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Modernization of Plants operated by The Polish Telephone Company. 

The building and reconstruction work now being 
carried on by the Polish Telephone Co. 

(Polska Akcyjna Spolka 
Telefoniczna) constitutes the 
most important step towards 
the modernization of Polish 
telephone equipment. The 
concession granted this 
company by the Polish go
vernment stipulates that all 
nets operated by the com
pany shall be completely 
modernized before July 1st, 
1927. 

On December 31st 1924, 
45,321 telephone instru
ments were connected up 
to the various nets of the 
Polish Telephone Company. 
As the total number of in
struments in the whole 
country at that time did 
not amount to more than 
109,000, we find that about 
40 % of the service is being handled by this 
company. 

The following nets are now being operated 
by the Polish Telephone Company. 

Fig. 1. The New Exchange at Lublin. 

Warsaw and surrounding district within a radius 
of 8 km. 

Lodz and surrounding di
strict within a radius 
of 20 km. 

Lemberg and surrounding 
district within a radius 
of 8 km. 

Lublin and surrounding di
strict within a radius 
of 8 km. 

Bialystok and surrounding 
district within a radius 
of 8 km. 

Boryslaw and surrounding 
district within a radius 
of 20 km. (the oil fields); 
together with that por
tion of the coal district 
formerly under Russian 
rule and consisting of 

Sosnowiec and surround
ing district within a ra
dius of 20 km. 

The Polish Telephone Company took charge 
of these nets on July 1st 1922, on which date 
the concession for operating the same became 
the property of this company. The concession 
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for Warsaw had previously been owned by the 
Cedergren Telephone Co., and the others by the 
Polish government. 

The terms of the concession stipulate that the 
following nets shall be either modernized or 
entirely rebuilt for a certain minimum number 
of lines, as follows: 

Lodz (city proper) 4,500 lines 
Lodz (surrounding district) 1,000 » 
Lemberg 4,000 » 
Lublin 1,500 » 
Bialystok 2,000 » 
The oil fields 2,000 » 
The coal district 2,000 » 

Total 17,000 lines 

All of these nets shall be equipped with like 
material and be constructed according to the 
same methods as have already been so success-

K 273 Fig. 2. Cord Plug, full size. 

fully used in Warsaw, Stockholm, Moscow and 
other places. 

The common batterysystem with two-wire 
multiple and pair cord service is being applied 
to all the larger exchanges. 

The cord plugs used at these exchanges have 
a diameter of only 3.5 mm., fig. 2 giving a full 
size illustration of one of them. A person never 
having handled these plugs may find them ridi
culously small and unpractical; the efficiency of 
the service as well as the long life of the cords, 
however, has given ample proof of the opposite. 

The 2-point multiple jacks are mounted in 60 
or 100-line strips. Five such strips form a jack-
block of 300 or 500 lines respectively. 

By reason of the unusually small diameter of 
the plugs, the multiple naturally takes but little 
space, and the total multiple capacity of 30,000 
lines can be conveniently reached by one ope
rator. Fig. 4 gives a view of such a multiple 
extended for 36,000 lines. 

The local jacks have three contacts, the third 
one being for the subscriber's service meter. 
Each line is equipped with such a meter, these 

latter usually being placed above the multiple, 
as shown in fig. 5. 

Symbols used on diagram. 

R1R2 Combined line and cut-off relay. 
AL — Call supervision lamp. 
LJ — Local jack. 
M - Subscriber's meter. 
MJ — Multiple jack. 
R3 to R8 — Cord circuit relays. 
CL1 — Clearing lamp for calling cord circuit. 
CL2 — Clearing lamp for ringing cord circuit. 
PCL — Supervisory lamp for clearing signals. 
PRL — Supervisory lamp for ringing signals. 
P1 — Answering cord. 
P2 — Ringing cord. 
K - Speaking and ringing key with pump. 
R9 — Test relay. 
Rl0 — Connecting relay for ringing circuit. 
R11 — Control relay for ringing circuit. 

All relays in speaking circuits are sheathed to 
prevent cross-talk. 

A subscriber A calls the exchange by removing 
his handmicrotelephone, closing the following 
circuit: 

1. Negative, R2, L1 A, L2, R1 and positive. 
The same circuit passes through both coils 

R1 and R2. Since R2 has the greater number 
of windings, it attracts the armature, closing the 
following circuit and causing the lamp AL to glow: 
2. Negative, R1a, AL and positive. 

The operator answers the call by plugging P1 

into LJ and pressing the key K over to 
speaking position, thereby closing the fol
lowing circuits: 

3. Negative, R3, P1b, L1, A, L2, R1 and positive, and 
4. Negative, R4 R1a, L2, Rx and positive. 

R3 and R4 energize and are connected in pa
rallel with R2, reducing the current in R2 and 
increasing the same in R1. The armature is 
released by coil R2 and attracted by R1 causing 
the lamp AL to cease glowing. 

The pressing of the speaking and ringing key 

— 51 — 



to the speaking position brings the operator's 
headgear in circuit over the contacts Ka and 
Kd and the operator answers the call. 

The operator tests the desired line of subscriber 
A1 by placing the plug sleeve P2b against 
the jack spring L21. 

If the line is busy, the following circuit is 
closed: 
5. Negative, R2

1 L1
1 A1, L21, P2b, Ki, Ke, R9 

and positive. 

R9 energizes, closing contact R9a, 
over which the operator receives a 
busy tone indicating that the line is 
busy. 

The operator plugs in the calling cord 
P., in the multiple jack MJ1 and 
presses the key K over into ring
ing position. 

The following circuit is then closed: 

6. Negative, R10, Kh, P2b, L21 R1
1 

and positive. 

Rl0 energizes, an induction current 
being sent out over the following 
circuit: 

7. Induction coil, R10a, R11, Km, P2a, 
L11, A1 L,21 P2b, Kh, Rl0 and nega
tive. 

R11 energizes and the calling lamp receives 
current over the following circuit: 
8. Negative, R11a, PRL and positive. 

