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The Activities of Max Sieverts Fabriks Aktiebolag.

A Retrospect. By Oftto Sundell.

Since there has been expressed a wish that various
articles touching on the activities of the Sievert
Cable Works should appear in an early number of
“The L. M. Encsson Review” — the ownership of
these works having been transferred to the Ericsson
concern on July Ist, 1928 — it is with a feeling of

Max Sievert.

pleasure and satisfaction that I will now attempt to
present a somewhat concentrated retrospect of the
history of the Sievert company.

On the 17th of May last it was just forty years
since the brothers Max and Ernst Sievert began the
work which was to develop into that industrial enter-
prise which has now gone over to .. M. Ericsson,
May 17th 1888 being the date on which the winding
of electric wire was first started in a little rented room
in Sundbyberg — just outside of Stockholm — which
to this day forms a part of the Sievert cable works,
and it was at the instigation of I.. M. Ericsson that
this work was taken up.

It was in the early eighties that the American Bell
company gave Stockholm its first telephone net, and

it was at about this time that .. M. Enicsson con-
structed the first Swedish telephone instrument, which
was pronounced by experts to be far superior to the
American ones. Hand in hand with the ever in-
creased popularity of the Ericsson telephones — which
were introduced first in Stockholm, then in Gothen-

R 10s9 Ernst Sievert.

burg, Malmd, Sundsvall and other places in Sweden

more and more serious efforts were made to give
preference to telephone matenial of Swedish make in-
stead of the imported American material which had
been used up to this time. The greater part of the
wire used in the winding of induction coils for the
Ericsson phones was obtained from “Max Sieverts
Maskinaffir”, a company formed by Max Sievert
immediately after his arrival in Sweden in 1881. In
order to avoid imports as much as possible, however,
Ericsson made the suggestion that the insulation of
the wire for the induction coils be done in Sweden,
and he put the guestion to Max Sievert whether this
line of manufacture would not appeal to him and his
vounger brother Ernst, at that time gaining experience



in the foundry of the Bolinder Machine Shops in  fore continuing with the relation of the development
Stockholm. This proposition — which had its con-  of this concern.
ception in Ercson’s unbounded confidence in the Max Sievert was born in 1849 and his brother

R 1091 The Sievert Factory in the Nineties.
brothers Sievert as well as in his farsightedness — Emst in 1863 in Zittau, Saxony. The former came
was accepted and this “handycraft”, as previously to Stockholm in 1881, at which time he founded
mentioned, was started in a small room in Sundby- “Max Sieverts Maskinaffar” which later developed
berg on the 17th of May 1888. into Aktiebolaget Max Sievert. He also founded the

r toe2 Parlt View of the Present Works, North Exposure. R 1003 Part View of the Present Works, from Vasa Streel.

Since the unwonted expansion of this “handycraft” Alpha manufacturing concern in Sundbyberg, the pre-
during the passed forty years is mostly due to the two  sent “Aktiebolaget Alpha” (The Alpha Company,
leaders Max and Ernst Sievert, I will beg permission Ltd.). Up to his death on June 2nd, 1913, Max
of my readers to give a few personal impressions be-  Sievert was the leader of all three companies, i. e. the



wire and cable works in Sundbyberg, the machine
company in Stockholm and the Alpha concern in
Sundbyberg. The technical leadership of the wire
shops in Sundbyberg was placed in the hands of Ernst
Sievert from the very beginning, however, and after
Max Sievert's death he became managing director of
the same. Since 1895 the wire and cable works have
operated under the form of a stock company and under
the name of “Max Sieverts Fabriks Aktiebolag”.

The reasons for the exceptional growth of the Cable
Works are quite naturally to be found in part in the
existing general conditions, but also to quite a large
extent in the power of the leaders of this concern to
take advantage of these conditions in a wide-awake
and farsighted manner. As we are well aware, the
development of telephone communications in Sweden
dates back to the early eighties and there is no doubt
but that wie have Lars Magnus Ernicsson to thank for
the fact that Sweden has advanced to the foremost
ranks among those nations in which the telephone
1s most widely used and where the quality of this
means of communication stands on the highest level.
The development of the Sievert company in the field
of applied low tension electricity is therefore directly
connected with that of the telephone, and it is already
some years back since the Sievert Cable Works — in
ccoperation with The Western Electric Company —
tock up the manufacture of long distance cables, a
subject to which I will revert later on.

It was some time in the early nineties that the Sie-
vert works in Sundbyberg started to manufacture vul-
canized wire for electric light installations. The re-
quirements have become more and more stringent and
much experience has been gained in this line also, how-
ever, and since some years back special material and
methods are required for installations in buildings
where the danger of fire is great or where acids are
used. After much experimental and research work,
the Sievert Cable Works have developed and marketed
what is called the acid proof wiring system or the
“SS” system, specially deviced to meet the above re-
quirements.

It was about 1910, after chief engineer Bernhard
Ell had become associated with the firm, that the
manufacture of lead covered cable for low as well as
high tensions wias taken up. The abovementioned ex-
ceptional growth of the telephone industry was soon
followed by a corresponding growth in applied high
tension electricity, and it was another proof of far-
sightedness on the part of the leaders of this enterprise
that they took up the manufacture in Sweden of high
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tension cable, an undertaking which, at that time, was
connected with no small amount of nisk. The diffi-
cult position in which this country would have been
put during the war, had it not been for a well qualified
domestic cable industry, may well be immagined.

Among the various high tension fixtures manu-
factured by the Sievert works may be mentioned their
oil filled cable junction and end boxes. Another im-
portant line is the manufacture of condensers for the
balance of the reactive effect in alternating current
nets.

I will now take the liberty of enumerating a number
of more important deliveries of both low and high
tension cable effectuated by the Sievert Cable Works.

Since the fall of 1924 Sievert's and Western Elec-
tric cooperate on the subject of loaded long-distance
cable, Sieverts furnishing the cable and Western Elec-
tric the loading coils, except where the customer uses
his own make of coils.

Effectuated deliveries of these types of cable are as
follows:

For the Swedish Railway Administration.

Distance Stockholm—Jdrna and Jarna—Falképing Ranlen.

Abt. 50,000 metres 7 x 2 X 1.4 mm.
+18 X 2 X .9 mm. and abt. 305,000
metres TX2x1.4 mm. + 14 X2 % .9
mm., with a total net weight ofabht.
1,679,000 kg.

Delivered between
Febr. 21, 1924 and
Jan. 23, 1925.

For the Swedish Telegraph Administration.
Distance Stockholm— Nyképing and Nyképing—Norrkoping.
Abt. 113,000 metres 44 X4 x 1.3 mm.
+ 70 x 4 x .9 mm. and abt. 65,000
metres 44 X 4 X 1.3 mm.+ 65X 4x.9

mm. with a total net weight of abt.
2,205,400 kg.

Delivered between
May 28,1924 and
Dec. 15, 1924.

Distance Helsingborg— Haoganas.
Delivered between
Sept. 25, 1925 and
Oct, 28, 1925.

Abt. 24,000 metres 10 X 4 X 1.1 mm.
+ 40 X 4 ¥ .8 mm. with a total net
weight of abt. 110.000 kg.

Distance Stockholm— Mrsta.

Abt. 40,000 metres 64 x 4 ¥ 1.3 mm.
+~ 41 ¥ 4 X .9 mm. with a total net
weight of abt. 464.000 kg.

Delivered between
July 17, 1926 and
Nov. 15. 1926.

Distance Mdrsta — Upsala.

Delivered between Abt. 34,000 metres 64 x4 x 1.3 mm.
Dee. 4, 1926 and ~ 41 < 4 © .9 mm. with a total net
March 150 1927, weight of abt. 390.000 kg.



Distance Upsala—Tierp.

Abt. 59,000 metres 50 x 4 % 1.3 mm.
+38 X 4 x.9 mm. with a total net
weight of abt. 612,000 kg.

Delivered between
May 25, 1927 and
Sept. 3, 1927,

Distance Tierp— Gdvle.

Abt. 53,000 metres 50 X 4 X 1.3 mm.
+38 x 4 ¥ .96 mm. with a total net
weight of abt. 550,000 kg.

Delivered between
Jan. 11, 1928 and
April 13, 1928.

As regards dry core lead sheathed cable for high
tension currents a number of deliveries have been made,
all of which are noteworthy either on account of the
high tension of the current, the great length of the
cable or — for submarine cable — the great depth
at which it was laid.

I have made mention, in the foregoing, of the high
tension of operation. Development is a rapid process,
and to-day no one considers a tension of 60,000 volts
to be anything very exceptional. 1 wish to emphasize,
therefore, that when the Sievert Cable Works, in
1914, delivered an underground cable to the Boras
power plant, 3>{35 sq. mm, with a total length of
1368 metres (in 6 lengths of about 4000 kg. each)
and for a tension of 33,000 volts, no cable had at
that time yet been put in service anywhere for such
a high operating tension. Since that time this cable
has been in uninterrupted use.

A large number of deliveries of high tension cable
have been made since that time, but I have wished
to call attention to the Boras cable since, as already
stated, it was exceptional in more ways than one for
its day. At the present moment the cable works are
occupied with an order for the Stockholm power plant
comprising a 3000 metre 3150 sq. mm. submarine
cable for 33,000 volts and a 10,000 metre under-
ground cable with the same cross-section and for the
same tension. ©his order is mentioned because it is
the first time that the municipal power plant of Stock-
holm makes use of such a high voltage.

With regard to the great continuous lengths of sub-
marine cable and the great depths at which they have
been laid I take the liberty of mentioning the follow-
ing deliveries.

1917, to the Royal
Waterfalls Administra-
tion. Sweden.

1100 metres, in one length. of
3 % 25 sqmm. submarine cable
for 20,000 volts, weighing abt.
17,700 kg. and laid at a depth
of 120} metres.

1918, to the Bruvik 2000 metres, in one length, of

Electric Power Plant 3 X 16 sqmm. submarine cable

in Norway. for 7000 volts, weighing abt.
20,000 kg. and laid at a depth
of 360 metres.

1918, to the Askoy 1700 metres, in one length, of

Municipal Electric 3 % 35 sq.mm. submarine cable

Society, Norway, for 7500 volts, weighing abt.
20,000 kg. and laid at a depth
of 360 metres.

1918, to the Christian-
sund Power Plant,
Norway.

7200 metres, in two lengths, of
3 % 50 sq.mm. submarine cable
for 11,000 volts. weighing abt.
52,000 kg. and laid at a depth
of abt. 200 metres,

During September of last year a submarine cable
was laid between Stora Ror on Oland and Skaggenis
on the mainland, for the Finsjo Power Company.
This cable is intended for the transmission of electric
power to Oland and was delivered in four lengths,
the total length being 4450 metres and the weight
abt. 175,000 kg. - The cross section of this cable is
3495 sq. mm. and the cable is constructed for an
operating tension of 55,000 volts.

In order to complete this very concentrated account
on the development of the Sievert Cable Works, it
may be opportune to say a few words also on the finan-
cial development. As has already been mentioned, the
concern was organized as a stock company on the
first of June 1895, the paid up capital amounting to
200,000 Swedish crowns. In 1897 the paid up
capital was increased to 300,000 crowns, in 1900
to 600,000 crowns, in 1912 to 1,200,000 crowns
and in 1916 to 2,400,000 crowns which is the paid
up capital at the present time.

The first deposition in the form of emergency funds
was made in 1897 with 57,000 crowns, while the
first deposition towards a reserve fund was made in
1908 with 60,000 crowns. The reserve fund now
amounts to 5,100,000 crowns.

The first real estate to come into the ownership of
the company was valued at 80,000 crowns; this was
in 1897. At the present time, the value of the real
estate owned by the company — according to the
books — amounts to 3,700,000 crowns, the total
assessed value of all the real estate, according to the
new tax appraisal which took effect last year, amount-

ing to about 4,600,000 crowns.

The books of the company do not show a value
for the machine equipment of the works of more than
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850,000 crowns due to the fact that the profits of
the company have been largely used for making can-
cellations.

The above figures give sufficient proof of how
successfully the Sievert Cable Works passed through
the critical years during the war and immediately fol-
lowing the same. Up to the present time, the Sievert
Cable Works have been owned by the Sievert family
and Ernst Sievert — the leader of the concern after
the death of Max Sievert — always made it a prin-
ciple, as did his brother Max, to permit an extension
of the works to take place only when the company
itself had sufficient funds to finance the undertaking.

When the ownership of the Sievert works now pas-
ses over to Telefonaktiebolaget .. M. Ericsson, I

take the liberty — as an old employee of this company
— to express my gratitude for the joy it has given
me to work for a man whose benevolence, broad views
and fair judgement have always made collaboration
easy.

Even though Sievert products may have found their
way to various parts of the world during past years,
this company has catered mostly to the domestic trade.
Now that the Sievert Works have become a unit of
the Ericsson concern, the Sievert products will, no
doubt, become known within the entire great market
which now belongs to .. M. Ericsson. May the
uniting of two such well known and honoured names
as L. M. Ericsson and Max Sievert augur well for
the future.



Developments in the Manufacture of Lead Sheathed Cable by
Max Sieverts Fabriks Aktiebolag (The Max Sievert Cable
Works) at Sundbyberg, Sweden, from 1910 to 1928.

lthough lead sheathed electric cable dates back
to 1877, when the first cable press was con-
structed by the Swedish engineer Bror Henning Wes-
lau at the initiative of Werner von Siemens, it was not
until 1910 that the manufacture of this type of cable
was taken up in Sweden.
It is characteristic of the conditions existing within
the cable industry at the beginning of the 20th century

700 'Xg

R 1101 Fig. 1. Lead Sheathed 3-Core Cable.

that each cable manufacturing concern kept its methods
secret, thus putting an effective check on a rapid
development within this industry. Two separate
works covering the manufacture of electric cables were
the only ones published up to 1910, and technical
literature in general contained but few items on this
subject. So, for instance, in 'Electrotechniche Zei-
tung’ for 1906, on page 101, we find the statement
that cable for 3-phase current cannot be manufactured
for higher voltages than 10,000 volts. In 1908
cables had been manufactured that would stand up
under a tension of 20,000 volts. It is not until quite
recently that cable experts have vied with each other
in the publishing of their theories and experiences for
the benefit of the cable manufacturing industries,
thereby enabling these latter to advance by leaps and
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bounds during latter years. The manufacture of cables
for tensions up to 132,000 volts is no longer a Utopian
dream.

Thanks to the modern machines with which the
Sievert shops were equipped from the very start, it
has been possible to obtain prcducts of the very best,
the quality of which has won recognition not only in
Sweden but also in foreign countries. The machines
required for this purpose were for the mast part de-

R 1101

Fig. 2. Lead Sheathed 3-Core Cable, Triangular Section.

signed by the Sievert Cable Works and made by the
Alpha Company Ltd., a subsidiary of the first-
mentioned.

Hand in hand with the manufacture of cables,
scientific research work of a most serious nature has
been carried on, making possible the manufacture of
cables for excessive tensions and with very small di-
electric losses as well as of telephone cables with ex-
ceedingly small unbalances of capacity, so that com-
petition with other countries has been possible. This
scientific research work has, first of all, had to do with
the materials required for the insulation of the con-
ductors, their production, their chemical and physical
properties and their behaviour within an electric field
as much as possible resembling that existing in a cable
while in operation.



As a result of this research work quite 2 number of
different types of cable have come into existance,

Resistunce Wire Steel

Asbestos Copper
Lead Sheath
= Impregnated Paper

Flexible Tubing

Asbestos Yarn
Lead Sheath

Copper

rR 1103 Fig. 3. Cable with Asbestos Wrappings, for Fig. 4. Section of Cab'e for 1320013 Volis
Distribution of Tension. with Enclesed Expansion Spaces.

many of which are protected by patents.
Among these we will mention the follow-
i

1915. lead sheathed 3-core cable
(see fig. 1).

The main characteristic of this cable
is that each insulated core is provided
with a separate lead sheath, these lead
sheated cores being then cabled together
so as to form one single cable. In this
manner a homogeneous electric field is
obtained in the insulation layer of each
core, at the same time as the insulation
oil in the cable is reduced to a minimum,
or, in other words, to consist of activ oil
only. This type of construction has re-
duced to a minimum those disadvantages
which accompany the use of insulation oil.

1917. lead sheathed 3-core cable
with triangular section, obtained by reduc-
ing the filler strands between the cores
so as to give the cable section a triangular
contour, the object being to obtain a more
economical construction as well as a bet-
ter means of carrying off the heat en-
gendered within the cable (see fig. 2).

1926. Cable with asbestos introduced
in the insulating layer, giving a better
distribution of tension in the same. Swed-
ish patent No. 61512 (see fig. 3).

1926. Cable with expansion space in-
side of the lead sheath along the entire

3 , i . R 1105 Fig. 5. Outdoor End Box for 25,000 Volts for 3-Core Cables with
cable (fig. 4) by means of which the '* e it s ais for r with
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movement of the oil within the insulating layer is re-
duced to a mimimum during its expansion and con-
traction, the movement of the oil being radial instead
of longitudinal. The danger of vacuum forming in
the insulating layer is thereby materially reduced.
(Patented.)

1927. Cable with resistance wire introduced in
the core. The resistance wire serves in part for heat-
ing purposes and in part for locating faults. (Swed-
ish patent No. 64249.) See fig. 4.

covering of the cable at the same time as its function
is to protect the rubber from the disintegrating in-
fluence of oil and air.

1924. The use of half-conductors in junction and
end boxes in order to obtain a uniform distribution
of tension on that part of the insulation from which
the lead covering has been removed. Swedish patent
No. 61848.

Junction box for submarine cable (see fig. 9) with-
out cast iron muff. The wire armour of this cable

R 1110

In addition to these, patents are pending for a
number of new cable designs.

As regards junction and end boxes, many important
improvements have been made with regard to the elec-
tric as well as to the mechanical properties. The
following may be mentioned.

1922. Qil filled junction and end boxes, the con-
struction of which was made possible through Sie-
vert's patented lead and rubber packing. This latter
serves partly in the capacity of packing between the
box and the lead sheath of the cable (fig. 7) and
partly as a packing between the insulator and the
outlet muff (fig. 8). In the former case the channel-
shaped lead ring of the packing serves as an earth
connection between the junction box and the lead

=

Fig. 10. Vacuum Drying and Impregnating Cart.

provides the necessary protection against mechanical
injury and takes up all longitudinal tension of the
cable, so that this will not be detrimental to the splices
of the conductors. Furthermore, the cable box is
given a certain degree of elasticity.

When splicing high tension cables, the drying out
and impregnating processes are carried out with the
aid of a specially constructed vacuum impregnating
cart (see fig. 10).

In the fixture line, the Sievert Cable Works have
devoted much labour towards the development of
water and acid proof constructions (see fig. 11) suit-
able for use with the previously constructed acid proof,
vulcanized and lead sheathed cable (fig. 12). It

was the previously mentioned lead and rubber pack-
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ing which made possible the construction of such fix-
tures, the purpose of the packing being to provide an
air tight joint as well as earth connection between
the fixture and the lead sheath of the cable.

Due to the fact that it is possible to combine the
terminal box, switch and lamp socket and that their
construction permits all connections to be made with
screws or pins, all soldering or the use of a flame is

by measuring the dielectric losses in the same (figures
13 and 14) and by termining the tension of ionisation
and the time disruption curve, which latter may be
obtained with short pieces of cable taken from the
regular factory lengths. For instance, the dielectric
losses in the 33,000-volt cables delivered to the Stock-
holm Electric Power Plant are reduced to a value of

cos ¢ = 0.0022, while according to the V. D. E.
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made unnessary so that this material may safely be
installed in places where the danger of fire is great.
This feature 1s patented.

The higher and higher working tensions for which
cables must be constructed have made their length of
life an actual problem and much work has been de-
voted, not only to the finding of a method for judging
this quality in a fimished cable, but also towards the
discovery of the causes for the gradual deterioration
of a cable and of means for preventing the same.

The length of life of a cable may best be obtained

standards the permissible value of cos. ¢ 1s 0.02 at
20° centigrade. Thus, the value obtained at the

and FDJL Twin Conductor.

R 1112 Fig. 12. EDJL
Sievert works is but one tenth of what is permissible
according to the German standards.

The dielectric loss curve is the sum of two curves
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Arrangement for Measuring Dielectric Losses

According to Spanne.

which vary with the temperature and of which the
one depends upon the actual passage of current
through the insulation, while the other depends on
hysteresis which latter, in turn, is caused by the air
(dampness) or vacuum bubbles existing in the in-

sulation. These bubbles may, during manufacture,

Crystalization in a Lead

(Magnified 80

Fig. 15.
Sheath

times).

be reduced to a minimum if suitable ma-
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terials and modern working methods are
used. The testing for drying and im-
pregnating at the Sievert werks has been
accomplished back
through the measuring during manufacture
On the other hand,
— it is possible for vacuum bubbles to form
in a cable in service, caused through the
expansion of the oil during an increase

since many Yyears

of dielectric losses.

in temperature and a subsequent contrac-
ticn on cooling. Thus, in cable manu-
facture, it is not only the electric properties
which must be taken into account, but
also the thermic properties. In every cable
that is in service there are losses which
are transformed into heat and which must

be carried off from the cable. In such

60 100
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cases the temperature of the cable must not
exceed a maximum value of 25 C.
A fencmenon which has but recently

appeared in lead covered cables is the



crystalization of the lead sheath (fig. 15) which
takes place in cables which are laid over bridges that
are subjected to constant vibrations, or in submarine
cables which do not lie on the bottom and therefore
are made to swing by the motion of the water. An
exhaustive study of this fenomenon — in pure lead
as well as in an alloy of lead and tinn or antimony
— has been made at the Sievert cable works.

The Patent

t is a known fact that the Ericsson concern, during
latter years and especially since the Ericsson auto-
matic systems have begun to gain favour in the world
at large, has been an object of very special interest
on the part of competing telephone companies. This
interest has in part taken the form of a competitive
campaign resulting in our becoming involved in patent
controversies with The Automatic Electric Co. and
The Western Electric Co., this latter firm being re-
presented in Europe by The Standard Electric Co.

The Western Electric Co. claims especially to con-
trol, through its patents, the entire field of power
driven telephone systems. The absurdity of this claim
is obvious to any one who has devoted any time at all
to the study of the patent situation within automatic
telephony, and this fact has also been fully proved
by several prominent experts who have given their ver-
dict in the patent lawsuits which have been brought
up against us. The true condition is that the basic
principles of the power driven telephone systems have
been known for such a long time that they no longer
can be made the subject of a valid patent. Further-
more, it is a well known fact that an exchange accord-
ing to such a power driven automatic telephone system
(the Lorimer system) was in operation for practical
purposes before the Western Electric company began
to construct its system. Actually the Ericsson and
Western Electric systems have developed along widely
diverging lines on the basis of the principles for power
driven systems which have been well known since
many years back.

The investigations which have been made following
the patent lawsuits have proved beyond a doubt that
the claims brought against us are unfounded. Also,
on the basis of statements by several authorities on

Many problems in regard to the design and manu-
facture of cables for excessively high tensions as well
as for telephone purposes still remain to be solved, but
thanks to the keen interest on the part of the world’s
cable manufacturing concerns the goal is being brought
nearer for each passing day.

Bernhard Ell.

Controversy.

such matters, we have been able to refute on every
count the accusations of infringement of patents. It
is impossible for us in this connection to go into the
various patents mentioned in the proceedings, but one
circumstance which is characteristic for the patent si-
tuation is well worth mentioning, however. We are
aware that there is nothing unusual in the fact that
— due to inadequate investigations — patents are often
granted on inventions that must be considered public
property on account of descriptions of the same having
previously appeared in print. This condition is espe-
cially prominent within automatic telephony, the reason
lying not only in the relatively complicated nature
of automatic telephone systems but also in the vast
amount of patent litterature on this subject, which
makes it practically impossible for the patent author-
ities to make an exhaustive investigation as to the
novelty of inventions in this field. As a result we
will find that in all countries there have been granted
within automatic telephony large numbers of patents
which are actually invalid on account of their lack of
novelty.

Furthermore, it should be emphasized that those
patents which hold good at the present day do not
form any obstacle to free competition as regards auto-
matic telephone systems. Some twenty years ago cer-
tain groups were of the opinion that a world-wide
competition was impossible, due to the fact that some
few of the larger concerns were supposed to be in
possession of patents covering those principles which
were practically indispensable for the construction of
such a system. The patent situation has changed con-

The fundamental

principles for the construction of automatic telephone

siderably since then, however.
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systems are actually, at the present day, public property,
existing patents applying in general only to details of
construction.

In the construction of the Ericsson system due con-
sideration has been taken to existing patents with the
exact intention cof avoiding patent controversies. Aside
from the new inventions which have given our system
its characteristic form, only such technical features
have been used as are already incorporated with the
art of telephony and are now regarded as public
property.

In the proceedings instituted by The Automatic
Electric Company against Telefonaktiebolaget .. M.
Ericsson in Sweden — regarding which we refer our
readers to an articie which appeared in The L. M.
Ericsson Review, Vol. I, Nos. 11 & 12, page 133
— the Magistrates Court of Stockholm has recently
brought a verdict nullyfying each and every claim of
The Automatic Electric Company. The decision
reads as follows:

“Whereas the investigation in the case may be
considered to have proved that the invention
referred to in the said current Swedish patent
No. 31511, granted May 27th 1910 to The
Automatic Electric Company, has previous to
this date, in Vol. XVII, No. 9, dated February
27th 1909, of ‘Telephony’, a printed journal
available to the general public, and also in
British patent No. 197 of the year 1908, been
described in such manner as to enable a com-
petent person, with the aid of the information
therein contained, to execute the said invention,
and

Whereas, consequently, the said Swedish pa-
tent should not have been granted;

Therefore, and since under said conditions and
through the actions of which Telefonaktiebolaget
L. M. Ericsson has been charged by the Ameri-
can company, the Ericsson company cannot be
considered to have infringed upon any of the
patents rights of the American company,

Be it known that the Magistrate’s Court, over-
ruling the claims of the American company
against the Ericsson company and its managing
director, Jakob Hemming Johansson, has found
it just, to sanction the claim of the telephone
company against Ivar [. Stick, engineer, in the
capacity of representative for the American com-
pany with regard to said patent, and to declare
said patent as granted under No. 31511 to be
null and void,

And shall the American company make good
the costs of the telephone company and Johans-
son with a sum, considered fair and just, of nine
thousand crowns together with whatever sum the
telephcne company and Johansson may rightly
claim as having been paid for the taking out of
a common copy of the Court’s decision in the

case”.

In the legal proceedings instituted against us by
Standard Electric a large number of Swedish and
foreign experts have made statements in our favour.
The case is still pending in the Magistrate’s Court in
Stockholm. The foreign patent lawsuits have not yet
emerged from the preliminary stages of their develop-
ment.
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Capacitive Current.

Inductive Current,

High Tension Condensers for Compensating Reactive Effect
in Alternating Current Nets.

By H. Spanne, engineer with The Sievert Cable Works, Sundbyberg, Sweden.

he increasingly widespread use of electricity in
rew fields and for new purposes has caused a
steady increasz in the consumption of electrical energy,

Fig. 1.

and it has been found more and more necessary to
seriously consider the transmissian lesses, which con-
stitute a total loss of energv. Also the cable nets are
often called upon to transmit such great quantities of

Resultant Current.,

Active Current.

Lr ]

effect that the capacity of the lines no longer adequatc-
ly meets the requirements.

The maximum effect which may be transmitted
over a distribution net is directly proportional to the
factor of effect “Cos. ¢ 7, the losses in the lines —
for a certain transmission of effect — being inversely
proportional to the square of the same factor.

A compensation of the reactive effect raises the
effect factor, thereby enabling the net to carry a
greater maximum effect at the same time as the trans-
mission losses are reduced.

The reactive effect is primarily caused by the magnet-
izing currents of the mctors and transformers in the
net (reactive currents), these currents being geometric-
ally added to the service currents (active currents).
The magnetizing currents are practically independent
of the strength of the active currents, i. e. independent
of the load and are thus, with constant tension, de-
pendent only on the number and size of the machines
ci apparatus.

It is generally more advantageous to generate the
reactive effect at the point of consumption than to
transmit the same from a power house which is often
situated at quite some distance. All that is necessary
is to introduce a suitable condenser in the circuit at
the point of consumption, thus reducing the magnetiz-
ing currents in the transmission lines.

This will cause the flow of a reactive current, a
so-called capacitive current, towards the condenser
also, but this current is "4 cycle in advance of the
active current, contrary to what is the case with the
reactive current of a motor, the so-called inductive
current, which lags "4 cycle behind the active current
(see fig. 1). The two types of reactive current,
therefore, are shifted "2 cycle apart, which gives them
cppesing directions.
and inductive currents are equivalent, they completely

Censequently, if the capacitive

counteract each sther, 1. e. their sum will be equal t> 0.
The factor of effect equals cosine for the angle
between the active current and the resultant current.



active current
cos. ) =

}(active current)’+ (reactive current)’

In fig. 6 we see a smaller condenser battery connected
direct to a motor and arranged so that it may be
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When the lcad is principally capacitive the factor
of effect is also capacitive, and when the load is prin-
cipally inductive, the factor of effect is also inductive.

The manner in which the losses of transmission vary
with the factor of effect is shown in fig. 2.
Condensers for improving the factor of effect are
now manufactured for all existing voltages, and as
they are usually made in small standard units it is an
easy matter to build up condenser batteries of any
desired size. In fig. 3 is shown a cylinder shaped
condenser cell consisting of a wrapping of metal nb-
bon with an insulating layer of impregnated cellulose.
One or more such cells are introduced in a metal
cylinder which is then filled with o1l and hermetic-
ally sealed. The units thus obtained are connected

up into batteries of various sizes (see figs. 4 and 5).

switched on cr off by mears of the motor switch.
The size of a condenser for ecmpensating reactive

effect i1s given in terms of k) A% and is as follows:

Fig. 4.
kV? x 2 @~ C .
kVA = 1000 kilovoltamperes
where k' — the tension in kilovolts, oo = cycles

per second and C is the capacity in microfarads.

In order to determine the reactive effect in a power
net — the factor of effect and the active effect being
known — the graph shown in fig. 7 has been drawn up.

A rather important advantage when using the static
condenser for improving the factor of effect i1s the

extraordinarily low consumption of own effect, which

') The &esignnlions k.!l'ne ki]osinr) or f{m kilorewnkt)

are also used
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does not amount to more than one or two watts per
compensated k}”A4. This consumption of effect is
composed in part of dielectric hysteresis losses in the

temperature within the active unit does not rise more
than 5° to 10° above that of the surrounding air.

It is self-evident that the lower the two losses for
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insulating layer and in part of thermic current losses
in the metal ribbons and their connection wires.

The losses in the dielectric substance are higher
with higher temperatures, as shown in fig. 8, this being
the reason for adopting a cylindrical construction.
The diameter of the cylinder is chosen so that the

Fig. 8.

the insulating material the greater may the diameter
of the cylinder be without the temperature being un-
duly high. As a basis for the dimensioning of con-
densers, therefore, some very exhaustive research work
has been done in regard to the thermic and dielectric
losses for different insulating material.



Modern Manual Exchanges.

the present time there is a strong tendency
adoption of machine
Considering

t
A towards the universal

switching within the field of telephony.
the great technical advances and developments which
are the keynote of our present day, this tendency is
really not very surprising. The construction of the
automatic telephone systems has been developed so
that it is both desirable and legitimate, with larger
capacities, to replace manual exchanges with auto-

matic ones, even though the firstmentioned are often
still giving satisfactory service. Since automatic switch-
ing possesses so many advantages, there is an opinion
prevalent among wide circles of telephone men that

the introduction of this type of switching is the only
This

rational solution for all new erection prablems.

Skeleton Diagram oi the Vasa
toll line, LL local line, R

and selector room, [

s Fig. 1.
: JL

relay

Designalions

switchboard,

board, R
[ concentration board.

is not the case, however, and a number of points of
view, based on the operating statistics obtained from
the manual exchanges described here below, will be
given in the following.

The telephone exchanges in Vasa and Kuopio,
in Finland.

The Vasa exchange was put in operation in the
summer of 1925 and comprises one local exchange
with 1600 subscribers’ lines and one toll and rural
exchange equipped for 10 toll lines, 60 rural lines
and 6 junction lines from the government toll ex-
change.

The local exchange is built according to the Erics-
son C. B. system with a two-wire multiple and is
equipped with selectors for the automatic distribution
of incoming calls among disengaged positions.

[
ra

Depending on their function, the selectors are di-
vided into two groups, line finders and cord-circuit
selectors. The subscribers are divided up into groups
of forty, each such group forming a selector multiple
among which connections are obtained by means of
six line finders. Six cord circuit selectors, to whose
multiple field forty cord circuits are connected, have
This mul-
tiple field comprises seventeen groups of subscribers’
Cne group of forty cord circuits, therefore,

direct connections to the six line finders.

lines.

Vasa.

Operating Room,

R 1129 Fig. Z.

corresponds to 680 subscribers’ lines. The total num-
ber of cord circuits is 120, distributed among five
positions with twenty-two cords each and one posi-
tion with ten cord circuits. The latter position serves
as a concentration position for the local as well as
for the toll and rural traffic. A skeleton diagram of
the exchange is shown in fig. |.

The cords are keyless. When a call is made, the
cperator's head-gear is automatically connected up to
the calling subscriber and the indicator lamp of the
cord in question glows. A ringing signal is auto-
matically sent out to the called subscriber when the

The pe-

riodic ringing signal continues until the called sub-

cperator plugs up the cord in the multiple.

scriber answers or the calling subscriber replaces his
Each cord is provided

with two clearing lamps which function in the ususal

handset on the cradle rest.



manner. When a double clearing signal is given the
calling subscriber is automatically disconnected and
is consequently free to immediately make a new call.

Plugging up in the toll and rural switch boards,

R 1130 Fig. 3. View of Relay Room, Vasa.
comprising four positions and one order position, takes
place direct in the series jacks of the local multiple,
cn which an existing local connection is broken.
The Kuopio exchange was put in operation on
January Ist 1927 and has practically the same equip-
ment as the Vasa exchange, 1. e. it is built on the
same system and with the same number of subscribers’

lines (1600). Each cord multiple field for forty
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Skeleton Diagram of the Bjorneborg Exchange.
toll line, LL = local line, R
toll board, R =

. = concentration board

lowal

and selector room.,

relay, L =

switchboard, 1 relay

cord circuits comprises sixteen groups of subscribers’
which corresponds to 640 subscribers’
The total number of cord circuits is ninety-eight dis-

lines, lines.
tributed among four positions with twenty-two cords
each and ten cords in the concentration positions. In

the three positions of the toll and rural exchange ten

toll lines, fifty rural lines and five junction lines ob-
tain service from the government toll exchange. The
ultimate capacity of the telephone exchange is 5000
lines.

Main Distributing
Felay Rack.

. Bigrneborg.
Frame and Line

T he telephone exchange in Bjarneborg, Finland.
This exchange was cpened for service in June 1928

and is built for 1600 local subscnibers’

lines, sixty

of Relay and

Interior View
Selector Room.

Fig. 6. Bjirneborg.

rural lines, fifteen toll lines and five junction lines
from the government toll exchange. The ultimate
capacity is 5000 subscribers’ lines.

The local exchange is designed on practically the
same principles as the Vasa and Kuopio exchanges,

but with the difference, however, that it is provided



Line finders and cord circuit
selectors of the same type as at Vasa and Kuopio are
used. The subscribers’ lines are brought together in
groups of thirty, each group being provided with five

with a 3-wire multiple.

R 1153 Fig. 7. The Bjorneborg Power Plant.

line firders. Each cord circuit selector cylinder, com-
prising a number of cord circuit selectors correspond-
ing to four hundred subscribers’ lines, has thirty out-
going cord circuits. There is a total of ninetv-eight
cord circuits, distributed among four positions with

mr 1132 Fig. 8 Toll and Rural Switchboards at Bjorneborg.

twenty-two each, and one concentration position with
The building up of the system 1s
clearly shown on the skeleton diagram in fig. 4.

ten cord circuits.

The switching process for a speaking connection is

— 24

the same at Bjorneborg as at Vasa and Kuopio, al-
though the diagram has a different appearance on
account of the differences in the systems. The con-
necting up of the operator and the sending out of a
calling signal is automatic here also, and at the ter-
mination of a conversation both subscribers may ob-
tain new connections independently of whether the
operator has pulled down the connection or not.

The principle difference between the system used
at Bjorneborg and the one at Vasa and Kuopio is
that the toll and rural exchanges at Bjomeborg have
a parallel multiple, while at the two other exchanges
it is a series multiple. At Bjsrneborg an existing
local connection can be broken only by depressing a
special key common for the position. Some views
from this exchange are shown in the accompanying
illustrations.

R 1126 Fig. 9. The Local Exchange, Bjirneborg.

The telephone exchange in Lemberg, Poland.

This exchange has a capacity of 1200 subscribers’
lines and is equipped with line finders of the same
type as those used in the Ericsson automatic system.
These have the advantage of dispensing with cord
circuit selectors, since the subscribers’ lines are brought
together in sufficiently large groups. The multiple
has 2-wire lines but can be provided with 3-wire lines
if desired. A more detailed description of this ex-
change, is contained in a separate article in the present
number of this journal.

The basic principle for telephone systems with auto-
matic distribution of incoming calls mav be said to be
that all work of a lower order, such as the finding
of the calling subscriber’s line, the connecting up of
the operator and the sending out of a ringing signal



1s accomplished mechanically, the operator being bur-
dened only with more qualified work such as the
receiving of the desired number and the selecting of
the desired line. In such a system the operator is put
to more effective use, ample proof of which is ob-
tained from the number of effectuated calls.

The following service figures are obtained from the
Kuopio telephone exchange.

On June 4th 1928, one position handled 470 calls
during the busy hour, one operator working at two
positions handling 747 calls. On July 7th the corres-
ponding figures were, for one position, 518 calls and
for two positions with one operator 911 calls between
Il a. m. and 12 m. and 952 calls between 12 m.
and | p. m. The telephone society owning this ex-
change states, however, that at the two positions some
assistance was given during the busiest minute. Con-
sequently, these figures indicate that the capacity of
the operator lay somewhere between 911 and 952
connexions per hour.

The following figures are from the Bjérneborg
exchange.

The present number of subscribers’ lines amounts
to 1050, the service being handled by two operators
during the busy hour. As a result of a test which was
made it was found that the number of calls per posi-
tion during one half hour amounted to 407.

Should we compare the system here described with
a common manual system, it will be found that for
capacities of about 1500 hnes and higher, the first
cost of the former — on account of the reduction in
the number of positions and therefore also of the mul-
tiple — 1s but negligibly higher than that of the latter
while the cost of operation, quite naturally, is ex-
ceedingly lower.

When making a comparison with an automatic
system the following points should be born in mind.
Toll and rural traffic is handled by operators even in
automatic exchanges. In an exchange of the type
here described it is possible to put the operators to
more effective use, resulting in a lower cost for the

handling of the toll traffic. At night, for instance
both local and toll traffic can be handled by one
operator, a condition which would exist even if the
local exchange were full automatic.

Another point of view which should not be for-
gotten is that in addition to the increased first cost
for an automatic exchange one must figure with the
higher cost of the telephone instruments which must
be provided with a calling dial.

We will find that the work of the subscriber is
actually simpler in systems with automatic distribution
than in full automatic ones, a fact which is in favour
of the former. The most important consideration is
that of operation, however, and this depends on two
factors, i. e. rate of interest and salaries, and must be
determined in each case separately.

When choosing a system it is sometimes difficult
to give all these points of view due consideration, as,
for instance, when changing over from an old L. B.
exchange it is undesirable to tie up the capital re-
quired for new telephone instruments and for the re-
building of the net. In such a case it is best to choose
a regular manual system with pairs of cords, arranged
for local battery working with lamp signals, but in
such a manner as to permit its being changed into
C. B. by making only smaller alterations in the wiring.

An example of such an arrangement will be found
at the Wilmanstrand exchange in Finland which was
opened for service in April 1927. The initial capacity
of this exchange is 800 lines, the ultimate capacity
being 2600 lines, and it is equipped with four local
positions, one toll position with ten toll lines, one rural
position with twenty rural lines and one concentration
position. Only a few alterations in the wiring are
necessary to change over from L. B. to C. B.

In choosing a system for a telephone exchange, due
consideration must in each separate case always be
taken to the special local conditions, the passing of a
sweeping judgement on this question being absolutely
condemnable.
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The Lemberg (Poland) Telephone Exchange.

he recently erected telephone exchange in Lemberg

being of good example of a modern manual
exchange, a description of the same may prove of
interest to our readers.

This exchange has a capacity of 12 000
subscribers’ lines and is built for manual
switching with automatic distribution of
Also, the system is de-
signed so as to spare the services of the
operator for work requiring a higher degree
of competency such as the receiving of
the called number and the plugging up
of the called line jack. The connecting
up of the operator, the sending out of a
calling signal and testing are consequently
operations which are handled altogether
automatically.

A skeleton diagram of this exchange is shown in
fig. 1.

There are two multiple fields, i. e. the jack mul-
tiple with 2-conductor jacks and the line finder mul-
tiple. This latter, together with the line finders (see
page 24) are of the same type as those used in the
Ericsson automatic system, consequently there is no

incoming calls.

R 14 C

need of going into a detailed description of the same

(see The .. M. Ericsson Review, Vol. I, nos. 1 & 2,
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rR 1180 Fig. 1, Skeleton Diagram of the Lemberg Exchange.
Designafions: JL. = toll line, LL. = lccal line, B = relay, LR = line
relay, S8 sequence switch, J = toll board, B = relay and

selector room, L. = local swilchboard, C = concentration board.

and separate descriptive booklet on the Ericsson Auto-
matic System).

The subscribers’ lines are brought together in the
line finder multiple in groups of 500 each. By using
such large groups it is possible to dispense with cord

circuit selectors, the line finders being connected to
cord circuits direct.

The main switching device for each pair of cords
is a sequence switch (see fig. 2), this switch also

R

TREY RN YEY W

Sequence Switch.

being similar to that used in the automatic system.
The sequence switch has twelve contact positions, each
position corresponding to one of the special functions
performed by the sequence switch during a switching

R 1181 Fig. 3. View of Switching Room.

A study of these functions gives a clear
The home

or rest position of the sequence switch is numbered

operation.
idea of the structure of the entire system.

one. When a subscriber in a certain group makes a
call, only those line finders whose sequence switches

—_ O —



Further, the
condition that the cords belonging to these line finders
are in positions whose operators are momentarily dis-
engaged must be complied with. A starting dis-
tributor sees to it that not more than from seven to

are in home position are set in motion.

nine line finders are simultaneously set in motion.
The line finders rotate until one of them reaches a
position exactly opposite the twenty-line group or
“multiple frame” in which the line of the calling sub-
scriber is located, a centact bar in front of this frame

=
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R 1153 Fig. 4. Sequence Switches and Selector Racks.

being connected to negative, those in front of the
other frames having earth potential.

The abcve-mentioned line finder stops its rotating
movement, the sequence switch advancing to position
2 and immediately thereafter to position 3. The other
line finders which have been hunting the calling sub-
scriber’s line now stop moving. Should two line find-
ers reach the multiple frame in question at exactly
the same moment, neither of them will stop rotating.
Further, in order that a line finder shall stop, it is
required that the operator is disengaged at that very
moment. The line finders belonging to the cords of
a certain position are placed in different groups,
making it possible for a line finder in another group
to engage the operator while the aforementioned line
finder is still hunting. The advancing of the sequence
switch to contact position 3 causes the contact arm
of the line finder to enter the multiple frame, hunting

When this has

for the line of the calling subscriber.

been found, the arm stops moving and the sequence
switch advances to position 4 and thereafter of its
own accord to position 5.

Position 5 1s a “waiting” position. Dunng the
busy hour and the quietest hour a calling subscriber
may be connected up to a busy operator, the system
being devised so as to prevent the blocking of a call
on account of a busy operator when all the operators
are busy. This arrangement has been introduced in
order to cut down the waiting time on such occasions,
the calling subscriber being connected up as soon as
an operator becomes disengaged.

In most cases, however, the sequence switch is ad-
vanced to position 6, causing the signal lamp of the

R 1182

Fig. 5.

View of operating Room.

cord in question to glow and the operator is connected
up to the calling subscriber. On receiving an answer
from the operator, the calling subscriber gives the de-
sired number and the operator plugs up the cord in
the multiple without any preliminary testing. In case
the jack of the desired line is already occupied by
another cord, the operator inserts the plug in a “busy
jack”.

As soon as the plug has been inserted in the jack
of the called subscriber’s line, the sequence switch is
advanced to position 7, and the line of the called
subscriber is tested to discover whether it is busy or
not. If it is disengaged a calling signal is sent out
at the same time as the calling subscriber receives
a modulated buzzer tone. If the called line is busy,
a busy tone — easily distinguished from the first
mentioned — is sent out to the calling subscriber.

If the called subscriber is disengaged and answers
the call, the sequence switch passes position 8 and



comes to rest in position 9. This is the speaking posi-
tion.

On the conclusion of the conversation and when
both subscribers have replaced their handsets on the
respective cradle rests, the sequence switch is set in
motion, passes over positions 10 and 11 and stops in
position 12. On passing over contacts 10 and 11 a
current impulse is transmitted to a subscriber’s meter
and the call is registered.

In position 12 the arm of the line finder is with-
drawn from the multiple and the clearing lamp of the
cord in the operator’s position glows. When the
connection is pulled down the sequence switch is
restored to home position.

If the called subscriber does not answer, the calling

subscriber — after a short wait — replaces his hand-
set. The sequence switch is then advanced to posi-
tion 8 and the arm of the line finder is withdrawn
from the multiple, after which the sequence switch
advances to position |2 and stops there. The clear-
ing lamp glows, and — after the connection is pulled
down — the sequence switch is restored to home po-
sition. In this case no impulse is transmitted to the
subscriber’s meter and the call is not registered.

The illustrations accompanying this article show
some views of the Lemberg exchange. Figs. 3 and 4
show the switching room with racks for line finders,
sequence switches and relays, while fig. 5 gives a view
of the operating room.

K—n.

The Electrotechnical Propaganda Courses in Sweden
1925 to 1927.

A specialty of the Sievert Cable Works which has
an interest all its own is their acid and fire
proof lighting fixtures. This special interest is due
to the origin of these fixtures as well as to the manner
in which they were introduced to the general public.

It 1s now some ten years since the fact was estab-
lished that the electric wiring in general use at that
time was not suitable for use in damp localities and
places with an abundance of combustible dust part-
icles or where there occured corrosive fumes which
were soluble in moisture; such places being very often
the scenes of short circuits, fires and other dangerous
It became imperative to design a type of
conductor which would fill the necessary requirements
as to safety and still be manufactured at a reasonable
price. The Sievert Works took up this problem and
after exhaustive experiments and research work finally
developed a type of armoured cable which has been
approved by the authorities and which, in its simplest
form, consists of vulcanized conductors enclosed in a
steel armoured lead sheath.

It soon became evident, however, that the fixtures
to be obtained on the market at that time could not
compare with the new type of cable from a point of
view of safety, so that an electric light installation
in localities of the aforementioned character became

occurences.

more or less heterogeneous in this respect and pos-
sessed the same risks as before. The only remaining
alternative, therefore, was for the Sievert Works to
go about the designing and construction of fixtures
on a par with the leaded cable. After the invention
of a new type of packing, to be used between the
cable and the armature — a so-called rubber and
lead packing — the problem was practically solved.
Thus did the “Sievert System” — or the “S. S.
system”, as it i1s also called — come into existance.
It would be all too lengthy to go into a detailed
description of this system at the present time.

The question now arose as how best to give this
system the necessary publicity. Descriptive pamphlets
were printed and distributed in large numbers, ad-
vertisements were printed in the professional press,
insurance companies were notified and lectures were
held within certain engineering societies, but all with
very unsatisfactory results, both as to sales and in-
quiries.

While travelling in the provinces during the summer
of 1925 representatives of the Sievert Works seemed
to note a certain aversion to the new system, apparent-
ly based merely on a lack of knowledge of the same.
It was then that the idea originated of arranging
practical demonstrations at all more important centers,
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illustrated with lantern slides and for which special
invitations were to be extended to interested parties.
It was not very difficult to forecast a rather meager
interest in these demonstrations, however, if the “Sie-
vert System” was to be the only feature on the pro-
gram, and consequently it was decided to extend the
scope of these demonstrations to include lectures of
general interest on electricity as well as electric heating
and lighting practice. For this purpose the Sievert
Works took up the matter with the Swedish Fire Pro-
tection Society, as well as with the Swedish Electric
Power Society, both of which offered to cooperate on
certain stated conditions, while two of the largest
Swedish concerns in their lines — electric heating de-
vices and electric lighting — agreed to sponsor these
two lines. These companies were “Nya Elektriska
A.-B. Volta” and “Aktiebolaget Elektraverken”,
respectively.

At a meeting held in October 1925 between re-
presentatives for the various organizations and con-
cerns, the planned demonstrations were christened
“The Electrotechnical Propaganda Courses”, the or-

ganization being composed as follows:

1. An executive organizing committee in Stock-
holm for the purpose of making up a program and ex-
tending invitations (personal, if possible) to interested
parties within a zone determined by the available
means of communication with the city in which the
course was to be held.

2. A local committee in each of the respective
towns for the purpose of procuring a suitable hall and
of transporting the exhibits to the same etc.

The organizing committee has been composed of
representatives for the various interested parties, with
chief engineer Torsten Holmgren as chairman and the
writer as secretary.

‘The local committees have had the heads of the
respective city power plants as chairmen, the members
— from two to six in number — being resident en-
gineers.

Each program has generally been extended over a
time of three days, 1. e. Friday, Saturday and Sunday,
the lectures of a more general interest being generally
held on a Friday and those of a more practical nature
on Saturday and Sunday.

The courses have generally been opened by the
governors of the provinces in which they were held,
and it is with genuine satisfaction that we are able to
look back upon the large interest evinced from this
quarter.

The main outstanding points which were featured
in practically all of the programs were as follows,

I. Tendencies of development in the distribution of

electric power.

Natural power resources of the province.

Supply of energy of the city.

4. On dangers in electric plants and measures to
prevent same.

5. Electricity as an instigator of fires.

6. The importance and manner of obtaining good

lighting facilities.

Cooking with electricity.

Underground cables and method of laving same.

Leaded, vulcanized cable and method of laying

same.

In addition, the program has included the showing
of an industrial film from the Sievert Cable Works
as well as moving pictures demonstrating the sphicing
of cables and the laying of leaded, vulcanized cable.

The first propaganda course was held in the city of
Falun, beginning on Friday, November 13th 1925.
The reason for giving this small city first choice was,
in part, that this locality was to a certain extent pre-
pared for the event through a preliminary visit, made
some time before, and in part that the organizing
committee wished to obtain some practical experience
before attacking the larger communities. In spite of
the fact that the only hall obtainable — a cinema
theatre whose regular evening performances must not
be disturbed — was not very suitable, and in spite
of the fact that other reunions and conferences were
being held simultaneously, this first course was a de-
cided success, the participants numbering over 225
persons.

The next course was held in the middle of January
1926 at Gothenburg, in the lecture hall of the Chal-
mers Technical Institute. Although this hall seated
360 persons, the interest for the course was such that
it proved altogether inadequate and some fifty of
those who had announced their intention of participat-
ing had to be refused this privelege. Clearly, the

success of this campaign was assured.

bl
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The courses following this one were held as follows.
In February at Jonkdping (250 participants), in
March at Malmé (over 600 participants), in April
at Boras (250 participants), and in May at Orebro
(300 participants), where the tour ended for the
time being.

Up to this time the various concerns who sponsored
the courses had defrayed all their own expenses ex-
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cept in some few instances when transportation within
a city for the exhibits was furnished free of charge.
In the fall of 1926, however, the cities of Sundsvall
and Karlstad entered into negotiations for similar
courses, both of them agreeing to defray all general
expenses. |hese negotiations resulted in a course
being held in Sundsvall in October 1926 with about
300 participants from all the northern provinces,
proving the great popularity of these courses. At
Karlstad, where a course was held in December of
the same year, the number of participants was about
the same.

Since by now the more important districts in Sweden
had been canvassed, this propaganda work was dis-
continued, especially as plans were materializing for
the forming of a special society with courses of this
nature on their program. In the summer of 1927,
however, the city of Norrképing put in a request for
a course similar to the foregoing, sponsord by the
Public Works Department of Norrkdping. Also,

the Linkoping electric power plant made a similar,
request, proposing that a course be held in that city
immediately following the one in Norrkdping. This
proposal could not be accepted for technical reasons,
however. Norrkoping and Linkoping then united as
common promoters, resulting in the holding of a course
in Norrkoping in September 1927 at which about 300
persons were present.

We will not attempt to estimate the value of these
courses in this article. As secretary of the organizing
committee, the writer is prejudiced and apt to treat
the subject a trifle too optimistically. However, 1
cannot refrain from calling attention to the steadily
increased interest centering about these courses and
which culminated in the expansion of the program of
“The Society for the Rational Use of Electricity”
to include the same. Most favourable mention of
these courses is also made by State Inspector Holmer
in the introductory preface to the first number of
the journal “Era”, organ of this association.

B. W aeger.
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Calculation of the Required Number of Switches with Con-
sideration for the Value of the Subscribers’ Time.
By Professor R. Trecheinski.

he average cost per speaking connection in an

automatic telephone exchange depends in part on
the interest and amortization on the first cost and in
part on the operating and maintenance costs of the
exchange. It is not sufficient, however, when cal-
culating the cost of a speaking connection, to consider
these factors only; the value of the subscriber’s time
is also a factor to be taken into consideration. If we
assume that the income of the subscriber is propor-
tional to his effective working time, it is clear that
every ineffectual waiting time — which is a clear loss
of time for the subscriber — is responsible for a corres-
ponding decrease in the subscriber’s income, a decrease
which it is possible to estimate in actual monetary
value depending upon the salary or wages of the sub-
scriber.

