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Organized Service for Information as to Subscribers’” Numbers
in Large Telephone Exchanges.

By A. Lignell, Superintendent of Telephones in Stockholm.

Ever}‘ large telephone exchange requires a spe-
cial information bureau, the chief purpose
of which should be to provide patrons with in-
formation as to the numbers of those subsecribers
whose subscriptions have been entered since the
issuing of the last edition of the telephone di-
rectory.

For information as to the changes in the num-
bers of old subseribers which take place after
the issuing of the telephone directory, for in-
fermation concerning subseriptions which have
expired and ’phones which have been disconnect-
ed, and concerning reference indications and the
like of a more temporary nature, arrangements
must be provided of another, generally more
simple, nature than the information bureau
service will permit.

In the following will be given a brief descrip-
tion of the arrangements which have been pro-
vided in Stockholm for giving telephone patrons
satisfactory information service in the above-
mentioned respects.

These arrangements comprise

1. Centralized switchboard for changed num-
bers (used for the remaining manual ex-
changes; will be discarded together with the
last manual exchange).

2. Information and changed-number switch-
boards, one at each automatic exchange (ar-
ranged in conjunction with the junction
boards for toll calls).

3. Information bureau (centralized).

4. Special service bureau (centralized).

The centralized switchboard for changed
subscribers’ numbers.

Information is given over this board as to
changes in the numbers of subscribers with

manual service, occasioned by the removal of

the subscriber to another exchange area or from
some other cause. These changes are very nu-
merous in Stockholm, depending largely upon
the large number of residence 'phones, the mov-
ing of telephones of this category being quite
naturally a more common occurence than that
of purely business 'phones. Thus, during 1928,
about 6700 subscribers’ numbers were changed,
and corresponding changes during 1929 will in
all probability be around the same number.
When such a changing of number has taken
place, the calling subscriber — who often is un-
aware of the same — must be informed as to
the new number when calling the old one. Even
though the calling subscriber may know that
the desired subscriber has moved, information
as to the new number is obtained more quickly
in this manner than through the information
bureau. The fact that every call to the old num-
Ler results in information as to the new one is
naturally highly valued by the subscriber whose
number has been changed.

For this reason the previous number of a sub-
scriber whose number has been changed is im-
mediately connected to a line from the sub-
scriber’s previous exchange, this line being com-
mon for several subscribers with changed num-
bers. This line terminates in an indicator and
answering jack in the changed-number switch-
Eoard. Or else the changed number may be in-
dicated in all the multiple fields by means of
specially coloured pegs which are introduced in
the multiple jacks of the subscriber in question
and which indicate that a change in number has
taken place. When a call is made to a number
thus indicated by a peg, the operator plugs in on
a disengaged junction line to the changed-num-
ber switchboard. The first expedient is accom-
panied by the disadvantage that simultaneous
calls to several numbers having the same com-



mon junctien line will result in the confluence
of these
bers have been given a common junction line,

-alls.  As many as ten different num-
however, without any serious trouble due to con-
fluence having cccured, but this naturally de-
pends on the call frequency to the numbers in
question. On the other hand, this method per-
mits the operators to make the necessary con-
nections without the loss of time which accom-
panies reference designations in the multiple.
No matter how the ccnnections to the changed-

at this

number board are made, the operator
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Information and Number-Change Switchboard at Automatic Exchange.
Alsp used as junction board for toll calls.
board answers a call with the words — “Which

number do you want?” On receiving the desired
information, the operator looks through her lists
made up for this purpose and tells the calling
subscriber — “The desired party has changed
number, please note the new number XXXX.”
Subscribers with changed numbers are given this
service free of charge until abeut two months
after the distribution of the of the
telephene directory, after which time it is con-

next issue
sidered safe to assign the old number to a new
subscriber. The reason for centralizing this re-
ference service is that direct references with de-
signation pegs in the multiples of large, ma-
nual exchanges are accompanied by a lot of exlra
work and cost, besides which direct reference
service in the local positions interferes with the
rest of the service. As already mentioned, how-

ever, the centralized changed-number switeh-

—— . i

Eoard in Stockholm will be eliminated together
with the last manual exchange.

II. Information and changed-number switch-
board at each local automalic exchange.

This switchboard is combined with the toll
junctien board at the automatic exchange. Here
in Sweden the method of using B-boards for
previding automatic subseribers with toll con-
nections has been adopted on account of the
many technical advantages thereby cbtained as
compared with the method of obtain-
ing a connection between the calling
subscriber and the toll operator direct
cver the automatic system. In Stock-
hclm, this latter methed is practiced
only at night, i. e. when the traffic
is very light, partly on account of the
saving in perscnnel thereby effected,
partly Lecause it is then possible for
the tcll
tedicus and inconvient method with-
cut trouble. Thus the local multiple
in the toll junction beard is used for
information purposes for the toll as
well traffic. The toll
operators obtain direct information

operators to use this more

as the local
as to number references and the like.
During night hours, when the junc-
tien board is without an operator, all
the
signations are connected to a few special lines
which are given service at the centralized in-
formation bureau.

of numbers with reference de-

Designations in the multiple are obtained by
means of vary-coloured pegs which denote as
follows,

vacant number,

line shut off for calls to subscriber,

line shut off for calls demanding a special fee.
line shut off on account of removal of subscriber,
line shut off on account of unpaid fees,
number with reference designation to other
number (this latter being engraved on the peg).

For each one hundred subscribers a line ter-
minating in a lamp and jack in the information
Within
group, vacant numbers as well as lines which

beard is provided. such a hundred

— on being called require any of the above



information are connected up to the line in
question. On a call being made the operalor at
the information board — like at the centralized
changed-number board — asks — “Which num-
ber do vou want?” After which the necessary
information is found on the peg in the mul-
tiple and given the calling subscriber.

IIl. Information bureau.

This bureau gives service to all the exchanges
within the Stockholm free service zone. From
this bureau, information is obtainable
free of charge as to the telephone
numbers of subscribers in Stockholm
or belonging to any of its suburban
exchanges and — on condition that
the desired subscriber is entered in
the latest edition of the telephone di-
rectory — the number of any sub-
scriber in the country.

As to calls to persons or firms be-
longing to exchanges other than
Stockhclm or its suburbs and not en-
tered in the latest telephone directory,
information is obtainable from the
respective junction operator at the toll
exchange, her information being ob-
tained from the exchange to the area
of which the person or firm in quest-
ion belongs. If the inquiry shows
that the desired party has a telephone
cr — should this not be the case — if messenger
service is requested, no charge is made for the
same,
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In all other cases an inquiry fee is charged
the size of which depends upon the rate per 3-
minute period for a toll call to the party in
question. The inquiry fees at the present time
are as follows:

.20 Swed. crowns for a period rate of not more than .50 cr.
.30 . " e " 5 W - - L10 .
S0, * & » - exceeding 1.10 .

In cases where a subscriber has requested
not to be entered in the telephone directory, no
information is given out by the informaticn
bureau.

Infermation as to the telephone numbers of
subscribers in foreign countries with which
Sweden has established telephone communica-

—

ticns is cobtainable from the operators at the
respective ordering positions.

Service features of the information bureau.

A manual subscriber who calls “Information”
(name call) is given a connection over an order
wire by an A-operator. An automatic subscriber
dials the digit 0 — located nearest the finger
stop —, resulting in a connection to a disengaged
operator at the name call exchange who — after
having been requested for “Information” — com-

Information Bureau.
Information operators in cenfer,
File clerks at sides.

pletes the connection. Thus, the information
bureau is connected to the name call exchange
just like any regular subscriber and has forty
lines lo this latter exchange. At the present time
the information bureau has thirty operators’
pesitions arranged along the two opposite sides
of a service desk, with fifteen positions along
each side.

In order to cut down the answering times as
much as possible, arrangements are made per-
mitting the answering of any incoming call at
any one of the thirty positions. In this man-
ner unlimitted cooperation between the operators
is possible and speaking and ringing keys for
all lines are therefore mounted in each position.
One call indicator lamp for each line is common
to two opposite positions. The lamps are placed
in two rows of twenty lamps each in the center of
the desk top. On each side of these lamps are
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mounted strips with 3-position keys. On the
glowing of a lamp in the row nearest the operator
the corresponding 3-position key is manoeuvered
towards the operator; when a lamp in the second
row glows, this key is manoeuvered away from
the operator.

Above the lamps and keys is a shelf for the
telephone directories necessary for the service.
The lamps of each row are arranged with every
other one white and every other one red, the
keys being marked in the same way with alter-
nate white and red buttons. In order to be able
to answer the calls in a certain order and thus
even out the waiting times the indicator lamps
— after having glowed steadily for about twenty
seconds — flicker at a certain speed and after
about twenty more seconds flicker at a much
higher speed. This flickering of the lamps is
obtained by means of step-by-step selectors.

When the traffic is low the lamps in the last
ten or twenty positions can be disconnected be-
sides which the busy test can be placed on the
lines in the name-call exchange in any desired
number.

Service metering is obtained each time the
speaking and ringing key is placed in speaking
position on condition that the calling relay is
energized.

Each operator’s position is provided with an
order wire to a special position called “extra file
position” at which is kept on file information
as to all the subscribers which have not yet been
recorded in the regular information files. As
soon as this information has been recorded in
all the necessary files it is removed from the
extra file.

Supervising arrangements.

The supervisor’s desk is equipped with various
devices by means of which she is able to check
up on the calls as well as on the work of the
operators.

This supervising equipment consists of the
following components.

1. One calling lamp with a white lens for each
line.

2. One lamp with a colourless lens for each
line, which lamp glows as long as the speak-
ing and ringing key for the line in question
is actuated.

3. One lamp with a green lens for each po-
sition, which lamp glows when the respect-
ive operator has no speaking and ringing
key actuated (disengaged operator).

4. One jack for each operators’ position, by
means of which the supervisor can commu-
nicate with and listen in on the respective
operator.

2. One jack for each line by means of which
the supervisor can — when necessary —
communicate with the respective sub-
scribers.

6. One key which, on being depressed, causes
those green lamps to glow which represent
occupied positions, independently of whether
the operator is engaged or not.

Thus, by means of this supervisor’s desk, it
is possible to check up on the answering time
and the time required for the establishing of a
connection: also it is easy to ascertain whether
or not the personnel is adequate at different
times.

File information.

It has been ascertained that in about seventy-
five percent of all cases the person seeking in-
formation is acquainted with the address of the
subseriber who is the subject of the inquiry.
Consequently, the information on file is arranged
not only in regular telephone directories with
interfoliated pages for complementary data but
also in a specially edited street address directory.
This card system has been found to be more
convenient and easier to use at the information
bureau than the regular telephone directory with
the subscribers’ names in alphabetical order.
This is especially the case where there are many
subseribers with the same name. In the Stock-
holm directory, for example, the name Anders-
son occupies forty-one columns and the name
Johansson thirty-one. It is but natural that it
is easier to find a subscriber belonging to such
a name category in a file arranged according to
street addresses than in the name file of the di-
rectory, especially since a large number of the
subscribers do not have — or refuse to give — a
serviceable title.

Investigations have shown that an average of
thirty seconds is required to answer a request



for information with the aid of the street address
file as against forty-six seconds with the regular
telephone directory.

The street address file is entered on loose cards
placed in special filing cases, one half on the
one side and one half on the other side of the
cperator. The subscribers are entered in this
file for each house or building, the cards being
arranged alphabetically according to the street
names and numerically according to the street
number. When information as to the number
cof a subseriber is requested and the
address is known, the information
operator seeks out the card covering
the street and number of the house
where this subscriber lives. On this
card are entered in alphabetical order
the names and telephone numbers of
all the subscribers residing in the
house in question.

The appearance of the cards — both
front and back — is shown on pages
10 and 11. Annotations as to changes
in the street address records are made
by crossing out the old entries, the
new ones being printed on gummed
paper strips and pasted on the back
of the card. In Stockholm a telephone
and address directory called “Rada
Boken” (the Red Book) is published
by private interests, and in this di-
rectory the subscribers are arranged according
to streets and street numbers in exactly the same
manner as that used by the information bureau.
In colaboration with the publisher the extensive
work of completing the records and directories
of the information bureau have been much sim-
plified, thereby bringing about a considerable
reduction in cost. Thus, the publisher of the
Red Book is daily kept informed as to alterations
and additions to the street address file and he
supplies the information bureau daily with the
gummed alteration strips which are pasted in
the files as soon as a certain piece of work has
been completed.

Thus, the type setting for the Red Book is
altered from day to day, and it is possible at
any time to obtain new and fully up-to-date file
cards to replace those that are worn out. In
addition hereto a complete, newly printed street
address directory is obtained at the beginning of
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each year, and all this without any cost what-
ever to the Telegraph Administration.

In compensation for this the publisher is given
the use of our information for the publishing
of the Red Book.