Circuit No. 6 keeps the armature of relay 
R1

1R2
1 attracted against the coil R11 and pre

vents the magneto current from causing a flicker
ing of the calling lamp for subscriber A1. The 
ringing signal continues for a period of about 
three seconds, after which the key K automati
cally returns to its normal position, thereby 
closing the following circuit: 

9. Negative, R7, Kf, Ki, P2b, L21 R11 and 
positive. 

R7 energizes and is held over R7b. 

The called subscriber A1 answers by removing 
his microtelephone. 

This causes the closing of the following circuit: 
10. Negative, R8, Kg, Kk, P,a, Lt\ A1 L21 

R 1 1 and positive. 
Relay R8 energizes. The relay R5R6 is con

structed so that current through both coils is 
necessary to attract its armature. 

The subscribers replace their microtclephones after 
the conversation is ended. 

This causes a breaking of circuits Nos. 3 and 

10 in the respective instruments and a conse
quent de-energizing of R3 and R8. 

The de-energizing of R3 causes the following 
two circuits to be closed: 

11. Negative, R4a, R3a, CL1 and positive; and 
12. Negative, R4a, R3a, R6 and positive. 

The de-energizing of R8 causes the following 
two circuits to be closed: 

13. Negative, R7a, R8a, CL2 and positive; and 
14. Negative, R7a, R8a,R5 and positive. 

This results in the lighting of the clearing 
lamps CLt and CL2, and the energizing of relay 
R5R6. The energizing of R5R6 causes the super-
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visory lamp PCL to glow and one call is re
corded by the service meter M: 
15. Negative, R6d, PCL and positive. 
16. Negative, R6c, P1a, M and positive. 

The clearing lamps keep on glowing until the 
operator disconnects, even if the subscribers 
A or A1 should again remove their microtele-
phones, as R5R6 is held directly over contacts 
R5R6a and R5Rsb. 

The operator takes down the connection, there
by breaking all circuits. 
Toll traffic. 

The above described switching process applies 
to local calls. Exchanges with more than 1000 

are equipped with clearing relays and 12-volt 
supervisory or clearing lamps which receive their 
current either from the public power net over 
a transformer or from a common battery. The 
central exchange as well as the private exchange 
receives a clearing signal as soon as the micro-
telephone of the extension instrument is replaced 
on the cradle. 

The cord switchboards are of L. M. Ericsson's 
standard type with pair cords. The main ad
vantage with these boards is that all component 
parts are very easily replaced; also, they need 
only be equipped with the exact number of lines 
and cords required for handling the existing 

traffic, a subsequent increase in 
traffic being taken care of by 
mounting additional standard 
units in the board. 

The telephone instruments are 
of the type which has become 
so popular in Stockholm, War
saw, Moscow and other cities, 
a few minor changes having been 
made, however, so as to permit 
the common use of a greater 
number of parts in both the 
table and wall instruments for 
the sake of simplifying main-
tainance. 

Fig. 4. Part of a Multiple with a Capacity of 36,000 Lines. 

lines are equipped with a junction switchboard 
for making connections with the toll exchange. 
This board has provisions for disconnecting a 
subscriber's line from the local exchange during 
a toll call. 
Private exchanges and subscribers' instruments. 

The private exchanges are operated according 
to the common battery system with a current of 
12 volts' tension. For two, four and eight lines, 
a cordless switchboard with keys is used, ex
changes with from 12 to 100 lines being equip
ped with switchboards of the cord type. The 
switchboards are equipped with indicators 
for incoming calls, the 2-line boards having 
clearing indicators as well. All other boards 

Method of building the nets. 
The L. M. Ericsson system for 

cable distribution — fully described in the pre
vious issue of the »Review» — is being used 
for the local telephone nets. 

In all the larger cities, the cables - - where 
possible — are laid in underground cement con
duits. Within the more central parts of the 
cities, the individual subscribers' lines are carried 
in 2-conductor lead covered cables which are 
fastened to the outside walls of the buildings. 

In the residential and other districts, where the 
subscribers are more thinly distributed, aerial 
cables supported by poles or on the tops of the 
houses are more generally used. Here, the open 
lines consist of bronze wire 1 mm. in diameter or, 
where an insulated line is required, of so-called 

R 274 

- 53 



Hackethal wire. The open lines usually termi
nate on a chimney bracket or small roof stan
dard for two lines, from where they are led 
down into the garret of the building by means 
of rubber insulated wire. Here they are con
nected to 2 or 4-conductor lead covered cables 
which are run down to the subscribers' instru
ments. 

ductor cables have conductors with a diameter 
of 0.7 mm. 

Extension of the plants. 
Lodz. 

In this city, the C. B. exchange which was 
taken over by the Polish Telephone Company 
had been recently built by Siemens for a capa-

Fig. 5. Schematic Diagram for C. B. System with Pair Cords and 2-Wire Multiple. 

Iron wire 3 mm. in diameter is used for rural 
lines. When the number of lines exceeds twelve 
pairs, overhead cable is used, all poles being 
impregnated. 

In the larger cities belonging to the Lodz, the 
oil, and the coal districts, all junction line cables 
are double wound and either laid in conduits 
or carried overhead on poles. 

All cables are of Ericsson's standard make. 
For all main cables as well as for primary 
and secondary distribution cables, conductors 
with a diameter of 0.5 mm. are used, while 
the junction line cables and the 2 and 4-con-

city of 4500 lines. The equipment at this ex
change was in good condition, but subscribers' 
meters were lacking. The modernization of this 
exchange, therefore, was restricted to the in
stallation of subscribers' meters for all the lines, 
but an extension for another 2000 lines will 
probably soon be a matter of necessity. 

On the other hand, the outside net was in an 
exceptionally poor condition. A cement conduit 
line led from the main exchange to a few street 
distribution cabinets in the central part of the city. 
The cables which were run through these con
duits for the service of two city blocks with 

- 54 -

R 272 



underground distribution were in a deplorable 
condition and the same could be said concerning 
the bare wires which were bunched on pole 
lines in the streets of the city. 

