pilot receiver consists of a crystal filter for separating the pilot fre-
quency and a two-stage negative feedback selective amplifier.

In this amplifier the long-life tube 403 B is used. The pilot receiver is
mounted in the same mechanical unit as the line amplifier and constructed
according to the same general principles.

A normal pilot level of —17.4 dbm produces a regulating current of
2.5 mA.
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The Multirecorder — An Instrument for
Recording Switching Time Functions

ERIK NYLUND, TELEFONAKTIEBOLAGET LM ERICSSON,STOCKHOLM

U.D.C., 681,.178:621,395.65

A portable multirecorder, ZTT 10001, designed for the recording of switch-
ine time functions, has been introduced by Telefonakticholager L M Ericsson,
The instriment, its method of operation and performance data are presented

in this article.

L M Ericsson's circuit laboratories have long felt the need of an apparatus
for the recording of relay switching time functions, Since the commercially
available recorders are either too slow or contain too few styli, a recorder
specially adapted for the purpose was designed. It is primarily intended for
the checking of circuit diagrams in the laboratory.

The switching processes of operating telephone exchanges should prefera-
blv be recorded in conjunction with fault tracing and regular routine testing.
A comparison with earlier recorded charts will show what changes have
occurred in the switching time functions,

The multirecorder can, of course, be used for other Kinds of apparatus as
well, provided that the recording speed and number of styli are suited to the

purpose.

General Description

The multirecorder, designated Z77 10001, is made in portable form (fig. 1).
It is contained in an oak case with rubber feet and fitted with a handle. The
schematic arrangement of the recorder is shown in fig. 2. Tt has 29 styli for

Fig. 1
Multirecorder ZTT 10001
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Fig. 2

Main components of multirecorder

Fig. 3
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rezording and 3 for time marking. The chart 1s produced on electrolytic paper
of the same type as used in telefacsimile equipment for video transmission.

Recording on this paper takes place very simply and smoothly without need
of optical equipment. magnets, amplifiers or other complicated apparatus.
The text is immediately visible. The paper runs over a metal rod under stain-
less steel styli. A 20—30 mA current through the paper from the stylus to the
rod produces a black line on the paper.

The recording pulses are usually obtained from a special measuring contact
temporarily screwed to the relay. On operation of the relay armature the
contact closes the circuit to the styli. The use of suitable series resistances
enables recording to be done at the normal battery potentials employed in
telephone exchanges.

The chart is fed forward by a rubber roller driven by a synchronous motor.
The recorder must be connected to A.C. mains, and the paper feed rate and
the distance between the time markings are determined by the mains fre-
quency.

Stylus no.

|
|
|

G o ~gO uh £ Lahy ~

91



Fig. 4

Change of styli

In addition to actual recording equipment the recorder contains devices

which reduce paper wastage at the start and end of recording.

Recording Paper

The clectrolytic paper must be moist when used. 1t is delivered with correct
moisture content in plastic bags or sealed containers. When the paper dries,
it shrinks by 2 to 3 per cent. The feed rate is so calculated as to produce
the correct length of paper in dry state. The paper is not lined. but the time
clapsing between two events must be determined by measuring the length on
the chart or by counting the time markings., A specimen chart is shown in

fig. 3.

Styl

The styli are made of stainless steel, but are nevertheless liable to wear
as o result of abrasion and electrolytic corrosion, The styli have therefore
been made easily interchangeable (fig. 4).

Paper Speed and Accuracy of Measurement

The chart is fed forward by a rubber roller driven by a synchronous motor
operating on 110 or 220 volts at 50 or 60 ¢'s. The motor runs continuously.
When recording 15 to take place, the feed roller 1s connected to the motor
through a magnetic cluich. By this means the paper quickly attains full speed
without the considerable wastage which would otherwise arise during the
starting of the motor. An adjustable gear permits three different feed rates.
The accuracy of reading 15 about | mm. The accuracy in terms of time, for
the three feed rates, is tabulated below.

Table 1
Paper speed, mm s Time for I mm paper feed, ms
Gear
50 ¢/s 60 ¢ s 50 ¢'s 60 /s
3 500 600 2 1 2/3
2 166 273 200 6 5
1 50 60 20 16 2/3

Time Marking

The three time marking styli are connected in parallel, being placed as
shown in fig. 3. When the “Time marker” Key is switched to “Int.", the
time marking pulses are received from a transformer connected to the mains.
The current passes through a rectifier, so that the time between the pulses
will be 20 ms at a mains frequency of 50 ¢/s. When the key is switched to
“Ext.”, the transtormer is disconnected. and any other pulse generator may
be connected between the negative terminal and the “FExi. tinte marker input”

socket.

Power Supply

The exchange battery must be connected 1o the recorder’s battery terminals.
The magnetic clutch and the four auxiliary relays are designed for 24V
operation. For higher voltage a series resistance must be placed in the circuit
by setting a battery voltage selector in one of four positions marked 24, 36, 48
and 60 V.
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The recorder must also be connected 1o an A.C. supply of 50 or 60 ¢ s.
A mains voltage selector is provided with positions for 220 and 110—127 V.

The styli are connected to the control board by a 30-point plug F (fig. 5).
By inserting the plug into one of jacks B—FE and using an interconnecting
cord. several alternative connections can be obtained. If the plug is placed
in jack B the series resistance will be 200 ohms. and in jack C 750 ohms. The
higher resistance should preferably be used. The lower resistance should only
be used if the lines are too faint, which may happen at high speed and low
battery voltage. Insertion of the plug in jack D or E, and using an inter-
connecting cord, places a rectifier in addition to the series resistance in series
with the styli. The function of the rectifier will be described below.

The indicated polarity of the battery and rectifier is suitable for a system
with earthed positive. If the negative happens to be earthed, the battery and
rectifier connections may be reversed. In the latter case. however, the lines
will be clearest on the underside of the paper.

Connection of Equipment to be Tested

The main circuits of the recorder are shown in fig. 5. The contacts which
provide the recording pulses are connected between any one of terminals
1—29 on the control board and the positive terminal.



Fig. 6
Measuring contact LMY 1501
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[ he pulses can be obtained in any of the following ways:

[. The relay to be tested s provided with a special measuring contact
LAY 1500 (fig. 6). which is temporarily screwed to the front of the relay.
The spring assembly of the measuring contact is actuated by the movement
of the armature and closes when the armature operates, One spring is con-
neeted to a single-wire cord with banana plug. The other spring is connected
(o the frame. so that it is normally in circuit with the positive terminal of
the battery through the rack. On the frame of the measuring contact there
is also a screw terminal for direct connection of the battery positive in the
event that the relay frames or the ruck are not earthed.

The measuring contact also carries a set screw with which to adjust the
make to comncide with a given contact function of the relay.
2. If there is an extra make contact on the relay, it can be used for recording.
3. In certain cases the stylus can be connected to one of the ordinary make
contacts of the relay. In such case the aforementioned rectifiers should be
connected in series with the styli, so that the circuit through the moist paper
does not prolong the release lag of the relay that is controlled by the particular

contact,

Recording

Recording 1s started by pressing the “Manual start” button. Remote starting
can he effected by applying positive potential 1o the “Remote start” socket.

There are two methods of running the recorder, the desired method being
selected by means of a switch.

1) When the switch is set to “Direct control”, the paper runs as long as the

button is held depressed or positive is applied to the “Remote start” sockel.

2) When the switch is set to “Preser running time”, the paper runs for the
preset time and then stops automatically. The desired running time is sei on
the “Running time, sec” scale. which is graduated from 0.2 to 1.2 seconds.
The time is determined by an electronic timer containing a thyratron tube.

When the recorder is started, a relay with holding contact operates. The
preset running time of the recorder is independent of the length of the start
pulse. The relay energizes the magnetic clutch and start relay R/, which is
slow to operate (fig. 5). The magnetic clutch couples together the feed roller
and motor, so that the paper starts 1o move forward. After about 50 ms,
when the puper has attained full speed. relay R7 closes a circuit to the metal
rod and recording can start. Relay R/ also starts the electronic timer which,
alter the preset time. actuates stop relay R2. The chart thereupon stops and
the relays return to normal.

Owing to the high speed of the paper. it is difficult to avoid considerable
waste of paper if the chart has to be started first, followed by the relay set
to be tested. To eliminate this wastage, start relay R/ is equipped with a
spring assembly with two change-over functions. so enabling the relay set to
be started at the same moment as the recorder is ready for recording. These
are marked “Congrol terminals™.

All stylic control terminals, positive and negative terminals terminate in
a 40-point jack. If the relay sets to be tested are from the outset equipped
with a suitable test juck. the entire relay set can be connected to the recorder
at one time by means of an interconnecting cord. This also enables battery
voltage to be applied to the recorder from the test jack.



A New Tape Recorder — Ericorder KTB 212

A ELMQUIST AND P NORMARK, TELEFONAKTIEBOLAGET L M ERICSSON. STOCKHOLM

Fig. 1
LM Ericsson’s Ericorder KTBE 212
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The magnetic method of tape recording has within a few vears won a popu-
larity throughout the world that would appear to be permanent. This is best
dlustrated by the facr that the manufacture of recording tape during the lasi
three vears has increased more than five tunes. New applications and fields

of use have revealed the need of different designs of tape recorder.

L M Ericsson have therefore added to their previous range a smaller and
lighter model of Ervicorder which is even casier to handle than its predecessors.
The new instrument is coded KTB 212 and is a veneral purpose recorder,

hoth for speech and music.

Ericorder KTHB 2/2 is based on the same principles as models KTB 201
and 202 described in Ericsson Review No. 4, 1954, but differs from them
in some respects. The new Ericorder is operated by a combination of keys
and knobs. The tape speeds are the internationally accepted 3 3/4” and 1 7/8”
per second. The higher speed. which among other things gives a greater
frequency range, is mainly intended for high quality requirements, whereas
the lower speed. which allows twice as long an uninterrupted playing time
and therefore better tape economy, is mainly intended for recording speech.

The design of the apparatus is based on the standardization work hitherto
performed by the international committee (IEC). This applies particularly to
track position and recording characteristics.

The choice of frequency range provides for a fidelity at the higher speed of
3347 per sec. that well complies with the requirements the apparatus is in-
tended to meet. This was achieved particularly by a reduction of the gap in the
recording head (fig. 2). the width of which determines the upper limit of the
frequency range. On the other hand. the gap cannot be reduced indefinitely
in view of the high sensitivity to wear and. in particular, because the signal
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to noise ratio deteriorates with diminishing gap width. The compromise that
has been made between gap width and signal to noise ratio is based on the
tape material available today. The sound heads are. as earlier, designed for
dual track recording, which ensures good tape ecconomy.

Main Design Features

Ericorder KTB 212 is in its exterior design roughly similar to the previous
model with tull loudspeaker front and functionally placed controls, which
has won such high appreciation. However, the new model features compression
formed wooden cabinet, with smoother lines and rounded edges. This has
reduced the weight and increased the resistance of the set to careless hundling.
No deck cover plate is required. The combination of tropical wood and
plastic materials presents an impression of elegance and lightness.

All controls lie conveniently to hand on the top of the set, with the speed
change knob at the rear between the tape reels. Other controls are assembled
on a plastic panel which also covers the erase and sound heads.

All inputs and outputs are on the rear of the set. Recessed handles are
provided in the sides for facility of handling.

KTB 212 is availlable either in mahogany or teak cabinet. The mahogany
cabmet has blue control panel and loudspeaker front. The teak cabinet has
these parts green. The loudspeaker front is bordered with gilt ornamentation.
Similar ornamentation exists around the control keys, counter and knobs.,

The recorder is thus designed to harmonize with even the most pretentious
surroundings.  An extra accessory is the elegant case, which entirely protects
the apparatus since it has no openings for loudspeaker and terminals, which
would be necessary if the actual cabinet were used as case. The case accom-
modates the microphone, leads, and four spare reels of tape in original car-
tons. Owing to its comparatively light weight (only 8 Kkilos) and small dimen-
sions the recorder is very portable.

Operating Equipment

KTB 212 i designed for operation on A.C. mains and can be adapted 10
normally occurring voltages by means of the externally actuated selector on the
hottom of the set. For optimum stability and precision the chassis is built up in
an aluminium cast frame in which the amplifier is mounted as a separate unit.
The tape is fed by an induction motor with capacitively coupled auxiliary
phase. The reel adaptors are friction coupled to the motor for winding and
rewinding. This coupling is mechanically controlled by means of the control
knob. Stretching of the tape and braking is achicved by means of self-
wrapping brakes which ensure exact and rapid manipulation and eliminate
the risk of damaged tapes. In the movement of the tape past the magnetic
heads during recording and reproduction the power transmission from the
motor is via a driving belt 1o a capstan which pulls the tape at a constant
speed. To compensate for eventual speed variations the capstan is provided
with a balanced flywheel. Shifting of speed is arranged by mechanical devices
in the transmission system and can be done while the tape is running. The
reel adaptors have centres for the usual cine type spools employed for this
category of recorder. Tape spools of up to 6” diameter and 350-metre lengths
of tape (LP tape) can be used. The total playing time of these tapes is

2« 128 mins, at the lower speed. At the higher speed the playing time is



Fig. 4 X HOBH
Simplified block schematic of Ericorder

KTB 212

A amplifier

B power Stage

D pad

E eaqualizer

EH erase head

HFG H. F. generator for biasing and  crosing

s driving shaft

LS loudspeaker

b} microphone

PB playback

PW  rubber clutch

R radio

RH  record and playback head
RM  record. microphone
RR record, radio

S8 record-playback switeh
v yolume confrol

X 2244

Fig. 5

Ericorder KTB 212, viewed from above

The knob on the left is 4 combined mains switch.
volume control and equalizer: that on the right is
for tape transport, with recording level indicator
in the centre, In the middle are the keys for (from
left) radio recording, microphone recording and
playback. At the rear between the tape spools is
seen the speed switch. and on the opposite side
of the left-hand spool is the counter.
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64 mins.  These based on the tape
available today. The tape transport mechanism is so designed that the appa-

ratus can without difficulty be used with the synchronizing devices that are
now supplied for many types of sub-standard film projectors.

halved. ie. 2 times are thicknesses

Any desired recording on the tape can be easily selected by means of the
three-digit counter with rotating drums and zeroing device. The device is very
exact and even enables a particular recorded word to be found very quickly.
The counter is driven by the left-hand spindle. By this means it is prevented
from in any way affecting the passage of the tape past the sound heads.
where there is highest sensitivity to speed variations. The positions of re-
cordings on the tape can be noted on the space provided for this purpose on
the tape cartons.

The amplifier has three tubes. An additional tube of “magic eye” tvpe is
used as recording level indicator. To ensure maximum reliability in operation
the rectifier in the mains unit 1s of selenium type. Combined with the volume
control are a mains switch and a switch for tone equalization during play-
back.
which improves the intelligibility of speech recorded under poor acoustical

Lifting of the volume control knob suppresses the lower frequencies.
conditions, such as at conferences. The depressed position of the volume
control gives full frequency range and should preferably be used for music
reproduction. The loudspeaker is of elliptical type and is specially adapted to
the recorder cahinet and the amplitier.

The biasing oscillator is of feed-back type und supplies a frequency of
45 ke/s. This frequency was chosen out of consideration for the maximum
reproduced frequency. so as to avoid interference between the signal and
biasing frequencies. Both the erasing head and the combined recording and
reproducing head have the design typical of the Ericorder, with the possibility
of changing track position by reversing the head. The apparatus is normally
supplied for the now internationally accepted CCIR standard. with recording
and reproduction on the upper half of the tape when the tape runs from left
to right.

A keyboard is used for switching the set for reproducing.
radio (gramophone, telephone etc.) or from microphone. Before starting
recording. the oplimum volume can be set with the volume control without
registration on the tape. The latter is not started until the right-hand knob is
turned clockwise. The recording level indicator is situated in the centre of the
latter knob. Since the functions of this knob and of the keyboard are me-
chanically interconnected, no special “stop” device is required. A direct
change-over can be made from recording or reproducing to fast winding or

recording from

g7



Fig. 6 i
Microphone for KTE 212

Fig. 7

Ericorder K'TB 212, rear view

(Lefty dacks Tor conpection of microphone. radio

or crumophone for recording. extra loudspeaker

and amplifier or rudio tor reprodocine,
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rewimnding. Turning of the knob then releases any key that is depressed. This
makes the recorder easy and quick to munipulate, which s a valuable feature
l'll\k‘

[he high speed of winding and rewinding—3350 metres of tape in
less KTB 212, It

should be noted that winding and rewinding always tauke place at this high

since. the camera, the tape recorder must often register nstantaneous
events.
than one minute—is another valuable asset in Ericorder

speed, irrespective of the position of the speed switch,

[he recorder’s microphone (fig. 6) is of new design with crystal system. For
tropical countries the microphone is supplied with ceramic cartridge which
withstands extremes of moisture and temperature. The microphone casing is

of wory-white plastic.