The alteration strips which refer to the first
column are pasted to the extreme left on the
back of the card, those which concern the second
column are pasted in the middle, while those
which concern the third column of the front side
are pasted to the extreme right of the back side.

Number File,

The cards may be seen at the left of the operator, on a leve! with
the top of the desk.

The crossing out of the entries on the front side
is done with vary-coloured inks, denoting can-
celled subscriptions, transported subscriptions in
connection with removals and transported sub-
scriptions not in connection with removals,
respectively. For removal only, the entry with
the old address is generally not crossed out, in
the street address file, but in the manuscript
only. Thus, if a subscriber has moved and
been given a new telephone number, the party
making an inquiry — in case he requests in-
formation under the old address of a sub-
scriber — is given the subscriber’s previous
number. On calling this number, however, he
obtains information as to the new number
from the information desk of this exchange.
Only in case a mistake is liable to occur is
the old removal.
On the reprinting of individual cards and on the

number crossed out after a

reprinting at the beginning of a new year, how-

9 —



e

Kungsgatan 57B

Guicsdo®

|

Kungsgatan 75

“"FISK®™ NAMNANROP:

BILRINGARHANS OSTERMAN

Forts.

Underbefilets Platsiormedl. ...

#»Virt Hem» Illustr. Familje-
journal Avd.kont......cceeunuers

13173

59 Berglund Maria Frk Frisir
Bjornbom Romson Mirta Jur.
kand. adv.

N 3447

A _Eale

Gezelius Ernst Adv. .......
Gransholm: Pappersbruk B W

Stare 4044 N 19230
Hammarstedt Anna Konsert-

Henning & Co FettAmnen oljor

L N 19787
Hertz & Co Manuf.v. engros... [2902
Hoigren F E Papper engr.

Hvar 8 Dags Korrespondent- o.
Annonsb:a
Jackson-Lundholm Maud Fru N 3|58
Ejell Nils Képm.......ccoruens N 20365
Lapidoth & Lindqvist AB Fett-

amnen oljor m. m. N80I9 N 9787
uarsson 0. Brattberg ........ N 18672
Le Mat-Metro-Goldwyn Film

AB .....iiiiiisisiess Vx N 32105

Eft. § em. se katalogen.
Lundbergs Fastigh. AB 1 Likvi-

dation C O v Vird.
Netzler B E H Grossh. Skom.

Niklasons Fastighetsbyrd .........

S88NZ.  seicscannecensines N 15424 0ico AB H,snd'.- [abr.f‘:a ...... ' TO65
Johnson Rune Med. dr. .. 4198 N 19173| Orthostat AB Fotv.art. ......... N23.32
Lund A‘ Jur. kand. exportor .. 14325 | Palladium Bilj.kont. .... 596] N 2396l

- Personalch. eft. 7.30 em.... N |5232
I |"_" :-' -~ AL o2 e
Sanatogen AB .............. 2|95 B—
ok R i bt B v o

RRRRR R R R EE TR EE TR 9418 N B603 Skand, Maskinaffiren AB . N 8550

= JEOBE: eeevenurasriiennsn 9201 Spegeln Redaktion 8V ............

Stare R W Repr. Gransholms
Pappersbruk Kont. .. ml[m

61 Se iiven Vasag. 44.
Ericsson Ragn. Blomst.hdi ..
Holm Frans Juveler. ........

8846
4747

63 Oscars-Teatern Eilj.kont.
N 5000 N 5044
Oscars-Teaterns Rest. AB Jenny

Nordin
Teaterkaféet Jeony Nordin |6072 N 6605

Bergvall & S6ner AB Ax. K Tri-

16072 N 6605| ¥

Sthims Allm. ﬂymumhvd
! 12I70

cmla Gymn. g«b ¥ 6802
Sv. Lacknederl. 8 A Bjorklund

Timm&ﬁcExpurt. imp. ...ooo... |4148

Ulft Tore Skeppsmakl. Kon
Vandenberghs Margarin AB ...
Vest-Svenska Dagbladet

& Fm;lﬁ;{
=2 1
67 Se dven Centr. saluh. & G.
Brog. 56.

Andersson Gust. A Kott flask

Kont. mag. .......oceemes IT0 N 7232
Brennerfelt Anna Cig.aff. ...... N 24548
Centralsaluhallen  ............... 4192
- Hallmast. ......ccoeeenee ankn 4192
- Aukt.forrittare  ............... 4197
- Komm:ar Wilh. Olsson ...... N 2247}

N 8435 N 24105

Eriksson Paul Grossh. 12819
Isbergs Sjukvirdsaffar ......... 14515
Laurin Firma I Trikéaff. ......... N 23346
Lundgren J E Kopm. ....covvne. N 6516
Mirtensson O Mcj.varor... 5099 N 4408
Nygren & Co AB Bengt ......... 8916 8917

Saluhallar Sthims Stads Lv

ka- vaddfabr. ..........cceeeneee N 20365
Bjorklund 8 A Grossh. ...... NT906
Boston Blacking Co Lag.......... 7217
Brohman Wilh. Imp.aff. syd-

frukt. chokladv. Kont. ...... 10385
Cdlegi Vykortslag. Carl Gustafs-

BODE Lsvavesioassswssnsnins N 9705
Dittmer Ernst Ing. .......... N
Dwart Co : . N|7 N28453
Fridman AB ch. bkofnbr ..... N 23232
Forlags AB Bport . 2837
l’w“tnhn ........ N 9789
Gelotte Otto Omb. . 12902
Govenins & Dahlgren Agta

Tekn. kemikalier o. textilv, N §52§
Gullstrand T Teckn. ............ N |2170

"FISK™ NAMNANROP:

BILRINGAR HANS OSTERMAN

R. B. 20 913

.................... N 17 N28453|sv.

8784 | Wersén Jac. Byggn.ing. Kont.

“"FISK®*™ NAMNANROP:

BILRINGARHANS OSTERMAN

Aggexportioreningen Nederl
5099 N 4408
1207

69 Se dven Kungsbropl. 1.
Ande.sson Emy Frk Mawv.afi. K 3547
Forenade Fruktimportirer AB

K 31905 K 33233

Hjelms Eftr, Hanna Bag. ait. E
NYBPOR. oovaaonaiviiminse K 2936
71 Bengtson Wilh:a Fru .... K328

Elektr. Svagstromsbyrin K32243 E32244

Erikson Nils Aug. td Statunsp. EKT752
Gellerstedt & Co Trav.agt .... EK5763
Hedin Folke Dir. .................. K 1831
Kilander F F Grossh......... K 1897
Lindahl Anna Fru ............... K924
Lundin & Larsson Matv.afi... KT399
Olsson Bigr. Frk ............ K 3435
Peterson Gista Bankkass. .... K 33627
Sandahl F A Elektr. svagstromas-

AN ciaeeienes K 32243 K 32244
o B i e unkn K 32244
wmﬁms Eftr. Konda In.

geb. Anderson ............ E3I518
73 Alstermark Gésta co Hovr..

APy L R P ek K 30760
Arllets.r—Boden Gust. Jonsson 56329

T906 | Fruarnas Hialpbyra ..
Hedstrom Rick. Spec
Jobhannson Knut Grossh. uti
traslag o. fanér mobeltyger
M. M. cveennrensvasnnnns

Eungsholms Eem. Tviittanst. &

= Kassakont. bitr. insp:or 492 4193

= IDSPIBE  seveeerreeeceeenineesinns 4191

Stat. Jirnvigar Tullgodsexp.

- Forfragn. ang. vagnslaster ... 16358

= Forfragn. ang. styckegods...
.............................. Jirnvigen 42|

Sv. Bandagefabriken AB........ 14515

914

— 10

FRERD  cccansinapaaneies K 34045
3528 K 32242

- Verkstww j‘«-m]m E 3528
Nordahl Elsa Frik " .%............ K 8941
Petterson Anna Maria Fru.... K522

? ; L.
i T rr— T
Thorselius Herm. Dir......... K52
Thorselius Earin Priv.spisn. ... K5535
75 Andersson Aug:a Frk .... KB
Astrea Fabr. & Handelsf:an

Firg fernissor ........-... K 32316
Ekstrém Vald. Vaktm. ...... K 33016
Henricsson Bettzy Fru ...... 70406
Huset Portv. .............. K 4482
Jansson Chr. Kamr. .............. K 32792
Eungsh. Wienerbag:i & Kond:i EKB83I5
Lundkvist Er. Ax. Faktor ...... K B380
Lundkvist Hildur Syateljé ...... K 8380
Melin Anna Simlira ........ K 3849
Oberg Frida Fru ............ K 33674
Ustberg Edvin Bag.idk. ......... K 8315

“FISK™ NAMNANROP:
BILRINGARHANS OSTERMAN

915

vike.aff. K34056-_ (3,4/

?LZ& g2



i

Kaogsg- 65
St Vattug. 7 ‘m i Haacd Porsikrings AR 5065

tipsy ”1 Errei Awusto. fro 4198 Nivzy

Kongss. 71 ]m Ebvba Fru : K 31688
Kungsg. Tl Oberx A E Jarnvgsiym. . - K3é
Rungsh.g. 46

Kungsg. 71 lu-a-mu-s--. e K 2923

Kungss. 67 Andersson AB Valfr. Grossh.(:a
Ap.b.g. 51 Kott Nask Forest. Carl Gust

tafsson ... 6751 13328

Eanges- 65 Clemens And. Grosh. .......... 5065
Su. Vattug. 7
5 Euogs. 67 Larsson L H Grossh. Kott flask
Apelli g. 1T A Koot lag. .. — [ ]
Eungx. TS Eungsh. Kem. Trattaast. &
Kungng. 73 Flargeri K 34045
R 1485 a



100 200 00 400

sbgllx

170

500 600 T00 800 B00
17000-17099

inderberg G Hornsg-39

larsson B Svedenb.g-48 17001
Forsberg B GS3derm.g-19 i

-

17004

Siklund E & PBrénok.g.14é8 17005

17006|

Sandgren L Belensd.g-8 17007

Carlsson P Ringv 108 17008

- 17008

17010

Dauletrim &4 Pristg.g-11 17011

Oberg F Hornsg-69 17012

Rosdahl B Assessorsg-9 17013

17014

17015

Pimew In- i 7,24 sioe

BjSrk O Hormsg.48 17017

Pettersson J F Gitg.75 17018

17015

17020

Svenstsrin 8 Tavastg. a7 17021

%eain & Jolk.g.58 rmul

17023

ook B 41 [itoon 3 Spoiermn. /0.3 10t

Form. 7. 4500, 5. 20

R 1480

ever, all addresses are corrected. This method
has brought about a large saving in labour at
the same time as it has not been accompanied
by any greater disadvantages.

In case the party requesting information is not
acquainted with the address of the subscriber
in question, the corrected telephone directory is
used as a handbook. this being the case also
when information concerning subscribers resid-
ing outside of Stockholm is requested.
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Card for Subscribers’ Number File.

Additions to file information.

When new subscriptions are recorded at the
telephone bureau, a copy of each directory entry
is made and these copies are sent over to the in-
formation bureau daily.
an envelope, the information which
printed on the alteration strips being under-

The copy is made on
is to be

scored in red by the information bureau.
After having been printed and gummed, the



alteration strips are cut and the re-
quired number placed in the corres-
ponding envelopes which are imme-
diately returned to the information
bureau. One copy of each strip is im-
mediately pasted in the “original” of
the street address file, i. e. the copy
of this file which serves for making
reprints of the records. The enve-
lopes, still containing the remainder
of the strips, are assorted and filed in
boxes according to street and num-
ber in anticipation of the report stat-
ing that the respective subscribers’
stations are installed and ready for
use. As soon as the connecting up of
a new subseriber has been reported
to the information bureau by the
supervisor of a certain exchange, the
corresponding envelope is taken out and pro-
vided with an annotation as to the date and the
signature of the employee, after which one of
the strips is pasted on the corresponding card
of the extra file. After the information has
been inserted in all the different files and re-
cords the envelope is returned to the extra file
for the removal of the entry there, since this
file is no longer needed.

R 1507

On a removal or other alteration in a sub-
scription, the telephone bureau also makes a
note on the envelope of all the different places
in the directory where entries concerning this
subseriber are to be found.

In the same room as the information bureau
is a special department with the name-call “Num-
ber file?. This department, to which a connec-
tion is obtained over the name-call exchange,
gives information free of charge as to who the
subseriber is for a certain telephone number in
Stockholm or its sub-exchanges.

The subscribers are filed in numerical order
on cards which contain information as to the
name and address of the subscriber as well as
his telephone number.

Additional information is inserted in this file
by means of the previously mentioned alteration
strips.

For service purposes the number file now has
four junction lines to the name-call exchange,
two operators’ positions being sufficient for the
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Special Service Bureau.

present. These positions are arranged so that
there may be unrestricted cooperation between
the operators.