After the old net had been put in a state of 
temporary repair, extensive operations for the 
rebuilding of the net were started in the spring 
of 1923, this work being scheduled for com
pletion by the end of 1925. 

The new conduits are figured for a capacity 
of 45,000 lines and run out from a building-lot 
purchased for the erection of a new exchange. 
After the completion of the first extension, the 

R 277 Fig- 6. Typical Placing of Distribution Cabinet in Warsaw. 

main cables from the old exchange will have a 
capacity of 7200 lines, and will be distributed 
to 45 distribution cabinets. The cable net will 
be almost entirely underground. 

Surrounding districts of Lodz. 

New common battery exchanges for 500 lines 
have been installed in rented localities in the 
cities of Pabianice and Zgierz. The nets here 
are being built on the same efficient plan as in 
Lodz. 

Cables for junction lines between these cities 
and Lodz will be laid in cement conduits 
during the present year. These cables will con
tain an unusually large number of lines, partly 

on account of the large amount of traffic and 
partly because some of the larger industrial enter
prises of Pabianice and Zgierz have contracted 
for direct service with Lodz. 

The usual type of P. B. X. switchboards are 
being installed in the smaller towns around 
Lodz, the lines being carried in small overhead 
cables supported by pipe standards on the roofs 
of the houses. 

Lemberg. 
The telephone net of Lemberg, which was built 

according to the methods used by the former 

R 276 Fig. 7. The Old Exchange at Bialystok. 

Austrian telegraph authorities, had a capacity 
of 4500 lines and was in a fairly good condi
tion. The only work necessary for its adaption 
to the common battery system, therefore, con
sisted in minor adjustments, the replacing of 
iron wire with bronze wire and the improve
ment of the lines leading in to the subscribers' 
instruments. 

The main exchange, on the other hand, proved 
to be in an exceptionally poor condition. The 
insistent demands of the authorities as well as 
of the public resulted in the construction of a 
temporary C. B. exchange for 3000 lines, housed 
in the same building as the old exchange. This 
had been anticipated already before the conces-
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sion had taken effect, so that L. M. Ericsson 
was able to deliver the necessary material already 
in the latter part of 1922. 

The new exchange was ready for service in 
August 1923 and the connecting up of new sub
scribers could immediately take place. Almost 
all the available lines had been connected up 
by the end of 1924, and the exchange is now 
being extended for a total capacity of 6000 lines. 

Building operations for the modernization of 
the cable net are to be begun during the present 
year in those parts of the city where the demand 
for new subscribers' stations is greatest. New 
main cables with a capacity of 2100 lines are 
to be run to these parts of the city from the 
present exchange. 

Lublin. 
In this city, a new 3-story building with faci

lities for housing a main exchange for 10,000 lines, 
offices, stock rooms and lodgings for the super
intendent, has been erected on a newly pur
chased building-lot. 

The new telephone exchange as well as an 
entirely new net for 1500 subscribers' lines will 
be put in operation during the present year. 

Bialystok. 
Rooms for housing the new exchange have 

here been provided in the old exchange building. 
The new exchange equipment is to be erected 
during the current year as well as an almost 
entirely new net for 2000 subscriber. 

The petroleum fields. 
A three story building similar to the one in 

Lublin has been erected in Boryslav, the principal 
city of this district. This exchange building 
has an operating room with accomodations for 
a maximum of 3000 lines. The initial capacity 
of the exchange is 1000 lines. 

An entirely new net for 1000 subscribers' 
lines has been built indepedently of the old one. 
Contrary to the others, this net is built almost 
entirely with aerial cables carried on poles. Only 
in the side street where the exchange is located 
have cement conduits been laid. It was found 
impossible the place conduits in the main street on 
account of the great number of oil pipe lines, 

but those parts of the main cables which had to 
be placed underground have been run parallel 
with the oil pipes and are protected by angle-iron. 

As the buildings are of a too primitive type 
of construction to support any kind of a load, 
the distribution is accomplished by means of 
bare wires from distribution poles. 

The coal district . 

The three important cities of Sosnowiec, Bed-
zin and Dabrowa arelocated within this district. 

The nets and exchanges which were here 
taken over by the Polish company were all in a 
deplorable condition. 

The rental laws which were in effect after the 
war made it practically impossible to obtain any 
suitable premises for the new exchanges, causing 
serious delay in the work. The Sosnowiec 
exchange was put in operation in January 1924 
and Bedzin in September of the same year. 
In Dabrowa, it was impossible to get the de
sired premises vacated until November 1924, so 
that this exchange is not yet completed. 

Cement conduits have been laid between 
Sosnowiec and Bedzin for the cables carying 
the junction traffic between these cities. A double-
wound cable will be drawn through this conduit 
before the end of the year. 

The table on the next page gives an idea of the 
scope of the above-mentioned work, partly at the 
completion of the first stage of the extension work, 
i.e. at the close of 1925, and partly of the end of 1924. 

The connecting up of new subscribers was 
begun as soon as the new exchanges had been 
put in operation and all the old subscribers 
transferred. In Lemberg the net has experi
enced a steady growth with about an equal 
number of new subscribers each month. In Lodz 
and the coal district, however, where the general 
depression following the war was most keenly 
felt, the number of subscribers did not increase 
to any appreciable degree until during the latter 
half of 1924. The following figures give the number 
of old instruments replaced by C. B. instruments, 
as well as the number of newly installed C. B. 
instruments up to December 31st 1924, and in
clude only those districts in which new common 
battery exchanges have been put in operation. 
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Number of Number of 
Instruments newly installed 
replaced by C. B. instru-

C. B. ments. 
Dec. 31st 1924 Dec. 31st 1924 

Lodz and surrounding district 115 2006 
Lemberg 1414 1614 
The coal district 328 649 
The oil fields 210 — 

Total 2062 4269 

Simultaneously with the work executed in the 
provinces, extensive rebuilding and new con
struction work has been carried on in Warsaw, 
some of the more important items being men
tioned in the following. 