The sensitivity of the microphone is =50 db which, in conjunction with the
high degree of amplification of the tape recorder. cnables recordings to be
made at great distances between sound source and microphone.

Combined on a panel on the rear of the set are jacks for connection of
for recording, extra loudspeaker and
The extra loudspeaker terminal

microphone. radio or gramophone
amplifier or radio tor reproducing (fig. 7).
is so designed that if the loudspeaker plug is pushed fully home the tape re-
corder loudspeaker is automatically disconnected. If the plug is only pushed

in half-way, both loudspeakers are in circuit.

The
amplifier system functions in such manner that, when the corresponding plug

terminal for reproduction through, for example, a radiogram or
1s inserted. the power stage and loudspeaker of the tape recorder are discon-
nected. With an amplifier of high quality and power output. good reproduction
cian he counted on even at high volume and with several loudspeakers. This
terminal can also be wsed for interconnecting two tape recorders for tape
copying, the feed from the reproducing set heing connected to the radio jack

on the recording instrument.

The total power consumption of the recorder is only 45 watts. It can there-
fore be run off a 6, 12 or 24-volt car battery with the aid of the now readily

available vibrator-converters.

Accessories
Supplied with the recorder are a microphone, one tape (normal tapel of
260 metres and two leads for connecting to, for example. a radiogram.

Special orders may be placed for the portable case. OR 47270, as described
above, and mixer KTV [05/ (fig. 8) with which up to four microphones can
be simultaneously connected to the Ericorder. The set is equipped with input
jacks and volume controls for individual regulation of microphone volume. The
mixer is,

moreover, equipped with a channel selector with an

“all”™ position,
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Fig. 8 X 2241
Mixer KTY 1051

For simultancows connection of four microphones
to Ericorder.

Special Facilities

For recording of telephone calls the Ericorder KTB 212 can be connected

to a telephone wall terminal via an adantor. This unit is equipped with cords

and plugs for connection to the tape recorder’s radio input and telephone

wall terminal.

Technical Data

Mains voltage

Mains frequency

Power consumption

Frequency response at 9.5 cm,
(3 3/47/5) over feeder output

Playing time (6’ reel, dual track)
4.75 em/s 350 m tape
4.75 em/s 260 m  »
95 em/s 350 m »
9.5 cm/s 260 m  »

Fast wind and rewind

Erasing and biasing frequency

Tubes

Recording level indicator

Feeder output for separate radio
or amplifier

Signal 1o noise ratio

Sensitivity of microphone input
Output power

Output 1mpedance
Loudspeaker

Equalizer

Inputs

Outputs
Cabinet

Dimensions

Weight
Normal accessories (supplied with
set)

Extra accessories

110, 130, 140, 150, 220, 240V A.C.
50 ¢fs

45 W

55—9.500 ¢/s £ 3 db

2 % 128 mins.
2 x 90 »
3 h“;‘ »
2 g -I-i »

| min.

45 ke/s

EF 86, ECC 83, EL 95, EM 34

Magic eye

0.8 V across 56 kohms

(disconnects the power stage)

Better than 44 db

5 mV across 10 Mohms

IW

4 ohms

9 < 155 mm 10500 gauss

For playhack

Microphone, radio (gramophone,
telephone)

For driving power stage or radio
and for extra loudspeaker

Mahogany or teak

Height 160 mm

Width 345 mm

Depth 295 mm

3 kilos

Microphone OR 41250
Recording tape 6" OR 75237 260 m
Empty reel 6” OR 75101
Interconnecting cables (2)
OR 40805 with connectors to
radio or amplifier
Portable case OR 41270
Mixer KTY 1051
Stethoset OR 75086
Telephone adaptor KTY 100/
Extension cable to microphone
OR 75098

929



Ericsson’s TV Range 1957

U ENFORS SVYENSK

Fig. 1
Ericsson T jugoctt

Tuble model with 217" sereen. Similar design o

Vinjett. which has 177 sereen.
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A RADIOAKTIEBQLAGET, STOCKHOLM

U.D.C. 621.397.62
Svenska Radioakticholager's programme for 1957—1958 includes six TV
models which are described in this article.  All models are built up on the

sante chasyis, the production of which started last year.

Technical Data

The Ericsson TV chassis 1s a so-called vertical chassis mounted behind the
picture tuhe. This enables the controls to be placed on the side, instead of
in front under the viewing screen, so saving vialuable cabinet space. Another
important feature of the vertical mounting is that the whole of the underside
of the chassis becomes accessible for service simply by removing the rear
panel. If a tube or other part has to be changed, the chassis can be folded
out of the cabinet by releasing two screws.

The use of the same chassis for all TV models 1s a great factor in reducing
production costs, and the assembly line can quickly change over to another
model without loss of time and money.

The chassis. which is of A.C./D.C. design, is wired in the conventional
manner with the exception of the IF amplitier which has printed wiring in
order to obtuin as high electrical stability as possible.  Uniform quality of
production is necessary for rational and inexpensive testing and alignment,
in addition to which the electrical stability 1s of decisive importance to the
reliability and picture fidelity of a TV receiver.

The imput stage uses the low noise tube PCC 88 in cascode connection.
The 1F amplitier has four stages (EF 80) with 33.4 Mc/s audio signal and
38.9 Mc/s video signal. It is phase-linear, ie. the group delay 15 constant
across the band. so avoiding delay distortion of the video signal,

The video amplitier consists of two stages. The automatic gain control
operates so quickly that even signal fluctuations due to passing aircraft are




effectively compensated. The line oscillator is a Hartley oscillator controlled
by a voltage derived from a comparison between synchronizing pulses and
pulses generated by the oscillator itself. This gives rise to a “flvwheel effect”
which considerably diminishes the sensitivity to noise. The picture tubes are
of type AW 43—380 (17”) and AW 53—80 (21") with 90" deflection and
clectrostatic low voltage focusing.

All Ericsson models have two sets of controls. On the rear of the cabinet
are controls for frame and line hold, height, vertical linearity, focus, tone and
acrial matching. These controls are adjusted in the factory and need not
normally be touched.

On the right-hand side of the cabinet are five conveniently accessible con-
trols: channel selector, fine tuning, light, contrast and mains switch/sound.
Only the latter three are required in daily use.

The audio amplifier consists of IF stage, detector and low frequency ampli-
fier, and has a frequency range of 40—15000 ¢/s.

The loudspeakers are all of Ericsson manufacture and equipped with
diaphragms of which the cross-section follows an exponential curve. This
ensures that the high tones are in correct proportion throughout the treble
register. Two loudspeaker sizes are employed—I18 and 20 ¢m—with ranges
60—15000 ¢/s and 40—15000 ¢/s. In the combined TV radiogram Alltett
there are, in addition. 10 cm dynamic tweeter loudspeakers.

Vinjett

During the past vear Ericsson brought out a new 17" table model named
Vinjert. It won an outstanding popularity and has been retained without modi-
fication in the present year's programme. Thanks to the vertical chassis the
dimensions of the cabinet front are determined entirely by the screen. being
only: height 39, width 52. depth 45 e¢m. The cabinet has simple, clean lines
and a dignified appearance. On one side is a sound opening behind which a
16 ecm wide range loudspeaker has been mounted.

Vinjett is made both in teak and mahogany and can be fitted with screw-on
legs.

Tjugoett

Following on the generous reception given to Vinjett a larger model with
217 screen, Tjugoert (hg, 1), was added to the programme. In design and
construction it is entirely similar to Vinjett, but the larger size has permitted
the addition of a second loudspeaker. Thus Tjugoett has two 18 ¢m broad
band loudspeakers mounted behind sound openings in the sides of the cabinet.
Owing to the use of the short picture tube with 90 deflection the depth of
Tjugoett permits the set to be placed on a normal-sized table.

Like Vinjett, Tjugoett can also be fitted with screw-on legs. The cabinet
is in teak or mahogany. its dimensions being enly: height 49, width 63, depth
54 cm.

Vidett

The Ericsson 217 console receiver Videtr was introduced last season and
became one of the most demanded console sets (fig. 2, left). Vidett was
not only a technical innovation, but also represented a new and subtle solution
of the complicated design problem attaching to television sets. The front is
entirely taken up by the screen and the loudspeaker batfle. behind which
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Fig. 2 X
Ericsson Vidett with 217 screen (left)
and Konsolett with 177 screen

The two models are of similar exterior design.

X Boas

Fig. 3
Ericsson Dubblett

feftr  with  viewing  screen covered by tropical

wood sliding panels and the radio unit lowered,
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two I8 cm wide range loudspeakers are mounted. The controls are placed in

a rezess in the right-hand panel.

Vidett is fitted with tropical wood sliding panels which can be drawn across
the screen when no viewing is in progress. and the dignified furniture style
harmonizes with the most differing environments.

The cabinet is in teak or mahogany, its dimensions being: height 85,

width 65, depth 51 cm.

Ericsson Konsolett

Konsoletr is a 17" console set in teak or mahogany (fig. 2, right) of similar
exterior design to Vidett. The cabinet dimensions are: height 76, width 54
and depth 42 cm. It has tropical wood shliding panels which can be drawn
across the screen when the set is not in use. The loudspeaker equipment




Fig. 4 X 8049
Ericsson Alltett

(right) with flap lowered and door open, showing
the radio receiver and viewing screen.

consists of two I8 cm wide range loudspeakers, and the controls are placed
in a recess in the right-hand panel. The small dimensions of Konsolett make
it the ideal console model for families with limited accommodation.

Ericsson Dubblett

Last season's experience revealed a great interest for combined radio and
television sets. The Ericsson autumn series comprises two combination sets,
of which the smaller type, Dubblew (fig. 3), contains a radio receiver and
a 17” TV receiver, The cabinet dimensions are: height 83, width 54 and
depth 42 ¢m, which makes it no larger than many of the existing 177
console television sets. The small size was achieved by placing the radio in
a fold-out unit, the front of which is taken up by the loudspeaker batfle. The
unit is well balanced and equipped with an air brake which gives it soft and
silent movement. Like Konsolett, the screen can be covered with tropical
wood shiding panels when the set is out of use. Thus, despite its ample techni-
cal equipment, Dubblett has a sober and dignified exterior which makes it a
handsome piece of furniture. The cabinet is in teak or mahogany.

The radio unit consists of a 7-tube receiver of high sensitivity and good
selectivity. It has long, medium and short wave bands and FM, all bands
being covered by built-in aerials. The selection of the desired wave band,
gramophone and switching-off of the set is done with five keys. The scale
carries two station indicators. one for FM and one for other bands. the selec-
tion depending on which key is depressed. This so-called auto-duplex coupling
permits independent selection of the two programmes with the same knob,
the change from one to the other being effected simply by depressing a key.

The TV unit is entirely similar to Konsolett, having a 17" screen and
controls placed in a recess in the right-hand panel.

The audio equipment consists of two forward-directed 18 cm wide range
loudspeakers. On both radio and television units there are tone controls for

adjustment of bass and treble.

Dubblett is designed for A.C. only.

Ericsson Alltett

With the appearance of Allterr (fig. 4) last season Ericsson had already
introduced a complete radiogram with remarkable performance data. com-
bined with a 17" TV receiver. Alltett was a great sales hit, largely owing to its
fine exterior and remarkably neat dimensions—height 75. width 98 and
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Fig. 5 X 2245
Part of Ericsson Alltett
The Flap has been lowered holh  sieps,  giving

access o the record changer
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depth 42 em—which are no greater than those of the existing larger types of

radiogram.

The front of Alltett consists. on the right-hand side. of a folding door which
covers the viewing screen and, on the left, of a flap which can be lowered
This unit has
10 tubes and 6 wave bands, medium, long, 3 short and FM, all covered by

In two steps; the first step gives access to the radio receiver.

built-in aerials.  The selection of the desired wave band. gramophone or
separate tape recorder. and switching off, is done with seven keys. The magic
eve and the wide and easily visible scale ensure accurate tuning. Separate
hass and treble controls with visual indication are provided. The low frequency
amplifier has a push-pull output stage and supplies about 8 watts to the five
loudspeakers. Three of the latter are 18 cm wide range loudspeakers, and two

are 10 em dyvnamic loudspeakers.

Under the radio unit is the record changer, a Garrard RC 120 (fig. 5).
Access 1o it is obtained by lowering the flap a further step. The record changer
can be used for all existing record speeds—16 2/3, 33 1/3, 45 and 78 r.p.m.
By a simple manipulation it can be changed over to function as record player.
The pick-up is replaceable and has double, reversible sapphire needles with a
needle pressure of less than 9 g

The TV unit has a 177 screen and 1s entirely similar to Konsolett.

Alltett is designed purely for A.C. and has a mahogany or teak cabinet.



. NEWS from

Crossbar Exchange opened at
Mansfield, Ohio

The crosshar exchange delivered by
L M Ericsson’s associates, North Elec-
tric, to Manshield, Ohio, was cut over
on June 1. The exchange comprises
8000 lines with some 25000 sub-
scribers  and comprehensive  short-
haul toll equipment. The Ericsson
system was modified by North Elec-
tric to suit conditions in the United
States.,

The crosshar equipment in Mans-
field is the sccond of this type to be
installed by North Electric within a
span of six months. The cut-over
was performed in the presence of
representatives of the Mansfield Tele-
phone Company, North Electric Com-

pany and Telefonaktiebolaget L M
Ericsson.  The photograph above

shows Hans Kraepelien. President of
North Electric Company, Gustav

Hirsch, Vice-President of Muanstield
Telephone Company, Hans Thorell
of Telefonaktiebolaget L M Ericsson.
Russell Bucek R E Johnson of
the Gustav Hirsch Organization and

and

R B Wiseman, North Electric Com-
pany.
The C.T.C. office serving the Apge-

Bricke line, and located at Ange, employs
keyset eperation. This means that the train
dispaicher-the C.T.C. operator—-can control
the entire signalling system throughout the
supervised section with the aid of a small
keyset (right). He can sit in comfort at his
desk of the entire
track diagram in front of him. The Ange

with an excellent view

installation is the first in the world to ope-
rate under keyset control.

Swedish State Rail-
. _ 4

ways install C.T.C.
over 300 miles of
Single Track

The Swedish State Railways brought
their first Centralized Traffic Control
installation into service in the sum-
mer of 1955 on the single-track line
between Ange and Bricke (Sweden),
where the hetween 61)
and 70 trains a day.
capacity of the line was sufficiently
increased to avoid the necessity of
which had

headway 1s
As a result the

installing  double  tracks,
previously been under serious consid-
eration.

The equipment for the
Bricke installation, as also for the
double-track Alingsas—Herr-
ljunga, was supplied by L M Ericsson.,
The latter installation will be brought

Ange—

line

into operation in the near future.
At the end of 1956 the Swedish
Railways placed a new order with

L M Ericsson for C.T.C. equipment
on the single-track iron ore railroad
north of the Arctic Circle. This in-
stallation. which is expected to be com-
pleted by the New Year 1958, will
be over 80 miles long and. to start
with, will have 13 stations between
Kiruna and Riksgriinsen. A further
recent order 1s for the Ljusdal—Mel-
lansel section, 225 miles in length.
with 39 stations.
chiefly single-track. The C.T.C. equip-

The latter section is

ment is to be delivered within two
VEUrs.
This rapid extension of C.T.C.

equipment on over 300 miles of rail-
road brings the Swedish State Rail-
ways into the rank
European
regards the use of C.T.C. equipment.
And the Ljusdal—Mellansel line will

foremost among

ratlway  organizations as

be the longest single section of C.T.C.
track in Europe.
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Karlskrona Converts to Dial Operation

On June 30 this vear the major part
of the Karlskrona area went over to
dial operation. Apart from the Karls-
krona town exchanges. the area com-
prises two group centres and 40 ter-
two town

serve the

minal exchanges. Of the
exchanges Trossé 1s 1o
“town between the bridges™ and Gull-
berna the northern part of the town
with certain suburbs.  This was the
lurgest system ART 204 installation
vet supplied by L M Ericsson to the
Swedish Telecommunications Admin-
Istration.