This loss of time to which the subscriber is subjected
1s caused through an inadequate number of disengaged
switches at the moment of making the call and can,
therefore, be eliminated through the installation of a
suitable number of such devices. Thus, in automatic
telephony, the waiting time is understood to mean the
time with which a connection is delayed through a
wait for disengaged switching devices.

The mean waiting time per call, therefore, is very
intimately related to the cost per speaking connection.
Fer instance, if a certain group of subscribers’ lines
have been bestowed with a large number of cord cir-
cuits, the waiting times will be short, this being counter-
balanced by a high first cost and consequent expensive
calls. A smaller number of cord circuits will reduce
the costs but will increase the waiting times. From
the point of view of the subscriber, the actual cost of
a call is equal to the sum of the direct cost and the
monetary value of the total waiting time. Since these
two factors change in opposite directions for a change
in the number of switches, there must naturally be a
certain number of switching devices which gives a
As long as
the value of the reduction in waiting time obtained
through the adding of one more switching device is

minimum cost of speaking connections.

greater than the increase in cost for this same device,
the above-mentioned minimum cost has not vet been
reached.

As a result of the above we find that a uniform
switching equipment for all subscribers is not desirable,
but that it would be more advantageous to group to-
gether subscribers whose demands as to service are
more or less alike and to provide each group with
switching equipment corresponding to these demands.
Railway transportation, with its different classes and
different types of trains — local and express — pro-
vides us with an excellent example of service adapted
to various requirements as to comfort and speed. Si-
milarly, one might conceive the telephone subscribers
divided up into categories with different numbers of
line finders for each five hundreds group, for instance
forty for the first category, thirty for the second cate-
gory and twenty for the third. If the telephone sub-
scription rates within the different categories were
adapted to the corresponding expenditures for interest,
amortization and operation, it would be of no conse-
quence to the telephone company to which of the
existing categories a subscriber might wish to belong.

From a technical point of view, such a system de-
mands the apportioning, as much as possible, of the
cord circuits among the different categories, this being
very easily accomplished when the line finders have
a large contact field. The main difference in the
service obtained is that a subscriber in the first cate-
gory, for instance, would immediately obtain a dis-
engaged cord circuit during the busy hour, while one
belonging to the third category might have to wait
more or less before obtaining a similar connection.

Assuming that the exchange is not very heavily
taxed as to service, the optimal number of cord cir-
cuits, i. e. that number which will give a minimum
cost per speaking connection, is calculated for a class
of subscribers lying within certain demand limits ac-
cording to the approximate formula

S, ---KxixMx:I{C-'.



In this formula, K is a function of the first cost
per line of the automatic exchange, of the rate of
interest, of the time of amortization, of the operating
cost and, lastly, of the value of the subscriber’s time.

Under certain conditions as to these respects, an
approximate value of K is obtained from the formula

K= 13+ VA4,

where A, is the value of the subscriber’s time, figured
in Swed. Crowns per second.

Further, in the above formula for the number of
cord circuits,

S = number of calls per subscriber during the busy
hour,

M = average length of call during busy hour,

C —size of group of subscribers’ lines.

Since the highest taxed subscribers, in all prob-
ability, are those who make the most calls, the dif-
ference between the number of switching devices for
the different categories will be still more accentuated.
When traffic is light the service obtained by the dif-
ferent categories of subscribers will differ but slightly.

1f those subscribers which belong to a category with
lower subscription rates are duly informed that they
in all probability will have to wait more or less before
obtaining a connection during the busy hour they will
probably make arrangements to take advantage of the
quicker service obtainable at other times of the day,
thereby helping to bring about a more uniform and
evenly distributed traffic at the automatic exchange.

The above described principles for the calculation
of the required number of switches differ from those
generally accepted — based on Erlang’s curves — in
that it is not a certain determined permissible loss of
I % for the entire plant that is decisive but — with
a certain determined first cost and cost of operation
— the value of the subscriber’s time.

The following table gives the different results which
are obtained with the two different methods, with
varying numbers of subscribers in the group and with
different numbers of speaking minutes per busy hour.

| | At |l % | | At 1%
C ‘ SM | Sch l according S"L : according
SR Snaentu) |to Erlang | to Erlang
K=.23 K=.7
10 1
20 I 2 '
50 I 3 5
100 I 5 | 7 4 | 5
200 I 8 | 10 6 8
500 | 15 | 19 115
1000 | 30 30 | 22 26
| 10 2 | 2
20 2 ‘ 3| 5 -
50 | 2 | 6| 7 5| 5
100 2 10 | 10 8 8
200 \ 2 |16 | 16 12 | 13
500 \ 2 29 ‘ 30 22 | 26
1000 2 58 | 50 44 45
10 3 3
20 | 3 5 6 4
50 3 9 | 9 7| 7
100 3 15 | 13 [
200 3 23 | 21 | 7| w37
500 3 | 43 40 33 35
1000 3 86 70 66 63
10 4 4 5
20 | 4 171 6 | 5
50 4 13 0 | 9 8
00 | 4 20 16 | 15 | 13
200 4 31 26 0 23 | 22
500 4 58 | 50 | 43 | 45
1000 = 4

116 90 86 | 8l

The value of the subscriber’s time has been assumed
at .1 oere and | oere (100 cere =— | Swed. crown)
per second. The above-mentioned coefficient K in these
two cases will then be .17 and .23 respectively. In
the table, the permissible loss for calculating accord-
ing to Erlang has also been assumed for two different

cases, i. e. one pro mill and one percent.
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Courses in Sweden 1925 to 1927. — Calculation of the Required Number of Switches with Consideration for the Value of

the Subscribers’ Time.

=Y =



R 1207

Nos. 4 10 6

T R
PRS- L

P

I St

e RYS
serPRRRRR
LU

INTERIOR VIEW OF THE KUNGSHOLM TELEPHONE EXCHANGE.

(See article on the automatization of the Stockholm telephone net.)
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The Continued Automatization of the Stockholm Telephone Net.
By A. Lignell, Superintendent of Telephones, Stockholm.

(N crra Vasa’, the first automatic exchange in
Stockholm acccrding to the Ericsson system,
was put in operation in January 1924, the capacity
at that time being five thousand lines. This exchange
has since been extended t> its full capacity — 10,000
lines — of which 6700 are now in use. The second
automatic exchange, ‘Kungsholmen’, was cpened for
traffic in May 1928. The ultimate capacity of this
exchange is 25,000 lines, the present equipment being
for 15,000 lines, 10,400 cf which are now in use.
At the present time Stockholm’s oldest and only re-
maining L. B. exchange — the ‘Skeppsbro’ ex-
change — with its 11,000 subscribers is being trans-
ferred to the new 20,000 line automatic exchange
on Jakobsbergsgatan. After the completion of this
transfer about 28,000 of the telephcne subscribers
of Stockhslm — amounting to somewhat over 100,000
—— will be provided with automatic service.

The continued automatization will now be carried
on at greater speed, orders for automatic equipment
for two additional exchanges with an nitial capacity
of 30,000 lines each having been placed with L. M.
Ericsson. One of these — ‘Soder’ — will be com-
pleted in the early part of 1931 while the other,
‘Sédra Vasa’, will be ready for use in the beginning
of 1932. The present capacity of these exchanges
is 20,400 lines fer ‘Soder’ and 17,800 for ‘Sédra
Vasa', so that by the middle of 1932 at least
70,000 subscribers will have full-autcmatic service.

The two existing exchanges in Ostermalm, now
equipped for a total of about 14,100 subscribers’

lines, will in all probability be provided with auto-
matic equipment during 1933, after which the only
remaining exchange — ‘Norr’” — will be rebuilt as
soon as peossible, probably in 1934, the exact time
being as yet undetermined pending a definite decision
in the matter of premises in which to house the ex-
change.

The lccation of the varicus exchanges is shown
on the accompanying map, on which are als> indicated
the different exchange areas and the free traffic zone
cf the caity.

In addition to the above-mentioned local exchanges,
the Stocckholm local telephone net includes a private
branch exchange, called the group exchange, and a
name call exchange.

The group exchange, to which are connected
those switchboards and intercommunication installa-
tions which have at least three P.B.X. lines, is as yet
manually operated. The calling indicator lamps and
the jacks for the outgoing traffic from the subscribers
are multiplied, thereby enabling any of the nine
operators in each section to answer a subscriber’s call.
For the incoming traffic the lines are placed in groups
of five which are within the reach of all of the
operators.

The group exchange now comprises 342 subscrib-
ers with a total of 1487 lines, it being the intention
to automatize this exchange in the near future. The
question as to whether the group subscribers are still
all to be placed at one of the exchanges within the
‘Nerr’ district or whether they are to be distributed
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among the respective district exchanges is still under
deliberation. Since a large majority of these sub-
scribers are lccated within the ‘Norr’ district it is
very probable that the present centralization will be
retained, thus providing a saving in line groups at the
other exchanges on account of their insignificant num-

bers of P.B.X. lines.

automatic exchange such a call is made by dialling
the digit 0 — which lies nearest the finger stop —,
thereby automatically obtaining a disengaged operator
at the name call exchange. At the present time, there
are 306 ‘name call’ subscribers in Stockholm with
a total of 2044 lines, these lines being reserved for
incoming calls to the subscribers in question. The
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The comparatively small number of subscribers and
lines at the group exchange is due to the fact that
Stockholm also has a special exchange for Subscrib-
ers with name call.

The name call feature is considered by the larger
firms and business houses to be a most valuable asset
from a commercial point of view. A call to a
‘name call’ subscriber over a manual exchange is
made by merely requesting the name call, which is
the name of the company or a certain popular and
well-known abbreviation of the same, while over an

© manual exchange.
® automatic exchange.

The Stockholm Exchange Areas.

operator selects a disengaged line to a name call
subscriber by means of visible testing.

The lines for the outgoing traffic from name call
subscribers, amounting to 1667 at the present time,
terminate at the respective district exchanges.

The yearly rate for a name call subscription in
Stockholm is 800 Swed. crowns, in addition to which
other subscriptions for this same subscriber must
amount to not less than 1000 Swed. crowns per
quarter in order that he shall qualify for a name call.
If these subscription rates do not come up t> this
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sum, a complementary fee may be paid in order to
make up for the deficiency.

As will be seen, the name call rates are high, but
this i1s necessary in order to keep the same within
reasonable bounds. It is now planned to equip the
name call exchange for semi-automatic service with
key sets, a feature which will be introduced in con-
nection with the removal of the exchange to other
quarters, The service of other special departments
within the local city net — the ‘Directory Enquiry’,
the ‘Special Service Bureau’, the ‘Telephone Wait-
ing Line’ and the ‘Taxi Exchange” — is handled
over the name call exchange and will not be affected
by the automatization. The increase in the number
of telephones in Stockholm during 1928 amounted to
4537 or 3.9 %, the total number now being 121,999
which is equivalent to 30.15 telephone instruments
per 100 inhabitants.

In this connection it may be of interest to mention
something about the transfer of subscribers from
manual to automatic service. This transfer may take
place simultaneously, so that all the subscribers at
a manual exchange are cut over to the automatic ex-
change during the same night, or else the cutting over
may take place successively with small groups at the
time. In deciding between these two methods, we
have chosen the latter, and for the following reasons.

Everyone who has been occupied with the operation
of telephone nets for some length of time and who
has had occasion to become acquainted with the
opinion of the general public as to the service, knows
all too well that every change of system is met with
skeptisism. This is especially the case where the ser-
vice 1s good and the public is salisfied with existing
traffic conditions. There 1s no doubt, however, but
that changes are welcomed where the existing tele-
phone system has given dissatisfaction.

Here in Steckholm we well remember the objec-
tions on the part of telephone patrons during the
change from lccal battery to common battery, not-
withstanding the fact that the C. B. system offered
many clear advantages for the subscribers. A good
example of the susceptibility of the patrons to such
changes is contained in the opinion, often voiced
when the subscribers were provided with telephones
without magneto during the change to C. B., that
“to be able to give a long, powerful signal is such
a sedative for the nerves. | can't quite understand
how the same result is to be obtained by merely lif‘ting
a receiver from a hook.”

This merely gces to prove how important a role

LM Grécason

a deeply rooted habit plays in the judging of a new
telephone system, even though the advantages of the
new system for the subscribers are easily proved.

The fact is, however, that although automatic
switching, as compared with manual, embodies many
advantages for the subscribers such as equal and short
answering times (until the dial tone is received), the
uniform and short times required for the switching
cperalions, especially in larger nets, and — above
all — the short time required for clearing a connec-
tion, it still has a serious drawback from the sub-
scriber’s point of view, viz the necessity of his having
to dial a desired number himself in order to obtain
a connection. Naturally, it is much more convenient,
with satisfactory answering times from the exchange,
merely to remove the micro-telephone, wait for an
answer and request the desired number than to dial
the number after having received the dial tone. Also,
there is the disadvantage of having both hands oc-
cupied during this process, which is not the case with
manual switching. This objection against automatic
switching is quite general and, although it is of no
serious importance, especially to subscnbers who make
but few calls, one must still admit that the switching
operation required of the subscriber is exceedingly
annoying to one making large numbers of calls.
Under such conditions it is very important, when
changing from manual to automatic switching, to win
the confidence of the public for the new arrangements
at the very outset.

It is self-evident that an automatic exchange should
be calculated so that all routes of communication
within the exchange as well as betwieen the same and
other exchanges within the net have a sufficient ca-
pacity to accomodate the peak traffic load, also that
all arrangements are tested and found to function
with irreproachable accuracy before the subscribers
are cut over. Furthermore, the subscribers must be
well instructed as to the manner of making calls and
all operations connected therewith. As to this latter,
however, the subscriber is always more or less in-
efficient in the manipulation of the calling dial no
matter how well he has been instructed in these
matters.

If the simultaneous cutting over of say, 10,000
subscribers is to be attempted, it is quite understand-
able that the exchange — which, in order to be
economical in operation must be projected for normal
traffic conditions with a certain margin of safety —
during the time immediately following this procedure
will be seriously overtaxed. Due to the slow or in-
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accurate manipulaticn of the calling dials, the switching
devices will be engaged much longer than is normal,
sheer curicsity to see how the svstem works will cause
the traffic to be unduly congested and it is practic-
ally certain that, immediately following the opening
cf the exchange, the service will not be of the same
excellent quality as the manual service to which the
patrons have previously been accustomed. Thus a
feeling of oppositicn may arise against an otherwise
excellent system, a feeling which may remain for
years before entirely disappearing.

On the other hand, if smaller groups of subscribers’
lines are cut over at
the same time it will
be possible to take
all necessary precau-
tions to insure a nor-
mal and unruffled
transition to the new
traffic conditions.

At the transfer of
subscribers’
the three new auto-
matic Stockholm ex-
changes, therefore,
not more than five
hundred lines at the
time have been cut
cver from the Skepps-
bro exchange, which

lines to

has a very congested
traffic, and one thou-
sand lines each from the other two exchanges, whose
traffic conditions are more normal. The time inter-
vals between the successive transfers have been one or
two days, so that about two months have been re-
quired for the transfer of all the Skeppsbro subscrib-
ers lines.
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The disadvantages which accompany such a pro-
cedure i. e. the necessity of providing for junction
traffic between transferred subscribers and those still
remaining at the old exchange and that the manual
exchanges — in order to correctly direct the traffic
— must be kept posted as to the advancement of the
transferring process, are insignificant as compared
with the advantages of a smooth and gradual transfer.

The transfer of the lines bas taken place in the
following manner.

About two weeks before a group of subscribers
was to be transferred, all of these subscribers were
supplied with printed instructions as to the method

Board for Traffic Supervision.

of using the automatic telephone instruments and a
notice advising all those who used the telephones to
In addi-

tion to this, informaticn was given as to when the

make a careful study of these instructions.

transfer was to commence and that the subscriber,
some lime before the transfer of the line, would re-
ceive a visit from zn emplcyee of the telephone ad-
ministration who would give any desired additional
information as well as information as to the day on
which the line of the subscriber in question was to be
transferred. Also, during this visit, the subscriber
was taught t> differentiate between the various tones
for the dial, calling
and busy signals.
During the intervals
between the cutting
over of the separate
groups these instruc-
tors would visit the
subscribers of the
group next in turn.

The incoming traf-
fic from the trans-
ferred subscribers is
checked up at the su-
pervisor's desk in the
automatic exchange.
Each register at the
exchange is represent-
ed in this desk by a
white lamp which
glows when the call-
ing subscriber has been connected up to a register. The
lamp is extinguished when the connection is effectuated
or if the calling subscriber prematurely replaces his
hand-microtelephone.

Hecwever, if the register should be occupied for
too long a time, if the subscriber dials an insufficient
number of digits, if some technical fault exists in the
system or if the subscriber dials a combination of
digits which does not exist in the register, a red lamp
will glow after 24 seconds in the three first cases and
immediately in the last case.

Consequently, the glowing of a red register lamp
means that a dialling operation has been delayed or
interrupted for some reason or other. In the majority
of cases the subscriber himself is to blame and the
search for a fault on the glowing of a red register
lamp is therefore possible only after a previous sort-
ing into subscribers’ faults and technical faults. The
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supervisor handles this trouble sorting in the follow-
ing manner.

When a red register lamp glows, the supervisor
depresses the register key and inquires of the sub-
scriber “What number do you want?” The sub-
scriber is then given necessary instructions, the register
is restored to normal and the subscriber is requested
to dial the desired number again. The same line
finder, register and first group selector are used. The
dialling of the number may be followed on a verifi-
cation board and the supervisor can see if the right
digits are being dialled and ascertain whether the
desired number is obtained. If the wrong number is
obtained or the connection is not effectuated although
the verification board shows the right digits, the
switching devices are locked and an immediate search
is made in order to locate the fault. Also, the super-
visor can help the calling subscriber to make a call
by means of the dial on the supervisors” desk. If the
microtelephone has been unduly removed from the
cradle rest or switch hook, thus blocking a register,
the delinquent subscriber is called to the 'phone by
means of a howler tone, which is sent out by the
The supervisor's desk shown in the ac-
ccmpanying ilustration has four positions for the
above purposes. During the transfer of subscribers’
lines, the :ame positions are used for supervising the
efficiency of the service and the switching times, sub-
jects which will receive our attention a little further on.

supervisor.

In addition to these four positions, the supervisor's
desk has two positions for so-called individual super-
vision, 1. e. supervision of all the traffic over a certain
subscriber’s line. Each such position can accomodate
ten subscnibers’ lines for the complete supervision of
all incoming and outgoing traffic over these lines, the
positions being also provided with indicator boards
for the verification of the numbers dialled by the
subscribers.

These two positions are used for subscribers who
enter complaints about faults and disturbances in the
traffic and also to investigete complaints as to the
number of calls in connection with taniff rate charges.
Existing conditions in these respects may be accurate-
ly checked up by means of the supervisor’s desk and
it provides an excellent means of settling disputes with
the happily small percentage of subscribers whose
greatest pleasure in life is to enter a complaini,
whether it be justified or not.

We have already mentioned the fact that the super-
visor's desk is also used to check up on the efficiency

of the service and for time recording of connections
and of lamp trunk lines at the manual exchanges.

An uninterrupted supervision of the service at an
automatic exchange cannot be too highly estimated,
since such supervision — provided it is made in the
right way — gives accurate information as to the
condition of the traffic. It is not sufficient, in an
automatic system, to figure with the number of re-
ported and remedied faults and, if this number is
small, to draw the corclusion that the traffic is being
efficiently taken care of, for it often happens that
faults may have existed for some time before being
remedied or even noticed, meanwhile causing much
trouble to the traffic in general. Faults which are
discovered by the supervisors are usually located and
immediately remedied, in addition to which weak
points in the system — if there be any — are brought
to light. Also, a continuous record is obtained of
the subscriber’s ability to manipulate his calling dial,
cf the percentage of ‘busy’ and “no answer’ calls
as well as the percentage of lost calls due to faults
in the automatic system, the subscribers’ lines or the
telephone instruments. It is also possible to ascertain
the extent to which other subscribers are disturbed
by trouble caused by subscribers or to be found in the
technical arrangements. As to these latter, one may
say that the supervision of the service efficiency is in
reality a general and efficient trouble locating and
eliminating prccess for the entire system.

The continuous dayly supervision of the traffic is
of two kinds,

A. Supervision with white register lamp (the lamp
glows when a register is occupied).

B. Supervision with red register lamp (the lamp
glows when the register is occupied for an
unnecessarily long period or when a fault
arises which may be caused either by the sub-
scriber or by the system).

For supervision according to A — the real service
efficiency supervision — the supervisor's position is
connected up to the call when the white lamp glows.
The connections take place with the same number to
each of the registers in the exchange.

The dialling of the desired number by the calling
operator 1s carefully chserved and statistical notes
made of the result even if a red lamp starts to glow
during this operation. A supervising register for the
dialling of the desired number must be connected.
The supervisor listens in on the beginning of the call
only in order to ascertain if the calling subscriber



obtains the desired number or, if the right number
is not obtained, to enquire the number of the desired

line.

The calls under supervision are noted down on
special forms under one of the following captions.

A connection is

established.

Change of number
efc.

No answer.

Busy.

Mistakes on part
of subscriber.

Mistakes on part
of operator ( Junc-
tion traffic to ma-
nual exchange).

Fault in the tech-
nical arrange-
ments.

The supervisor can tell by the
conversation whether or not the
right number has been obtained.

The supervisor informs the call-
ing subscriber as to any change
in number and vacant or discon-
nected number on condition that
the right connection is obtained.

A calling signal tone is heard
by the calling subseriber, but the
called subscriber does not answer
before the former replaces his
microtelephone.

A busy tone is received by the
calling subscriber.

The calling subscriber dials the
wrong number. This is ascer-
tained if the dialled number an-
swers or if the supervisor enters
the call on account of the dialled
number being changed, vacant
or disconnected.

The subscriber dials a combina-
tion of digits which the register
cannot take, causing the red
lamp to glow at cnce.

The subscriber dials an insuf-
ficient number of digits.

The subscriber mixes up the di-
gits 0, 8 and 9 which are used
for name calls, suburban calls
and toll calls respectively, or he
dials an entirely different digit
instead of one of these.

Faulty connection where one
may reasonably draw the con-
clusion that an operator is re-
sponsible for the fault in ques-
tion.

The subscriber dials the correct
number but

1. is given a wrong number,
2. obtains no connection etc.

The number of all the faults which have led to
the answering of the trouble signal is noted each day.
Thus, trouble signals of this kind are in two columns
in the schedule, viz in the correct trouble column and
in the trouble signal column.

Calls where the white register lamp glows,

1. without being followed by the dialling of a
number,

2. and the dialling of the desired number is begun,
although the handset is replaced before all the
digits have been dialled.

In a case where a fault occurs which is not caused
by the subscriber, the call is locked and immediately
reported to the trouble bureau. The call remains
locked until a repair man gives permission to release
the same after having located the fault.

For supervision according to B the supervisor
connects up to the subscriber’'s jack when the red
lamp glows and asks the calling subscriber “What
number do you want?” The subscriber gives the
required information, the register is restored, the super-
vising register connected up and the subscriber is re-
quested to dial the number over again, this operation
being followed as described under A.

The results obtained under A and B are noted
on separate forms. For supervision with red register
lamp — this signal indicating a too slow manipulation
of the dial or the existance of some kind of fault
— cnly the ‘Total number of supervised calls’,
‘Mistakes on part of operator’ and ‘Faults in tech-
nical arrangements’ are recorded. The results of the
supervision of service efficiency at ‘Norra Vasa’,
the oldest automatic Stockholm exchange, now five
years old, during January and February of the cur-
rent year, are given in the following schedule in
comparison with manual service.

Automatic service | Manual
January February ek
Total number of su-
pervised calls......... 5,935 4,226 | 8,263
Effectuated calls ... . 80.53% 80.15%| 75.48%
|Busy e .. 9.74%  9.51%| 10.72%
|INo answer ........... 655% 7.23%| 986%
'Mistake by subscriber 297% 292%| 193%
Mistake by operator 02% .00% 1.85%
Fault in technical
arrangements ... 9%  (19%] .16%

100.00 % 100.00 %/100.00 %
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From the above we will find that the number of
faultless calls with automatic service was 96.82 7%
during January and 96.89 7 dunng February,
the corresponding figures with manual service being
only 96.06 %, assuming that no faulty busy tone
was given and that the failure to receive an answer
was not caused by the signal not reaching the called
subscriber. It should be noted that all vacant num-
bers are brought together in groups with one lamp
for each group in the toll junction board, so that
when a vacant number is called an answer is received
from the junction toll operator. However, the per-
centage of ‘busy’ and ‘no answer’ calls is equal to
what is regarded as normal, this judgement being
based on a leng experience and special supervision
of the functioning of the Ericsson automatic system.

The difference between ‘no answer' calls

(9.86 % with manual switching and 6.55 to 7.23
with automatic switching), amounting to from 3.31
to 2.43 ‘- in favour of automatic switching is no
doubt due to the periodically recurrent ringing signal,
which did not exist in the manual system. The com-
paratively high percentage of ‘no answer” calls with
both autematic and manual switching is due to the
large percenlage of residence telephones in the Stock-
holm net, about 52 “¢ of all the telephones in Stock-
holm belonging to this category, in which ‘no an-
swer’ calls are more frequent than with business
"phones.

Calls which have not materialized due to mistakes
made by the subscriber or operator or to faults in the
technical arrangements are 3.18 and 3.11 ‘0 res-
pectively with automatic switching as compared with
the 3.94 i with manual switching. The subscribers’
share in the above fault percentage — 2.97 ‘¢ and
292 ¢ respectively with automatic switching — will
no doubt be reduced by degrees as the automatization

advances and the manipulation of the calling dial be-
comes so to speak second nature with the residents
of Stockholm.

With respect to the faults in technical arrange-
ments, amounting to .19 ¢ in January, .05 % have
been located in certain definite devices at the auto-
matic exchange, .02 ‘¢ to the outside lines and
.12 % were not identified with any certain device.
During February this same category of faults also
constituted .19 % of which .05 ¢ were located in
certain devices at the automatic exchange while
.14 % were not identified with any certain devices.
Of these latter, thirteen all told during the two months,
five during each month were in the junction lines
to manual exchanges, and therefore very difficult to
locate. The remaining three (two in January and
one in February) were lacated in no specially de-
signated apparatus at the automatic exchange.

The times that other subscribers have been disturbed
by automatic subscribers calling up wrong numbers
amounted to 1.85 and 1.77 7 respectively of all
calls made during January and February, while the
corresponding number of faults caused by various
technical arrangements amount t> .02 and 0 % res-
pectively.

The number of times a subscriber remzves the
hand:et without dialling any digits (blind signal)
constitutes from 1.71 to 1.33 %, the corresponding
figures for calls in which the handset is replaced
before the entire number is dialled being 2.74 and
3.17 % respectively.

The percentage of technical faults for which the
automatic system can be blamed is exceptionally low,
as will be secen from the schedule, but it may well
be said of the Ericsson automatic system that it has
come as near the unattainable ideal — no faults —
as is possible for any system.
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Electrolysis in Underground Cables.
By Einar Strom, Line Construction Engincer with the Swedish Telegraph Administration.

1. Introduction.

lectrolysis in underground cables is just as liable

to cccur with direct current as with alternating
current.

It appears first in the form of scattered grayish

corrosions resembling small craters (see fig. 1) out

Fig. 1.

of which a fine gray powder will fall when the lead
sheath is given a slight blow. When the corrosive
action has continued for a prolonged pericd, elongated
corroded spots appear on the lead sheath which readily

falls apart (see fig. 2). In the last stage, the lead

Fig. 2,

sheath is so attacked by corrosion that it falls off
entirely at the merest touch (see fig. 3).

There is a striking difference, hcwever, in the
strength of the disintegrating action when caused by
direct current or by alternating current.

Fig. 3.

If a direct current of | ampere is allowed to flow
out ccntinuously from the lead sheath of a cable during
cne year, about thirty-five kilograms of lead will be
corraded.

The cormresponding figure for iron is about ten ki-
lograms.

With alternating current, however, the effect is
vastly less pronounced. Thus, a 15 cycle alternating
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current will corrcde not more than about 1,7 “¢
of the corresponding amount with direct current, while
a 50 cycle current will corrode less than 1 ‘¢
compared with a corresponding direct current.

If an electric current passes through a solution in
water of an acid, alkali or salt, the water is decom-
posed into hydrogen and oxygen. To make electra-
lysis pessible, therefore, the following conditions must
prevail.

Firstly, there must be an electric current which
flows from one electrode to another through a con-
ductive fluid, secondly, the conductive fluid must
consist of a solution which can be decomposed by
(The insignificant effect of an
alternating current may be explained through the fact
that the decomposition of the fluid which takes place
during one half cycle is partially counteracted by the
rcaction which takes place when the current is re-

as

the electric current.

versed during the next half cycle.)

conditions favourable for eleciro-
lysis are to be found wherever there are tramways
with direct current electrification and using the rails
as a return conductor. These conditions always give
rise to vagrant currents and there is always enough
water present to be decomposed by these vagrant
carth currents, for it is an established fact that the
entire service current does not return to the power
house through the rails but that a smaller or greater
part of the same leaks out and seeks its way through
the ground and various underground metallic objects
before returning to the power house.

Consequently, if a telephone cable is laid in the
ground parallel with such an electrified tramway, a
part of the current follows the lead sheath of the
cable on its way back to the power house.

The vagrant currents flow from the rails to the

Consequently,

cable at poirts where the potential in the rails is
higher than in the cable (i. e. the cable is negative)
and from the cable to the rails where the potential
of the cable is higher than that of the rails (i. e. the
cable is positive). Thus we obtain the following
graph.



Here, therefore, we have all the conditions neces-
sary for the appearance of vagrant currents, for the
earth 1s always sufficiently moist and more or less
conductive, thereby satisfying the two requirements
for the existance of electrolysis. When the current
flows through the water, this latter is decomposed,
the hydrogen taking the same direction as the current
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and the oxygen going in the opposite direction. The
following two conditions can arise.

a. At those points, where the cable is positive in
comparison with earth, oxygen O is depcsited on the
lead sheath of the cable, lead-monoxide PbO is form-
ed and the lead sheath disintegrates.

b. At those roints where the cable is negative,
hydrcgen H is deposited on the lead sheath of the
cable and no disintegration takes place.

In the presence of salts the chemical action is ana-
logous, 1. e. at positive points the positive ions are
deposited on the rails, the negative ions moving against
the {low of current and being deposited on the cable
where they form lead salts which corrode the lead
sheath of the cable.

At those points where the cable is negative, on
the other hand, only positive ions are deposited on the
same. 1 hese do not harm the cable and consequently
no corrosion takes place.

Those places nhere the cable is positive are there-
fore called danger zones.

It should be pointed out in this connection that
some authors speak about electrolysis at negative
points, which is entirely misleading, for the electric
current is altogether innocent of any direct corrosive
action at these points, although this may take place
through certain secondary reactions. Thus, the metal
in the cathode is not subject to direct disintegration
by the electric current, but this takes place through
the secondary reaction of alkali formed through the
direct action of the electric current. However, this
negative electrelysis is extremely rare and of small
importance, for which reason all efforts to prevent

L M Grécsson

electrolysis should be concentrated to those points
where the cable is pesitive as compared with the sur-
rounding earth and the tramway rails.

Self-corrosion is often mistaken for electrolysis.

It is possible for cables to become corroded exactly
as by electrolysis even in the absence of any electric
current.

This is caused by organic acids (loam acids, acetic
acid etc.). Acetic acid, which is formed through
the decomposition of vegetation, slowly attacks the
lead covering, a process which is hastened if alkalies
are present. [hese chemical reactions in the earth
may be intensified where electric currents occur.

An example of such self-corrosion has recently
taken place on the telephone cable between Stockholm
and Norrtilje, near Akersberg, where this cable is
drawn through some swampy fields and passes in the
immediate vicinity of a slaughter house with a couple
of large dung-hills. The acids formed through
the decomposition of blood and urine attacked the
lead covering of the cable so that it became complete-
ly corroded for a length of 300 metres. The corro-
sions had the appearance of very large, brown spots,
extending along the entire cable, the depth of the
corrosions being as much as 172 mm. In this case
it became a question of insulating the cable in the
best possible manner from the surrounding earth.
First, the entire cable was coated with tar, after
which three separate servings of jute were applied
with a separate coat of tar for each serving. On the
top of this was placed an armour consisting of two
semicircular troughs of iron in sections which com-
pletely surrounded the cable and the splices of which
formed very tight joints. After having put the lower
half in place a last thick coating of tar was applied,
this tar being squeezed out at all the joints when the
upper half of the armour was screwed down tight.
Thus an excellent insulation of tar was obtained as
well as an armouring which protected the cable from
all outer injury. In order to forestall any cracking
of the tar insulation through frost or settlements in
the earth, the entire length of cable was laid on a
bed of creosoted planking, each transverse splice of
the iron armour being sealed in a block of concrete
which rested on the plank bed (see the accompanying
tllustrations).

It may seem that a procedure such as the above
described would be altogether too costly, and that it
would have been better to remove the damaged
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length of cable and splice in a new one, at the same
time removing the cable from this dangerous location.
This was not possible, however, on account of the
fact that his cable is balanced as to capacity accord-
ing to a special system so that the unbalance of ca-
pacity for the different conductors does not exceed
30 micro-micro-farads. This prevents the cutting away
of as little as one single metre of the cable or of
changing it in any respect, so delicate is the balanc-
This cable was delivered by

L.. M. Enricsson, having been manufactured at their

irg of such a cable.

B. By preventing the vagrant currenis from reach-
ing the underground cables at such points where these
have a lower potential than the rails.

C. By assisting the flow of the vagrant currents
away from the underground cables at such points
where the cables have a higher potential than the rails.

A comprises steps which must be taken by the
traction company, B steps to be taken by both the
tramway and telephone companies, while C comprises
steps to be taken by the telephone company only for
the protection of underground cables from the effects

Fig. 5.

cable werks at Alvsio in 1925. This cable carries
all the international traffic with Finland and contains
lines which are connected to two as well as four con-
ductor repeaters. In fact, it fills the same require-
ments as other amplified duplex cables such as those
between Stockholm and Gothenburg, Stockholm and
Norrkoping and Stockholm and Gavle.

Returning to the subject of this paper, attempts
are made to prevent electrolysis in the following ways.

A. By forcing the traction current lo return fo
the power house either through the rails or through
return cables.

of electrolysis in case the steps in A and B cannot
be effectively carried out or, in other words, if it is
not possible to prevent the vagrant currents from
reaching the cable at negative points then it is ne-
cessary to assist them in leaving the cable at the po-
sitive points in order to prevent electrolysis there.

II. Measures to be taken by the traction companies
for the prevention of electrolysis.
As already mentioned, it is the duty of the traction
company to prevent the originating of vagrant cur-
rents.
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A. By forcing the traction current to return lo
the power house either through the raiis or through
return cables.

The fundamental cause for the orngin of vagrant
currents in a tramway system is the existance of dif-
ferent voltages in the rail system for, if the potential
of the rails were at all points equal to that of the sur-
rounding earth, there would naturally be no equaliz-
ing currents through earth since there are no differen-
ces in voltage, but if a certain point A has a different
potential than another point B, an equalization of the
tension between the two points will take place, giving
rise to an earth current which seeks the shortest path
between the two points, i. e. it flows along metallic
conductors in the ground.

Thus, if the track system is negative at some point

as compared with earth, there is al- P

the accompanying illustration, vagrant currents are
avoided only on condition that the rail and return cable
to the power house offer so little resistance to the
return current that no tension worth mentioning arises
between the rail and earth. 1f these conditions are
not filled vagrant currents will arise, as indicated in
the illustration, because of the fact that the cable
will serve as an equalizer between the point A4 of
the rail which is furthest away from the power house
and point B at which the feed cable K, enters.

This phenomenon may be due either to the fact
that the rails are overloaded or that the rail joints
are poor.

In order to avoid electrolysis, therefore, one or
more of the following measures must be taken.

o7 a8

ways a corresponding posifive tension Rui
in some other part of the track system.
If one can but find a way of prevent-
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the positive tensions will, as a result,
automatically disappear.

The whole preblem, therefore, is nothing but a
question of balance of tension in the track system.
This balance is disturbed through a drop in the po-
tential of the tracks, which therefore actually is
equivalent to a loss of energy. Thus, it is a lucky
coincidence that a reduction of this loss through the
improvement of the return conductors or the building
of more power plants by the traction company is
equivalent to bettered financial conditions. There
no longer is any doubt but that an insufficient num-
ber of power plants is responsible for powerful vagrant
currents, resulting in direct financial losses for the
traction company. ldentical conditions result from
poor rail jeints, the use of too light rails or a too
small return cable from the rails to the power plant.

Thus, efforts to remove or prevent electrolysis are
equally desirable and profitable for the telephone com-
pany as well as for the traction company and result
in economic advantages for both.

It should be pointed out in this connection that the
danger of electrolysis is so serious that a distance of
200 metres between a railway track and an under-
ground cable is considered necessary in order that the
cable may be considered free from the danger of elec-
trolysis. This holds gocd even though the cable
be drawn thmugh cement conduits.

Thus, if we have an undergrourd cable run-
ning parallel with a tramway track as indicated n

R 13120

Fig. 7.
Replacement of the rails by heavier ones,
Welding of the rail joints,
Divertion cf part of the current from the rails
to a new, insulated return cable K..

In certain, extreme cases it will be found necessary
to construct additional power plants. Also, the ex-
pediert cf increasing the earth resistance between the
rail and the cable may be resorted to in some cases.

In order to establish the causes of electrolysis it
will be necessary, first of all, to investigate the follow-
ing points,

1. Rail joints and bonds between rails.

At the Como convention in September 1927, the
C. C. 1. (Comité Consultatif Internationale des Com-
munications Téléphoniques @ Grande Distance) pro-
posed the following stipulations.’

1. The resistance in a rail joint shall not exceed
the resistance of a 3 metre length of unbroken rail,
with the exception of rail joints at branchings or
crossings. Furthermore, the increase in the electric
resistance cf the rails in an entire track section caused

1 These stipulations, as well as all others mentioned in the follow-

ing, have now been accepled by the various telephone administra-
tions. The tramway administrations, however, have made a num-
ber ol reservations which are to be taken up for discussion by a
committee which will shortly hold its first meeting.
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by the rail joints shall not exceed a mean value of
10 ¢ of the resistance of the rail without joints.

At branchings and crossings with grooved rails (in
city traction systems) the rail ioints, being covered
by the street pavement, are difficult of access, besides
which they are subject to very severe mechanical
strains, especially in the mcre central parts of the city.
Consequently 1t 1s not possible to apply the same rules
to such rail joints as to those in other parts of the
rail system, for which reason rail joints at branchings
and crossings with grooved rails should be made to
conform with the following stipulations.

a. Immediately following their completion or af-
ter an extensive repair job, the resistance of rail
joints should not exceed that of a 3 metre length of
unbrcken rail.

b. Those rail joints which, according to subse-
quent tests, are found to have a resistance exceeding
that of 20 metres of unbroken rail, should be recon-
ditioned as soon as possible.

At switches with flange rails (on suburban lines)
the inside rail members cannot be considered as con-
ductors of electric current, because the mcvable
tongues of the switches are generally not shunted by
means of electric bonds. Also, the central portions
of a flange rail, in the centre of branchings or cross-
ings, cannot be cornected past these points without
the use of long electric bonds with a considerable
resistance. For this reason it is wise to stipulate
that the resistance in these rail joints which occur
in two outer rails should always be as low as pos-
sible. (By ‘cuter rail’ is here meant the rail in each
track which has no movable tongue but passes by
the switch unbroken.) This stipulation is not diffi-
cult to satisfy since the joints in a flange rail are easy
of access. Consequently, flange rail joints at branch-
ings and crossings should conform with the following
conditions.

c. The resistance of each joint in the two outer
rails should never exceed the resistance of a 3 metre
length of unbroken rail.

d. If the connections between rails satisfy the
stipulated requirements (see below under ‘Connec-
ticns between rails”) the tongues of the switches
need not be shunted by means of special bonds.

2. In order always to maintain the track system
in the best possible condition with respect to its con-
ductivity, it is necessary to make a yearly inspection
of all rail joints at branchings and crossings through

which there is a continuous flow of current, as well
as rail joints in track sections for which a mean drop
in tension of more than .0005 volts per m. has been
calculated. (The definition for mean drop in tension
is given in the following.)

The resistance of all other rail joints shall be tested
every third or fifth vear. Should it be found that
the resistances exceed the above maximum values it is
imperative that the joint bonds be put in good con-
dition again.

An exception to the above are welded rail joints
which should be inspected for cracks yearly. Any
defective joints should be immediately repaired.

According to the “Report of the American Com-
mittee on Elcctrolysis 1921“ the resistance of rail
joints in city traction nets should equal that of three
to six feet of unbroken rail when short joint connec-
tions are used.

T he resistance of a rail joint and three feet of rail
shall not exceed the resistance of a ten foot length
of unbroken rail.

Further it is stipulated that all rail joints be tested
yearly or even every six months in case the number
of rail joints with too high resistance exceeds 5
per vear.

Thus, the resistance of the rail joints in the track
sections shall not exceed the resistance of unbroken
rail in the following lengths:

3 meters according to the C. C. I. ruling of 1927.
7 feet & . » American Committee rul-

ing of 1921.

Testing the resistance of rails.

The instrument used for this purpose should be
easily cammied, of such a sturdy construction as to
withstand rough handling and be so simply graded
as to be easily uvsed and quickly read by any work-
man. A very important quality is that it shall be
possible to obtain a contact with the rail without
undue difficulty. Since the rails are often both dirty
and rusty, this is not always so easily accomplished.

The American “Bond Tester” is probably the
only instrument on the market which actually pos-
sesses all the above qualities.

The author has tested a large number of rail
joints in Mexico City with the aid of this instrument.
It is so simple and easy to handle that one man has
no trouble in testing as many as 500 rail joints per

day.
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This instrument comprises a contact arm A, B, C.
The three contacts consist of obliquely held pieces of
a hack saw blade attached to a spring board so that
the distance between the contacts is exactly three feet.
The outer contacts 4 and C are connected with wires
to a rheostat. On this rheostat is a contact arm R
which, in turn, is connected to the centre contact B
over a galvanometer G. The rheostat has a direct
gradation in feet.

A test is made in the following manner.

The contact arm is placed against the rail in such
manner that the rail joint comes between contacts 4

7. and r.= resistances of rheostat,

n and m— = of connection wires,
ab — resistance of rail between 4 and B,
bc = & B and C,

(i. e. resistance of 3 feet of unbroken rail).

When balance occurs we obtain
ab _rn+m
bc r+n

When the instrument indicates 10 feet, this means
that the resistance of the rail joint proper is seven feet

”2
— 1 Contact board
A $ 8 C
T ” Rail
! 58 o5T = <

- ab __
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and B. By pressing down the board a few times
with the foot, the hack saw blades will eat themselves
into the rail, thereby providing an excellent contact.

The current passing through the rail will cause the
needle of the galvanometer to deflect, a deflection
which may be compensated down to zero by turning
the rheostat.

When a balarced condition has been obtained
the position of the contact arm is noted and one then
obtains the resistance of the rail joint and three feet
of unbroken rail expressed in the number of feet of
the rail in question without joints.

The whole device forms a Wheatstone bridge of
the following appearance:

be n—=

Fig. R

which 1s the highest permissible according to the
American stipulations.

If there are no cars on the tracks, the rails are
devoid of electric current, in which case a battery
must be included in order to make the test. Those
rail joints which do not fill the requirements must
absolutely be reconditioned before the tests for strength
of current and drop of tension in the track system —
as described in points 2 and 3 — are made.

In cities, the rail joints should be welded, while
on suburban lines welded bonds should be used.

With the above instrument it has been possible to
determine that, in some of the suburbs of Mexico
City, more than 50 ‘i of the rail joints of the
electric railways had too high a resistance.
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In this connection it should be stated that the
method of placing copper bonds under the fish plates
is old-fashioned and altsgether inefficient, for, al-
though the fact that the fish plates are riveted to the
web of the rail would seem to insure a good electrical
contact, we will find that such is not the case, the
vibrations in the rails being responsible for more or
less contact resistance. Neither is this condition bet-
tered by placing tinfoil washers under the bolts in
order to provide better contact. In one instance, not

R
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less than five tinfoil washers were found on the same
bolt on a suburban railway outside of Stockholm
whereby no other end was gained but a much
greater resistance over the six points of contact. An-
other fault with this type of bend is that, although
it is protected from outside injury, it is inaccessible
for inspection.

As a general rule it has been found that the flection
of the rails at a splicing point often causes such a
connection to work loose or become broken, resulting
in very poor conductivity at the rail joints.

It may be of interest to mention a phenomenon
which has repeatedly been observed after a snowfall,
viz the snow melts very rapidly over and around de-
fective joints of this kind, especially where the track
leads up an incline, thereby giving ample proof of
the large amount of heat engendered under such con-
ditions.

Consequently, the bond should lie on the outside

of the fish plate and be welded to the rail, thereby
insuring the best possible conductivity.

The following specifications were suggested by the
C.C. L. 1927.

‘In order to equalize the current as much as pos-
sible in all the rails of a track system or in parallel
track systems, bonds between the rails shall be pro-
vided.

At branchings and crossings, a bond shall be made
between all rails and on both sides of the branching
or crossing.

Bonds between rails shall be dimensioned so that
the resistance between two arbitrary points on two
parallel rails shall not be greater — per metre of the
distance between the two rails — than

I milliohm for grooved rails and
1.5 milliohms for flange rails.

Immediately before or after a branching or cross-
ing with flange rails this resistance shall not exceed

25 millioms.

The American Committee specified as follows in
1921.

‘Good practice demands that bonds between rails
be provided at intervals not exceeding

1000 to 2000 feet for suburban lines and
500 feet for city lines.’

These transverse connections between the two rails
of a single track or between all four rails of a double
track bring about a complete parallel electrical con-
necction of the rails.  Assuming that the resistance
of the rail joints is correct, then the resistance of the
rails is also correct, which means that the above
connecting in parallel is responsible for an absolutely
equal distribution of the return current in all the rails.
If this condition does not cccur it is clear that there
must be cne or more defective rail joints in that rail
which carries the weakest current.

Transverse connections also reduce the evil effects
of a broken rail or a break in a rail joint, since they
permit the current to pass by the break through the
undamaged rail. Furthermore, transverse connec-
tions between parallel track systems prevent the exist-
ance of varying tensions between the systems, thereby
also preventing the forming of vagrant currents and
electrolysis. Transverse connections between parallel
tracks should have the same spacing as those between
rails of the same track, according to the C. C. L.
specifications.
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Resistances are measured according to the voalt-
ampere method, a very sensitive voltmeter being used
for measuring the tensions.

As to the method of carrying out these tests, see
“Testing of resistance in cables”.

Testing becomes very complicated in track systems
without transverse connections between the rails. The
most effective way to prcceed is to test each rail se-
parately, but this not only doubles or even four-
doubles the time required for these tests, but also
leads to serious confusion in the identification of the
separate rails on the schedules. A simpler method
is to determine by flashing over tests which of the
rails has the lowest potential to earth and to take
this rail as the most typical one for the tests.

Also, it is wise to bear in mind that transverse
connections must be rubber insulated at such places
where the track system in general has been carefully
insulated from earth in order to increase the earth
resistance and thereby prevent vagrant currents. The
resistance of the transverse connections is generally re-
quired not to exceed that of an equal length of rail.

2. Strength of current in the rails.

The calculation of the strength of the current in
the rails is based on the drop in tension in the same.
The following schedule is reprinted from the “Re-
port of the American Committee on Electrolysis,

1921”.

Strength of Current in Steel Rails.!

Based on a resistance of .0003 ohms per pound-
foot under the assumption that this is eleven times
the resistance of copper.

| Strength of current in Strength of current in |

-yl o EL Loy oty L O
yard running foot of rail. yar running foot of rail. |
|
60 667 10 122.0
65 72.2 115 128.0
70 77.8 120 133.0 ;
75 83.3 125 139.0
80 88.9 130 144.0
85 94.4 135 150.0
90 100.0 140 156.0
95 106.0 145 161.0
100 111.0 150 167.0
105 117.0
I Without rail joints.

Consequently, one need but measure the drop in
tension for a given length in feet of unbroken rail,
the strength in amperes of the current flowing through
the rail being then obtained direct from the schedule.

The tests are made with a sensitive millivoltmeter,
for instance a ‘Paul’s galvanometer’ .

When making a test, it is of the utmost importance
to obtain a good contact between the instrument and
the rails, and that the test is made at a point where
the rails are well insulated from earth. A good
contact is obtained by using electrodes with tempered
steel points.

After having obtained a knowledge of the strength
of current in the rails, it is an easy matter, by the aid
of tables, to ascertain whether or not the rails are
overloaded i. e. if the rail section is too small or not.

Thus, a steel rail weighing 70 lbs. per yard is
considered fully loaded when the current passing
through the same reaches a strength of 1000 am-
peres. As a rule, however, a rail should not be per-
mitted to be more than semiloaded.

The above tests give much valuable information
but are often rather difficult to carry out.

Among other things, it is important that both rails
of a track be tested simultaneously, if this be pos-
sible, so that the readings are made under identical
loading conditions. The rails being connected in
parallel by means of the transverse connections, it is
the sum of the currents in both rails which must be
ascertained.

As a rule, a branching of the line in some suburb
is chosen as the point for making the test, the currents
flowing through the different branch lines to the
common line being measured separately. The sum
of these should then be equal to the current flowing
through the rails of the common line, since all the
currents flow in the same direction, and the accuracy
of the different tests is thereby easily checked. (This
does not hold good with very poor bonds, however,
for under such conditions it may happen that the
currents change direction.) Also, it is often custom-
are to make such tests at track crossings and in the
neighbourhood of power houses,

The results cbtained through the tests should be
written down on a map, the notations indicating the
maximum and minimum values and the direction of
the current being indicated with an arrow. These
tests are also important for the reason that they afford
a good check on the condition of the bonds, for if
the two rails of a track prove to be differently loaded,
this means that there is a variance between the re-
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sistance of the rail joints in both rails. Furthermore,
by measuring the drop in tension in the entire track
system and with a knowledge of the strength of the
current in the rails, it is possible to figure the re-
sistance of the track system. If this resistance should
exceed that of the track system without rail joints
by more than ten percent, this means that the re-
sistance of the joints is excessive.

An approximate, direct measurement of the vagrant
currents is made in the following manner.

At a point, where the rails are well insulated from
earth, i. e. where the road bed is very dry, the fish
plates are removed from two opposite rail joints. The
opposing rail ends of each rail are then connected
together over an ammeter, another ammeter being in-
serted in the trolley wire or third circuit exactly oppo-
site the cpen rail joints. Then it follows that the
vagrant currents must be equal to the difference be-
tween the current in the trolley wire and that which
flows through the two rails. leaks amounting to as
much as 40 ¢ of the current in the trolley wire have
been discovered in this manner in the vicinity of
Stockholm.

Naturally, such tests can only be approximate, since:
the removal of the fish plates and the introduction
of an ammeter instead changes the existing conditions
in the rails, but these changes are not so serious but
that this test can be considered of the utmost import-
ance in determining the strength of the vagrant cur-
rents. It is to be noted that the condition of the
road bed has a great influence on the results of the
tests, the vagrant currents being much smaller when,
for instance, the ground is frozen.

3. Voltage drop in the rails.

In 1927 the C. C. 1. suggested as follows:

‘The terms mean difference of potential or mean
voltage drop indicate the values obtained by making
the calculation for different sections of the track sys-
tem, taking as load for a certain section the mean
value of that load which has actually existed in this
section during the 24 consecutive hours of a week-
day.

Experience has shown that one must differentiate
between city lines and suburban lines.

a. In no section of a city track system shall the
mean voltage drop -— figuring with an increase of

resistance in the rails of 10 ‘7 on account of the rail
joints — exceed

001 volts per metre,

b. The mean vcltage drop in a section of a
suburban track system, figured as above, shall not
exceed

0012 volts per metre
when the tracks are laid in the highway, and
0014 volts per metre
when the tracks are laid on a separate railroad bank.

c. The mean voltage drop between two points
on an electric tramway line (city or suburban) shall
not exceed a number of volts equal to

twice the distance in kilomelres,

as the crow flies, between these points.’

We will illustrate the above with the following
example.

The following conditions hold good for the sub-
urban line Stocksund—Svalnds (near Stockholm),
which has a length of 7.7 km.

a. The mean voltage drop in the rails, reduced to
a 24-hour load, shall not exceed .0014 <7700
or 10.78 volts, since this is a suburban line on a
separate railroad bank.

b. Since the distance between Stocksund and Sval-
nas, as the crow flies, is 4.5 km., the mean

voltage drop between the track terminals shall
not exceed 2<4% or 9 volts.

Consequently, the more strict condition is the one
obtained under b, according to which the mean
voltage drop between Stocksund and Svalnis shall
not exceed 9 volts. (It may be of interest to note
that a mean voltage drop of not less than 19 volts
has been measured on this stretch.)

We will now give the stipulations which apply in
this respect in various countries.

1. Sweden.

According to the tramway concession granted for
the city of Stockholm, the drop in voliage between
any two potints within the track svstem shall not ex-
ceed 2 volts.

This tension may suitably be defined as the normal
maximum tension during one period of operation.
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This maximum tension may be considered to be twice
the mean 24-hour tension.

2. Mexico.

Article 7 of the electric railway regulations sti-
pulates that

T he difference in tension between an arbitrary point
on the rails and negative on the power house switch-
board shall not exceed mean value of 7 volis,
figured over 24 working hours.

QOutside of the cities, where no underground me-
tallic conductors occur in the roads, this rule does not
apply.

3. Switzerland.

The maximum voltage drop in a certain locality
shall not exceed 1 volt per km. for the entire system,
figured as a mean value for a 24-hour day.

The corresponding value for 18 working hours is
1.3 volts per km.