A five-story building with rooms for the main 
stock, the work shop and operators lunch room 
has been erected on the building-lot Zielna 37—39. 
Subscribers' meters have been installed for each 
subscriber's line at the central exchange. The 

cement conduit lines have been increased with 
9.59 kilometres of conduit, giving the ducts a 
a total increase in length of 14.03 kilometres. 
37.85 kilometres of cable, consisting of 3641.56 
kilometres of two-conductor lines, have been 
added to the underground net. 14.57 kilometers 
of cable, containing a total of 365.26 kilometres 
of two-conductor lines have been added to the 
aerial net. These recent additions to the under
ground and aerial cable nets have in part 
been utilized for the modernization of 2870 
subscribers' lines in the suburbs, the old lines 
consisting of bare wires which were led from 
from large distribution standards on the roofs 
of the buildings. Lastly, as many as 2800 new 
telephone instruments were connected up to the 
Warsaw net by the 31st of December 1924. 

B. L—n. 
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Underground Cable Construction with Cement Conduits. 

When cables first began to be used in the in a trench which was then filled with earth — 
construction of city telephone nets they was resorted to. 

were always placed underground for the simple The repair of old cables or the laying af new 

K 16 Fig. 1. Laying a Conduit Line in Mexico City. 

reason that their excessive weight precluded all ones, however, necessitated the tearing up of the 
possibility of supporting them on poles. At streets, for which reason this system was even-
that time, the present day methods of laying tually abandoned. It is still used, however, in 
cables in conduits were unknown, and the most localities where the streets are paved with very 
simple method — i. e. the laying of the cable cheap material and where the subscribers are so 
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sparsely distributed or the concession is for such 
a short term that a more permanent and expen
sive system would not yield any interest. 

With the advent of the modern dry-core lead 
covered type, however, it was found possible 
to run telephone cables overhead, supported by 
means of steel messenger wires. This method 
is not advisable in large and widespread nets, at 
least insofar as the main cables are concerned, 
for the reason that their number soon becomes 
so great that their running up on pole lines or 
over house tops is attended with serious diffi
culties. 

In Stockholm, the telephone very soon became 
a popular means of communication and statistics 
show that in 1885 not less than 4978 telephones 
were connected up to the city 
net, amounting to 232 telephone 
instruments per 10,000 inhabi
tants. Actually, this was a greater 
number than in any other Europan 
city; compared with the number 
of inhabitants, it constituted a 
world's record. Naturally, many 
other larger cities have since sur
passed Stockholm as to the actual 
number of instruments, but this 
city has retained a leading po
sition in regard to the density 
of its telephones with over 25 
subscribers per 100 inhabitants. 

The rapid development experienced by the 
Stockholm net soon required the early solution 
of problems which arose as to the practical and 
economical running of the subscribers' lines. 
For the purpose of remedying existing conditions, 
Stockholms Allmanna Telefonaktiebolag (The 
Stockholm General Telephone Co.) in 1889 sought 
the permission of the city authorities for the 
laying of underground cables. This permission 
was not granted until 1891, and then only with 
much hesitancy and on very stringent terms, as no 
method was then known for the laying of such 
cables without tearing up the street pavement. 

In 1890, H. T. Cedergren, engineer and mana
ging director of the above company, caused a 
conduit of concrete to be manufactured, this 

same design — with only a few minor changes 
and modifications — still being used by the 
Ericsson concern for all underground cable con
struction. It has also served as a pattern for 
several other telephone companies. It was se
veral years, however, before the city authorities 
were convinced of the great advantages of this 
system and the extensive construction work for 
the building of Stockholm's underground cable 
plant did not gain any appreciable headway un
til 1895. 

A conduit system for telephone cables cannot 
be termed efficient unless it fills the following 
requirements. 
a. It shall permit all necessary cable work to be 

accomplished in a simple and efficient manner 
without interfering with street 
traffic. 

b. It shall possess the necessary 
strength to withstand mecha
nical injury by tools used in 
roadbuilding or other similar 
work. 

c. It shall possess the necessary 
strength to withstand heavy 
traffic loads. 

d. It shall be absolutely non-
conductive for electric cur
rents, thus protecting the 
cables from corosion by va
grant earth currents, danger 

from this source being greatest in cities with 
poorly constructed electric tramway nets. 

e. Gases which may cause dangerous explosions 
shall be prevented from entering the ducts. 

f. It shall be waterproof. 
g. It shall be moderate in price. 

Before we go on with our description of the 
Swedish system of underground construction, we 
will, for the sake of comparison, touch on conduits 
of iron, wood and vitrified clay or terra-cotta tile-

Iron pipes were used as cable conduits at a 
very early date. Corosion by rust, however, 
soon makes it well nigh impossible to even 
withdraw a cable without damaging the lead 
sheathing; iron pipe conduits, therefore, were 
abandoned after a very short time. 
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Conduits of impregnated wood construction vantages, however. In the first place, they cannot 
have been used to some extent in the United be made watertight, and the cable, therefore, is 
States, in cities where the otherwise customary not protected from damage by electrolysis. Also, 

K 20 K 21 

vitrified terra-cotta tile construction has proved the conduits and manholes easily become water-
unsuitable on account of the settling of the filled. Furthermore, gas may easily gain access 
ground or because of the constant vibrations and cause explosions. It may be well to 
occasioned by the heavy traffic. mention here, that electrolysis is often respon-

Wooden conduits have a great many disad- sible for the formation of oxihydrogen gas, the 
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Fig. 3. Cement Conduits. 
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Fig. 4. Plan showing Extension of..the Stockholm Underground Net in 1916 
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presence of which may result in very serious 
explosions. Another disadvantage is that their 
length of life is comparatively short. 

Vitrified terra-cotta tile, on the other hand, has 
been very extensively used for this purpose. Tile 
conduits are made with square ducts and gene
rally have the cross-section shown in fig. 2. 
They are seldom made with more than 6 or 8 
ducts, however, on account of their fragility. 
When a greater number of ducts are required, 
two or more conduits are placed side by side. 

Tile conduits are laid on a well smoothed bed 
of concrete, and the joints are wrapped with 
strips of cloth dipped in asphalt. The conduits 
are then covered with a layer of concrete — on 
both sides and top — from 8 to 10 centimetres 
thick. 