Trossd has 9.500 installed lines, of
which 600 for P.A.B.X. subscribers.
The exchange is chiefly intended to

(From left) Rear Admiral Erik Samuelson,
Director General Hakan Sterky, Provincial
Erik von Heland, and Messrs,

hidden) and Hans

Governor
Malte Patricks (partly
Ihorelli of 1. M Ericsson. at the Karlskrona

cul-pver,

LM Ericsson’s Malmo Branch
enters New, Modern Premises

L. M Ericsson’s Malma branch has
recently moved into a new building
with modern office and warehouse
accommaodation.

The Malmao branch s represented
by AB Alpha, AB Ermi, L M Erics-
son’s Sales. Sieverts Cables. Svenska
Radio L M Ericssons Driftkon-
troll AB. The new premises occupy

and

some 8,000 sq. ft. of tloor space, in-
cluding a show room and servicing
shops for L M Ericsson Sales and
Svenska Radio.

The warehousing accommodation,
in particular, brings much relief, as
materials previously had to be stored
at various points of the town. The
new warchouse contains 24,000 sq. ft.
of floor space.

serve local traffic, but also contains
automatic trunk switching equipment
and junctions to Gullberna, Gullber-
na consists partly of a 2500-line local
section, including 200 P.A.B.X. lines,
and a toll exchange with 420 outgoing
and 440 incoming junctions.

Luxury Hotel at
Curacao orders LM
EricssonTelephones

To the ultramodern Hotel Curacao
Intercontinental, opened in September
at Willemstad on Curacao Island in
the Dutch West Indies. I M Ericsson
has supplied a P.M.B.X. switchboard
type ADF 301 for 160 extensions and
20 exchange lines, and a P.A.B.X.
ALD 23 for 25 extensions and 5 ex-
change lines. The delivery comprises
160 telephone instruments.

The hotel 15 built on the historical
site of the old Waterfort. From the
massive fortifications, which now serve
as promenade, the hotel guests enjoy
the view over the Caribbean Sea
which surrounds the hotel on three
sides.

New Chairman of Swedish
Chamber of Commerce,

New York

Nils A Sterner, vice-president of
L M Ericsson, was recently appointed
chairman of the Swedish Chamber of
Commerce in New York.
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The LULS. Minister of Commerce, Mr Sinclair Weeks, after

opening the American Pavilion at the St. Eriks Fair in Stock-

holm at the beginning of September, paid a call at L M Erics-

=~ L son in the company of Mr Charles Squibb, Boston (left). Mr
) Sven T Aberg here demonstrates the Ericofon.

I'he Turkish Ambassador in Stockholm. M Orhan Eralp, visited L M
Ericsson in June, accompanied by Commercial Attache Hikmet Princ-
cioglu, The Ericofon was the object of interested study.

A Jugoslay trade delegation was in Stockholm at the end of
June. Their programme included a visit to L M Ericsson.
Second from the left is the Secretary of the Jugoslay Chamber

of Commerce, Milorad Konjovic, head of the delegation.

A number of wunits from the British Home Fleet under the command

of Admiral Sir John Eccles made an official visit to Sweden this
summer. The Admiral was presented by L M Ericsson with an Erico-
fon which was installed in the after-saloon on HMS “Muaidstone ',
The Admiral expressed his great appreciation of the efficient and ele-
gant  design.

During the visit of the U.S. cruiser "Northampton” in the spring,
LM Ericsson likewise presented an Ericofon which won high praise
from the visitors.

During the official visit to Sweden of Queen Juliana of Holland, 1. M

Ericsson welcomed a group of officers from the Dutch cruiser “de

s - i i i




New Icelandic
Dial Exchanges

['wo new exchanges of type AGE 24
at Revkjavik, lceland, were ready for
service at the heginning ot July. One.
Reykjavik Centrum. was a 3,000-line
extension; the other was a new 3.000-
line exchange at Grensds in the sub-
urb of that name. Both exchanges
employ 500-ling selectors with cross-
bar registers.

The photograph shows the exchange
building at Reykjavik.

Doctorate for L M
Technician

Anders Elldin of L M Ericsson pre-
sented in June his doctor’s thesis “Ap-
plications of Equations of State in the
Theory of Telephone Traffic™. The
thesis was presented at the Roval In-
stitute of Technology. Stockholm.

Dr. Elldin has been with L M
Ericsson since 1944, Since 1950 he
has been engaged on traffic research
at the Eriesson Research Department.

The thesis presents a study of the
possibilities of applyving the method
of equations of state. introduced by

Erlang, to the theory of telephone
traffic. It vpens with a discussion of
the possibilities of adapting the as-
sumptions to the physical conditions,
and of the future uses of the method.
Thereatter tollow two applications-
one to gradings with random occu-
pation, the other to a two-stage link
system.  An approximate solution is
presented to the congestion in a grad-
ing consisting of three selector groups.
the accuracy of which 15 evaluated
with the wd of “transition
cients”.  The significance of asyvm-
metrical loading and the number of
selector groups in a grading can be
exphicitly assessed in a formula.  Fi-
nallv. the paper contains approximalte
solutions o the distribution of the
numhber of busy puirs in a link system.
An iterative method adapted to com-
puter operation is also presented.

coelti-

The opponents of the thesis were
Christian  Jacobazus, L M Ericsson.
Arne Jensen. Copenhagen Telephone
Co.. and Gosta Neovius, L M Eries-
s0n.,

New number of
“Ericsson Technics”

Ericsson Technics No. 1. 1957, opens
with a paper by Bertil Agdur of The
Roval Institute of Technology, Stock-
holm. “On the Interaction bhetween
Microwave Fields and Electrons. with
Special Reference to the Strophotron™.
This paper reports on a theoretical
and experimental study of the inter-
action between a microwave field and
system in which the
oscillate in a non-linear
electric field consisting of a static and
da LI_\'I]'.H‘I]iL‘ component.

electrons in a
clectrons

Robert Magnusson of the Chalmers

University of Technology, Gothen-
burg. in an article on “Sensitive

Group Delay Meters”, describes meth-
ods of measuring the group-delay of
wide band IF amplifiers,

In the following article. A Survey
of the Applicability of Egquations of
State in the Theory of Telephone
Traffic”. Dr. Anders Elldin. of Tele-
fonaktiebolaget LM Ericsson, discuss-
es the applicability of the method of
cquations of state, introduced by Er-
lang in 1917, in relation to the mathe-
matical aids of today and to the pos-
sibilities of adapting the assumptions
to the existing phvsical conditions.

Veteran Awards

Since the institution at the begin-
ning of last vear of the L M Ericsson
Silver Plague with award of shares to
employees on completion of 50 years’
service, this mark of distinction has
fallen solely 10 male workers. It s
therefore a pleasure to be able to
present the first woman silver med-
allist. Miss Lisa Carlsson. employed
at the head factory at Midsommar-
kransen. Miss Carlsson started with
L. M Ericsson at the age of 14, when
the factory was situated at Tulegatan
in Stockholm. In due course she
moved over to the winding depart-
ment, where she worked for 20 vears
before  becoming master controller.
She is now on the measurement and
inspection of transformers at the head
lactory.

The plague and share certificates
were presented by Mr Hans Thorelh
at a simple ceremony in the directors’
dining room.

At the end of June another veteran
of the FEriesson group—Erik Lund-
strom. Control
Section, received  the
same distinction.  The plaque  wus
presented at a dinner at Ulriksdals
Virdshus by the head of Alpha, Mr
N Kallerman.

Engincer-in-charge,

AB  Alpha

The growing importance of poly-
styrenes in the telephone industry—
used. among other things. in the man-
ufacture of the Ericofon—necessitat-
ed studies of the impact strength of
these plastics. In the last article of
this number Hilding Hogberg. of Te-
lefonakticholaget L M Ericsson, gives
an account of such studies and finds.
among other things, that the strength
is greatest in the surface layer of the
moulding. He concludes by discussing
the dependence of strength properties
on moulding conditions.
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Exnolm, O, Eriksen, E & KigLLeryp, T: LM Ericsson's 960-Circuit
System for Coaxial Cables. 1I. HF Line Equipment. Ericsson Rev. 34
(1957) No. 3. pp. 74—S89.

The article deals with the parts of L M Ericsson’s new h.f. line equipment
for the 960-circuit system ZAX 960/2 which are directly connected with
the transmitted signal band, the h.f. signal path. A brief explanation is
given of the different types of repeater stations. The h.f. characteristics
of the transmission medium—the coaxial cable—and the nature of the
transmitted signal are then dealt with. The problem of maintaining the
level of the wide signal band at a constant value is illustrated, and in
a section on the line amplifier, details are given of how the requirements
which must be placed on an h.[. line equipment as regards high frequen-
cies have been satisfied.

U.D.C. 621.397.62

Ericsson Rev. 34 (1957)

U.D.C. 681.178:621.395.65

NyrLunp, E: The Muliirecorder—An Instrument for Recording
Switching Time Functions. Ericsson Rev. 34 (1957) No. 3, pp.
90—94.

Telefonakticbolaget I. M Ericsson has introduced a portable multirecorder,

ZTT 10001, designed for recording switching processes in relay sets. The
article describes the meter, its operation and performance data.

are built on the same chassis, the production of which started last year.

The Ericsson TV range for the 1957—58 season is presented. All models

Enrors, U: Ericsson’s TV Range 1957.

No. 3, pp. 100—104.

U.D.C. 681.84.083.8
Ecmouist, A, & NorRMARK, P: 4 New Tape Recorder—Ericorder
KTB 212. Ericsson Rev. 34 (1957) No. 3, pp. 95—99.
To the present range of Ericorders, L M Ericsson has added a new
model, that is smaller, lighter and easier to handle. The new Ericorder

is coded KTB 212 and is a general purpose recorder hoth of speech and
MUSIC.
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L M Ericsson’s 960-Circuit System for

Coaxial Cables

II. HF Line Equipment
The HF Signal Path: The Cosine Equalizer

N O JOHANNESSON, E OLOFSSON. N O TANGEN, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM
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U.D.C. 621.395.44
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Continuing the description of the h.f. line equipment for the coaxial svs-
tem ZAX 9602 which commenced in the previous mumber of Ericsson
Review, this article deals with a newly designed equipment for manual
equalization of the variations in losy on the hf. line. The design is bayed
on an all-purpose equalizer, a so-called cosine equualizer, together with a
computer with the help of which the correct setting of the equalizer can be
calculated  from measurements of pilot levels. A special advantage of 1his
equipment iv that equalization can be made while the line is in traffic. In
connexion with thiv a brief description is given of an inter-supergroup pilot
sending equipment, for sending out measuring pilots in the frequency spaces
hetween supergroups, and a portable inter-supergroup pilot measuring set,
which iv wsed for measuring pilot levels. Finally, several different examples
of equalization of different loss curves are given for a ZAX 960/2 coaxial

svstern h.f. line.

General

Carrier telephony on coaxial cable is largely a question of compensation
of loss with great precision. As already mentioned in the previous article
in this series, the main compensation is carried out by the line amplificr
itself in conjunction with line building-out and equalizer networks, and by
the automatic regulation of gain with the variations in attenuation of the
coaxial cable due to temperature changes. Due to the high accuracy and
stability in these circuit elements, the total compensation of loss on a per-
centage basis is certainly very good. As regards long h.f. lines, where the
loss at the upper part of the frequency band can be of the order of 1500—
2000 db, the absolute compensation of loss would, however, be insufficient
if reliance was placed on these elements alone. A large number of uncon-
trollable secondary losses or gains changing with time also occur, caused by,
among other things, aging of tubes and components in amplifiers and cor-
rection networks, mechanical changes in the coaxial cable itself, gradual
changes in temperature and humidity in the repeater huts etc. In the hf
line equipment developed by L M Ericsson, the changes are so small for
cach separate repeater station that they could only be detected by extremely
sensitive measuring equipment. A realistic view of the equalization problem
requires. however, that account is taken of these secondary effects already
from the beginning and assumes an adequate equalization equipment for
them. The following demands should be placed on such an equipment.

I Flexibiliry. Tt schould be possible to equalize fairly arbitrary residual
crror curves with this equipment, which is installed when the line is put
mnto service. It is impractical to make special variable correction nel-
works for “typical residual error variations”, as the frequency trends of
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these show peculiarities individual to each h.i. line, and 1t would be
necessary to wait at least a year in order to obtain reliable statistical
data.

No extra svstematic ervors shall be introduced. On a long hi. line the

(50

variable additional loss must be divided up at several pomts, and it must
not then introduce its own systematic errors. It has been shown for
example that it is easy to obtain an unfavourable rippled character for
the equalized loss curve, if variable networks are used which consist ol
a number of small attenuation peaks which are variable in amplitude and
which lie close to each other in frequency.

3. Traffic shall suffer as little interference as possible. The need for periodic
extra equalization should take up as little as possible of the active traffic
time. Equalization should preferably be possible during traffic.

4. Clear procedure and rapid setting of the equalizer. The network for the
supplementary equalization should be adjustable by control knobs rather
than soldered connexions and strappings. It should be possible to deter-
mine the correct setting of each control independently so that time-
wasting successive approximations are avoided. The method should be
simple and clear so that correct adjustment can be achieved without cut-
and-try procedure. This has been a difficulty in the case of the networks
previously mentioned, where the variable loss is produced by a number
of differently shaped “equalization humps” situated more or less arbi-
trarily at different frequencies.

The equalization equipment chosen by I M Ericsson satisfies all the above
requirements. It is based on the following three main principles:

1) The variable loss network selected, a so-called cosine network, provides
several setting possibilities, thus allowing a generalized approximation to
a loss curve.

2) The necessary information on the requisite loss compensation is obtained
by measuring the levels of the line regulating and measuring pilots re-
commended by CCITT for the h.f. line”.

3) Use is made of a special analogue computer, a so-called cosine equalizer
adjustment computer, for deriving the correct setting of the cosine net-
work from the measured level discrepancies.

Equalization is carried out in accordance with the following straightforward
procedure.

1. Firstly, measuring pilots, situated in the space between the supergroups
are applied. These inter-supergroup pilots can be transmitted without
interfering with the traffic.

2. The level of the inter-supergroup pilots is measured selectively and the
deviations from the nominal levels are noted.

3. The deviations noted are set up on the cosine equalizer adjustment com-
puter, which by electrical analogy evaluates the correct setting of each
control in the cosine network.

4. The cosine equalizer is set to the calculated values and the work of
equalization is thereby completed. Setting up of the network can be
carried out when traffic is in progress without any risk of interference.

All equipment is so simple to manage that maintenance personnel can
quickly carry out the work of equalization. This contrasts with older methods
which required both time, patience and experienced personnel.

In the following section the equipment will be described. The cosine net-
work itself is treated in some detail as this is the foundation of the idea of
the method of equalization.

As mentioned in the introductory article in Fricsson Review. No. 2. 1957, 4
number of measuring pilots, so-called inter-supergroup pilots. are sent intermittently
for routine checking of the variations of loss along the h.f. line. In addition. the
4092 ke/s and 2792 Ke/s pilots for automatic line regulation and the 60 ke s pilot
for frequency comparison are sent continuously, In the section on “The Cosine
Equalizer Adjustment Computer ", fig. 9 shows the frequencies of these pilots.

11



Fig. 1

Constant impedance bridged-T network
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Cosine Networks

The Problem of Approximation
The problem 15 as follows:

Within a certain frequency band a given loss curve is to he approximated
by a fimte number of variable component terms. Conditions outside this
frequency band have no significance.

This can be compared with a well-known approximation problem in mathe-
matics. Within a given interval, 1t is possible. according to Fourier, to ap-
proximate any finite and continuous function in a very satisfactory manner
by using a series of harmonically related sine and cosine terms. (Outside
this interval the Fourier series repeats itselt periodically, but this is of lesser
mmportance n this connexion). 1f one could produce an electrical network
giving variable loss curves with frequency characteristics of this form. the
problem of approximation could be solved in a very elegant manner.