The appearance of the file cards is shown in
the accompanying photographie reproduction.
The cards are placed in boxes, one half of the
number in each box.
one hundred subscribers’” numkbers, these num-
bers being placed so that the first twenty-five
are placed on the first half on the front of the
card, the next twenty-five numbers on the second
half of the same side, while the remaining fifty
numbers are distributed in the same manner
on the back side of the card.

Each card can accomodale

The numbers contained on the card are de-
noted at the top of the same, together with a
consecutive number for the card itself to facili-
tate its correct placement in the file.
are affixed to a metal sheath along their top
edge, this sheath projecting a little bevond the
edges and protecting the cards from wear. The
cards hang from the sheaths in the files, the
projecting ends of the sheaths being supported
on strips of brass. Vary-coloured cards are used
for the different series of numbers. The index
cards, of which there is one for every ten num-
ber cards, are provided with a special index tag
attached to the projecting end of the metal
sheath and denoting the name of the exchange
and the thousand ordinal.

The cards

Each card, i. e. each one hundred numbers. is
provided with a small metal tag placed at a cer-
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tain given position along the metal sheath, so
that the tag for the first hundred of a 1000
group of numbers has the tag at the extreme
left, the second hundred has the tag one step
further to the right and so forth as indicated
by the scale under the sheath. The even hund-
reds are indicated by red tags, the odd hundreds
by blue ones. Thus by providing an index tag
for every thcusand numbers, a tag of a certain
colour and with its given position along the
metal sheath for very hundred numbers — be-
sides which the different numbers always have

o
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their given place on the card — it is possible for
the operator to find the right card and there-
after the desired number with the shortest pos-
sible delay.

In order to give an idea of the work of the in-
fermation bureau for the completing and alter-
ing of the number file, the two accompanying
tables are shown. Table A gives the number of
alterations and editorial corrections caused by
new subscriptions, cancellations ete. during
1928, and table B the service given, all per
month.

TABLE A.
I | Cancelled i Changes o!] Changes ‘ !‘
Months ' Ne;r ,ul:» subscrip- | Removals Tﬂ?’w"a' snbmribets" in street | E:jmrm | Total |
i Scriptines | tions i hons numbers addresses | changes | |
| | | ‘ -
JADUATY «oeneoennneeennnannn 1,212 717 | 306 277 340 ( 246 192 ‘ 3.290 (
Februmry: sovicesmmivaivnasss 819 236 219 138 30 | 22 320 | 1.784
March :«ovimasmrmaisay e 809 261 439 290 29 | 152 | 358 | ‘ 2338 ‘
APEIL. mvmsssmemnussarsnmme 1,047 1,059 () 305 110 — | 54 || 3.950 |
MAY - oeneee e 668 251 313 193 62 | 57 | 504 2,048
JUDE .t 591 619 402 158 26 — | 390 || 2.186
T T 619 1,039 449 240 116 = 411 || 2,874
ARGUSt: s T n e R 17 167 355 201 | 37 19 | 590 | 2,086
| SEPLEmbBEr .. ovommmswmeiasaes] 1,171 635 1,978 266 | 44 | 15 773 i 4, 882 |
October® - ..ovvniinninnenn.. 3,497 2,244 5.989 851 48 | 9281 2461 15,354
November . ................... 1,481 396 404 336 794 19 2126 5,556
December: :uossmmins s 859 | 982 | 311 149 | 100 | 83 162 | 1,937
Total | 13481 | 7906 | 11940 | 3404 | 1736 | 874 | sou | 483%
. * Month during which most removals take place. -
TABLE B.
I - lu“fortuatiou Bureau I .-h.l;;ul-:-erfite ‘ _
b f 11 | S 1
Month Hamisy & Set I Total number i Number numtl:::' :;iiau,
from 7to 23 o‘clock|from 23 to ?o‘clock| ot calls i of culls
. ’ i ! : ' |
Jannnry: s TR 298,290 1.349 | 299,639 | 43208 | 342847 |
Pobrapay i i sossaias snm oot 221,022 996 | 222018 | 40,449 262,467
MATCR « 7e e e 218,964 963 | 219927 | 42458 262,385
APEIl oo e 224,049 1,002 225,051 | 37.853 262,904
MAY ettt ' 234458 | 1,066 235,524 | 42136 | 277.660
O ; 218,641 982 219,623 37.564 957177
T | 206,196 1.067 207,263 30920 | 238,183
ANRUSt s mmmmnsa s EeaE s ! 215,511 1,058 216,669 | 34274 250,843
September - ..oniirie . | 957.518 1,154 258,672 42 398 301,070
OCtOBEr « oo e 304,980 1,266 306,246 46,604 352,850
November: 5isuim i i e aelines 301,832 1.282 303,114 44345 847,459
December :wosniideiiss s .o 291,569 1.804 293,373 42 832 336.205
2.993.030 13959 | 3,007.019 483,031

Total

3,492,050

S 1 [ —
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The Special Service Bureau.

The special service bureau is used for re-
ference service ¢f a shorter and more temporary
character.

Fer instance, a subseriber who is absent from
his telephone instrument for a shorter or longer
pericd but who may be reached over another
numkber may have his own line connected to the
A call-
ing subscriber is than informed by this bureau
as to the number over which the desired sub-
scriber may be reached, or as to the time when

special service bureau during this time.

the desired party will return and, if so desired,
the address of the desired party during his ab-
sence.

A charge of one Swedish crown per 24-hour
day or part thereof is made for this service. For
a time ot not less than ten consecutive days, a
charge at the rate of 10 crowns per month is
made, although not less than 10 crowns for each
occasion that special service is subseribed for.

In addition hereto, the special service bureau
gives various other forms of for the
benefit of absent subscribers as well as waken-
ing, information as to time ete.

service

R tuaz
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Home of the Royal Swedish Telegraph Administration,
Brunkebergstorg, Stockholm.
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On Suburban Telephone Traffic.

By Michael Rimdtzy.

The following is an interesting paper by
Technischer Rat Michael Rimétzy on the
suburban telephone traffic in Budapest. A
description of the free traffic zone system
in Stockholm was originally included in
this paper but the Editor has been farced
to omit this, partly on account of lack
of space and partly for the reason that a
description of this system has already ap-
peared in “The L. M. Ericsson Review'.

ore efficient and satisfactory service has

been a long felt want on the part of the
telephone subscribers residing in the suburbs of
Budapest. With the existing manual system
this would be possible only on condition that
the number of junction lines were increased and
uninterrupted day and night service were pro-
vided at the suburban exchanges. This manner
of solving the problem would be highly uneco-
nomical, however, as the increased possibilities
would not be sufficiently remunerative to cover
the invested capital even if the present sub-
scription rates were to be increased. since an
increase in the rates, in turn, would exercise
a most unfavourable influence on the growth of
the number of subscribers.

In certain exceptional cases the telephone ad-
ministration is willing to give satisfaction to
subseribers requiring better communications
with the city by providing them with a direct
line to one of the city exchanges. Naturally,
the telephone administration charges higher sub-
scription rates from such subscribers, corres-
ponding to the increased first cost and main-
tenance for such lines. In the following is
treated the solution of this problem as applied
to the Ericsson automatic system.

It is my plan to improve the suburban service
in Budapest step by step, beginning where such
measures are justified from an economic point
of view and where an extension with new lines
is as yet uncalled for. This improvement would
then consist in a change from the present manual

system with limited service to uninterrupted
automatic day and night service.

The Eriesson OL 100 P.AX. system would
correspond to the present needs in Hungary;
later on, probably, the OL 500 system could be
used. Also, both types have the advantage that,
should they be adopted for branch exchanges
in the Budapest area, no new personnel would
have to be trained for their maintenance neither
would any new accessories or spare equipment
be necessary.

Before going into detail as to my plan for the
improvement of the suburban traffie, I will give
my readers a general description of the system
in question.

The most important detail in this system is
the Ericsson twenty-five position four terminal
rotary switch. This switch serves the purpose
of line finder, group selector and connector,

In my opinion, the accuracy with which these
selectors function is accounted for by two dis-
tinct features. The one is that the mechanical
and electrical parts of their driving mechanisms,
which cause them to rotate step by step, are
entirely independent of each other. The other
is that no matter what function is filled by the
selector, the stepping forward does not start from
a definite position, but from the position last
occupied. For this reason there is no necessily
to differentiate between line finders and select-
ors, these rotary switches always functioning
as finders. Thus, we also have line finders
which replace the group selectors and connect-
ors, these being identical except for the fact
that other lines are connected to the four contact
brushes as well as to the four banks of contacts.

The Ericsson rotary switch is shown in fig.
1, a more detailed description of the same being
altogether too lengthy to be included in this ar-
ticle.

— 16 —



The manner in which these finders are actuat-
ed is schematically shown in fig. 2. Relay J,
is for starting and relay J, for stopping the
movement of the finder. The step-by-step move-
ment is obtained by means of M, and M, which
alternately break each other’s circuits. This
principle is common for the entire exchange,

u
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R 1283 Fig. 1.

and accounts for the fact that it is of no conse-
quence if a finder should fail to be stepped for-
ward for any current impulse, since the number
of steps not predetermined; the contact
brushes need only to advance
by some means or other to that

is

s i
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changes in that it makes use of line finders,
group selectors and connectors (see fig. 3).

Since the contact field of a selector has a ca-
pacity of twenty-five lines, the subscribers’ lines
in an OL 100 exchange are divided into four
25-line groups, each group being provided with
as many line finders and connectors as the traf-
fic may require. Each line finder has its cor-
responding group finder which is able to hunt
among all the lines of that group to which the
desired subscriber belongs.

Thus, it is the traffic conditions which deter-
mine the number of finders. It is important
that each group finder is able to reach every
connector in the exchange or, consequently, twen-
ty connectors if five connectors are provided
for each group of twenty-
five lines. The same num-
line finders and
group finders is required,
making a total of sixty
switches for the entire 100-
line exchange. Consequent-
ly, not more than twenty
of the group finder’s con-
tact positions are used for
the connecting up of the
connectors, the remaining
five positions being used
for outgoing junction or
toll lines.

In the OL 500 system,
each subscriber's line has its own individual
line finder, these being the only finders in the
entire system. The building up of this system
is schematically shown in fig. 4.

ber of

position in which a prearranged

circuit is closed. A fault in an 40

Ericsson finder does not affect +"‘_-.__,_.—_M& > =

the operating current. Further, M - P of ——-—:_M 1500

it may be mentioned that the J1 |l m R
1|1} 7

finder functions with a speed of
from fifteen to twenty steps per
second.

R 1283

Of those systems which may
come into consideration for sub-
urban automatization, the build-
ing up of the OL 100 system re-

sembles that of the large ex- m 1288
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ing and de-energizing, one relay is able to re-
gister two different combinations, two relays
can register four combinations, three relays
eight combinations and four relays sixteen com-
binations.

The finding of that line whose number has
been registered takes place in order to obtain a
connection between the same and the line finder,
also by means of a combination of relays. This
latter is common for the entire exchange, how-
ever, so as to eliminate all danger of two simul-
taneously started line finders being connected
up to the same line. The schematic construc-
tion of this switching arrangement is shown in

R 1384 Fig. 4. . Pt
fig. 5.
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The multiple fields of the twenty-five posi-
tion line finders are interconnected by means
cf trunk lines. The line finder of the calling
subseriber connects itself to a disengaged trunk
line, the function of its register being to connect
the called subscriber to the same line. This
OL 500 exchange is fundamentally simpler than
the one previously mentioned, but each separate
line has a more complete equipment.

The two types of exchanges are identical as
concerns the remainder of the equipment as
well as the registers. A register consists of
groups of four relays each. A group composed
of four relays is necessary in order to register
the desired number. Through alternate energiz-

-k

Fig. 5.

These common relays actually transpose lhe
number which has been registered according to
potentials of 2 baek to the decimal system. Lack
of space prevents the inclusion of a detailed de-
scription of this function.

In the OL 100 system the outgoing junction
lines are connected to the otherwise unoccupied
terminals in the contact field of the group finder.
Thus, the central exchange or, in the present
case, the suburban position at the Budapest ex-
change, plays the role of a widespread twenty-
five group but with the outgoing lines them-
selves instead of line finders.

Let us now try and imagine how an auto-
matic suburban exchange at Rakosszentmihaly



would function. The subscribers at this ex-
change would obtain connections with each
other by dialling 2-digit numbers. Both out-
going and incoming junction lines would be
necessary for the junction traffic with Buda-
pest. By dialling a special number, the calling
suburban subscriber would obtain a disengaged
junction line terminating in a group finder
which then closes a circuit over an indicator
lamp and an answering jack in the suburban
junetion position at the Budapest exchange. The
operator at this position would plug up the an-
swering cord and obtain the desired Budapest
line by manipulating a key set.

A call from the Budapest exchange to a Ra-
kosszentmihaly subscriber would be handled in
the following manner.