4. England.

The greatest permissible difference of potential
between two arbitrary points in a track system, near
which there cccur underground melallic conductors,
shall not excéed 7 vollts.

This stipulation has since been modified by ‘The
British Board of Trade’ to the extent that it has been
found necessary to establish that by the greatest dif-
ference of potential is meant the average between the
greatest momentary difference of potential and the
mean value of the difference of potential during one
half hour when the greatest load occurs. Thus, it
has been found necessary to adopt a certain mean
value during one half hour instead of the legal maxi-
mum difference of potential.

5. GCermany.

In a branched track system lying within a circular
area of 2 km. diameter a greater mean difference of
potential than 2.5 volts during the entire time of
operation shall not be permissible. For long lines,
the mean difference of potential during the enlire
time of operation shall not exceed I volt per km.

6. America.

The mean voltage drop in the rails per 24-hour
day shall not exceed 2 to 4 volts belween the ter-

minals of the track system. The lower value applies
to central city districts and the higher value to suburbs.

The mean voltage drop in the rails per 24-hour
day shall not exceed .3 to .4 volts per 1000 feet,
i. e. | to 1.3 volts per km.

Thus, in the United States, two limit values are
used, the latter one having been introduced in order
to prevent too large drops in voltage over shorter
stretches.

The drop in vollage in the rails is the most im-
portant factor to be taken into consideration in con-
nection with the presence of vagrant currents. The
measuring of the drop in voltage, therefore, is the
most important of all electrolysis tests, since it gives
a direct answer as to the condition of the return system
of the electric railway. Since this voltage drop is
really the produet of the strength of the current
flowing through the rails and the resistance of the
rails (V' =1 - R) and since the strength of the current
is proportional to the load, the resistance R becomes
that factcr which is of decisive importance for the
voltage drop and which must be reduced to the lowest
possible value. Also, this is important from the point
of view of the traction company for, even though we
ignore the problem of electrolysis and vagrant cur-
rents, the return lines should be maintained so as to
make the cost of operation as low as possible 1. e.
to cut down the losses in tension to the smallest pos-
sible value.

Track systems which are so maintained as to give
the best results from an economic point of view very
seldom cause any ftrouble from electrolysis, for the
weal vagrant currents which may arise under such
conditions are not difficult to cope with at a season-
able expense. Thus, the traction company must con-
sider the losses in tension which occur in the rails
and return cables (i. e. those cables which carry the
return current from the rails to the power house)
just the same as other losses. Consequently, one must
choose between losses in the return conductors or the
reduction of these losses by tmproving the rail joints
and increasing either the number of return cables or
the number of power houces.

Tests for electrolysis do not give any too accurate
results neither is this of such great importance, but
there is one test, however, which must be made with
the utmost care und accuracy, and that is the

Test for the voliage drop in the rails.

This test is carried out in the following manner.
Test lines are laid from the testing station to various



peints along the rail. Telephone lines are best suited
for this purpcse, the testing instrument being then
placed at the telephone exchange. One test line is
then permanently connected to that point on the rail
which has the lowest potential (this is usually located
in the immediate vicinity of the power house and
where the shortest return cable is connected to the
rails). The other lines are connected to the respect-
ive points along the rail the pctentials of which are
to be tested.

The negative pole of the voltmeter (this can be
a sensitive millivolt-amrmeter) is permanently con-
nected to the test line leading to the ‘lowest point’
(or standard point), its positive pole being connected
in turn to all the other test lines, and the testing in-
strument then indicates the difference in potential be-
tween the end of the standard test line and the ends
of all the other test lines. In this manner the dif-
ference in potential between the ‘lowest point’ and
the points along the rail to which the cther lines are
connected or, in other words, the voltage drop be-
tween these points, is obtained.

Readings should be made every ten seconds during
at least one traffic period, i. e. during the time which
elapses between the passing cf two cars or trains in
the seme direction. As a rule it is sufficient with
readings during a time of thirty minutes for city nets
and about sixty minutes for suburban nets. If the
traffic pericd is cne hour, however, the readings
must be made during at least one hour’s time.

The voltege drop is measured also between the
standard point and cther points on the rail, such as
the section limits, branching points and the ends of
the rail thus making it pessible to draw a curve or
graph depicting the voltage drop in the rails.

The schedule of tests carried out will have the
following appearance.

Power house

T est for drop of voltage in rails.

Test lines. Telephone lines used as flest
lines.

Testing station. At Girard telephone  ex-
change.

Standard point. On ra:ll at return cable
No. 13.

Total resistance in test
to standard point. 100 ohms.
Millivelt-ammeter No. 4.
March 23, 1928.

B. Andrems.

Instrument used.
Date of test.

Name of tester.

Pola- Total
Test Difference in poten-| rity as 2

0 =T | tial in volts compar- re:,:::

| . | _— | ed with | j test
begun| to following |duration —— | stand- | [ipes
i | minutes ohms

X | ard
max. min. average point |

|
|
i at | point
|

| 10.15| neg.,cable 15 20 | 5 | 1.5| 2.2 | positive 90

Bay Street 40

| I9.45‘Se|:tion limits| 30 B | 4 6.1 | pumitive | 180

at Margate |

In this manner, it is possible to obtain the voltage
drop to any desired point by means of a direct read-
ing. Also, the difference in potential between two
points may be obtained by subtraction cn condition
that the two tests were made under identical loading
conditions. Thus, if the two readings in the above
schedule were made under the same loading condi-
tions, we obtain the following diagram, in which

At telephone exchange

%4
Telephone lines
Return cable /J ] <y
Section
- limits
Rail A B s A8 - c at Skanstull
o N =
Y b
- 2,2 volt s vost
A
v
&, vo/t
n 121 Fiae. 10,
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A = lowest, or standard point, at which negativ
cable No. 13 is connected to rail.

B — point at which negative cable No. 15 is con-
nected to rail.

C — Section limits at Margate.

If the distance between the different points is
known, it is easy to see if the voltage drop is within
permissible limits (the mean drop in voltage shall not
exceed .00 volts per metre on city lines).

The resistance in the rails as well as the total re-
sistance of the rail joints for the stretch B C is ob-
tained by measuring the strength of the current in the
rails, the current over this stretch flowing only in the
direction C to B.

If one also wishes to know the resistance of the
rail joints in the stretch A4 B, the drop in voltage over
A B is measured with return cable No. 15 discon-
nected, the strength of current in the rails being tested
as ususal.

In cities with heavy traffic it is unnecessary to re-
duce the readings to an average load value, since load-
ing conditions are fairly stable here. This is done
only when the load variations exceed 15 9%.

On suburban lines, again, it is absclutely necessary
to reduce all readings to correspond to the average
load per 24-hour day exactly as prescribed by the
C. C. 1, for on such lines the loads may vary by as
much as 100 “¢ during various times of the day.
Cn the Djursholm line, near Stockholm, for instance,
double trains are run between 8 and 9 a. m. so that
the average load during this time is about 500 am-
peres, while the average load during the entire 24-
hour day is not more than about 300 amperes (see
curve below).

Example. A reading has given the following re-

sults.
a. Mean voltage drop in rails = 28 volts.

b. Mean strength of current in rails = 490 amps.,
during the time tests were being carried out.

If it is known that the average value for the
strength of the current during a 24-hour day is 330
amps., then

The mean voltage reduced to loading per 24-hour
day is obtained from the formula

30 _ 19 volis.

X=28x 490

It is in this manner that the following schedule
has been prepared with information obtained from
tests actually made.

Tests of voltage drop in rails in suburban lines of
Stockholm.

Telephone lines used as test
lines.

Test lines.

Amplifier staticn, Listmaka-
regatan 21, Stockholm.

Testing station.

Point cn rails outside the
power house, at which nega-
tive return cables are con-
nected.

Standard point.

Instrument used. Paul’s galvanometer with se-

ries resistance of 40,000
ohms.
T ests made. Every ten seconds during

thirty minutes time.

Date of test. Dec. 14, 1926 on the Djurs-

holm line.

Mean loads. Readings from ammeters at

respective power houses.
| ] N
| il ol o £|838 3§
, *1 2| =2 |E| a5 &E
£ B ] ! M=s | o<
Stretch? o - =-|":=‘r =§.= >
% % | 2 | 8. % o
s\ = | = | 5|58 85
| = |8%% =2

I | ‘ | |
Rasunda—Sundbyberg ...... 1.2, 1.7 3.1 355i 1.3 | 264
Réasunda—Haga S:a grindar 2.8 3.5i 1.0 370 2.3 | 264
Stocksund—Svalnas ......... 7.7 28.0/108.0 490 19.0 | 330
Storeengen—Saltsjeebaden...| 9.0/ 19.0 73.0 330‘ 9.6 | 167

Kyrkv., Lidingee—Ropsten..| 3.6 1.2 IZ.6I 6ﬁ| 1.0 57
1.2 96

Gasaceum., Skaers.—Parkv. 13| 1.9 90152 |
| |

! (not end point) | [ | [
|

From this table it is easy to see whether or not
these electric lines comply with the C. C. L. stipula-
tions, which say that the mean voltage per 24-hour
day shall not exceed

a. .0014 volts per metre;

b. as many volts as double the distance as the crow
flies, expressed in km.

1 The power house for the stretches mentioned here are situated
in the locality whose name appears first.
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Kyrkviken, Lidinge—Ropsten| 3.6{ 3.3| 1.0 | 504 i 6.6
Gasaccum., Skaers—Parkv....| 1.3 1.2 :.2‘ 182 | 2.4
(not end point) | '

I o
3 | Bu — |
=2 .| 5 1 f
¢ 8 ‘ £2x mec e’ |
% |eE| ZET | mean that the |
= "E: EE | mean voltage |
Fenwesh £33 E=d | ot
| 2|22 225 | lowing values
35| By
5|22 | o | b |
i - :
Risunda—Sundbyberg ........ 1.2 1.1] :.3‘ 168 | 2.2
Rasunda—Haga S:a grindar 2.3: 24 23 | 393 | 4.8
| Stocksund—Svalnees............ 7.7|4.5' 19.0 | 10,78 | 9.0
Storengen—Saltsjebaden ...|9.0{8.4 9.6 | 1260 | 168
i
|
|

In the table, those two values which are to be
compared are underscored. We see from the above
that the Djursholm line, on the stretch between Stock-
sund and Svalnis, did not comply with the C. C. L.
stipulations in 1926. We do not doubt, however,
but that this condition has been remedied at the pre-
sent time.

All the other lines filled the requirements and the
Norra Lidingd line especially, from Kyrkviken to
Ropsten, is in excellent condition with a voltage drop
of only 20 “¢ of what is permissible.

Thus, these test give an excellent idea of the con-
dition cf the lines with regard to electrolysis at the
time the tests were made.

If a line does not comply with the requirements
as to the mean voltage drop, the following measures
must be taken.

First of all,
a. All rail joints must be welded.

Also, this has subsequently been done on the Djurs-
holm line, all joints except a few in Djursholm now
being welded, so that this line in all probability now
complies with the requirements.

If this measure does not help, then

b. The track load should be reduced by provid-
ing additional return cables which tap the rails at

different points along the line, or heavier rails should
be laid.

Other measures are

c. The erection of additional power houses or
the feeding of a part of the track system from other,
nearby power houses, 1. e. the section limits between
two power houses is moved so as to provide a more
even distribution between the two power houses.

Lastly, we include a load curve for the Djursholm
line, for the same day — Dec. 14, 1926 — when
the above-mentioned tests for ascertaining the mean
voltage drop in the rails were made. This curve
gives a good illustration of how the loading condi-
tions for such a suburban line may vary, a fact which
proves the necessity, for such lines, of reducing the
voltage test results to terms of mean loading per 24-
hour day.

(In some countries it is stipulated, that the reduc-
tion shall be to the mean loading per vear, but this
is quite different from the mean loading per 24-hour
day. For instance, the consumption of power by the

Mean load = 225 kwh.
oo Mean tension = 675 volts
Mean strength of current = 33 amp.
Foot
200 ]
792
i 5 5T & 7 8 P 0 I tE temz: J F 5 & T B F IO ip 42 Fhm @ I

R 1224

Fig. 11.



Djursholm line during 1926 amounted to 1,302,000
kilowatt-hours, corresponding to a mean loading of
149 kilowatts or 225 amperes if the tension is as-
sumed to be 660 volts on an average during the
year. [he measured mean value of the voltage drop,
19 volts, will amount to only 12.9 volts when re-
duced to mean loading per year.)

In order to obtain a direct value of the increase
of the resistance in the rails caused by the rail joints,
the drop in voltage in the rails is measured on long
stretches in which no connections between the rails
occur, as well as on a certain length of homogeneous
rail. After reduction to the same loading conditions
one is able, by the aid of the latter test, to say what
the veoltage drop on the first mentioned stretches
would be if there were no rail joints.

In like manner tests have been made covering the
four tracks between Stocksund and Alkistan and be-
tween Alkistan and Frescati, the rail resistance hav-
ing been found to

increase with 25
welded and to

where the rail joints were not

increase with 4 % where the joints were welded.

Thus, we find that the rail resistance was reduced
by as much as 21 % through the welding of the
rails, a fact which cannot but mean an important
economic gain for the traction company as well as
the telephone company. (Compare the permissible
maximum of 10 % according to the C. C. 1.)

4. Return cables.
In 1927 the C. C. 1. proposes as follows:

1. The distribution of the potential at different
points of the track system can be adjusted by introduc-
ing extra resistances in those return cables whose
function is to be regulated, or by the introduction
of the automatic regulation of the tension. Also,
the load may be distributed among a larger number
of power houses.

2. The return cables shall be insulated from the
ground. Yearly inspections shall be made of the
connections between the return cables and the rails
and of the insulation of the return cables, to see that
they are in good condition.

3. If the rail is connected to the negative pole
of the generator, as dry a spot as possible shall be
chosen for making the connection between the return

cable and the rail, 1. e. a point which 1s as dry as
possible and also as distant as possible from more im-
portant piping and cables, since these junction points
are those where the danger for electrolysis is greatest.

4. At no point within the area served by a city
system, where vagrant currents leave piping or cable
sheaths shall the mean difference of gctential (re-
duced to loading per 24-hour day), measured be-
tween the rails and the pipes or cable sheaths ex-
ceed .8 volis.

The return cables, which carry the current from
the rails, shall be so insulated, placed and dimen-
sioned as to occasion the least possible difference of
potential within the track system.

The following general rule applies to cities with
heavy tramway traffic.

"The voltage drops in all the return cables of a
tramway track system shall be altke — as much as
possible — under normal conditions. This is the
principle for the equi-potential system, also called the
balanced system.

The best chances of obtaining such a system are by
using a small number of short, insulated return cables
and a large number of pcwer plants.

If the load is evenly distributed over a track sys-
tem, i. e. if the tramcars are run at equal intervals,
and if the rail resistance is the same at all points,
the curve depicting the tension in the rails will be a
parabola as shown in the accompanying illustration.

Volts Polential of rail

v

> Maximum potential

/

/

Power house

Kilometres from
-/ power house

End of line

R 1218 Fig. 12,

The curve originates at the power house, and has
a vertical axel, the vertex being represented by the
end of the line, where consequently the maximum
pctential of the rails is located.
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(The maximum potential between the rails and
earth at the end of the Djursholm railway at Svalnas
was found to be more than 40 volts as the result of
tests made in 1926.)

For a track without return cables the tension be-
tween the rails and earth is consequently different al
all points along the rails and the current passing
through the rails flows always in the same direction.

On the other hand, if insulated return cables are
used instead of connecting the rails direct to the nega-
tive pole at the power plant, the tension curve ob-
tains the following form.

Volts
Potential of rail '~ £
.
C— L
]
J
A. Rail 5.
PPower house End of line
R 1217 Fig. 13.
A C and A D are insulated return cables. Also in

this case do we find the maximum tension at the end
of the track system, but the potential in the rail is

Vot

Ko

Maximum tension

Kilometres from
power house

rent by the return cable 4 D on both sides of the
contact point D,

In order to obtain the same potential in the rail
in points C and D, it is evidently necessary to insert
a resistance in the shorter return cable 4 C, thereby
equalizing the crcp in veltage in the return cables.

A well balanced system of insulated return cables
gives the following appearance of the curve for ten-
sion between the rail and earth.

AD and AF are return cables without any
equalizing resistances and A E is the shortest return
cable with resistance.

Thus, the resistance of the return
cables is so adjusted, that the drop
in tension in all the cables is equal,
thereby giving all the points D, E
and F on the rails the same po-
tential, with the result that the po-
tential at all other points in the
track system is about the same.

Naturally, the resistance causes
effect losses which may be quite im-
portant in incorrectly dimensioned
cables. Also, the system unequivoc-
ally requires that the return cables
as well as the generator of the
power plant be entirely insulated from earth for, as
indicated in the illustration, the negative bussbar at
the power plant can obtain a considerable negative

potential to earth.

The balancing problem should
really be solved by doubling or
trebling the long return cables, (in
Mexico City the tramway company
planned to lay not less than six
parallel cables to the extreme track
section) in which case we obtain

Ko, the following figure for a track

& A,
End of line Power house

R 1215 Fig. 14.

even much more than previous-

c system with evenly distributed track
End of line load

T Rail

ly, even though the graph il-
lustrates a case where the return
cable 4 C has a much smaller
drop in tension than the cable
AD. We will note that the
current in the track CD flows
in opposite directions, because
the rails are tapped of their cur-

R 1114

Length of cable
a melres

A.

Fig. 15,
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If all the return cables are of the same dimension
and the distance from the power house to C is double
the distance to B, then it is necessary to double the
return cable from C, and so forth.

In this case there will be no artificial losses in the
return cables.

The choice of system for balancing the rail poten-

which is equalized through earth and the underground
telephone cables. A strong vagrant current goes out
from the track at the far end of Hornsgatan and
seeks its way to the far end of Gotgatan via the
underground cables, at which latter point corrosion
from electrolysis attacks the cables. This case gives
the following figure.

E 3 [

Positive rail

(=
[+

e | ||

Negative cable £ —

R

1188

tial depends upon the price of electric energy as com-
pared with that of copper. In actual practice a com-
promise between the two systems is usually adopted.
Stable loading conditions are absolutely necessary in
order to obtain a good balance.

Example. On the South side of Stockholm the po-
tential conditions are very difficult, for the reason
that the return cables have not been balanced. This
whole section of the city is fed by one single power
plant, the Katarina plant on Géotgatan. Three re-
turn cables numbered 32, 33 and 34 go to this plant
from Hornsgatan and five, numbered 35, 37, 37a,
38 and 40 from Gotgatan.

On account of the small number of long return
cables from the heavily loaded Hornsgatan and the
many short return cables from Gotgatan, the tracks
at the extreme end of Hornsgatan become excessively
postlive in comparison with earth and the underground
cables, while thcse at the extreme end of Goétgatan,
consequently, are excessively negative as compared
with earth and the cables. The result is a difference
in tension between the above-mentioned rail sections

U000
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The cause of electrolysis is consequently the un-
equal tension in the rails. In order to ascertain
whether or not it is pessible to relieve this situation
by regulating the resistances one must first investigate
the stability of the loading conditions, so as to find a
resistance that will suit equally well at all times of
the day.

In Gothenburg different resistances are used on
different days of the week on the rural line to Lange-
drag, viz.

a winter resistance,

a summer resistance for week days, and

a summer resistance for Sundays when the loading
is extra heavy. Through such a precise regulation of
the resistances it has been possible to maintain a
maximum difference in potential of .3 volts between
the points of application of the return cables.

However, a constant regulating of resistances must
necessarily be both troublesome and expensive, for
which reason such a system is not suited for railways
with variable loading conditions.

The above-mentioned investigation will give the
following loading schedule.



Katarina Power Plant, September 29, 1926.

Loading schedule.

! Test Sept. 29, 1926 = Test Sept. 29, 1926 Test Sept. 29, 1926
| Resistance 1028 to 10.33 a. m. 5.05 to 5.10 a. m. 5.25 to 530 a. m.
Fee:’.:oint ‘ of feed cable  Mean ]r.racl-l1 Drop in | Tension in ||Mean lo;d- I;rD;_i: Tension in Mean load-| Drop in | Tension in
. ohms ing tension | Percentage ing tension | Percenfage ing tension | percentage
amperes | volts | utrm':iln’:.l' amperes volts i f:n':i:;' amperes volts ?;n?i::-
| | |
31 — - - - - — — - - | = |
32 (0.156) 63 (9.9) (95.2) 94.6 ‘ (14.9) ‘ (100) 98.3 ‘ (15.4) (100, |
; 33 0.110 94.4 10.4 | 100 1316 | 144 | 9.6 136 15.0 97.4 |
34 0.0471 195 9.2 i 88.4 282.7 13.0 ‘ 87.2 296 i 13.6 | 88.3
35 0.0205 230.7 48 | 461 403.7 8.9 i 59.7 317 7.0 ‘ 45.5
36 0.0375 218.8 8.2 | 1788 3173 | 1.7 | 785 307 i 1.4 74.0
37 0.0285 249 7.1 . 68.3 350 10.0 | 67.0 347 | 9.9 | 656
38 — 184.4 —_ ] = 258 | = — 240.7 —= —
39 0.0221 379.0 | 8.3 79.8 583.3 | 125 ! 83.9 585.7 | 126 81.8
i 40 0.055 120.6 ‘ 6.6 63.4 1623 I 8.8 | 59.0 1733 | 9.3 60.4
_— - 7349 | — | — | 25 | - — 5000 | — - 1

From the above schedule we find that the varia-
tions in loading during the different times of the day
are rather small, for wihich reason it should be pos-
sible to accomplish a regulation of the resistances.

We see, for instance, that the load in return cable
no. 33 has not varied more than 3.4 % while the
lcad in cable no. 34 is practically constant. That
the total load has increased from 1734.9 amperes in
the morning to 2583.5 amperes at noon, however,

Katarina Power Plant, Dec. 15, 1926.

is of no importance so long as the load in all the
cables is increased in the same proportion.

Consequently, the expedient of introducing regulat-
ing resistances in the return cables is tried out, the
result being given in the following schedule.

(As will be noticed, cable 37 has been divided up
into two cables, nos. 37 and 37a, during the time
between these two tests.)

Test Dec. 15, 1926

; eed 1::'mimF B:"h;d “;le iT:c‘:::;din;g‘ :;" lll_.39 do T1A-A T' Tén;i;._in Connection of the reFulntiTg resistances
0 ahomtn | tests ohms Me::i;::::ng iDmP‘I,:“,‘:mmu; percentage of (+ means in series)
; | max. tension
| | |
| 31 ] - — _ —_—
32 0.156 | — 99 | 15.4 100
33 0.110 ‘ — 139 153 | 99.3
34 0471 | = 315 | 143 | 92.9
L35 0.0205 | 0.18 84 150 | 9. 242+ 2 (1 ohm each
‘ 36 0.0375 ‘ 0.048 301 144 | 93.6 801 »
g 0.0285 0.057 245 | 140 90.9 T+7010 2 > )
‘ 37 | 00376 | 0.147 98 :[ 144 | 93.6 24200 2
L 38 L 052 0.34 42 143 | 929 T4+ 101 » )
39 0.0221 0.029 475 | 138 89.6 1301 % )
40 0.055 0.344 42 : 14.4 93.6 T+14+ 101 > )
~ — - 845 | — . -




Thus, for the all tco lightly loaded three long
cables from Hornsgatan the lcads have been increased
as follows.

For cable 32 from 63.0 amp. to 99 amp. with regulated resist-
ance

J » 33 5 944 » 5139 » > » >
» » 34 » 1950 » » ?2 » » » ’
Total from 352.4 » 553 » » » .

This means an increase of 201 amp., but since
the total load has been increased from 1734.9 amp.
to 1845 amp., the ircrease must be reduced to the
same loading conditions,

201 - 17349

1845 = 189 amp.

Fer the all too heavily lcaded cables from Got-
gatan the loads have Lbeen reduced as follows.

For cable 35 from 230.7 amp. to 84 amp.

] » 37 » 2490 » » 98 »
> » 37a> » » 245
» » 38 » 1844 > > 42
> y 40 » 1206 » » ﬁ »

—_—

Total from 784.7 » » 511 »

which means a reduction of 273.7 amp. which, re-
duced to the same loading conditions, becomes

237.7 - 17349

1845 = 257 amp.

These measures have resulted in a decidedly more
evenly distributed loading. Thus, the return current
from Heornsgatan has been forced to flow back
through the return cables from there in much greater
quantities than was the case previous to the regulating
of the resistances, and the underground cables need
no longer serve as conductcrs for the tramway cur-
rent from Hornsgatan to Gotgatan.

As a result, the vagrant currents have, to all prac-
tical purposes, ceased to exist.

Also, this fact has been proved by the tests made
before and after the regulating of the resistances.

In Hornsgatnn the highest average value dmpped fr. — 1.6 v.
to — 0.5 v.

» » » » max. » » fr. — 3.0 »
to — 2.0 v.

» Geetgatan » »  average * » fr. + 3.3 »
to + 1.0 v.

» » » » max. » » fr. + 4.5 »

to + 2.6 v.

| The signs refer to the cables).

Thus, we find that there has been a most important
reduction in the negative voltages in Hornsgatan as
well as in the positive voltages in Gatgatan. For
the entire Gotgatan the positive voltages — thanks to
the regulation of the resistances — are no longer of
the least danger for the cables, for which reason no
electrolysis need be expected there any longer.

The results of the tests have not been reduced to
mean loading per 24-hour day, and consequently the
voltages obtained during heavy traffic are higher than
if they had been reduced and the stipulations of the
C. C. L. as to the highest permissible mean tension
of .8 volts are most adequately met.

Furthermore, the reader is requested to glance at
the accompanying map of the South section of Stock-
holm on which are noted those values for the dif-
ference in potential between cables and rails before
and after the introduction of regulating resistances in
the return cables.

The schedule shews that the drops in voltage in
the return cables have been exceedingly well evened
out. The return cables are so dimensioned, however,
that the resistances introduced are sometimes as much
as six or seven tmes the resistance of the cables
themselves, causing the load in the cable to drop to
almost nothing. Thus, for cable 40, the drop is
from between 120 and 173.3 amperes without re-
sistance down to 42 amperes with resistance, which
means that the service rendered by this cable is now
extremely small. Cn the other hand, some of the
other cables are now very heavily loaded.

All these resistances, however, result in a large,
created loss of energy which, figuring with present
prices, would mean an additional expenditure for the
tramway company of about £ 500 per year for
additional electric energy. Naturally, the retention
of such an uneconomical regulation of resistances was
not to be recommended, for which reason it was de-
cided, as a compromise, to transfer lower Hornsgatan
to the Liljeholm power plant and to disconnect re-
turn cables nos. 35 and 40 from Gétgatan, these
measures having been completed on April 22, 1927.

This brought relief for the heavily loaded return
cables from Hcrnsgatan and at the same time the
oversized return cables frem Gotgatan were reduced,
resulting in the reduction of the negative tension in
Hornsgatan and the positive tension in Géotgatan to
reasonable values, exactly as with the regulation of
the resistances.

When carrying on negotiations with the tramway
company in Stockholm, the author maintained that it
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would be of much greater advantage for the company
to construct a new power plant in the Hogalid dis-
trict, for such long feed and return cables must ne-
cessarily result in serious losses of energy which
would be materially reduced if additional power
plants were built instead. In this special case, how-
ever, the reduction on rates for electric power which
is granted on the excess consumption when more than
one million kilowatthours per vear are taken from
the same power plant was so great as to warrant a
postpcnement of the construction of the Hégalid
plant. The division of the power district would
mean that the power consumption, after being distri-
buted cver two plants, would not amount to the
above-mentioned capacity for either one of them and
the reduction in rates would no longer be granted.

As a general rule, however, the losses of energy
in both the positive and negative conductors are much
greater in the system with insulaied return cables than
with direct connection to the rails with the same num-
ber of power plants as there are feed points.

Also, in Mexico the traction company was pre-
vailed upon to construct a new power plant in Ta-
cuba and another one in Tacubaya, both of which
localities are situated just outside of Mexico City.
The tramway to these suburbs was previously
supplied with energy from power plants in Mexico
City.

5. [Insulation of the rails.

Frevicusly, we have held forth that the traction
company should

B. prevent the passage of vagrant currenis over
to the underground cables where the potential of
these latter is lower than that of the rails.

The natural way of preventing this is to insulate
the rails from earth as well as possible by increasing
the earth resistance. For one thing, the sleepers should
be creosoted and laid on a well drained road-bed.
The existance of a poorly insulated length of rail
at the end of a long track, where the voltage is
highest, is of a necessity the worst possible condition.
However, this is a very frequent occurence when a
long line ends in a suburb with the tracks laid in
the streets.

The end of the Djursholm line, for instance, is
in Stockholm. Conditions here are exceptionally bad,
for the Djursholm line forms a connection with the
Stockholm tramway net at the track crossing in Val-

hallavigen. Since the tramway net is perfectly
grounded, this arrangement works just as if an enor-
mous ground plate had been connected up to the end
of the Djursholm line.

The best protection against vagrant currents is ob-
taincd through the use of creosoted sleepers on a well
drained road-bed cf crushcd stone or coarse gravel.
With such a road-bed an insulation of 30 to 40
chms per km. in dry weather and of 9 1o 15 ohms
per km. in wet weather may be obtained. Cn the
cther hand, the insulation afforded by a concrete bed
does nct amount to more than from 1.5 to 4 ohms
per km. of single track.

It often happens that the advantages of a well
draincd road-bcd are counteracted by the use of un-
insulated cable for bonding the rails together at both
ends of a bridge spanning a body of water.

Example. Previous to 1926 this condition existed
on the Djursholm line, bare conductors passing through
the water being used for rail bonds at Alkistan and
the Stocksund bridge. The result was that the vagrant
currents to a large extent found their way from the
underground cables to these bare return cables at the
above-mentioned points, resulting in a very severe
electrolysis of the underground cables. Naturally it
is important that all parts of a track system be well
insulated, return cables and connections between the
rails as well as tension balancing cables, cables be-
tween different track systems and cables which carry
the current around constructions of a special nature.

Electrolysis of the underground cables at the points
menticned disappeared entirely after the insulation
of the bonding cables over the waterways in question.

The return cables in Stocksund of the Djursholm
line are uninsulated, which brings about the condi-
tion that the stretch Stocksund—Stockholm is earthed
at both ends. The result is that the vagrant currents
pass over to the underground cables in Stockholm,
which are also earthed, and follow these to Stock-
sund, after which they return to the uninsulated re-
turn cables of the traction system. This resulted in
serious electrolysis of the underground cables at
Stecksund for which reason, it was found necessary
to divert the current by connecting the cable sheaths
to the tramway return cable. In 1924, tests showed
the presence of a current of not less than 200 amp.
in this drain line, but no rail joints were as vet
welded at that time. After the insulation of the re-
turn cables at Alkistan and Stocksund and the weld-
ing of all rail joints, the strength of the current pass-
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ing through the above-mentioned drain line has
dropped to a maximum of 84 amp. and an average
of 43 amp., which value still constitutes about 15 ¢
of the strength of the operating current. In order to
remedy this condition, one of the following alter-
natives must be resorted to.

a. The grounded track in Stockholm
must be insulated from the rest of the track system.
This can be accomplished by arranging an insulated
joint where the tracks run on a well drained road-
bed of their own not far from this point, and by
feeding the track section within Stockholm with cur-
rent from the Stockholm tramway system, which
method has already been adopted on certain occasions.
This would mean the amputation and removal from
the balance of the system of the enormous earth plate

at the Stockholm end of the Djursholm line.

section

b. The return cables and the generator in Stock-
sund should be insulated, the new insulated return
cables being connected to the rails at a dry and well
drained point.

The above-mentioned drain line for the under-
ground cables should be removed as being super-

fluous or be placed where the insulated return cables
are connected to the rails, This does away with all
grcunding of the rails in Stocksund, thereby con-
siderably reducing the danger of electrolysis.

It is probable that this latter alternative will be
carried out.

What has here been said, however, clearly shows
how unsuitably track systems may be projected and
constructed if no attention be given the problem of
electrolysis or the best possible insulation of the rails
from earth.

The reason for continually taking the Djursholm
line as an example is not that this line i1s especially
poor as compared with other suburban lines, but the
reason is that a very special study of this line has
been made due to the fact that the important duplex
cable running between Stockholm and Norrtilje and
delivered by the [.. M. Ericsson telephone company
runs in its immediate vicinity.

In the next number of this journal we will publish
a continuation of this article, entitled

1I1. Measures taken by the telephone administrations
for the prevention of electrolysis.




The New Interlocking Plants in Linkceping and Mijcelby.

lectric interlocking plants in Linkceeping and Mjcel-

by on the main line between Malmee and Stock-
holm were put in service in May 1928. The work
on these plants was begun in late summer 1927 and
constituted the firal step in the reconstruction and
modernization of the station equipment carried out in
conjunction with the construction of a double track
line between Oaby and Mjcelby instead of the previous
single track line.

The tctal cest of these two interlocking plants
amounts to 320,000 Swed. crowns, and their con-
struction has permitted a reduction of thirteen men
in the station force, corresponding to a yearly saving
of at least 40,000 crowns. Since the cost of operation
and maintenance for these two plants does not ex-
ceed eight to ten thousand crowns per year, the saving
on wages for personnel is sufficiently large to render
an interest of 5 percent on the cost of installation and
to permit its amortization within fifteen years.

This saving has been made possible through a cen-
tralization of the signalling and track clearing opera-
tions by the use of track circuits and electric power
for the control of points and signals. It might have
been possible to reduce the first cost to a certain
extent by eliminating the use of track circuits and
by dividing the interlocking area into several smaller
ones, but this would not have permitted any reduction
in the number of station hands.

Traffic conditions.

These two stations differ somewhat from each
other as concerns traffic conditions. Mjcelby is the
terminal of the double track line between Oaby and
Mjcelby, forming a part of the south trunk line of
the Swedish State Railways, this line continuing south-
ward with a single track. To the north we have the
single track line Krylbo—Mjealby over which passes
the direct traffic between the southern and northern
sections of the country. The greater part of the
freight traffic arriving over this line continues south-
ward. Several passenger trains include through cars
which are coupled to southbound trains, and this ne-
cessitates switching operations also during stops of
express passenger trains at the station.

In addition to the State Railway lines, a private
line enters Mjcelby and its trains make connections
with those of the State Railways.

Finally, Mjelby is a boundary station between two
locomotive sections. A large locomotive station is
situated here, engines being changed for all trains
during their comparatively short stop.

Thus, while Micelby has the character of a junction
station for the long distance express traffic, Linkece-
ping is more of a through station where most of the
trains make short stops but where switching operations
with the through trains are more or less rare. On
the other hand, quite some quantity of switching of
the lccal freight trains takes place here.

One private line enters the southbound track of the
State Rys. double track line one kilometre north of
the station, at Ladugoardsbacke, where formerly a
separately operated interlocking machine was provid-
ed to manceuvre the switches and their signals.

The traffic frequency at these stations is given in
the accompanying schedules, which indicate the num-
ber of train arrivals and departures per day accord-
ing to the time table.

Mjealby:
Express Passenger Freight
trains trains trains
to and from Sya 10 9 9
¥ 3 » Skaenninge — 8 6
> » »  Stroalsnaes 8 9 9
» » » Hogstad — 8 —
Total 18 34 24
Linkeeping:
Express Passenger Freight
trains trains trains
to and from Linghem 10 11 10
s »  Malmslaett 10 9 9
> »  Tannefors — 20 —
Total 20 40 19

Choice of tvpe of plant.

Since it was impcrtant to choose the most suitable
type of interlecking plant for these stations, it was
evident from the very start that a centralization of the
control devices for the safety of incoming and out-



going traffic weculd be of decided advantage for the
safety of the traffic as well as from an economic
point of view with regard to the cost of operation.
The work of the clearing of tracks at Mjelby was
divided up between two signalling posts, one at each
end of the station yard. At Linkeeping there were
four signalling posts — one at l.adugoardsbacke, one
at the draw bridge between [Ladugoardsbacke and the
station and one at each of the grade crossings north
of the station building.

The responsibility for the inspection of the tracks
and of the clearing signals lay — as is customary for
Swedish railways — with the train dispatcher on
duty at the station. Due to the extensive area of the
station yard the train dispatcher usually had to employ
the services of an assistant in order to manage the
inspection of all the points and tracks.

It was clear that the installation of a central inter-
locking machine for the manceuvering of points and
signals and the placing of an illuminated track plan
near this machine for the supervision of the track yard
would enable the train dispatcher himself to ac-
complish much of the work which had heretofore
been handled by special signal guards and track in-
spectors.

Although this centralization, as far as the trains
were concerned, must needs have decided advantages,
it was not considered advisable to provide a similar
centralization for the extensive manceuvering of points
directly located in the regular train tracks. Such an
arrangement would necessitate the assignement of spe-
cial interlocking machine operators during switching
operations although it would not — with the existing
traffic conditions — provide any corresponding ad-
vantage for the switching work. For this reason it
was decided to let the brakesmen on the trains take
care of the setting of the points, but in order to make
this possible it was necessary to provide local setting
possibilities for points manceuvered from the interlock-
ing machine. This is accomplished by means of
electric switch levers placed beside the respective points
(see fig. 11).

In order to make the interlocking machine and
apparatus easily accessible for the train dispatcher, it
was found necessary to place them in the immediate
vicinity of the station building and main platform.
At Linkeeping it was possible to find room in the
station building beside the telegramme room. At
Mjcelby a small separate building, located between
the platform tracks and directly opposite the station
building, was erected for this purpose (see fig. 4).

Track arrangements.

The main features of the track arrangements are
shown in figs. | and 2, which are photographic re-
productions of the illuminated track plans. The
length of the area covered by the track plan is 2700
m. for Mjeelby and 4100 m. for Linkeeping.

At Mjeelby there are four tracks — I, II, 11 and
XX — with passenger platforms, the first three being
for trains from Sya, Skanninge and Stroalsnzs while
track XX is for trains from Hogstad. In addition
to these there are three freight tracks numbered 1V,
V and VI, with a free length of about 700 m.

At the Linkceping station tracks I and I1 are for
through trains. Track I is for one way traffic only,
while track Il is used for trains running in either
direction. Track III is for freight trains making
extended stops or which are passed by other trains at
this station. Tracks V and VI are used partly for
the local trains from Tannefors and partly for pas-
senger trains on the main line which are to be passed
by other trains at this station.

As indicated in fig. 2, the trains from Tannefors
are run against the direction of traffic on the double
track line between Ladugoardsbacke and Linkceping.
This arrangement was adopted in order to avoid a
switch connection between the two tracks at the junc-
tion point, which is situated at some distance from
the station.

In addition to the track junction on the line at
L.adugoardsbacke, the arrangements at Linkceping be-
come still more complicated on account of the swing
draw bridge (Sv in fig. 2) between the junction
switch and the station. The draw span has a length
of thirty-five metres and is opened several times a day
for the passage of boats.

Further, the track vard has four grade crossings,
marked v,, v., v; and v, on fig. 2. The two last
of these are heavily trafficked street crossings which
must be closed by crossing gates on the passage of
trains.

The traffic is not so heavy at v, and v., conse-
quently it has been possible to replace the old safety
devices with automatic bell warning signals.

The power plant.

Fifty cycle alternating current is available at both
stations for the operation of the interlocking plants.
At Mjcelby, this current is obtained direct from the

electric lighting net, from which the interlocking
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L NELT Fig. 1, THuminated Track Dingram, Mjwelby.
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Fig. 2. Uluminated Track Diagram, Linkeping




R 1937 Fig. 3. Interior View of Battery Room at Linkeping.
A. To interlocking machine. B. Main transformer. C.
. Underground cables. E. Storage battery for 60 amp.

machine is furnished with 3-phase, 220/127 volt al-
ternating current,

In Linkeeping a special main transformer was in-
stalled for a primary circuit of 3<500 volts and
a secondary circuit of 3><190/110 volts.

The alternating current is used unchanged for the
direct feeding of track circuits and for semaphor and
light signal lamps
well as for point and

as

skotch-block lanterns.
A 30-volt direct cur-
rent for relays and lock-
ing magnets in the inter-
locking machine 1s fur-
nished by a copper oxide
rectifier which 1s able
to give a maximum of
six amperes on the D. C.
side. For emergency
use, beth the Mjeelby
and Linkeeping plants
are provided with stor-
age batteries compris-
ing Nife
cells and with a capac-
ity of 60 ampere hours.

They charged

regular  intervals

twenty-eight

at

by

are

hrs.

F

Cable

means of the rectifiers which for this
purpose are providcd with arrangements
for regulating the tension.

The motors
points and crossing gates get the ne-

for the operation of

cessary current from a special storage
battery composed of 112 Nife cells,
with a capacity of 60 ampere hours
and giving a direct current of 130 volts’
tension. [his battery is perodically
charged by means of a mercury vapour
rectifier for a maximum of 5 amperes
at 180 volts. It 1s charged while in
use and with the rectifier as well as the
battery connected to the interlocking
machine.

The batteries for the Mjelby plant
are placed in a small addition t> the
interlocking station, this addition having
been placed in such a manner as not
to obstruct the view from the windows
At Linkee-

ping the batteries, as well as the main
transformer, relays etc., are located in an underground
rcom beneath the interlocking room. The power
board and charging equipment, however, are in the
same room as the interlocking machine so as to be
within easy reach of those whose duty it is to inspect
and charge the storage batteries.

intake,

i citle of the interlocking room.

An emergency charging set consisting of a gaso-

., Interlocking Station at Mjelby,



lene motor and a small three-phase generator has been
installed at Mjeelby in the same room as the storage
batteries and is used during temporary failures in the
feeder line. At Linkeeping such an emergency set was
considered unnecessary as the city pcwer plant is
equipped with emergency machines.

The consumption of effect at the Mjeelby plant is
about 750 kilowatt-hours per month and at Linkce-
ping about 900 kilowatt-hours during the same time.
Of this quantity, about 40 ‘¢ are used for the track
circuits, 45 % for the signal lamps and about 15 <
for rectification to D. C.

T he cable net.

The lines between the interlocking station and the
various station yard apparatus are carried in under-
ground cables, such cables with 2, 5, 7, 14, 21 and
37 conductors being used. The crcss-section of these
conductors is either 1 or 2 sq. mm. Where larger
cross-sections are required, several conductors in the
same cable have been combined with each other.

The conductors are insulated with impregnated
paper and bunched together to form a core which is
wrapped with a layer of paper insulation and covered
with a lead sheath. This is then served with a layer
of impregnated jute and armoured with strong steel
tape or wire. The armour is protected from rust
by arnother serving of impregnated jute which is then
covered by a thick layer of asphalt.

The multiconductor outgoing cables from the inter-
lecking station are branched ints smaller cables in

R 1239 Fig. 5. Cable Distribution Box.

distribution boxes placed in the
ground at surface level as well as in small sheds
built of wood and which also contain transformers,
rheostats etc. for the track circuits and signals. The

special cast iron

LM Cricsson =

R 1230

Fig. 6. Cable Distribution Shed.

A. Relay transformer. B. Track resistance. C. Track transformer,

I}, Terminals. E. Rubber insulated cable. F. Cable terminal box

for small capacity paper insulated cable. G. Cable box
with binding posts.

cables terminate in cable end boxes at the interlock-
ing station as well as in the distribution sheds. Boxes
provided with screw terminals to which the cable con-
ductors are directly connected are used for the larger
cables, while flask boxes, in which the conductors
terminate and are spliced to rubber insulated wires,
are used for the smaller cables. The wires from the
flask boxes are carried to screw terminals on the ter-
minal box of the main cable or to special binding
posts on the wall of the shed intended for cable con-
ductors which are not to be connected to main cable
conductors.

Twin conductor vulcanized cable without lead
sheath 1s used in addition to the paper core under-
ground cable. Such cable is used for the lines which
are connected to the rails as well as for the switch
lantern and semaphore lines. No cable boxes are
required for these cables.

The total length of the underground cable in the
Linkceping plant amounts to 15,500 metres with about
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218 kilometres of single conductor, the correspond-
ing figures for Mjcelby being 15,400 m. and 212 km.
respectively.

All connections in the interlecking machine and
distribution sheds are done with 1.5 s¢q. mm. single
conductor irsulated with rubber and served
with impregnated yarn.

wire,

Track circuits.

In order to be able tc control the clearing of the
tracks from the interlecking machine, the tracks are

R 1231 Fig. 7. Relay Cabinet at Linkweping.

divided up into sections electrically insulated from
Each such insulated section or track cir-
cuit 1s connected to a track relay which m turn con-

each other.

trols an electric lamp on the illuminated track plan.

The track circuits are fed with A. C. except those
situated outside of the home signals, which are fed
with D. C. from primary batteries so as not to re-
quire special feeder lines.

The track relays for A. C. are two-phase disc
relays all of which are mounted in the interlocking
In order to reduce the drop in voltage in
the long feeder lines between the tracks and the relays

station.
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without having to use a conductor with large cross-
section, a small socalled relay transformer which in-
creases the tension in the relay line is introduced in
this line close to the rail. These relay transformers
are ccmbined in groups in separate cabinets in which
are also housed track transformers and resistances for
keeping the current within certain limits when the
track circuit is occupied by railway cars.

The primary sides of the track transformers as well
as the lccal phases of the track relays are fed from
the same triple phase net and connected t5 its phases

Linkeping

Relay Shelves in Underground Room.
Interlocking Station.

in such manner that the phase displacement between
the track phase and the local phase of the relay is
of the greatest advantage for this latter.

Track relays for the D. C. track circuits are mount-
ed in cabinets beside the track and at one end of the
track circuit and repeated in the interlocking machine
by special relays connected to the 30-volt storage
battery of the power plant.

The A. C. track circuits are so constructed as to
de-energize the relay for a shunt of 11 ohms between
the relays. The shunt resistance required for the
de-energizing of the relays in the D. C. track circuits



amounts to from Y2 to % ohms. The A.C. track

circuits within the track yard are generally shorter
and totally or partially lccated in side tracks, where
one must figure on an increased resistance in the con-
tact between the wheel and the rail, due to the accu-
mulation of rust and dirt on the surface of the rail.
For this reason a higher shunt value has been con-
sidered necessary for the A.C. track circuits than

R 1233

Fig. 9.

Welded Trock Bonds at Crossover.

for the D. C. track circuits, which are long and lo-
cated on the line where efficient shunting may always
be relied on.

The track circuits are always connected so as to
give opposite pelarity to the two track ends in an in-
sulated rail jeint. In this manner a track relay can-
nct be actuated by current from an adjacent rail.

The bends between the rails are made of copper
cable welded to the head of the rail. This same
method is used for the bonds between the rails and
the conductors of the underground cables as well as
between the rails at points and crossings.

Setting of the poinls,

The motors in the switch machines are D. C.
series motors with a special field winding for each
direction of rotation. The points in a cross-over be-
tween two parallel tracks are controlled by the same
lever. The wiring is done in such a manner that
the mctors are put in circuit one after the other in
the same sequence, either the setting takes place from
normal to open pesition or vice versa.

Four lines are required between the interlocking

machine and the point, two of which are for the
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R 1234

Fig. 10. Welded Bond between Cable and Rail.

motcr control and the other two for indicating the
position occupied by the point. In addition to this
there is a special line for the lccal manceuvering of the
point. The same number of lines are required for
coupled switches between the interlocking machine
and the first point. Two extra lines for the pro-
tective earthing of the more distant motor are needed
between the two coupled points. A common earthed
return is used for the motor as well as for the indi-
cator lines.

As a protection against foreign currents the indi-

cator lines are earthed at both ends during the setting



of the points. Also, the motor control line is short-
ed to earth when not in use.

The lccal setting of peints is done with the aid
of special levers mounted on posts near the points
in question. For points coupled to the same lever,
the local settirg lever is always placed beside the
point which is set last. In order to be able to ob-
serve the pcsition of the point farthest away from

the lccal setting lever, this point is provided with

R 1233 Fig. 11.

Interlocked and

a lantern. The local setting of a switch is possible
only after the irterlecking lever has been set to a
The line which is connected to the

local lever is then brought in circuit and the lines

neutral position.

for the central manceuvering of the point are discon-
nected. The signals for all the tracks passing over
this point are simultanecusly locked in ‘stop’ posi-
tion.

A lamp which glows when the control line is n
circuit, 1. e. when the interlocking lever is in neutral,
is placed on the lever post and just below the local

point lever. Glimmer lamps mounted in moisture

Loeally Sel
A. Local point lever,

proof fixtures are here used as indicator lamps (see
fig. 12).

Certain points are made for local setting only and
can be locked from the interlocking machine, electro-
magnetic locking devices being used for this purpose.
The locking belt, which is actuated with the aid of
electromagnets, in turn actuates a point rod in the
locking box, which is connected to the tongues of

the point. Also, the rod actuates a contact device

Double Slip Points.
B. Switch machine.

which closes a circuit over a locking magnet on the
locking lever when the switch is in a suitable position.
Thus, the switch must first be set to the right posi-
tion before the points locking lever can be set and
current admitted to the driving magnets.

Fixed signals.

The home signals are standard type semaphores
provided with one, two or three blades, depending
on the necessity of special signal combinations for the
tracks.
to the left mean “clear’.

One, two or three blades pointing upwards
One blade 1s used for the
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direct incoming track, two or three blades for side
tracks. When the same signal combination applies
to several side tracks, this means that these tracks are
similar as to length and permissible speed of trains.
At Mjecelby, for instance, a home signal from Stroals-
nes (R1/2/3) shows one blade for track II, two
blades for track Il and three blades for side tracks
IV, V and V1. The home signal from Malmslatt
(N1/2/3) in Linkeeping shows one blade for track
II, two blades for track III and three blades for

the signal lamps may obtain current from the inter-
locking battery during shorter breaks in the feed cur-
rent from the A. C. net.

The blades of the home semaphores are controlled
by means of special motor drive mechanisms mounted
on the signal mast. These mechanisms are controlled
by means of relays which are energized simultaneous-
ly with the setting of the signal levers. The relays
are automatically dependent upon the track circuits,
the control relay always being de-energized when a

Fig. 12. Leocal Point Lever.

tracks V and VI. At night, a “stop’ signal from
a semaphore consists of a red light at the top signal
blade. The ‘clear’ signals with one, two or three
blades are replaced by one, two or three green lights
on the respective blades.

The lanterns are provided with electric
lamps. The lamps of a signal with several blades
are wired in series and connected up with an indi-
cator lamp in the interlocking station which glows
when all the semaphore light signals are glowing.
A. C. is generally used for the semaphore light sig-
nals, but arrangements are made by means of which

signal
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R 1333
Fig. 13. Home Signal N1/2/3 to Linkeeping from Malmslett.
A. Signal motor. B. Transformer shed. (

. Crossing gate control

D. Crossing gates. E. Block signal.

track circuit in the track is cccupied by rolling stock.
On the de-encrgizing of the control relay, the signal
motor obtains current and is driven back to normal.
Also, the signal blades are provided with electro-
magnetic control so that their own weight brings them
back to normal in case the control circuit is broken.

Distance signals showing a green intermittent light
when the corresponding main signal indicates ‘clear’
are placed at a suitable braking distance outside of
the home signals. These signals are day light-signals
burning acetylen gas. Each signal has its own gas
tank and functions uninterruptedly, not being affected



M Biscson

by eventual disturbances in the scurce of electric

power. The distance signal is also dependent upon

the track circuit outside the home signal, the distance

signal automatically indicating “caution’ as long as

wards two lines can also indicate ‘clear’ by means
of two green lights in order to show towards which
line the track has been cleared. Thus, signals E's
F': and G': at Mjeelby show one green light when

R 1438 Fig. 14. North End of the Linkorping Station Yard.
A. Starting signals on concrete pole. B. Locking device. C. Skotch block lamtern. D. Switch machine.
E. Cabinet for transformers ete.

there is a train between the distance signal and main
signal.

The starting signals are day light-signals, the lan-
terns being fitted with double lens systems. The
lamps used in these signals are specially constructed
for 110 volts and 40 watts and with a concentrated
glower.

the outgoing track is cleared towards Sya and two
green lights when the track is cleared towards Skaen-
ninge.

In addition to the starting signals placed at the
ends of the station vard tracks, so-called outer start-
ing signals are provided for such lines as are equipped
for line blocking. These signals show a red light for

A ‘stop’ signal is indicated by the starting signals
with a red light. Signals intended for a track towards
a certain line with a green light.
A starting signal intended for a track leading to-

indicate “clear’
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Starting Signa's H, | and L, Linkwping.

“stop’ and a grcen light for ‘prcceed’ and are
placed exactly opposite the home signals, 1. e. at the
station yard limits and where the line proper begins.

The outer starting signals depend upcn the section



Detached signal poles are made of reinforced con-
crete. As a rule they have been placed directly in
the ground and have required no special base or foot-
ing. The poles are octagonal, tapering towards the
top and are made hollow so as to reduce their weight.
They are manufzctured on a commercial basis and
according to a special method by which a uniferm
and excellent preduct is obtained. Each pasle ter-
minates in an iron cap with a pin to which the signal
lantern is screwed. The pole signals are also pro-
vided with a little platform for the caretaker when
replacing broken lamps or adjusting the signal.

In certain cases two signals are mounted on a single
pole. The signals are then mounted on brackets, one
on each side of the pole, as shown m fig. 14.

The cuter starting signals O and P at Linkeping
are mounted on pipe standards which are clamped to
the bridge girders.

Cn this Eridge is also mcunted a light signal
C1/2/3, serving as a home signal for trains from
Malmslett and Tannefors. This signal shows a red
light for ‘stop”, while ‘prcceed’ is indicated by one

R 1240 Fig. 16, Light Signals C1/2/3 and P at Linkeping.

blocking field and are locked in ‘stop’ position when
a train is lccated on the line. Co-operation is also
provided between the outer and inner starting signals
so that none of the latter can show ‘procesd’” until
the outer starting signal in the continuation of the out-
geing track also shows ‘proceed’.