From a purely practical point of view, it has been shown that a variation
curve having a sinusoidal frequency characteristic is much more difficult to
obtain than one of cosine shape. Fortunately it is mathematically possible
to approximate a function within a given hmited interval using only cosine
terms. The only difference is in the performance of the approximating
series outside the interval, but this is of course hardly of any interest. The
way in which such so-called cosine networks are assembled will now he
treated, while the approximation will be examined further in the section on
the cosine equalizer adjustment computer and the equalization result.

Electrical Construction

The name “cosine network™ is actually an abbreviation for “correction net-
work having a variable cosine-shaped loss curve™. For variable correction
networks, it is preferable to choose circuits with only passive elements, as
active elements, such as tubes, always introduce aging, risk of intermodulation
etc. Further. the networks should be of the constant image impedance type
s0 that they can casily be connected in cascade. The bridged-T network s
a simple and well-known network which satisfies the above conditions. and

it has therefore been chosen.

Theory of the bridged-T network

Fig. 1 shows the circuit diagram. The resistor elements within the dotted
rectangle form a pad having real image impedance R and image attenuation
24, Neper. The variable impedances Z and 7, are ganged so as to be the
inverse of each other, that is

Z,-Z,=R,? ()

Due to this ganging the image impedance for the bridged-T network 1s always
real and equal 1o R,

The image transfer constant [* for the bndged-T network is naturally de-
pendent on the values given to Z and Z,. It will be seen directly that the
mmage attenuation varies from 0 to 24 . if Z, s varied from 0 to «. (Due to
the ganging Z, then varies from =% to 0.) The exact expression for the image
attenuation as & function of Z, and Z, can be written in different ways. A
specially suitable result is obtained 1if one proceeds from the resistive values
of Z and Z.. R and R respectively, for which the image attenuation is
equal 1o A, ie. half the basic loss 24,. We now introduce the concept of

reflexion factor o, defined hy
Z] _Rui ‘Z;‘__Ru2
TRy Zit Ry

(It will be seen that o] =< 1.)
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Bridged-T network with auxiliary quadripoles

Fig. 3
Approximation of y
for0=x<m

X 2265

R0
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The image attenuation for the bridged-T network can then be approximated
with considerable accuracy by the following simple expression.

i‘ — o + ”‘; - "fn o ."’,' {})

If Z;
a variable pad having a loss curve which is independent of frequency s then

and Z, are variable resistors then the reflexion factor o is real, und

obtained. The basic loss is A, and the maximum variation becomes + A

Due to prictical reasons, only resistors can be considered as variable im-
pedance elements, When, therefore, a variable loss curve is required, which
is not independent of frequency, the retlexion factor in equation (3) must be
chansed by auxiliary quadripoles, connected as shown in fig. 2.

Let us assume that both auxiliary quadripoles are composed of phase
shifting networks having the same phase shift B8 hut having image im-
pedances R, and R, respectively (R and R, are defined as previously).

The quadripoles are terminated with the variable resistors R, and R, which
are ganged in opposite directions so that R -R, = R %

The reflexion factors for the terminating resistors alone are

R,—R R, —R,, .
o= “Uand r— — 2 "% respectively 4)
R:I L Rn] Rz + Ru:
l<r= +1

When seen through the auxiliary quadripoles, the reflexion factor becomes
o = exp( —2B).r = (cos2B- jsin2B)r (5)

which on introduction into equation 3 gives the complex image transfer
constant. Now we are only interested in loss, which gives

o= Ay + A,-cos 2B.r (6)

As the phase angle B must always change with frequency, we have there-
fore obtained a loss variation which is frequency dependent and which can be
arbitrarily set between the maximum limits = 4, cos 2B(f) by varying the
factor ». The factor r is varied in its turn by variation of the resistors
R, and R,

“ This can be explained in the following manner. The incoming current-voltage
wave is first shifted in phase by angle B radians in the quadripole. The part which
is reflected toward the terminating impedance is then shifted in phase also by
angle B on return through the quadripole. In this way the factor 2 is obtained.
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Summation of several cosine curves
1t can be shown that a Fourier approximation of a certain function within
an mnterval 0< x = 5 can be expressed as a series of cosine terms having

the general formula
A, + A, cos x+ A, cos v+ A, cos 3y + A cosdy+ ... (7)
It is seen that the cosine terms are in harmonic relationship with each
other, 1e. the coefficients 1, 2, 3. 4. etc. before the x are integers.

Fig.

Dsx=<:

3 as an example illustrates how the function v — x within the interval
7 with good accuracy can be made up of the series

¥y = 15T —1.27cos x —0.14cos 3 v (8)
Outside the stated approximation interval, y, repeats itsell in a period of
2 7, while the function y — v continues Lo Increase.

In equation (6) tor the loss of the bridged-T network there is also a cosine
term, although instead of x there is the angle 2B. This indicates how an
expression can be obtained which as far as loss is concerned is similar to the
sum in equation (7). A number of bridged-T networks, with phase shifting
auxiliary networks as mentioned previously, are quite simply cascade con-
nected, each phase shifting network being made up of a different number
of simple basic networks. AIl T networks are assumed to have the same
average loss A .

The first network has an auxiliary quadripole with one basic network and
a phase shift of B (/).

The second network has an auxiliary quadripole with two basic networks
and a phase shift of 2B (f).

The Nth network has an auxiliary quadripole with N basic networks and
a phase shift of NB (/).

Moreover there is a network without any phase shifting network at all,
“the zero term™.

Fig. 4 shows the circuit schematic.
The total loss for such a network now becomes:

o= (N4 1) Ay +Agry + Ayr, cos 2B (f)y+ Agr,cos 4B, (f) + ...
coe 4 Ayrycos 2NB (/). 9)

[t is scen that the variable x in equation (7) directly corresponds with
the factor 2B (f) in equation (9). The term (N + 1)A4, is the total average
loss. If the loss curve which must be imitated by the correction network 1s
drawn as a function of angle 2B, the losses of the networks are to this
scale pure cosine curves of 0, 1, 2, 3, etc., i.e. they are in harmonic relation-
ship with each other. In this new scale it is also possible to make a Fourier
analysis in the normal way of the residual error curve, whereby the coef-
ficients for each cosine term are obtained. If then these corresponding values
are set on the respective correction network a good approximation to the
residual error curve 1s obtained.—See the later section on the cosine equalizer
adjustment computer and examples of the results of equalization,

I'he basic network which gives 2B (f) should be as simple as possible, and
liz. 5 shows the design used by L M Ericsson together with its phase shift
curve. (As is seen, it is only necessary to use a part of the available phase
shift in the basic network, as x = 2B, = 7 at the upper cut-off frequency
8 4.1 Mc/s.)



Fig. 6 X 2268

Loss curves of cosine networks

Fig. 7 X B062
Cosine equalizer, consisting of a zero lerm
and five harmonic terms

with dust cover and protective cover remaoved

Choice of the Number of Cosine Terms and Variation Range
Theoretically, one can make a cosine network with an arbitrary large number
of cosine terms each one having a large variation range, but this naturally
results in excessive basic loss. It has been shown for L M Ericsson’s hotf. line
equipment that five cosine terms and a zero term go tar enough, and for
¢ach term a basic loss of 4.8 db and a variation range of + 2.8 db have been

chosen.

Fig. 6 shows the frequency characteristies of the different loss curves.

Mechanical Construction of the Cosine Networks

The eleztrical components of ecach cosine term are contained in a hermeti-
cally sealed container, with the exception of the variable resistors. These are
two special deposited carbon layer potentiometers with logarithmic resistance-
angle of rotation characteristic which are connected together on the same
spindle so that the resistance values vary in opposite directions. The spindle
huas o large clear drum-type scale, directly calibrated in db or N. The setting
is carried out using a worm gear. All networks and their setting mechanism
are mounted behind a front plate on a standard panel of five height modules.
As  protection against accidental resetting of loss, the setting knobs are
provided with a cover. Further details of the mechanical construction are
shown in fig. 7.

Cosine Analysis

Theory for Cosine Analysis

Fourier analysis in mathematics 15 based on integration. In numerical
analysis a somewhat different procedure is used which could better he called
trigonometric interpolation. Here the function which is to be simulated is
sampled in such a way that its value is given at certain points. A trigono-
metrical series having a number of terms equal to the number of given
points is assumed, and a system of equations i1s formed from which the un-
known coefficients for the sine and cosine terms can be calculated. In most
text-books on numerical analysis such systems are worked out for 8, 12, 16
and 24 equidistant points. In our actual case only cosine terms are used
and we will here go through the special method of calculation procedure.

Assume that we have an overall loss curve y drawn as a function of x,
where x = 2B, (B, is the phase shift of the basic network as a function of




the frequency). This means that all the loss curves of the correction net-
works are of cosine shape and the upper cut-off frequency f, =41 Mc/s
corresponds to v = 7, or expressed in degrees, x — 80", (Numerical calcu-

lations are clearer if one works in degrees instead of radians.)

This interval is sub-divided into twelve equal parts and the values of the
loss at points 0. 1, 2...12 are called vy, v,. y.....y,., see fig. 8. Each
interval is therefore 15 degrees wide.

Fig. 8 X:2269
Sub-division points for analysis We now form the following cosine series where the coefficients r are for
the moment undefined.
YP="F;+r COSX +r,COS2X + » » - + 1y, COS 12X (10)

This series is to agree at each of the points 0, 1, 2... 12 with the given
values v, v, v,...v,.. The following family of equations is obtained

Yo=ltot 1y =l amn REEEy g + e

Yi=r,+r,cos 15 4r,c082.15+ . ... +r,cos12.15

Yo =1 + iy €05 30° +r,c082:30%4 5 o v fp 008 124307 (1)
Vit +r,cos 180" +r,co82-180 + ... +r,cos12.180"

This family of equations is not so difficult to solve, despite its many
terms, mainly due to the fact that the distance between points has been
chosen constant. The following general solution for the required coefficients
r is obtained

1 :
"'n:a:}’u‘kn*’.‘\“kl L IR M SR S PRy (12)

In this equation the stated values y are therefore multiplied by coefficients
& which are worked out and given 1n the table below. It is seen that for the
coefficients & there are only nine different values occurring with positive or
negative signs.

o B Ky ky ke [ kq [ Ky k K ks kg Ky K ki kiz
1 1 1 1 1 1 1 1 1 1 1 1
"" 4 2 2 2 2 2 3 2 2 2 2 4
1
3 l cos 15| cos 30| cosd45| cos60| cos 75 0 cos 75 |—cos 60 |— cos 45 |— cos 30°|— cos 157 — 3
1 . 1
a = cos 30| cos 60 —cos 60 |—cos 30 | — 1 cos 30 | cos 60 0 cos 60| cos 307 5
1 1
Iy = cos 45 0 —¢cos 45| —1 —cos 45 0 cos 45 1 cos 45 0 cos 45| — 3
1 1
ry = cos 60| cos 60 cos 60 | cos 60 1 cos 60 | cos 60| — 1 ~cos 60| cos 60 =
1 1
ry % cos 75 |—cos 30 |—cos 45 cos 60| cos 15 0 —¢os 15 |—cos 60| cos 45 cos 30 |—cos 75 )
1 1
s 5 0 —1 1 0 |1 0 1 0 —1 0 ;
| )
| re = cos 75— cos 30 cos 45 cos 60 cos 15 0 cos 15 |—cos 60 cos 45 cos 30 cos 75 l
1 1
r. = - ¢os 60 |~ cos 60 cos 60 | —cos 60 I |—cos 60 |—cos 60 1 —cos 60°[—cos 607 5
1 &
ry e |— cos 45 0 cos 45 1 cos 45 0 -cos 45 1 cos 45 0 cos 457 —l,
1
r1a % —¢os 30 | cos 60 ~¢cos 60| cos 3D |— 1 cos 30 |— cos 60 0 cos 60 |— cos 30 _],
1 « e
rii = —cos 15 cos 30 cos 45 cos 60 |—cos 75 0 cos 75 |—cos 60| cos 45 cos 30 cos 15 —12
I | 1 I 1 | 1 1 1 1 1 1 1
e | 3 | T2 2 2 "2 5 | 773 3 |73 2 3 3
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Fig. 9 X HOGH
Positions of the inter-supergroup pilots com-
pared with the sub-division points
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Fig. 10 ¥ 2071
Block schematic of the cosine equalizer
adjustment computer

(1 100D ¢/s ascillator

(2 Voltage divider

(3 Selector switch

3 Isolating transformers
Potentiometer

Polarity switch
Vacuum tube voltmeter

. Push button for polarity
RY  Vacuum-tube voltmeter

308 808 1304 1800 2296 2792 3288 378¢

556 1056 1552 2048 2544 3040 3536 4092

=1
=1

r T T T L o
0 15° 30°  45” e0° 750 90”105 120° 135" 150" 165°  180° «x

Matching to the Position of the Inter-Supergroup Pilots

The residual loss curve which is to be analysed is given by the values of
levels measured at the pilot frequencies recommended by CCITT. The po-
sitions of these pilots unfortunately do not agree with an equal 15 degree
sub-division in the angle scale x, see fig. 9. This difficulty can, however, be
overcome by making a lincar interpolation of the measured values of the
two pilots lying on either side of the sub-division point in question. The
frequency 60 ke's must correspond with the sub-division point O and fre-
quency 1056 kc/s is not wsed at all. It is true this means a small approxi-
mation, but it is of little consequence for the practical result in our case.

Electrical Construction of the Computer

In order that maintenance personnel need not carry out a manual analysis
of the residual loss curves, a special analogue computer, the cosine equalizer
adjustment computer has been developed. Its method of operation is as
follows:

The errors in level of each of the inter-supergroup pilots have been meas-
ured and noted in a table. For each inter-supergroup pilot, the computer
has a potentiometer on which the respective level error is set. The potentio-
meter also has a polarity switch for positive or negative sign. Each potentio-
meter is fed with 1000 ¢/s alternating current from a resistive voltage divider
with an output which can be selected by a selector switch. The output
voltages from the potentiometers are connected in series via isolating
transtormers, and the resultant voltage is measured by a vacuum-tube volt-
meter. Each component voltage is therefore the product of the respective
potentiometer control  setting and the output condition selected by the
selector switch from the voltage divider. This has just those tappings which
correspond to the numerical values of the coefficients & in the table. Euach
one of the cosine terms corresponds to a certain position of the selector
switch, so that the correct multiplication in accordance with the table is
obtained. It is easily seen that the vacuum-tube voltmeter measures a voltage
which is proportional to the amplitude of the respective cosine term. The
polarity is determined by adding a small auxiliary voltage to the vacuum-
tube voltmeter and secing whether the deflexion increases or decreases.
Fig. 10 shows a simplified block schematic of the computer. Certain of
the potentiometers have been connected together electrically in order to give
linear interpolation between the values of the settings for two adjacent meas-
uring points as mentioned previously. This however, has not been shown
in the diagram.

The computer also contains 4 mains supply unit which supplies anode
and heater voltages to the vacuum-tube voltmeter and the 1000 ¢ 's oscillator
as well as the operating voltage for a stepping coil which drives the selector
switch. The mains supply unit is fed from the normal a.c. mains supply,
and therefore no voltages from the carrier equipment are needed.

The computer can give the values of a total of 12 cosine terms. It can

therefore also be used. even if more terms are added to the present five cosine
networks.

[17
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Cosine equalizer adjustment computer
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Mechanical Construction of the Computer
The computer is mechanically divided into two separate and ecasily porta-

ble units, see fig. 11,

The larger unit contains potentiometers, the selector switch and the iso-
lating transformers.  The potentiometers are of the precision helical type
with a range of ten revolutions giving a total scale length of 3600 degiees,
The contral knobs are provided with a handle for quick setting. Each po-
tentiometer 1s marked with the frequency of the inter-supergroup pilot to
which it belongs, in order to avoid confusion. The selector switch, which
has hard gold-plated contacts, is driven round by a push-button operated
rotary switch so as to obtain a quick and easy setting. Indication of the
position of the selector switch is obtained with the aid of a number plate
with signal lamps. On the front plate there is also a push-button for con-
necting the auxiliary voltage which is used to determine if the cosine term
corresponding to  the selector switch position has  positive  or negative

polarity.