R 295 Fig- 5. Details of 7-duct Cement Conduit. 

On account of its rigidity, this system is not 
the most suitable for localities where frost, earth
quakes, etc., cause upheavals or settling of the 
ground. The least settling of the ground will 
cause the conduits to crack, thus often damaging 
the cables or even making it impossible to run 
new cables through the ducts. 

Fig. 2 shows a section through a 16-duct 
conduit built up of four 4-duct vitrified tiles. 

The manufacture of tile conduits requires spe
cially constructed machinery as well as ovens 
for glazing. As a result, the manufacture must 
take place in special factories, often necessitating 
long and expensive transportation with atten
dant breakage, all of which greatly increases the 
first cost. 

The Swedish conduit system. 

In fig. 3 are shown the seven different types 
of conduits which have been used by the Erics
son concern in the construction of underground 
cable nets. As may be seen, the conduits are 

manufactured with 1, 2, 3, 4, 7, 19 and 37 ducts. 
The reason for adopting such odd numbers of 
ducts is merely that the cross section is thus 
best utilized. As a matter of fact, we find that 
these same figures also represent the standard 
numbres of strands in steel wire cables, etc. 

The mix used in the manufacture of these 
conduits consists of one part cement and three 
parts sand. The effective length is 1 metre for 
all types. 

An important feature is that these conduits 
can be made without the use of any special 
machinery. This makes possible the manufacture 
of the conduits in the immediate neighbourhood 
in which they are to be used, thus effecting a 
considerable saving in freight and transportation. 

Collapsible steel forms are used, into which 
the fairly stiff cement mix is well tamped. The 
outer form, together with the cylinders which 
form the ducts, are then removed, the conduits 
being protected from the sun and kept moist 
by sprinkling during the early part of the curing 
process. 

A thin coating of asphalt is applied to the 
walls of the ducts to make them perfectly smooth 
and reduce friction to a minimum, thus protecting 
the lead sheathing from abrasion when running 
the cables through the ducts. The asphalt also 
helps to make the conduits waterproof. 

The main difference between this type of conduit 
and other types, however, is that the joints have 
a certain amount of elasticity. This is attained 
by filling the joints with a warm mixture of two 
parts asphalt and one part mastix, the ducts 
being temporarily plugged with hemp yarn to 
prevent the mixture from entering and filling 
them up. 

Table of weights for cement conduits. 

Where possible, conduits should always be 
laid under the foot pavement or sidewalk and 
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Fig. 6. Manhole for 19 to 37-duct Conduit Line. 
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at a depth of from V2 to 1 metre, measured from 
the top of the conduit. 

A manhole in which all cable splices and 
branchings to side streets are made is built at 
every street crossing. When the length of a 
city block exceeds 125 to 130 metres a manhole 
is usually placed in the middle of the block too, 
as it would otherwise by very difficult to run 
the heavier cables through the ducts. 

The manholes are made entirely of concrete. 
A 1:5:7 mix is used for the floor and side 
walls, while the vaulted roof is reinforced and 
poured with a 1:3:3 mix. The manhole covers 
may be made of either reinforced concrete or 
cast iron. 

The duct openings in the manholes are pro
vided with protective iron shields, these shield's 
being furnished with hooks of malleable iron 
for holding the pulley through which the pulling 
rope is run. The shields also prevent the thin 
partition walls between the ducts from being 
broken through when running cables into the ducts. 

The manholes are built in three standard sizes, 
one for 19 to 37-duct conduits, one for 7-duct 
conduits and one for 3 to 4-duct conduits. Fig. 
6 plainly shows the construction of one of the 
largest size manholes. The method of supporting the 
cables on specially constructed cast iron brackets 
is also shown. For 1 to 2-duct conduits, the 
manholes are generally replaced by small so-
called splice boxes. 

The space around the cables at the duct open
ings is well sealed with oakum and so-called 
cable putty, thus protecting the lead covering 
from injury by the iron shields. The cable putty 
consists of 2 parts linseed oil, 1 part vaseline, 
1 part paraffin and 1 part rosin; these ingredients 
are melted together, after which powdered chalk 
is stirred into the liquid mixture. The putty is 
to be slightly warmed before use. The sealing 
also prevents gas from entering the ducts, and 
the openings of all the empty ducts should be 
tightly sealed for this same reason. 

B. K 
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The Electric Interlocking Plant at the "Boras Lower" Station. 

The city of Boras, in the Swedish province of 
Vastergotland, has long been an important 

centre for the flourishing industries of the sur
rounding country. Three quarters of a century 
ago, when the small home industries or home 
slojd — as they are called in Sweden — were 
at their height, the roads were the only means 
of communication. Soon after, however, the 
larger industries began to make their appearance, 
and with them the railways. 

At the present time we find Boras furnished 
with excellent railway communications. To the 
North we have the Boras—Herrljunga Railway; 
to the West, Gothenburg is reached by means 
of the Goteborg Boras Railway, while the Var-
berg—Boras Railway runs in a southwesterly 
direction to the city of Varberg. The most re
cent, but by no means the least important, is 
the Boras—Alvesta Railway, towards the south
east. All of these railways terminate in the Boras 
Lower Station, thus making it a very important 
multiple junction. Two years ago, the great in
crease in traffic necessitated the rebuilding and 
enlarging of this station. The passenger station 
was furnished with wide platforms between tracks 

II and III and between tracks IV and V — see 
above track plan — and the shunting station 
was furnished with a double incline, thus simp
lifying the numerous switching operations occa
sioned by the interchanging of cars between the 
various railways. 

The only satisfactory way of making efficient 
use of the station area and of handling incoming 
and outgoing traffic with perfect safety was by 
installing an interlocking plant, the choice lying 
between a mechanically or an electrically operated 
system. An electric plant was finally decided 
upon, after exhaustive investigations had proved 
this system to be the most suitable under the 
existing conditions. 