The operator at the suburban position would
be notified by a pneumatic tube message that the
Budapest subscriber with line no. X desired a
connection with a certain subscriber at the Ra-
kosszentmihaly exchange, say no. 25. The
operator would then plug up a cord in the jack
of the junction line to Rakosszentmihaly, which
terminates at this exchange like any local line.
After having obtained a dial tone she would
dial the number of the desired subscriber and
at the same time connect up the calling sub-
scriber by means of a key set.

Another solution would be to use a key set
also for calling the desired suburban subscriber,
thereby sending out a train of impulses which
would actuate a selector. The former method
would seem best, however, since it does not call
for any reconstruction, and both nets are still
isolated from each other, a fault in one having
no detrimental influence upon the other.

Also, in suburban exchanges of the Ericsson
system, the problem as to how the same lines
are to be used for calls in both directions has
found its solution, since it is not everywhere
possible to have such a large number of junc-
tion lines as in Sweden. Switching relays are
used for this purpose; also, more sensitive ring-
ing relays than are necessary for local commu-

nications must be used for the longer suburban
lines.

The operating current for the suburban ex-
changes is suitably obtained from 48-volt stor-
age batteries which can be tested from the Buda-

pest exchange and recharged from the public
service net.

The distantly located storage battery is tested
from the Budapest exchange by placing a volt-
meter in the junction telephone circuit. If the
voltage is found to have dropped too low, the
person making the test can connect up the stor-
age battery to the charging apparatus by simply
dialling a certain number. When the normal
tension has been reached, the charging appa-
ratus is disconnected by dialling another special
number.

Thus, it is possible to erect such suburban
exchanges wherever electrical energy is avail-
able for the charging of the storage batteries, an
operation which is performed locally although
being provided with distance control. The floor
space required for an OL 100 switchboard for
one hundred lines is not more than 2 sq.m.,
while 1 sq.m. suffices for the storage battery.
The premises require neither heating nor light-
ing.

If trouble, such as a short-circuit or a leak,
appears on the line, or if the subscriber waits
too long (more than half a minute) before dial-
ling the desired number after having removed
the handset, or if he dials but one single digit
instead of the entire number, the Budapest
suburban exchange is given a signal by means
of a thermo-contact, to which signal the suburb-
an operator answers. If the operator receives
no answer and pulls down the connection, the
faulty line is automatically disconnected by
means of a cut-out relay and remains blocked
until the fault has been remedied. Consequent-
ly there is no necessity of visiting the suburban
exchange even when faults occur, a thorough
quarterly inspection and testing of the same
being all that is required. A person residing in
the neighbourhood of the exchange must be
available for the replacement of blown fuses on-
ly, no expert repair man being required for this
purpose.

The tariff question might be solved in the
following manner.

If so desired, the local calls may easily be
registered by means of subsecribers’ meters at the
suburban exchange. Calls to Budapest would
be registered in three-minute periods by means
of the limited-time meter.

The functioning of the limited-time meter at



the suburban exchange is controlled by the sub-
urban operator at the Budapest exchange, a
push-button key being depressed when the in-
dicator lamps show that the conversation has
started, after the connection has been establish-
ed. The maximum capacity of the meter is
43 minutes and the connection is consequent-

the recording meter of the suburban exchange
would not be set in motion by the Budapest
operator.

The various telephone exchanges in the out-
skirts of Budapest are shown in fig. 6.

In the list of such exchanges I have not been
satisfied to include only those within the «0”

POCSMEGYER-LEANYFALU

SZENTENORE

ly broken when twelve minutes have elapsed,
the recording train of the meter being actuated
after each 3-minute period. A buzzer tone is
sent out over the line twenty seconds before the
twelve minutes have elapsed in order to notify
the speaking parties of the approaching ter-
mination of the connection.

No change is to be made in the metering of
outgoing calls from Budapest when such calls
pass over the ordering and metering positions.
A suburban subscriber desiring a through con-
nection would be connected up to the ordering
position by the Budapest operator and the call
would be metered in Budapest. In such a case
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tariff zone since it is possible, by means of the
limited-time meter, to decide on any desired
tariff rate. The only point which I have taken
into consideration is as to where and up to
what distance it may be advisable already at
the present time to establish automatic rural
service. As has already been stated, the econo-
mic point of view would make a gradual auto-
matization advisable, the introduction of auto-
matic service at Matyasfold, Cinkota, Rakoss-
zentmihaly, Csepel, Soroksar, Budakeszi, Békis-
megyer and Szentendre being a suitable first
step in this direction.

With the single exception of Szentendre, all
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while the figures denote the number of such
lines.

The dotted lines denote such telephone lines
as are suitable as junction lines to more distant
exchanges. There are at present three lines be-
tween Szentendre and Budapest, viz. line No.
2590 between Budapest—Leanyfalu—Tahi—
Dunabogdany—Visegrad which runs direct from
Szentendre to Budapest, line No. 2591 Budapest
—Békasmegyer—Pomaz—Szentendre and the di-
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of these localities have subscribers who are di-
rectly connected to the Budapest exchange, and
it would most certainly not meet with any ob-
jections whatever on the part of the subscribers
to expropriate these lines for the purpose of in-
creasing the number of junction lines to Buda-
pest, since the automatization would provide
these subscribers with a much more efficient
service. Also, a direct advantage would be
gained for the more distant exchanges whose
Budapest connections must be routed over
several other exchanges among which are those
now proposed for automatization. The elimina-
tion from these routes of the exchanges to be
automatized will provide the aforementioned
distant exchanges with direct connections with
Budapest.

Fig. 7 illustrates this first extension of the
proposed automatization. The small automatic
exchanges are denoted by a square, the lines of
those subscribers who now have direct connee-
tions to the Budapest exchange and which are
to be removed being designated by full lines,
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rect line No. 2592 Budapest—Szentendre. At the
Leanyfalu exchange — which would be retained
as a manual exchange — a calling dial and cord
with plug would be provided, enabling the opera-
tor at this exchange to obtain a connection to
the Szentendre exchange with automatic selec-
tion of a disengaged line to Budapest. The re-
maining lines from Leanyfalu would be left un-
changed. The exchanges Pomaz and Békasme-
gyer would be disconnected from line No. 2591,
giving Szentendre three direct lines of commu-
nication to Budapest. The Budakalasz exchange
would be equipped with a dial and cord, just
like the Leanyfalu exchange, enabling the Buda-
kalasz operator to obtain a Budapest connec-
tion over the automatic exchange at Békasme-
gyer. Since seven of the twenty-five Békasme-
gver subscribers have direct lines to Budapest,
Békiasmegyer would have an ample number of
junction lines. The present line No. 2593 Buda-
pest—Békasmegyer—Budakalasz would be dis-
connected from the Békismegyer exchange and
instead extended to Pomaz by means of a 2 mm.
bronze line at a cost of about 320 Pengo per km.
The present line No. 2593 would be retained be-
tween Budakaliasz and Békasmegyer.

By using the nine, twenty-one and seven direct
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Budapest lines of the respective Rikosszentmi-
haly, Matyasfold and Cinkota exchanges, these
latter would be amply supplied with junction
A disconnecting from these ex-
changes of the existing through routes of com-
munication would also give the manual ex-
changes Kereps, Csomor, Aszod, Godolls ete. an,
increased number of direct Budapest lines.

The automatization of Soroksar at which four
of the existing twenty-five subscribers have di-
rect Budapest lines, would provide Szigetszent-
miklés and Dunaharaszti with direct junction
lines.

The automatization of the Csepels exchange,

facilities.

A ———— ——— ‘ﬁ.’

on account of its thirty Budapest subscribers,
would be an economic necessity. The same is
true of Budakeszi, a flourishing summer resort,
where a substantial increase in the number of
subscribers is to be reckoned with.

From what I have mentioned in the foregoing
it is apparent that the completion of only a first
step in the automatization of the suburbs of
Budapest would show a remarkable improve-
ment in the suburban telephone service and I
am convinced that the increased traffic and
number of subscribers would give a most favour-
able balance on the invested capital over and
above the amortization.

R 1008
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Interior of the Budapest Toll Exchange.



New Swedish Carrier Current Telephone and Telegraph Systems
on Telephone Lines.

By H. Sterky.

(Cont’d from Nos. 10 to 12, 1929.)

The Java Plant.

CENTRALIZATION OF WIRELESS COMMU-

NICATIONS BY THE USE OF CARRIER CUR-

RENT TELEGRAPHY OVER ONE EXISTING
TELEPHONE LINE.

he installation for carrier current telegraphy

between the cities of Weltevreden and
Bandoeng, erected for the Java Telephone Ad-
ministration by Svenska Radioaktiebolaget, com-
prises equipment for five carrier channels in
the direction Weltevreden—Bandoeng and five
carrier channels in the opposite direction.

Fig. 20 gives a location plan of these carrier
channels for the centralization of wireless com-
munications via the various transmitting and
receiving stations in Java. The operating station
for the wireless traffic between Java on the one
hand and Europe and other parts of the world
on the other is located in Weltevreden. After the
installation for carrier current telegraphy over
the telephone line between Weltevreden and
Bandoeng has been put in operation, the out-
going telegraph traffic from Weltevreden will
be directed to Bandoeng over five different
carrier channels. Here the different carrier fre-
quencies are received and passed over relatively
short lines to the transmitters in the vicinity of
this city. One of the largest transmitting
stations is in Malabar. The frequencies used
for carrier current telegraphy in the direction
Weltevreden—Bandoeng lie between 5250 and
6650 cycles per sec. (see fig. 20), the difference
between two adjacent frequencies being 350
cyceles per sec.

Incoming radiograms for Java are received by
the receiving station at Rantja Ekek, not far from

Bandoeng. The signals received are transposed
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Fig. 2. Location Plan for Svenska Radioaktiebolaget's Plant for

Carrier Current Telegraphy in Java. A = transmission withou! tone;
= (ransmission with tone.

to telegraph impulses with a frequency of about
1050 cycles and are transmitted over the local
telephone lines to Bandoeng, where this voice
frequency modulates five different carrier fre-
quencies between 7000 and 9800 cycles per sec.
and at a distance of 700 cycles per sec. from each
cther. A special circuit connection of the mo-
dulator and the use of band filters permit the
suppression of the carrier frequency as well as
of the lower side band, the upper side band being
transmitted to Weltevreden by means of the tele-
phone line over which carrier current transmis-
sion is permitted. The received side band, to-
gether with a frequency obtained from a local
oscillator and corresponding to the carrier fre-
quency which is suppressed in Bandoeng, feeds
a demodulator in Weltevreden. After demodula-
tion, consequently, a tone is obtained which cor-
responds to the tone which was tuned in at the
radio receiving station in Rantja Ekek. This
permits audible reception in Weltevreden, which
is of great advantage in differentiating between
indistinct telegraphic code signals and the often



very serious atmospheric disturbances which
are common in these parts.

The reason for having decided on the pre-
viously mentioned carrier frequencies is to be
found in the technical stipulations set up by the
Java Telephone Administration on ordering the
plant in question. Briefly, these stipulations
were as follows.

1. The plant for carrier current telegraphy
should be restricted to the use of a frequency
range lying between 5000 and 12000 cycles per
sec. The lower boundary was determined by the
desire on the part of the telephone administra-
tion, that the range up to 3000 cycles per sec.
should be used for the normal physical tele-
phone traffic over the line in question. In order
to fill this requirement, line filters were intro-
duced for the purpose of separating the voice
frequency messages from the carrier frequency
telegraph messages. If these latter use frequen-
cies which do not fall below 5000 cycles per sec.
the construction of the line filter does not offer
any serious difficulty. The upper boundary of
12000 cycles per sec. was determined, since diffi-
culties through disturbing interferences from the
powerful radio transmitters in the localities
through which the telephone line between Ban-
doeng and Weltevreden passes were anticipated,
the long wave transmitters in Java operating
with wave lengths between 6600 and 20,000 m.
which corresponds to frequencies ranging be-
tween 45,500 and 15,000 cycles per sec. It is
possible, also, for such a powerful radio trans-
mitter to induce a considerable unsymmetrical
voltage in the branches of the line if this latter
is not fully balanced to earth on account of
variable leakance — which is quite apt to occur
in the tropics — or from other causes. Naturally,
this voltage may seriously disturb the reception
in a certain carrier channel if this latter uses a
carrier frequency which lies closely to lhe work-
ing frequency of the transmitter.

2. Each of the ten channels should permit a
speed of telegraphic communication of 200 words
per minute. With five channels in each direc-
tion, this speed means that not less than 1000
words per minute can be transmitted in each
direction. This figure is of special interest since
it shows to what efficiency a certain range of
frequency may be used if high speed telegraphy
instead of telephony is used for transmitting

messages. Speakers, even exceptionally well
trained cannot attain a capacity of more than
from 150 to 200 words a minute, and all the
frequencies within a range of at least 2300
cycles per sec. are required for the satisfactory
transmission of this speech. For the trans-
mission of the same message by telegraph a
frequency range of not more than 200 cyeles is
required. With the aid of a carrier frequency
plant, therefore, it is possible to obtain from
four to five times as efficient use of a line as
with telephony, the same frequency range being
used in both cases.