The smaller unit contains the vacuum-tube voltmeter with its range switch,
the oscillator for 1000 ¢'s and the mains supply unit. The requisite leads
for connecting both units together and for connexion to the a.c. mains supply
are stored in the hid of the smaller unit.

Test Equipment

Inter-Supergroup Pilot Generating Equipment
Generation and distribution of the inter-supergroup pilots may be carried

out in two different ways, namely:

@) Injecting the frequency 308 kc/s together with each basic supergroup
band 312—552 ke/s. In this case the inter-supergroup pilots are formed
by the modulations in the supergroup translating equipment.

by Generating the inter-supergroup pilots in a separate equipment and inject-

ing these direct into the respective h.f. lines.

The first alternative is naturally the simplest but, on the other hand, is so
limited in its use that it is suitable for only a few operational cases.



Fig. 12 X 2270
Block schematic of inter-supergroup pilot
generating equipment

1 Inter-supergroup pilot generating hay
2 Injection panel on the supervisory bay
1 Correction network

21 - 23 HF lines

¥ __rour6d

As pilot generation is then bound up with the terminal equipment, pilots
are only obtained on the h.f. lines in traffic, and not on any stand-by lines.
This limitation is often of deciding importance. Furthermore the method of
modulation means a certain unstability as the modulator and filter losses can
vary somewhat outside the edges of the respective supergroup band.

The simple method is therefore useful only for short h.f. lines which are
all in traffic and where a cheap equipment needing a small amount of space
is required.

In order to be independent of the terminal side. the second alternative
therefore must be chosen. This means a larger and more expensive cquip-
ment compared with the simple 308 kc/s feeding equipment, but on the other
hand it is possible to supply a larger number of h.f. lines.

In this section, L M Ericssons inter-supergroup pilot generation equipment
operating on the last named principle will be briefly deseribed.

Electrical Design
The electrical design of L. M Ericsson's inter-supergroup pilot equipment
is seen from the block schematic, fig. 12,

The equipment normally generates 14 inter-supergroup pilots, as the space
between the eleventh and twelfth supergroups is already used by the line
pilot 2792 ke/s. To obtain the best equalization, we are also interested in
the end frequencies 60 kc/s and 4092 ke/s. With L M Ericsson’s terminal
equipment, both these frequencies are available on the h.f. line, the former
as the frequency comparison pilot and the latter as the line pilot. When
terminal equipment of other than L M Ericsson’s manufacture is operating
over the h.f. line, the 60 ke/s pilot may not be present. To take care of these
cases also, the equipment can, where necessary, be supplemented with a
60 ke/s oscillator, which is shown dotted in the lower part of the block
schematic.

All the pilots are generated by separate crystal-controlled oscillators with
individually adjustable output levels. The pilots are injected via U-links to
frequency combining equipment, consisting of filters, pads and a hybrid.
The inter-supergroup pilot spectrum obtained in this way can be injected
into each of six different feeding cables.

ea &
s HH
‘-éé: I.ga.
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Fig. 13 X 2279

Inter-supergroup pilot generating bhay type
ZDT 220001

[20

Ihe oscillators, frequency combining equipment and distribution are all
combined on one bay, the inter-supergroup pilot generating bay, which is
shown within the dotted frame 1.

Injection into the respective h.f. lines is carried out in a special U-link panel
on one of the supervisory bays of the coaxial routes. This 1s shown schemali-
cally in the right-hand rectangle 2 in the diagram. The figure shows injec-
tion into three h.t. lines, one of which is intended as a stand-by.

To compensate for different lengths of cable between the inter-supergroup
pilot bay and the pilot injection bay, correction networks which are adjustable
by strapping can he connected into the distribution cables.

With the possibilities of distribution shown, a single inter-supergroup pilot
generating bay can supply up to six different coaxial routes or 18 h.f. lines,

Electrical Data for L M Ericsson’s Inter-Supergroup Pilotr Generating Bay

Type ZDT 220001

Pilot frequencies 308, 556, 808, 1056, 1304, 1552, 1800, 2048, 2296, 2544,
3040, 3288, 3536 and 3784 Kkc's, also where necessary
60 kc/'s.

Output impedance 75 ohms unbalanced

Level per pilot on the h.f. line — 10 dbm0)

Mechanical Construction
The mechanical construction of the inter-supergroup pilot generating bay
is shown in fig. 13,

The oscillators 308 ke's to 3784 kc/s are situated in the seven lower
panels. Each oscillator is built into a plug-in unit and two such units can
be accommodated in the same panel. The additional escillator for 60 kc's
is also of plug-in construction, and is placed when necessary in its own panel
directly below the other oscillators.

Above the oscillators are the U-links for individual testing and interruption,
also the frequency combining equipment with filters, pads and hybrid. The
U-links and frequency combining equipment have been placed together in
their own panel.

Then follows a current distribution panel with fuses and facilities for
measuring supply voltages, direct currents in the tubes and a main switch
panel.  The latter is provided due to the special nature of the inter-super-
group pilot generating bay as an intermittently operated test equipment.

The uppermost panel is the pilot distribution panel, which is provided
with a jack-field and correction networks. The jacks are so placed that
wrong connexions causing interference cannot be made.

If an inter-supergroup pilot generating bay is to be installed in a terminal
station which is already fully built out. the question of space can often he a
problem. In such cases the whole inter-supergroup generating equipment com-
plete with cabling, but excluding terminal strips can be removed from its cwn
frame and mounted on a supervisory bay for one of the h.f. line routes. The
mnter-supergroup  pilot panels are here installed directly below the pilot-
injection panel on the supervisory bay and have the same position as they
would have on their own bay.



Fig. 14

Inter-supergroup pilot measuring set

Fig. 15
Typical curve for residual loss

1 Before equalization
2 After equalization

Fig. 16
Typical curve for residual loss

1 Before equalization

1 Alter equalization

Fig. 17

Typical curve for residual loss

I Before equalization
1 After equalization

Inter-Supergroup Pilot Measuring Set

For maintenance measurements on a coaxial h.f. line equipment, a selec-
tive level measuring set is required, intended especially for testing the ubove-
mentioned recommended pilots. The general requirements which must be

pluzed on such a set are as follows:

a) It must be easily transportable so that it can be carried to the unattended

repeater stations.

b) It must have such a high selectivity that measurements may be carried
out while traffic is in progress.

¢} The input impedance must be so high that the instrument itself does not
load the h.t. line and thus distort the measurement results.

Such an instrument 1s manufactured by the Danish firm, Radiometer, to
specifications drawn up by L M Ericsson.

Electrical Design

The measuring set manufactured by Radiometer works on the principle of
a heterodyne receiver. The difficult problem of image frequencies com-
monly encountered  with such receivers has been avoided by pre-selection,
and by choosing such an intermediate frequency that the image frequencies
for all the pilot frequencies fall in a frequency band where neither telephone
channels nor pilot frequencies occur. The requisite frequency stability of
the local oscillator has been obtained by using crystal control, a separate
crystal being selected for each pilot frequency. So as to be able to check
the performance of the set in service, a special calibration oscillator is
included. To obtain the requisite high input impedance, a transtformer con-
tained in a special measuring probe is used. This 1s connected to the set
by a normal 75 ohm coaxial lead.

Mechanical Construction

The mechanical construction is seen from fig. 14. The measuring set is
divided into two units, the upper one in the figure being the measuring set
itself, and the lower a stabilized power supply unit. The power supply unit
can be operated from either a 6 volt accumulator or from 220 volt a.c. mains.
(In all the repeater equipment for ZAX 960/2, a special a.c. mains outlet
has been provided for operation of this set. The power consumption of the
set has been reduced to such a low value that the power required can he
drawn directly from the coaxial cable power supply.)

Typical Examples of Equalization of Loss Curves

The curves of changes in loss error against frequency for an h.f. line due
to aging turn out to be rather smooth, although they naturally mav occur
in many forms,

Figs. 15 and 16 show certain possible but essentially rather different typical
curves, together with the residual error obtained on equalization with L‘osinc
networks. As will be seen the errors have been appreciably reduced in hoth
cases.

The residual error, which is obtained on equalization with fixed correction
networks when the line is installed, has in general a more or less irreauliar
character with many small peaks. These always appear superimposed 01; the
aging curves. In practice it is therefore necessary to equalize a rather
irregular curve using the cosine network. In fig. 17 is shown a curve with
rather large “ripples ™, which is still possible to equalize reasonably well with
4 cosine network.
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C.T.C. on the Danish State Railways
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Fig. 1
I'rain headway, week-day 1955, Copenhagen

Fredericia

122

N,

DANISH STATE RAILWAYS, COPENHAGEN

U.D.C. 621.398
656,257

The Danish State Railways have this vear completed the first stage in the
modernization of the signalling svstem on the double-track main line across
the island of Fyn. In this article the Head of the Danish State Railways Ist
Signal Office, Mr W Wessel-Hansen, describes the new signalling equipment
and the problems that have been solved in conjunction with its planning and
installation. The new equipment comprises relay interlocking plants, block
signalling, and centralized traffic control. The C.T.C. office is located at

Odense. The signalling and C.T.C. equipment was supplied by L M Ericsson.

Main Railway Line across Island of Fyn

The Danish State Railways started in 1952 a series of investigations aimed
at the progressive modernization of signalling plants. At that time it was, in
particular, the main line across the island of Fyn—the section between Ny-
borg ferry station and Fredericia junction—that had been neglected from
the point of view of efficient and up-to-date equipment for train dispatchings.

Fig. 1 gives an idea of the importance of this railway in relation to the
main Zealand railway, Copenhagen—Korspr. The movement of every train
from, for example, Nvborg to Fredericia demanded 33 persons on train
dispatching and supervision of level crossings.

The investigations that were made showed that the simultaneous moderniza-
tion of station track layouts, interlocking, block signalling, and telecommuni-
cation plants, and the introduction of automatic signals at level crossings,
would not only lead to improved traffic conditions but also to such savings
as would ensure a reasonable profit and depreciation on the capital invested
in the new equipment.

In the following an account 1s given of the problems that have been solved
cither in connection with the preliminary investizations or as a result of the

experience acquired.
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Fig. 2 Yus  Station Track Layvouts
Track and signal layout after completion of An economic study was made, covering every station, of whether the sta-

modernization tion track layouts should be reconstructed. for example by reducing the

number of side tracks or possibly by eliminating them altogether. In a single
case a station was changed to stopping place. A study was also made of the
requirement of sidings, both as regards their number and length. It may be
mentioned that in recent years the Danish State Railways have replaced a
large number of steam locomotives by diesels, which has generally conduced
to guicker and longer trains so that a reduction in the number of sidings
might be expected. Fig. 2 shows the track and signal layout as it now 1S Or
will be in future. One of the stations, Ejby, has a central siding, roughly 1
kilometre in length, which provides the best conceivable passing facility.

v Atiended signal plamt
I Level crossing

Interlocking Plants

The earlier mechanical interlocking plants had become highly unsatis-
factory, both from the safety and operational points of view, and were there-
fore to be replaced by electrical plants. In 1952, however, there were only
four quite small, experimental relay interlocking plants in operation. It was
not until the Glostrup interlocking plant was put in service (in 1953) that
the State Railways achieved a standard design of relay interlocking plant. In
conjunction with the installation of this plant, morcover, it was found that
the station signalling system used hitherto must be substantially modified to
ensure greater safety and more flexible utilization of the track layouts. The
main improvements at the stations were the division of the main tracks into
signal-controlled sections and the use of speed signalling for approaching
trains.

Standardization has had the benefit that interlocking plants for all minor
stations (including C.T.C. stations) are now supplied ready-wired and tested
from the railway signalling workshop in Copenhagen. At C.T.C. substations
signalling, telecommunication and C.T.C. equipment is installed in a relay
house which is sent by rail from the workshop to the site of erection.

Since most of the stations that were to be C.T.C. operated did not possess
interplatform tunnels, it was necessary 1o supplement the interlocking plants
by entirely new apparatus for the protection of passengers crossing the tracks.
A dual system was chosen (tig. 3) consisting of automatically controlled
signs, showing “Look out for train” under danger conditions, and auto-
matically controlled loudspeakers which on the approach of trains an-
nounced: Do not cross the track, a train is coming.”

Block Svstems

In 1952 the Fyn line was equipped solely with manual block. and that
only to a small extent. For the most part train movements were directed by
telephone. An extension of the manual block system would obviously not
meet the present requirements and would be uneconomical, but experience
of automatic block was lacking both in regard to the distance over which
reliable track circuits can be established and what types of track relay were
most suitable.

12
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Fig. 3 X 052
Protection of passengers when crossing tracks
is provided by automatic signs combined with

loudspeakers

Fi[.[. 4 X ApSY
Circuit for avtomatic block signalling

The rectifier circuit ensures that the Feed voltage is
maintamed constant as long as the current does not
exceed ¥ amps. At this amperage (trin on track)
the feed voltage swiltly diminishes.

In order that the emergency supply battery shall not
disturh the above-mentnoned  characteristics of the
rectiher, two (L85 ohm resistors are placed in the
battery leads.

On the longest track circuits the emergency supply
cannot hold the track relay operated when the ballast

Fesistance assumes the most unfavourable vatie,

By means of contacts on relavs 52 and 83 code
tmpulses are sent brom the feed end to the relay end
after cvery trn passage
Lengzth ol track circait fmay = 10 km
Rail resistance Tmax= 0.1 ohm km

rakave ar = 55
Leakage Emay= 0.625 S/km

Track voltage, refay end vmin =1.25°¥
Relay data:

Pick-up voltage 1.0V
Drop-out yoliage 0.7 v

N Neutral 0O, refay
P Polarized relay

A Auxiliary relays
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AL eertain sites, therefore, 4-6 kilometre track circuits were installed on
trial, and a theoretical calculution of long track circuits was started. The

aim was 1o introduce a method of calculation and regulation such that all
planning and design work could be left to non-engincering personnel. This
standardization work has so far been completed only as regards track circuits
of up The standard that has introduced
clectrified arcas) is shown in fig. 4. There now remains only the completion
of the investigations into 5-10 kilometre track circuits which will be required
when single track sections are to he equipped with C.T.C.

to 6 kilometres. heen (tor non-

The choice of a suitable type of track relay was extraordinarily difticult,
the various alternatives being code following relays, frequency-controlled
relays, phase-controlled relays or D.C. polarized relays. The latter were
selected since on D.C. track circuits fairly simple emergency power plants can
be arranged. It had been expected that such plants would be required, as
they later proved to be, in view of the fact that the normal power supply
would come through small “undependable™ transformer stations. The selected
track relay is a polarized telegraph relay, in parallel with a neutral D.C. relay
(fig. 4). The contacts of the two relays are in series and actuate three
auxiliary relays, which are the control relays for signal aspects ete. The
operate and release functions of all relays are checked,
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The relay racks, power supply equipment ete. is built into factory-made
cabins, which are erected and fully tested at the railway signal workshop at
Copenhagen before being despatched to the site of installation.

The standardization of the automatic block system necessitated the intro-
duction of new block signals, the basic principle of which is that a signal

shall also indicate the aspect of the following signul.

The arrangement of the block system, moreover, 1s thal trains can run
both on the right and left-hand tracks, but for movement on the left-hand
track the number of block sections is only about halt as great as on the
rigcht-huand track. The purpose is to use lefi-hand track movement only in the
event of breakdown and during maintenance work on the track.

Level Crossings

The manual operation of gates at level crossings is inetficient in con-
junction with automatic block signalling on high headway lines. The level
crossings should either be eliminated or automatic safety arrangements should
be installed. Our earlier experience was limited to automatic short-arm gates
on single track iines, but in 1953 the decision was made to introduce auto-
matic long-arm gates on double track railroads. In view of the division of
the Fyn line into comparatively short block sections (1.5-2 Kilometres) it was
undesirable to use special control signals for the gate installations. It was
therefore necessary to interlock the gate mnstallations and block signals, with
the latter checking the operation of the gates. It may be said without exag-
geration that the introduction of the automatic long-arm gate installations
was the most troublesome part of the whole project.

Telecommunication Installations

The automatic block installations required the laying of cables along almost
the entire line. It therefore seemed natural to investigate the desirability of
simultancous cabling of all telecommunication circuits. [t was in fact found
that, under the existing circumstances, it would be economical to construct
a separate telecommunication cable in which long distance calls would be
made on carrier circuits. The service interruptions that had hitherto been so
common on overhead lines during winter periods would thereby be climinated.