Signalbolaget (The Signal Co.) was entrusted 
with the task of installing the plant, of which 
the electrical devices and cables were furnished 
by L. M. Ericsson, and the semaphores, skotch 
blocks and other mechanical details were fur
nished by the Avos Company of Orebro. 

The plant comprises two interlocking ma
chines, the one for the passenger station and 
the other for the double incline of the shunting 
station. 
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The Passenger Station. 

On account of the restricted space, it was 
found necessary to place the signal tower for 
the passenger station on a structural steel con
struction bridging track VI, as shown in fig. 1. 
The interlocking machine, shown in fig. 2, is 3.9 
m. in length and is furnished with 16 signal 
levers, 21 point and skotch block levers, 6 point 
locking levers, 1 lever with control lock, and 1 
crossing gate lever. 8 incoming and outgoing 
signals, 3 shunt signals, 30 
points, 2 skotch blocks and 
1 pair of crossing gates are 
controlled by the aid of the 
interlocking machine, while 
10 points and 3 skotch 
blocks are directly locked 
and 1 point and 1 skotch 
block are locked by means 
of the lever with control 
lock, also by the aid of the 
interlocking machine. 

The number of track com
binations is 25, distributed 
over tracks I to VIII; tracks 
I to V being for passenger 
trains and tracks VI to VIII 
for freight trains. All of 
the tracks are blocked from 
the office of the station 
master, in which 25 block 
field instruments are placed. 

The station master gives the interlocking machine 
operator permission — by means of these block 
field instruments — to clear a certain track. The 
incoming or starting signals cannot be set from 
the interlocking machine without such permission 
having been given and not until all points released 
by the station master have been set. 

The station master's office also contains track 
circuit locking with release for incoming trains. 
The circuit for an incoming track is automatically 
locked after the track is cleared and it is im
possible to lay over any of the points in this 
track until the track circuit has been released by 
the station master after the train has arrived and 
has pulled up at the station. 

Track circuit locking for outgoing tracks has 
also been arranged for. In this case, however, 
the track circuit is released by the outgoing 
train when its last axel passes a suitably placed 
insulated rail provided with a rail contact. 

The incoming semaphores for two of the rail
ways are three-armed (A 1/2/3 and I 1/2/3), and 
two-armed (B 1/2 and H 1/2) for the two others. 
Three of the incoming semaphores are furnished 
with distance signals. The starting semaphores 

Fig. 2. 
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are one-armed, only one having been erected for 
each railway, i. e. semaphores C and D at the 
west end and E and F at the east end of the 
station. A great saving has thus been accomp
lished, as otherwise one semaphore would be 
required for each track from which a train 
starts, such a semaphore being two-armed for 
a track used by two railways. Any danger 
that a wrong outgoing track be cleard is entirely 
eliminated, however, as all tracks are blocked 
from the station master's office, as previously 
stated. 

Those points which may be set from the 
interlocking machine are, generally speaking, such 
as are necessary for the clearing of the tracks; 
this latter can thus be conveniently accomplished 
from the signal tower. These points, however, 
may also be set locally, thus avoiding the ne
cessity of constantly having a man stationed at 
the interlocking machine during switching ope
rations. For this purpose, a system devised and 
patented by L. M. Ericsson's has come into use. 
The lever in the interlocking machine with which 
a certain point is controlled is furnished with a 
solenoid, this latter being connected to a pedal 
contact on the point in question. When the 

Fig. 4. 

point is to be set, the pe
dal contact is actuated. This 
brings the solenoid in cir
cuit and actuates the lever 
in exactly the same manner 
as if done by hand. A dia
gram of this arrangement 
is given in fig. 3, the sole
noids being visible under 
the axel contacts shown in 
fig. 4, which gives a rear 
view of the interlocking 
machine with panels remo
ved. After a track has been 
cleared, the point lever is locked in position by 
means of the cross locking gear and the circuit 
between the solenoid and the pedal contact is 
broken, thus giving a two-fold safeguard against 
the local setting of a point. 

A point with skotch-block in the incoming 
track from Sandared, situated about 700 metres 
from the signal tower and leading to a factory 
side-track, is locked by means of the lever with 
control lock in the interlocking machine. When 
a train is to be directed onto this side-track, a 
point lock key is detached from the interlocking 

machine and brought along 
on the train for the un
locking of the point and 
skotch block leading to the 
side-track. When the train 
returns to the station, the 
point and skotch block are 
again locked, thereby re
leasing the key and leaving 
the point and skotch block 
locked in the correct posi
tion for through-traffic on the 
main track. The key is then 
returned to and inserted in 
the interlocking machine. 
As long as the key is re
moved from the interlocking 
machine, there is no possibi
lity of setting signals to clear 
for incoming or outgoing 
trains to and from Sandared. 
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The crossing gates which are electrically con
trolled from the interlocking machine are placed 
at a grade crossing situated between the sema
phore and the distance signal for the incoming 
track from Ganghester, about 600 metres from 
the interlocking machine. One of the gates with 
the electric driving mechanism is shown in fig. 
5. The gates are constructed in accordance with 
the specifications contained in the Swedish statute-
book, number 318, concerning warning signals 
and safety devices, etc. at grade railway cros
sings. The warning lanterns are furnished with 
electric lamps, control lamps being mounted in 
the interlocking machine. The lanterns are dark 
when the gates are up, but are put in circuit as 
soon as the gate lever in the interlocking machine 
is set for the lowering 
of the gates and the dri
ving mechanism starts 
functioning. 

The Shunting Station. 

The interlocking ma
chine for this station is 
of the smallest standard 
size — length 1.35 metres 
— and is placed in a low 
signal cabin, shown in 
fig. 6. It is mounted with 
7 point levers for con
trolling the points in the 
double incline and two 

R 285 Fig . 6. 

locking levers for the locking of two points. 
Also, the interlocking machine is equipped with 
2 co-operating levers for commnnication with 
the interlocking machine at the passenger station, 
as it is necessary to lock some of the points 
controlled by the shunting interlocking machine 
when admitting trains from the East over pas
senger tracks VI and VII. 