3. The channel Bandoeng—Weltevreden should
be arranged so that audible reception of radio
signals would be possible at Weltevreden.

The apparatus and instruments forming
parts of this plant are constructed with due
consideration for the severe climatic conditions
in Java. The coastal town of Weltevreden,
especially, has a climate which taxes human
beings as well as instruments to the utmost. The
humidity is seldom under 95 per cent, while
the temperature maintains itself between 20°
and 30° Centigrade. All vital parts in the plant
are hermetically enclosed or completely encased
in beeswax or paraffin.

SPACING OF FREQUENCIES FOR THE CAR-
RIER CURRENT TELEGRAPH PLANT.

In similarity with the Mexico plant, all the
carrier frequencies for the Java plant are syn-
chronized, i. e. they are controlled by a master
frequency. For the Java plant, this frequency
is 350 cycles per sec. and is furnished by two dif-
ferent tuning-fork generators of which the one is
mounted at Weltevreden and the other at Ban-
doeng. The synchronizing of the different car-
rier frequencies is not so necessary for telegraph
as for telephone communications, since here it is
not a question of getting back the exact tone
that modulated the sender. In a plant for tele-
phone communication a distortion of the speech
results if this latter is displaced in the frequency
spectrum. A displacement of ten cycles per
sec. must not be exceeded in order to prevent
the speech from becoming altogether distorted.
For carrier current telegraph communication
with tone reception, however, it is not necessary
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that the code signals be heard at the receiving
end with exactly the same pitch as the tone in
the radio receiver. Consequently, it has been
possible in the Java plant to cancel the require-
ment of exact synchronization between the two
master frequencies and therefore also between
the carrier frequencies for the senders and the
receivers in the two towns.

On the other hand, however, it is necessary
that the different carrier frequencies have the
correct frequency so that all of them are located
in the center of the different filter bands. As
already mentioned, this is obtained by the con-
trol of all the carrier frequencies by tuning-fork
generators which give a frequency which does
not deviate from the correct value by more than
1 pro mille. The spacing of the different carrier
freqencies and side bands for the Java plant is
shown in fig. 21.

Communication from Weltevreden to Bandoeny.

The distance between two carrier frequencies
must be determined with due consideration to a
sufficiently great filter attenuation for frequen-
cies which do not belong to the telegraph band
under consideration, in order to prevent cross-
talk between two telegraph carrier channels.
The closer the proximity between the carrier
frequencies, the more difficult it is to construct
filters which efficiently eliminate undesirable
frequencies. It is therefore necessary that the
carrier frequencies be as distant from each
other as the available frequency range will
permit. Also, it is the band width required
for good transmission of telegraphic code with

the stipulated speed of 200 words per minute
which determines the distance between two
carrier frequencies. In the Java plant, both of
the side bands arising when keying a carrier
frequency are used for sending in the direc-
tion Weltevreden—Bandoeng. The width of
these side bands depends upon the speed of
telegraphic transmission. The ecalculation of
the frequency in cycles per second which corres-
ponds to a certain speed of telegraphic trans-
mission is based on the fact that the standard
word “Paris” contains forty-eight current im-
pulses or intervals, it being understood that one
dash corresponds to three impulses, one dot to
one impulse, the interval between a dot and a
dash to one impulse, the interval between two
letters to three impulses and the interval be-
tween two words to five impulses. Two impuls-
es correspond to one whole cycle. The speed of
telegraphic transmission of two hundred words

. 200 x 48
per minute corresponds therefore to %60 or
80 cycles per sec. The speed of telegraphic trans-
mission is often given in “Bauds”. One Baud
is the same as one impulse per second, one im-
pulse being assumed to correspond to a dot or
to an interval of the same duration as the dot.
The number of Bauds, therefore, equals two
times the speed of telegraphic transmission and
two hundred words per minute corresponds
therefore to 160 Bauds,

If the carrier frequency for telegraphic com-
munication is keyed with a speed correspond-
ing to 200 words per minute, this will result
in the generation of frequencies within a range
of + 80 cycles per sec. on each side of the normal
value of the carrier frequency. In other words




this means that the bands which have to pass
the different carrier frequencies must have a
width of at least 160 cycles per sec. When the
distance between the different carrier frequencies
in the direction Weltevreden—Bandoeng as well
as the width of the band filters was to be de-
termined, our earlier experience in the construe-
tion of similar band filters proved of great value,
a distance of 350 cycles per sec. and a band
width of 200 cycles per sec. being decided upon.
This carrier frequency distance calls for a
master frequency of 350 cycles per sec. It is
then possible to make use of all the consecutive
harmonies between the fifteenth and the nine-
teenth, or the frequencies of 5250, 5600, 5950,
6300 and 6650 cycles per sec. for the channels
in the direction Weltevreden—Bandoeng (see
fig. 21).

Communication from Bandoeng to Weltevreden.

For communication in the direction Ban-
doeng—Weltevreden other points of view than
the above-mentioned ones have to a certain ex-
tent influenced the choice of carrier frequencies.
As already mentioned, these frequencies should
permit audible reception in Weltevreden. This
is possible only on condition that a certain
carrier frequency is modulated in the carrier
transmitter by the audible frequency from the
wireless receivers and that the same frequency
is re-obtained in the carrier receiver. For the
direction Bandoeng—Weltevreden a modulating
frequency of 1050 cycles per sec. has been
chosen since — when projecting this installation
— it was decided that it should be possible to tune
the wireless receiving apparatus in Rantja Ekek
— which operates according to a beat frequency
method — to a frequency of about 1050 cycles
per sec. Due to the limited frequency range for
the entire Java plant there can be no thought of
transmitting the two side bands which arise
during modulation, as this would require a fre-
quency range of at least 2300 cycles per sec. for
each channel. The transmitters in the direction
Bandoeng—Weltevreden have, therefore, been
designed to suppress the carrier frequency, be-
sides which they have been provided with filters
which eliminate one of the side bands (the
lower).

All even harmonies between the twentieth and
twenty-eighth of the master frequency of 350

cycles per sec. are used as carrier frequencies
in the direction in question. If we assume these
carrier frequencies to be modulated with about
1050 cycles per sec., the mean frequencies of
the upper side bands will consist of all the odd
harmonies between the twenty-third and thirty-
first of the same master frequency.

What has already been stated concerning the
necessary band width for the filters used holds
good also for tone transmission in the direction
Bandoeng—Weltevreden. Thus, the band width
must be at least 160 cycles per sec. in order that
the side frequency modulated by the telegraphic
code shall be able to transmit this code and give
efficient telegraphic communication. Two differ-
ent reasons, however, require that the band width
for transmission in the direction in question be
greater than for transmission in the other direc-
tion. In the first place, a certain margin must
be allowed for the tone frequency of 1050 cycles
per sec. which arises as a beat frequency in the
different wireless receiving stations in Rantja
Ekek, a margin of —+ 100 cycles per sec. on each
side of the mean frequency of 1050 cycles per sec.
having been allowed for the Java installation.
In the second place, a somewhat greater band
width is required for communications in the
direction Bandoeng—Weltevreden than in the
opposite direction because the carrier frequencies
for the former are higher — as high as 9800 cy-
cles per sec. — and it is more difficult, with such
frequencies, to construct narrow band filters
with low attenuation in the centre of the band.

With due consideration to the above-men-
tioned principles for the spacing of carrier fre-
quencies and the widths of the different band
filters, the Java plant for communication from
Bandoeng to Weltevreden has been designed
with an absolute band width of 400 cycles per
sec. and a distance of 700 cycles per sec. between
the mean values of the different side frequencies
(see fig. 21).

Advantages of the frequency spacing system.

With the spacing of frequencies shown in fig.
21 we obtain still another advantage. The distance
between the lowest side band for communica-
tions in the direction Bandoeng—Weltevreden
and the highest band for communications in the
opposite direction is 1400 cycles per sec. and
censequently decidedly greater than the distance

— 26 —



-

between two carrier frequencies or side frequen-
cies for telegraphic communications in the one
or the other direction. This gives us the advant-
age of facilitating the separation of the different
sending carrier frequencies in the one group
from the different receiving carrier frequencies
in the other group at the respective terminals.
As was the case in the Mexico plant, it was found
necessary to figure with a large difference in
the levels between the transmitting power and
the power of the signals received. It is true that
a high frequency hybrid coil which separates the
transmitting side from the receiving side — in-
dependently of the frequency — is used also in
the Java plant but it is advantageous, however,
that the distance between the lowest frequency
for transmission in the one direction and the
highest frequency for transmission in the other
direction is as great as possible. This advantage
is of the utmost importance if, for an inter-
mediate repeater station, for instance, high fre-
quency hybrid coils are not used (compare page
148 and fig. 3a, Nos. 9 to 12, 1929).

On an examination of the frequency spacing
diagram in fig. 21 another important feature of
the chosen system attracts our attention. If har-
monics to a carrier frequency of, say 5250
cvcles per sec., should arise, the first of these
harmonies — with a frequency of 10,500 cycles
per sec. — will fall exactly halfway between the
two bands which correspond to the twenty-ninth
and thirty-first harmonics of the master fre-
quency respectively. The band filters in the up-
per group which belong to these two bands have
a relatively high attenuation for the above-men-
tioned harmonic of 10,500 cycles per sec., thus
preventing this harmonic from disturbing tele-
graphic transmission in the two bands. There
is no danger for disturbances caused by the
forming of harmonics to other carrier frequen-
cies in the lower group, since all of these har-
monics will fall above the highest carrier fre-
quency in the upper group.

TECHNICAL REQUIREMENTS FOR THE
REALISATION OF THE FREQUENCY
SPACING SYSTEM.

The necessary requirements for a realisation
of the aforementioned frequency spacing for the
Java plant are in part a highly developed preci-
sion in the calculation and adjustment of the
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inductance coils and condensers forming parts
of the different band filters, and in part the pos-
sibilities for frequency multiplication such as we
cbtain from the multiple generators already de-
scribed in a former chapter (see page 159, Nos.
9 to 12, 1929).

The band widths for the filters in the Java
plant are in part 200 and in part 400 cycles
per sec. These absolute band widths corres-
pond to relative band widths between 1.03
and 1.05 (the smallest relative band width for
the highest carrier frequency in the lower fre-
6750
6550
relative band width for the lowest side frequency

quency group is or 1.03 and the greatest

in the upper frequency group is g—;-;—g or 1.03).
The smaller the relative band width, the greater
the requirements as to adjustment and stability
of the condensers and inductances in the filters.
That the difficulties in this respect are con-
siderable is better illustrated by a simple
example.

If we assume that the values for all the con-
densers and inductances in a certain filter are
simultaneously increased by '/, %, this is equi-
valent to a decrease of '/, % in one of the cut-off
frequencies of the filter. If the former value of
the cut-off frequency was, say 6750 cycles per
sec., it will now be 225 cycles per sec. lower,
which — in other words — means that the ab-
solute band width has been decreased by —3—5—0'
or about 11 %. Thus, there is a considerable
change in the absolute band width and there is
danger of the telegraphic code signs arriving in
a distorted condition on account of the reduction
of the band width in spite of the relatively un-
important change of '/, % in the values of the
inductances and capacities.

Due to losses in the inductance coils and con-
densers the attenuation for frequencies within a
certain band will not be zero but will rise to a
certain value which increases for a decreasing
relative band width. The attenuation g, for
the mean frequency f , in a certain band filter
with the absolute band width 1 is

A o4+ 0 .
sinh g, = —‘—lf"—“ per section

if o=

and & = RwC are the power faclors
[EF 7
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for the coils and condensers respectively. This
equation proves that the attenuation is inversely
proportional to the absolute band width and di-
rectly proportional to — among other things —
the power factors o and 4. In order that the
attenuation in the middle of the band shall be
as small as possible it is therefore necessary that
the coils as well as the condensers be designed
so as to have extremely small losses.

The inductance coils which form parts of the
filters as well as of other apparatus are con-
structed with iron cores of a special alloy of
iron and nickel showing great permeability
and inductance stability. In order to increase
the stability still more, they are designed with
an air gap. The iron core is given a special form
so as to make the leakance as small as possible,
thereby reducing the risk of inductive coupling
between the coils, the avoiding of all undesir-
able inductive as well as capacitive couplings
being necessary for the good functioning of a
filter. After having wound the coils with strand-
ed wire and adjusted them to the correct in-
ductance within a margin of !/, %, they are
heated in vacuum and impregnated with bees-

Circuit Diagram for the Synchronization Equipment
at Weltevreden, Java.

- B
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wax. On account of the rigid requirements as
to the correct adjustment of the inductances,
special bridges and methods for measuring the
same have been used.