C.T.C.

During the preliminary investigations of the conditions on the Fyn line it
was considered that certain stations might well be controlled from a neigh-
bouring station. A variety of circumstances, however, suggested that even
greater advantages would be gained—smaller staff requirements and improved
operation—if all stations on the line were controlled from a central location.
In 1953 the Danish State Railways decided to introduce centralized traffic
control of all stations between Nyborg and Fredericia, with the C.T.C. office
located in Odense. The installation work was divided into two stages: Nvhorg
—Tommerup (exclusive) and Tommerup (inclusive) - i

Fredericia,

The complete project comprised:

Y stations with sidings

4 stations without sidings
about 77 automatic block sections and

7 automatic gate installations.
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Fig. 5 X248

Example of station with siding on double-
track line (Hjulby)

CONTROLS
entrance routes, right-hand track
exit routes, right-hand track
routes for left-hand track running

call-on-signal aspects

4

4

4

6

4 stop aspects for entrance and exit signals

4 emergency release ol routes

4 selection of method of operation

3 permission for loval control of points

7 point behting and heating, mght illumination ete,

3 new complete mdication and lock-out of indication
transmitter

2 manual intervention in automatic gate functions

19 imtation of telephone ealls

7 sparcs

(7 of the above conirols are twin controls)

INDICATIONS

T station track circuils

8 block track circuits

12 signals for right-hand track running

4 signals for left-hand track running

6 call-on-signal aspects

¥ route lockings

20 point positions (every point is indicated in du-
plicate)

3 methods of operation

4 point illumination and heating et

2 announcements of fault in interlocking plant

3 check of avtomane gate functions

18 reception of telephone calls

3 spares

Fig. 6 X 2247
Example of station without sidings on double-
track line (Bred)

CONTROLS

automatic block through the station
entrance routes, lefi-hand track

exat routes, left-hand track

stop aspect for entrance and exit signals
emergency release of routes

permission for local control of points
point illumination etc.

bt b ba b == pad b 1

new complete indication and lock-out of indica-
tion transmitter

-

manual iptervention in automatic gate functions
13 initiation of telephone calls

4 spares

(6 of the above controls are twin controls)

INDICATIONS

2 station track circuits

8 block track circuts

4 signals for right-hand track running

8 signals for left-hand track running

3 point positions (every point s indicated in duplicate)
methods of operation
point illumination and heating erc.
announcement of fault in interlocking plamt

=,
1
1
4 check of automatic gate functions
12 reception of telephone calls

a

Spares
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The work was allocated as follows:

L M Ericsson: Delivery of signals, safety relays, ete. for interlockings and
block signalling and all C.T.C. apparatus,

Danish State Rathways:  Installation of signailling and telecommunication
plants.

The contract for the C.T.C. equipment was signed with L M Ericsson at
the end of 1954, but it was stipulated that the design should be capable of
standardization in the event that The Danish State Railways should desire to
extend the use of C.T.C. This decision had the effect of to some extent
slowing up construction, but it has brought the advantage that the type of
plant now installed can be used for practically all existing C.T.C. purposes.

The centralized control of individual stations was progressively brought
into operation as interlocking plants and automatic block installations became
completed during the period June 1, 1956 to July 10, 1957,

There now follows a brief description, based on operating experience, of the
now standardized nstallations and of the various factors affecting them.

C.T.C. Installations of The Danish State Railways

Tvpes of C.T.C. Field Stations

Figs. 5. 6 and 7 show the three types of station track layout that have
now been standardized in as far as this has been possible in consideration of
the many varieties of installation that may occur in practice. The figures
also provide information of the required numbers of controls and indications
per station. It should be observed that all telephone communications between
the C.T.C. office and field locations pass through the C.T.C. apparatus. Since
L M Ericsson’s transmitters and receivers are supplied for 36 control trans-
missions and 49 indications, it will be seen that the three standardized types
of station require 2, 1 and I units respectively.

Methods of Operation of Field Stations

Field locations are equipped with a control board from which the inter-
locking plant can be operated under exceptional conditions when released for
such method of operation. The field locations are normally controlled by one
of the tollowing methods:

Auwtomatic operation. The interlocking plant operates automatically, that is
to say that trains approaching the station establish route lockings and signal
indications without action from the control office. Automatic operation can
be employed for one train direction at a time, or for both directions.

Manual centralized operation. The interlocking plant is operated from the
control office. Under conditions of manual centralized operation the control
office can release portions of the railroad for local operation by means of
special local operation push buttons.

In both forms of operation the field location sends indications to the control
office, which is thereby enabled to follow the traffic situation at the location.
Controls are provided to enable the office to change over from one method
of operation to another. Without action from the control office, field operation
can be established by means of a Yale key in the field location’s control
machine. The Yale key is normally kept under seal at the field location.
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Fig. 7 X 2248

Station with siding on single-track line.

The station tracks are long enough to permit
simultaneous entrance of trains from both sides

CONTROLS
1 entrance routes
2 exit routes

s

locking of block system for movement from neigh-
bouring station

ciall-on-signal aspects

stop aspect for entrance and exit signals

emergency release of routes

permission for local operation ol points
operation of points

point lights and heatng, night illumimation ete.
new complete indication and lock-out of indication
transmitter

[ O R e

2 manual intervention in automatic gate functions
9 pmitiation of telephone calls
3 spares

(7 of the above controls are twin controls)

INDICATIONS
4 station track circuits
6 block track circuits

8 signals

2 call-on-signal aspects
2 route lockings

10 point

operations  {every point is ndicated in
duplicate)
4 point lighting and heating etc.
I announcement of fault in interlocking plant
2 check of automatic gate functions
8 reception of telephone calls
2 spares

Automatic Recording of Train Times

The C.T.C. equipment incorporates @ traingraph for automatic recording
of train movements, so relieving the C.T.C. operator of the necessity of
keeping a train journal or similar record. It should be observed that all
vehicles used on the line are uninsulated, so that all traffic is reported,
including trolleys ete.

The traingraph comprises:

a recording chart moving at 60 mm per hour
a colour ribbon with red and blue sections
a number of electromagnetic hammers, one for each block section.

Trains on one track are marked in red, and on the other track in blue.
This is accomplished by the hammers striking the red or blue ribbon against
the underside of the paper at 30-second intervals, so producing marks on the
chart at every 1/2 mm.

The marks punched by the hammers on the chart produce broken lines
showing the progress of every train; red for one direction of movement, blue
for the other. On a double-track line trains are not recorded on sidings. The
graphic timetable is printed on the chart, so that deviations from the time-
table can be immediately observed.

Automatic Indication of Classes of Train

The usual indications have been supplemented by automatic indication of
train class by means of indicating lamps on a miniature track diagram at the
top of the control machine. On each station track and each station-to-station

section there is a lamp for each class of train, the present classes being as
follows:

green lamps for express through trains
vellow  » »  slow » »
red » » local trains

The individual train class indication moves automatically as the train
advances from one section of line to the next. The indication of a train is
started by the pressing of a button on the control board, representing the
class of train departing from the terminal station. When the train enters the
line, the indicating lamps light accordingly. If there are several trains following
one another between two adjacent stations, only the first train is shown. On
all panel sections there are buttons for indication of train class, and can-
cellation buttons which permit cancellation of an indication if a train ends
up at an intermediate station. When a frain enters a station siding on a
double-track route, the train is marked on the siding.

The relay equipment for indication of train class is located in the control
office and is actuated by the indications for track circuits.

At future installations it is expected that the number of train classes will
be increased, probably to 10, and the *“train class™ will be used for automatic
establishment of routes (to through tracks or sidings) at the individual stations.

Announcements of Train Passages to Terminal Stations

The C.T.C. system is also provided with announcement equipment which
enables the C.T.C. office to inform the terminal stations of the “class” of
trains approaching those stations.
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Fig. 8
Code for a control transmission

LO Line occupation
S8 Station selection
€S Control selection
Al Apswering impulse from field station
El  Exccution impulse from C.T.C. office

128

Connection of Telecommunication Circuits to C.T.C.
Svstem

As mentioned above, controls and indications are used to set up telephone
connections and to indicate that they have been established. The telecom-
munication buttons and lamps are placed on the control panel.

Centralized control 1s used, in particular, for the telephones on the line
and at field locations to which, for example. permission can be given for
trains to pass “stop” signals. Such telephone calls, passed on in the normal
manner to the nearest station in the direction of movement, dre connected
to the control office via the C.T.C. equipment.

C.T.C. Controls

a. At the first C.T.C. operated stations transmissions of “dangerous”
controls (signalling to proceed on call-on-aspect) were effected by means of
two “control numbers™ in order to avoid the execution of “false™ controls,
This procedure has now been entirely abolished since the coded control
svstem emploved by LM Ericsson has proved to be extremely safe. The
Danish State Ratlways are convinced that in future, the C.T.C. equipment

and, in particular, the transmission of controls—should have roughly the
same degree of safety as emploved in the normal operation of interlocking
plants. It has in fact proved that rules governing the signalling at a station
where the interlocking plant fails (fault in point or signals) must inevitably
he hased on the use of telephonic communication to place the responsibility
of safety on the C.T.C. operator. The Danish State Railways assume thal
C.T.C. operated stations will be unattended and that train drivers cover so
large an area of the country that they cannot have local Knowledge of
individual stations.

A control code is shown in fig. 8. In order that a field location may be
able to transmit its “answering impulse™, it must have received correct impuls-
ing from the C.T.C. office, that is to sav that it must have received 4 groups
of impulses, and in cach group only one impulse must be of opposite polarity
and one must be long.

The execution of the control is carried out only when the C.T.C. office

has received the answering impulse and has sent back an execution impulsc.
If there is the least disturbance in impulsing, the control will not be executed.

b. For certain controls use will in future be made of “twin controls”, by
which i1s meant that one control is emploved for two objects: for example
the first transmission of the control can be used for the changing of a point
from normal to reverse, whercas the next transmission of the same control
can be used to change it from reverse to normal. An increase in the capacity
of the C.T.C. equipment (in some cases bv as much as 30 per cent) can be
achieved by the use of twin controls.

¢. A distinction is made bhetween “blocked”™ and “stored™ controls. If a
station receives a blocked control, which for one reason or another cannot
be executed at the given moment (for example establishment of a route that
confhicts with an already established route), the control is immediately marked
in the C.T.C. office as blocked without the office needing to await the cor-
responding indication, Stored controls are controls which cannot be imme-
diately executed, but which will be stored for execution when the situation
at the station permiis.

Control: 1.750 ms
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This method of splitting up the controls has brought with it many advan-
tages, one being the great simplification of instructions to C.T.C. operators.
The storing of controls relieves the staff of much work and, in conjunction
with the aforementioned automatic operation, means that a single person can
without difficulty be in charge of the C.T.C. for a very long railway section.

d. Controls are used lo give permission 1o (rains at terminal stations to
enter the line before trains can be dispatched. In order to tic up the C.T.C.
operator as little as possible, storage equipment is provided permitting the
release of three successive trains. The storage equipment is located in the
C.T.C. office, which means that a control for clearing the exit signal for the
following train is automatically transmitted when the office receives an
indication that the first train has departed.

¢. A control asking for “new complete indication” can be transmitted to
every station. AL the C.T.C. office all earlier indications for the particular
station are first cancelled, after which all indications assume the most restric-
tive aspect, indicating, for example, that points are not closed. When the
station has received the control, it sends a complete indication transmission
to show the position of all signalling equipment. This ensures that the C.T.C,
office staff can obtain completely fresh indications at any moment, which
is essential if telephonic information or permission is to he given that places
the responsibility of safety on the C.T.C. office.

f. At the automatic short-urm gate installations the Danish State Railways
have considered it important that the automatic functions of the gates be
Kept under observation, so that the necessary action can be taken in the event
of failure of an automatic function (either up or down). At gate installations
on a C.T.C. section certain of the C.T.C. controls have been utilized to put
the automatic gate equipment out of action, so as to retain the gates either
up or down. This facility has proved an advantage in view of the large amoun:
of work-train traffic for installation and maintenance work that has Feen
necessary up to now on the Fyn line. The C.T.C. office receives an alarm if
the gates are not fully raised or lowered within 45 seconds, and when the
gates have been lowered for more than 8 minutes.

C.T.C. Indications

The number of indications is considerably greater than the number of
controls. An investigation of the C.T.C. circuits on the Odense-Nyborg line
(4 field locations, 25 block sections, about 60 trains in each direction) showed
that 7,000 indications and 350 controls were transmitted in a 24-hour period.

At the time of planning the Fyn installation there was no experience of
how high a level of occupation could be permitted on a pair of C.T.C. wires.
It the occupation is too high, an indication may be delayed: in unfavourable
circumstances this may mean that it is entirely lost or that two indications
are transmitted in wrong sequence. Considerable emphasis was therefore laid
on reducing the number of transmissions, which was achieved on the fol-
lowing principles,

If the 60 + 60 trains had transmitted indications corresponding to all signals
and track circuits that they pass, the number of indications per 24 hours
would have been about 13,000,

The number of indications has been reduced by omitting to indicate the
block signals but only the associated track circuits. At the stations. indications
are given of the track circuits passed by the train, not singly but in groups
of 3 for each direction of movement. By this means the number of indications
is reduced from 13.000 to about 10,000,

The coded indication system used by L M FEricsson permits the quick
successive transmission of several indications from the same field location.
s0 that two or more indications require only one occupation of the circuit.
This brings the aforementioned 10,000 indications down to about 7.000 per
24 hours.
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Code for an indication transmission

LO Line occupation

S1 Station indication

15 Indwcation selection

Al Answering ampulse from C.T.C. office

Indication: 1.330 ms
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In assessing the occupation of the line wires experience has been drawn
from telephony, which has possessed efficient methods of calculation since
Erlang’s first investigation of the theory of occupations, congestion and
waiting times. It must be remembered that individual occupations of the
C.T.C. circuit are of the order of seconds, whereas on a telephone circuit
thev are of the order of minutes. In analogy with the “busy hour™ employed
in telephony, the “busy minute” may be used for the present purposes.

Meusurements on one of the C.T.C. operated lines showed the following
figures:

24-hour period, average occupation 4 secs. per minute
60-minute period, » » 9 » » »
I-minute period, » » 30 » » »

In view of the aforementioned condition that several indications can be
transmitted for one occupation of the C.T.C. wires, the indication trans-
mitting capacity of the line rises automatically with higher level of occupation.
At times of light traffic there may be 6 seconds of occupation in one minute,
with 4 indications transmitted. whereas under heavy traffic conditions, 30
seconds of occupation per minute, about 40 indications can be transmitted.

The waiting times caused by the fact that several field locations work on
the same line are of an order such that a delay of some 5-10 seconds occurs
once a month. So rare a delay causes virtually no trouble. And cxperience
shows that the C.T.C. operators have up to now noticed no delay of indi-
cation transmissions, so that a higher load than 30 seconds per minute may
undoubtedly be accepted.

The process of coded transmission of an indication is illustrated in fig. Y.
The indication transmitter first sends two D.C. impulse groups with 4 im-
pulses in each, so informing the C.T.C. office from which field location the
transmission comes. In the same way as in the transmission of controls, each
of these groups must include one impulse of opposite polarity and the last
impulse must be long.

Therealter follows the impulsing which informs the C.T.C. office which
function or functions have changed position since the last indication. The
relays which repeat the position of functions are divided into seven groups
with seven relays in each group, so that 49 functions (each with two positions)
can be indicated. For every 7-relay group there is a common relay which,
when picked up. indicates that no change has occurred in the group, whereas
the down position indicates a change. To communicate the position of the
functions, the transmitter sends a series of D.C. impulses of which every
seventh impulse is long. In the case of a relay group in which no function
has altered position since the last indication, a normal polarity impulse is
transmitted for the entire group. In the case of a group in which one or more
functions have altered position, on the other hand. there is transmitted first
a reversed polarity impulse after which, for each relay of the group, an
impulse is transmitted that is of normal polarity if the relay is up but of
reversed polarity if the relay is down. The subsequent relay groups are indi-
cated in o similar manner. But if no alteration has occurred in them, the
transmitter stops and awaits a reversed polarity answering impulse from the
indication receiver at the C.T.C. office, after which the indication trans-
mitter is disconnected.