The light signals are mounted on concrete posts
or standards cr on gantries spanning the tracks. Gan-
tries are used in such cases where the space between
the tracks is insufficient for the erection of posts; thus,
the signals at /, K, L and N1/2 at Mjcelby and H,
I and L at Linkceping are placed on gantries, the con-
struction of which is clearly shown in fig. 15. The
gantries are of the standard type used by the Govt.
Railways on electrified lines. The signals are attach-
ed to vertical pipe standards which are clamped to
the gantry. A small platfcrm used as a seat by the
trouble man when exchanging broken lamps etc. has
been provided in back of each signal. The starting
signal H at Mjelby has been suspended from an
cutrigged arm extending out over the track from a
latticed iron mast (f[g 18) ® 1341 Fig. 17. Acetvlene Distance Signal at I

1 -
at Linkaping.
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green light for track I, two green lights to tracks 11
and IIl and three green lights to tracks V and VI.

The wiring of the light signals is about as follows.
The current for the red light is led over an inductive
resistance. When the signal is to indicate ‘proceed’
the red lamp is extinguished by closing a circuit with
a low resistance over a contact in the control relay,
in parallel with the red lamp. With a light signal
with several green lights forming a single signal com-
bination, the inductive resistance is arranged so that
a signal to ‘proceed’ is not given unless all the signal
lights are burning. A wrong signal combination

R 1243
Fig. 18. Starting Signals Mounted on Supporting Bracket Arms,
Mjelby.

through the extinguishing of a green light is therefore
impossible.

In addition to the above-mentioned signals, which
are for train movements only, skotch block signals
are provided partly in connection with all the skotch
blecks, partly at certain points where it has been con-
sidered necessary to specially indicate ‘shunting not
allowed’ even though no skotch block has been laid
in place. The skotch block signal behind point No.
44 at Linkceping, for instance, shows a ‘stop’ signal
for train mcvements towards point 44 when points
27 and 44 are set for train movements over the
cross-over track. The skotch block signals have the
form of revolving lanterns and indicate ‘stop’ by
means of a diagonal bar over a white field. The
diageonal black bar leans toward the track for which
the signal 1s intended.

In order to facilitate the observation of the posi-
tions cccupied by the switches, switch lanterns are

Both skotch-block lan-

terns and switch lanterns have electric lighting, the

provided where necessary.

lamps being switched on or off from the interlocking
station.

Section blocking.

Section blocking has been arranged at both Linkce-
ping and Mjelby for safeguarding the train sequence
on the double track lines to Malmslatt and Linghem
on the one hand and to Syva on the other. Train
reports per telegraph or telephone are used for the
traffic over the single track stretches. The previous-
ly mentioned outer starting signals serve as block sig-
nals and are controlled by current levers in the inter-
locking machine. These levers co-operate direct with
the block fields of the outgoing sections. One start-
ing and one home section blocking field is provided
for each line section. When a train leaves a block-
ing section, the starting signal automatically returns
to ‘stop’ after which it cannot be reset to “pro-
ceed” until after the block field of the outgoing sec-
tion has been lecked and again released. This is
taken care of from the nearest station in the direction
of the traffic when the train has arrived there.

The block field of the incoming section is used
to release the starting signals at the nearest station,
this being done by the locking of the block field of
the incoming section when a train has arrived at Lin-
keeping and Mjcelby respectively. In normal position
the blocking section is free, i. e. the block field of the
outgoing secticn 1s released and the one fer the in-
coming section is locked.

T he interlocking machine.

The interlecking machines are of the usual type
with point levers and track signal levers. Normal
point levers are used for the control of the crossing
gates and the electromagnetic locking devices.

The point levers are locked against setting when
a track circuit in contact with the point in question
is occupied by a train.

Each point lever is provided with an indicator to
show that all collaborating points are set to their
corresponding correct positions and also to show
whether the lever is locked or not.

Track locking is provided for the tracks, the signal
lever being lccked after setting and automatically
released after the passage of the train. Track locking
is obtained with the aid of special relays, which are
actuated by circuits which are closed over contacts in

the track relays. These locking relays are also used

s



R 1244
A. Lock-and-Block

apparatus.
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Fig. 19. Interior View of the Linkeping Interlocking Station.

B. Emergency release for point levers.

C. Nluminated track diagram. D. Supervisory bell for warning

signals. E. Emergency release for signal levers. F. Indicator lamps for light signals, G. Copper oxide rectifier. H. Distribution

board for electric lighting. 1. Power dis

ribution board. K. Interlocking machine.

1245

Fig. 2. The

Mjeelby

Interlocking Machine.



to enforce the restoring to normal and resetting of a
track signal lever after each passing of a train.

The signal levers are provided with three indi-
cators, one of which shows when the signal is in
‘stop’ position, the other when the track is clear and
the third when the track locking is released, thereby
permitting the lever to return to normal.

It may be desirable on cccasion to restore a track

R 1244 Fig. 21.
A. Concrete duct for mechanical connections. B. Driving mechanism for gates.

signal lever-to normal even though no train has passed,
and for this purpose sealed plunger keys are provided
for emergency release. These keys are placed at one
end of the interlocking machine.

Emergency release is provided for the point levers
also in order to permit the resetting of a point lever
should there be some fault with the track passing over
this point. The plunger keys provided for this pur-
pose are placed at some distance from the interlock-
ing machine so as to require the collaboration of two
persons for such an emergency release (see fig. 19).

Crossing gates and warning signals.

The crossing gates at v, and v, in Linkeeping which
were previously tended by guards, are now electrically
controlled frcm the interlocking machine in the station
building.
the interlocking devices for the maneuvering of the
crossing gates arrangements are provided by means of

In order to reduce the work of operating

Grade Crossing ry at Linkeeping.

C. Cable distribution cabinet.

which the driving motors for the raising of the gates
are automatically started by the train itself. After
the lowering of the gates and the setting of the main
signal to ‘proceed’ the gate lever can be immediately
restored to normal and the gates will remain down
until the train has passed and the signal again shows
‘stop’ .

The crossing gates at v, may also be locally ma-
nceuvered by a special guard. This is necessary only
during a certain part of the day when there are many

shunting operations. When the gates are to be
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manceuvered locally, the gate lever is placed in a
middle neutral position after which the guard takes
charge of the manceuvering by setting a special cir-
This locks the gate lever in the inter-
locking machine and all collaboration between the
crossing gates and the fixed signals is broken. There-

cuit lever.

R 1242
Fig. 22

after all manceuvering of the crossing gates takes
place on the responsibility of the guard.

The warning bells at the grade crossings v, and v.
in Linkceping are automatically operated with the aid
of the track relays. Bells for the supervision of the
signals are placed in the interlocking station and con-
nected in series with the warning bells so that the
interlocking operator is immediately aware of the fact
if these bells do not ring.

The drawbridge.

The drawbridge is connected to the signals on each
side of the same in such a manner that the bridge
must be in a position permitting the passing of trains
before a signal to proceed can be given a train which

|

Bridge Contacts for Track Circuit Connections at
Draw Span, Linkeeping.

is to cross the bridge. Permission from the inter-
locking station is necessary in order to be able to open

the bridge.

tion is provided between the interlocking station and

For this purpose a special block connec-
the bridge operater's cabin. Permission to open the

bridge can cnly be given when the signals show
‘stop” and the skotch blecks for the main tracks be-
tween the station vard and the bridge are in position

on the rails. Also, a block connection to Linghem

= [



is provided necessitating the setting of the starting sig-
nals at this point to ‘stop’ before the bridge may be
opened. When permission has been obtained, the
signal and skotch blocks are locked until this permis-
sion has been relinquished and this cannot take place
until the bridge is again clear for train traffic.

The track circuits continue over the bridge and
the rails at the ends of the draw-span are electrically
connected to the rails on the fixed spans by means of
knife switches. These switches are opened and
closed through the movements of the locking mecha-
nism when the bridge is opened and closed. Conse-
quently, the track relays for the track circuits over
the bridge cannot be actuated unless the draw-span is
closed and locked.

The bridge movements are electrically controlled.
This can also be done by hand in case of any fault

in the current supply. The locking arrangements ac-
tuate the electrical as

neeuvering devices.

well as the mechanical ma-

Conclusion.

Plants similar to those here described although not
so large have previously been erected at Flen, Jerna,
Skeevde, Herrljunga, Vanneboda and Oaby. Of these
Flen is the oldest and was put in operation in 1925.
In December of last year a similar large plant was
mstalled at Zngelholm, others being now in course
of erection at Teckomatorp and Hallsberg, all in
Sweden. The last-mentioned will be the largest one
of this type, a type which has proved very economical
for medium sized stations where the traffic conditions
permit the shunting operations to be handled with
manual signalling and the lccal setting of the points.
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Ericsson Interlocking and Railway Signalling Equipment
at the Barcelona Exhibition 1929.

t is now fifteen years since Telefonaktiebolaget

L. M. Ericsson in Sweden took up the manufacture
of material for electric interlocking and signal plants,
its manufacturing capacity for this line of material as
well as for completely installed plants having ex-
perienced a steady development, while the working
cut of new systems and the application of the most
modern principles for installations of this description
have given it a leading position in this line. Also, the
company is able to view with satisfaction a steadily
growing market for its cutput of railway safety and
signalling devices. Extensive plants of this description
have been installed by L. M. Ericsson in Sweden,
Norway, Denmark, Finland, Estonia, Russia and
Poland.

These plants are of various kinds, a number of them
being menticned in the following.

A. Interlocking plants for railway stations, with
electric interlocking machines for the control and
manceuvering of points, semaphores, day light-signals,
skotch blocks and crossing gates. Points and skatch
blocks which are not manceuvered from the interlock-
ing machine but are set locally, may be locked and
supervised from the interlocking machine with the aid
of electric locking devices. Points, skotch blocks and
crossing gates which are manceuvered from the inter-
locking machine may be locally set and manceuvered
with the aid of patented devices without affecting
their relation to the interlocking machine. Alsa, with
Ericsson’s latest type of central electric interlocking
machine all locking and inter-dependence between sig-
nal and pcint levers is electrically accomplished. The
traffic and train movements in a station vard are easily
supervised by means of the illuminated track plan with
repeater lamps for the light signals (mounted in the
signal cabin) and the track system consisting of in-
sulated track secticns, thereby permitting a much wider
area to be covered by a single central interlocking
machine.

B. Manual leck-and-block apparatus for station
and section blocking.

C. Apparatus for automatic section blecking, by
means of which the signals for the different sections
are automatically set by the trains and show ‘clear’
only when the following section is clear.

D. Automatic signal plants for grade crossings.
E. Electric crossing gate installations.

F. Equipment for the electric locking of points
centroled by a mechanical interlocking machine, for
the purpose of preventing the setting of the points
during the passing of a train.

G. Telephone installations for denoting the arrival
of trains.

The following railway apparatus is exhibited by
L. M. Ericsson at the Barcelona exhibition.

1. Electric interlocking machine with signal, point
and point locking levers. All locking and inter-
dependent functions between the levers are elec-
trically accomplished. The following apparatus
are connected to the interlocking machine.

a. Day hght-signal with one yellow and two
red lights.

b. Switch machine with D. C. motor, enclosed
points lock and tongue control.

c. Electric locking device with enclosed point
circuit breaker for ascertaining the position of
the point.

2. Lock-and-bleck apparatus fcr station and sec-
tion blocking in manual plants.

3. Model of a warning signal installation for a
grade crossing. At the crossing and on both
sides of the same, the track is divided into in-

When an approaching train

enters an insulated track section, a warning sig-

nal (intermittent red light) is displayed towards
the road and powerful bells ring. The signals
cease automatically when the train has passed
by the crossing. The signals are controled by
relays connected to the insulated track sections,

sulated secticns.
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while the intermittent light signals are obtained 8. Cable distribution box with terminals, for the
by means of a light flashing instrument. branching of the main cable to eight smaller
Electric points locking device for points with cables.
central control. The locking device is mecha- 9. Cable terminal box with forty terminals.
nically conected to the point and electrically 5 10, Wood and fibre splices for insulated rail joints.
?lzlhlnsula!ed tracfk sechcgn ™ fr:_“ of l:':e p01.nt. 11. Contact splices of various kinds, for rail joints

EEiacC Ol 8 T W AN “TKAES  dhelioh as well as for connecting wires to rails.
prevents the setting of the point. The necessary : ; :

; : . 12.  Electric arm coupling for mechanically operated

current is obtained from a dry cell placed in the

: - ; : ; semaphore.
points locking device, thus making the whole 3
siraiianiil porsly Yocal 13. Arm contact for semaphore.

o o . 14. Lantern hoist contact for semaphore with electric
Point circuit breaker for venfymg the true posi- lighting.
tion of the tongue. . ..

15. Repeater for electric supervision.

Mercury rail contact for closing a circuit during 16. Relay with visual indicator.
passage of train. 17. Telephone for signalling train arrivals.
Terminal boxes for connecting the cable con- 18. Photographs of installations made by L. M.

ductors to the rails.

Eriesson.

CONTENTS: The Continued Automatization of the Stockholm Telephone Net. — Electrolysis in Underground Cables.
The New Interlocking Plants in Linkceping and Mjeelby. — Ericsson Interlocking and Railway Signalling Equipment at the
Barcelona Exhibition 1929.

Stockholm 1929, Kurt Lindberg, Boktryckeriaktiebolag.
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Induction in a System of Parallel Lines.
By Prof. H. Pleijel.

Paper presented before the World's Engineering Congress at Tokvo 1429,

ln a paper published in 1926' of the Proceed-
ings of the Swedish Academy of Technical
Science the writer has shown that if two con-
ducting systems A and B influence
each other it is possible, when cal-
culating currents and voltages in
the system B, to replace the electro-
moliv forces active in A by fictli-
tious electromotive forces applied in
B. fictitious electromotive
forces are equal to the electric field
that would be impressed by the sy-

These

stem A at the points occupied by
the conductors of the system B, in
case the conductivity all over the
If 4 in the
system B is equal to 1 the fictitious

svstem B were zero.

electromotive forces will be equal
to the electric field to be obtained
in case the conducting system B were removed.

In the special case where the conductors of the
Iwo systems are parallel we thus obiain, as has
been shown in the paper mentioned above, part-
Iv longitudinal electromotive forces distributed
along the longiludinal direction of the conduc-
tors, and partly transversal electromotive forces

Parallel Conde

iskapsakademiens H

rsvelen

Insturbances  in

Ingen

Professor H.

=i

active in conductors connecting the conductors
of the system B with the ground or with each
other. With regard to the influence on it of the
sarth or adjacent objects the longi-
tudinal electric field acts in a diffe-
rent way from the transversal one.

The problem of determining the
electromagnetic influence between
two systems accordingly resolves
itself in two different problems.
One is to determine the electromo-
tive forces due to induction and in-
the effect of
being taken into account, and the
other to determine the currents and

fluence, the earth

voltages appearing in our system B
because of these electromotive for-

ces which are then considered as
Pleijel. . .
given. In the paper mentioned

above, the writer has applied this method on
cables with several concentric sheaths.®

shall first take
the letter preblem in connection with the paper
presented

Here we into consideration

by the writer before the Technic-
scientific Telegraph and Telephone Congress at

Como 1927,

* method was also applied by 1. Carson in 1927, when

h problems e ing parallel lines,  (Bell System Tech

nical Jourpal, Juls

neers

19%%5.)



The transversal connections between the con-
ductors themselves and between the conductors
and the earth are as a rule of short length and
the eleclromotive forces active in these can there-
fore be considered as localized. The influence
of localized e¢lectromotive forees has, however,
Leen treated in the above menlioned Como paper
and need not be further discussed here.

Our next problem will thus be to find a method
cf caleulating the currents and vollages pro-
duced in a system of parallel lines by longitu-
dinal electromotive forces active in this system.

General theory of parallel lines.

For the sake of continuity we shall, however,
tirst briefly recapitulate the result the general
theory of parallel lines has arrived at.

It was found that a system of parallel lines
connected at the terminals by means of arbi-
trary networks, in which electromotive forces
were acling, could be replaced by the same num-
ber of fictitious conductors without mutual in-
ductance or mutual capacity, connected at the
terminals with networks reduced in the manner
indicated. Consequently, these ficlitious lines
do not affeet each cther, but for every one of
them are valid of the same relations between
voltages and currents at the terminal points as
are applicable in the case of a single-wire line.

If the lines are replaced by their correspond-
ing T-nets the whole problem is reduced to the
determination of the voltages and currents of
a conducting network with concentrated indue-
tances and capacities.

The fictiticus lines have propagation constants
which are delermined as roots of the equation
svstem

Al === = + a2 - Y E e Py L
(Umh’ -m]' 5[ 'ymg; -mgi';g 'ym:{; =
- = }
--m.‘t\ -1 B 0

m=1 2 ....n

=

indicates the number of lines;

and y are the kilometrical constants of the
lines;

are impedances and the constants y are poten-

. i ‘s Lt
tial coefficients divided by the operator i
{
For the sake of brevity we shall here limit the
recapitulation to the case of three lines and de-
note the attenuation constants of the ficlitious

lines by ;. 2" and ",

The coefficients £ in the above system of equa-
ticns effect the passage from the currents of
the fictiticus lines to those of the physical ones.
These coefficients = are as is easily seen only
depending upon the kilometrical constants of
the lines and consequently independent of the
devices by means of which the lines are con-
nected at the terminal points. However, the
ccefficients are not entirely determined. Let us
denole by £ the coefficients corresponding to -/,
by :” those corresponding to »” ete.

If all the » are unequal we obtain for each
group £ one of them indeterminate. In the Como
paper was introduced as additional relation:

+ +

Ury
@

*

=1
=1

ey Uy
e

Uiy
- =

Ure ure

T T T

This cheice of relations entails, however, the
inconvenience that we shall have as exceptions
a number of practically important cases where
out of reasons of symmetry the above sum be-
comes equal to zero.

This will be avoided if, as the additional con-

dition imposed upon cur & we introduce

g]r =1
.

gy =1
-I.-':.'im =1

If a certain root - is a multiple root of the
rth order we obtain for this rool r indeterminate
values of 2. To these roots shall correspond r
fictiticus lines with the same propagation con-
stant. For each of these lines are to be deter-
mined r arbitrary £ values. For the first one we
can lake the values

L, O, 0 e
and for the next one

0,1, 0 ... .. .....
ete.

In this way the number of fictitious lines will
always be the same as the number of physical
ones.

The relation between the currents i, {7, i in
the fictitious lines and the currents i, .. i is
new expressed by the following equations.

1

Ir,:;1f + 5 U + s
li_, = 5T+ & +
iy=&'I"+ &"1"+

7 i“”

i

rg



The fictitious currents having been obtained
we can thus directly determine the physical cur-
rents.

We have found that every fictitious line has
its determined propagation constant. Now it
cught also to have a determined characlerislic
We introduce the notations
}" |!'.\"m|r§|II + Y 5 + Yy 5l
and the corresponding notations for »»” and 5.

Because of the relations existing between -
and the coefficients = we can also write.

L ]

impedance.

{'m' =

1
L = - = E T P L
{m —:[-mlt-l “}‘ N Ss + ~m3 =3 _
i

ele.

In conjunction with the choice of the indeter-
minate S-coefficients we introduce the follow-
ing definitions of the characteristic impedance
cf the fictitious lines:

G
Z' =il
zrr — ,—'g”
e dil rm
L = [:l
Further we introduce the notations
v
== l m
'pu — f/:
rn
I | t"
'I"‘ - 7”’
rm
U,
Hm = VAL
By this choice we then obtain
! " nr
ho=n =15 =L

The 4 coefficients play the same role with
regard to the voltages as do the : coefficients
with regard to the currents. If ¢’, »” and p”” are
the voltages at a point of the fictitious lines
and p,, v,, v, the voltages at the corresponding
point of the physical lines we get the following

relations:

A
v,
l"u = |.';‘I v+ T,:;” o'+ l'j.\cm v

The fictitious lines thus being determined and
the relations combining voltages and currents
Letween the physical and the fictitious lines be-
ing given the next step is to reduce the nets at
the terminal points. Kirchhoffs laws give linear

= | e "o ] ]
=y U+ v +y 0

= ,pr v & ’f—.'” o Ha ’jgrrr "

homogeneous equalions combining clectromotive
forces acting in the nets with currents and volt-
ages at the points where the nets are connected

to the lines. By replacing the physical voltages
and currents at the terminals by the correspond-
ing fictitious ones we obtain the new net-equa-
tions which continue to be homogeneous and
linear in the electromotive forces and the ficti-
tious vollages and currents.

Having recapitulated and to some extent mo-
dified the previcusly indicated general theory
of parallel lines we pass to our actual problem.

Reduction of induced electromotive forces.

Let us first suppose one single line where we
have an arbitrary electromotive force e/x) act-
ing per unit length at the distance x from one
of the terminal points of the line. We shall
then, in the first place, show that when it is
intended to determine currents and voltages out-
side the line and consequently also at its ter-
minals the acting electromotive foree can be re-
placed by two local ones applied at the terminals
of the line. In the majority of all disturbance
preblems the question is to determine the cur-
rents in the devices connected with the line at
its terminal points, whereas the currents and
voltages existing at the various points of the
line are of less interest.

c
dx

e(x)
—_—

y

Let us first consider the electromotive force
acting in an element dx at point € and let y de-
note the distance CB to the farther end of the
line. The electromotive force in this element is
e(x)dr. We indicate by s the whole length of
the line.

We assume that the voltage and current at
point A are v and i’ respectively and at point B
v” and {”. At point € the current is supposed
to be i”’. In the element dx the voltage takes a
leap. On the side of dx next to A we assume
the voltage to be »,”" and on the other side of
dr p,”’

We then obtain the following equation system.

'u' I(x)- i —A(x)- 1"
lo/" = A@) - # —I(x)+ "
Ju?"' =I(yp " — Ay - "
lv "=Al) - " — T - "
p, " "— " = e(x) dv



Here are
I{x) = Z clgh yx
Z
sinh y.x
I(y) = Z cigh 7y

A(y) = - -
Y ~sinh yy

A(x) =

Z is the characteristic impedance of the line
and 5 its propagation constant.

By subtracting the second equation from the
third we obtain.

e(x)yde=[I(x) + I(y)] -
thus
.y elx) dr

i" — Ax)- i —A(g)-i"

A@) -0+ Ay i

—I(x) + 1(y) I(x) + I(y)

Substitution of this value for i
fourth of the equations gives

in the first and

A(x) . A Ay .
=Ty e 2 b SRR
I IS0 I+ "

Ax
__:_)_-f-hy} e(xr)dr
no__ A(”A“]) [ “y) <11
I{.x:}-i»f(q) ()+Iui+hq]! t
A(y) .
@+ Ly e(x) da
For efx) = 0 this equation system shall be

transformed into the equation system for a ho-
mogeneous line of the length s. Henee it fol-
lows that we have (as is also shown by direet
caleulation)

I{x) — AMx) I(s)
)+ Iy
Ay .
I(y) - =1
o Iix) + 1y) @
A(x)A(y) .
Iy + 1) =4
Consequently
A _Als)
Laoy+ Ly Ay
and
‘;‘_‘f‘“ s
Iiv) + Ly T A
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Our equation system can then be wrilten

Als)

V=TIt —A®i"— e(x) d.rl
Aly)

Iis)i" As)

(
0= A(s)i' - utnhl

alrx)

A | |-+ B

But this is the equation system for a homo-
S > . A (s)

genecus line with an electromotive force .
(s—ux)

e(x)dx applied between point A and the line and

. 4 (s)
another electremotive force :4 elxr) dr beclwen

point B and the line as is indicated by the above
figure.

We have here selected an element dx. If we
carry out the same displacement of all the ele-
ments between A and B we get the following

o
equation system
vV=1(s)i"— A(s)i"— , 4(s) el dr
Als xX)
. |
| s
=A@ i'—1(s)i" + ’ -l W e(a)dr
o
or
v'=I(s)i'—Ais)i"—E (o)
=A8)i'— Iis)i" + E (s)
where
5 .Q
E(o) = ’ id elr)dr = ’ Ll e(s— x)idr
A(s—a) A
E(s) = ’ : 8) el) dr

We have thus reduced the longitudinal elee-
tromotive forces to two local electromotive forces
of the same direction, one E/o) applied at the
terminal A and the other E(s/ applied at the
terminal B.

Both E(o) and E(s) are independent of the
characteristic impedance of the line.

If the clectromotive forece e/x/ is svinmelric-
ally distributed with regard to the centre of the
line we get

Eio) = Eis)



We can thus found that

when calculating currents and voltages at and
oulside the terminals of a line we can replace
the electromotive forces acting along a homo-
geneous line by two local electromotive forces
applied at the two terminal points of the said
line.

Remark. This theorem can be easily extended
to obtain for an arbitrarily composed line. The
procf will be exactly the same.

Remark. 1f the same electromotive force e is
induced in the various portions of the line we
gel

s
A(s)

dy=
A(r)

E(o)=E(s) = e- |

0

]
e )
= — ‘smh yrdy =
sinh ys

L1}
s
tgh y -
e cosh ys—1 2
= — = - — e:..
¥ sinh 7s 2 s
LR

Let us next consider the case where we have
a system of parallel lines.

Without reducing the general applicability of
the problem we can for the sake of simplicity
restrict ourselves lo the case of three lines.

€ i,
1 dx
1 t I
d.x
2 ! |
&
dx
3 =

As in the previous case we select a line ele-
ment dx [rom all the lines and assume that the
induced electromotive ferees per unit length are
e fx), e xr), e(x).
of the clement dx.

For any line whatever we then obtain the re-
lation

C, and €, are the terminals

v, — b, = elx)dx

In crder to calculate current and voltage in
the system we ean replace the portions of the

lines between A and € and between € and B by
the corresponding fictitious lines.
manner

In the same
we assume the nets at the terminal
points A and B replaced by reduced nets. The
fictilious lines on both sides of € are then por-
ticns of the same line. It remains to replace
the clements €, €, by the corresponding reduced
elements. For an arbitrary point of the system
we obtain the relation:

1t

[ - o e
ny, = ’,m v + “m D + ’.m n
and thus

' t " " I "
Dges = I Ve +* L Do + bm Uy

e

r r " n rer
Puey = Y Uey + O, Uy U Dy

If we introduce
forces e'dr, e”dx, e

the reduced eleciromotive
dr defined by the relations

v, —vy =¢ dr
f’rg” = ”.-1” — f.'” da
0" — vy = " dx

we obtain by forming wv,., — v, the follow-
ing relations:

(Y "o "o
Cp =lm € + Im € + 0y €

This equation system determines ¢/, ¢” and e,

Instead of the primary lines we have now got
the same number of lines not acting upon each
other.  According to our previously proved
thecrem the fictitious electromotive forces can
therefore, when currents and veltages al and
bevend the terminals are to be calculated, be
removed to the terminals of the lines. This can
be done in the same way as previously with all
the elements of the lines. Thus we cblain at
the terminal point A the following localized
cleetromotive forces:

8
% "‘Al(s)
El(o) = —e'ls — ) dr
AF
()
[
s
. *A"s)
E"0) = ’ D e(s — x) dx
Al

o
§
L
A7) "
y

7 a
Nig o .
!4 )= , ‘..‘”'| X l'f.l

X)
At the terminal point B we oblain the electro-
molive forces:

.



S

Es) = | i :T."'{-r* dx
o
.SJF
E'(s) = ' ‘:”l"i e'lxv)dr
&
a e
E"(s)= , :-:',.:‘?J e(x) dx

Y
[

Our problem is now reduced to the deter-
mination cf currenis and voltages in two nel-
works with lecalized electromotive forces con-
nected to a number of lines not acting upon
each olher and without any induced electro-
motive forces. If these lines are replaced. for
instance, by the corresponding T-networks the
whele problem is reduced to a calculation of
currents and voltages in a conducting network.

By aid of the linear relations which conneet
the currents in the physical lines with the cur-
renls in the fictitious lines we obtain the cur-
rents we wish lo determine.

Nole. We can write:
A (s) sinh y'x
A" (x)  sinh s
A" (s) sinh 3"
A') sinh 3"s

. 11
sinh y"x

sinh '"'s

L

The electromotive forces E’, E” and E” at the
terminal points of the lines are thus independent
of the impedances of both the
physical and the fictitious lines.

characteristic

The reduction has here been carried out for
the fictitious lines. If we wish to perform the
reduction of the clectromotive
ferees to the terminals of the physical lines we
need merely pass from the fictitious system af-
ter reduction to the physical system. Denoting
the localized electromotive forces of Lhe three
lines at the terminal point A by E (o), E (0)
and E (o) respectively we obtain:

correspending

f‘.',” (0)

llmt [‘:':u'l + 'lmr.' ":”.ul + J‘m”' I':m\ul
Furthermore, we have the relalion:

= [ TR T : " 3
O 1) tm € (X)) + bm € L) + L €1
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S5

If e’(x), ¢’(x) and ¢ (xr) are solved from
this equation system and substituted into the
expressions for E” (o), E” (o) above

Sre

(o) and E
we get £, (o) expressed in terms of the induced
electromotive forces e,. We see that, as a rule,
the induced electromotive forces in all the lines
localized electromotive force at

the terminal of anyone of the lines.

enter into the

We shall now apply the foregoing to a few
simple cases.

Current induced in the terminal sets of a two
wire line with unequal impedance per kilometer
of the two wires.

We shall now discuss the important problem
of determining the current arising in the receiv-
ing instruments when we have the same electro-
molive force in the two wires but with the elec-
trical constanis of the wires unequal. Let us
first take the case where the impedance z,, and
z.. are slightly different.

We assume

=40
Sig= 5
Y= Yss — Y
Yo=Y

& is supposed to be small in relation to =z,

The system of equations determining -+~ and

the cecelficients £ is
pp—=z—aa 5+ @y —=H5=0
(57— 5E +Wyrr—08=0

The equation which determines -~ then be-

cemes
gyt —2 — gyt —=) =0 (yr* —2)
or
[(9 + §) 72—z + N @—P P —(=—72)]

= 8(yy*—:3)

If 4 is small the rools must lie in the neigh-
0.
to be deter-

beurhcod of these obtained for o

We therefore assume the root ;-'-
mined by the relation

' Fu = = (.
(g—yhyt—(z-—H=m'é

Inserting this value of -~ in the rool equation

we get

20z — = + gy m' lm' — sy — gz + gy’ ¢



A first approximation gives m" = 2 and a

second approximation

' y—y 0
m=$ll+ i -,---]
= 2y — y: 4

Let us further assume the root 5"
termined by the equation
W+ —(z+)=m"d
By applying exactly the same procedure as
above we obtain the following approximate value

of m”:
0 y + U i)
=1 o L E =
" *ll * J- —zy 4]

to be de-

After the roots or wave constants are deter-
mined we have to calculate the coefficients &.

We subtract the two equations giving & and
obtain

[(g—y) 9 —(z—2)—38& —[ly— )y —

—(z—2)]5 =0
If we introduce
(y—y)y*—(z—2)=m's
we get
(m'— 1) &) = m' &)
Now
5 =n
and consequently
5 — _m'n-; 1
In order to determine £” and £,” we add the

two equations connecting the coefficients &
Inserting

y+ )y —(:z+)=m"$

we obtain
(nl — l): " + m";:g” = 0
now is
‘52!1' _— l
and consequently
n
W m
&1 m" 1

Having thus determined the coefficients £ we
pass on the coefficients

We have n =1

and
Y S s

_l’?llu+l}! lf
I y-.,-i-lf;

my +y)—y

Further

"m__ ys : % + U' 3 "l” 'H' T

g Yy —y
a yf:rr+J.:fr JH”{_I}—

y)—y

Let us assume that the electromotive foree
per kilometer induced in the two wires of the
line is e. We then have the relation

| e=n'ée +
le=n'¢€ + n, €|

By elimination of ¢”

rr 'F l

we oblain

“’i’:” = 'h,’ £== [’h' ’h" 'F:’ ’h”| ¢
or after inserting the values of the coefficients it

l+ ”(___.1—fﬂ+.} er[l+m’ty+y'1 -y

w y)—y m'(y+y)—y
q——l}l + y
w—ul—u

Substituting the values of m" and m”

after a slight reduction
y= —yz 2

m-_t__u_ : q—u
l +q.. q-

If we only retain terms of the first order we
then get

we gel

m'(y+y)—y
m(y+y)—y

and
m u;
m' "(g—

[ | oy

— ! ]

eJ' — @ . -—--—yr !’ = ﬂ

y—ys 4

For ¢” a first approximation gives
f" — e

We shall now pass on to the conditions at the
terminal points.

At the terminal point A we have the relations
01—- U! =5 _HEII
i =—i, |

The latter gives the following relation between

the currents " and {” at the terminal point A:

glflr_i_;_-n n+r_»r;+:rr i"=0

or
gy 1
1 1 = f
i 'I';:I +§_D o m
=== ,-_-rrt!' _ "
=1 ‘["a-.- 1= ___m____
m''—1
"
il — '
— . —(2m — 1)
m

— Hh —



or in Lhe first approximation

2oy

If 5 is small in relation to z i” consequently
becomes small in relation to . The disturbance
current i, at the terminal point will therefore be
equal to 1.

The other relation at the terminal point, that
is

v, — v, = — Hi,
sives the relation

“fl* _'"Er.. v+ ”fl” e ?]5”1 " — __ Hi'

or
miy+y)—y
Im —y)+y 1l".,:__m.
y—y)—uy
Inserting the values we get
20 = — HI'

which means that the fictitious line can be re-
garded as connected to the earth by means of

the impedance The same condition obtains

at the other terminal point of the lines.

Thus our problem has been reduced to a cal-
culation of the current at the terminal points
of a single wire line connecled to the earth by

. H « ;
means of an impedance , at the terminal points

when we have, at

forces equal to

these points, electromotive

~

—— '; I"- h vy e
E'(0) — - y ff .r;. bl“—‘r — )V dr
() ' —yz 4+ | sinh ;"seks b
0
and
.
5 y—y ¢ sinhjyx
E(s) = = ki L }!
* y—y' 4 u‘ :.lnh/ SRR
(]
e(x) is the electromotive force per kilometer

induced in one of the wires. If erx) is constanl
we obtain, apart from the factor in front of the
integrals, the same final formula as in the case
where we had two equal wires but unequal elec-
tromolive forces in them.

Beforee discussing in detail the expressions
cbtained for the above localized electromotive
forces we shall consider the ease where we have
still the same induced electromotive forces in

LM GCiicsson

the two wires but where there exists a difference
with regard to the coefficients y,, and y.,. that
is in the potential coefficients of the wires.
Current induced in the terminal instruments
of a two-wire line when the two wires have dif-
ferent potential coefficients per kilomeler.
. We assume:

Yn=y+2
Y = 4
hs: = U'
1 = Tae -
- — =l
Zie =%

The equations connecting -+ with the coeffi-
cients £ can now be written in the following form
al

(.,#u—o)bm-(—— :')g,:u
/ !

( "—!;')51 +(;—y)§s=0
'

For determination of [, , 5, and the charac-
teristie impedances we have further

I ~my 3: + Zis ]

fl_

On comparing tbese equations with the cor-
responding equations in the case where the im-
pedances of the wires were unequal we find that
they will be identical if the coefficients z and y
are interchanged and if 4 is replaced by its in-
verse value. All the formul@ deduced in con-
junction with that case will also apply in this
case if only the substitution just mentioned is
made.

The disturbing current will thus be equal to
the current that would be produced in our ficti-
tious single-wire line having the constants 5/
and Z" and being connected to the earth by means

of the impedancef;, when, at the terminal points,

we have localized electromotive forces equal to
E’(0o) and E’(s). These localized electromotive
forces can be calculated by aid of the formule

~

'sinh

E - - = —L el x)dr
\ y'— zy' 4 , sinh ;' s els ) da
E'(s) = :.“: .-s- ‘s[nh ;‘,xt'l.l”tf.‘l‘
y=—zy + I sinh y's

o
is the induced electromotive force

per kilometer in one of the wires.

where erx)
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If the earth reflects both the magnetic and

the eleetrie field we have — resistance of the
wires, internal inductance and additional in-
ductance being disregarded — the relation
y_=
y 7

Is u’ the impedance due to resistance of the
wire, internal inductance and additional in-
ductance we can write

gy —zy' = —d'y'

The factor preceding the integrals can therefore
be written.

The factor [ thus indicates that proportion of
the electromotive force e which is active in pro-
ducing disturbing current in the instruments
connected to the line at its terminals.

In case the wires of the line had unequal im-
pedances the corresponding factor would be

1 y—y o
f _ 1 yi' ll'
Abstract.

In a paper read on September 15th 1927 at

the International Convention for Telegraph,

Telephone and Radio Communication held in
Como the writer has shown that in the general
problem of parallel homogenecus lines connect-
ed at the ends by electric networks the lines can
be replaced by an equal number of fictitious
homogeneous lines wich do not affect each
other, and which are connected at the ends by
reduced networks. The present paper deals
with the same problem but with the further
assumption that there are also arbitrary longi-
tudinal impressed electromotive forces distribut-
ed along the hemogeneous lines. In this paper
is shown that also in the more general case the
physical lines can be replaced by fictitious lines
having the same properties with the difference
only that at the ends of the lines one has to
insert electromotive forces between these ficti-
The fic-

titious lines obtain the same propagation con-

ticus lines and the reduced nelworks.

stants and the same characteristic impedance
as in the previous case and the reduced net-
works also become the same. The fictitious

electromotive forees are determined and the

general theory is applied on the disturbance
problem in the case of lines with unsymmetrical

Lranches.
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Time Recording as an Aid in Estimating Cost of Production.

By G. Térnquist, Instructor al the Stockholm Commercial High School.

Paper read at the Ericsson propaganda course in Sundsvall, Sweden, Seplember 1929,

he necessity of absolute accuracy in estimat-

ing costs of production is being increasingly
felt from year to year, a contribuling cause
Leing the widespread use of expensive machine
equipment and arrangements requiring
the outlay of much capital. It is no longer
cerrect to regard the cost of labour and material
as the most important items, and the overhead
as something lo be apportioned at haphazard
among the various jobs executed. The overhead
consists of such items as real estate expenses,
interest on first cost of plant, cancellations,
cost of power,

other

salaries and lubri-
cating oils. With diversified manufacture, these
costs must first be assigned to the various
machines or groups of employees. The problem,
then, is to find the correct basis for the assign-
ment of each separate cost and to determine
the share for each separate working operation
according to this basis. Thus, the floor space, for
example, constitutes the correct basis for appor-
tioning the real estate expenses (on condition that
the floor space in different parts of the plant is
of equal value in all respects); the amount of
capilal invested in the various departments and
Luildings conslitutes the basis for the apportion-

feremens’

ment of interest: the known power consumplion
for the apportionment of the cost of power ete.
Of the costs mentioned, some of them are floating,
as, for inslance, the cost for power purchased from
outside, which cost acerues only to the extent that
production is going on. Other cosls, such as most
of those connecled with the real estate, for
instance, are fixed, i. e. they exist no matter
Other
cosls, again, are partially fixed, i. e. they increase
with the production although not at the same
pace,

whether production is going on or not.

After having determined the various cost allol-

ments  for  the different  working  operations

(separate machines, groups of similar machines,
shop departments where work of a similar nature
is carried on ete.), the problem is to find a stand-
ard according to which the costs are levied from
the different jobs which use the machines and
working space. Three different basic principles
are applied for this purpose.

1. The relation between the value of the male-
rial consumed (direct material) and the
overhead is figured, after which an increase
on the cost of material, corresponding to the
percentage figured, is determined for each
separate job.

2. The overhead is similarly calculated as a
precentual
wages.

increase  on paid out direct

3. The overhead is expressed in the form of a
cost per hour for machines or emplovees.

Of these three methods, we will disregard the
first one entirely as it possesses comparatively
little practical importance and may — with refe-
rence lo its effects — be erilicized from the same
point of view as method number two,

The second method is without doubt the one
most commonly used, but it suffers from quile
a number of defects. If we scrutinize the various
different kinds of overhead, we will find that the
majority of them are intimalely related with the
time during which the plant is in operation,
whereas they
whatever with the wages paid.
the wages are figured per hour and are equal
for different
it is clear that both methods will give the same

have practically no connection
In cases when
workers doing the same work,
result.  On the other hand, if two persons doing
the wages are figured per hour and are equal
will be that some jobs will be too heavily taxed

and some too lightlyv. Conditions beeome still
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more confusing if we have to do with piece work;
if the wages for piece work are injudiciously cal-
culated, we will find that those jobs which unfor-
tunately must bear up under too high a rate are
still further weighted down by too great an assig-
nement of overhead.

The objection has been made that the account-
ment of the time is such a burdensome task, that
this fact alone would be sufficient reason for pre-
ferring a procentual addition to the cost of labour.
Especially has this been claimed to be the case
with piece work, with which a knowledge of the
time required for a job is in no wise necessary
for the pavment of the wages.

It is an actual fact, however, that in our modern
times, when the overhead is of such great impor-
lance, such an opinion is absolutely untenable.

It is of the utmost importance for a concern to
know how the plant is being operated, partly in
order to eliminate waste of time and partly
to be able to so determine prices and organize the
sales work as to guarantee an efficient and uni-
form operation of the plant. In this respect, and
when we have to do with diversified manufacture,
time is the surest and safest standard of compu-
tation.

From the previously mentioned fact that some
costs are fixed while others are floating, it fol-
lows that — in order to make a cost estimate
one must have a knowledge of the production,
expressed in time, which can be accomplished by
the different machines under normal conditions.
If the plant is operated under normal conditions,
the cost per hour obtained is also a specific cost.

is one of

This element of cost normal coslt —

the elements which is of basic importance for
estimating cost of production. As soon as the
production falls below normal, however, it may
be profitable to accept orders at prices below
standard, i. e. at a price which exceeds the float-
ing cost by but a very small margin. This cost,
which is called the minimum cost, is of the
utmost importance for concerns whose produc-
tion is strongly influenced by the seasons and by
fluctuations in the market; in a case like this, the
average cost — i. e. the total cost divided by the
actual number of working hours — is of no value
whatever in determining prices.

This recording of the degree of operation
should be made individually for each different
kind of machine. As already mentioned, this is
best accomplished by the recording of the time,
while other standards of measurement, such as
wages, consumed material and the like give but
a very superficial conception of the actual con-
ditions. In mass production, on the other hand,
the quantity manufactured may be used to advan-
tage as a standard of measure for production.

The introduction of time recording apparatus
has accomplished wonders in the simplification
of this operation, partly in that it is now effec-

tuated with much greater speed and partly
through the elimination of all favoritism and
errors. The importance of this latter advantage

is felt also in the manner in which the time cards
serve as a basis for the wage statement, since
there can never be any doubt as to the correctness
of the stalement and disputes on this subjecl
between employer and employees are entirely
eliminated.
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A Comparison between Manual and Automatic Telephone Service.

Based on Experience Gained from the Automatic Service in Stockholm.

Paper read at the Northern Engineers’ Congress at Copenhagen in August 1929

by A. Lignell, Superintendent of Telephones in Stockholm,

t is now barely three years since the telephone

celebrated its fiftieth anniversary, the telegraph
passing the seventy-five mark at about the same
time. But while the use of the telegraph seems
to be on the decline, or at least standing still, the
development experienced by its yvounger com-
petitor, the telephone, is all the stronger, and
judging by all outward signs it would seem as
though the telephone has still far to go before
any stagnation in its development may be ex-
pected. The spread of the telephone — extreme-
ly varied in different parts of the world —
gives us an inkling of what still remains to be
done for a more general use of this means of
communication.

The United States of America — the leading

Distribution of the World's Telephones,
January 1, 1927.
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Telephones per 100 inhabitants of large cities.
January 1, 1927.
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1927 it could boast 60 % of all the world’s tele- and Oceania in which the telephone has been in
| hones, while l‘:lll‘la]n' had 28 %, and the remain- troduced had 0.5, 0.1, 0.1 and 0.8 telephones per
ing conlinents a total of 127, hundred population respectively,

We find that in 1928, among the larger cilics

The number of telephones per hundred in- i
of the world

habitants was, for the countries, here mentioned,

as follows: San Francisco had 32.8 telephcnes per 100
o - Stockholm » 289 inhabitants
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In 1927 the United States had 224 calls per capila

Denmark » 136,
Sweden o 115,
and Norway . 104,

After these comes a big leap down to

Germany with 25 calls
England ,, 28
and Franece ., 17 ,, per capita.

We see from these figures that the Scandina-
vian countries are well up in the van when it
comes to the popularity of the telephone.

[ have cited these figures just to show how
much still remains to be done for the development
of telephone communications all over the world.
Also, an intense propaganda for the spread of the
telephone has been inaugurated in most countries.

Now thal the automatic telephone systems have
reached such a high stage of perfection, a question
which naturally arises in the face of the coming
development is “Which telephone service is to be
preferred, manual or automatic?”

In the following I will make a short comparison
Letween manual and automatic telephone service,
based on the experience gained from the Stock-
helm net in which the Eriesson automatic system
has been in use since five and a half years back.
My comparison will be made with reference to

efficiency of the service and advantages to
the subscribers:

economy

attitude of subscribers towards manual and
aultomatic service;

&d

Telephone
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as well as some other points of view which may
speak for the one or the other of these two
systems.

In order to operate a telephone net in a satis-
factory manner, efficient service is an absolute
necessity, By efficient service we mean the fault-
less functioning of the switching devices on con-
dition that the manipulations of the subscribers
are correct.

In the manual system, efficient service depends

not only on the correct functioning of the technic-

al arrangements but also — and this is not the
least important — on the quality of the manual

service, i. e, of the telephone operators.

In a full automatic system the manual service
has been eliminated and the efficiency of the ser-
vice depends entirely upon the degree of accu-
racy with which the technical
function.

A factor which must be reckoned with in both

arrangements

of these cases, however, is the general public,
whose manner and habits of telephoning largely
influence the quality of the service. The public
may — in a manner of speaking — possess what
may be termed telephone culture to a greater or
lesser degree,

In order that a call in a manual system shall
reach its destination it is required

of the calling
subscriber:

that he use the telephone instru-
ment according to instructions:

that pronounce
number clearly, and

he the desired

that he take careful note of how
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the operator repeats this num-
ber and make the necessary
cerrections if it be -wrongly
apprehended.

of the operator: that she be quick in catching
the requested number;

that pay attention to the
eventual corrections of the sub-

seriber,

she

that she correctly and quickly
establish the connection, and

in case the establishing of the
connection require the services
of two operators — the A and
B operators —, as is often the
case in large telephone exchang-
es, that the cooperation between
them is perfect.

That the technical arrangements are in per-
fect working order is, moreover, a natural require-
ment.

In the full automatic telephone system the
operators are eliminated and the establishing of
a connection depends entirely upon how the call-
ing subscriber manipulates his calling dial and
upon the faultless functioning of the switching
devices.

With the elimination of the operators, in the
automatic system, those sources of error caused
by misapprehension between the subseriber and
the operator and, in larger exchanges, between
cooperating A and B operators, have disappeared.
Faulty connections by the operators are also
done away with.

The percentage of errors attributable to the
manual service is exceedingly variable in diffe-
rent lelephone plants, constant and expensive

supervision of the operators’ work being re-

quired in order to bring the same up to a high
standard.

The above table shows how the above-men-
tioned sources of error influence the manual
and automatic service in Stockholm. The figures
were obtained during the latter part of 1928
and the first six months of 1929,

The supervision has comprised 17,938 manual
calls and 28,029 automatic calls. 96.35 per cent
of the manual calls were correctly effectuated,
the corresponding figure with automatic service
being somewhat higher or 96.96 per cent, Conse-
quently, the percentage of faulty connections
amounted to 3.65 with manual and 3.04 with
automatic service. It should be noted, however,
that of the 3.04 per cent of faults in the automa-
tic service, as much as 2.84 per cent are traceable
to the subscribers, not more than 0.18 per cent
being due to failure of some kind in the technic-
al arrangements.

In the manual system, the total percentage of
faulty connections caused by subscribers and
operators alike amounted to 3.47. The percent-
age of faults traceable to subseribers with auto-
matic service is on the decline, however, and will
most certainly be further reduced in the same
degree as the correct manipulation of the calling
dial becomes second nature with the subsecribers.

If we neglect to take into account the errors
caused by the subscribers — which cannot rightly
be considered as having anything to do with the
efficiency of the service — the automatic system
had 0.18 per cent faults, the corresponding figure
for the manual system being 2.17 (operators’
errors plus faults in the technical devices). Thus
one is safe in stating that the automatic system
functions with much greater accuracy than the
manual svstem.

The lechnical faults amounted to 0.18 per cent
for both the manual and automatic service, and
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may well be called an excellent rating for the
complicated arrangements of automatic
system.

an

If a faulty switching operation occurs while
the automatic service is under supervision, the
connection is locked and the fault located on
condition that time permits. Thus, of the fifty-
two technical faults given in the schedule, nine-
teen were localized to the automatic arrange-
ments, one to the subscriber’s line and three to
the subseriber’s telephone instrument, making a
total of twenty-three localized faults while the
remaining twenty-nine were not localized for lack
of time.

The technical faults which could be attribut-
ed to the automatic system and which occurred
during the supervision of 28,029 connections
made over all of the registers in the exchange
amounted therefore to a maximum of forty-eight
or 0.17 per cent of the number of supervised calls.
I say maximum because, of the twenty-nine not
lecalized faults, some of them may most certainly
be attributed to other causes.

Fig. 5.

From this we find that the functioning of the
automatic system is exceptionally good and that
this system with regard to the efficiency of the
service has been found to surpass the very best
manual systems.

Furthermore, automatic service possesses some
additional advantages over the regular manual
service viz. the very short and uniform waiting
time for the dial tone after the removal of
the microtelephone from the cradle rest: the
uniform and short — especially noticeable in
large exchanges switching time, i. e. the
time that elapses between the dialling of the last
digit and until the calling signal is sent out to the
desired number, and, probably most important of
all, the instantaneous breaking of a connection
on the replacing of the microtelephone when the
call is finished. The automatic telephone instru-
ment is immediately ready for a new call.

The waiting times of the manual system are
longer and  withal
of the waiting times being equivalent to an
increase of the staff with accompanying increas-

less uniform, a shorlening



ed costs. The time required for establishing a
connection with purely manual service in large
multi-exchange areas is comparatively long, due
to the fact that a large percentage of the connec-
tions require the services of two operators, and
the clearing of such a connection, for which two
operators are also required — one at each
exchange —, sometimes takes a considerable
length of time, during which the subscriker is
blocked for further calls.

More than likely most of us have experienced
this last disadvantage when trying to make a new
call immediately following a previous one.

In all of these respects the automatic system
is to be preferred to the purely manual system.

The only disadvantage which may be attribut-
ed to the full automatic system from the point
of view of the subscriber is the fact that the call-
ing subscriber himself must perform a switching
operation by dialling the desired number. This
is counterbalanced by so large a number of advant-
ages, however — several others in addition to
those already mentioned and which will be
touched on in the following —, that I do nol
hesitate to pronounce the full automatic system as
being vastly superior as well as of greater advant-
age to the subscribers in this respect as well.

With regard to the question of economy I have
— for the sake of comparison — taken a com-
plete telephone plant equipped for ten thousand
lines and with 9300 installed subseribers’ lines.
The traffic load is assumed at seven calls per
subscriber and day and with 0.7 calls per subserib-
er during the busy hour.

The traffic curve in the accompanying graph
is taken from one of the Stockholm exchanges of
the Swedish Telegraph Administration.

The stepped curve denotes the required num-
ber of operators for each hour with manual
service, with two hundred connections per opera-
tor-hour during the entire day. Fifty-five
operators are consequently required to handle the
traffic. For supervision and monitor work we
will figure with four supervisors — a low figure
——, the first cost of the plant is assumed to be
70 Swed. crowns per subscriber’s line, cost of
maintenance 6 Swed. erowns per subscriber and
vear, of which Cr. 2.67 are for labour and Cr.
3.33 for material.

These are actual maintenance figures. The

LM Giéicsson

costs for power and rental are the usual ones
in Stockholm, the figures being taken at 6 kwh.
per 10,000 calls and 25 Crowns per sq.m. in rental.

The interest on the first cost is figured at a
rate of 7 % and amortization at 5 9.

For the automatic exchange, the first cost is
figured at 112.80 Swed. crowns per subscriber’s
line and for the maintenance cost we will take
the actual figure obtained during our more than
five vears of experience with automatic service
in Stockholm, or 6.50 Swed. crowns per subscrib-
er's line, of which Cr, 4.00 are for labour and
Cr. 2,50 for material,

For the supervision of the automatic service we
will figure with three supervisors.

The consumption of energy in this case is not
more than twice of what was required for the
manual exchange, or 11 kwh. for 10,000 calls.
Rental is less on account of the smaller space
required. Interest and amortization are the same
as for the manual exchange,

The yearly
amount to

expenditures figured as above
323,571 Crowns for the manual exchange, and
223,436 £ w s automatic
automatic service consequently being

100,135 Crowns or abt. 30 9% cheaper per year
than the manual service,

This holds good on condition that the efficiency
of the manual service comes up to 200 established
connections per operator-hour figured during
the whole day. Let us say that this figure drops
to 170 connections, for instance, and we will find
that the cost for personnel will increase to the
extent of making automatic scrvice 35 % cheaper
than the manual service. The same result is
obtained if we figure with an exchange for 5000
lines. Also for smaller exchanges we will find
that automatic service is more economical, espe-
cially if night service is required.

The above figures are applicable on condition
that the traffic is limited to one exchange only.