The points of the double incline have also been 
arranged for local setting by means of pedal con
tacts, as previously described. This arrangement 
has been resorted to so as to permit swit
ching over these points without having to use the 
double incline and its interlocking machine, which 
is to advantage under certain circumstances. 

The points controlled by the interlocking ma
chine have been equipped 
with arrangements for 
preventing a too early 
setting of the same. This 
is accomplished by means 
of a locking magnet on 
the lever combined with 
an insulated rail at the 
point in question. 

The Power Plant. 

The electric current 
required for the inter
locking plant is supplied 
by three Nife storage bat-

Fig. 7. teries, each with a capa-
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city of 34 amp. hours. During the same day, 
one of the batteries supplies current of 130 volts' 
tension for the motors at the points and signals, 
a second battery supplies a 30-volt current for 
the relays, control magnets, electromagnetic 
clutches for the signal driving mechanisms, etc., 
while the third battery is being re-charged. On 
the following day the batteries are switched about 
so that 30-volt current is taken from the battery 
which furnished a 130-volt current on the pre
ceding day, the 30-volt battery is being re-char-

A contract for the furnishing and installation 
of equipment for a new full automatic tele

phone exchange in Stockholm has recently been 
signed between L. M. Ericsson and the Swedish 
Telegraph Administration. The order includes 
as well all necessary equipment for junction 
traffic with the existing manual exchanges. The 
new plant will be completely equipped for 20,000 
lines from the very start, this number being the 
largest ever installed in any single full automatic 
exchange in Europe. 

This exchange will include subscribers in the 
more central parts of the city, i. e. the oldest part 
of Stockholm — quaintly called »the city bet
ween the bridges» — and the lower »Norrmalm», 
thus replacing the old exchange for manual di
stribution — located near the wharf — which, 
at the time of its construction, was the first of 
its kind. 

»North Vasa», the first automatic exchange to 
be built in Stockholm, was put in operation in 
February 1924, at which time it had a capacity 
of 5000 lines. This exchange is now being ex
tended, whereby its capacity will be increased 
to 10,000 lines. 

According to a statement made by Mr. Lignell 
of the Royal Telegraph Office it is the intention 
of this department to gradually introduce machine 
switching over the whole city of Stockholm, and 
it is estimated that this city will be giving auto
matic service to all of its 110,000 subscribers 
by 1935. 

ged, while the freshly charged battery is used 
for supplying a 130-volt current. The batteries 
are thus switched about once every day, or of-
tener, if required. The batteries are charged from 
the public net - 220 V. A. C, 50 periods -
by means of a transformer. The power plant 
is housed on a lower floor of the signal tower, 
the switch-board, however, being placed in the 
same room as the interlocking machine (see 
fig. 2). 

E. G, W. 

Next in order will be the Kungsholm exchange, 
with 15,000 lines, and later on four more ex
changes. 

In a coming issue, »The L. M. Ericsson Review» 
will publish some descriptive information con
cerning these installations and the junction traffic 
with the manual exchanges. 

The Telegraph Administration has also decided 
to introduce automatic switching in Gothenburg 
and has contracted with L. M. Ericsson for the 
delivery of the necessary equipment for an auto
matic exchange of 12,000 lines, constituting the 
first stage in this work. The order also includes 
all necessary equipment for junction traffic with 
the existing manual exchanges. 

The traffic from the automatic to the manual 
exchanges will be handled by special B-positions 
with call indicators. Incoming junction traffic 
to the automatic exchange is arranged in two 
different ways, depending on whether the call 
originates at a common battery or a magneto 
exchange. For C. B. exchange calls, the service 
is handled over semi-automatic B-positions while 
the junction lines from magneto exchanges ter
minate in manual positions with multiples for 
the automatic lines. 

The Gothenburg automatic plant is intended 
for 115,000 lines of which 80,000 will have 5-
digit numbers and 35,000 6-digit numbers. 

New Automatic Equipment for Stockholm and Gothenburg. 
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Secret Intercommunication System with Key Switching. 

As has been pointed out in this journal (see 
article on Private Automatic Exchanges, Vol. 

II, Nos. 1 & 2) it is advantageous, under certain 
conditions, to use intercommunication telephone 
systems, one of the most important conditions 
being that the plant shall be restricted both as 
to the number and the length 
of the lines, i. e. the dis
tance between the various 
telephones must not be too 
great. One advantage that 
this system possesses in 
common with the automatic 
systems is that it is always 
ready for use, even outside 
of office hours; in other 
words, it is independent of 
the service of an operator. 

For plants where these 
conditions exist, the inter
communication system pos
sesses decided advantages 
from a technical as well as 
economical point of view. 
Also, intercommunicating telephone sets have 
been manufactured and sold by the L. M. Erics
son works at Stockholm for quite a number 
of years, the various types — both secret and 
non-secret — being designed for the selection 
of a desired line by means of a rotary switch. 
These instruments are very extensively used 
by the Swedish Telegraph Administration for in
stallations which are connected up to the public 
telephone net. 

In many countries, however, a certain, predi
lection has been found to exist for intercom
munication sets with keys for the selection of a 
desired line, such a telephone instrument neces
sarily requiring as many keys as there are lines 

in the system. For this reason, the L. M. Ericsson 
works in Holland have taken up the manufacture 
of such telephone instruments, the accompanying 
figure giving a view of one constructed for five 
internal lines and two exchange lines. 

The seven keys on the sloping front panel 
are for the internal and ex
change lines, the exchange 
lines being also equipped 
with lamps which denote 
if the line is busy. On the 
top of the instrument and 
to the right is a ringing key 
whereby the line which has 
been connected is called up, 
and to the left is a release 
key to be used when, dur
ing a standing call over an 
exchange line, one again 
wishes to connect up with 
the waiting exchange line 
after having made a tem
porary internal call. 

The apparatus has been 
constructed with a view towards meeting the 
following requirements: 
1. It shall be possible to make both internal 

and exchange calls from the same telephone 
instrument. 

2. The telephone instrument shall be equally 
suited for use in connection with either a 
magneto, common battery or full automatic 
exchange. 