Thus, apart from the station selection impulsing, the transmission of an
mdication does not consist of a given number of impulses. If a function



C.T.C, office Field location 31(32)

Fig. 10 N Bb57

Skeleton diagram of Odense C.T.C. office

MR Control memory relays

P Control panel

CR Control register

CRR Control receiver relayvs

CT1, CT2 Control transmitters | and 2

FR Function relays

1R Indication receiver

1T Indication transmitter

L1, L2 Line 1 and 2

MC Master clock

PBPR Push button repeater relay

PR Repeater relays

SCR Storage control relay

Si Signal plant

TE Telephone equipment

TEAR Iclephone equipment auxiliary relays
TG Tramgraph

TIR Train class relay

TR Transfer relayvs

Fig. 11 X 054

Control desk in Fyn C.T.C. office. In the
middle is the common panel and the desk
with traingraph

associated with a relay in the first relay group has changed position, the
indication transmitter sends altogether 2 < 4 + 1 +7 = 16 impulses. If the
function belongs, for example, to the third relay group, 2 - 4 4+ 3+ 7 =18
impulses are transmitted. It one or more relays in each of the groups has

changed position, 2 < 4 + 7 » 8 = 64 impulses are transmitted.

On the transmission of indications the C.T.C. office checks that the station
impulsing is correct, 1. e. that the correct number of reversed polarity (2) and

long (2) impulses have been received. During indication impulsing, on the
other hand, the C.T.C. office checks merely that every seventh impulse is
long. Thus the indication system does not possess the same measure of safety
as the control system, and it cannot be expected that false impulses will always
be discovered. In addition, a sticking group relay will distort the indication
of the position of associated functions. The Danish State Railways, therefore,
as previously mentioned, have introduced dual indications of the position of
important functions, by which 1s understood that every such function 1s

represented by two relays in different groups.

The Final Arrangement of the Fyn Installation

The C.T.C. plant is shown diagramatically in fig. 10, the left-hand side

representing the C.T.C. office and the right-hand side a field location.

The control machine (fig. 11) consists of a common panel and one panel
for each field location. in the common panel are the controls and indicating




lamps for all common parts of the installation: for example, the point lighting
1s switched on and off from the control panel, and faults in operation of the
installation are indicated there.

Controls are transmitted from the common and field location panels by
pressing two buttons simultaneously (with the exception of telephone controls),
fig. 12. When two corresponding buttons are depressed, the control is stored
in one of the control registers until the control transmitter has passed it on
to its destination. There are two control transmitters and two indication
receivers, which normally operate on separate lines. But by means of transfer
relavs each can be connected to both lines in the event of breakdown of

either a transmitter or receiver.

On the desk in front of the common panel is the traingraph, telephone
switchboard, and the C.T.C. buttons which do not place responsibility of
safety on the C.T.C. operator: for example the marking of train class and
the methods of station operation are controlled from keysets on the desk.

Fig. 12 X2y o y . - : .
[he first stage of the project was completed in July 1957, Stage 2 will be

partly commenced in 1957, but new stations will not be C.T.C. operated
until 1958, How Jong it will take to install C.T.C. right through to Fredericia
will depend upon the progress of reconstruction of the sidings. but it is

Close-up of control panel. At the top is seen
the miniature track network with lamps for
indication of c¢lass of train. Below are the
control buttons and lamps for the interlocking

plants at Hjulby and Ullerslev. At the bottom expected that this will take place in 1960,

are telephone buttons and lamps.

Future C.T.C. Projects

The extremely good experience obtained with the C.T.C. installations
already in service has encouraged the Danish State Railways to introduce the
system on other important lines.

Remote control of Masnede station on the 15-kilometre line from Orehoved
via Storstremsbroen to Vordingborg was introduced already in July 1956,

The following projects are at present being considered:

Tommerup-Fredericia, 45 km double track with 8 stations
Nykgbing F-Gedser. 23 km single track with 4 stations
Vordingborg-Nykebing F. 29 km single track with 6 stations
Lunderskov—Padborg, 77 km single track with about 12 stations
Glostrup—-Korser, 99 km double track with about 11 stations.
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Fig. 13

Relay racks in C.T.C. office.
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Three-Phase Meter with “Extra Insulation”

H L U NDSZSTR O M,

Fig. 1 X 2261

Three-phase meter type VKN 12

Fig. 2 X 2250

Close-up of register plate

showing the placing of the new symbols

AKTIEBOLAGET ERMI, ULVSUNDA

U.D.C. 621.317.785.025.3
621.3.019.34

The Swedish authorities have very strict regulations governing electrical
apparatus for use in low voltage supply svstems. A special institution, The
Swedish Bureau for Testing Electrical Equipment, SEMKO, has heen estab-
lished with the authority to approve equipment that fulfily the stipulated
reguirements. As a visible sien to the public, approved equipment is marked
with the letter &) . Nuwmerous domestic appliances must have particularly
good insulation berween live parts and such metal parts as are accessible 1o
contact. Appliances of this kind are subject to stricter regulations and, after
approval, are marked with the symbol in addition, Equipment which fulfils
the conditions for marking with & and [ nmust not be earthed. Earlier, it
was not considered necessary to range kWh meters under the sphere of
SEMKQ, but for certain reasons the matier has bheen actualized during the

past yedr.

On grounds of personal safety, certain electricity undertakings have earthed
their meters when placed out of doors or in premises with wet floors. But
earthing may involve a danger to the public if the meters are placed im-
mediately adjacent to fuses. In the process of changing a fuse, the subscriber
may come into contact with live metal while at the same time nadvertently
touching the meter. It has also been found that earthed meters are subject to
greater stresses from lightning voltages than meters that are not earthed. Since
lightning is very common in Sweden. it is naturally extremely important that
the design of meters should render them as far as possible insensitive to the
overvoltages occurring in a distribution network during thunderstorms. [If the
meters fulfil SEMKO's @ and [J marking requirements, and consequently
need not be ecarthed, there is less risk of personal damage and also of damage
to the meters themselves by overvoltages caused by lightning.

On these grounds ERMI has had its three-phase meter VKN [2 for bal-
anced or unbalanced loads tested by SEMKO. The result was that the meter
was approved as extra insulated, meaning that it can carry the marks ®
and [O.

The extra insulation of the meter has given it the following additional
advantages:

1) Great resistance to overvoltages from lightning and similar causes. partly
because the meter itself has a high level of insulation and partly because
the stresses are smaller when the meter is not earthed.

2) Reduced work on erection of meters.

3) Meters that are marked § and [ guarantee that the normal safety in-
terests of the public are provided for.

What is meant by “extra insulation™? A regulation entitled SEMKO 7-
1955 contains stipulations in respect to the design and testing of domestic
and similar apparatus with electromechanical drive, different categories of
articles being specified and defined. There are no regulations governing
electricity meters, but appropriate portions of paragraphs in SEMKO 7 have
been used for the purpose. The category of interest in this connection is
“domestic and similar apphiances, class 11”7, comprising appliances without

._.
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Fig. 3 X 2204
Register of VKN 12

with plastic rollers and p

ons, and stainless steel
spindles with pivot hearings

Fig. 4 X 2278
Journal of pivot bearing tyvpe register

Cone angle of spindle n

Radius of poiat of spindle 015 :)},(IS arm
Axial play (0,15 0,20 mm

Diameter of eylindrical portion of spindle — 1.2 mm

The pivot bearing reduces the radius of the spindle
at the point of contact from 0.6 to 0.15 mm.

Fig. 5 X 2263

Voltage coil for YKN 12

[34

carthing device and having all accessible metal parts protected by means of
“extra insulation” ot one or both of the following types:

1) “Double insulation™, which denotes that accessible metal parts are pro-
tected by means of special insulation to prevent them from conducting
clectricity in the event of breakdown of the normal functional insulation,
By normal functional insulation is meant principally that there shall be
an air and creepage path of at least 4 mm between current-carrying parts
and inaccessible metal parts: by protective insulation is meant prin-
cipally that there shall be an air and creepage path of at least 4 mm
between inaccessible and accessible metal parts. Normal functional insula-
tion shall withstand a test voltage of 1500V, 50 ¢/s, for one minute.
Protective insulation shall withstand a test voltage of 2500V, 50 c¢’s, for
one minute.

2) “Reinforced insulation”, which denotes insulation between current-
carrying parts and accessible metal parts with such mechanical and
electrical properties that it can be regarded as equivalent to double insula-
tion. The reguirements covering reinforced insulation are chiefly that the
apparatus shall have a creepage and air path of at least 8 mm between
current-carrying and accessible metal parts and, furthermore, that it shall
withstand a test voltage of 4000 V, 50 ¢'s, for one minute.

Several regulations cover both types of insulation jointly. Examples of such
requirements are those relating to limitation in rise of temperature in windings
ete.: insulation tests for equipment operating in rooms having a relative
humidity of 95 % resistance of insulating material to heat and creepage
currents; protection of PVC-insulated conductors by an additional layer of
PVC if in contact with accessible metal parts: conductors terminated by
soldered connections must be prevented from working loose, for example hy
being passed through a hole and bent short of the soldering point.

Especially for electricity meters, SEMKO stipulates that every individual
meter shall undergo a shock voltage test with § KV between current-carrying
parts and accessible metal parts.

If a meter fulfils SEMKO'S requirements, it may be marked with the inter-
national symbol [J. It is also marked with the letter @) as a sign that it has
passed SEMKO's approved type test.

Design of the Meter

The three-phase meter with neutral, type VKN 12, has won considerable
appreciation among clectricity undertakings on account of its following advan-
tages among others:

Pivot bearing type register with plastic rollers and stainless steel spindles

(figs. 2 and 3). No lubrication required.

The pivot bearing and plastic rollers reduce the friction to one tenth of
that normally encountered in sliding bearing type registers with tin rollers.

I'he register can be cleaned with petrol in the normal manner.
Voltage coils equipped with plastic covering of polyethylene withstand
a shock voltage of about 13 kV (fig. 4). The entire meter is shock voltage

tested at 8 KV prior to delivery.

Low voltage error, which means that a meter with rated voltage 380,220 V
can also be used at 220,127 V.



Temperature-compensated Alnico magnet which maintains its good mag-
netic properties during the entire life of the meter.

Strong terminal block with conical holes which greatly facilitate wiring
work.

Robust metal case. The front cover is of aluminium and the rear cover

of sheet ron.

The meter is produced for current ratings 5. 10, 20, and S0 AL Its load
capacity 1s tabulated below:

Rated current S A 10 A 20 A S0 A
Measurement limit 14 A (280", 28 A (280 ",,)) S6 A (280 ") 125 A (250", ,I
Thermal Himit 20A (400°,) 45 A (450 )| TSA (3TS ) 130 A (2607,
Max. fusing 15 A I5A 60 A 100 A
Max. connector area 16 mm* 16 mm* 16 mm* 35 mm?

The measurement limit 1s the maximum current with which the meter can
be loaded without the error exceeding + 2.5 % .

The thermal limir 1s the maximum current with which the meter can bhe
continuously loaded at rated voltage and normal temperature without its
characteristics changing after disconnection of the load.

To be aporoved as “extra insulated™, only minor alterations required to be
made in the VKN 12 meter since its insulation had been of a very high order
previously. In fact, every meter had always been tested at 8 kV shock voltage
before delivery from the factory.

Only VKN 12 meters for rated voltages of and below 380,220 V may be
marked @ and [J. since SEMKO's regulations are limited to apparatus for
connection to supply voltages of below 250V to earth. Meters not marked
with the symbols are provided with earthing terminal,

Notes for Repair and Adjustment

Repair and adjustment of electricity meters should always be done by quali-
fied electricians and, as regards the ) [ -marked extra insulated three-phase
meter VKN 12, the qualification requirements are naturally not less stringent.

The repairman must ensure that he does not change the existing air and
creepage paths of the meters. Furthermore, only spare parts supplied or
approved by ERMI for this type of meter should be used. Special renovation
and adjustment instructions have been prepared, and we recommend that they
be carefully followed.



New Cordless P.M.B.X. for C.B. Operation

W ADENSTEDT, TELEFONAKTIEBOLAGET L M ERICSSON, STOCKHOLM

U.D.C. 62]1.39523

An earlier article in Ericsson Review No. 2, 1954, contained a detailod

description of L M Ericsson's cordless C.B. switchhoards tvpes ADD 1311,
ADD 1321 and ADD 1331,

Fhanks 1o their simplicity  of management, low maintenance cost and
exclusive design, these switchboards have been in great demand. The need
voon arose for g larger switchhoard of this type. L M Ericsson iy now able
to offer such a switchboard, likewise designed for offices in which the

operator's services are combined with other work.

The attractive appearance and small dimensions of these switchboardy

harmonize well with most modern office furnishings.

T'he new switchboard, coded ADD 1342, has a capacity of 16 extensions
and 4 exchange lines with 3 internal and 4 external connecting circuits and
I connecting circuit for the operator.

The switchboard features the same technical finesses as those described
earlier, viz.
automatic holding of exchange line on incoming call,
ringing current generated by pole changer under control of dial,
ringing automatically interrupted when extension answers,
individual through-connection for every exchange line.

This switchboard, like the remainder in the series, can naturally be con-
nected to any type of pubhic exchange, and the same C.B. telephones can he
used as in the remainder of the network.

Every exchange line is equipped with a key for manual holding under
queuing conditions. It is also possible to connect an extra bell for audible
calling and clearing signals. The operating voltage is as usual 24 V. The
construction and operation are largely similar to switchboards ADD 1321 and
ADD 1331,

The dimensions and weight of the new switchboard are: length 571 mm,
height 304 mm, depth 230 mm, weight 20.5 kg. The length dimension does
not include the handset hooks which project about 50 mm.

Fig. 1 X 043

Cordless switchboard ADD 1342
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Developments of the L M Ericsson
Combine-Unit System of Sound Distribution

HEKSTROM, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

Fig. 1
Amplifier unit ZGA 3905

right with base plate removed

U.D.C. 681.84

Ericsson Review No. 2, 1955 contained an introduction of the L M Ericy-
san conthine-unit - system of  sound distribution.  In addition to the unity
already described L M Ericsson has recently marketed a O-watt amplifier,
ZGA 3905, and a radio receiver unit, K1TE 1002, with additional facility for
FM reception. The following article presenty the main features of these two

(IR

The standard L. M Eriesson equipment for sound distribution is based on
the combine-unit system, which provides a satisfactory method of meeting
the requirements of flexibility at a reasonable capital cost. Small systems
require, however, an amplifier lower in price and with lower output effect
than the present units. The recently developed 10-watt amplifier, ZG A 3905,
supplements the earlier amplifier types and covers a most varied number of
applications.

Following the development in the wireless transmission the combine-unit
system has been supplemented with a new radio receiver unit, KTE 1002,
with four wave-bands including FM-band.

Amplifier Unit ZGA 3905

The amplifier unit has two individually adjustable input channels for con-
nection of high impedance microphone and high impedance pick-up respec-
tively as well as a non-adjustable input channel for connection of the radio
receiver unit. By means of separate input transformers, screw connected to
the input terminals, the input channels can be readily modified for low
impedance dynamic microphone and magnetic or dynamic pick-up.

The output side has terminals for impedances of 4 ohms and 16 ohms as
well as for 250 ohms at 50V constant output voltage. There are also
terminals for 100 ohms, 1 V for the feeding of booster amplifier units.
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Circuit diagram (o amplifier unit ZGA 3905

Fig. 3 X 6615
Distortion curve for amplifier ZGA 3905

a at 530 ¢s
b oat 400 c's
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The power consumption of the amplitier 15 50 W, The unit can be con-
nected to common mains voltages 50—60 ¢ 's. Connection for different

voltages is carried out by means of a voltage switch at the rear of the unit.

The circuit diagram is shown in fig. 2. All amplifier stages are resistance
coupled and the output stage is push-pulled coupled in class AB.

At full output the microphone channel A requires 5 mV, the pick-up
channel ¢ 200 mV and the non-adjustable radio receiver channel R 1V max.

To counteract non-linear distortion the amplifier has a powerful negative
feed-back. The output voltage at no-load i1s only about 15 % higher than at
full load.

The amplifier output at 1000 ¢/s 1s 10 W with a | % harmonic distortion.
The distortion curve is shown in fig. 3. The values have bheen obtained at
S50 and 400 c's with a load of 16 ohms. The distortion is practically inde-
pendent of the frequency and exceptionally low even at full volume.