If the local traffic is routed over several ex-
changes, as in large multiple-exchange arecas, —
which, with manual service, means that a certain
part of the calls must be handled by two opera-
tors and that the A operators who answer the
calls cannot handle as much work per hour
as with but one multiple

a comparison between

9% —



the two systems will be all the more in favour of
automatic service,

the caleulations, the
various expenditures which accompany the larger
for
costs for the paymaster’s office, for the social

Moreover, in present

staff required manual service, such as the
welfare of the staff, for pensions ete., have not
been taken into consideration,

Thus, the automatic service is superior to the
manual also from an economic point of view and
should consequently provide a means for the
reduction of subscription rates,

In the
made of the fact that the attitude of the public

foregoing, mention has already been

towards the service is a very powerful faclor.
Here the
telephone is within the reach of every one and may

in the Scandinavian countries, where
well be called man’s most faithful servant, most
of us must surely have discovered in spite of
the the in
general is handled and in spite of the many greal

excellent manner in which service

services we ungrudgingly admit are constantly
that the

manual service is often a source of annoyance.

being rendered us by the telephone

If some trouble should arise during the making
of a call, which sometimes is quite unavoidable,
one is rather prone to notice these comparatively
few instances more than the numberless other
instances when everything has functioned to
perfection.

No malter what the real cause of the trouble
may be the blame is always laid to our
The

panving illustrations are gleaned from the Swed-

as a

rule most efficient operators, accom-
ish comic papers and show how the situation is
interpreted by a
the

some sort occurs on the line.

happily comparatively small

percentage of subscribers when trouble of

If the answer from the exchange is a little
slow in reaching us we have the fairy tale about
tea parties, novel reading and other imaginary
pastimes at the exchange. Nothing is more erro-
neous than such a conception, however, as the
efficiency required of our telephone operators is
undoubtedly greater than what is required in
any other line of work.

Also, a delay in receiving an answer may bring
forth the following choleric tirade “I am quite
aware of the fact that operators should have eight

hours’ work and eight hours™ sleep, but why in

o£ ﬂ( ; (52 ccsson

rina7 Fig. 6. How the operators spend their

according to the

tims

subscribers,
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the name of sense must you do it at the same
time?”

And then we have the young hopeful who pulls
the telephone cord plug out of the wall outlet
just when his father is making an important call.
Of course it’s the operator who's to blame!

And lastly, we have the notoriously grouchy
person to whom nothing ever is as it should be.

These are a few examples given to illustrate
the readiness of the patrons to show their dis-
satisfaction with the manual service.

In the automatic system there is no such ser-
vice on which to put the blame; only one’s self
and the reliable automatic devices. The skeptic
is easily convinced of their accurate functioning
by means of the individual supervision, and the
only remaining factor is then one’s own self; the
suspicion of perhaps being the responsible party
considerably dampens ones annoyance when
trouble arises and makes automatic service less
enervating for the patrons than manual service.

Some time after the changing over from
to full automatic service of the most
heavily trafficked of the Stockholm exchanges,
a canvass of all the subscribers with heavy traffic
was made by an inspector in order to ascertain
their opinion of the automatic service. Almost
unanimously they declared their preference for
the automatic system, notwithstanding the fact
that the manual service had been most excellent.

manual

The opinions voiced in this article are unani-
mously in favour of automatic telephone service.
I wish to emphasize, however, that the immediate
discarding of the manual service in an existing

]

telephone net is not always to be recommended.
When judging a problem of this kind, due con-
sideration must be given several different factors,
such as the condition of the existing plant, the
obligations by which the telephone company is
bound to its personnel, the capital available for
automatization, the quality of the existing
manual ete. The Stockholm telephone
net, now entirely under government ownership,
came into existance through the efforts of two
competing administrations — the Swedish State
Telegraph and that of the General Telephone
Company of Stockholm.

To bring about uniformity in the plants con-
structed by the different operating administra-
tions and to reconstruct such exchanges as had
served their time has been an absolute neccesity
for the Swedish Telegraph Administration, the
most advantageous method of realizing these
plans having been found in a quick change to
automatic service. ‘Telefonaktieselskabet’ in Co-
penhagen has given an exellent exampel of how
manual and automatic service may be combined
in a uniformly built telephone net when there
are good reasons for adopting this method.

Thus, the cost of the manual service has been
considerably reduced by letting the calling sub-
scriber himself select the desired exchange, there-
by making A operators superfluous. Also, the
introduction of labour saving devices has made
it possible for those operators whose services can-
not be dispensed with — B operators — to accom-
plish a greater amount of work; the answering
times of the exchange have been reduced by
means of selecting devices and the quick discon-
necting obtainable in the automatic system has
been applied for the calling subseriber. All in all,
a most successful combination of automatic and
manual switching has been achieved. Lastly, the
plant is built in such a manner as to permit a
change to full automatic switching at any time,
should this be found suitable and advisable.

Whether or not such a change will eventually

service

prove advantageous is presumably more or less
an economic question.
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The Value of the Automatic Fire Alarm.

Some actual instances.

By Captain R. Géthersiram, head of the incendiary department of the bureau
of industries of The Swedish Industrial Society.

Universal economic value of fire protection.

In former times, when fire of an incendiary
nature broke out in a thickly built community,
large parts of the same were usually doomed to
destruction. Fire catastrophies still occur in con-
gested city districts built up of combustible ma-
terial, but as a general rule fires no longer instill
the same fear in us as formerly, and consequently
we exercise less care in the handling of fire, con-
fident that the fire brigade of the community will
quickly prove the master of any fire which may
flare up. We refer to the fact that fire protection
as well as the art of building has developped
apace, thereby reducing the danger of serious loss
by fire. This is true, but the ever increasing
mechanization of our lives, on the other hand —
inflammable oils and electrical energy are now to
be found in almost every house and building —,
is responsible for the fact that the causes for fires
are far more numerous now than formerly.

The following figures will give an idea of the
increase in the number of fires in some of the lar-
ger cities of Europe.

Stockholm,

Average number per year during the years
19045 to 1908 192% lo 1928

Fires, including chimney fires ... 227 654
Thousands of inhabitants ... .. 330 454
Fires, (including chimney fires)

per 100,000 inhabitants ............ 69 144
Copenhagen,

Average number per year during the years
1919 to 1923 1925 lo 1928

Fires, including chimney fires ... 638 733
Thousands of inhabitants ......... 365 395
Fires (including chimney fires)

per 100,000 inhabitants ............ 113 123

Berlin.
Number per year during 1923 1928
Fires, including chimney fires 1910 4506
Thousands of inhabitants ......... 4020 4300
Fires per 100,000 inhabitants ...... 47 116
Paris.

1. Average number per year during the years
1899 to 1908 1919 to 1928

Fires, excluding chimney fires ... 1600 2250
Thousands of inhabitants ......... 2550 2850
Fires per 100,000 inhabitants ...... 63 79
2. Number per year during 1828 1928
FIFeS oooiriiiiniiieaeancneeaceeireaaans 177 2468
Chimney fires .........ccoceiivrenncnnnns 950 4989
1127 7451
Thousands of inhabitants ......... 785 2900
Fires (including chimney fires)
per 100,000 inhabitants ......... 144 251

These figures give a vivid picture of how much
more rapid the increase in the number of fires
has been than that of the number of inhabitants.
The material losses through fire, moreover, have
also increased to a startling degree.

I will give a few figures in support of this
statement.

In Sweden, the yearly fire losses previous to
1915 amounted to about 15 million Swedish
crowns; the corresponding value at the present
time amounts to not less than 40 million crowns.

In the United States the fire losses have in-
creased from a yearly average of 212 million dol-
lars during the five yvear period 1910 to 1914 to
507 million dollars during the period 1920 to 1924,

In London, the average yearly losses during the
above-mentioned periods have increased from
527,000 pounds sterling to 1,180,000 pounds.

In England the fire losses during 1922 to 1924
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R 1294 From a Fire in Stockholm

The

Fig. 1.

alarm was sent in too late.

department. The fire has already

came up to a lotal yearly average of 36 million

o
pounds,
In France the fire losses during 1928 amounl-
ed to about 1.5 billion franes.
Stockholm the
lwenly vear from a yearly
425,000 erowns during 1904 to 1908

In fire losses have increased

during a period

average of

to, 1.347,000 crowns during 1924 to 1928
making an increase per capita from .98 er.

lo 3 er.
For the above four countries we find that the
2 billion 380

incendiary losses have amounted to 2
million crowns per vear, distributed as follows:

United States 1,900 million crowns or 18  cr. per capita

Sweden ..... 40 » » ¢« 6.60 »
England 290 » 610 »
France ........ 220 > » 550 »

As a resull, it is safe to say that properly
valued at 4 to 5 billion crowns is damaged every
year by fire, -«

Fire proleclion is consequently a question of
ulmost significance to the world at large from a
viewpoint of political economy, resulting in a
world-wide movement for the rational develop-

ment of fire protection,

Causing Damage for Several
Photograph

100

Million Crowns
of

spread through the unguarded basement story.

taken immediately after arrival fire

Modern meausures for fire protection.

In our efforts for increased fire protection, our
modern technical resources must first of all be
pressed into service to help in the prevention and
fighting of fires, in obtaining the necessary co-
operation between alarm systems and fire fight-
ing organisations on the one hand, and between
building design and preventive fire protection on
the other hand.

In these efforts many old prejudices are en-
countered and must be overcome,

One man will say, “We have such an excellent
waler service and fire brigade in this community
that we ean build as cheaply as possible wilhout
the hazard™;
another will say that “We have constructed such

having to consider fire while

a fireproof building that we have no need for any
Both of
ulter un-

alarm or fire protective equipment”,
the
men making them with the

these statements merely prove
familiarity of the
simplest fundamental principles of fire protec-
tion, for under adverse conditions the most effi-
cient fire department may stand powcerless in o
cemmunily that is built without due considera
tion for the fire hazard and a building consider-

cd as fireproof may be a total loss if fire fighting



apparatus is lacking or if the building is con-
structed or designed in such a manner that the
fire department cannot intervene in fime in an
efficient manner.

Four to five million crowns loss in supposedly
fireproof building in Stockholm due to the facl
that alarm was not given in time.

On the 25th of June, last there occured a fire
on Herkulesgatan in Stockholm which attracted
more attention than usual for the reason that the
total losses exceeded those caused by any other

ling after which the paper stock began to scorch
and thereby inflamable
which could not burn in the basement for lack of

char, creating gases
oxygen but escaped through windows and other
upcnings.
and the fire department quickly arrived on the
scene, the smoke and gases forming in the base-

When an alarm was finally turned in

ment were so dense as to make it absolutely
impossible for the firemen to force their way
down to the source of the fire even with the aid
of gas masks (see fig. 1).

After some time the gases and heat generated
became so intense that the carbon monoxide gas
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Fig. 2.

fire during the last fifty years, in spite of the
facts that the building was newly constructed of
reinforced concrete and that the Stockholm fire
department is excellently equipped and very
efficient for a city of this size.

How is such an occurence possible? T will give
a few facts in
The

was built of reinforced concrete.

answer to this question.

structure comprised several stories and
All the stories
except one were separated by wooden floors laid
A
shaft with walls of reinforced conerete and par-

on an unprotected framework of steel beams.

titioned off by means of wooden partitions for

elevator and ventilation purposes and a shute
for waste paper, ran from the basement and up
through all the stories. The trap doors in the
basement, at the bottom of the paper shute, were
stock

broke

open and the basement contained a large
of paper ete. For some reason or other fire
out in the basement, this latter acting as
gt‘[ll'l':!tnr.

as

a g

The wood trim and flooring made good Kkind-

L
tm

101

Even a Concrete Building may be Damaged by Fire if the Fire Department is not Called in Time

which had formed its way up through the afore-
mentioned shaft and out through a trap door —

either left

open or forced open by the gas
pressure — ignited with explosive forece and the

wooden flooring in this story caught fire The
The unpro-
slightly protected steel framing

fire now spread with terrific speed.
or but
crumpled and drew with it both fire walls and
concrete columns, so that the two upper stories

tected

of the building soon collapsed and were reduced
to a heap of wreckage (see fig. 2).

This building was thought to be fireproof be-
cause it was built of concrete, but this proved
fallacious. In this case, where so much valuable
property was involved, an automatic fire alarm
system would have been justified. Had such a
system been installed, it is probable that the loss-
es would have been small; as it was, the losses
ran up into millions.

Basemenls and garrels which are seldom visil-
ed should first of all be provided with auntomatic
fire alarm equipmenl.



Ri1s03 Fig. 3.

The Gigantic Fire in the Paris Department Store ‘Au Printemps’.

The damage

amounted to forty million francs. The new building is equipped with automatic fire
extinguishing devices.,

Large fire in Oslo department store, for which
automatic fire extinguishing devices had been
contracted just previous to the destruction of the
building by fire.

Many large department

suffered from extensive fires, which oceurences

stores have recently

have aceentuated the necessity of providing auto-
matic alarm and fire extinguishing equipment,

It is but a few years since the large department
store “Au Printemps’ in Paris was gutted by fire
(fig. 3) and during this year a number of such
fires have occured in Berlin. such as in the
‘Tietz’ department store on Chaussé-Strasse (fig.
erected for ‘Au Prin-

4). The new huilding

went Store in Berli

The new building is be

kR 1390 Fig, 4.

The building was er

The Fire in the Tietz Depart

viddedl with mrtomatic fire stinguishing deviees

temps’, as well as the new Tielz store, has been

provided with automatic fire extinguishing

equipment,

® 1897 Fig. 5. The Million Crown Fire in Steen & Sirom’s Depart
ment Store in Oslo. It would have been a comparatively eass
matter to extinguish the fire, which broke out in basement

hoel an sutoematie fire alarm system bheen installed



Fig. 6. Teatro de Novedados in Madrid after the Fire, in which Sixty-Eight Lives were Losi.

he Fire in Svenska Teatern (the Swedish Theatre)
The theatre building was completely gutted by the
alarmed too late.
olm theatres are now equipped with

R 1400 Fig. 8. The Djurgird Theatre Fire in Stockholm.

In Oslo, Steen and Stroems large department
store was recently leveled with the ground by
fire (fig. 5). This fire is very similar to the
above described fire in Stockholm. The alarm
for a basement fire was sent in too late, and the
fire department, in spile of gas masks, were
unable to cope with the same before an explosion
look place which threw the fire up through
unprotected stairways and lift shafls, thereby
destroying all hopes of saving the building. A
lragic fact in conneetion with this fire is that the
owners had finally realized the necessity of auto-
malie fire extinguishing devices and had placed
an order for a sprinkler system, bul the work of
installation had nol vel been starled.  If this
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had
would no doubt have been extinguished with bul

system been installed, the basement fire
small damage.

The necessity of an automatic fire alarm sys-
tem — preferably in conjunction with a sprink-
ler system — in the large department sltores is
apparent, not least on account of the danger of
panic if the fire should break out while the store

is filled with customers.

The great thealre catastrophe in Madrid and
thealre fires in Stockholm.

In September 1928 not less than sixty-eight
persons were killed at a fire in the Teatro de
The theatre
was of a fireproof construction, but the facilities
for alarming the fire department and for ex-
tinguishing the fire were rather inefficient, Thus,
there an alarm box within the
building, neither was there any fire guard from
the fire brigade, due to the fact that the perform-
ance had not been properly reported to the
authorities.

Novedados in Madrid (see fig. 6).

was not even

This theatre fire is one of the many that have
cost large numbers of persons their lives, and
consequently it is not surprising that in most
civilized countries the authorities are requiring
the installation of automatic fire alarm systems,
at least on the stages and in the property rooms,

f 1401 Fig. 9. One Hundred and Twenty-Two Lives were Lost in

a Fire which Destroyed a Modern American Hospital.

shops and dressing rooms of the largest thea-
tres. In England, France and Germany, sprink-
ler systems are usually required by the author-
ities, while in Stockholm they have deemed it
sufficient to demand that automatic fire alarm-
ing be provided. The importance of this measure
was well illustrated by the narrow escape from
fire at the (South
Before there had been time
to install any automatic alarm systems, both the
‘Svenska Teatern” (Swedish Theatre, see fig. 7)
and the Djurgard Theatre (see fig. 8) in Stock-
holm had burned down
ably been smoldering for some time in both of

a serious ‘Sodra Teatern’

Theatre) last year.

The fire had presum-

these theatres before it was discovered.

R 1o ig. 1. The Fire on the Mammoth

Fauipped with

which was Subsequently

Lines

Eipht

Europa .,

\Lirm Hoxes
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Distribution of damage cases based on time for outbreak of [ire.
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Fig. 11.

Hospilal fires.

The whole civilized world was recently appalled
by the news of a fire which occured in a modern
American  hospital (fig. 9) in Cleveland, Ohio.
The buildings had been considered as abeslutely
fireproof.  The fire broke

oul in a conerele

basement where a stock of film for X-ray photo-
graphy was stored in the immediate vicinily of
some steam pipes. The fire and the deadly nitrie
fumes spread with terrific speed through venti-
duets and the like and not less than 122 persons
lost their lives,
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It is not surprising that fire protection experts
and public opinion as well demand that all
available technical resources be mustered for the
better protection of hospitals against such cata-
strophies.

The fire on the immense liner ‘Europa’.

The largest fire on board a ship occured when
fire broke out on the immense transatlantic liner
‘Europa’ while in course of building at the ship-
vards in Hamburg. On the discovery of the fire,
the executives of the shipyard were of the opi-
nion that their own employees would be able to
cope with the same and the efficient Hamburg
fire department was not called to the scene until
after a dire delay. The damage to the ship was
considerable and was said to amount to over
twenty million marks. After the fire (see fig.
10) not less than eight alarm bhoxes were install-
ed. The importance of quickly obtaining an
alarm signal on the outbreak of a fire is now
fully appreciated.

The size of factory fires depends upon the speed
with which an alarm is received.

Quite a number of severe factory fires have
occured during the past summer, losses ranging
in the millions having thus been sustained also
in Sweden. The matter is usually dismissed with
a casual “Oh, it was covered by insurance”.

We forget that the indemnities for fire losses
must be paid out of the insurance premiums,
which latter are based on the number and size
of fire damage cases, and that either the damaged
property is insured or not, every fire consti-
lutes a loss of actual values, i. e. a nalional eco-
nomic loss.

But this is not all! Every fire means a more or
less extended interruption in the production, and

the losses oceasioned by such an interruption are
often many times greater than the indemnity
itself.  Thus, when a manufacturer makes an
investigation as to whether the reductions in
risks accorded by the insurance companies for
the installation of automatic fire alarming covers
the interest and amortization on the first cost, he
must in any case figure with actual or calculat-
ed premiums for an effective interruption insur-
ance. It is of special importance for large export-
ing industries that they be able to make de-
liveries without a protracted interruption, which
might also result in the invasion of a well estab-
lished market by competing firms.

The importance of having technical facilities
at ones disposal for the supervision of an indus-
trial plant when this is not done by the person-
nel is evident from the adjoining graph, loaned
from the excellent and insltructive statistics on
fire damage kept by the larger Swedish fire
insurance companies. The diagram shows how
the industrial fires which have occured during
the last six years are distributed among the dif-
ferent hours of the day.

Naturally, the greater number of fires occurs
while there are many workers in the factories
and the machines are all going; but the fires are
much smaller in size during the regular working
hours than during the remaining hours of the
day. Even during the lunch hour, when the
workers are lemporarily absent from their
places, the fires are on an average twice as large
as during the working hours, and at night they are
as much as six times as large. Naturally, this
depends on the fact that a fire which is not
quickly discovered has time to spread and be-
comes difficult to extinguish.

These statistics are undoubtedly the best
possible proof of the value of the aulomatic fire
alarm system for industrial plants.

Only : Automatic Fire Alarm S)_f?:_tqm

the

Estimates and full particulars on request.

Apply to Ericsson Branch Office or Authorized Agent in your Country.

gives effective protection.
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Electrolysis in Underground Cables.

By Einar Strém, Line Consiruction Engineer with the Swedish Teleqraph Administralion.

(Continued from previous issue.)

IIl. Measures taken by the telephone adminis-
trations for the prevention of electrolysis.

As previously mentioned, it is the duty of the
telephone administrations or operating companies
to

B. Prevent the vagrant currents from reaching
the underground cables at such points where
these have a lower potential than the rails,

In point 5 of section Il we have mentioned the
measures to be taken by the traction companies
against electrolysis by increasing the insulation
between the rails and earth.
ner the telephone companies must increase the
resistance between cables and rails to the great-
est possible extent, the most efficient method
being to increase the distance between the same.

Thus, a distance of not less than 200 melres
between a tramway and an underground cable is
required in order that all danger of electrolysis
may be considered entirely eliminated. At very
unfavourable points, therefore, it is necessary to
entirely remove the cable routes from the tram-
way line.

In 1927, the C. C. I. proposed the following:

1. The cables should be removed as far as
possible from the tramway plant; crossings with
tramway lines are danger points and their num-
ber should be reduced to a minimum.

2. When planning a cable line one must bear
in mind that soil with certain characteristies will
favour electrolysis (especially moisture, organic
and alkaline substances, salts and acid solutions
ete.).

3. The collecting of water in cable conduits,
splice boxes and manholes should be prevented as
much as possible.

In a similar man-

1. A simple coating of insulating paint or a
thin covering of insulating material, which is not
absolutely compact or durable shall not be consi-
dered as a permanent and efficient protection

against electrolysis. Such insulating coverings
often prove dangerous, for after a certain lime
the most intense electrolysis will appear at unpro-
tected points.

5. When the insulating covering which
surrounds the cable is sufficiently compact and
is protected from mechanical or chemieal injury
by armour or some analogous arrangement (for
instance a double sheath), protection against
electrolysis may be considered efficient.

6. In exceptional cases, where contact with
bridges or building constructions of steel is possi-
ble, it has been suggested that insulating splices
in the lead sheath be provided in order to avoid
electrolysis. Such insulating splices should only
be made where the ground is sufficiently dry, It
does not seem, however, as if the advantages
which such a procedur provides for the reducing
of electrolysis fully counterbalances the serious
disadvantages which may impair the quality of
the telephone lines.

The following may to elucidate the

meaning of the above points.

serve

1. Crossings with tramway lines should be
made with the utmost care and preferably at
dry points. It is of special importance that the
insulation between cables and rails is the best
possible at those points where the cables have a
lower potential than the rails and where the
vagrant currenfs consequently flow from the
rails to the underground cables,

Example. In Mexico City such a difficult cros-

sing was successfully arranged by laying the
cables in fiber ducts, the joints of which were
made tight by means of a special adhesive. These
fibre ducts are absolutely water-tight and seem
to be very strong, for which reason they provide
excellent insulation and good protection for the

cables.



Example. In Sallsjobaden, not far from Stock-
holm, most destructive electrolysis has set in due
to the fact that the eleetric suburban railway is
not provided with welded rail joints within that
community. It was found that the current entered
the underground cables at a point where these
latter, laid under protecting steel angles, crossed
the tracks of the electric railway. This condition
was remedied by laying the cables in conduits
under the tracks, a point with good drainage being
chosen for the crossing. Further, the conduits
were placed at an extra depth with a distance of
not less than 1.2 m. from the surface of the
ground to the top side of the conduit.

This same railway crosses a steel bridge on
which the cables were laid direct on the steel mem-
bers of the bridge, and the vagrant currents flowed
over to the cables with such intensity that the
lead sheaths of the cables were actually burned
away (see fig. 17). This source of danger was
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Fig. 17.

removed by laying the cables in double troughs of
creosoted planks, thereby completely insulating
the cables from the bridge members.

In this connection we wish to emphasize the
necessity of exercising greal care where cables
cross gas and water pipe lines, since such pipes
very often act as conductors for vagranl currents.
It often happens that water pipes first cross
under the tracks of a tramway where they collect
vagrant currents which then flow over to the
underground cables at an unprotected crossing
between the pipes and cables.

3. The collecting of water in the maulti-tube
conduits can often be avoided by instead using
open conduits, i. e. conduits in the form of a large
pipe with a perforated wall at one end of each
pipe section for supporting the cables. Thus the
cables lie free between the points of support and
the water collects at the bottom of the conduits.
If the lower hole in the perforated walls is left
open for a drain and the conduits are given suffi-
cient fall towards the manholes, the water will
naturally drain out through the above-mentioned
With multi-
tube conduits, on the other hand, the water col-

holes at the bottoms of the conduits.

leets in all the joinls and belween the cables and
the tube walls, making it very difficult for the
water to flow out towards the manholes. Also,
the cables come in contact with a much larger
surface of the wet or damp walls of the cement
ducts, so that the insulation of the cables from
earth is decidedly poorer than when the above-
mentioned pipes are used.

4. A simple coating of insulating paint or
some similar protective covering is quite naturally
not a satisfactory insulating medium, for small
cracks will gradually appear in the paint and
electrolysis will then be concentrated to these
unprotected spots. Formerly it was very common
to give the cables a coating of tar or asphalt as
a protection against electrolysis but this has now
been discontinued as causing more harm than
good,

5. On the other hand, when the insulaling
covering is armoured, as with submarine cable,
the proltection against electrolysis may be consi-
dered ample. An example of such protection has
been previously described under section I, In this
case the cable was protected by three separate
coatings of asphalt, after which the cable was
armoured with steel tubing in such a manner as
to completely eliminate all danger of cracks for-
ming in the insulation.

6. In exceptional cases, insulating splices in
the lead sheath have been suggested. Such insu-
lating splices are very difficult to make on under-
ground cables, however. They are made by remov-
ing the lead sheath on a length of about ten
centimetres and replacing the same with
a coating of insulating compound outside of
which is placed a porcelain sleeve, for instance.
The ends of the poreelain sleeve are provided
with lead rings which are soldered to the sheath
of the cable. In this manner one may, it is true,
obtain an efficient break in the lead sheath, but
the trick is to prevent the vagrant currents from
flowing past the splice through the surrounding
earth or the supporting brackets in the man-
holes ete.

Previous to 1925, serveral hundred insulating
splices had been made in the manholes in Mexico
City, but the only result was a greatly intensified
electrolysis, and these splices have therefore been
completely done away with. As a general rule, ii
is so difficult to successfully arrange insulating
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splices on underground cables that it is best to
completely avoid the same.

On the other hand, it is a comparatively simple
maltter to arrange insulating splices on aerial
cables, This should be done on the riser pole, at
which point the splice can be placed in a vertical
position. In such a case the bared cable is insulat-
ed with rubber tape, the lower cable sheath is
wrapped with a leather sleeve and a lead sleeve
is slipped over the break. The lower edge of the
lead sleeve is hammered so that it will grip the
leather. This lead sleeve is now filled from the
top with insulating compound, after which its
upper end is soldered to the upper lead sheath.
Such splices have been made on the main toll
cable from Stockholm to Gothenburg at two dif-
ferent points where the cable changes from under-
ground to aerial,

As previously stated, the telephone companies
must also

C. Assist the flow of the vagrant currents
away from the underground cables at such points
where the cables have a higher potential than the
rails.

In 1927, the C, C. L. proposed as follows.

1. In order to prevent electrolysis — caused
by vagrant currents — on cables lying within an
electrical area, one should try to prevent, or at
least as much as possible reduce the flow of
vagrant currents through the lead sheaths of
the cables. In certain cases, where it is impossi-
ble to sufficiently reduce the intensity of the
vagrant currents, it may be found to advantage
to provide a metallic conductor for these currents
at those points where they leave the cable sheaths.

2. In the manholes and splicing boxes, as well
as at branching points, insulated cable sheaths
should be inter-connected by means of metallie
bonds soldered to the cable sheaths.

In such cases where the cables are laid in iron
pipes instead of cement conduits, similar connec-
tions between these pipes should be provided at
the same points.

3. Ground plates, buried in the ground and
connected to the cable sheaths, offer some of the
disadvantages to which drain lines are subjected
(see below); it is recommended that their use be
restricted to such points where the vagrant cur-
rents leave the lead sheath, and that they be
never used at points where the ground plate may

LM Ciicsson

be positive as compared with the lead cable
sheath.

This method is not recommended as a protec-
tion against electrolysis caused by the return
current from a tramway net, for a change in the
circuit system (caused by a change in the track
system, for instance) may change the polarity of
some of the ground plates as compared with that
of the cable sheath.

The following is given by way of explanation.

1. The melallic drains for the vagrant currents
here mentioned are called drain lines and are
described in a special section. Actually, these
drain lines constitute the best and most effective
means of protection against electrolysis. If, after
having resorted to all the various methods already
described in this paper in order to avoid electro-
lysis, we still find that we have not succeeded in
preventing the vagrant currents from reaching
the cables, it will then be necessary to drain the
cables of these currents by means of the above-
mentioned metallic drain lines. This must take
place at really strategic points, however, and
only after the making of accurate
described in the following.

tests as

2. Insulated cable sheaths are inlerconnected
in order to prevent electrolysis befween the
cables. Innumerable tests have shown a tension
of up to two volts between two cables in the same
manhole. It would seem that supporting brackets,
the walls of the manholes ete. would provide
sufficient bridging for the equalizing of the
voltage between the different cable sheaths, but
the fact is that it is necessary to provide a direct
metallic bond in order to eliminate such dangerous
differences in tension. This is done by soldering
a strip of sheet lead 10 cm. wide across all the
cable sheaths in the same manhole. Such bonds
need not be provided at shorter intervals than
about every 300 m., however,

3. Ground plates at those points where the
underground cables are negative as compared
with the rails are naturally prohibited. At such
points theyv collect the vagrant currents from the
ground and lead them over to the cables. (Not-
withstanding this fact, the author, while inves-
tigating conditions in a certain non-European
city, found not less than some ten plates serving
in this capacity),

Ground plates should be avoided at positive
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points as well, however. Here, it is true, the elec-
trolytic current is led away from the cable sheaths
and via earth to the rails, but why not then lead
this current direct to the rails by means of drain
lines? Ground plates are difficult to put in place,
expensive to maintain and very troublesome when
it comes to making tests. Also, the earth resist-
ance may vary considerably so that the ground
plates are more or less unreliable, a very serious
matter when it comes to electrolysis. In the entire
Stockholm net there is not a single ground plate,
this being also true now of the Eriesson telephone
cable net in Mexico City. (The Mexican telephone
company, on the other hand, has a ground plate
in each of the manholes at positive poinls in
Mexico City).

From the above we find that it is to much
greater advantage to provide drain lines, these
being as a rule easy lo arrange at the same time
as they provide good testing facilities at a low
cosl.

With reference to drain lines, the C. C. L. slates
as follows.

1. By eleclric drain lines we understand a
system which permits the use of metallic conduct-
ors for connecting certain points on the cable
sheaths to the return conductors of the tramway
net, points which would have a tendency to
become positive with reference to earth if no
drain lines were provided. The aim of this system
is lo lead the currents flowing through the cable
sheaths back to the power house in such manner
as to reduce the quantity of current which passes
to earth from the sheath.

2. The use of drain lines has brought up a
number of objections of various kinds.

This method is very troublesome (high costs
for installation, maintenance and inspection).

The expected advantages may not be gained,
due to some temporary change in the conditions
affecting the currents which flow along the
cables; the intensity of these currents, especially,
may increase to an alarming degree; on the other
hand the cable may be subject to cathodic elee-
trolysis at points where the earth is alkaline,

They may be the cause of danger for telephone
cable nets in case of a short circuit in the tram-
way net and also a cause of danger for the em-
ployees occupied with maintenance and repair
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work on the telephone cables in case a break
should accidentally oceur in the conductor rails.

Finally, for the reason that drain lines consider-
ably increase the return cable net of the tramway
in all directions, the use of drain lines will
considerably increase the chances for electrolysis
at some arbitrary point on the cable net or on
some neighbouring metallic conductor.

3. Notwithstanding what has been said, these
disadvantages may sometimes be considerably
reduced, for instance when there is but one tram-
way line and the telephone cable line runs parallel
with the same, without any branchings. In such
a case drain lines are permissible on condition
that they be used to drain but a relatively small
amount of current: this amount not to exceed
what is required in order to prevent corrosion
from electrolysis,

4. In all cases where a drain system is used,
it must conform to the following principles.

a.  The most suitable point for a connection to
the cable sheath is where tests show that the
intensity of the current flowing from ecable to
carth is greatest. In order to make the drain
system effective, it is necessary that, al those
points where connections are made, the potential.
which was positive as compared with earth before
this measure was taken, obtain a negative
value as compared with the potential of the
surrounding earth.

b. The drain connections shall be carried only
to the negative pole of the tramway power house
generator or to points where the tramway return
cables are connected to the rails.

c¢. Drain lines should be made in such a
manner that the potential of the drained cable
sheaths is everywhere negative as compared with
earth,

d. It is wise to restrict all draining to what
is absolutely necessary for the protection of the
telephone cables. This may be attained by either
choosing a suitable sectional area for the conduct-
ors serving as drain lines or by the use of an
auxiliary resistance,

e. Efficient inspection should always be main-
tained in order to check up on the condition and
functioning of the drain system, and periodic
testing of the intensity of the current in the drain
lines is necessary. For Lhis reason all arrange-
ments which may facilitate the making of these



tests should be provided for when the system is
installed.

f. Also, it is necessary to provide means for
the breaking of the drain
should arise currents with opposite polarity,
currents which — on account of their intensity
and permanence — may cause damage in case this
means were not provided for,

g. Finally, it is necessary to provide the drain
lines with fuses or switches suited to existing
local conditions, permitting the breaking of the
cennections in case the tramway net should be
short circuited.

lines in case there

The following is given by way of explanation
for the above points.

12
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Primary ecathodic electrolysis is non-existant,
but secondary reactions in the presence of alkali
may well cause corrosion at negative points. For
further information on this subject see section L
There little danger of such corrosion
taking place, however,

Any situation frought with actual
danger for the telephone plant or the
repair and staff has
never, within my knowledge, occurred
in the telephone nets of either Stock-
holm or Mexico City, notwithstanding
the fact that drain lines have been in

is very

-

maintenance

Tramway

—f — bl

Without drain line:

5 :.\\'q‘l'ul{r “+ 5.38 volis.

Max. + 1350 »

Return cable

Power house

]

R Without drain line:

| Average + 3.14 volis.
| Max. 7.00

2, The objection that drain lines are “very
troublesome™, may be true in some cases, but if
one has unsuccessfully tried out all other methods
mentioned here in order to avoid vagrant currents,
there is no cheaper, more effective and more
easily mainlained system for leading off these
We take for
granted, of course, that these lines are correctly
placed and dimensioned. Naturally, it is very
unwise to place lines at points where
temporary changes may occur in existing condi-
ticns with reference to the vagrant currents. As
a general rule the number of drain lines should
be kept as low as possible and the few lines that
are installed should only be placed at poinis
where conditions are unchanging.

currents than the drain system.

drain

These points
may be determined only after very careful and
protracted investigations.

The intensitics of the currents flowing along
the cables must not be allowed to “increase to an
alarming degree”. Should this take place then
we that the drain lines are not
correctly dimensioned and that they have been

can be sure
installed by a person who does not master the

subject.
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Fig. 18.

use in both of these cities since some ten vears
back. If possible, the placing of drain lines which
depend on the continuitly of the rails must be
avoided: and should it be found necessary in any
single case to provide a drain line to other points
than negative at the power house or to those
points on the rails to which the tramway return
cables are connected, it is necessary to take spe-
cial protective at
track lines.

measures, least with single

Example. A case of this description occured
in a suburb of Mexico City named Churubusco.
Here, two suburban electric lines formed a right
angle with each other with power house and
return cables placed at the point of the angle A,
as shown in fig. 18, Conduit lines with telephone
cables ran parallel with both track lines, but at
a distance of about 1 km. from the point A the
conduit lines changed their courses and formed
an angle of 45 with the tracks.

The existance of powerful electrolytic currents
flowing as indicated by the arrows was ascer-
tained. Naturally the solution nearest at hand
would have been to place a drain line at the point
A to which the return cable was connected, but



since the distance to this point was too greal,
two drain lines were instead provided at points
B and €. This brought up the risk, however, that
a break in the rail — for instance on the stretch
AB — would cause a large part of the traction
current to flow from the rails to the power house
over the drain line at B and the cable BC as well
as over the drain line at €. To provide protection
against such an eventuallity two insulating
splices were made on the underground cable at
D and E. The splices were made in two dry
manholes, with special connecting arrangements
Thus, in this unusually
severe case, these splices provide protection in
rase of a possible break in the rails.

with porcelain sleeves.

3. The carrying off of more current from the
cables than is absolutely necessary is called
overdraining and is more fully deseribed further
on. (see 4d).

4. a. Extensive investigations of the voltage
between the cables on the one hand and the rails
and earth on the other, as well as of the intensity
of the current i the cable sheaths must be made
before any drain lines may be installed. These
investigations and tests are described in the
following. When the drain lines have been
installed, accurate checking tests must be made
in order to ascertain that these lines have
really been correctly placed and dimensioned.
Thus it may be mentioned that for the placing
of twenly-four drain in Mexico City
and suburbs the writer made not less than 40,700
test readings of voltage and intensity.

lines

b. The placing of drain lines at other poinls
on the rail than those to which the return cables
are connected is always frought with danger,
since breaks in the rail may occur and the drain
lines should always be unaffected by such breaks.

c. If the drain lines are made in such a
manner that of the cables retain their
positive character, the danger of electrolysis is
not removed by the installation of such lines. On
smaller cables, therefore, it is often necessary to
provide several drain lines, since the resistance
in the cable sheaths is so great that one single
drain line is not capable of carrying off all the
sheath current.

some

d. If drain lines are given loo great a sectional
area, they are too effective and cause overdrain-

ing, a very serious condition for the following
reasons.

At those points where it is desirable to provide
drain lines between the underground cables and
the rails, the ecables naturally have a high
posilive voltage as compared with the rails.
Adjacent waler and gas pipes, then, are usually
also positive in comparison with the rails.

On the placing of a drain connection between
the cables and the rails, the potential of the cables
sinks to zero as compared with the rails, resulting
in a change in the voltage of the cables to negative
as compared with the surrounding earth and the
adjacent pipe lines.

The now highly positive gas and water pipes
— in comparison with the cables — are attacked
by corrosion, caused by the strong electrolytic
current which flows from the pipes to the cables.

In order to protect the gas and water pipes
from electrolysis one must then either do without
the drain line or lessen its effectivity or else
provide drain lines between the cables and pipes.
Since it is extremely difficult, however, to drain
gas and water pipe lines of electrolytic current
on account of their poor conductivity, such
connections between pipes and cables become a
very expensive affair for which reason it is more
economical, in such cases, to do away with the
drain lines between the cables and the rails and
to permit a moderate electrolysis on the cables
instead.

Short and direct drain lines between the cables
and the negative bus at the tramway power house
give the cables practically the same potential as
the above-mentioned poles, causing the potential
of the cables to be actually lower than that of the
surrounding earth, resulting in the flow of
entirely unnecessary current inlensities from
earth to the lead sheaths of the cables. A result
of this kind is often very difficult to prevent
when one has to do with strong vagrant currents.

The purpose in the draining of the cables is
simply to give the surface of the lead sheaths a
negative potential with respect to the surrounding
substance and nothing is gained by making the
potential of the cables excessively negalive in this
respect.

In order to avoid overdraining an equalizing
resistance must be introduced in the drain line -
or the sectional area of the line reduced — so
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that this latter will not drain off more current
from the cables than what is necessary for the
prevention of electrolysis on the same.

In all work with drain lines, therefore, it is
absolutely necessary to bear in mind the danger
of electrolysis to all the metallic underground
plant. A very strong reduction in the potential
of one such system will generally turn it into a
source of danger for all the other metallic
systems on account of the secondary conditions
which may arise and which are not always so
apparent and visible but which, nevertheless, tend
to cause damage by electrolysis to the other
metallic systems.

Example. In Mexico City there was one point
where the positive voltage of the telephone cables
as compared with the rails amounted to an average
of 5.12 volts and a maximum of 8 volts. Still, the
placing of a drain line at this point could not be
considered, such an arrangement causing such
serious electrolysis of the adjacent water pipes
that these would have been corroded in but a
few months. Although the sectional area of the
drain lines was small, this line caused a tenfold
increase in the intensity of current in the cable
sheaths, this added current being taken from the
water pipes on which corrosion simultaneously
set in.

Example.
house called Indianilla, near which the tramway
and cable lines are situated as shown in fig. 19.

At A there was a drain line between the tele-
phone cables and the rails of the tramway, but in
spite of this fact electrolysis of the telephone
cables occurred at B (average posilive lension

In Mexico City there is a power

[ Tramway

Indianilla
power
house

Telephone cables

Fig. 19,

5.37 volts and maximum 6.7 volts). This condition
depended in part on the great distance from A
to B, amounting to 257 m., and in part on the fact
that the cables were very small, making the
resistance in the sheaths very high. An attempt
was made to increase the drain line at A4, without
being able to bring the positive tension at B lower
than 2.1 volts, however. Consequently, it was
found necessary to provide a drain line at B, the
most suitable method being to connect it to the
tramway return cable passing through point B.
This drain line was built and had a length of
about 100 m., but when the connections were
completed it was found that the current in the
lead sheaths, which had an average intensity of
1.27 amp. previous to this operation, had increased
to an intensity of more than 40 amp. Thus, it
was ascertained that great quantities of current
from the adjacent water pipes were taken up by
the cables and that the drain line at A actually
gave negative service, i. e. it attracted current
from the rails to the cables instead of the oppo-
site. In order to remedy this condition, an equa-
lizing resistance in the form of a coil of vulean-
ized wire was introduced at B, the length of this
coil being so determined that not more than about
2 amp. were drained off. Had this equalizing
resistance not been provided, the corrosion of the
adjacent water pipes during the course of a few
menths would have been an accomplished fact.

e. In order to facilitate the making, at regular
time intervals, of tests as to the intensily of the
current in drain lines, at least two meltres of the
same muslt be easily accessible.
the connecting up of the same is done in a man-

As a general rule
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hole, a 10 em. broad strip of sheet lead being
soldered over all the cables and connected to a
heavy copper cable which is then laid one turn
around the bottom of the manhole. It is then an
on this length of copper cable —
to make the required tests in order to determine
the intensity of the current in the drain lines.

easy maller —

f. In order to break the current when it passes
through the drain line in the wrong direction, a
relay which automatically cuts the circuit on a
reversal of the current is sometimes used. No
such arrangement has been made use of either
in Stockholm or in Mexico City, however, but we
rely instead on our periodic tests and an efficient
cooperation with the traction company. The
following example, however, will show that some-
times this can also prove inadequate.

Exrample. A power
suburb of Mexico City, provided the traction
current for a suburban electric railway as far as
the next suburb San Angel.
drain line between the telephone cables and the
rail at a point about 1 km. from the power house
(the positive average was 2.97 volts and the
positive maximum 7 volts without the drain
connection). At one of the periodical tests,
however, it was found that the readings for vol-
tage gave

house in Mixcoac, a

There was an old

a positive average of .80 volt and
a negalive w93

It was also discovered that the current changed
direction in the drain line, and it was cut as being
more of a menace than anvthing else. This con-
dition was explained by the faet that the traction
company had removed the line separator to the
nearest power house at Churubusco without noti-
fving the telephone company, so that the condi-
tions at this point had become entirely reversed
from an electrolytic point of view.

In this connection we wish to mention the fact
that some power houses are shut down at night,
the tramway net then being fed from only one
power house. This has actually been responsible
for the fact that a drain line which, during the
day-time, has been at a positive point, has been
at a negative point during the night. Such
connecltions must naturally be avoided as much
as possible.

g. Fuses or other means of breaking a drain
line in case of a short circuit in the tramway nel

are not provided either in Stockholm or Mexico
City, but one may well imagine cases where such
protective devices must be resorted to. It may
be mentioned that the use of some such expedient
was much discussed in the above-mentioned in-
stance at Churubusco, but is was decided instead,
as we have already related, to provide protection
by means of insulating splices.

The measuring of electrolysis on under-
ground cables,
It is generally accepted that the depth of the
corrosions may be expressed by the formula

d===:js]
g
where d — depth of the corroded portion on a
certain surface;
a — the electrochemical equivalent of the
material;
g — specific gravity of the material;
j = density of the current;
t — duration of the current.

Thus, the corrosion is in direct proportion lo
the density and duration of the current. Since
the density of the current is directly proportional
to the difference in potential in the rail, we arc
able, from the formula, to ascertain that low
voltages of a long duration can be more dangerous
than high voltages of short duration or, in other
words, that it is the mean value of intensities and
voltages which is conclusive. It is therefore of no
great value to measure momentary values or
mean values during all too short periods, but
instead one should strive to obtain mean values
of intensities and voltages during as long a time
as possible. Least of all should one attempt to
determine these mean values for a traffic period,
i. e. the time which elapses between the passing
of two consecutive trains in the same direction.
With trains every fiftecen minutes, therefore,
uninterrupted readings during at least fiftcen
minutes’ time are required etec. The existing
conditions in a tramway net vary to such an
extent that even at that it is difficult, from such
protracted observations, to obtain reliable data as
to the conditions during one whole traffic day.
Under all circumstances, however, it is necessary,
when making tests, to adhere to the principle
which sayvs that with sparse traffic observations
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Record No. 74

Tension between cable and earth, tramway rail, railway rail or waler pipes.
Underscore what is correct (The tension is counted positive when the cable is positive).

Tesling of: intensity of current in cable sheath or drain connection.

Point for making test (number of manhole): on the Gothenbury
cable in manhole no. 30 at Haga.

Disconnecled drain lines: no. 4 in manhole no. 55 at Jarva.

Dimensions of the drain line (cable):

To be filled in only when
making intensity tesls.

Distance between connected test lines:
Resistance belween connected test lines:

Assumed direction of current:
(Is assumed positiv when current flows away from cable and when it flows away from Stockholm)

Type and sensitiveness of instrument:  Paul's instrument no. 7360

1 scale division = .1 voll.

Readings in scale divisions each tenth second

Time — - — — Notes
0 10 20 30 40 Hl)

1610 + 150 + 7.0, —10.0 —220 —26.0 — 4.0

> A1 | + 18.0! +210| +280 +160| +130 + 50

> .12 2.0! +11.0| +23.0 +27.0 + 160 — 3.0

.13 — 140 — 250 — 60| + 30| +17.0| 4 220

s 14 3300 4220 +11.0 — 40| + 10.0| + 140
Mhom 630 61.0] 620 460 560 410 Em 399 20 saidingd)
Meons | 160 250 160 260 9.0 7.0 T e 116 (10 5 )

M val f plu
defections”s |4 1.10volls

-Pos.itive_mlxi‘r;um [
value i + 3.0 volls

Mean value of minus Negative maximum

deRaciions 39 valua 96 Stockholm June 25, 1929
- Total number of | -
Total mean value T o readings 30 N. N.

') The mean values for the plus and minus readings are obtained by dividing the sum of
the plus and minus values respectively by the tofal number of readings.

The total mean value is the difference belween these mean values,

must be taken during a much longer time period
than with heavy traffic.
On  suburban therefore, it is often ne-

cessary to make continuous tests during a time of

lines,

one hour or more, while in the central portions
of a large city it is often sufficient if tests are
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made during a time of ten minutes or even less.
For intensity as well as voltage tests it is ne-
cessary during this time to keep a record of the
maximum and minimum as well as of the mean
values with their signs. This is done by reading
the values of the intensity and tension exactly



every tenth second, thereby obtaining a series of
values with either positive or negative sign. The
positive and negative mean values are then
figured separately, giving a record with a positive
and a negative mean value and a positive and a
negative maximum value respectively. The mean
values refer to the entire time period. Thus, if
out of thirty readings one obtains twenty positive
and ten negative, the positive mean value is
obtained by dividing the sum of the twenty posi-
tive readings by thirty, the negative mean value
being obtained by dividing the sum of the ten
negative readings by thirty.
A sample record will be found on page 115,

The algebraic sum of the positive and negative
mean values thus obtained is naturally the same
at the algebraic mean value of all the readings,
i. e, the algebraic sum of all the momentary
readings divided by the total number of such
readings. It may seem simpler to figure out the
algebraic mean value direct, but it is of vital
importance to know of which positive and nega-
tive mean values the total algebraic mean value
is composed. On suburban railways it often hap-
pens that a large number of consecutive positive
readings are obtained followed by a large number
of negative readings which, in the caleulation of
the total mean value, completely cancel the
dangerous positive values, so that no clear con-
ception of the danger of electrolysis at that point
is obtained.

For the above record, therefore, the algebraic
mean palue — -+ 71 (for 30 readings). Instances
have occurred when the writer has obtained
nothing but high positive readings in close
succession during a time of up to ten minutes,
followed by a succession of high negative readings
during an equally long period, so that the sepa-
rate positive and negative mean values become
very high, but the algebraic mean value has
nevertheless been about zero or even negative.
In certain cases, therefore, the algebraic mean
value is quite misleading, for which reason the
record should be prepared in detail as previously
denoted.

Naturally, instead of the algebraic mean value
one may figure out the arithmetic mean value.

The arithmelic mean value of the intensity or
tension of a current is the mean value of all the
momentary values of the same polarity.

For the above record we obtain the

Positive arithmetic mean value = + 1.65 v. (20 readings)
Negative > » » = — 1.16 v. (10 » )

Thus, there is a considerable difference be-
tween the algebraic and arithmetic mean values,
while the maximum and minimum values are
naturally the same in both cases,

The tests for determining electrolysis on under-
ground cables are the following:

A. Voltage tests, i. e. test for determining the
tension of vagrant currents between the cables
and the tramway rails, earth or adjacent metallic
constructions.

Before the voltage test is begun, all the drain
lines should be disconnected so as to restore
conditions to normal. If the danger of electroly-
sis is great, no other drain lines should be dis-
connected exept those lying within the power
house zone in which the tests are being carried
on. The numbers of the drain lines which are
disconnected during the test are noted in the
record. If, on the other hand, it is but a question
of testing the voltage to ascertain that the drain
lines are functioning properly, these must natur-
ally be connected up during the test.

Voltage tests are made in every other or every
third manhole with the aid of a sensitive milli-
voltmeter with a large internal resistance, and
— where there are no manholes — if possible at
intervals of not more than 300 metres. At critic-
al points or on very important cables, tesls
should be made in every manhole and at inter-
vals not exceeding 100 metres, if possible.

The instrument used for voltage tests should
have the zero point at the middle of the scale,
since the tension often changes sign. The
moving parts of the instrument should require
but a very short time to make a full deflection,
as the variations in voltage are generally of very
short duration, so that with an instrument which
functions slowly one would fail to get all the
maximum deflections. If the zero point of the
instrument is at the end of the scale, a switch is
thrown so as to reverse the test wires so that a
positive deflection is obtained for a negative
tension as well.  The deflection obtained when
the cable has the higher potential is figured as
representing a positive tension .

In all these voltage tests one must keep track
of the local eleetromolive forees which arise al
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those contact points in which test lines are
placed, when different metals come in contact
with each other. When making a test, one pole
of the voltmeter is connected to the lead sheath
of the cable by means of a tinned copper wire,
care being taken that the lead sheath is clean
and bright and the contact wire tightly wound
about the same in order to reduce contact resist-
ance to a minimum. When testing the voltage
to the rail, the other pole of the instrument is
attached to a contact rod provided with an iron
tip shaped like a chisel and a wooden handle
about 1 Y2 metres long. The contact rod is firmly
pressed against the train rail, this latter having
previously been well cleaned with sandpaper. In
a case like this it is impossible, on account of the
traffic, to provide a fixed contact with the rail
and it is therefore of great importance that the
free contact is of the same metal as the rail in
order to avoid the sources of trouble which might
arise through polarisation in damp weather. The
same contact rod may be used when making
voltage tests to gas or water pipes.

Voltage tests to earth, on the other hand,
should be made with a lead electrode. These
tests are difficult to make, but if correctly
carried out they are the tests that supply the
most valuable information as to electrolytic con-
ditions.

This test consists actunally of a measuring of
the tension between the sheath of the under-
ground cable and an electrode of the same metal
in contact with the earth immediately surround-
ing the cable. The auxiliary electrode can be a
length of cable sheathing about one metre long
and is assumed to have no normal potential with
reference to the underground cable since both
of the electrodes are of the same metal. The
auxiliary electrode obtains the same potential
as the earth with which it comes in contact.
There is no gainsaying, however, that there
nevertheless nearly always exists a slight differ-
ence in potential between the lead electrode and
the cable, depending on the tension of polariza-
tion, for which reason these tests must be made
with the aid of a vollmeter with a very high inner
resistance (a ‘Paul’s galvanometer’, for instance)
which consequently requires very little current,
thereby reducing polarization lo a minimum.
When making earth voltage tests with lead elee-

trodes it is best to discard as unreliable all read-
ings of less than =+ .2 volts, and with iron
electrodes all readings of less than -+ .5 volts.
(Iron electrodes must sometimes be wused of
necessity but they are much less reliable than
lead electrodes),

It is very important that the auxiliary elec-
trode is placed quite close to the underground
cable which is to be tested, for example within a
distance of from five to ten cm., but nof in
metallic contact with the same. If a hole for
the auxiliary electrode is bored or dug in the
ground, it is important that the electrode is
forced down a bit into the earth and is not
merely placed against the exposed earth. The
reason for this is that the test must be made
under normal conditions of moisture, and the
exposed earth in a hole is always drier than nor-
mal. Great care in this respect is of special
importance at points where the potential is high
and where the flow of current is doubtlessly
strong. The auxiliary electrode must be exactly
on a level with the underground cable which is
to be tested.

As already mentioned, an iron rod is some-
times used as an auxiliary electrode, the placing
of a lead electrode in the ground being an ex-
pensive procedure. Consequently, a ground rod
is sometimes used for economical reasons and is
driven down to the level of the cable, When
making tests in manholes, however, a lead elec-
trode should always be used and is simply laid
on the bottom of the manhole where waler usu-
ally has accumulated.

Maps, on which the underground cable net, gas
and water pipe systems, tramway lines ele. are
plotted, are used when making voltage tests. The
following data for the different test points are
entered on these maps:
the number of the test record, the algebraic
average and the maximum value of the tensions
with their respective signs (the voltage being
figured as positive, when the cable has the higher
potential). If the positive as well as the negalive
values for the maximum tensions are high, which
is often the case on suburban railways, both of
the maximum values should be given. Also,
beside the algebraic mean value, the number of
readings of which this is the mean value should
he given. since the mean value of a large number
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of readings is infinitely more
one that
readings.

enlightening than
is based on but a small number of

It is a good idea to letter positive tensions on
the map with green ink and negative tensions
with red ink.