Also the condensers in the different filters are
adjusted within a margin of less than '/, %. The
condensers themselves are encased in porcelain
and have a dielectric of mica. In measuring the
capacities of the condensers due consideration
has been given the capacity between the differ-
ent layers and the casing, and a correction made
for this capacity.

As has already been touched upon, the syn-
chronizing of the different carrier frequencies
in the Java plant has been accomplished with
the aid of two tuning-fork generators which feed
a number of multiple generators connected in
cascade and of the same type as multiple ge-
nerator II in the Mexico plant,

Fig. 22 shows the circuit diagram for the syn-
chronisation equipment and fig. 23 the skeleton
diagram for the same equipment and for one
transmitter and one receiver in Weltevreden.
To the extreme left we see the tuning fork which
generales a master frequency of 350 cycles in
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Fig. 23. Skeleton Diagram for the Synchronization Equtpment and Carrier Current Telegraph Channel at Weltevreden, Java.
Frequencies in cycles per second.

colaboration with the master generator. This fre-
quency varies by not more than + '/, eycle per
sec. for the different temperatures occuring in
Java. The master generator feeds the different
frequency doublers and multiple generators
based on the multiple generator principle and
one finally obtains all the carrier frequencies re-
quired for transmission (in italics in the table
below). By using the principle of reintroduction
(see page 160 of Nos. 9 to 12, 1929) it is possible
to produce several frequencies simultaneously
and in the same apparatus thereby saving not
a few tubes. The table on page 28 shows better
than a description how the different frequencies
are produced in the synchronization unit in
Weltevreden,

The transmission of the voltage between the
different apparatus forming parts of the syn-
chronisation units is accomplished with the aid
of coupled circuits. In opposition to what was
the case in the Mexico plant, where filters are
used, it is here possible, in the anode circuits of
the different multiple generators, to use coupled
circuits, the coupling of which is lower than the
critical one. We thus obtain great selectivity
and favourable characteristic conditions for the
dimensioning of the synchronisation unit.

EQUIPMENT FOR TRANSMITTING AND
RECEIVING.

Transmitter.

In addition to the skeleton diagram for the
synchronizing unit, fig. 23 shows the schematic
diagram for a lransmitter for the telegraph
channel of 5950 cycles per sec. in the direction
Weltevreden—Bandoeng and for a receiver for
the channel of 9450 cycles per sec. in the di-
rection Bandoeng—Weltevreden.

All of the tubes used in the Java plant are of
the Marconi series DE 5 and operate with an
anode voltage of 120 V. Already in the intro-
duction to this paper it has been mentioned
that the transmitting power for a telegraph in-
stallation of the Java type amounts to 10 mW,
measured at the line terminals. There is no diffi-
culty in obtaining this power with the aid of
two push-pull connected DE 5 A-tubes in the
amplifier of the transmitter.

In order to feed the push-pull amplifiers in
the transmitters with sufficient voltage for tele-
graphic communication in the direction Welte-
vreden—Bandoeng, a carrier frequency amplifier
with one tube is inserted between the multiple
generator Il and the frequency doubler D res-
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pectively and the push-pull amplifier. Keying
takes place by changing the grid voltage of the
above-mentioned push-pull amplifier. Under
normal conditions the grid voltage is so high
(abt. 100 volts) that no power is obtained from
the push-pull amplifier. For each dot or dash
— when the telegraph relay in the grid circuit
is working — the grid voltage is subject to a
change, thereby permitting full power to emanate
from the push-pull amplifier. All of the five
push-pull amplifiers in Weltevreden are provid-
ed with band filters at the outgoing side. These
filters are on that side, which faces the line,
connected in parallel and to the transmitting
side of the high frequency hybrid coil.

The line filter bay.

A line filter bay is included in the Java plant,
in similarity with the Mexico plant. This bay
consists of two line filter sets, one of which is
connected to the line side and the other to
the balancing side of the high frequency hybrid
coil, Each set consists of a low pass filter and
a high pass filter. The frequencies which form
the regular speech over the physical line pass
through the low pass filter without any appreci-
able attenuation and are carried on to the regular
telephone exchange. The high pass filter, on the
other hand, has a high attenuation for low fre-
quencies which are, therefore, unable to pass
through this filter, while the higher frequencies
— such as those used for carrier current tele-
graphy, for instance — pass through the high
pass filter to the high frequency hybrid coil
without any appreciable attenuation. The square
in fig. 23 designated as “Balance” contains one
simple balance comprising one condenser and
one resistance in series. This balance need not
be adjusted with any very great accuracy, for
according to what has already been emphasized
(see page 149, Nos. 9 to 12, 1929) the high fre-
quency hybrid coil functions in the intended
manner even with a less accurate balance.

Receiper.

The incoming side band to Weltevreden from
Bandoeng (see page 26) passes through the band
pass filter to the high frequency hybrid coil
and from there to the different receivers. Next
to the high frequency hybrid coil, each receiver

Gricsdo®

Fig. 24. Carrier Currenl Telegraph Equipment (front view) at
Weltevreden, Java.

has a band filter connected in parallel with the
band filters of the other receivers. After the
separation from each other of the different side
bands in the above-mentioned band filters, they
are led to an amplifier containing a tube with
a high amplification factor. After the amplifier
follows a demodulator which is fed in part by
the side band which enters from the distant
transmitting station, in this case Bandoeng. and
in part by a carrier frequency which is obtained
from a carrier frequency oscillator. These two
frequencies are applied to the grid of the de-
modulator and in
apparatus we re-obtain a voice frequency which
is practically the same as the beat frequency
in Rantja Ekek and Bandoeng, i. e. 1050 cycles
per sec., on an average. If audible reception of
the telegraph code is desirable, one listens to
the voice frequency of 1050 eycles per sec.
through a tone filter which is introduced in the
anode circuit of the demodulator in order to
attenuate eventual disturbances from other tele-
graph channels. On the other hand, if one

the anode ecircuit of this
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R 1451 Fig. 25, Carrier Current Telegraph Equipment (rear view)

at Weltevreden, Java.

wishes to use an undulator, the frequency of 1050
cveles per sec. is led to a rectifier in whose anode
circuit a telegraph relay has been introduced.
In this case no tone filter is necessary, for the
ear is much more sensitive for disturbing tones
than the rectifier.

Figures 24 and 25 are photographic reproduc-
tions showing the front and rear sides of the car-
rier current telegraph equipment at Weltevreden.
To the extreme rignt in fig. 24 we see a panel
with line filters and the high frequency hybrid
coil in the line filter bay. This is followed by
five panels equipped with a transmitter (at the
top) and a receiver (at the bottom) for each
channel, a power distribution bay and, lastly,
the synchronizing unit.

Fig. 26 shows the carrier current
telegraph

equipment in Bandoeng.
The different panels — beginning at
the left — are the line filter bay, five
carrier current telegraph channel
bays, current distribution bay and
the synchronizing unit. In figs. 24
and 26
Creed

one may distinguish the
telegraph relays which are
used for transmission as well as for
reception in the Java plant. These
relays, when accurately adjusted,
permit a speed of transmission of
200 words per minut.

T

RESULTS OF TESTS AND
OPERATION,

treated the
principles for the connecting up of
the apparatus forming a part of the
Java plant, it might be of interest
to touch upon the results obtained
when testing the plant. Work of a
most thorough and lengthy character
has been laid down on the construc-
tion as well as on the adjustment
of the different band filters within
the plant. The good functioning of
the plant depends first of all on the
careful adjustment of the filters,
the manufacture of the inductance
coils and condensers in the filters
involving great difficulties.
latter have been surmounted, how-
ever, a fact which is best proven by
the graphs in figs. 27 and 28 showing the at-
tenuation curves for the different telegraph
channels.

After now having

These

The total attenuation for transmission in the
direction Weltevreden—Bandoeng is shown in
fig. 27. When obtaining the values for these
curves, the residual attenuation for the differ-
ent carrier frequencies has in each separate case
been brought to zero by the adjustment of the
amplification in the different amplifiers, in or-
der the better to make the different attenuation
curves comparable with each other. The dotted
lines on each side of the carrier frequencies
denote the theoretical values of the cut-off fre-
quencies for the different filters. The measured

Fig. 26. Carrier Current Telegraph Equipment (Iront view) at Bandoeng, Java.
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values have proved that the filter curves practic-
ally coincide with the theoretically calculated
curves. The rounding at the bottom of each
band is a result of the unavoidable losses in
coils and condensers. Fig. 28 shows the corres-
pending curves for the different side frequencies
in the upper frequency group. Also these filter

curves coincide surprisingly well with the theo-
retical calculations.

These excellent results have been obtained
first of all thanks to the special construction
of the inductance coils and the great precision
with which both inductances and capacities have
been adjusted.
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Static Condensers for the Improvement of Power Factor
in A. C. Circuits.

Paper read by A. M. Andersson, Engineer with the Sievert Cable Works,

al lhe Ericsson Propaganda Courses held in Sundsvall, Sweden, September 1929.

E very electric motor or transformer requires
a magnelic field for its operation. In order
to obtain this magnetic field a certain amount
of the current taken from the electric mains is
consumed. This portion of the current — called
the magnetizing current — does not perform any
work but is what we call a wattless or reactive
current. It is the remaining portion of the cur-
rent — the energy current —, on lhe other hand,
which performs the actual mechanical work in

Energy current

L

Wattless or
reactive current —

Energy current
Total current
Fig. 1.

R 1484 Cos @ =

the motor. It is customary, therefore, to call
this component the “watt” current or energy
current. In Fig. 1 we see how the total current
is divided up into the two above-mentioned
components and how these lie at right angles
with each other. We will designate the angle
between the energy current and the total cur-
rent by the Greek letter ¢, cosine for this angle
or the relation between working current and to-
tal current being our power factor — cos ¢
We will return to this subject further on with
another definition for the power factor.

From Fig. 1 we also see how the total current
delivered to the machine depends upon the

|_~ Total

energy as well as upon the wattless current. An
increase or decrease of either one of these cur-
rent components immediately influences the
total current required by the machine. Na-
turally the strength of the energy current de-
pends directly on the power delivered by the
machine, this current component being the one
which represents the useful work accomplished.
The wattless current, on the other hand, is not
directly dependent on the power consumption.

Energy current

& % ‘2 :! e O True

load
Total current l‘{/{&

Fig. 2.

Wattless current

current
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The intensity of the same is determined by the
strength of the magnetic field, and since this
varies with the size of the motor, the wattless
current may also be said to depend on the size
of the motor. Also, the make of the motor must
be taken into consideration, since different
qualities of iron require magnetizing currents
of different intensities in order to give magnetic
fields of the same strength.

For the same motor, the wattless current for
different loads does not vary much. Fig. 2 shows
the approximate variation of the wattless cur-
rent for a given motor as well as how the total
current varies with the true load. As may be
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seen, the intensity of the wattless current for
a full load is somewhat greater than when the
motor is running light, although the difference
is not very pronounced. It is also immediately
apparent that it is unfavourable to operate a
motor which is but partially loaded. The greater
part of the current then is wattless and the
operation of the motor is most uneconomical.
The value of cos ¢ is low.

The product of the energy current and the
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veltage — multiplied by ¥3 if we have a three-
phase installation —, gives the true load taken
frcm the mains by the motor or the transformer.
It is this power that is measured in kilowatts
and which is registered by a kilowatt or kilo-
watt-hour meter. The product of the wattless
current and the voltage, — multiplied by V3 for
a three-phase circuit —, gives another kind of
electric load which is named wattless load, since
it performs no work. This wattless load does
not actuate the kW- or kWh-meters, special
instruments being required for the measuring
of the same. The unit by which wattless load
is measured is called kilo-volt-amperes = kVA.
This unit is sometimes known under the name
of kilosine = kS. The designation kS has its
advantages in that it is more easily distinguished
from the designation which denotes the total
load kVA.

Finally, the product of the total current and
the voltage, — multiplied by V3 for a three-
phase circuit —, gives us the loading of our
machine in kilovolt-amperes = kVA. The re-

Energy current ~.

lationship between these three quantities kW,
kS and kVA is shown in Fig. 3. kW and kS
form the catheti of a right-angled triangel, the
kVA value forming the hypothenuse.

Since the mains voltage may be considered as
constant, the value of kS will vary with the true
load in similarity with the wattless current. The
number of kW is our true load, the number of
kVA being influenced by kW as well as by kS.