The amplifier unit has a wide adjustable range for base as well as irehle.
With the tone control in neutral position the frequency range is 50—15000 ¢/s
with a deviation of + 0.7 db from the value at 1000 ¢/s.




Fig. 4

X 6914

Frequency curve for amplifier ZGA 3905

a  high treble setting
b meutral setting
¢ strong base setting

Fig. 5
Radio receiver unit KTE 1002

right rear view with top cover removed
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The frequency curve is shown in fig. 4.

In order to obtain maximum rehiability the rectifier tube has been replaced
by a selenium rectifier. The components of the amplifier are all carefully
selected in order to obtain high reproduction quality and long life.

ZGA 3905 is a high-class amplifier for the most exacting requirements and
is intended for small loudspeaker installations, for instance in restaurants and
small outdoor theatres. Where the requirements of output power are reason-
able it will provide a good foundation for a flexible and attractive sound
distribution system.

Radio Receiver Unit KTE 1002

Radio receiver unit, KTE 1002, is replacing KTE 1001 previously de-
scribed. It has four wave-bands 18—51, 190—570, 690—2000 metres as
well as FM-band 87—100 Mc/s.

The connection of wave-bands and separate gramophone unit as well as
disconnection takes place by means of keys on the front of the unit. The
station scale is provided with two pointers, one for the FM-band and one
for the AM-bands. The pointers are operated by one common tuning knob
with a mechanical coupling automatically operated by the appropriate wave-
band key (Auto-duplex).
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[he receiver unit is provided with separate controls for base and treble
and visual tone indication. The proportion between base and treble setting
is shown in apertures on the station scale.

The unit 1s provided with tuning indicator (magic eve) to tacilitate tuning.

The selecuvity is 18 ke's band width at — 40 db. The number of tuned
circuits 1s 6 4 9.

Ihe power consumption is 45 W,

Ihe radio receiver unit can be connected to A.C. mains 110—245V,
S0-—60 ¢'s. The different mains voltages are connected by means of a voltage

switch at the rear of the unit.
The output side has terminals for 4 ohms.

Tubes and their functions:

RF mixer ECC 85, MF mixer ECH 81, MF valve EBF 89, TF detector
EABC 80, output EL 84 and tuning indicator EM 80. Selenium rectifier
250V, 100 mA.



All Quarters of the World

MNEWS from

New Automatic Exchange for
Tripoli, Lebanon

A new automatic exchange at Tri-
poli, second largest city of Lebuanon,
was opened at the beginning of Sep-
tember. It is equipped with LM
Ericsson’s 500 line switches, the pres-
ent capacity being 6000 lines. The
intention is to extend the exchange
by a further 2000 lines within a not
too distant future.

The opening ceremony was attend-
ed by the President of Lebanon, Cu-
mille Chamoun, the Minister of De-
fence and Communications, Majud
Arslan, the Swedish Minister, Brynolf
Eng, and other high dignitaries.

The new exchange forms an 1m-
portant link in the full automatization
of Lebanon’s telephone network,
which 1s to be accomplished during
the next eight years. It is the first
automatic exchange to be installed
outside the capital of Beyrouth. Next

(Above) The President of Lebanon, Camille
Chamoun, inaugurates the automatic exchange

at Tripoli.

{Right) A model of the new train ferry.

vear the work on installation of the
first crosshar exchange in Lebanon,
L M Ericsson’s type ARF, is planned
to start. It is to be built at the town

ot Alyh.

Selective Calling Telephone
System on Stockholm
Underground

Since the joining up of the western
and southern lines this autumn, the

Stockholm  Underground now has a
total length of 25 kilometres. The

trains  are directed and controlled

from two interlocking posts.

The part of the telephone traffic
that concerns actual train operation
and related questions 15 handled by
I.M Ericsson’s selective calling sys-
tem ATA 10, The last portion ol
this equipment has now been deliver-
ed in conjunction with the linking
up of the western and southern lines.
The selective calling system 1s con-
siructed in three sections with control
equipments in cach interlocking post.

In the event of a breakdown, the
Underground Traffic Centre informs
the public of the necessary redirec-
tion of the traffic and arranges for
the setting in of emergency vehicles.
The connection of the Traffic Centre
to the selective calling telephone sys-
tem ensures rapid information and

correction of faults.

LM Ericsson Equipment
on Europe’s Largest
Train Ferry

Europe’s largest train ferry. the
“Trelleborg™, i1s now being completed
at the Helsingor Shipyard. The new
ferry, 455 ft. in length and 58 fL
max. width, is to operate on the Trel-
leborg—=Sassnitz route. It is expected
to be ready for the 1958 tourist seu-
S01.

The “Trelleborg™, with its four
parallel tracks, is something of a
floating railway station. The fully

440 yards of rail accommodate 40 or-
dinary rail cars, while some 40 motor
cars can be “garaged” on another
deck. The top speed is 19 knots.
which will cut the time from Trelle-
horg to Sassnitz by one hour to 3 1/2
hours.

L M Ericsson dehveries to the
new ferry comprise a P.AX., a ship’s
master communicator system, ship's
telephone system, public address sys-
tem. and a large loudspeaker system
for music and entertainment.
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Vehicle-Actuated Road Signals Relieve
Stockholm Traffic Jam

Immediately to the north of St
Erik’s Bridge, which links the western
and northern guarters of Stockholm,
lies the heavily trafficked junction at
St. Eriksplan, where Torsgatan, St.
Eriksgatan and Odengatan form a
triangle. This has long been a serious
bottleneck in the Stockholm traffic,
despite successive improvements. The
entire site has now been radically
altered, and the crossing between
Karlbergsviigen and St.  Eriksgatan
has been incorporated into a giant
signal-controlled circulation system as
shown in the map above.

The importance of this junction
will be understood when 1t 1s realized
that, in the rush hour, some 2100
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motor vehicles per hour pass the
one-way section of St. Eriksgatan
(A), some 1200 the one-way section
of Torsgatan (B), and some 1700 the
two-way section of St. Eriksgatan
(C). About 3300 motor vehicles per
hour pass the St. Eriksgatan—Tors-
gatan crossing. It should be noted
that, in addition to motor vehicles, a
very large number of cycles and
auto-cycles are in circulation and that
the site accommodates bus stops as
well,

The entire site will be equipped
with L M Ericsson’s vehicle-actuated
signal system, comprising six installa-
tions interconnected as a progressive
system.

It will be pmaihlc to alter the pro-
gressive control system automatically
from one programme to another ac-
cording to the existing volume of
traffic as revealed by vehicle detec-
tors.

The signal system comprises 24
vehicle detectors, 144 signals, and

other equipment.

The vehicle detectors will be of the
magnetic type, embedded in asphalt
and so entirely protected against ex-
ternal damage.

Large Line Material Order
for Iran

A large delivery to Telephone
Company of Iran has just been com-
pleted. It comprised line material,
including gas control equipment, for
the extension of the Teheran tele-
phone network, and was the first
order of this size for L M Ericsson
line material to Iran.

In the photograph above is seen
the Minister of the Iranian P.T.T.,
His Excellency Amir Ghassem Ech-
ragi, with the president of L M
Ericsson, Sven T Aberg, during a
visit to Midsommarkransen. A team
of Iranian line engineers have also
spent time with the company to study
L M Ericsson equipment and meth-
ods of cable construction.

Ericofon Makes Screen
Debut

The Ericofon has made 11s
entry into the film world. The photo-
graph (left) is from an Indian film,
showing a scene in which a telephone
conversation on the Ericofon forms
the dramatic highlight. As far as 15
known, this is the first appearance of
the Ericofon in a film.

now

commercial



From the Visitors’ Book

One of LM Ericsson's customers in U.S.A,, Mr Pierre F Goodrich from
Indianapolis, visited Midsommarkransen at the end of September, being
seen (above right) with vice-president Holger Ohlin. Mr Goodrich was
the first American to order a crosshar exchange of L M Ericsson design.
The exchange is installed at Seymour, Indiana.

In early August L M Ericsson was visited by two gentlemen from the
Republic of Liberia, Vice President William R Tolbkert Jor. and Secre-
tary Carlos McGee. Mr Hans Thorelli shows them the model of the
Midsommarkransen factory.

A congress of the National Banks of the four Scandinavian countries
was assembled in Stockholm in October. In one of the intervals between
discussions the four gentlemen (right) took the opportunity of a visit
to LM Ericsson at Midsommarkransen. They are (from left) Jirgen
Hegelund, Denmark, Toivo Kallio, Finland, Tage Odiin, Sweden and
Lorang Lund, Norway.

A group of journalists from Montevideo, Uruguay, on a good-
will journey to Sweden, paid a call at L M FEricsson at the end
of Octoher. This was the only Swedish industry they had time

to visit.

A recent visitor to L M FEricsson was the Head of the Nepal

Telec ications Administration, Udayva Bahadur, who was

in Sweden to study Swedish telecommunications.
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“New LM Day”
with Car Rally

It 15 LM Ericsson’s  custom 1o
hold an LM Day every vear for
employees and  their families. L M

Ericsson pensioners are also invited
on that day, which for many vears
has been celebrated at Skansen in the
late summer.

This year., on October 6, a new
type of LM Day was arranged. At 9
a.m, a car rally started on a rebus
hunt around Stockholm. More than
430 vehicles took part. and 355 com-
pleted the course. It was the largest
competition of this kind yet arranged
in Sweden. There was no doubt of
its being a popular feature. The vic-
tor of the rally was Klas-Goran Dahl-
berg, Erga.

In the statt dining rooms, where
i hobby exhibition was on show, an
clectric train on a mimature railway

Power and Telecommunica-
tions Engineers Visit L M
Ericsson

CMI, an organization affiliated 1o
CCITT. consisting of power and tele-
phone engineers, visited Sweden in
September at the invitation of the
Board of Telecommunications  and
the State Power Bourd. The group
assembled first at Viistervik to study
the conditions of transmission.
lhey thereafter visited I M Eriesson
at - Midsommarkransen.  Among the
visitors were the director of CCITT,
Mr Rouviere, Conselller of CCITT,
Mr Lalouw. and Nr L. J. Collet, chair-
man of one of the study

dis

commis-
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of gigantic length was the great at-
traction. The truth of the many jokes
of Daddy playing with his little son’s
tramns was fully borne
really all the children could do to get
near enough for u peep.

out—Iit  was

Popular Swedish actors and vocal-
ists had been invited to entertain the
VIsItors.

Within the factory area a “train”
made round trips with mothers and
children: in the fire pond frogmen
gave u demonstration of work under
water.  Here, too, was a display of
miniature racing boats. Model aero-
planes cruising at over 60 m.p.h.
were a further attraction.

Anyone wishing (o see a large
factory at work had the chance to
do so: tours were arranged through-
out the day. Certain machine shops
had work in progress. so that visitors
could get an idea of how L M Erics-
s0n works,

The fine autumn day brought near-
ly 10000 visitors.

Ericsson Technics
No. 2, 1957

Ericsson Technies No. 2, 1957, has
just appeared. The issue opens with
an article by Dr. Anders Elldin of
L. M Ericsson. “Further Studies on
Gradings with Random Hunting™, in
which equations of state are formu-
lated for a three-group grading with
random hunting. An approximate so-
lution of the equations is compured
with the exact and the ac-
curacy, which 1s very great, is evalu-
ated by means of transition cocelfi-
cients. The importance of asymmet-
rical loading and the number of se-
lector groups in a grading can be
explicitly evaluated by means of a

values,

tormula. An iterative method adapted

to data processing muachines is pre-
sented,

Professor Stig Ekelot of the Chal-
mers University of Technology, Goth-
enburg, contributes a third part in
the series “A Study of Telephone
Relays™ under the title “The Devel-
opment and Decay of the Magnetic
Flux in a Non-Delayed Telephone
Relay™ Parts 1 and 2 were published
in  Ericsson Technies Nos. 1 and 2,
1953, Part 3 shows how use can he
made of operational values of mag-
netic reluctances for calculation ol
magnetic circuits incorporating eddy
currents.  with applications  of  the
method to telephone relays. Curves
are derived for the magnetic flux on
breaking of an L M Ericsson RAB
relay and show close conformity with
experimentally recorded  oscillo-
graphs.

Adam Dattner of the Royal Insti-
tute of Technology, Stockholm, pres-
ents in his article, "The Plasma Res-
omator”, a study of the interaction
between an ionized gas column and
electromagnetic  waves In a wave-
cuide, the plasma resonance being
studied n detail. He discusses the
measurement results and certain con-
ceivable technical applications of the
plasma resonator.,

An article by Ingemar Olsson,
Royal Board of Swedish Telecom-
munications, and Kaj Sigstam, SAAB
Aircraft  Company, Stockholm, s
entitled “An Approximate Methad of

Solution to a  Problem of Power
Supply in Carrier Frequency Sys-
tems”.  The paper answers the

question of how many stations it Is
possible to feed, for a given cable
and a desired power output per sta-
tion, and how a feeding chain should
be calculated. The theory is approxi-
mate, but the errors are shown to be
practically neghgible. The results are
given partly by formulae and partly
graphically, The methods of calcula-
tion are illustrated by means of prac-
tical examples.



U.D.C. 681.84

Ericsson Rev. 34 (1957) No. 4,

1955 contained an introduction of the L M Erics-

U.D.C. 621.395.44
621.395.521

JoHANNESSON, N O, OrorssoN, E & TanGen, N O: L M Ericsson’s
960-Circuit System for Coaxial Cables. 1l. HF Line Equipment:
Cosine Equalizer. Ericsson Rev. 34 (1957) No. 4, pp. 110—121.

Continuing the description of the h.f. line equipment for the coaxial sys-
tem ZAX 960/2 in Ericsson Review No. 3, 1957, this article deals with
equipment for manual equalization of the variations in loss on the hf
line. The design is based on an all-purpose equalizer, a so-called cosine
equalizer, together with a computer with the help of which the correct
setting of the equalizer can be calculated from measurements on pilot
levels. A brief description is given of an inter-supergroup pilot sending
equipment, for sending out measuring pilots in the frequency spaces be-
tween supergroups, and a portable inter-supergroup pilot measuring set,
which is used for measuring pilot levels. Several examples of equalization
of loss curves are given for a ZAX 960/2 coaxial system h.f. line.

iy

,,
The article presents the main features of these two

ZGA 3905, and a radio receiver unit, KTE 1002, with additional facility

son combine-unit system of sound distribution. In addition to the units
already described L M Ericsson has recently marketed a 10-watt amplifier,

ExksTrROM, H: Developments of the L M Ericsson Combine-Unit

Svstem for Sound Distribution.

pp. 137—140.
Ericsson Review No.

for FM reception.

umnits,

U.D.C. 621.398
656.257

WesseL-Hansen, W: C.T.C. on the Danish State Railways. Ericsson
Rev. 34 (1957) No. 4, pp. 122—132,

The Danish State Railways have this year completed the first stage in
the modernization of the signalling system on the double-track main line
across the island of Fyn. The article describes the new signalling equip-
ment and the problems that have been solved in conjunction with its
planning and installation. Interlocking and block signalling equipment
and all C.T.C. apparatus was delivered by L M Ericsson.

U.D.C. 621.395.23
view No. 2, 1954. A larger
, ADD 1342, also designed for offices in

's cordless C.B. switchboards ADD 1311, ADD 1321 and
s service is combined with other work, is described

were described in Ericsson Re

U.D.C. 621.317.785.025.3
621.3.019.34

LunpstroM, H: Three-phase Meter with “Extra Insulation”. Ericsson
Rev. 34 (1957) No. 4, pp. 133—135.

The ERMI single-tariff three-phase meter, type VKN 12, for balanced
or unbalanced loads with neutral, has been approved by the Swedish
Bureau for Testing Electrical Equipment (SEMKO) as “extra insulated ”.
Brief description of the meter and significance of this approval,

ADENSTEDT, W: New Cordless C.B. Switchboard. FEricsson Rev. 34

(1957) No. 4, p. 136.
L M Ericsson

ADD 1331
switchboard in the ADD series

which the operator’
in this article.
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London, W. C. I, 329 High Hol-

born, tel: Holborn 1092, tgam:
teleric
Production Control (Ericsson)

Lid. London, W. C. I, 319 High
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Mogambique
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