Also, it should be indicated whether the given
voltages are to the rail, to earth or to water pipes
ele,

Further, the map should give the location and
number of the feed points for the tramway lines,
The map
should be completed with diagrams of the feeder
cables, so as to adequately illustrate the electro-
Ivtic conditions. Such a diagram for a feeder

together with the zone separators.

Mo eps oo
e B3 .

R 1374 Fig. .
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cable is shown in fig. 20, from which we galther
the information that feeder cable Nr. 35 is 1105
melres long and has a sectional area of 500
sqmm. and a total resistance of .037 ohms, in
addition to which a zone separator is placed
immediately beyond the feed point,

Voltage tesls should be made yearly, during
the spring or fall, when the ground is moist. On
the whole, tests should always be made when the
carth has the best possible conduectivity —— never
when the earth is dry or frozen.

Concerning permissible tensions, we wish o
cite the following,

The C. C. L proposed in 1927 as follows,

The mean difference of potential (reduced lo
mean loading per 2% hours), measured belween
the rail and pipes or cable sheaths. shall not
exced & polls al any point within an area
trafficked by a cily fraction system —— at which
the vagrant currents leave the pipes or cables.

With regard to the tension between rails and
underground cables, for instance, the following
is stipulated by law:

In Mexico: “In no case, within a city, shall il
he  permissible  for the difference in lension
between an underground conductor of any kind
whatsoever — independently of the purpose [or
which it is intended —— and the nearest rail,

where the underground conductor is posilive
with reference to the rail. to exceed 2 volts”.

This difference in tension is therefore a maxi-
mum difference in potential, and this stipulation
is consequently very rigourous, (Of the 10800
measured maximum values in Mexico City, not
less than 2050 in 101 different manholes were
illegally high).

C. C. L. proposes that the tensions be reduced
to mean leading per 24-hour day. Thus, if one
had read a mean value of, say 28 volts, and the
mean value for the intensity of the current in the
rail is 490 amp, during the time occupied by the
reading, and if one knows that the mean value
of the current intensity per 24-hour day in the
same rail is 330 amp., the tension, reduced to
mean loading per 24-hour day, is obtained from
the following equation.

330
X=28. = 19 volts,
490
Consequently — at least when measuring

excessively high tensions —, one should really
take a simultaneous reading of the lension
between cables and rail and of the current inten-
sity in the rail, besides which one
should find out the mean 24-hour value for this
intensity of current. This would be an altogeth-
er too costly procedure, however, wherefore the
lcading figures of the power plant are usually
considered adequate. It is clear, however, that
if the tests are made on a portion of the suburban
line with comparatively light traffic, the traffic
on another part of the same line may be quite
heavy, for which reason the loading figures of
the power plant for the entire line really cannot
Le used for the above-mentioned reduction.

self-same

Example. The Stocksund power house on the
Djursholm electric railway is situated about 5
km. from Stockholm. At Alkistan on the
stretch Stocksund—Stockholm — simultaneous

curves were taken for

a. The tension between the underground cables

and the rail (see fig. 21), (The tension
between the cable — the Danderyd
cable — and the rails of the Djursholm
railway. June 18th 1929. Cable connect-

ed to positive terminal),
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b. The intensity of current in the lead sheaths
of the underground cables (see fig. 22).
(Variations of the current intensity in
a cable sheath — the Danderyd cable.
June 18th 1929. Positive values denote
direction of current Stockholm--Stock-
sund), and

¢. The intensity of current in that rail to which
the voltage test was made (see fig. 23).
(Measured values of the current inten-
sity in the rails of the Djursholm rail-
way, June 18th 1929. Positive values
denote direction of current Stockholm
—Stocksund),

d. Loading curve for the entire railway line in
the power house at Stocksund (see fig. 24).

We notice that the three first-mentioned
curves are very much alike. The loading curve
for the entire line, on the other hand, is in no
wise similar to the others. This is explained by
the fact that the rail at Alkistan was very lightly
loaded during the test, while the rest of the line
Stockholm—Djursholm was heavily loaded.

In order to simplify the calculations, it is ge-
nerally assumed, however, that the loading in a
track system is equally distributed over all parls
of the same, for which reason the loading figures
of the power house may be used for the
reduction,

The curves, however, prove the necessity of
reducing the readings to mean loading per 24-
hour day for suburban lines. In this manner all
tests are referred to a common basis, whereby
they become fully comparable.

In cities \\'il'h heavy traffic, on the other hand,
it is quite unnecessary to reduce the readings
to mean loading per 24-hour day if the tests are
carried out during a sufficiently long time (see
above) and under normal traffic conditions.
Thus it has been found that fifteen-minute read-
ings taken in a city net between 10 a. m. and
about 4 p. m. coincide almost exactly with the
mean value for 24 hours. Also, it is apparent
from the loading curves for city nets that a
maximum loading period takes place between
7 and 10 a. m. and 4 and 6 p. m., but that these
periods are counterbalanced by a minimum
period from 6 p. m. to 7 a. m., and that the load-
ing from 10 a. m. to 4 p. m. is practically constant
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and almost the same as the mean loading per 24-
hour day, for which reason the factor of reduc-
tion during that time practically equals 1. On
the other hand, if one takes readings during the
morning or evening maximum loading periods,
it is clear that a reduction must be carried out
for city nets as well. On the whole, a reduction
of the tention is resorted to when the loading
differs from the mean loading per 24-hour day
by more than 15 7). Before starting voltage lests,
however, one should always take a typical load-
ing curve for the power house.

Finally, it should be emphasized that voltage
information whatever as to the
danger of electrolysis from a quantitative point
of view, but only qualitatively. The quantity of
clectrolysis depends on the intensity of the
current which leaves the cable sheath, and the
current intensity is determined not only by the
voltage between the ecables and the rail but also
by the resistance belween them. Thus, it may
occur that a point in which the positive voltage
high still

tests give no

is extremely is not very dangerous
with respect to electrolysis. Many such points
were discovered in Mexico Cily, where the
tension came up to as much as | 15 volts maxi-
mum and -+ 10 volls average and still no corro-
sion from electrolysis had set in, in spile of the
fact that the cables had been subjected to this
This
was nalurally due to the fact that the carth

extreme lension for more than len years,

20 /7 /R /3 sé /T J6 /7 /8 1P L0 B 22 23 &4
Fig. 24,

between the cables and the rail was dry and
that the distance between them was compara-
tively long. On the other hand, a tension of
but a very few volts ean be very dangerous if the
cables run close to the rails and the ground is
moist, thereby all
resistance for the eleetrolytic currents.

little earth
If one
wishes to obtain any knowledge as to the danger

providing too

of electrolysis from a quantitative point of view,
therefore, it is necessary to measure the inten-
sity of the current flowing away from the cable,
as described in the following.

From a qualitative point of view, however,
the voltage tests give ample information, since
through them one is able lo determine the
positive or danger zone, i. the zone within
which the cables are positive in comparison with
the and where corrosion from
electrolysis, consequenly, is liable to ocecur.

In voltage tests, therefore, it is of basic impor-
tance to observe the polarity of the tension and

25

rails or earth,

there is far less danger in miscalculaling the
magnitude of the voltage by as much as 50 7,
than in making a mistake in the polarity of the
same,

Example 1. In Stockholm there is a tram line
which runs to a suburb named Rasunda, the line
being {~d from bolh ends. Along this line has
been laid the toll telephone cable between Stock.
holm and Gothenburg, 533 km, long, for which

reason extensive lests for electrolvsis have been
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made along this stretch. Voltage tests between
the cable and the tram rail have been made in
every manhole, the result being the table and
graph shown in fig. 25',

The tramway return cable to the Stockholm
power house is connected at point A (manhole
No. 19), the return cable to Rasunda being con-
nected at point B. The boundary between the
two power house districts runs through € (man-
hole No. 30). In accordance herewith, the cable
is most negative in the vicinity of the zone sepa-
rator at € and becomes more and more positive
as it approaches Stockholm. Also, the most
dangerous tensions are to be found within
Stockholm. the cable
bLecomes intensely positive in Rasunda, where
there appear such dangerous voltages that a
drain line between the telephone cable and the
negative bus at the power house was found
necessary.

In the same manner,

The voltage curve gives a good idea of the loca-
tion of the dangerous positive zones even in such
a complicated case as when two power houses
cooperate on the same tram line. Naturally, the
Loundary between the positive and negative
zones is still more apparent for a tram line fed
by one power house only.

A further example of undesirable conditions
which may be discovered through voltage tests is
the following.

Example 2. In Mexico City, there is a power
house called ‘Nana’ for the tramways. High posi-
tive voltages and serious electrolysis of the tele-
phone cables were found to exist in the immediate
vicinity of this power house, depending on the
fact that twelve return cables were connected
to the rails as shown in fig. 26.

! See page 124,

All of these return cables had exactly the same
sectional area but varied greatly in length,

The cables to Guerrero were about eight times
as long as the cables to San Juan de Dios.

Quite naturally, the result was that the shorter
cables attracted nearly all of the current while
the longer cables barely served any purpose what-
ever. Previous to the change, the intensity of the
current in the cables to Guerrero was barely 100
amp.

The four shorter cables have now been re-
moved, the present appearance of the cable net
being as shown in fig. 27,

After this change, about 450 amp. flow through
each of the remaining eight cables, and that this
has resulted in a decided improvement is proved
by the fact that

the highest average value obtained by test in the
entire district was positive 1.2 volts,

the highest maximum value obtained by tests
in the entire district was positive 1.5 volts.

But one reading each was oblained of these two

values, and that in the same manhole. All other
positive readings were considerably below 1 volt,
conclusively proving that all danger from electro-
lysis has now been removed. The cables in the
immediate vicinity of the power house, which
previously showed a positive voltage, instead now
showed a negative voltage.
-E.rumph' 3. Another tramway power house in
Mexico City is named ‘Veronica’. Here the pre-
sent appearance of the cable net is as shown in
fig. 28. -

On the
cables are used, the longer streteh to 10:a Artes
having but one single cable. All the cables are
of the same dimension.

shortest stretch to 12:a Artes fwo
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The cable to Esq. Flores y Fresno is about ten
times as long as the two cables to 12:a Artes.

The resistance in the return line from Esq.
Flores y Fresno to *‘Veronica’ is about twenty
times greater than in the return line from 12:a
Artes to ‘Veronica'.

The natural result is that this long ecable is
of practically no service at all (only about 50
amp. flows through the same), all the current
being attracted to the shorter cables. Conse-
quently, the voltage on the rails — and on the
telephone cables — is very high at Ribera de
San Cosme as compared with the rails at Artes.
The telephone
better than the long, negative, tramway cable, so
that at those points where this cable is connect-
ed to the rails the current flows over to the tele-
phone cables instead of being attracted by the

cables carry the current even

negaltive return cable to “Veroniea’.
This is proved by the following voltage tests.

a. Esq. Ribera de San

Cosme and Velasquez “Yoromrica”
to Leon.
Mean value, .40 volts positive (four readings).
Maximum, 1 volt positive,

Mean value, .95 volts negative (twenty-six read-

ings).
Maximum, 3 volts negative.
Here the negative cable from ‘Veronica’ is

connected -to the rails but in spite of this fact
the current flows over to the telephone cables
in 26 of every 30 possible instances.

b. FEsq. Flores y Fresno.

92 volts negative (thirty readings).
2.8 volts negative.

Mean value,
Maximum,

Here we find that the flow of current to the

telephone cables is constant instead of being
attracted by the negative return cable to *Vero-

nica’, which is connected to the rails at this point.

Mina y Agers fos
Jarobir

Apuites Serdin
y 7acwéa

0=
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B. Tests for determining the current intensily
in the cable sheaths and the current which leaves
the cables, thereby causing electrolysis.

In 1927, the C. C. L. proposed as follows:

The intensity of a current which flows along
the metal sheath of a cable can be measured by
one of the following five methods,

L xg Fores y Fresro
484’%0 ~m. Aill %wwc- -

Eso V8. oe Sorn Cosme
y Lelosgpucr de Leor
SO0 . Al Yheronca®

A3

/ s/
200 m.

Esg Covarrudros y
Valasgwez o Leon

Fig. 28.

1. One can calculate the intensity of the vagrant
current which flows through a certain length of
cable sheath by measuring the difference in poten-
tial at both ends, after having determined the
electrical resistance of the selected cable length,
the geometrical dimensions and specific resist-
ance of the metal being known. This method is
not free from errors, however, on account of
irregularities in the cable sheath and on account
of the fact that the deflections of the voltmeler
are so small when the voltmeter is shunted over
the eable sheath.

2. To measure the intensity of a vagrant current
flowing along a cable sheath, one can make a
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break in the continuity of the sheath and intro-
duce an ammeter with as small a resistance
as possible (usually from .01 to .1 ohms), Already
in 1925 the writer had made about 13,500 read-
ings of the intensities of vagrant currents in
cable sheaths in Mexico City according to this
method.. The method is convenient, but requires
the services of good cable splicers. This is prac-
tically the only method which it is possible to use
in manholes, however, depending on the fact that

Cable

¢ . .

= e

Zero instrument

[1]u]s

Battery

Fig. 30.

R 1354
Ammeter

the available length of cable is seldom more than
two metres long, making other methods of test-
ing unreliable.
3. In order to avoid having to make a break on
the metallic cable sheath, one can compensate the
current flowing along the cable by means of an
extra battery in series with a rheostat and an
ammeler; by means of a sensitive testing instru-
ment with weak damping and preferrably mov-
able on pivots (zero instrument) it is then pos-
sible to ascertain whether or not this compen-
sation is well done. See fig. 29 for diagram.
This method is hardly practicable in cases
when the vagrant current varies from one mo-
ment to another. The speed with which these
variations occur is evident from the accompany-
ing current curves.
4. Instead of compensating the current one may
compensate the drop in voltage in the cable
sheath direct in accordance with the diagram in
fig. 30, but one must then calculate the current
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which flows along the cable, when the resistance
of the cable sheath is known.
5. Finally, it is possible to obtain the intensity
of the current i in the cable sheath and the resist-
ance r of the same sheath by means of two con-
secutive readings on a galvanometer connected up
with the cable sheath. The diagram is shown in
fig. 31 and the theory is as follows:

Let i represent the intensity of the vagrant cur-
rent in the cable sheath at the identical moment
when the reading is made,

v,

e

)

4

S_‘-l — -

R 1384

(."—--

approx = t) a
s

A

mj
Fig. 32.

Over this current is superimposed another cur-
rent i, obtained from an extra battery and
measured by means of an ammeter. The inten-
sity of the current i: should be as great as possible
and the resistance in the rheostat should be
sufficiently great so as to prevent any noticeable
branching of the wvagrant current through the
same. A deviation d is read on the galvanometer,
after which the poles of the battery are quickly
reversed and a new deviation d’ is read.

If k designates the constant of the galvanome-
ler, we obtain

(i+1i)-x=kd;
(i—i)-x=kd.

From this — d+d'

Tl d—d

and r=k- f,—-_.d .
21

A modification of this last method is used in
Stockholm since many years back (see fig. 32).
A millivoltmeter is connected up between two



points A and B on the cable sheath as far apart
as possible, for instance about ten melres apart.

If a vagrant current i, flows through the cable
sheath, this current branches itself into the cur-
rent i, through the voltmeter, and i, continues on
through the lead sheath between A and B.

A reading of v volts is obtained on the voltme-
ter. The problem is now to gauge the reading, this
being done in the following manner. (See fig. 33.)

The voltmeter is left untouched between points
4 and B. An ammeter with battery is then con-
nected up between two points € and D situated
outside of A and B,

When the deviation of the volt-
meter is about constantly equal to the

A

1
2
L =

amp.

vy —,

This method gives reliable values for the elee-
trolytic current on condition that:
the wariations in the electrolytic current
during the tests may be disregarded,
the current intensity a, is so much greater
than that of the electrolytic current, that any
variations in this latter during the test may
be disregarded during the gauging. The bat-
tery should preferably be a storage battery
with a capacity of 16 amp.h. so as to make it
possible to obtain a current
of about 20 amp. through
the ammeter. Since the in-

.

b.

‘2 v

previously obtained reading of v, l

tensity of the electrolytic

D

l'! —_— 334-(} R

b

4

volts, the switeh E A

quickly closed
and the intensity
a, amp. and the
tension p, volts
are simultaneously
read on the respect-
ive instruments.
The switch E is
again opened, on which the deviation of the
voltmeter should again be p, volts. If this is
not the case, the test should be repeated until
the vollmeler gives the same reading of v, volts
both before and after the readings of a, and v..

We then know that sinee p is constant, the
vagrant current i, is also constant during the test
and the current intensity a, measured by the am-
meter has caused a deviation equal to »,—v, on
the voltmeter. If the resistance of the lead sheath
between A and B is m. ohms, then

is

R 1387

i 1y
=
my
and
i Iy
a + 1, = 3
m

and therefore the resistance in the cable sheath

vy — U

m,= ' ohms.
a,
Censequently, the electrolytic current in the

lead sheath
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dl’ﬂ.

current in the lead sheath

seldom exceeds 2 amp., a

variation in this current of
some few tenths amp. is of no importance
for the gauging, compared with the much
stronger gauging current,
the resistance in the battery branch is so
great in comparison with the resistance in the
able sheath that the connecting up of this
branch line occasions no change in the elee-
trolytic current between the points A and B.
A resistance (vulcanized wire) is sometimes
connected in series with the battery for this
purpose,

The intensity of the vagrant
measured only in exceptional cases when it is
required for the investigation of some special
case, for generally it is sufficient with voltage
tests to determine the location of dangerous points
in a cable net and where eventual drain lines
between the cables and the track system should

Qp

C.

current is

be placed.
Example. On a 200-conductor > .7 m/m cable
at Ulriksdal, near Stockholm, the vagrant cur-



rent was tested by means of a Paul galvanometer
connected up over a distance of fifteen meltres.
The battery consisted of a storage battery with a
capacity of 16 amp.h., a ring of vulcanized wire
with a resistance of about 2 ohms being used as a
series resistance. The cable sheath was complete-
ly insulated from the surrounding earth along
the above-mentioned length so as to prevent any
leakage at this point. Voltage drops of as much
as .014 volts were observed along this fifteen
metre length. The tests were made as follows.

When the battery current was switched on, the
voltage drop and the intensity of current were
read at exactly the same moment. The voltage
drop was then corrected for any deviation which
might have been caused by the electrolytic cur-
rent. A change in the deviation during the test
means that this latter must be repeated.

For this reason it is necessary to observe the
deviation caused by the electrolytic current both
before and after the test and ascertain that it has
undergone no alteration.

By adding or subtracting this deviation
(depending on whether the direction of the bat-
tery current is the same or opposite to that of the
vagrant current), we obtain the drop in voltage
caused by the battery current.

The resistance test gave the following results.

Intensity of current, 5.88 amp.

Drop in voltage, .068 volts. Correction + .01
volts.

Consequently, the drop in voltage of the test
current was .078 volts.

From this we obtain the resistance

R= 8 = 0133 ohms.

A new test with a stronger current gave the

resistance
(6.1 + .4)
96

The deviation in this case amounted to 6.1 scale
divisions and the correction .4, making an actual
deviation of 6.5 scale divisions, and 1° — .02
volts. The current intensity was 9.6 amp,

As a mean value for the sheath resistance was
oblained

R = 02" 0135 ohms.

R — 0134 omhs
for fifteen metres of the 200-cond, cable.
The intensity of the electrolytic current is now

obtained by noting the drop in voltage which

it causes on the fifteen metre stretch of cable
the resistance of which now is known.

During five minutes time a drop in voltage of
008 volts caused by the electrolytic current was
observed. The resistance — according to the
foregoing — being .0134 ohms, the average inten-
sity of the current is consequently

.008

I'=o13¢

= .6 amp.

The direction of the current was from Stock-
holm to Ulriksdal,

b. Measuring of the intensity of vagrant cur-
rents in the earth at those points where they enter
or leave the cable sheath.

Experiments have shown that a current of .75
milliamp. per sq.dm., leaving an iron conductor,
endangers this conductor from the point of view
of electrolysis. The corresponding value for lead
sheaths is the inversed ratio between the electro-
Iytic equivalents for iron and lead.

There are three different methods according to
which these eurrents may be tested,

1. Haber’s method, in which two electrodes with
a known surface and which cannot be polarized
are burried in the ground at a certain distance
from each other, a milliammeter being connected
up between them. This method gives only the
mean value of the density of the vagrant currents
flowing through the earth while the buryving of
the plates in the earth changes the distribution of
these currents in the earth,

2. A method which is now being studied in Swil-
zerland makes use of two small electrodes which
cannot be polarized and which are placed in a
small hole bored in the earth near the cable.

For each different position of the electrodes in
the hole, this method permits the testing of: 1.
currents passing between them or through the
carth and 2. the specific resistance of the earth
which lies between the two electrodes. As a result,
cne is perfectly able to investigate the flow of the
vagrant currents.

3. Another method, much used in Germany, uses
one metal electrode which is connected up with
the metal cable sheath over a millammeter. The
cleetrode of a eylinder with a known
surface, supported by a sheath identical with the

consists

cable sheath and filled with asphalt. It is neces-
sarv to wait a few moments before reading the
milliammeter, in order to permit the accumulator
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formed by the electrode and the cable sheath to
discharge itself.

In Stockholm, however, neither of the above
three methods are used for testing the intensity of
vagrant currents,

Here, instead, the test is carried on in such man-
ner that the current in the cable sheath
measured af lwo different points at exactly the
same moment, two separate curves for the sheath
current being thus obtained. If these two curves
coincide exactly, i. e. if they are exactly alike,
then it is clear that no current enters or leaves the
cable between the two testing points. In this
manner it is an easy matter to ascertain whether
a crossing of a water pipe, for instance, is danger-
ous from a point of view of electrolysis, or if, at
the crossing of a stream, some of the electrolytic
current in the sheath flows over to the
water.

is

cable

The following examples show how valuable such
tests really are.

Example 1. At the crossing of the Hammarby
water route at Skanstull in Stockholm there has
been very pronounced electrolysis of the duplex
cable between Stockholm and Vesterhaninge. The
cable passes through cement conduits in a wide
loop under de canal, and the
well as the manholes on the quays are per-
manently water-filled. Consequently, the duplex
cable was well earthed at this point, and since
the city traction company had a return cable
connected to the tram rail but a few metres
away, the electrolytic currents naturally flowed
from the duplex cable to the return cable through
the water. This caused such serious corrosion of
the duplex cable, that after three years the lead
sheath actually fell to pieces at the slightest touch.
The cable was then removed and sent to the
Ericsson Cable Works at Alvsjo to be repaired.
Here the old lead sheath was removed and the
cable electrically dried out, after which it was pro-
vided with a new lead sheath. (This was done

conduits as
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for the reason that with duplex cables, it is impor-
tant that the length, dimensions, resistance and
capacity remain absolutely constant in spite of
all repairs etc., making it necessary to repair the
damaged cable instead of replacing it with a new
length). In order to provide the best possible
water insulation, the lead sheath was wrapped
with jute, served with asphalt and armoured in
such manner that it became a ‘submarine’ cable
with the lead sheath permanently protected
against water. (With common water cables the
water soon penelrates the jute and has access to
the lead sheath.) The repaired length of cable
(53 m. long) was then again laid in place and
re-balanced so that the capacity of the loading
section was exactly the same as before. (This
balancing of the capacity was done with the cable
under full traffic, the spare conductors being
balanced first: the traffic was then switched over
to the spare conductors and the regular lines

balanced.) In order to provide still further

protection against electrolysis, a heavy copper
cable was drawn through one of the conduit tubes
and the ends soldered to the cable sheath in the
two manholes on both sides of the canal. By
means of simultaneous tests made of the sheath
current on both sides of the canal it was ascer-
tained that all of this current flowed down to
the water over the copper cable and no current
whatever flowed from the cable direct out in the
water. Thus it was proved that the cable no
longer suffers any danger whatever from electro-
lysis, all danger of corrosion being transferred
from the duplex cable to the copper cable. As
an added precaution, the traction company was
prevailed upon to cut the dangerous and rather
unnecessary return cable, thereby reducing the
high positive tension between the telephone cables
and the tramway tracks to safe proportions.
During the three years which have elapsed since
the above took place, no electrolysis whatever has

occurred at  this point.
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Example 2. On one of the most important
stretches of the Stockholm—Norrtilje duplex
cable—this part of the cable being delivered by
the Ericsson telephone company — the presence
of strong electrolytic currents was ascertained
during the loading of this cable in the fall of 1928
for the traffic with Finland. Since that time
extensive tests for electrolysis have been made
on this cable. On account of the fact that this
cable, after leaving the Stockholm city limits,
does not follow any electric railway, it was not
possible to make any voltage tests at all to the
railway track. Neither was it possible to make a
sufficient number of tests to any water pipe line,
the only remaining possibility to obtain any idea
of the existing conditions being to measure the
electrolytic current itself. Such tests have been
made in great number, a small part of the same
being noted on the accompanying map sketch
(fig. 34)*. This map has not been drawn to scale, a
geopraphic map (fig. 35) to a scale of 1 to 50000
being also included in order to give a clearer
conception of the distances involved. Thus, the
cable runs from Stockholm over Jirva and Ul-
riksdal to Edsviken, which bay is crossed by a
457 m. long submarine cable, after which the
cable continues on to Norrtilje via Kevinge, Kling-
sta and Danderyd. An aerial cable goes from
Stocksund and meets the Norrtilje cable at Dan-
deryd, at which point it enters and runs in the
same duct as this one for a length of several
kilometres.

The shape of the curves for the electrolytic cur-
rent flowing through the lead sheath of the
Norrtialje cable soon made it evident that this
current came from the Stockholm—Djursholm
electric railway. This railway will be found on
the map and runs from the East Stockholm depot
to Djursholm via Albano and Stocksund. The
entire line is fed by only one power house, situat-
ed in Stocksund.

The tests showed that the electrolytic current
from the Djursholm railway flowed over to the
rails of the Stockholm tram lines in Stockholm
and followed these latter out towards Jiirva, after
which they went over to the underground cables
and followed the Norrtilje cable to Edsviken
where a part of it left the cable and returned

! Pages 122 and 123.
* Page 132,

through the water to the power house in Stock-
sund. Another part of the current flowed on in
the Norrtilje cable to Dandervd and entered the
aerial cable €D at point C, this latter cable car-
rying it back to the power house G in Stocksund
where a drain line EF has been placed between
the cables and the return cable FG. The electro-
Iytic current has thus found its way to the Norr-
tilje cable and followed the same for a distance
of several miles in spite of the fact that the
cable is several kilometres distant from the track.

The results of tests noted on the map have been
chtained two or three at exactly the same time.
This has been accomplished with the aid of a
telephone line between the test points. The read-
ings were made every tenth second during
time periods of up to 1% hours’ duration.

The readings noted on the map and taken
simultaneously are designated with the same
number. Thus the readings.

{ 4 Jmean value 1.43 amp. for 179 readings,
"|maximum  6.75 amp.;

mes: ;
b.‘ L.ll:l value
]maxlmum

1.44 amp. for 179 readings,
6.6 amp.; and

1.44 amp. for 179 readings,

{16 lmean value
6.0 amp,

2 ]maximum

are taken simultaneously and prove that the two
crossings with other underground cables and with
the water pipe line in front of the pumping sta-
tion are absolutely harmless, since the curves
for the tests at these three points coincide
exactly,

In the same way, the readings 2a and 2b are
made simultaneously and prove that the double
crossing with the water pipe line is harmless.

Readings 3a and 3b prove that during this
test an average of 1.58—.20—=1.38 amp. flowed
from the cable to Edsviken, the submarine cable
being consequently corroded. See moreover the
accompanying curves (fig. 36, pages 130 & 131)
and the following description,

Readings 5a, 5b and 5c¢ are also taken simulta-
neously and prove that the current in the Norr-
tilje cable, coming from Stockholm with an inten-
sity of .84 amp., joins the current from the North
with .77 amp. to a current which flows to Stock-
sund with an intensity of 1.69 amp. Thus, the
summation of the intensities is almost exact.

As a typical example of such curves, fig. 36
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shows curves of the tests made at points A and B
on both sides of Edsviken. From these curves one
can plainly see how the trains leave Stockholm
every thirty minutes. In order to give further
proof that the current emanated from the Djurs-
holm railway, permission was obtained to com-
pletely cut off the current supply on the line be-
tween 11.45 and 11.46 a. m. and during this break
the current in the cable sheath also dropped to
zero, as shown by the curves,

Furthermore, we find that a considerable
quantity of the sheath current disappears in Eds-
viken, the following readings being obtained in

Imcan value -+ 1.58 amp. for 562
point A, readings,

Imaximum -+ 7 amp.;

Imean value - .2 amp. for 562
point B. readings,

lmaximum -+ 3 amp.

The direction A to B is figured as positive. Con-
sequently, an average of 1.58—.2—1.38 amp.
flows away into Edsviken during the time period
covered by the curve, i. e. 11.24 to 13 o’clock. As
shown by the curve of loadings in the previous
number, the loading on the railway line at this
time is almost exactly the same as the mean load-
ing per 24-hour day, for which reason one may
assume the factor of reduction in this case lo
be 1, and consequently the above-mentioned 1.38
amp. are reduced to mean loading per 24-hour
day.

Thus, these tests have given us an absolutely
clear conceplion of how the electrolytic currents
flow and have proved that the current from
Stockholm and Jarva flows away partly to Eds-
viken at A—B and partly at € by way of the aerial
cable €D and the underground cable DE to
the drain line EF and the power house G. Al
point €, therefore, a permanent connection was
provided between the two cables, after which
there remained only to drain away the current
to Edsviken so as to avoid damage in the
submarine cable at that point. This was accom-
plished in the same manner as at Skanstull, i. e.
a copper cable was laid parallel with the tele-
phone cable across the entire body of water and

soldered to the cable sheath at each end. Sub-
sequent tests show that that part of the sheath
current which previously flowed direct from the
cable to the water now leaves the cable chiefly by
way of the copper cable, thereby transferring
most of the danger of electrolysis from the tele-
phone cable to the copper cable. It is not possible
to entirely eliminate electrolysis since the lead
sheath of the submarine cable is in altogether
too good contact with the water,

The earth resistance of the Norrtiilje cable al
Edsviken is not more than from .5 to .7 ohms. (In
this connection it may be mentioned that the
arth resistance of a 3 m'm copper wire which
was laid in the water parallel with the telephone
cable was

1.5 ohms when the length was 50 m., and

1.0 ohm “ - i s 100 m.
Two lengths of 3 m/m copper wire about 100
m. long and connected in parallel showed a re-
sistance of .5 ohms and three similar lengths a
resistance so small as to be immensurable.) Na-
turally the above-mentioned copper cable across
Edsviken also had an immensurably small earth
resistance, but still this was insufficient to carry
off all the electrolytic current from the cable
sheath,

The reason why Edsviken is so dangerous from
a point of view of eclectrolysis lies in the fact
that at the Stocksund bridge, the Djursholm rail-
way has an uninsulated copper cable which forms
a bond between the rails on the opposite sides
of the drawbridge. It is true that this cable is
not in service except when the bridge is opened,
but on other occasions it is so poorly insulated
from the rails that it acts like a sponge, drawing
all the current up out of Edsviken and sending
it back to the power house over the rails.

A request to have this cable insulated has now
been submitted, after which this danger of elec-
trolysis for the Norrtilje cable will be eliminated.

Lastly, the importance of cooperation between
the telephone and traction companies for the
elimination of eleetrolysis cannot be too strongly
emphasized, for without such cooperation no
results in this respect are possible, a fact which
we hope this paper has made sufficiently clear.

CONTENTS: Induction in a Svstem of Parallel Lines. — Time Recording as an aid in Estimating Cost of Pro-
duction. — A Comparison between Manual and Automatic Telephone Service. —  The Value of the Automatic
Fire Alarm. — Eleetrolysis in Underground Cables,

Stockholm 1929 Kuorl Lindberg., Boktryckerialkticholag.
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The Electric Interlocking Plant at the Passenger Station in
Revel (Tallin), Esthonia.

NSt Toim
: i
R 1419 é‘ A "@
Track Plan of the Passenger Station in Revel (Tallin).

1. Electric interlocking machine. IV. Rail contact.
1. Station building. Y. To spur track for trains of empty cars.
111. To shunting station at Kopli. Vi, To freight station.

he passenger station in Revel capital of the  traffic. Just outside of the Revel passenger

republic of Esthonia, has two incoming lines
from the southwest, viz. the single track line
from Ulemiste (from the directions of Lenin-
grad, Pskow and Riga) and the line from Nom-
me — recently made over into a double track line
and electrified — (from the directions of Hap-
Baltischport). From a northeasterly
we have incoming tracks from the

sal and
directicn
docks as well as a number of private spur tracks.

The passenger and freight traffic over the Ule-
miste line is light at present. but over the Nom-
me line there is a heavy and growing suburban

1.6

station the freight trains from the Ulemiste line
as well as trains from the spur track of the
A. M. Luther woodworking factory — which
enters the Ulemiste track out on the line 3.3 km.
from the Revel station are switched out to
the Kopli shunting station, both of the main
tracks of the Nomme line being crossed at track
grade. The track system of the recently rebuilt
passenger station at Revel — constructed in part

as through station and in part as terminal —
still has its disadvantages which could not be
removed,

entirely however. except through a



complete and costly reconstruction of the whole
Thus, within the area occupied by
the passenger station, all of the main tracks are

installaticn.

crossed by the many freight and shunting trains
passing between the Kopli shunting station, the
spur tracks in the northeast part of the track
vard, the docks and the freight vard as well as
by
round-house and the tracks of arrival and de-

all the locomotives shunting between the

parture of the passenger trains.

The above-mentioned conditions constituted a
serious menace to the safety of the traffic in
and abeut the Revel passenger station, where
all of the points, independently of the signals,

were manceuvered by hand, besides which a
large personnel was required for the tedious

local, manual manoeuvering of the points at the
Revel station as well as for the telegraphic train
dispatching system used for directing the traffic
between Nomme, Revel and Clemiste as well as
between Ulemiste and the Luther spur track on
the one hand and Kopli on the other, improve-
ment of the service as welil as a reduction of the
personnel being called for.

After the completed reconstruction of the pre-
viously quite unsuitable track and train clear-
ing at the Revel passenger
station and after the extension of the second
main track to Nomme, the above disadvantages
forced the Esthonian Gov't Railway Administra-
tion to take steps for the adoption of modern
means for safeguarding the traffic, i. e. the cen-
tralization of the manoeuvering of the points
and signals at the Revel passenger station and

arrangements

the introduction of electrie section blocking on
the Revel—Ulemiste. Here,
however, it was necessary to figure with the ad-

stretech  Nomme

ditional and very extensive work of rebuilding
the track system, a project which must be ac-
complished as economically as possible.

The following basic principles were to be ap-
plied for the projected interlocking and block-
ing plant.

An electric
for the Revel
tion blocking provided for the stretches Nomme
—Revel and Revel—{Ulemiste, while all counter
points at the Revel passenger station which en-
tered into the regular through tracks and the
all

should have central manoceuvering, which latter

interlocking plant should be built
passenger station and electric sec-

necessary protective switches and signals

Lock-and-Block

R 1408 Apparatus and Interlocking Machine.

mounted repeating lamps for all the day
light-signals.

Above the latter are

should also serve for the section blocking so
as to provide absolute safety for the traffic.
Since an ample supply of electrical energy
was available at all
Revel and Ulemiste —
separate sources of energy at Revel

stations between Nomme,
there being even two
, all signals
were to consist of day light-signals, thereby giv-
ing the desired uniformity between the day and
night signal light combinations and a simplicity
in the plant which would be accompanied by
lower costs for both installation and mainten-
ance. As a resull, a special source of energy
within the interlocking station could be dis-
pensed with.

At the Revel passenger station, it was planned
to erect a single interlocking machine close to
the common center for all the points with central
manauvering and for the greater part of all



the swilching operations. The train dispatcher
at the interlocking station was to handle the
clearing of all tracks outside and within the
passenger station, while the stalion master was
only to direct the travellers, dispatch the pas-
senger trains and give the interlocking operator
necessary information by telephone as to cleared
operations ete. Emergency
keys by means of which a signal might be set
to ‘stop’ were to be installed in the office of
the station master, while repeating lamps for
the home signals were to be placed on the main
platform.

Feed current for the switching machine mo-
tors, the testing battery, magnels, relays and

tracks, switching

Muin Home Signals B'/, and A '/, at Revel.

New day light-signals installed; the old semaphores have
not vet been removed.

Approach to the Jirve Station.

signals was to be obtained direct or through
transformers, rectifiers or the like from the
generating station
with a 50 cycle 220 volt current and
triple and single phase respeclively.

Ellamaa or from the city

mains

With due consideration for the unfavourable
climatic and local conditions, numerous rain-
falls, thaws, gravel ballast and inefficient drain-
ing, it was necessary to reduce the operating
current to a minimum. In most places only one
rail was available as a conductor for the signal
current, due to the electric traction.

On the double track line to Nomme it was
decided to install electric section blocking with
four sections and with five sections for the
single track line to Ulemiste; the Luther spur
track was to have three blocking sections and
form a part of the entire blocking system.

On account of the electric traction over the
Nomme line (a traction current of 1200 volts
D. C. in the overhead wire) and the aerial power
line from Ellamaa (35000 volts triple phase
A. C.) which for the most part run parallel to
*ach other and at a distance of up to twenty-
five metres from the tracks. special return lines
for the blocking system would be necessary in
order to avoid eventual disturbances in the lock
and block apparatus. At some points, where
both railway lines run on the same bank and
where the lines for the blocking system number-
ed as many as eighteen, these lines were to be
run in a cable and laid in the ground. The
points at the neighbouring stations Nomme and
Ulemiste were to be retained with local manual
manceuvering until further notice, as there are
plans afoot to rebuild these stations within the



R 1410 Main Day Light-Signal.
Home Signal A at Jarve.

near future. The points at Jirve and in the Lu-
ther spur track were to be provided with locks
which — in the latter case — were to be con-
structed as point locks and included in the sec-
tion blocking system.

An apparatus for controlling the traffic over
the tracks in question was to be installed in the
station building at the Kopli shunting station.

The track gauge of the Esthonian Gov’t Rail-
ways being the same as in Russia (1.524 m.)
and the signal devices according to German de-
sign, it was necessary that the new devices be
suited thereto. Since the electric switching ma-
chines were to be provided with tongue control
and inside locking. it was decided that the catch
locks were superfluous and could be removed.

Both of the lines from Nomme and CUlemiste
have towards Revel, a long, steep incline of up
to 1.1 per cent: the track yard at Jirve and
the branching for the Luther spur track lie on
an incline of .8 per cent, thereby rendering more
difficult the installation of the various apparatus.

On the submitting of tenders in the spring of
1928, Signalbolaget a Stockholm subsidiary
of the Eriesson Company was successful in
obtaining the contract for the Revel passenger
station and adjoining tracks. On account of

intervening changes (the manner ol executing

LM Gricsson

the second main track to Nomme and the cor-
responding reconstruction of the track systems
at Revel, Jirve and Nomme was not finally de-
cided until after tenders had been requested for
this work) the whole project underwent a ra-
dical change, so that the contract was not signed
until the 4th of July 1928. The work of installa-
tion was commenced in the middle of Septem-
ber 1928, and in spite of the extremely rigorous
winter of 1928—29, which considerably hamper-
ed this work, the entire plant was completed
and put in operation on April 5, 1929, accord-
ing to contract, i. e. after nine months.

Since that time and up till now (October
1929) the plant has functioned most satisfactor-
ilv, no trouble of any kind havin

g occured.

The building for the interlocking station was
erected in two stories (the lower of masonry
and the upper of timber). The floor of the upper
story is on a level with the top of the loading
profile for the freight cars, or 5.25 m. over the
top of the rail. The interlocking room has wide
windows on every side with two bay-windows
between which there is a small open balcony,
permitting a wide and unobstructed view of the
entire track syvstem and all the switching opera-
tions, since most of the latter take place in the
vicinity of the interlocking station.

Mt Distance Day  Light-Signal

utgoing Signal el at Jbrve
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I
I1L.
Iv.

XL

Repeating lamps for day light-signuls.

Release apparatus.

Electric interlocking machine.

Repeating lamps — mounted on platform — for day
light-signals.

. Emergency Kevs in office of station master.
VL.
VIIL.

VIIL
IX.

. Electric signal bells (ring as long as the locking lever

Station building.
Spur track for railway cars.
To freight station.

Grade crossing (at Grosse Pernauerstrasse).

for the outgoing signal B at Ulemiste is set).

Loading place.
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The distances from the interlocking station
to various points are as follows

A . N E. direction. S. W. direction.
a. to the most distant sig-

nal 703 m.
h. to the
point with centralized

2860 m.

most distant

manoeuvering 235 m. 453 m.

The upper story has a floor space of 104
40 sq. m. and contains the interlocking ma-
‘abinet,
instrument board with metal rectifiers for con-

chine, lock-and-block apparatus, relay

necting up to the A. C. power net, a cabinet for
high-precision mensuration instruments, a writ-
ing desk for the train dispatcher, a table with
Morse receiver and the necessary boards, fur-
niture and heating apparatus. Space is provided
for a 1.95 m. extension of the interlocking ma-
chine.

R o143 Electric Switching Machine

R i413 Qutgoing Signals B and C at Nomme.

An electric signal horn, by means of which
the train dispatcher gives acoustic switching sig-
nals, is mounted on the balcony. Special care
has been given the problem of adequately light-
ing the interlocking room at night, so as to pro-
vide good lighting of the apparatus, clock and
writing desk without in any way impairing the
clarity of the view from the windows. The in-
terlocking operator is able to get into immediate
communication with the station master by means
of a loudspeaker and with the nearest railway
stations, the more important groups of switches
and the telephone exchange by means of the
telephone.

All of the incoming and outgoing cables and
wires terminate in the space provided for this
purpese between the two stories.

The lower story consists of two rooms, one
of them being used for an electrical repair shop
and the other for housing the storage battery
and the stock of material and spare parts.

The stairway to the upper story is inside the
building, which is provided with a heating plant,
hydrant and two lightning rods.
Hand fire extinguishers are placed at suitable
places in both stories.

water, fire

The interlocking station is manned by a train
dispatcher and a signal operator.

The lock-and-block apparatus are made with
fields for alternating current. The interlocking
machine at Revel, besides being provided with
electric control by means of loeking magnels,

has a mechanical cross locking gear. 24 tracks
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can be cleared and 1 advance signal, 21 signals
and 21 points (of which two are simple cross-
the
terlocking muchim"h_\' means of 13 track signal
levers and 14 point levers. Shunt supervisory
lamps for all of the signals are mounted in an
A true
picture of all the signals may thus be obtained

ing points) can be manoceuvered from in-

extension to the interlocking machine.

by the train dispatcher.

Since most of the switching operations take
place in the immediate vicinity of the inter-
locking station and may be easily
the
were made in order
by
dangerous switching

supervised by
train dispatcher, no special arrangements
to prevent the setting of
rolling stock. The more

operations which include

points occupied
the crossing of a main track and which take
from
are considered

place at a comparatively great distance
the interlocking station. however,
as separate tracks and are provided with the
corresponding safety arrangements.

Electrical energy may be obtained according
to necessity, either from the Ellamaa generating
station or the city mains.

A D. C. supervisory current of about 40 volts’
tension for the magnets and relays is obtained
from a 220 volt A. C. net by means of a 6 amp.
dry rectifier. The direct current thus obtained
might of course be carried direct to the inter-
lecking machine for supervisory purposes, and
this is also done when necessary, for instance
when the storage battery is disconnected. For
a regular supply of supervisory current, how-
ever. there is a storage battery with a capacity
of 34

This battery is placed on a shelf with a surface

amp. h. and composed of 30 nife cells.

of but .26 sq. m. and therefore requires no spe-
cial room.

neue

Control  and  Enclosed Points  Lock.
All the signals are day light-signals. The

separate lamps have double lenses and simple
127 volt single wire incandescent lamps. Each
light colour has its own separate lamp.
Since the visibility of the lights is much di-
minished by the smoke from slate fuel, especial-

and

Iy at the Revel station, comparatively strong
lamps were selected for the day light-signals, viz.
40 watts for main and shunting signals and 20
walls for advance signals. The necessary A. C.
for the day light-signals is obtained from the
380 volt triple phase net at Revel by means of
a star connection, after which it is transformed
down to 220 volts. The transformers are placed
in the respective station buildings.

The

lengue control and inside locking.

switeching machines are provided with
The motors
for these machines are for .6 HP and are fed
direct with a 220 volt A. C.

220 volt A. C. direct from the service mains is
also used for the lamps in the switch lanterns
installed by the railway. Those points which

are not used for shunting operations but only

Boxes

Dhistribution

type are placed wherever more



for the regular train traffic have not been pro-
vided with switch lanterns, as this was consider-
ed superfluous.

The 6 volt
alternating current transfermed down from the
220 volt service current in the interlocking ma-

insulated rails are fed with a

chine. By introducing resistances in the cireuit,
their purpose being to limit the intensity of the
current on the passage of a train, the tension is
reduced from 6 volts to 3.8 volts in the insulated
lrack sections lving nearest the interlocking sta-
tion, and to 1.2 volts in the more distant ones.
At these latter sections the voltage on the relay
side is transformed up from 1.2 volts to a tension
more suitable for the relays.

In spite of the above-mentioned disadvantages,

the arrangements have proved to be entirely

reliable, no trouble whatever having occured in
the releasing of the tracks.

The energy consumed by the Revel interlock-
ing plant amounts to about 20.7 kWh per 24-
hour day. Of this amount, about 19 kWh are
used by the signal and repeating lamps and for
the lighting of the interlocking station, leaving
only 1.7 kWh per day for the control and ma-
noeuvering current, corresponding to a consump-
tion of energy of .074 kWh per motor and 24-
heur day.

We specially wish to emphasize that it was
possible to carry on this work smoothly, quick-
Iy and efficiently thanks to the very kind co-
operation of the administration of the Estho-
nian Gov’t Railways, this statement being up-
held by the fact that not one single deviation
from the original project was found necessary.




New Swedish Carrier Current Telephone and Telegraph
Systems on Telephone Lines.”

By H. Sterky.

he most cffective use of the products and

forces of nature in the service of mankind
censtitutes the basic principle for all engineer-
ing work.

The aim of an electrical engineer is to make
use of electricity in the most effective manner,
either in the field of power supply and dis-
tribution — by seeking to obtain a more favour-
able distribution and equalization of the load in
order the better to suit the production or to in-
crease the efficiency and power factor of trans-
formers and generators — or in the adaptation
of low tension electricity, more especially within
the fields of telephony and telegraphy — by seek-
ing to make the best possible use of the various
existing means of communication, by increasing
the speed of the service or by creating new means
for the increase of the number of possible con-
versations or
wave lengths.

Developments in the wireless art during the
last decade have in more ways than one in-
fluenced wire telephony and telegraphy. The
introduction of carrier current telephony over
existing telephone and telegraph lines has pro-
vided telephone engineers with an excellent and
reliable means for the most efficient use of these
lines.

messages over existing lines or

The interest for the introduction of carrier
current transmission seems at the present time
to be large in practically all parts of the world.
It is most noticeable, however, in thinly popu-
lated countries with extended areas and in which
aerial telephone lines are used. Nevertheless, it
has been found to advantage for economic rea-
sons to use multiplex carrier current telephony
also in very thickly populated countries, such
as Java, for instance.

* Paper read before the Electrical Section of The Swedish Tech-
nical Society ot o meeting held October ith, 1929,

Actual carrier current telephony is possible
— for technical reasons — only over aerial lines,
and these should preferably be of copper or
aluminium. In countries extending over large
areas it is economically advantageous lo estab-
lish carricr current telephony over existing tele-
phone lines instead of erecting a new line be-
tween two localities for this purpose. Another
useful field for carrier telephony or telegraphy
is where the operation of a large radio station
is to be centralized to a nearby city. Modern
large radio stations often handle the receiving
and sending of several telegrams simultaneously.
It is usunally necessary to build both sending and
receiving stations at quite some distance from
the cities which are to profit from their service
and at points to which the construction of the
necessary number of lines of communication
would be an expensive proposition.

One example of the application of multiplex
carrier telephony on a large scale over open wire
lines is to be found in the telephone net now in
course of erection in Mexico by the Mexican
subsidiary of the Eriesson telephone company.
This net has been planned with a view towards
the establishing of quite a number of carrier
telephone channels. The building of the ter-
minal equipment for the eighteen stations re-
quired for the nine carrier current channels
forming the first stage in the Mexican project
has been entrusted to Svenska Radioaktiebola-
get (The Swedish Radio Company), since some
two vears back a subsidiary of the Ericsson
company, this latter — together with the Mar-
coni company — being the main shareholders
in the same.

The Java telephone administration has quite a
number of radio stations for the wireless traffic
with Holland, Europe in general and other parts

¢l the world. In order to centralize the service.
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a main radio office from which both transmit-
ters and receivers are controlled has been estab-
lished in Batavia. The transmitters are located
in Malabar — among other places — and the
receivers in Rantja Ekek, both of which are lo-
cated near the city of Bandoeng up in the moun-
tains. Telephone lines are already in existance
between Bandoeng and Weltevreden, Batavia's
European suburb, but they are already heavily

Son Les Polosr

2394&m

Guada/asora

R 14a:1

Fig. 1.

stressed by the regular telephone traffic. One
of these lines is now being used for ten separate
carrier current telegraph channels in addition
to the regular voice frequency telephone chan-
nel. For reasons which will be dealt with in
the following the frequency range available for
carrier current telegraphy was confined between
5000 and 12,000 cycles per sec. and it was ne-
cessary for this band to accomodate the above-
mentlioned ten channels, each one devised for a
transmitting speed of 200 words per min. In
cmnpetiti(;n with both German and American
firms, Radioaktiebolaget was successful in ob-
taining the contract for the erection of this plant
for the Java Telephone Administration.

From theoretical as well as practical and tech-
nical points of view the construction of the car-
rier current installations in Mexico and Java
have offered quite a number of problems which
This paper
will be devoted to a closer study of the special

may now be considered as solved.

Location Diagram of Carrier Current Channels in Mexico (Initial plant),

features which characterize Radioaktiebolaget’s
carrier current system and to the initiation of
the reader in the functioning and construction
of such plants. It has been claimed that the
time is not yet ripe for giving publicity to de-
scriptions of plants from which actual figures
resulting from extended practical operation of
the same are as yet unavailable. The new sys-
tem for carrier current telephony especially de-
vised for Eriesson’s Mexican subsidiary, how-
ever, has been evolved from Radioaktiebolaget’s
older system for carrier current telephony as
used for a number of years in Finland — among
other places —, between Helsingfors and Tam-
merfors and here in Sweden between Sundsvall
and Orebro and between Stockholm and Umea,
and which has given reliable service. The new
connections and changes which have been made,
however, must be considered as constituting im-
provements of decided value and tests have pro-
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Mexico City Vero Cruz
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R S —
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Carrier frequencies in kiloeveles per sec.

vided ample proof of their meeting the expecla-
tions which were placed upon them from the
very first.

The Java plant, on the other hand, has forced
the solution of a number of problems which
have arisen specially in connection with the con-
struction of plants for carrier current tele-
graphy. Just a few of the most important of
these problems will be mentioned. Thus, the
problem of holding ten carrier frequencies lying
between five and twelve thousand cycles per
sec. to constant values with an accuracy of bet-
ter than 1 pro mille has been solved; filters with
a band width of not more than 200 cycles per
see. at a frequency of 7000 cyeles per sec. have
been constructed; the iron core coils designed
for these filters have inductances which in ac-
tual operation do not vary by more than ' per
cent in spite of a considerable anode D. C. flow
through them. At the same time the decrement.
for instance, is only about .017 for a frequency
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of 5250 cycles per see. Quite a number of other
problems of a more practical nature have also
found their solutions, to which we will return
further on.

THE MEXICO PLANT.
PLANNING OF THE TOLL NET.

When preparing the project for toll commu-
nications in Mexico it was first planned to string
twisted pairs between the cities Mexico City and
Vera Cruz, Mexico City and Celaya, Celaya and
Guadalajara, and Celaya and San Luis Potosi.
Mexico City, as we are aware, is the capital of
the Mexican republic. Vera Cruz is the chief
port and Guadalajara and San Luis Potosi two
relatively large cities on the Mexican plateau.
The city of Celaya is much smaller than the
others but has now become a city of very special
importance as regards telephone communica-
tions, being a junction point for the lines of
communication running East and West and
North and South.

While carrying on the work of erection of
these twisted pairs, however, it was found that
is would be much more economical to erect four
twisted lines between all these points from the
very outset. Moreover, the initial plant com-
prised nine carrier channels, arranged as shown
in fig. 1 and routed over one of the main con-
ductors of the respective quads.

Two frequencies are required for each carrier
channel, the one as carrier frequency in one di-
rection and the other as carrier frequency in
the other direction. The sending frequencies
which have been adopted for the Mexico plant
are given on fig. 1 in kilocycles per second.

When calculating the attenuation of a carrier
current circuit it will not do to simply apply the
constants for resistance and leakance which hold
good for ordinary voice frequency transmission.
Inductances and capacities per km. loop, on the
other hand, are practically the same for high as
for low frequencies. The resistance of the con-
ductor per km. loop increases rapidly with the
frequency due to the skin effect. The leakance
also increases with the frequency on account of
dielectric losses at the insulators, and the in-
fluence of the leakance on the attenuation for
high frequency increases with the frequency.
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. Range Capacity over a 3 mm. Copper Line with Varying
Frequencies. | = 627 C.
Level: +2.3 to -3 nepers for telephony.
-+ 1.15 » -3 nepers for telegraphy.