The angle between kW and kVA is the same

Transmission losses
due to
energy current

Wattless current
Transmission losses

due to
wattless current

>

Total current

R 1457

Fig. 4.

angle ¢ as in Fig. 1, the equation for the power
factor being therefore

¥ = kva-
If no steps are taken to improve the power
factor, to reduce the wattless current and eli-
minate some of the wattless load, it is clear

that the entire wattless current — in similarity
with the energy current — must be obtained

from the source of energy, viz. the generator at
the power plant, so that this latter as well as
the distribution lines and the transformers are
thereby further loaded. The power plant must
deliver kW as well as kS, thereby obtaining a
high kVA load and a low power factor, i. e.
a low value for cos ¢. We have already seen
from Fig. 1 that this means an increase in the
total load of the line. Naturally, this gives
rise to increased transmission losses in lines and
transformrers and an increased drop in voltage.
We will illustrate this by an example. Let us
assume cos ¢ = .71. The number of kS is then

e G



kVA after installa-
tion of condenser

as large as the number of kW or — which is
the same thing — the wattless current is as great
as the energy current. Fig. 4 gives a graphic
illustration of the comparative sizes of the loss-
es originating in the energy current and those
originating in the wattless current. From this
graph it is immediately apparent that the watt-
less current, although it accomplishes no work,
still stresses the generators, lines and trans-
formers as much as the energy current and is
responsible for as great transmission losses as
the energy current. In other words it is as de-

KVA before installation
of condenser

kS from motors

and transformers

kS alter installation
of condenser

kS from condenser

R 1i3%

Fig. 5.

leterious with regard to transmission as that
current which performs useful work.

Thus to generate in a power plant the num-
ber of kS required for the magnetizing of the
machines and to transmit the same the entire
— often very long — distance to the point of
censumption often gives rise to a considerable
inerease in the transmission losses on account
of the increase in losses caused by the wattless
current. Consequently, if it were possible to
relieve the generators, lines and transformers
from this wattless current or these kS, much
would be gained. This is exactly what can be
accomplished with static condensers. A con-
denser, placed at or near the point of consump-
tion, generates, on the spot, the number of kS
necessary for the magnetizing of the machines,
in other words it supplies the wattless current
at the point where it is required. thereby re-
meving this current from generators, lines and
transformers.

10 X losses for
cos g =1

For our power triangle, the installing of a
condenser means that we introduce a number of
kS directed in exact opposition to the kS obtained
from motors and transformers. This is appa-
rent from Fig. 5. In this manner we remove
as many kS generated by the machines as the
number of kS from the condensers, the remain-
ing number of kS corresponding to the differ-
ence between the kS from the machines and
those obtained from the condenser. The number
of kVA is then reduced while the value of our
pewer factor, cos ¢ increases.

S~
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By varying the size of the condenser it is, quite
naturally, possible to attain different power
factor. If the kS-figure for the condenser is
made to correspond with the number of kS
generated by the machines, the condenser will
supply all the wattless current required for
the magnetizing of the machines. All wattless
load is then eliminated, no kS remain and all
we retain is energy current. In this case, the
angle ¢ = 0 and cos ¢ = 1. It is not customary,
however, for practical and economical reasons,
to drive the power factor improvement so far.
We can see this from Fig. 6, which shows us
how many times greater the transmission losses
are with low values for cos ¢ than what they
are for cos ¢ = 1. We find that if we increase
cos ¢ from .6 to .9, for instance, we simulta-
neously reduce the transmission losses by more
than one half while increasing of cos ¢ = .9 to

3 —



da. V.
YR
.-'LT;'&. Wi
Wa
R 1480
Fig. 7.
cos ¢ = I gives us but a small reduction of the

transmission losses.

This fact is shown still more clearly in Fig. 7.
By removing one third of the wattless cur-
rent, i. e. by removing one third of the number
of kS, the transmission losses caused by the
magnetizing eurrent are reduced to four ninths
of what they are without condenser. If still
another third of the magnetizing current is re-
moved we do not — as may be seen — gain
so much, and if we remove the last third of
the magnetizing current we gain still less. Ap-
parently, it dces not avail us to remove the
final portion of the magnetizing current.

In order the better to show the advantages
gained by the improvement of power factor
by means of static condensers, we will figure
a few examples and study the subject from dif-
ferent points of view. '

Let us first consider the case where the elec-
tric company demands a certain remuneration
for the kS delivered, i. e. where there exists a
certain kS-rate. Such kS-rates are in existance
in many parts of Sweden and they are of many
different kinds. All of them, however, purport
to compensate the electric company for placing
at the disposal of the consumer the number of
kS required for the magnetizing of the machines,
thereby — as we have already seen — incurring
increased losses in their generators, lines and
transformers. As a rule a certain number of
kS in proportion to the number of subscribed kW

are supplied free of charge, a certain fee being
charged for all kS consumed in excess thereof.
This fee wvaries greatly, in some localities
amounting to as much as 48 Swed. crowns per
kS and year. In some places there are no kS-
fees at all, but it is then usually stipulated that
the consumer shall not fall below a certain mi-
nimum value for cos ¢, sometimes even being
required to deliver kS to the electric mains, i. e.
to maintain a negative value for the angle.

If we assume a kS-rate which stipulates, say
10 crowns per kS and year for all excess kS —
a very common rate — it is clear that a conden-
ser may cost all the way up to 50 crowns per
kS and it still would not be necessary to figure
with a longer time of amortization than about
six years. The price of a condenser varies
somewhat, depending on size and voltage, but
for voltages between 1000 and 7000 volts may
be said to lie between 25 and 50 crowns per kS,
depending on the size. Such a kS-rate of 10
crowns per kS and year would consequently be
sufficient to pay for the condenser in from three
to six years. In addition, we have all the ad-
vantages which accompany the installation of
a condenser and to which we will revert fur-
ther on.

Also, let us see what is to be gained in the
form of diminished transmission losses through
the use of condensers. One or two examples will
make this point clear.

Fig. 8 shows a transmission line with three
conductors of 25 sq. mm. each and with a tension
of 380 volts for the feeding of 10 kW to a com-
paratively poorly loaded motor. If we install a
cendenser for 8.5 kS beside the motor, cos ¢ is
increased to .9, the line being unburdened from
a large part of the magnetizing current. Fig. 8
shows how the intensity of the current in the
line is diminished from 27 amperes without con-
denser to 17.5 amperes with condenser, and how
the transmission losses in the line are reduced
from 1530 watts to 645 watts or to practically
one third of what they were without a conden-
ser. If we assume a working time of 2000 hrs.
per year and a rate of .08 crowns per kWh, the
above reduction in the transmission losses will
mean a saving of 141 crowns per year. The
condenser’s own losses may be approximated at
about 11 crowns per year, thus leaving a nett
gain of 130 crowns per year. A condenser for
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R 14ars 1 km R = .7 ohms per phase. Coidenses
WITHOUT CONDENSER WITH CONDENSER
on 8.5 kS
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R1461 i 10 k‘v -
10 kW
Load ... 10 kW 10 kW
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Intensity of current in line ... ... 27 amperes 17.5 amperes
Losses in' 1he line cunsessssrmisniaisemg 1530 watts 645  watts
Loss in percentage of transmitted power ... 153 % 6.5 %

ASSUMPTION : Operating time = 2000 hrs. per year. Price of current = .08 Swed. crowns per kWh.
*. Profit through power factor improvement — (1.530—.645) > 2000 X .08 = 141 crowns per year.

Fig. 8.

85 kS at 380 volts and 50 cycles costs 500
crowns and we consequently find that the reduc-
tion in transmission losses in this line with a
length of but 1 km. will pay for the condenser
in less than four years. In addition to this the
use of a condenser is accomplished by a number
of other advantages. We obtain a higher voltage
near the motor, resulting in smoother and better
operation. We eliminate 8.5 kS, which — as-
suming the existance of a kS-rate — also means
a saving. Even though such a kS-rate may not
exist, still the transformer and the high tension
line are relieved from these 8.5 kS.

A similar example but for a high tension line
is shown in Fig. 9. We will assume a 40 kV
transmission line, 60 km. long and transmitting
2500 kW from the power plant to a transformer
which transforms the tension down to 6 kV. The
power factor is assumed to be .6 on the low ten-
sion side of the transformer. The transmission
line consists of three 50 sq. mm. copper conduct-
ors and we have an ohmic line resistance of 21
ohms per phase, assuming an inductiv resistance
of 30 ohms per phase. If we install a condenser
for 2100 kS on the low tension side of the trans-

former we remove 2100 kS from the plant
and increase cos ¢ to .9. This means that the
intensity of the current in the line is reduced
from 67.5 amp. without condenser to 42.5 amp.
with condenser. The transmission losses in the
high tension line are reduced from 287 kW to
114 kW, i. e. by not less than 173 kW. If we
figure with a rate 60 crowns per kW and year
this reduction in the transmission losses means
a yearly saving of 10,380 crowns. This refers
to the high tension line proper. The transformier
is also relieved, however, resulting in a reduc-
tion of the copper losses. In order to deliver
2500 kW with cos ¢ = .6 the transformer must
be for about 4500 kVA. If we figure with a
transformer loss of 2 % and that one half of
this or 45 kW is copper losses and that of
these 45 kW we reclaim 27 kW by reducing
the intensity of the current from 67.5 amp. to
42.5 amp., this is equivalent to a yearly saving
of 1,620 crowns at the above-mentioned rate.
Altogether, we thus obtain a saving of about
12,000 crowns per year. From this must be de-
ducted the cost for the losses of the condenser
itself which may be taken at max. 500 crowns
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2) in the transformer &~ 27 X 60 = 1,620

Total 12,000 Crowns.

Fig. 9.

per year. Thus, we have left a nett saving of
11,500 crowns per year, and since a condenser
for 2100 kS at 6000 volts and 50 cycles costs
about 56,000 crowns, we do not need to figure
with more than six vears for amortization here
either.

Let us make a little investigation to see what
we gain in this latter case in the form of in-
creased voltage at the receiving station. The
voltage graph with and without condenser is
shown in Fig. 10. Wee see that the voltage drop
amounts to 4270 volts without condenser and
only 2390 volts with a condenser installed. Thus
the tension is raised by not less than 1880 volts
or about 5 % by the installing of a condenser.
Naturally, it is difficult to place a definite value
on this gain, but it should be apparent to every

operation superintendent what it means to ob-
tain such a decrease in the voltage drop on the
high tension line.

We will now investigate what the improve-
ment of the power factor means for the loading
of the generators and transformers, this also by
the aid of an example.

Fig. 11 shows the power triangle at different
values for cos ¢ for a generator of 500 kVA.
We will first assume the generator to be loaded
with a full number of kVA at a value of .6 for
cos ¢, on which we obtain from the same
500 % .6 = 300 kW and load the same with
400 kS. If we introduce a condenser for 100 kS,
the number of kS wherewith the generator is
lcaded is diminished by the same quantity, all
we have left being 300 kS. The generator is
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then no longer fully loaded but we may increase
the load by another 100 kW before we again
have a load of 500 kVA. This changing in the
loading is responsible for an increase in cos ¢
from .6 to .8. By installing a condenser for
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100 kS, therefore, we have made it possible to
obtain another 100 kW in excess of what we
had already.

As to hydro-electric power plants, this re-
duction of the wattless load may mean a good
deal. For a power plant which — at least dur-
ing certain parts of the year — has a good water-
supply and requires during this time as many
kW' as the generators are able to deliver, we
can figure the kKW obtained through the im-
provement of power factor as a clear gain.
There are instances where large condenser bat-

teries have thus paid for themselves within less
than a year.

But also where one must economize with water
the installation of a condenser may be justified.
A power plant operating with 24-hour regulating
and equipped with for instance two turbines,
must often have both generators in operation
even during times when the true load is low, as
at night, depending on the fact that the net re-
quires so many kS that one generator is not
able to keep up the voltage.

This in equivalent with a waste of water, since
the efficiency of a poorly loaded turbine is poor,
the water required being disproportionately
much as compared to the true load delivered.
A turbine which runs light takes as much as
30 to 40 % of the water required at full load-
ing. If the net is relieved from the greater part
of this wattless load through the installation
of a condenser, it is possible to concentrate the
kW load to one generator during low loading
hours and stop the other turbine altogether.
Much water is thereby saved for use during the
daytime, thereby bringing about a considerable
saving which soon pays for the condenser.

The advantages obtained through the installa-
tion of condensers may consequently be summed
up in the following four points:

1. No penalty for low power factor.

2. Reduced transmission losses.

3. Lower voltage drop in the lines.

4. Increased efficiency of generators and trans-
formers.
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As to the placing of condensers in a net, dif-
ferent points of view may be discussed. From
the point of view of power factor improvement
it is most suitable to place the condenser, where
the wattless load is required, i. e. to distribute
the condenser effect over a number of smaller
condensers, in turn assigned to the motors and
transformers which exist in the net. It is seldom
possible to accomplish this, however, the cost
being too high. In most cases one must be con-
tent to concentrate the condenser effect to one
or at the most a few points and then see that
these points are chosen so as to correspond to
the points of gravity of the loads.