3. Conversations shall be strictly secret, i. e. 
during a conversation over an internal and 
an exchange line, it shall be impossible to 
listen in over any other telephone instru
ment in the system. 

4. After a call has been established over an 

— 70 — 

R 262 



exchange line, it shall be possible to get in 
communication with another internal telephone 
without breaking the exchange conection. 

5. When making a call, it shall be possible to 
remove the microtelephone from the cradle 
either before or after the manipulation of the 
keys. 

6. If the desired line is idle, the line key shall 
remain depressed; otherwise it shall imme
diately return to its normal position. 

It has been possible to obtain the above cha
racteristics by the aid of keys provided with 
electromagnetic holding. The inside wiring of 
the instrument is such that the holding coils of 
the keys cannot be put in circuit unless the 
desired line is idle. For this purpose a relay 
with two windings is used which can energize 
and thereby connect up a line only when 
it is idle. This relay is constructed so that 
both its windings are connected in series before 
the connecting up of a line, whereas its arma
ture is held by the winding with the lower re
sistance. It is therefore impossible for the relay 
of an engaged telephone instrument to energize 
when this telephone is called from some other 
instrument. 

Private internal calls. 

These are made in the following manner: 
The key of the desired line is depressed. If 

the line is disengaged, the key will remain in 
its depressed position. If, on the other hand, 
the line is busy, the key will return to nor
mal. 

After having ascertained that the desired line 
is disengaged, a ringing signal is sent out to 
the called number by depressing the ringing 
key placed on the top of the instrument. 

The removal of the microtelephone may take 
place either before or after the keys are actuated. 

At the end of the conversation, the micro-
telephone is replaced on the cradle, thereby 
automatically causing the line key to return to 
its normal position. 

When a conversation is ended, it is possible 
to make a new call immediately without first 

having to replace the microtelephone; simply 
press the key of the desired line and the pre
viously depressed line key will be automatically 
restored to normal. 

When answering a call it is only necessary 
to remove the microtelephone, after which the 
conversation may immediately take place. 

Calls over a public exchange line. 

These are made in the following manner: 
The key of the desired line is depressed. If 

this line is disengaged — which is ascertained by 
the fact that the key remains in its down posi
tion — and is connected up with a local battery 
exchange, this exchange can be called only by 
also actuating the ringing key. If, on the other 
hand, the public exchange is built according to 
the common battery system, the call is com
pleted after the pressing down of the line key 
and the removal of the microtelephone. 

The key of an engaged exchange line will 
return to normal after having been pressed 
down. A lamp which is located beside the 
key will start glowing as soon as the key is 
depressed, thereby denoting that the line is busy. 
This lamp ceases to glow when the key is re
leased. 

With a magneto system it is necessary, at the 
end of a conversation, to give a clearing signal 
by pressing down the ringing key before the 
microtelephone is replaced. With a common 
battery system, it is only necessary to replace 
the microtelephone, thus automatically releasing 
the line key. 

During a central exchange call, it is possible 
to make a temporary connection with another 
internal telephone instrument without having to 
break the exchange connection. Such a connec
tion is made by first pressing down the key of 
the desired internal line, after which the ringing 
key is actuated. Meanwhile, the called sub
scriber on the public net remains connected, 
but is blocked and unable to listen in on the 
internal conversation. When this latter is fi
nished, the release key is depressed, thereby 
disconnecting the internal line and automatically 
reconnecting the waiting exchange subscriber. 
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Incoming exchange calls. 
All incoming exchange calls are received by 

a certain predetermined apparatus, from which 
they are distributed to the respective internal 
telephones. The person who first receives the 
call, in turn calls up the wanted party who is 
then requested to depress the key for this ex
change line. This key is held in its down posi
tion until the lamp, which glows simultaneously 
with the pressing down of the key, again ceases 

to glow. The release key on the receiving in
strument is then depressed, whereby the ex
change line key on this instrument is released 
and returns to normal. In this manner it is 
possible to distribute incoming calls over any 
desired internal line. 

Quite a number of incommunication telephone 
plants built according to this system are now 
in operation in Holland and are giving satis
factory service. Ntz. 

News Items concerning Automatic Installations by L. M. Ericsson. 

Angora, the new capital of Turkey, and situated 
on the plateau in the interior of Asia Minor, is 
now experiencing conditions of rapid develop
ment. The change from the position of a com
paratively insignificant provincial town to that 
of the country's capital city has caused Angora 
to enter on a new phase. The importance attached 
to a city which is the seat of the government 
as well as the place of residence of the president 
has brought about a great advancement in every 
respect, modern means of communication occupy
ing one of the foremost positions. The stately 
edifice of the new post office, for instance, — 
in which the new automatic telephone exchange 
will be housed — was opened to the public on 
June 1st. 

On May 28th of this year, a contract was 
signed with L. M. Ericsson for the delivery of 
a full automatic telephone exchange for Angora 
with a capacity of 1000 subscribers' lines. It is 
estimated that this exchange will be in operation 
by May of next year, and provisions for a pos
sible extension up to a capacity of 10,000 lines 
will be made. 

The new outside plant which is now nearing 
completion consists of underground cables, nearest 

the exchange. Further distribution is accomplished 
by means of aerial cables, with open wire con
struction in the more distant zones. 

The contract for this work has been obtained 
through the offices of »The Swedish-Oriental 
Trading Company» of Constantinople, L. M. 
Ericsson's representatives in the Orient. 

The previously ordered manual exchange, men
tion of which was made in Vol. I, Nos 11 & 
12 of this journal, has not yet been put in 
operation and, by reason of this new order for 
an automatic exchange, will now be erected at 
some other place. 

Information has recently been received from 
Rotterdam that the automatic exchange No. 2 
has now been opened for traffic. The initial 
capacity of this exchange is 4000 lines, giving 
Rotterdam a present total of QOOO lines with full 
automatic service. 

L. M. Ericsson has also received information 
from Parkview and Rosebank, suburbs of Johannes
burg in South Africa, as well as from Verona, 
that their new automatic exchanges have been 
opened for the use of the public. G. G. 
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