Two curves showing the ranges for carrier
current telephony and telegraphy respectively
are plotted in the graph shown in fig. 2. These
curves show that the range for the higher fre-
quencies is decidedly shorter than for the lower
frequencies, depending on the above stated fact
that the attenuation increases with the fre-
quency. The two curves in fig. 2 hold good for
a 3 mm. copper wire in a four-twist and with
a distance of 40 em. between the centres of the
conductors in the square formed by them. These
curves are also applicable to an aluminium cable
consisting of a core wire of steel around which
are cabled six aluminium wires with a con-
ductivity equal to that of No. 8 AWG copper
wire, aluminium cable being used for all of the
tell lines in Mexico. The reason for this is quite
characteristic for the conditions under which
Mexican telephone companies must operate. It
has often happened that copper wires have been
cut down and carried away i. e. deliberately
stolen. In order to avoid such ‘operation dis-
turbances’, copper lines have been replaced by
aluminium ecables, the market value of alumi-
nium being much lower than that of copper.

The normal transmitting power of Radioaktie-
bolaget’s installations for carrier current tele-
phony amounts to 100 mW earrier current
power on the line. With carrier current tele-
graphy, on the other hand, the range is suffi-
cient with a carrier current power of only 10
mW, due to the lower frequency used. The
ranges given in fig. 2 have been calculated for
an attenuation of 5.3 nepers for telephonic and
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frequency were used one could not prevent — in

the usual way, by means of a hybrid coil —

Fig 3 e the transmitter from influencing the receiver.

: i 4 ‘ Under such conditions reaction would cause

e R the receiver and transmitter for one transmis-
»
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s Fig. 3b. s sion channel to oscillate, thereby making all
Fig. 3. Different Methods of Spacing Frequencies for Carrier transmission imPOSSEble- COﬂSt‘quenll,\‘. a cer-

Current Telephony. = " . o
tain frequency is always chosen for transmission

and one for reception. The distance between
these frequencies depends upon the frequency
range considered necessary for transmission and
upon the quality of the filters.

If we assume that a frequency range of from
200 to 2500 cyeles per second is necessary in

=

4.15 nepers for telegraphic transmission. These
values for the attenuation mean that the power
at the receiving end is not allowed to fall below
a value corresponding to a level of -3 nepers.
Experience has proved that this level does not
come in dangerous proximity of the disturbance

.; 1__. Line

Vuice N 2 Voice
Frequency - - - Frequency
Channel Cha 1
R 1424 Fig. 4 a. Fig. 4 b.
Fig. 4. Different Skeleton Diagrams for Carrier Current Telephony.

level provided that the lines are so well ba-
lanced as to permit voice frequency phantom
cemmunication without danger of eross talk.

CHOICE OF CARRIER FREQUENCIES FOR
THE MEXICO PLANT.

As has ':llr('ady been mentioned, two carrier
frequencies — one in each direction — are re-
quired for one carrier transmission channel,
and each terminal must consequently be equip-
ped with one transmitter and one receiver for
each channel. The reason why two frequencies
are required is that the transmitting power is
so much greater than that which arrives at the
receiver — the difference in levels can some-
times amount to 5.3 nepers — that if the same

order to obtain good speach transmission, ex-
perience has proved that the two carrier fre-
quencies must have a difference of at least 4000
cyeles per sec., but ony on condition that not
more than one of the side bands, which arise
from modulation, is used, according to current
practice. Radioaktiebolaget has chosen a dif-
ference of 5000 cycles per see. between the two
frequencies used for transmitting and receiv-
ing. Figure 3 shows two different arrangements
for the spacing of carrier frequencies and side
bands in carrier current telephone transmis-
sion. According to fig. 3a the three lower carrier
frequencies are used for transmission in the
same direction within three different channels.
The three higher carrier frequencies are used for
transmission in the other direction. According
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to figure 3b two adjacent frequencies are used
as carrier frequencies for one channel, the one
for transmission in one direction and the other
for transmission in the opposite direction. In
carrier current telephone systems with a spacing
of frequencies according to fig. 3a, it is custom-
ary to arrange the various transmitters and re-
ceivers and the segregating filters which form
a part of the so-called line filter bay — to which
we will revert in the following — as shown in
fig. 4b. The three transmitting filters must be
dimensioned so as to prevent the different trans-
mitters from influencing each other. The re-
ceiving filters must not only prevent the wrong
frequencies from entering the receivers, but they
must also prevent the transmitting frequencies
from influencing the receivers of their own or of
other channels. It is necessary, therefore, that
these filters meet requirements of a most strin-
gent nature. In order to make the filtering pro-
cess somewhat less difficult the frequencies are
grouped as in fig. 3a with a wider spacing be-
tween the three higher and the three lower car-
rier frequencies.

In Radicaktiebolaget’s system for carrier cur-
rent telephony, however, a specially constructed
high frequency hybrid coil (H. F. D. T. in fig.
4a) is used. This H. F. hybrid coil possesses
— in similarity with other hvbrid coils — the
quality of being able to differentiate between the
transmitting and the receiving sides, when cor-
rectly balanced. This function is independent of
the frequency, and the hybrid coil acts as though
an attenuation were introduced between the
transmitting and the receiving sides. With per-
fect balancing, this attenuation is infinitely great.

In actual practice, and especially with high
frequency currents, it is impossible to perfectly
balance the line. The hybrid coil gives good
service, however, even though the balancing is
not perfect; so, for instance, an apparent at-
tenuation of 3 nepers is introduced between the
transmitter and the receiver if the balancing
deviates 10 per cent from the correct value. A
considerable attenuation is thus introduced be-
tween the sender and the receiver by means of
the hybrid coil. As a result, very expensive band
filters are not required in this system, despite
the fact that the transmitting and receiving fre-
quencies do not lie further apart than 5000
cyeles per see.
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The frequency distribution adopted by Sven-
ska Radioaktiebolaget as shown in fig. 3b is ac-
companied by still another advantage. The
range for a certain channel is naturally deter-
mined by the range of the highest carrier fre-
quency in this same channel. If a frequency
distribution according to the system illustrated
in fig. 3a is chosen, the range of channel 3, for
instance, is determined by the highest frequency,
or about 35000 cycles per sec. The range for
the second carrier frequency for this same chan-
nel 3, then, will not be made use of to its full
extent. According to the second method of se-
lecting frequencies (see fig. 3b) the ranges of
the carrier frequencies for both directions will
be made use of in the most effective manner.
One obtains a wider range for channels operat-
ing with lower frequencies, this being of great
advantage, especially in Mexico where the dis-
tance between different cities is sometimes so
great that the highest carrier frequencies have
an insufficient range.

SYNCHRONISATION.

The selection of frequencies adopted by Sven-
ska Radioaktiebolaget for its installations is
characterized also by the fact that the different
carrier frequencies are all multiples of a certain
master frequency of 5000 eycles per sec. This
master frequency is generated at a central point
in Mexico City and distributed to other cities
with terminal equipment for carrier current tele-
phony. In these cities the master frequency is
used for the generating, in so-called multiple
generators, of odd or even harmonics of the
master frequency. These harmonics are then
used as carrier frequencies for the different
transmitters in the respective cities.

A simple solution has thus been obtained for
the problem of holding the different carrier fre-
quencies to correct values within their different
frequency bands. Only the master generator in
Mexico City requires to be tuned to the correct
frequency, i. e. 5000 cycles per sec., and if this
frequency is correct, correct frequencies are ob-
tained for all the carrier currents of all the trans-
mission channels.

The advantages obtained by means of the svn-
chronization arrangement may be summed up
as follows,



1. All harmonics of a certain frequency coin-
cide with other carrier frequencies or their
harmonics. Consequently, the frequency of
the interference tones which arise equals
zero and these tones are not heard. Other
interference tones — for example between
23¢10,000 and 25,000 cycles per sec. —, on
the other hand, cause no disturbance be-
cause voice frequency filters eliminate such
high frequencies as 5000 cycles per sec.

2. Only one generator need be tuned and
maintained at the correct frequency. This
single tuning causes all the carrier frequen-
cies to take their correct positions in the
filter bands.

3. Two groups of carrier current calls with
the same carrier frequencies may be trans-
mitted over the two lines of a four-twist,
the disturbances caused by cross talk being
smaller on account of the choice of frequen-
cies (compare point 1).

4. All the channels in the entire net always
have the correct carrier frequencies.

CARRIER CURRENT TELEPHONE
TERMINAL EQUIPMENT.

Before going in to a more detailed description
of the various units of the terminal equipment,
it may be of interest to mention one of the es-
sential differences between Radioaktiebolaget’s
system and that of the Western Electric Com-
pany, for instance. The rectangles in fig. 3a
and b indicate the areas in which the band filters
of the various transmitters and receivers admit
frequencies with low attenuation. Fig. 3a, which
represents the Western Electric System, shows
that here only one — the upper — of the side
bands is admitted by the filter.
this system, the carrier frequency is suppressed
by means of special modulators.

In Radioaktiebolaget’s system the carrier fre-
quency is not suppressed. The modulators and
demodulators used permit, it is true, the sup-
pression of the carrier frequency only through
the changing of the grid voltage, but the reason
for its being nevertheless retained is that then
there is no necessity for providing the demo-
dulator locally with a new ecarrier frequency.
a procedure which is necessary with the first-
mentioned system.

Moreover, in

If the carrier frequency is not suppressed one
must, it is true, figure with the amplification
of the upper side band as well as of the carrier
in the different high frequency amplifiers of
the installation. This involves a certain danger
for overloading the high frequency amplifier of
the transmitter, among other things. One may,
however, obtain an ample transmitting power,
i. e 100 mW on the line, without any such
danger, the reason for this being that the valves
used (Marconi’s LS 5 series) give considerable
spare power.

The main equipment for a carrier current tele-
phone terminal station comprises line filters for
that line which is to be equipped for carrier cur-
rent transmission, and a number of transmitting
and receiving units corresponding to the num-
ber of simultaneous carrier current calls (maxi-
mum four) to be transmitted over this line.
One transmitting and one receiving unit together
constitute the terminal station equipment for
one channel. In addition to this we have equip-
ment common for several channels and consist-
ing of a synchronization unit and current dis-
tribution apparatus. Each of the above-mentioned
four main groups of apparatus fill a 570 mm.
wide bay on a standard rack with a height of
3120 mm. (compare fig. 6).

Line filters.

According to the skeleton diagram in fig. 4a,
the line filters consist of a double set of low
pass, band pass and high pass filters, one high
frequency hybrid coil — the function of which
has already been described — and a line balanc-
ing network, in general consisting of a resistance
in series with a condenser. One of the line fil-
ter sets is connected to the line side, the other
to the balance side. This provides an easy way
of balancing the line side, for the same filters
are to be found on the balance side as well as on
the line side. Furthermore it is possible —
without auxiliary apparatus and complicated
balancing networks — to obtain from the low
pass filter on the balance side a good balance
for a two-wire repeater which is eventually used
for the voice frequency channel. The following
functions are filled by the different line filters.
The low pass filter suppresses currents of inter-
mediate and high frequencies but transmits the
low frequency oscillations which form the speech
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in the physical channel over the line in question.
The band pass filter is used to separate master
frequency of 5000 cycles per sec. from the mix-
ture of frequencies occurring on the line. Last-
ly, the high pass filter suppresses the low and
intermediate frequencies, meanwhile passing
high frequencies without appreciable attenuation.

Terminal equipment for one channel.

A skeleton diagram for the terminal equip-
ment for one channel is shown in fig. 5. The
audio frequency speech current for a certain
high frequency channel coming from the switch-
board or subscriber’s line enters first a super-
visory arrangement for the purpose of super-
vision and listening in. After this it passes on
to a voice frequency hybrid coil and from there
in the customary manner to a low frequency
amplifier. The switchboard line or subseriber’s
line does not have to be perfectly balanced, for
the function of the hybrid coil is merely to in-
troduce a certain attenuation between the re-
ceiver and the transmitter and to direct the
major portion of the incoming speech to the low
frequency amplifier of transmitter.

After having been amplified in the low fre-
quency amplifier, the speech current is admitted
to the modulator which is fed by a carrier fre-
quency from the previously mentioned multiple
generator. In the band filter which follows after
the modulator the lower side band is filtered
out, the carrier frequency and the upper side
band being admitted to the high frequency am-
plifier. After this follows still another band fil-
ter, from which the carrier frequency and side
band pass to the high frequency hybrid coil,
designated in fig. 4a by the letters HFDT.

An incoming carrier frequency with its side
band is carried from the high frequency hybrid
coil to a receiver band filter, which eliminates
other incoming frequencies intended for other
channels. After this receiver band filter we pass
on to a high frequency amplifier which func-
tions simply as a voltage amplifier and increases
the voltage of the incoming frequencies before
they are fed in to the demodulator. The de-
modulater functions as a detector and in its
anode circuit we get back the voice frequency
which modulated the carrier frequency at the
transmitting station. This voice frequency is
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Fig. 5. Diagram Showing Terminal Equipment for One Channel.

fed into the low frequency hybrid coil and sub-
sequently to the subscriber’s line.

For signalling in its plants for carrier current
telephony, Radioaktiebolaget uses common sig-
nalling current with a frequency of 20 to 25
cycles per sec. This signalling frequency is ob-
tained from the regular ringing machine at the
telephone exchange. If a signal arrives from the
switchboard or from some subscriber on the ex-
change side, the signalling current actuates a
relay in the supervisory arrangement, and this
relay admits a signalling frequency from the
ringing machine to the modulator. By using
a ringing current from the regular ringing ma-
chine at the exchange — and not the incoming
signalling current — for the feeding of the mo-
dulator we gain the advantage that this latter
always gives a constant signalling power inde-
pendently of the length of the subscriber’s line.
In the modulator the carrier wave is modulated
with 20 to 25 cycles per sec. and the signals are
transmitted to the distant receiver by means of
carrier current. At the receiving station, after
demodulation by the demodulator, we again ob-
tain signalling frequency which is fed into a sig-
nal receiver. This signal receiver consists of one
valve, connected as a rectifier.
signalling frequency is rectified and actuates a
polarized relay in the anode circuit of the signal

The incoming
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Fig. 6. Line Filter Bay and Terminal Equipment Bay (front view),

In this manner a D. C. ecircuit
is closed and actuates the supervisory arrange-

receiver valve.

ment. this latter, in turn, transmitting signalling

frequency
scriber.

The line filters (at left) and terminal station
equipment for one channel (at right) are shown

of sufficient intensity to the sub-

in fig. 6.
bay we notice the two band pass filters, below
this the low pass filters on either side of the
line and balancing panel, and at the bottom
the high pass filters on both sides of the high
frequency hybrid coil panel. This photograph
of the terminal equipment for one channel shows
the different bays arranged in the same sequence
as in the skeleton diagram in fig. 5.

At the extreme top of the line filter

SPECIAL CONNECTIONS AND DESIGNS OF
RADIOAKTIEBOLAGET'S SYSTEM FOR
CARRIER CURRENT TELEPHONY.

Space does not permit of a complete descrip-
tion of the circuit diagrams for the terminal
equipment for one channel.
used in the installations by Radioaktiebolaget
differ considerably from what is customary in

Certain apparatus

gencral practice, however. In the following de-

scription of the various terminal equipment
units we will therefore hold ourselves chiefly

to these new designs.

The modulator.

The principle for the modulator is based on a
patent held by Dr. Vos, which in the following
will be called the compound patent.’
tent, the purpose of which is the neutralization

This pa-

of the reaction of the anode voltage on the grid
circuit of one thermionic vacuum tube, has been
adapted to a modulator circuit with fwo tubes,
on which arrangement a patent has been applied
for.?

The circuit
shown in fig. 7a.

diagram for the modulator is
According to this diagram
both of the vacuum tubes 1 and 2 are connected
with the anodes in parallel and the grids in
push pull.
on a coil in the anode ecircuit, this coil being

The A. C. anode voltage is obtained

included either in a resonance circuit or in a
filter.

The relation between the anode current and
the resulting A. C. voltage for both valves may

I Swed. patent No. 62633,

Application No. 1231 1928
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be mathematically expressed according to the
following equations

- o
[;M =¢, + oy + 0 + ...
liug =€y + ClUrs + Co0%py + . ..

These equations are valid on condition that
the two valves are identical, i. e. that the coeffi-
cients ¢, ¢, ¢, ete. are the same for both valves
and that the grid voltage has been chosen so

. : v,
that the resulting D. C. voltage vp, = v,y +

equals zero. The two expressions for i,, and
i, are graphically represented in fig. 7b.
The A. C. voltages vy, and g,

pressed as follows:

may be ex-

Da
bpp= U+ +do,
I
2l '
Uy
i

The first term in these expressions represents
the applied A. C. grid voltage p,, On account
of the push pull connection of the grids this
tension must receive a negative sign in the latter
equation because the voltage on the grid of valve
2 is 1807 out of phase with the voltage on the
grid of valve 1. The middle term represents the
reaction of the A. C. anode voltage, while the
last term is a voltage dp, which is led to both
This voltage is
but a small fraction o of the A. C. anode voltage
and it is suitably obtained by means of a coil
inductively connected to the anode coil. This
firstmentioned coil, which we will call the com-

the grids with the same phase.

pound coil, is connected so that the voltage dv,
will be 180~ out of phase with the A. C. anode

~ =
A
— —
——— ===

VR

Fig. 7b. Characteristic for Modulator.

voltage p,. Furthermore, 4 is made equal to the
inverse value of the amplification factor of the
valve.

Thus we have

n
The two equations 2 may then be simplified to
| ory = 0y,
I Upe = — Uy
and by inserting equations 4 in the equation
system 1 and adding the same we obtain

L ERRLe irl’ = ir‘.ll + iﬂ-} = 2&: + QC._. Uf_q + o

This is the basic equation for the special mo-
dulator used in Radioaktiebolaget’s system. lg-
nering terms of the 4th and higher orders, this
basic equation is the equation for a parabola.
This approximation is permitted for practically
all cases occuring in actual practice.

If the modulator is to be used purely for mo-
dulating purposes, the grids must be fed with
a voltage as follows
v, = A! sin mlf + .“l! sin f-i?f
which is composed of two sinusoidal vollages.
the one representing the carrier frequency o,
and the other the modulating frequency ..

If we introduce equation 6 in the basic equa-
tion 5, we obtain after reduction

If,,=2cﬂ+tgl:il?+.~i.3"] — [ A? cos 2008 +
: + A,? cos 2wt + 2c, 4, 4, [cos (0, — ms)
l t — cos (g + )i

This equation proves that in the anode cir-

cuit of the modulator there arise a direct cur-
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R 1428 Fig. 8. Heceiver Band Filter.

rent as well as alternating currents with the fre-
quencies 2 w,, 2w, 0, — w, and o, + w,. If we
introduee a filter in the anode cireuit and this
filter is dimensioned so that its impedance prac-
tically equals zero for the frequencies 2w, 2,
and o, — w, but has a positive value for the
frequency w, + w,, a voltage with the latter fre-
quency only is obtained in the anode circuit of
the modulator. Thus we have obtained the up-
per side frequency of a modulated carrier fre-
quency.

The above derivation of the modulator theory
is valid on condition that it is desirable to sup-
press the carrier frequency w,. If such is not
the case, one may — by displacing the working
point to the side of the vertex of the parabola
according to fig. 7b — also obtain in the anode
circuit a voltage with the frequency w,., which
is just the carrier frequency.

The advantages which the modulator here
described possesses as compared with other mo-
dulators may be summed up as follows.

1. The characteristic of the modulator is a
square law function of the applied A. C. grid
voltage, and for this reason there appear during
modulation only sums and differences of the in-
put frequencies (the frequency 2, may be con-
sidered as the sum of the frequency , with it-
self and direct current terms arise in the same

manner as the difference between two equal
frequencies w,).

2. The anode current in the modulator is
constant and independant of all reactions from
the anode circuit. The A. C. anode voltage which
arises in the anode circuit, therefore, is directly
proportional to the impedance of the anode cir-
cuit.

In other words, the modulator gives a constant
anode current independently of the load. The
justification of the name ‘compound modulator’
is apparent if one compares the described mo-
dulating arrangement with a compound genera-
tor for direct current which supplies constant
voltage independently of the current drain.

3. Thanks to its square law curve and the
compound principle, the useful power provided
by the compound modulator is considerably
greater than for an ordinary modulator.

4. Modulation is possible no matter how low

the frequency.
5. The mathematical treatment for the di-
mensioning of the modulator is relatively simple,
for according to equation 5 the expression for
the anode current is an explicit function of the
A. C. grid voltage. This is not the case when
figuring with vacuum tubes in general, the re-
sulting A. C. voltage being dependent upon the
anode current, for which an implicit expression
is therefore usualy obtained.
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Band fillers.

It may be of interest to go into a more de-
tailed analysis of those points of view on which
are based the choice and caleulation of band fil-
ters for the carrier current system in question.
As a lype suitable for discussion we wiil take
the receiver band filter.

As already mentioned (see fig. 4a), all of the
receiver band filters are connected in parallel.
In order to prevent the shortcircuiting of one of
the frequencies, it is important that the dif-
ferent band filters, outside of their bands, have
impedances which are very high as compared
with the impedance of the filter through which
the frequency shall pass with the least possible
attenuation. Consequently, the input impedance
of the band filter should have the appearance
as shown in fig. Sec.

In this figure, f, represents the upper and f.
the lower cut off frequency. The curves in fig.
8 are plotted according to the symbolic method,
first presented by Johnson and Shea.' Z,
the impedance of the filter for that frequency
at which the filter shall be adjusted to the linc
impedance. The unbroken curves in fig. 8§ a and
¢ indicate that the filter impedance is real, while
the dashed lines indicate an imaginary imped-

is

ance. The plus sign denotes that the impedance
is inductive and inecreases with the frequency.
while the minus sign denotes a capacitive im-
pedance.

After having chosen a filter section with the
W-impedance as shown in fig. 8¢, a number of
filter sections are conected in cascade after the
first one until sufficient attenuation outside of
The theoretical
tilter
and with non dissipative condensers and induct-
ance coils is shown in fig. 8b. The new filter
sections which are introduced must be of such

the band has been obtained.

attenuation curve for the receiver band

types as to permit of their being connected in
cascade without any reflection losses at the con-
necling points.

On the cutput side an M-impedance as shown
in fig. 8a is desirable since here it is advant-
ageous if the impedance of the filter outside of
the band approaches zero, all the frequencies
cutside of the being shorteircuited and
only those frequencies lving within the desired

band

3 K. S. Johnson and T. F. Shea: Mutun! Inductance in Wave
Filters with an Introduction on Filter Design.  Bell System Technical
Journal, Vol, IV, No. 1. Jan. 1925,

c[.‘ M. (5?,(30:14072

band being admitted lo the apparalus which
follows after the filter. On the outpul side, this
latter is matched to a load Z

Z oo Which is con-
siderably larger than Z

In this manner a volt-

Z10 is obtained in the
z-_‘u-l

receiver band filter. Such a transformation in
a band filter is possible only when special filter
sections, designed by Radioaktiebolaget, are used.

‘ig. 8d shows the principle for the connec-
tions of the receiver band filter. This filter is
composed of several cascade connected sections,

age transformation= \

chosen
stated.
ces in the different sections the required num-

according to what has already been

By combining capacities and inductan-

R 1429 Fig. o.

Copper Box  Coil,

ber of inductance coils and condensers is ma-
terially reduced and the filter made cheaper
than if the different sections were built separate-
Iy and connecled up alterwards.

In order to make the attenuation in a filter
as low as possible it is important that the con-
densers as well as the inductance coils have
very small losses. The condensers used in Ra-
dicaktiebolaget’s filters, therefore, are designed
as mica condensers, the

very best qualily of

mica being used as dielectric.  The induclance
coils are made as shown in fig. 9, illustrating
a so-called copper box coil with two spools. The
two spools of cbhonite are wound with litz-wire
and affixed one to each end of the copper box.
The one half of the box telescopes into the other
half thercby making it possible to vary the dis-
tance belween the coils.  The dimensioning of

the spools and copper box has required research
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work of a very special nature, although no de-
tailed account of the same will be given here.
The mean diameter and the width of the spools
as ccmpared with the main dimensions of the
box, the type of wire used and the material of
which the box is made all exercise considerable

influence on the losses in this inductance coil.

Voltage regulating device.

The incoming frequencies are led from the re-
ceiver band filter to a high frequency amplifier,
acting as a pure voltage amplifier.
two

It consists of
connected with
cach other by mcans of filters with transforma-

cascade-connected valves,

Potentiometer. T-Nelwork.

T
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]
|
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I
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Fig. 1Ca. Fig. 10b.
R 1430 Fig. 10, Voltage Regulating Device.

tion for the purpose of increasing the voltage
before it is admitted to the grid of the next valve.
Since the amplification in the high frequency
amplifier of the receiver must be rather high.
the connection is made with the neutralizing of
the anode grid capacity, thus preventing self-
oscillation. The high frequency amplifier is
provided with a device for regulating the degrec
of amplification and of a special type and will
therefore be described in detail in the follow-
ing.

In telephony, it is generally considered un-
desirable for amplifiers to have a linear regula-
tion of the voltage, but the regulating should be
exponential with a certain attenuation per step
(expressed in nepers or fractions of a neper).

Figure 10a shows a potentiometer in general
The different
are so dimensioncd as to give

use for the veltage regulation.
resistances r, to r,
a voltage between the output terminals which
varies in an exponential manner when the slid-

ing contact is moved step by step from one con-

c[: M. é?-(f(ﬁd&)’l

If we have
voltage transformation in the filter, the output
impedance of the filter will be high and conse-
quently also the total resistance of the potentio-
meter will be high.

tact to another on the pelentiometer.

For high frequency purposes one must place
‘ather strict requirements on the different re-
sistances which form a part of such a potentio-
meter. The resistances must be purely ohmic
and the capacities between the different con-
tacts on the potentiometer must not exceed some
few micro-microfarads. The resistances r, to
r,, usually vary between some few thousand and
It has been found

very difficult to manufacture such resistances

some few ten thousand ohms.

in the usual manner with wire wound on a spool.
The grid leaks used in wireless are better suited
for this purpose, but here we strike another
drawback it is practically impossible to
manufacture at
price and with predetermined resistance values.

In
when designing a voltage regulation device, this
in the form of a T-network
shown in fig. 10b.

for

such resistances a reasonable

order to avoid the above disadvantages

device is made as
This figure shows five inter-
connected T-sections each one of which gives a
attenuation. Each section consists of
two resistances r, in series and one shunt re-
At the output side of the fifth sec-
tion a loading resistance R is connected, corres-
ponding to the impedance for which the T-net-

certain

sistance r,.

work is designed. The voltage is regulated by

tapping off at contact points at the middle as

well as at the end of each section. The advant-

age with such an arrangement for voltage reg-
ulation is that one only needs resistances with

three different values, while with a device as



10a eleven different resistance

values are required.

shewn in fig.

A device of this kind for regulating voltages
is shown in fig. 11, the one illustrated being de-
signed as an H-network, i. e. a symmetrical T-
network. The different

same type as those used for grid leaks in wire-

resistances are of the
lcss.  These resistances are held by spring clips
constructed so as to automatically give the cor-
rect connection according to fig. 10b. Connect-
ing wires lead from the spring clips to the res-
211
the contact brushes move.

pective brush contacts, in number, over
which

The advantage with the device for regulating
voltages as here described is that the capacity
between the different taps is small and that by
using standard resistances easily obtainable in
the regular market one may still obtain a simple
device for the exponential regulation of the volt-

age.
Demodulator.

The incoming voltage is carried direct from
the high frequency amplifier to a voltage reg-
ulator of the above-described type placed before
the grids of the demodulator. The demodulator
is wired according to the same principle as the
modulator. If the carrier frequency and the
upper side band of a modulated wave is fed into
the grid circuit of the demodulator, a voice fre-
quency current with the same frequency as the
voice frequency which has modulated the car-
rier frequency in the modulator of the trans-
mitter is formed in the anode circuit of the de-
modulator.  This voice frequency passes from
the anode circuit of the demodulator through a
voice frequency band filter with the cut off fre-
quencies of 150 and 3000 cycles per sce. and to

the low frequency hybrid coil, and from here

out over the line to the switchboard or to the
subscriber.
If, in the modulator of the transmitter, the

carrier frequency is modulated with signalling
frequency instead of with voice frequency, an
anode current with the same frequency as the
modulating signalling voltage is obtained in the
the Still

ter, which passes frequencics between 12 and

demodulator of receiver. another fil-

30 eveles per sec. is inserted in the anode cir-

cuit of the demodulator. This filter is designed

for voltage transformation. whereby the voltage
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of the signalling

frequency is increased before

being fed to the signal receiver.

The signal receiver.

The signal receiver is designed as a regular

vacuum tube rectifier with anode rectification.

A polarized relay is included in the anode cir-

cuit of the signal receiver and this is influenced



by the anode D, C. resulting from the reetifica-
tion. When the polarized relay energizes, a D. C.
circuit is closed which, in turn, transmits a sig-
nalling frequency from the ringing machine of
the receiving station to the switchboard or sub-
scriber by way of the supervisory device.

Figures 12 and 13 show a rear view of the
line filter bay and terminal equipment bay for
one channel. The covers which usually protect
the equipment from injury and dust are re-
moved so as to give a clear view of the various
apparatus. The different types of copper boxes
included are clearly discernible, as are the volt-
age regulating devices of the previously de-
scribed type which are provided for the adjust-
ment of the voltage in the various equipment
units.

SYNCRONISATION.

As has already been mentioned, the different
channels in the carrier current telephone system
obtain their carrier frequencies from a synchro-
nizing device fed from the master generator for
5000 eyceles per sce.  This master frequency is
transmitted to the different terminal stations
where it passes through a band pass filter to
so-called frequency amplifiers which
amplify the voltage of the master frequency up
to the value which is required for feeding the
sc-called multiple generators.

These multiple generators are of two different

master

types, viz. multiple generator 1 or impulse
generator and mualtiple generator 11. The theory
for these two types of multiple generators has
been worked out by Doctor Vos (of Radioaktie-
belaget) and the author, and patents on the new
connections are pending.’

Multiple generator I or Impulse generator.

The multiple generator 1 works according to
a principle based also in this case on the com-
pound patent. Since lack of space dees not per-
mit a closer study of the complicated mathe-
matical treatment of the theory for the impulse
generator, this will have to be substituted by a
more popular deseription which will nevertheless
give the reader a clear conception of the fune-
tioning of the generator.

The wiring diagram for multiple generator 1
is shown in fig. 14a. The gencrator consists of

tApplication No. £524 1928,
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a vacuum tube, in the anode ecircuit of which
is connected a parallel resonant circuit which
is tuned to the n't harmonic of that frequency
which is introduced to the grid of the tube. A
cecmpound coil, which is connected in the same
manner as in the previously deseribed modula-
tor, also supplies the grid with a voltage which is
but a fraction of the A. C. anode voltage. We
have already shown that, when the compounding
is correct, this voltage shall be 180~ out of phase
with the A. C.
pounding acts in the same phasc as the feed
back coil in a common valve generator but the
voltage is lower than that voltage
which is required in order to force the generator
to self-oscillale. If a grid voltage is chosen so
large that an anode current flows in the anode
circuit of the generator only during certain short
moments, however, oscillations will arise in the
tuned anode circuit (sce fig. 14h). The length
of time during which these anode current pulsa-
tions last mayv be varied il a suitable grid volt-

anode voltage. Thus, the com-

ccmpound

age and a suitable amplitude A for the oscilla-
It the
current pulsations in the anode circuit oceur

tions of the input current are chosen.
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in phase with the voltage of the oscillating cir-
cuit, this latter obtains new power all along and
continuous  oscillations  with the frequency
n - w are sustained.

Fig. 14b shows the curves for current and
veltage for the generation of the 4 harmonic
of the input frequency. If the resonance circuit
is slightly damped, the oscillations in the cir-
cuit will not have time to entirely die out before
they are given a new impulse from a current
pulsation in the anode circuit. Thus one ob-
tains practically continuous oscillations in the
anode circuit with a frequency corresponding to
a certain harmonic of the input frequency. A
suitable choice of grid voltage, of amplitude for
the incoming oscillations and of the impedance
of the resonant circuit will give quite a large
power for the harmonic in the anode circuit of
the impulse generator. It is true that this power
diminishes with the ordinal of the harmonic,
but thanks of the compounding the power
is many times greater than when common con-
nections are used for the generating of harmo-
nics.

In the carrier current system in Mexico, im-
pulse generators are uscd for generating fre-
quencies of 10,000, 20,000 and 40,000 cyeles per
sec. through the doubling, quadrupling and oc-
tupling of the master frequency of 5000 eyeles.
The frequeney of 40,000 eveles is not generated
direct as the 8th harmonic of the master fre-
(quency. but two impulse generators are here
made use of in cascade. A frequeney of 20,000
cyeles is generated in the first tube, and this
frequency is then fed into the second tube where
it is doubled to a frequency of 40,000 cycles per

secC.

Multiple generator Il.

This generator is used principally when the
simultaneous generation of several frequencies
which all are multiples of a certain master tre-
quency is required. The different frequencies
appear each with the same power, which is not
the case with hitherto known devices for the
same |Illl‘l"l§l‘.

For its
Western Electrie at one time also used a mul-

carrier currenl telephone svslems,

tiple generator in which, however, the various
overtones were obtained with effeets which di-
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minished rapidly with the ordinal of the harmo-
nic. For this reason a great number of ampli-
fiers were required, cspecially for the higher
harmonics, in order to obtain sufficient power.
In these generators, as well as in others of similar
design
of transmitters, for instance
cn accounlt of the curvature of the character-
istic curve, for from a mathematical point of
view the characteristic curve for a vacuum tube
may be represented by a power series. The co-
efficients for terms of a higher order gradually
beceme smaller and smaller, however. Since
the amplitude of a certain harmonic is direct-
ly proportional to the value of the correspond-
ing coefficient, the higher harmonics become
very weak.

The multiple
abeut the same manncr as the previously de-
scribed modulator (see fig. 7a). The following
schedule indicates the freauencies which arise in
the anode circuit of the multiple generator 11,
if three frequencies are fed to its grid (see
page 9).

- as used in wireless for the governing
- harmonics arise

generator II is connected in

Frequency of anode current,
cyeles per second

Input Irequency
eveles per second

5.000 0 15,000
20,000 10,000 25,000 20,000
10,000 10,000 35.000 60000

80,000 45.000

Of these frequencies which arise, it is only
those that are odd multiples of the master fre-
quency of 5000 cycles per sec. which are of
interest.  These four frequencies — 15,000,
25,000, 35,000 and 45,000 eveles — may be ob-
tained from the anode circuit of the modulator
threough four diffcrent filters connected in series
and which permit the passage of one frequency
sach. The frequencies arc just these which are
used as carrier frequencies for the different
in Mexico Cily, Guadalajara and
As previously mentioned, all

transmitters
San lLuis Polosi.
the frequencies appear with the same power in
the anode circuit, and since this power is suf-
ficient for feeding the different modulators no
carricr frequency amplifiers need be inserted
between multiple generator Il in the synchroni-
zatien unit and the different modulators.



In Celaya and Vera Cruz even multiples of the
master frequency must be used as carrier fre-
quencies, and these might be generated by feed-
ing frequencies of 10,000 and 20,000 cycles, for
to
with

a modulator, after which oscilla-
frequencies of 10,000, 20,000 and

30,000 eyeles per see. would be obtained in the

instance,
tions

anode circuit.

There is a much simpler manner of proceed-
ing, however (see fig. 15). If, according to this
diagram, we introduce an oscillation with a fre-
quency ¢y corresponding to a master frequency
of 5000 cycles per sec., an oscillation with the
frequency 2 will arise in the anode circuit. With
the aid of a coupling coil one may now pick out

15. Multiple Generator 11.

Fig.

a voltage with this frequency and introduce this
voltage to the two grids of the multiple genera-
tor in push pull. This arrangement will then
function as if two voltages with the frequencies
w and 2w had been introduced direct to the two
In

fig. 15, therefore, it has becn possible, merely

grids. multiple generator 11 according lo
by introducing the frequeney « to the grid, to
obtain all of the four desired frequencies in the
anode circuit, i. e. 2w, 30 and 4w or 10,000,
20,000, 30,000 and 40,000 eyeles per sec.

The synchronization unit in Celaya may be

(),

considered a typical synchronization unit for
the Mexico plant, photographic reproductions of
this unit being shown in figures 16 and 17. At
the top of the unit we notice a multiple genera-
tor I and beneath this the impulse generator
for the generation of 10,000 cyeles per sec. The
impulse generator obtains the master frequency
of 5000 cyeles per sec. from the master fre-
quency amplifier I, which latter is placed just
the As the

master frequency amplifier I is fed with master

below impulse generator, a rule,

frequeney frem the master generator in Mexico

City via the line between Lhe above-mentioned

= 9[ % Cg? (CIL0N
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ig, 16. Synchronization Unit at Celaya (fronl view),

cities. Should this line be taken out of service,
however, there is a spare master generator

the panel in fig. 16 with visible ammeter to the
left.
two similar panels which serve as master fre-

Below this master generator may be seen

quency amplifiers Il for outgoing master fre-
quency to the both towns Guadalajara and San
Luis Potosi.

DISTRIBUTION OF CURRENT.

A description of the apparatus which serves
to distribute the current for the filament, plate



Synchronization Unit (rear view).

and grid circuits of the vacuum tubes does not
really fall within the scope of this article. The
reader is referred to fig. 18 for an idea as to the
appearance of the distribution panel. A few
words as to the sources of power used for the
operation of the plant, however, are not out of
place.

The filament current has a tension of 6 volts,
the alarm relavs ete. lension
of 12 volts.

two lead storage batterics of three cells each,

working wilth «a

These tensions are oblained from

— 16l
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Fig. 18. Current Distribution Bay (front view
connected in series. The anode tension is 240
volts, supplied by with
120 cells.

The filament current for two vacuum tubes

a lead storage batlery

passes through the respective windings of a dif-
ferential relay. These two windings counter-
acl each other so that the relay is nolt actuated
if the two tubes draw equal amounts of current
Should a fault oceur in the one or the other of
the tubes, the balance of the differenlial relay

is disturbed, the relay altracts its armature and
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closes an alarm contact, thereby notifying the
staticn watchman that a tube, for instance, has
Lurned out.

All grid tensiens are obtained from a dry bat-
tery through high chmic resistances which pro-
tect the battery from direct short circuiting. A
galvancmeter relay, which closes an alarm cir-
cuit as soon as a grid current flows through
any of the tubes, is inserted in the branch which
connects the positive pole of the grid battery
with the negative pole of the filament battery.

OVERALL ATTENUATION.

The transmission of speech in a carrier cur-
rent channel is fully comparable to the trans-
mission over a leaded cable provided with two-
wire repeaters.

Fig. 19 shows the mean value of the overall
attenuaticn curves for nine different carrier cur-

1152

rent channels forming a part of the Mexican
system. When obtaining this curve the attenua-
tion for 800 cycles per sec. was set to the value
1.3 nepers, after which the attenuation for the
other frequencics was measured in the usual
manner. According to the requirements formu-
lated by the ‘Comité Consultatif International
des Communications Téléphoniques a4 Grande
Distance’ (C. C. L) for international two-wire
lincs, the attenuation at 300 cyeles per see. must
not exceed .5 nepers more than at 800 cycles per
sec. Al 2000 eycles per sec. the correspond-
ing increase of the attcnuation must be less than
The horizontal lines in fig. 19 are
spaced at a distance of .5 nepers from each
cther with the starting point at the attenuation
fcr 800 cyceles per sec. From the above graph

L5 nepers.

we see that carrier current transmission ade-
quately  fills the requirements formulated by
C. C: L

(Cont’d in next issue.)



The Influence of Condensers on the Functioning of Relays with
Respect to the Periodic Case.
By I. Frischauf, Vienna.

ln the following investigation we will take two
typical examples in order to demonstrate the
changes which take place in the time current
curve of a relay for different values of a con-
denser which is connected in parallel with the
winding of the relay or in parallel with a resist-
ance connected in series with the same winding.
The investigation will include the establishing
of the frequency conditions as well as the cal-
culating of the maximum and minimum values
of the current in the relay winding when the
impedance has reached its minimum value and
their comparison with the current intensities
which characterize the sensitiveness of the relay,
i. e. the respective minimum and maximum
intensities of current at which the relay energizes
and de-energizes. Further, an investigation will
be made of tensions which arise at the exact
moment of disconnection of the battery. The
various possibilities will be illustrated by means
of a few examples.

It is a known fact that oscillations arise when
a current with inductance, capacity and resistance
is connected to or disconnected from a source
of energy in the form of direct current.

For the kind of relay which is used for low
tension work, Breisig!, among others, has set
up equations for the relay current as a function
of time. Also, he has pointed out that, under
certain conditions, the intensity of the relay
current can be an e-function superimposed by
a damped oscillation. Chechelovsky® makes a
more thorough investigation of various combina-
tions of connections and groups together in
tables the empirical values — obtained as the
result of extensive experimental work — for the

' Breisig, F., Theoretischs Telegraphie, Brunswick 1924.
' Chechelovsky. Fiudes sur le temps de fonclionnement el de

relichement des relais téléiptoniques, Bell Téléphones, Antwerp.
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influence of condensers on the degree of retar-
dation (lag) in the functioning of relays.
Consequently, we will now according to
investigate two
separate cases, viz. with a condenser connected
in parallel with the relay winding and with a
condenser connected in parallel with a resist-
ance which, in turn, is connected in series with
the said relay winding. For the sake of com-
pleteness, the time current equation for the
first case will be derived, which derivation will
indicate how one should proceed in similar cases.

the above-mentioned program -

I. The condenser in parallel with the relay

winding.

The calculation in based on a connection as
shown in fig. 1. R, and L designate the resist-

,'-- K -
e e
| T
| : T |
" Rv i.
‘I—"Uﬁa"l‘“‘““m“ i
Rr L
< Rc

Rop2a4
Fig. 1,

ance of the relay and the mean value of its
coefficient of induction respectively, C designates
the capacity of the condenser. R. the resistznce
of the condenser together with that of a resist-
ance connected in series with the same, R, is
a series resistance and n designates a resistance
connected in parallel with the winding of the
relay coil. In the present case all the enumera-



ted values are assumed to be uninfluenced by
time, which also is the case with currents of
not too great intensity. The resistances R, and
n are to be free from induction as well as
capacity. The unvarying tension of the source
of direct current is designated with K, while the
variable drops in voltage in the relay winding
and in the series resistance are designated with
V, and V| respectively. The currents passing
through the resistance n, the condenser, the relay
and the series resistance
iny ic, i, and i, respectively.

Under these conditions we will begin by
establishing the equations for the intensity of
the current as a function of time when the

are designated with

relay operates and releases its armature.

Time current curves for operaling.

For an arbitrary moment f the following equa-
tions apply:

K:V1+V3

AR (1)
Vt — iuRv:ich+icRﬂ+inR:: . (2)
V..—:R+Ld"—:R+ ’ld!ZEn.--.. (3)
2 r di c C c n

If we express i, in terms of i, according to
equation (3) and insert this expression in equa-
tion (2) we obtain

R, \di,

K=ir(R + R+ BB (14 R0 iR,
Further
R+L¥ R a0 5
i R, R C.-' i.dt e0(5)

These two simultaneous differential equations
(4) and (5) can also be written in another form,
if we consider the fact that /i.df is the charge
which has passed through the condenser up to
the moment {. Therefore if we make [idt=ij,
we find that

RR R, \di, d

]+L[|+ ]d: e

(R+R.+ -K (6)

dip | .

d,
Rh+L ¢ er! c

0 s (7)
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New differential equations will be formed from
(6) and (7) by multiplying (7) by (1 + ’:) and

subtracting the result from (6), also by multiply-
ing (6) by R. and (7) by R, after which the
equations thus obtained are added together.
After further reduction we obtain

di '*Ro R
at RR\** " RR'"
C[R+R+ ) R+ R+
K
_ (B
R,+R,+R"HR‘
i RR+R(R+R+5R
"+ — ety —
dt L(R +&+RR)
.Ra R R T— K- RcR r (9)
CL(RL.+R,+ "n-) L(RE+R¢+ "n‘)

For the sake of simplicity we will designate the
coefficients for i, and i, in (8) with 4, and B, re-
spectively, the expression to the right of the sign
of equality in (8) with D, further the coefficients
for it and i, in (9) with 4, and B, respectively,

and the expression K K. RR. with D,.
L(R,+ R+ )
| n

Consequently, we can write

di

o+ Avie+ Biio= D,

di, . .

d; _A2Ik+ B‘_ll':Di-

The second of these equations must now be
multiplied by a constant factor #’ and added to

the the first one. This gives
a' i ; .
j:k a" + (A, —A:?) iy + (B, + B,D)i, =

If we make iy + @i, = I, in which [ is a new
variable, we obtain

ig=I— Wi e

(1)
and

div | pdi_dl _di . d0 . di,

d! de = d‘ df = Iy df + ‘!’ dt. (IZ)



Since " was assumed to be constant, the
. . I
right half of this equation is reduced to dr after

which equation (10) obtains the following appear-
ance

jf + (Al - A:m). I_ I., [(D (A] T— q’A-_u) - (Bl +

+ B.®)] =D, + ®D, .......... (10 a)
If the factor ¥ is so determined that
(A, — DA,) — (B, + ®B,) =0 ... (12)
the following equation remains
I 4 —am). 1= D, + oD, . (13)
which is readily integrated.
From (12) we obtain the value for @
B, — A, /(B.— A4,)* B
fﬂ‘,:— —4= i, Vg EANNGC ) N ! 14
S W V= g
the integral of equation (13) being
_D+q’3D-\_| —fi — /A
he = .4|t — ‘7:12 A, B ATas)

Values for i, iy and consequently also for
ic, i» and i, are obtained from equations (11),

(14) and (15)

D, + o D, — (A, — P At
" D5 — 1 a4 2
ir +0, i, A —D A, c e
Dl +q)4D-a _"Al_"‘h:“tr)"
1 D, = = — ¢
it + Dyi A — 0, A, ce
i __DIA-3+D2A|_ Cy _'1111_' '!'1.4:"1‘
""B A +BA4 o -—w°
Ca _{Al_',l'! A!}"
+ ®,—m, ©
‘_ o D| Bg S D-\_t B] Clq}-_a o AI o ‘pl Al) ot
*“B A, +B A" 0" -
¢ D, — (A, —P,A,)
h, — M, €

According to our assumptions, however, i} is
the charge in the condenser at the moment ¢t
When t = 0 then i, = it = 0. Consequently, the
two integration constants have the following values

c — (L,I @l_Az + D-_- AI) + (DI sz = D-_'BJ
b B, A, + B, A4, N
and
~ @,(D,A,+ D,A)+ (D,B, D.B,)

o B, A, + B. A4,

If we substitute the original expressions for

Al’ Ag. Bll B!' D] and D-!‘ we Oblain

D,A.+D. A, _ K
BIA3+B':A] R+R+RR0
& = K R R‘{q’l +RFC}'
R, + R +
K
€ =

(D, + R, 0),
R+R+RR

and consequently

K
R + R, +

lI [PH+RC —(A-ar)-t
RR[ (Du-me

iy =

fbg+ R C —(a,—4,+)-1||
T, ¢ Jl L
Further, we find that

R + &+
- ml(m'.’i R.C) — A —P,A,) - fl]
ml o (D: ¢ !
therefore
yies K {w (@, + R.C)(A, - D, A, ) AP
R+R. +‘R R @, —,
m‘.’(m: +R, 0 (Al; (!);Ag) —A—P 4, -f}
N h, — M, €
Lastly, from relation i, =1, R, + L di,
n ndt

we obtain the following value for i,

KRr
in = "RR.*
R+R+&&
l || R(Al ‘I" A )I("D +Rr0 _(J‘L_“ﬁﬂ"l !
M, —,
R(A. , A»)I(“’r+R 2, —A.F'P.A,‘f]l
0, — M, I

Of these equations, it is principally the one
for i, which interest us. The above method of
presentation is not very clear for the following
investigations. By giving equation (16) another
form and by disregarding the intermediate cal-
culations, i, can in part be expressed in hyper-
bolic functions.
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K l] A+ B,_,
i, = 1V —ie 2 X
R, + R+ R'nR“l
A|_B-: +2A~_i R;C. . Iv- “”‘ |l
= sinh P f+cosh2 !J (16a)

in which W means

w=V(B,— A4,))— 4 A4, B,.
. L, W w x
At the time { =0, smhz =0, n::osh2 =1
and A + B,
e 2 = .

Consequently, the expression enclosed in
brackets and, therefore, also i, equals zero. For
t = < the expression
A +B
—= ¢ A|_‘B-3+2A-3R1C .

e 2 | = smh;’t - coshg-t

takes the form If the e functions are insert-

=
ed instead of sinh and cosh, the determining
of the limit value for this undetermined form is
reduced to the determining of the limit values
for the expressions
| |
“Arp—w 2 A iE
e 2 e 2
If the expression under the radical sign is
positive, the latter of the above two expressions
will equal 0, since, when {=20, the value of the
denominator is infinitely great. On the other

hand: !

A+ B, —w
e 2 ¢

equals 0 only when the

This

exponent in the denominator is positive.
means that

A+ B, ~w
or

A|B—3+A3‘B| :0

which actually is the case, since A4,, B,, 4, and
B. are positive quantities.

When ¢ — ~, the intensity of the current in
the relay winding is therefore

: K
R, + R, +

i =

R;R, "
n
This is true — as we have already stated

for a positive expression under the radical sign.
It may also happen, however, that the expression
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w becomes equal to 00 or imaginary through a
suitable choice of L, C, R, R, and n. This
would also change the time current equation.
A change in this latter, however, would mean
a change in the increase of the current intensity
and, consequently, of the operating lag. We
will therefore investigate the influence of the
radical expression on the time current equation.
Three separate cases will be encountered, viz.

I. The expression under the radical sign is

positive.

2. The expression under the radical sign
equals 0.

3. The expression under the radical sign is
negative.

For positive values of the expression under
the radical sign, equation (16 a) holds good. If
the value of this expression equals zero, cosh

47
t=1

for w = 0, since sinh ~— takes an un-
w

2
dertermined form. By differentiating the nume-
rator and denominator with reference to w we

t w . .t
) - cosh ) - t, from which we obtain 3
as the limit value of the fraction. The equation
for i, is then

obtain

K | st
R,Rol]_e 2 X

n

i, =
R, +R. +
fAI B-'; + ZA_; RrC

X ——-——2-—— -

For reasons which will be touched on in the
following, this case is called the ‘boundary case’.

-1+|'|)} (16 b)

In the third case, lastly, when the expression
under the radical sign is negative, w becomes
an imaginary quantity. If we assume w = ;- w,,
in which w, is the real quantity, instead of the
hyperbolic functions we obtain cyclic functions
and the equation for i, will be as follows

K A,
i,= o L 2 X
R,+R5+R'R"
n
b4 [IAj — Sy R'(;sin Wi «d & cos”." ot )l(lf)c)
\ W, 2 2

From this equation we find that for a negative
expression under the radical sign there appear
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periodic variations of the current inten-

sity in the relay winding varitions which

gradually diminish in proportion to the

A, + B,
2

; = t
magnitude of the factor e .
On account of these periodic variations
of intensity, we will — in the following

— call such a case, where w=j - w,

c[ ﬂ( ; (52 (CIL0N

Ireo

a ‘periodic case’. Similarly, with a posi-
tive expression under the radical sign and
when, consequently, no cyclic functions
occur in the time current equation, we
will use the appellation ‘aperiodic case’.
The time current curve represented by
the equation (16 b) is a case which lies
just on the boundary between the pe-
riodic and the aperiodic case. The pro-
gress of the current intensity would in
this case be in the last stage of aperio-
dicity and it is for this reason that this

R 1258

reo

as

case is called the ‘boundary case’,
mentioned in the foregoing. The time
current curves which represent these
three cases are called the ‘periodic curve’,
the ‘aperiodic curve’ and the ‘boundary
curve’, respectively.

Which it is of these three cases that

occurs for given values of L, C, R, R.,
R. and n, is evident from the value of

the relation é. obtained through the re-

forming of the expression under the ra-

dical sign. In the aperiodic, periodic
and boundary cases we find that

4 A. B, - = (B, — A

respectively, from which we obtain

L - n
= +\ (R + Rr )(R:+ )
This equation constitutes the necessary and
sufficient condition in order that the progress
of the curve shall be respectively aperiodic,
periodic or in the last stage of aperiodicity.
Just as in the aperiodic case, we find that
in the periodic and boundary cases there is a
limit value which, for ¢
according to

gﬂ
R,+n

|u7>

', can be calculated

K
R. + R, +

iy =

RR.
n

a fact which is easily proved.

Fig. 4.

According to the calculation, the time current
curves which correspond to the three cases
would progress as shown in figs 2, 3 and 4.

From these curves we are able to draw the
conclusion that, in the periodic case, a relay,
after once having operated, could again release
its armature if only the first minimum wvalue is
sufficiently small. The following investigations
will throw further light upon this subject.

The periodic case.

In order to be able to determine whether
in the periodic case — a relay which has ope-
rated its armature can again release the same,

it is necessary to have a knowledge of the



minimum values for the time current curves.
In case the first minimum value 1s smaller than
the intensity is, at which the relay just barely
holds its armature, the armature will be released
if the intensity of the current falls below ifand
it is not again attracted until the current has
reached a certain, somewhat higher value. An
exactly similar condition will arise also if the
second, third, etc. minimum value falls below iy

The minimum and maximum values of the
curve are obtained in the usual way by making

. .. di . .
the first derivative ;" = 0, which gives us

di
A, + B,
KRRO{AIZB% 2 'x
R, + R. +

‘4, — B, + ZA.J R, C g w |
( = 2!+ cos Zf‘
"-_;lﬁ.f (,4, B.+24,R.C___w,
e cos ., 1
2 2

Sln EZO

This immediately gives us a value for ¢ since
_A+B,

2 '—o

In this case, however, the existing

e

1. e = 00:;
current has unvarying intensity — as previously
mentioned — and the curve will run parallel
with the f axis. This value does not interest
us in our further investigations, but only the
values for { obtained from the remaining equa-
tion, which has the following form.

.4. +B,/A, —B.+24.R.C . w, Wy
a = (—-—-— y o sin' thcos’) :]
= [A _82;2‘4?&(;(:05‘;'-! ‘;‘sm“?:‘-r)zo

or

gin “'2' -1-[24,R.C (A, + B,) + 44,B, + 2A4,B, -

2B.!] = w,. (24 R,C— 2B.) cos ‘;‘ ot
from which we obtain
taml;t -l=tanll1;l-! - m-.’(l) =
~ wm(ARC-B)
24.B, + A,B, + A.R,C(4,+B.) - B.?

a[ //( 6 LECIL0
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ﬂn

Wy {A_‘ Rr C B!)

2 f
§== 'arc tan
Wy

Here, m is a positive integer.

If we should introduce the values for A, A,,
B,, and B,. and consequently also for w,, we

would obtain t as a function of R, R. R, n,
L and C. The expressions for A,, A. etc. will

be still further altered by putting RRTn =, and

(14 Rr

= ¢, Mathematically, this means that «,

v+ R,
for instance, is the harmonic mean value between
R, and n. From an eleciric point of view, it

means that « is the total resistance for two
resistances R, and n connected in parallel. Con-
sequently, the above quantities may be defined
as follows,

] I

-—_“ + Rc. ¢4-_g

(14

A,

= Cle+Ry B ~ CL(¢+R.)
B R‘tt + R, (R + )
: = L(R. + «)
First of all, we will assume that R. = 0. The
above equations may then be written as follows,
1 N o Ry
A'_C-u’ B =14, = C-L' Bo= L
and also
2m
f _—
W,

since the numerator of the arc tangent and
therefore also the arc tangent itself equals zero.
If this value for ¢ is inserted in equation (16c)
we obtain

A, +B,
i K & w o -41_Bg+2A3RfC
i ‘l -e 1 7
Wy

X sin m-;7+cosm-.'r]].
Form=20,1,2... sinmx=0.
Form=0,2,46... cosm =+ 1.
For m=1,3,57... cosmu= k-

For even values of m, therefore, the factor for

is smaller than 1, and for odd values of

K-
R, R.
m it is greater than |. This means that i, has
a minimum value when m is an even number,

24,B,+ 4,B,+A.R,Cl4,+B)—B,;* T ™




on the other hand
when m is an odd number. Furthermore, since
Do (Al_.Z‘T_B:
Wy
attenuation - designated by ¢, the minimum
values may be expressed by the equation

and a maximum value,

J is the logarithmic decrement of

Ir min =

K—»( —901,2...)
e (), |
Rt Rﬂ' \ i

and the maximum values by the eqguation

s zg_:R:(l e_'g"’-" 5 ")

These values for i, min vary for different C
values. It is possible to conceive i, mi, as a
function of C, and a curve for i, min — C, corres-
Koo g )

R, R,
can be plotted. As to this curve, we will in-
vestigate whether or not there is a certain value
of C, for which i, min reaches a minimum. This
calculation begins with the equation

diomin _ K-& —7"d9
dC ~ RR,° dC

ponding to the equation i, mi,

0

This equation is satisfied either ife 7 = 0,
d9
ac ="

which means that ¥ must equal ~, or if

In the latter case we find that

2+ R.«[4¢*CL — (CB,(:L »]— (L—f-_CE,a]{_Zrcg, -~ R,u(CR,u—_L)] B

(4¢*CL - (CR.« Ly}

L

and consequently C = R

If, for this C, we wish to find a minimum

for i, min, Fi ™" must be positive, which is the
dC*
case if
Kee|[ =29 —?1d9\ _
rrls e (>0
I' ?l')
Since j(): =0 and jC"' becomes positive when

CZ;RL”, the above difference holds good and

a minimum for i; min is obtained when

L
CF—R,H

If we introduce this expression in the equa-
tion

— 1KY
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A| + B:
o

u'l

3 =2

we obtain ¥ — 2 3 \ If

". This is also a minimum

value since, according to the above, also jg =
d* 9
and dC: - 0.

If — with an arrangement accordingto fig. 1 —
R. =0, for each combination of finite values
for R,, R., n and L, in the periodic case there
is one certain capacity for which the logarithmic
decrement of attenuation is a minimum and at
which, consequently, the greatest variations in
the intensity of the current make their appear-
ance.

These maximum and minimum values for the
intensity of the current are given in the follow-
ing equations

x Y Bl 3. 54

)

I'J‘ mac —

and

K-e | --w"'R_'\o\z.a;.A.
i'min:R;Rp(.li 2 v

Theoretically, i. e. if we consider the relay as
being devoid of mass, the armature of the relay
would be released when

0

ir min < i,
where iy, as previously mentioned,
denotes the intensity of current at which the
relay begins to release its armature. This is
again attracted when i, = i, i. e. when i, be-
comes equal to that intensity of current at which
the operation of the armature begins.

The influence of the mass of the armature as

well as of other masses will not be made the
subject of any investigation here. It is quite
apparent, however, that with a high frequency,
should i, mi» fall below iy even for a very short
time, the armature will not be released. This
frequency at which the armature is no longer
released although i, min falls below i will be
called the critical frequency. It is best obtained
through tests.
w,
4.
of the current passing through the relay wind-
ing is

If we make C = RL , the frequency v
i



. ‘ R.lf
T 2 L’

As a result, we find that for large values for
« and with a constant R,, the frequency v is
high at the same time as there is a diminution
in the logarithmic decrement of the attenuation.

One is prone to wonder whether, by the
judicious choice of R, R, n, L and C, arelay
might not be constructed which, after having
operated its armature, releases the same for a
short time only to attract it again and hold it
in this position. We will illustrate this in the
following.

The final value i, . of the intensity of the
current in the relay winding must — in order
to guarantee a certain functioning — depass by
a certain percentage the value i/ for the intensity
of current at the releasing of the armature, and
the latter, in turn, must depass the minimum
value i, min' during the the first cycle. The mi-
nimum value during the second cycle is then a

certain percentage lower than i,.. Thus we
find that
T b . K
"“¢ """ gRR,
f)r — P f-r minr and i min” - fas
5
from which
i r ” (I — 2T ‘ !'fr ) f.r =
Irmin — Ir e ¢ =
/! P°q
" ~AFYPRY g
fr min = f; T (] e “ ) .
/ 5
From this we obtain
/'R, L /R,
2,'r\,'R-'—1n pog and4'rl e By T
o p-q—| i s— |

Thus we have a relation between p, g and s,
p'g*

T The logarithmic decrement

namely s = 2

; R
of the attenuation, ? =2 1 \ s then, for the
(14

newly derived value of s,
R, . /s
Zs \ « fn\ s— |

from which we obtain the following relation
between R, and «:

[ 1] s
Ro=ulyinl 75)-

After introducing this expression for R, in the
equation for the frequency, we obtain

i)/

The inductance /. and the resistance R, for a
given relay winding both increase approximately
with the square of the number of windings and
are therefore about proportional, but only about,
since the section factor, i. e. the relation between
the space occupied by the copper and the free
space required for the winding, is not constant.
Thus, if we write L = .004 R,, this really does
not hold good except for an Ericsson relay with
a resistance of 500 w, the coil of which is full
wound.

"

- 4.7,

i 4
s—1°

With the previously obtained value for R,

]

L — 004 « |

| \2
5 In \ z Vs I] and the frequency

|
004 In \

s
s— 1

If we figure with a case already rather un-
favourable and assume one half cycle to be not
more than twenty-five thousandths of a second,
within which time the relay shall release and
again operate its armature, we find that

- ——— e —_— — 20
0044 |/ 2
and therefore
B e:’.a . I
5T et
Fors - |, however, p ~ g 1, i. e the follow-

ing equation would hold good

ir = frminr = l':rnin:" ~ oo

or, in other words, there could be a difference
of but a small fraction of one per mille between
the operating, releasing and final current inten-
This proves the utter futility of prevail-

ing on a relay in such a combination with a

sities.

condenser, series resistance and parallel resist-
ance to release its armature for R. =0, when
it has previously operated the same. Even though
it would be possible to increase the inductance
of the relay ten-fold, so as to make /. = 04 R,,
the value of pg would still not be greater
than 1.09.




This result is not much better than the pre-
vious one and is of no practical importance for
the present problem.

The investigations made thus far have been
limited to that case where the relay, after having
operated its armature, releases the same but
once. There is a possibility, however, of the
armature being released a number of times.
Without any calculation it is easy to see, how-
ever, that the logarithmic decrement of the
attenuation then must be less than if the relay
should release its armature but once. This,
however, requires a smaller value for R, and
a greater for C, respectively.

From a mathematical point of view the problem
appears in the following light.

We assume the releasing value of the current
intensity to be still barely reached during the

t cycle.

We will assume that it
cycle that the intensity of the current does not
fall below the releasing value, but still barely
Then we obtain

is not until the u™

reaches the same.

o — pe

ir = = o (I —e )
q
from which
l'}: l Iﬂ q .
_ﬂ' q_l
R,T:t(z'l In _‘ L— R and
9 vin 9
qg— |
C o .”
evin—2
qg—1
For ¢ =2 and v = 20, we get
g & 0"'?. R, |24':f_.- 10—4,L>72-R,n-10"3,
cx72".10-3.
It
For « =72-10°¢
o &3 0? R, 900 o L2 65.C" n- 10 6

With increasing values for u, therefore, C must
increase while / and R, decrease. Since R, is
inversely proportional to #?% and L, on the other
hand, inversely proportional to n, the relation

LM Ciicsson

R is directly proportional to u, i. e. the induct-

ance would also have to increase for constant
R, and increasing 1, making the practical con-
struction of such a relay still more impossible.

Up till now we have only investigated those
cases in which R, could be assumed to equal
zero, so that i, min» was exclusively a function of
C. For R.> 0 the equation for i, mix would
obtain the following form

e (1—e— Y. X)

in which ¥ and X have the following values

Ir min —

YZA: : *(arc tan¢ + m- x1)
¢ = Wy (A'.’ch_B) .
2A381+A|Bg+AgRrC{A1+Bg)“Bg!
X= By B"':-_ 2 R'Csin arctan (¢ + m 7) +
| §

+ cos arc tan (¢ + m- ).

As long as R.= 0, ¢ also equalled 0 and
therefore also arc tan ¢ =0 and X = 1. For
m =0, i, min equalled 0, i. e. the t-coérdinate in
the i, — ¢ graph was a tangent to the curve in
the point of origin. On the other hand, if
R. >0 and m =0, then i, m. equals infinity.
Consequently, the first minimum value no longer
coincides with the point of origin and the ¢
coordinate is therefore no longer a tangent to
the curve in that point.

The angle formed between the t-codrdinate
di,

% and

and the tangent with { = 0 is given by

will be designated by .

Since
. A B, ‘
dl.-_'_ - t (Al+Be){Al'Bt+2A?RrO+“'1"
dt 2w,
><=;in‘;1 i+ (B, —A,R,C)cos:;' - !}
we find that
tan ¥ = i, (By— A, R, Q_L g(f:R)

Thus, the curve rises more sharply against
the t-coordinate with an increasing R, (see fig. 5)
and finally, with R. = ~x in the point of origin,
reaches a maximum incline determined by
K-«

L-RS

tan thr —



In this connection we should emphasize that
for relays with which no resistance or condenser
is connected in parallel and for which, conse-
quently, ¢ equals R, the rise of the curve in

__-..t

R 1853 Fig. 5.

origin is determined solely by the admitted volt-
age and by the resistance L, but is entirely un-
affected by the series resistance. This last
resistance exercises an influence only when a
current passes through the relay. From the
formula we also find that the increase in the
current for a time f = 0 is so much the quicker
the smaller we make the inductance and the
greater we make the voltage K between the
terminals. Furthermore, it is important that the
progress of the time current curve in the point
of origin is unaffected by the size of the parallel
condenser. It follows that no conclusions as to
the time of attraction are to be drawn from
the rise of the time current curve for a time
=1
If the time current curve for a finite R.

according to the results obtained from the above
calculation rises to positive values from the
point of origin, a maximum must first be reached
since the curve is continuous from 0 to ~. The

the

d*i,
de
curve has a maximum for all odd m values
and a minimum for all even m values in-
cluding zero. Since the first value actually
reached is a maximum, it follows that the
first minimum, which arises for m = 0, lies
on the negative side of the f-coordinate.
However, this can be the case only if ¢ is
negative, which actually is the case if the
corresponding values for the constants A,,
B,, A, and B, are inserted. Furthermore,
we find that this first minimum must cor-
respond to a negative i, min, giving

second derivative denotes that

z'f

N

)

Fd .//( . (gu'aidon

A, +B
w

*arc tan
H=e X > 1.

L

By inserting this values for H in the equa-
tions which express the conditions for the mi-
nimum and maximum values respectively, it is
also possible to express these under the form
A +B,

+{],3,5...)]
w, ]

i:ma;-:f'r- (I+H'e_

AtBs 0o e o
‘vl Nt ] " ]

l’rmin =l (I_H'e‘u

or

where 1 takes the values 0, |, 2 etc. and ¥, as
heretofore, denotes the logarithmic decrement
of the attenuation.

Although these equations are of a similar type
to those for R. = 0, the previously used method
of calculation cannot be applied here, since
here H is also a function of the variable C,
considered as independent.
iy min
dC
pression arc tan f (C) = F (C), from which it is
possible to calculate the value of C only by
approximation.

We will therefore apply the following line of
thought (see fig. 6).

If we try to make the successive values i, i’
etc. differ from each other as little as possible,
we also find that the difference between the
successive values

oo (1 —=H)y ol —=a—<H),. .. ete.

:‘J
:76__\-—'—_1

The differentation =0 leads to an ex-

—

l:ro-n

__._.-.t

Fig. 6,




becomes as small as possible. This takes place
the closer the value of the expression

I'-' "r 0 H il
] . =Y =i

i e "-H

approaches | and the closer { approaches zero.

With given R, R, L, R, and n and a variable

C, however, ¢ can only reach a certain mi-

s
v

nimum which we will find whend equals zero

C
&9 . dy
and dC: 18 greater than zero. From ic e ob-
tain the following two values for C,

C=\landc=£

3
r?

(where r* = R. « + R,« + R, R)), both of which

l)

c? = 0. The first value

is of no consequence for our further investiga-
tions, as it merely denotes that with an infini-
tely great capacity the attenuation equals zero.

With the second value we find that =2 .« ; and

satisfy the requirement d

l'_'E R, + Rc 2 — lr lll'ﬂ' — arc tan R: |I

H:r o« + R.

The frequency v coinciding with this value
for the capacity is

@T-r

) 2aL (e + R)’

Vv

For R. =0, we obtain from these equations
as special cases the cases previously calculated
by us. With an increasing R., 7 also increases.
If R. finally reaches a value depassing every
given finite value, ¥ as well increases beyond
all bounds.

We will now investigate if, by means of sui-
table assumptions, it will not be possible to
produce a case which will permit a relay, after
once having operated its armature, to release
the same and after attracting it again to hold it
until the operating circuit is broken.

The present line of thought resembles the
former one. According to our assumption we
again find that
ho=q- iy and i, m =

Ir min,

i)r:p.

from which we find that

p-g— 1

— i

e H: 20

and e~

After eliminating H from these two equations
we obtain

In contrast to the previously obtained results,
according to which — after having chosen p and
g—s and 4 were unequivocally determined,
here the choice between the two quantities s
and  is still open. Not having fixed the value
for R., we have one more degree of liberty
than previously. This is apparent also from the
following discussions. When we made R. =0,
the first minimum value for the time current
curve, i. e. in origin for the i,— ¢ graph, was
determined. Thus if also another value for
i, min 18 fixed, ¥ is thereby unequivocally deter-
mined. On the other hand, if we determine
that p- g, * i, mia is equal to i, . for R. > 0 accord-
ing to previous assumptions, thereby determining
a minimum value for the curve, we will find
that — since, as already mentioned, there now
appears no i, min - value in origin - the choice
is free for some other value for i, min.

" : r
= & is now calculated from 94 =2+ -.
i s ({4

This expression is inserted in the equations for
C and », from which we then obtain

r

_4x*L L
C_ a9 - 40 ('{"' 9
and
N (ﬂ + R,) 3 (ll + Rr)

L(9+ 42%)  L(%+ 40)
With due consideration for the cost as well
as for the good functioning of the relay, we will

make the following assumptions with respect
to C, » and [,

C—4-107°F, v=20, L = .004 R,

The following five conditional equations are
then obtained for the six unknown quantities {,
R, R, «, p-q and s,

20 i \‘.’ (l‘ + Rr)
004 R.(9* + 40) ’
s.10-6_ 16 R,
atyr
B 025 €9 — R, e
R{ Rr+ 114 !
g -y SPa 1D

p-gls—1)’



r
arc tan
" r

p-g—1 o “\_ R, + R.
<%

~ e
P-q Y «+ R

We can give one of these unknown quantities
an arbitrary value, after which the other five
may be calculated. What interests us most is
whether an increased value of R. will simplify
the problem of obtaining a relay which will again
release its armature efter a first operating of
the same. We have a feeling that the condi-
tions will merely be increasedly unfavorable,
since for R. =0 we obtain an increase in the
logarithmic decrement of the attenuation. This
is verified by calculation. We obtain as follows

B9

for R. =0 i p-

122
and for R.=1008: p-¢q = %

Thus for increasing R., the value of p-g ap-
proaches closer and closer to 1.

All that now remains is to show how the
time current curve varies for different values

of C.

In order to determine this, we will take equa-
tion (17), which can also be written under the
following form,

L

=+ VR FaiRg a1
in which the signs of unequality and of equality,
read from top to bottom, hold good for the
aperiodic, periodic and boundary cases respec-
tively. From the derivation of equation (17),
however, we also obtain other values, namely

c.[.‘.///( ; éic’oﬁdm

i L
C= @ — VR, + «)(R.+ )
Thus, the time current curve follows the pe-
riodic case if we have

L

le + V(R, + I_() -(Rcﬁ)]"' <C
L

le — VR, + o) (R.+ w))*

From equations (17 a) an (17 b) it follows that
there are two boundary cases, one upper and
one lower. Within these boundary curves, the
current in the relay progresses periodically;
beyond them it progresses aperiodically (see
fig. 7).

In the boundary cases the frequency is zero.
It is not difficult to comprehend, therefore, that
for a certain value for C, » will reach a maxi-
mum. The differentiation of w, with respect to
C gives the following value for C, after the
expression has been made equal to zero,

c L
e T @t e+ R) (e + R

.. (17b)

After a comparison with the capacites for the
upper and lower boundary curves C, and C,,
we obtain the following relation between the
three values,

C e = 2 Co: Cu

Coa+Cy”

which means that the value of C, for which »
is a maximum, is the double harmonic mean
value between C, and C,. Furthermore, we will
readily find that the value of C, for which # is
a minimum, is the geometrical mean value ke-
tween C, and C,,,

C-'i min — l(:o' ‘ Cr* .

The highest obtainable frequency for
Cymax 1s then

ymax =

« /R, + «
- \ R( 4+ -

Time current curves for release.

When a certain time has elapsed after the
moment when the relay operates, the in-
tensity of the current in the relay winding

has reached a value i, and the condenser

has a charge i;,. If we assume that the



voltage between the terminals becomes zero,
the charge of the condenser will be equalized
over the relay and the resistance, and also the
current which arises in the relay as a result of
the disappearance of the magnetic field will flow
out through the resistance n and the condenser.
According to Kirchhoff's both laws, therefore

i =i, + i,
, di,
I,R,-I-Ldf + in-n=0,

iR = fedt — in-n = 0.

|
cl

In the last equation, the current is to be again
replaced by the charge and also i, is to be ex-
pressed in i, and i. Two simultaneous differ-
ential equations of the following form are then
obtained,

di, diy, g
Ld’ _-ndf +("+Rr)fr—0|
i 1
(Rc"r'n)j:*—ni, + C i, = 0.
-— ¥ Sostend-of T

” dt

000 > the first equation, we

insert the value obtain-

Rr L ed from the second, we

‘.__MMN,‘A obtain a relation be-
—_— t‘.ﬁ, g 5

‘ F tween ', i, and i;. In

—'Fw— addition to this new

c Re equation, however, the

e second of the above

® 11 Fig. &, two equations must also

still be valid. The two
differential equations thus obtained are of a si-
milar type to (8) and (9), the only difference
being that the constants have other values. We
obtain

d.l"k N | 3 n -
d TPCR+n) "R+ "
and
R R,
di, . n ,n(R’+Rr+ n .)__O
aticr+nt " LRF

The solution with respect to i and i, is carried
out in the same way as before so as to obtain
the following (disregarding the intermediate
calculation),

Cy - Al T q‘,A._, -1 Cs

— :‘41 + 'f'u‘, N ;
— e et €
0, — b, o, — 1,

ir
and

D,

o — A+ PA) 1
iy= o, — fb,e

D,

& (A, +PAD 1
f!l, - q:?

in which
1 n n

A= C(R. +n) B, = Ryn = LC(R. +n)’
)

n(R,+Rc+R' <
n

B:= “—fi&+n

and
B, -4 /[B;— A,\* B,
Shr 22142 l \’I( 24, ) A

The constants ¢, and c., again, are determined
by the original conditions. If r seconds have
elapsed from the beginning of the make to the
beginning of the break, the current intensity in
the relay winding will have reached a value
ir, and the condenser charge a value iy,. Then,
for t =0

=i+ q’; P
¢ =iy + Dyi,,.

If we insert these constants, we obtain

_in+ Dyin, - A +P, A) -1
le= h, — i,
i+ D0, —(AGP A
e
d')! — fﬂ,

or, written in another form
AI*B,’[(A B) 24

= g i alley — -ci T w

=1 : l - > = i 31nh2-l+

4+t cosh"z"-:} .. (18)

Should + be so large, as to permit — with a
sufficiently good approximation of its being
written

. . K
= i =

R,+Rr+R'R"

n

then one may also write
iii—= R, Ci..

from which we obtain



_A+B

h=loe 2 TAF{A'_B?*ZA’R'Csinh“’-H
w 2

+ cosh ‘; t} ..(18a)
The radical w is then

w = V(B, — A, — 44, B,

As with attraction, three different cases may
here be distinguished according to whether

4A, B,=(B,— A,)".

By inserting the corresponding values we obtain
for C equations similar to the previous ones,

- L

“(n+Vin+R) (n+ R’

ancl

L

C:.E'-_ —_————
(n—V¥(n+ R) (n + R.))’

Instead of the quantity ¢ we here have only
n, corresponding to R, = ¢ and consequently
a break in the battery feed. Since n is greater

(18 a) — the current changes direction in certain
points. The times when this reversing of the
direction of the current takes place are obtained
by making equation (18 a) = 0 for the periodic
case

! 2 l"’FI

(= st g S A R.C

Wy

S 3 mli).

This reversal in the direction of the current
enables us to obtain a sure release of the ar-
mature for relays in which the value of the
intensity of the releasing current iy is small and
in which the load on the armature from the
contact springs and the adjusting spring is more
or less insignificant,

From the hysterisis curve we obtain the number
of ampere turns required to make the remanent
magnetic field disappear. If N is the number
of turns in the relay, in order to obtain this, we
choose i, min so that

AW:N'irmin

where i, mi» 1s the first minimum releasing value
for the current time curve. This minimum
value appears to be negative. which may
also be confirmed by calculation. After
the first minimum value has been passed,
the curve rises to a maximum value, only
to descend again to a minimum value etc.
Thus the current oscillates about a zero
value. We have already located the points
where the current passes zero; we will

than ¢, the C values obtained for the boundary
cases lie further appart than the C values for
attraction. The periodic zone for release, there-
fore, is much greater than for operation (see
fig. 9).

Such a result was to be predicted, since the
constants A,, A,, B, and B, are identical with
the previous constants A, A., B, and B, for
R, = o.

Just as for operation, the current time equa-
tion (18 a) obtains different forms depending
on whether the course of the current follows
the aperiodic, periodic or boundary condition.

In the periodic case - when the circular
functions replace sinh and cosh in the equation

now attempt to fix the maximum and mi-
The times at which these
values appear are obtained as before by

nimum values.

writting ::;r =0

(Bg + AgRyO - W

b A+ BIARC A B — A B ™)
We find again -~ when these f values are insert-
ed in i;' — that i, is a minimum for all even

m values including zero, and a maximum value,
on the other hand, for all odd m values. The

equations in question obtain the following form

—
e "'H.

Iy min = Iy

'I’ max i
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where ;i passes through the values 0, I, 2 etc.

ﬂl’!d

A:'Bs

e tan P \ n|CR(nR,+7")-L(R, n)]

1 L(n-l-r)
(nR,+r?) V4n*CL — (CG/* — L)’
Cr”'(nR +7r)—L@2n*—R,n+1?) "

In the last two equations r' = nR, + nR. +
R, R., analogously with the previously used
abbreviation r. The logarithmic decrement
of the attenuation is obtained from the equation

. "+ L
Y4n:CL —(Cr* = L)*

With the same trend of thought as before we
obtain here also a value for C for which ¢ is a

.. L
minimum. Here C= R and

'
T

:’mi“ — 2 Py e S
n

r

; : i .r
It is easily proved that - and that conse-

quently, the attenuation during the release is
less than during operation, for the same values
of R, R, R. and n.

For R. = 0, the form for 7 is similar to the

. . R,
one previously obtained, namely 4 = 2 r\/ =

while, on the other hand, H does not equal I,
as was the case during operation. Neither could
this be the case, for then the first minimum
value would coincide with ¢ = 0 and be equal
to —i,.; however, this would mean that in the
moment of breaking the circuit, the current
would suddenly change direction from + i, to
The coefficient of direction tan ¥’ of
in the moment when the circuit is

di,
a Ve

— Ip 0.

the curve

broken is obtained if we make =0 in

then find that

~ K-c[2R,n + R(R, + n)]
(c+ R)R.L(n + R.)

tan ¥ =

from which it is apparent that the curve drops

from i, .. to lesser values. For R.=0, we find
thet tan i =— o 21, at which inclinati
an = L I{‘ (({-I—!]"] whnic inciin on

the curve begins to drop towards zero.

Further, it would seem as if %,;, for n =
would equal zero. This is not the case, however,
d 9
— 0 and that
' dC
consequently there exists no value for C, for
which # is a minimum or maximum. The equa-
tion for 4, with n = <, is
o C(R.+ R,)

s = 2

14 CL — C*(R, + R))

for we find that for n =

and it is easily seen that J,_. is directly de-
pendent upon the magnitude of the radical ex-

pression. lf we consider the radical expression,
. — L

we find that for C— ‘”' & “c), the current
2

time curve will belong to the aperiodic, periodic
or boundary case according to whether the
uppermost, intermediate or lower sign in the
equation is valid. In this instance there is but
one aperiodic zone and one single boundary
For the smallest C values the curve al-
ready is periodic, and consequently the first
aperiodic zone and the first boundary case
disappear if no ohmic resistance is connected
in parallel with the relay.

case.

For C = 0, % equals zero, thereafter increasing

quickly in order to asymptotically approach the

L
value C = (R,+ AR

For C=0, however, ¢

2

has no maximum but in the #— C graph for
C =0 the curve indicates a point of inflexion,
which also is apparent from the calculation, for
d? &y 0

then dC=0 and 4C*

If we return to the conditional eguation

, r . . .
}) =27 we find that J increases for an in-
n

creasing R.. Consequently, we will base the
following investigations on the assumption that
R. =0, from which we obtain the smallest
possible value for .

We will now investigate which value may
be reached by i, mi» in the most advantageous

If we make i, min = — , then  since

lri

case.

for R. ~—0 and C =

in H, the expression

I8
R, n



under the radical sign equals | and ¢’ = }; R.
T n
- we find that
[} ! { ] ‘ R; \
g = e-?[l TZ‘JT”: tan ’:_ﬂ )

The frequency v, for which the general for-
mula is

_ Van*CL—[CF* LT

4:CL(n + R.)
will, if we again make L ™~ .004 R, be

o ] n /n
“'ﬂ;w4V&éwLR,

from which

If we introduce this value in 9 and arctan ¢/,
we obtain

9807
=
and
80T 1 400
— e. < (I + , arc tan 1600 —7° }

The larger we make the frequency for 9 nia,
the smaller will v become and the closer does
ir min approach the value — i, ... For v = X,
n would also equal . We have found, however,
that for n = ¢ there exists no Jui, value, for

which reason this case must be omitted.

If we make »=20, then v=10" and i, min=-
iy + 107%; with » =80 we obtain v = 175 and
ir min = —.00572 i, .

In calculating values for v, when » is greater
than 40, one must consider that ¢ is negative.
We figure with the positive ¢/, arctan ¢' and
instead of arctan (— ¢') we write 7 — arctan ¢'.

Further, from the last assumption we obtain
n=4R,C=p 10 F and
R, = 500 (2, we obtain C=2uF and n = 2000 ().
Thus, if a frequency of 80 is permitted, the
value of the current in the first minimum value
does not amount to more than .6 percent of
the negative original value i, .

9 =, and for

Further it is not difficult to see that a large
part of the condenser current flows out through
the resistance. If we should close this means

of exit and make n = X, the above-mentioned
percentage would be increased.

In order to investigate this by calculation, we
will take the foregoing equations and introduce

the values R.= 0, n=o, CR, = a and L=.004
R,. We then obtain

,_VO0lba—a® A+B,_ @
- 05-a ° w, VY.0l6 a—a*"
g V016 a—a*
a—.004 °
and the radical expression in H

2a+ .004
004

If we express a in r and introduce this value
in the other expressions, we can write, as pre-
viously,

L3P vag | 370 + 102517
e ¥ L 2N 4800417 |
v = ;
\( 14.4 + .004,°
1.6 + .004,*

For v = 20 we obtain v =1025, and for +=80
we obtain v = 6.25. In the latter case i,min=
— — .16 i,~, thus 16% as against .6% for a
finite n. For » = 80 we obtain a = 9.42- 10,
and for R, =500 () we get C=1.88 n F.

Thus we find that, when R, = 500 () and
C >~ 2u F, the first minimum value of the relay
current is increased about 27-fold if we make
n =  instead of n = 2000 ().

From the above discussion we can make the
following deduction, viz. if we want to obtain
a powerful re-operation of a relay and also be
sure that the relay will with absolute certainty
release its armature, a condenser — but no
ohmic resistance — is connected in parallel with
the relay coil.

In order to obtain an idea of the progress of
the current in relays with a low ohmic resist-
ance, we will figure a case which offers a de-
cided similarity to the connections of the selector
magnets for an OL 20 P. A. X. and which is
illustrated by the diagram in fig. 10. Exact
results are not to be expected, since the equa-
tions which we have used up till now have not
taken into consideration certain conditions, such
as the alteration of the inductance during the
release of the armature, losses etc., and are

= 178 =



based on simplified assumptions (L = .004 K,,
for instance) which are not absolutely correct
here.

R 242 Fig. 10,

We will make R, =60(), C=2u F and
n=2x. If we assume R. to be so small that
we need not give it any consideration, we can
write R.= 0. Then a = 1.2 - 107, arctan
¢ = .889- 1, r =730 and finally

v=1.28

i. e. for i,.. =400 ma, the first minimum value
i min — —.783 - 400 = — 313 ma. Consequently,
the logarithmic decrement ¥ is relatively small.
If the relay, for instance, was the rotating magnet
of a selector, which is actuated by relay Il,
another circumstance must be taken into con-
sideration.

On account of the small attenuation of the
circuit it is necessary to make the time during
which the circuit is broken sufficiently long, as
otherwise the operating current will vary between
It may happen, that the fol-
lowing connecting up of K takes place just when
the tension at the ends of the coil winding
counteracts the admitted battery tension K. If,
in addition, relay Il is a very quick working
relay in which the duration of the makes, con-
sequently, is very short, it is no longer possible
to obtain an accurate functioning of the selector.
In order to actuate relay I with greater speed,
therefore, it would be necessary to increase the
attenuation of the circuit which may be accom-
plished by increasing R, or by introducing a
resistance R. or n.

too great values.

From our latest calculations we also find that
a relay, after having released its armature, is
not likely to again attract the same unless i, .
is many times greater than i, the value of the
current intensity for operation, thereby making
the frequency sufficiently low to permit the
operating of the relay.

LM Gricsson

Furthermore, we will now investigate the
value of the tension at the ends of the relay
winding at the moment when the relay is dis-
connected from K. This tension is obtained
by means of the equation

- di,
V'=iR, +L P

At the time t=0, i, = i, . and ‘j; = tan v, for

which reason we obtain

. n(R.+R) .
V' = S i

roce

The tension at the time =0 is therefore
dependent only upon the size of the ohmic
resistance. V' =i, . - R, for R. =0, consequently
independent of n. Actually it must be so, since
at the first moment the condenser constitutes a
short circuit. We also find, however, that for
R.=~x and n =, V' will surpass all limits
and there will be danger of flashing over in the
coil. Actually, however, it is probably but a
break spark which occurs in the majority of
cases. Sparking depends not only on the ten-
sion at the relay but also on the form, material
and surface of the contacts, on the speed of
the break, on the density of the current at the
contacts and on the percentage of ions in the
air as well as on the air-pressure. A detailed
investigation of these conditions, however, does
not fall within the scope of this article.

ll. The condenser in parallel with the series
resistance.

We will carry out our calculations with the
arrangements as in fig. |l. The designations
are the same as under I, viz. L is the induct-

Ry Rr L
C Rc ”
— e
A
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ance of the relay at H, R, the ochmic resistance
of the relay, C the capacity of the relay at F,
R. the resistance of the condenser increased
with an ohmic series resistance. R, and n are
resistances free from both induction and capacity.
K is the constant tension of the battery, and
V, and V, the variable tensions of the condenser
and the relay respectively. The following con-
ditions hold good according to the diagram,

K=V, +V,
l.ﬂ+f-r=fr+fn

ViRt ndi=iR,

cl

V,=i R, +Ld"='

-n
from which, if iy again signiflies the charge
passing through the condenser up to the time ¢,
the following simultaneous differential equations
are obtained,

di, di |
Ldl+Rd + R, i, + C-u,—K.
[ R\ di, RR
AR ~RA% 4 (R + R+ R ) wif

Both of these equations are solved in the
same manner as in case |, so that — disregard-

ing the intermediate figuring — the following
expression for i, is obtained,
g DgAl = D] Au_n = __C[_ e'— :114 f!llj‘: - +
" AB, + A.B, W, —w,
R ~AEPA g

‘e
th, — b,

In the same way we obtain the expression

for i
. DB, + D:!BI e P, -—’_Al + P,A, -t +
*TAB, +AB 0w,
a®y —(A +P A
W, — 1, ‘ - (20)
In these two equations we have
| 4%
A= - L] 7 R,
C(R.+ Rc+R;R‘] CL(R0+Rc+R;R‘
R,
BI e !
R.+ R.+ KR
n

RcR,+R,[rR.,+ R..+R“HR‘)
B,= y
L(R. + R. +R =2

D= K-R, D=

(R+R +R"R) L(R + R+

K(R.+R.)
R, R)

(B, — B,
P = 2,4* —W 24, ) A
The integration constants ¢, and ¢, are deter-
mined by the original conditions. For the time
t = 0, the relay current i, = 0 and also the con-
denser charge i = 0. By introducing these values
in eqguations (19) and (20), the expressions for
¢, and ¢, are obtained. The equation for i, is
then as follows,

o, + CR,(1+ %)

- K Ilﬂ i — A+ DA,
d R,R,' b, — b, o
n

R, + R.+

R,
®, + CR[1 4+ b,/
b ( "’}e_ A+, A, 'J} - (19a)

I'III - f.’JL,

If, on the other hand, the hyperbolic functions
are introduced, the equation may be written
as follows,

A8,
D KRRII_' e 2 'x
R+ R+~ |
r [ R, )
AI_BQ—ZA!RﬂC\1+n) o w 1(1%)
*sinh_, * t+cosh, - ¢
L = 2 2

The constants A,, B,, A., and B, are identical
with the corresponding constants obtained under
I in the equation for the curve of operation.
Furthermore, since here also

w=\V(B,—A) —4 A B,
the equations (17 a) and (17 b) are valid here
too, these equations determining whether the
course of the current in the relay is periodic,
aperiodic or on the boundary of aperiodicity.
Also, the logarithmic decrement as well as the
frequency remain unchanged when C and K.
are connected in parallel with the series resist-
ance instead of in parallel with the relay wind-
ing. We will find, however, that the magnitude
of i, between the values zero and ~, is influ-
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This is
LT X

2%
this being the only quantity which is different

enced by this change (see fig. 12).

apparent already from the factor for sin

l—

_...._-,t
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in the two equations for i,. If the difference
between equations (l6¢c) and (I9b) is deve-
loped, the latter for the periodic case, and if we
designate this difference with .7i;, we obtain
the following

= A' + B, o f
Jir=K il 2 X
24,C(R+ R+ & R}
X ; 'vsin ' -t
v, (Rt R4 ReRe) 72
L} " f
or simplified,
A: T Bl
J:’,=2K—‘A’C-¢- Z “fm.)
W, 2

From this we find that the difference between
the two currents consists of a damped sine
oscillation. From that moment when the circuit
is closed, for an increasing ¢ the difference will
be increased up to a maximum value. The
calculation aims to obtain maximum and mi-

: d*.1i, G
nimum values of .7i, From d!; we find that
the first maximum, when

2/ 2 \
t= arc tan .-+ m- 1},
Wyl o f

occurs when m = 0. The following is then true,

b 2T
arc tan

Sirmaz =K-e 27 ? x
2 2¢C 2
V4e?LC —(Cr — L) Va4 + &
in which, again, r* = R« + R.¢« + R, R..
Mti;max becomes greater for a decreasing .
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Consequently, the greatest difference is obtained

" and C=". Then

({3

if we make =21

] 2T
- arc tan y

2 2a
'-}’.lle:K'e 21

P V4t 4+ 9
and, if we make R. =0,
-—‘ Rr wrc tan "_ |

’ " VR(«+R)
This occurence means that the operating lag is
much shorter when the condenser is connected
in parallel with R, instead of with R,, since
the current reaches its value for operating earlier.
Already from the point of origin of the i, —¢
graph, i, makes a more precipitate rise in case

di,

Sivmax = K- &

Il than in case I. This appears from di for
t =0, which — in case Il — gives

g e K(R. + Rn]_' [

MY LR« +R)

Since, in this equation, only the numerator
is greater than in case I, tan ¥" must also be
greater. The two angles of inclination differ
from each other all the more, the smaller R, is.
This is explained by the fact that, depending
on the magnitude of R., in case | R, will be
shunted during the first moment, while in case
Il it will be R., so that — if specially R. equals
zero — the relay, at the moment it is connected
in circuit, is short circuited or obtains the full
voltage K respectively.

If, instead of resistance R,, we imagine a
relay Il with the same ohmic resistance as our
first relay in case |, according to what has just
been stated we must expect a shorter operating
lag for relay | than for relay I, in spite of the
fact that the previously derived equations cannot
be applied. This is a convenient way of obtain-
ing a large difference between the operating
lags for equally adjusted relays.

For this connecting arrangement we will also
investigate whether the relay, once it has operated,
can again release its armature, i. e. whether j,
can drop below the releasing value i,. The
calculation is carried out in the same manner
as previously and shows if we immediately

make C = f'. for which # reaches its smallest

value — that minimum and maximum are given
by the following equations,

2 TRL =



| _:' " \
Iy min = fr tl e 2 5 H‘
and
'.!mnx: ir x l] +¢_"'" . H‘i

@ \

r
and where # succesively takes the values 0, 1,
2 etc. If we assume if = P irmins, G if = iror

respectively, in which

« Re + Reo

P+ R;’(l + Rrr
Ryg—v« - i

rr ot

r
— —arc tan
“©

H=e

and the second minimum value 7, mia” =

also, in order to obtain the lowest possible mi-
nimum, R. = 0, we obtain

f " arc tan
9=2x \’j R 3 = ‘2“[ IE'
14 3

@

) R, .« + R.,:(I + R'l-
% \ « \ ) n

" R, R .a +
If we now select L “~.004 R, and v = 40, then

L,-" R, ~| and 4 =2 .
«

If now R,=20 R,, we obtain the wvalues
e'.&
H=|2.2andp-q:¢__,5__lz.2:2.||. For a 400

ohm relay which attracts at 12 ma. and whose
i, is 16 ma., we obtain the following wvalues,

=16 H, C=10-10°%F; n =420 0,
R, =80002; K=216V; i min=17.6 ma.

The voltage is rather high and cannot be
tolerated for low tension installations: i, min will
differ but slightly from i; and since the duration
of one half cycle is not more than 12.5 millisec.
it will fall but slightly below i. Also, the con-
denser is quite large. In order to reduce the
voltage it would be necessary to reduce R,, which,
on the other hand, would increase C. A re-
duction of the attenuation, again, would bring
about an increase of the frequency and, conse-
quently, a further shortening of the half cycle.
If we assume R, to be smaller than 20 R, —
say R, =10 R, — then p- ¢ will not be more
than 1.22. For this reason it is not necessary
here either, under normal conditions, to consider
the possibility of the relay again releasing its
armature after having operated or that — even

— 182
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for a very short time — it will make an unre-
liable contact.

We will now investigate the appearance of
the operating time current curve for R, = .
The discharged condenser with its resistance
R. then lies ahead of the relay with the shunt
When the circuit is closed, the
condenser is charged via R, and n, thereby per-
mitting the relay to operate its armature for a
short time on condition, however, that the in-
tensity of the current is sufficiently high. If
the condenser should again be discharged, this
procedurc might be repeated any number of
times. A practical example of this is shown
in fig. 13, in which are shown the arrangements
made by Ericsson’s Vienna subsidiary
at the Wiener-Neustadt, Leoben and
Gastein toll exchanges for indicating
calls by means of long signals. Se-
veral exchanges which call each other
by means of different A. C. signals
are connected in parallel on the same
toll line. The toll exchange is called only when
a long signal is given. The connections indicated
by means of dotted lines are made, after which
the connection between the terminals R and N
is broken.

resistance n.

For each calling signal over the
line a 1500-ohm choking relay energizes and
connects up a 300-ohm relay. Between the 300-
ohm winding and the core of the coil there is
a damping winding (2 ohms) which is connected
in circuit at the energizing of the relay and
which prevents the releasing of the armature
during the conversation. This relay brings about
(by means of an alternating contact) the discharge
of a 4 n F condenser over a resistance of .3
megohms or — in rest position
the 500-ochm relay respectively. When this relay
makes contact g, it remains in this position until
the 500-ohm relay on the c-conductor energizes
on the introduction of the plug. The condenser,
which meanwhile has been completely discharg-
ed, is again charged via the 500-ohm relay. Its
de-energizing is thereby retarded, it is true, but
this is of no consequence, since the relay has
only to connect up the calling lamp.
Mathematically, the progress of the discharging
and charging of the condenser is as follows.
Considering that in this case R, = - andn= ;
also, that R. is very small in relation to the
other resistances, so that one may

charging over

with suf-
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ficient accuracy — make R.= 0, the constants
A,, B, etc. obtain the following values,

! R p.—0.D,-

K
CL: B::I: B-_;—'L

A, =0, A, T

If we insert these values in equations (19) and
(20) and determine the constants for the original
condition when the time ¢t = 0 and also i, and
i, equal zero, we obtain ¢, = ¢, = K- C, from
which, after simplifying the equation, we obtain
. 2KCA AtB,  w
h=——"7<""e8 2 -sinh - -¢.
w 2
Here, again w =V (B, — A,))" —4 A, B,. Fur-
D,B, + D, B, y
AB. + A.B, = K- C, this ex-
pression may be removed from the three terms
in the equation for iy, from which we find that
the charge of the condenser at the time t =
reaches the value K- C.
When a calling signal is given over the toll
line, C is short circuited over the ohmic resist-
ance ¢ (.3 megohms), during the entire duration

thermore, since

of the calling signal, and the condenser is dis-
charged.
¢ seconds, the charging of the condenser

when this latter is connected up to the relay

— is no longer zero, as in the original condition,
1

hutK-C-e_?C

If the duration of the calling signal is

= I
In the equation for the

Fig. 13.

relay current, therefore, instead of K- C we
i

{ . = §
inset K- C'1 —e ¢°C | sothatthe equation
obtains the following form,
; 1 : A +B,
2A, — T\ T,
ir=—"K-Cll—e €C )-e 2 -sinh" - 1.
w 2

After inserting the values of the constants we
obtain
1

. I 'e_{J-C" —R'-r
i=2K-\C e 2L x
VR, C— 4L
; /R,*C— 4L
XS!HI‘I\ AL:C

Since in our special case 4 L is greater than
CR.*, we here have the periodic case. For
w .
- t with

2

this reason we will here replace sinh

. W 2 .
sin 2' -t. If we again seek the maximum and

minimum values for the functions thus obtained,
we will find that the first-mentioned occur when
in the equation

I = 2 [arc tan '+m- :)
w

\ 4

m becomes equal to 0, 2, 4 etc. and that i, be-
comes a minimum when m equals I, 3, 5 etc.
The first maximum value
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A, / el Sk Bl Du to prevent sparking at the break point.
bomax = wl‘ ‘K- C'_ l—e ¢-C ) ce 21 * Va4 9° R, is here replaced by a contact and
' ' ' n is assumed to be inifinitely great.
must then in order to prevent the operation The constants are then

of the relay — not exeed the value of the in-
tensity of current i, for operation.

If we insert the values which were applied in
the case for practical demonstration purposes,
viz. R,=500 0;: L =2 H; C=4-10" F,
K=24V; 0=.3-10°2; then

9 = 2 «-.378, arc tan 2: = 1.22 and therefore

/ 1
— o

irmex=2111 —e 1.2

in which i, max is expressed in ma. Since i,

15 ma., 15 must be smaller than

I -

1.2

amounts to

21 - —e |, or r = 1.04 sec. If the call-
ing signal lasts longer than 1.04 sec., the relay
will consequently energize and light a calling
indicator lamp.

From the general equation for i, we also
arrive at the conclusion that i, is dependent on
the time constant ¢ C. The larger ¢ becomes,
the smaller is i, for an equal time of discharge
r. Thus, by varying o, we have the possi-
bility of immediately varying . For a twice
as large ¢ we obtain the same i, max, if 7 also
is twice as large. A change in C means that
also the other terms in the equation for i, max un-
dergo a change, for which reason the influence
of C is not visible at a glance. However, the
calculations show — as could be expected —
that a greater i, .« corresponds to a greater
C under the assumption that the other quanti-
ties remain unchanged.

Lastly we will make an investigation of an-
other connection, as show in fig. 14. This con-
nection may be considered as a special case
under Il and is often used in applied low tension
electricity, when a reversal of the current in
the relay winding is desired in order to make
sure of a certain release of the armature or

Re.

A= cgiA:=0; B,=0; B.= D =0
and D, = f. from which it follows that
D: A: ‘—_Ql_Az . K d _DlBr + D:Bl s ff)
B.A, + BA, R " B,A, +BA,

Since at the time t =0, also i, equals zero,
while the condenser has a certain charge i, the
integration constants are

= ﬁrm| _ik' and Cy =— ﬁ

r

(.”._, i ftr_

After inserting these values in equation (19),
the intensity of the current in the relay winding
is obtained as follows

i, = K Il —e
*=R, |

The current time curve of the relay will there-
fore progress as if the relay was connected
direct to the terminal voltage K.

The condenser charge diminishes from the
moment the contact is closed. If the above
values are inserted in equation (20), the momen-
tary charge is obtained as follows,

1
= iy e CRc

If we now break the contact, the condenser
is charged via R, and R.. The constants will
then have the following values,

R

L

.

0A—= ' . p_1. p_R+R
Al '0°A2_ C_L'Bl_‘- - SEae L v
K
Dl=0; DA_;: L -

From this is further obtained, however,
D.,A;, — DA, DB, + D,B, _ .-
AB,+ 4B " 45528 ~KC

In order to find the integration constants we

will return to the original conditions. If t =0,
i, has a certain value i/ which — on condition

L .
R for the relay is small
and the time {, during which the relay was in cir-
cuit, is sufficiently long — may be assumed equal

that the time constant

to If we take this assumption as the basis

K
R,
for the calculation, we obtain the following
equation for the relay current,



K _ Rr2+LR: 1 |R,'—R¢ )
L-w 2

= R,e
in which w= V_ 2 L
= 1/ (R,+R.) —4C

L

The tension V' at the moment of closing
the circuit is given by the equation

ff._'. dir
V'=i, R, + Ld'! =

If we insert the values for i, and ji'. we ob-

4
Vi=—i . (R—R,).

It follows from this equation that, when R, is
made equal to R, the tension at the ends of
the relay winding is zero at the moment the
connection is broken. As previously shown,
this condition cannot be obtained when the
condenser is connected in parallel with the relay.
The lowest tension which could then be obtained
for n = ~, was K.

From equation (21) it follows that the current
passes through zero when

y— 2 iy V4CL— C*(R,+R.)*
W C(R.—R,) )

If we compare the values for ¢, which were
obtained during the releasing movement - - when
the condenser was in parallel with the relay
for the zero wvalues in the time current curve,
with those now obtained we find that f is
always greater than {'. If we assume that part
of the curve which lies between ¢t =0 and ¢
and ' respectively to be a straight line, we
can say that
in parallel with the make contact — the time
of release is greater than when the condenser
is in parallel with the relay.

tain

- when the condenser is connected

Conclusion.

We have found that with connections accord-
ing to cases | and lI, the intensity of current in
the periodic current time curve for standard
Ericsson relays can never assume values which,
for any length of time, fall below the value of
the current intensity for release so as to cause
the release of the relay armature. The actually
occuring maximum and minimum values deviate

CONTENTS:

sinh" - 1‘+cosh‘;- e‘! (21)

The Electrie Interlocking Flant at the Passenger Station in Revel

still less from the final value than what has

appeared from the calculation, since no

consideration for the losses has been taken

in this latter. Neither has any consideration

been given the fact that the induction pre-

vious to the beginning of the armature
movement is smaller than when the armature is
attracted. This change in the inductance takes
place during the operating and releasing lags
and is responsible — according to oscillographic
photographs — for the more or less pronounced
hump in the rising as well as in the falling
branch. For this reason the higher values for
L have always been used in the calculations.
In general, the calculations give a clear concep-
tion and represent the most unfavourable possi-
bilities in respect to release after the operating
movement and attraction after the releasing
movement. Also the results obtained for the
special case with the indicating of calling signals
by means of a long signal coincide very well
with the actual conditions.

The calculations for the selector magnet are
not in exact accord with the connection in the
Ericsson P. A. X. switchboards, this connection
not being completely broken in the last selector,
but remaining connected to K over a 1500 ohm
relay so that the current does not oscillate about

volts
zero but about a value

1560
conditions during quick operation become much
more favourable with respect to the losses.

Furthermore, the results obtained are important
in that, at the break moment, the tension at
the ends of the relay winding is uninfluenced
by the inductance of the relay and influenced
by the ohmic resistance only. The tension can
be zero only in the one case, when the con-
denser is in parallel with the make contact and
the value for R. is chosen suitably large.

Lastly, I wish to extend my warmest thanks
to Mr. Tschepper, of the Austrian Ministry for
Comerce and Communications in Vienna, for
his friendly assistance in the oscillographic in-
vestigations, and to the Ericsson works in Vi-
enna for the material placed at my disposal as
well as for the diagram in fig. 13.

ma., whereby the

Tallin). Esthonia. - Noew

Swedish Carrier Current Felephone and Telegraph Systems on Telephone Lines, The Influence of Condensers on

the Functioning of Relays with Respect to the Periodie Case.

— 85 —



CONTENTS.
192 9

Fire Protection. No.  Page.
The Value of the Automatic Fire Alarm ... 7to9 99
Historical.
Activities of Max Sieveris Fabriks A:-Bi saanmasasanusnmnassmanismainsss |l to 3 5
Develocpments in the Manufacture of Lead Sheathed Cable by Max Sieverts
Fabriks Akticholag at Sundbyberg, Sweden, from 1910 to 1928 ............ lte3 10
Electrotechnical Propaganda Courses in Sweden 1925 to 1927 ................. lto3 28
The Patent Conlroversy .......ooooiiim e |l to 3 16
Operation.
Comparison between Manual and Automatic Telephone Serviee ............... 709 9]

Plant Construction.
High Tension.
High Tension Condenser for Compensating Reactive Effect in Alternating

Current Nels o niai s samseass lto3 18
Low Tension.
Electrolysis in Undérground €ables ...vamummmmnimaveniindivionsyi e 4t06 41
IIOL COTILL ocnennerbnns crmrrrossssnsonemenntesmm e ssssssmsmesees e swsssassssss vaesessssossseses 7to9 107
New Swedish Carrier Current Telephone and Telegraph Systems on Tele-
PhOne: ERES s s s e e i v S S SR e 10to 12 145

Railway Signalling.
Electric Interlocking Plant at the Passenger Station in Revel (Tallinn) ... 10to 12 136
Ericssen Interlocking and Railway Signalling Equipment at the Barcelona
Exhibition: 1029 .. . it s b mth e B st s et R s St e Rt s e R s 406 77
New Interlocking Plants in Linkoeping and Mjoelby ... 4tob 6]

Shop Practice.

Time Recording as an Aid in Estimating Cost of Production .................. 7t09 89
Telephony.
Automatic Telephony.
The Continued Automatizalion of the Stockholm Telephone Net ............... 4t06 34
Calculation of the Required Number of Switches with Consideration for
the Value of the Subscriber’s Time .....ccoivcamiminms smsimivais s lto3 3I

Description of Telephone Exchanges.

The Lemberg (Poland) Telephone Exchange ........oooooiviiiiiiiiiii. lto3 26

Modern Maniial EXCRanEes: . ocosininmime dsasamnisagamsrimams lto3 22
Theoretical.

Induction in a Systeénm: of Pirallel Lifes: . ..cocmmamnmmmnmvasnsssssmimns 7t09 B0

The influence of Condensers on the Functioning of Relays wilh Respect
Lo LHe  Periothic CmSe oo ettt et et e e e e e e s s e eesra e e eaens 10to 12 163

Kurtl Limdberg. Boktruckeriokticholoag. Stockholm 1930,