Condensers for tensions up to 15,000 volts are
manufactured by Sievert Cable Works. The
question then arises as to the voltage for which
the condenser should be chosen in order to ob-
tain the most economical returns. Shall it be
placed on the low tension or high tension side?
This may be answered by stating that it is to
greater advantage to instal the condenser on
the low tension side in so far that this also
brings about a reduction in the loading of the
transformer and the low tension lines, but the
condenser will then be much more expensive.
This is an economical problem which must be
investigated in each separate case, careful atten-
tion being given local conditions and local de-
mands. For large batteries, on the other hand,
a tension of from 3000 to 10000 volts is prob-
ably most suitable and at the same time most
economical.

As we know, there are also other machines for
the power factor improvement, so called syn-
chronous motors &c. Condensers offer certain
advantages over these machines, however, the
following being some of the most important.

1. Condensers have very small own losses, their
efficiency being consequently high. We
guarantee the losses with higher tensions
not to exceed 4 watts per kS and with
lower tensions not to exceed 6 watts per
kS, i. e. a degree of efficiency of 99.6 and
99.4 percent respectively. We will take an

example by way of illustration. — Suppose
that we need 300 kS. A condenser
of this size and with a suitable volt-

age has a loss of not more than 1.2 kW,
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A synchronous motor, on the other hand,
will most certainly not attain a degree of
efficiency of more than 94 percent, i. e. a
loss of at least 18 kW must be figured with.
The difference — 16.8 kW — figuring with
a rate of 60 Swed. Crowns per kW and year,
represents a saving of about 1000 crowns
per year. Thus it is decidely more expensive
to operate synchronous motors than to use
static condensers. It is true that condensers
are somewhat higher priced, but thanks to
the low cost of operation they are much
more economical than synchronous motors.

2. The condensers have no moving parts, for
which reason they require no maintenance
or inspection. Their operation is noiseless.

This is also a great advantage over the
rotating machines, the commutators of these
machines, especially, being very trouble-
some. With auto-synchronous motors they
often cause trouble, sometimes resulting in
the temporary interruption of manufactur-
ing operations. You are free from all such
trouble with the use of condensers.

3. Condensers require no special base or
foundation. They can be placed anywhere,
a fact which may be of great advantage
where it is desirable to distribute the con-
denser effect among a number of smaller
units.

4.  The connecting up of a condenser is most
simple. All that is necessary is to connect
the three condenser terminals to the three
phases by means of a switch with discharge
resistances and eventually — if the conden-
ser is very large — an oil break switch.

It sometimes occurs that at the same time
as a number of kS are required for the improve-
ment of power factor, a new motor is also
needed. It would then seem plausible to assume
that the installation of a synchronous motor —
which can deliver mechanical energy as well as
kS — would be the best solution.
case, however, the following points must be
borne in mind.

In such a
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1.  The mechanical energy can be supplied as
well, if not better, by an asynchronous mo-
tor, which can be much smaller than a syn-
chronous motor since it need supply no kS.
Such an asynchronous motor is very easy
to start and need not be synchronised, as
is the case with a synchronous motor. Fur-
ther, it has no commutator to make trouble
and need not be provided with an exciter.

2. The number of kS required may be supplied

by a condenser. As has already been de-
monstrated, it is more economical to fur-
nish kS by means of a condenser than with

a synchronous motor.

Thus with an asynchronous motor and a con-
denser we obtain the same result as with a syn-
chronous motor, besides which we gain the ad-
vantage of greater efficiency and more eco-
nomical operation at the same time as both start-
ing and maintenance is simplified.

We will next consider the construction of the
condensers. A condenser consists of a number
of elements, each such element being built up
of two extremely thin bands of metal foil in-
sulated from each other by means of a third
band of paper, specially manufactured for this
purpose. The whole is then rolled into a cy-
lindrical element as illustrated in Fig. 12. The
taps from the metal foil bands protrude at one
end of the element. This figure also shows how
the paper band projects beyond the upper and
lower edges of the metal foil, thus providing
effective insulation also at the edges of the
metal foil bands.

A number of such elements are placed one
above the other within a metal evlinder, the
elements being connected in parallel. The cy-
linders are then dried in vacuum after which
the elements are very carefully impregnated with
a specially composed impregnating oil. The cy-
linder is then closed by means of a cover with
two poreelain outlets and terminal bolts, these

latter being connected to the two taps from the
elements.

Such a condenser cylinder, consequently, is
constructed for single phase. In order to ob-

tain a three-phase condenser, therefore, at least

3

For

larger condensers, a number of cylinders are

three condenser cylinders are required,

connected in parallel for each phase, these groups
then being three-phase connected.

Our standard condensers are provided with
fuses placed directly on the condenser frame
above the cylinders. This is shown in Fig. 13,
which illustrates a three-phase condenser of
the type CI, for 40 kS, 5000 volts and 50 cycles.

In order to fill the demand for smaller con-

densers, a special series of such small condensers
These differ from the
already described insofar that all three

is being manufactured.
tvpe

phases are included in a common receptacle
instead of a separate metal cylinder being used
fer each phase, thus making the condenser
smaller and more compact as well as cheaper,

A condenser of this type for 6 kS, 500 volls
and 50 cycles is shown in Fig. 14, this condenser

being for indoor use with sealed cover, the out-

let consisting of a flexible three-conductor
cable. For outdoor use, on the other hand, we

provide these condensers with a cover with three
porcelain outlets as in Fig. 15 which shows a
condenser of this type for 6 kS, 500 volts and
50 cycles. Such a condenser can be placed any-
where, as on a pole or near a transformer, for
instance, thus making it extremely serviceable
in small rural nets.

These small condensers are made in sizes rang-

ing from 2.25 kS up to 8.5 kS and for tensions

between 220 and 1500 volts.
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Fig. 1.

The accompanying illustrations show conden-
sers made and installed by us.
Fig. 16 shows a condenser for 45 kS, 380 volts

and 50 eycles which on special request was

— 42

equipped with the Diazed tyvpe of fuses instead
of the standard tubular fuses.

Fig. 17 shows a condenser for 325 kS, 6300
volts and 50 cycles. Larger batteries are ob-
tained by combining several such units, such
a condenser battery for 1000 kS, 6300 volts and
50 eycles being shown in Fig. 18. It has been
erected at Vija on the Angerman River in
Sweden, having been purchased by the Royal
Swedish Water Power Administration. In Vija
there was previously a condenser battery for
1000 kS, making a total capacity of 2000 kS for
the entire installation.

Fig. 19 shows another battery for 2000 kS,
6300 volts and 50 cycles, also purchased by the
Swedish Water Power Administration. This has
been erected in Hedemora where there was pre-
viously a battery of 1000 kS, making a total of
3000 kS at Hedemora.

Statements have been made to the effect that
the condensers would give rise to excess voltages
on the lines and that the closing and opening
of the condenser switches would be a special
source of danger. In this connection it may be
of interest to acquaint ourselves with the ex-
perience gained by the Swedish Water Power
Administration in the use of their large conden-
ser batteries. In order to gain a definite know-
ledge of the actual conditions, Doctor Lundholm
cf the Water Power Administration in Stock-
holm conducted a series of tests in Hedemora.
Quoting from the report submitted by Dr. Lund-
holm.

S The purpose of the tests was to in-
vestigate whether or not any excess voltage
might be caused by the condensers, as had been
claimed by certain parties. Such excess voltage
might possibly be assumed to arise either in the
permanent voltage, through resonance for some
harmonic in the voltage curve or at the time of
closing the circuit. Thus, the investigation con-
sisted in the testing — with an oscillograph —
of the voltage to earth of the phases

1. during constant operation,

2. during the operations of cutting in and
cutting out by means of the condenser
battery switch (without any series resist-
ance).
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The intensity of the current was also registered
on an oscillogram, voltage and intensity being
registered on the transformer side of the con-
denser battery switch
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........ as a result of the investigation the
fellowing facts were established.

A weak seventh harmonic in the voltage curve
during permanent operation is considerably
amplified by the battery through resonance be-
tween the condenser capacity and the line, trans-
former and

machine in

This harmonic constitutes

reactances connected

series with the same.
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Fig. 17
but a small percentage of the operating voltage, amplitude for the current of the harmonic is
however, and can in no wise be stamped as ex- about fifteen percent of that of the fundamental
cess voltage. The seventh harmonie is more tone.

powerfully developed in the battery current. The

S P

On the cutting in of the battery there was



formed a system of oscillations which, to all ap-
pearances, is identical with the classical theory
for the sudden introduction

unleaded condenser with a resislance in series

in a circuit of an

and inductance. The progression of the oscilla-
tions is appreciably suppressed, coming to an
end after about one hundredth of a second, and
the frequency corresponds just about to that of
the seventh harmonic which to all appearances
is the own frequency of the system. This theory
makes it clear that with low damping the am-
plitude of the high frequency oscillations is
equal to the amplitude of the admitted voltage.
Thus, the voltage sum is equal to twice the ap-
plied voltage (the operating voltage), which also
If
the self-oscillation value is n times the operating

ceincides fairly well with the oscillogram.

frequency, then the intensity of current in the

Fig. 1

g

high frequency progression is also n times the
nermal operating current of the transformer. In
the case in question the tops of the currenl waves
would consequently be seven times (or, if damp-
ing is taken into consideration, five times) great-
er than the normal operating current of the
condenser. The oscillogram shows a lower value,
but the highest wave tops have probably been
altogether too underexposed in order to come out
clearly in the developing bath.

The cutting out of the battery took place with-
cut the appearance of any smoothing phenome-
nons whatsoever. It is all but impossible, even
on the voltage oscillogram, to determine exactly
when the swilching off takes place. One sees
only the change in the shape of the curve which
arises when the seventh harmonic disappears.

In short, it may be stated that the results of



gave no support whatever for the

the tests
opinion that a condenser battery for the im-
provement of power factor gives rise to excess
Only when the condenser battery is
switched on is it possible for the voltage to

voltages.

earth to momentarily increase to double the

normal value, a condition which need not in-

the
to accentuate that if any charge remains in the

convenience installation. It may be wise

%‘
?

condenser battery when it is cut in, the above-
mentioned increase in voltage may be somewhat
One should therefore make it a
to discharge a condenser battery before cutting

greater. rule
in the same.”

Figures 20 and 21 show the oscillograms taken
the
self-explanatory and show without any doubt

during above-mentioned tests. They are

that the condenser battery does not give rise to
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R 1473 Fig. 20, R 1474 Fig. 21.
any excess voltages or resonans phenomena net by means of the switch, the laying over of
whatsoever. the switch in the opposite position will auto-
For the discharging of the condensers we fur- matically short circuit the condenser over the
nish special switches with discharge resistances. grounded discharge resistance. A switch of this

When the condenser is disconnected from the type is shown in Fig. 22.
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The Use of Electricity in Modern Life.

By Professor Sten Velander.
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Professor Sten Velander.

Legend and tradition in all countries bear wit-
ness of how man has stood in trembling and
wonder face to face with the mysterious and
gigantic forces of nature. But at the same time
he has been dreaming of the possibilities and
means how to make these forces of nature sub-
servient to him. Odin’s ravens, who with the
speed of an arrow informed the ruler of every-
thing that his far-seeing eve did not observe.
Aladdin’s lamp, which turned even the mightiest
forces of nature into obedient and humble slaves
in the service of man.
fabled auxiliaries.

These are some of the

But the people of the western world have not
been content with merely dreaming and wishing,
they have consciously and indomitably laboured
at prying into the secrets of nature, and they
have endeavoured. link by link, to forge chains
and fetters for the vast forces of nature. The
demons of the air, of fire, of water and of the
lightning are now on the whole subjugated and

tamed, and they are modestly labouring for the
use and benefit of humanity.

Messages from man to man, aye, the directly
spoken word, are now willingly borne by the
mysterious ether waves round the whole world
in a briefer space of time than formerly the
gathering-peat reached the neighbouring home-
stead. Already now the human eye is able to
see through darkness and fog, through forests
and fells, what is happening and doing miles
and miles away.

The harnessed forces of our rivers can now
willingly and easily be carried across vast dis-
tances, and supply light in our streets and in our
homes, power for augmented output in industry,
trade and agriculture, propel our tramcars and
trains, give us warmth and heat which, better,
more cleanly and more easily than any other,
can be exploited in the gigantic furnaces of in-
dustry, in the scientist’s crucible or retort, and
for the multifarious needs of the home.

' . -



Everywhere we meet electricity as a tool, and
as the condition for the entire multifarious sys-
tem of modern communications, and as the form
of energy, in which the forces of nature are avail-
able, for labouring and multiplying the capacity
of the human muscles a hundredfold. Electricity,
almost unknown hardly more than a hundred
years ago, is no longer the marvellous new force
of nature that was only handled by scientists
and inventors, and which seemed to be some
kind of witcheraft to the layman. Fifty years
have turned electricity almost into a sine qua
non for the functioning of the life of the com-
munity, just as natural and indispensable as the
air we breathe.

Some illustration may therefore be necessary
showing why and how electricity has been able
to grow so very important in such a short time.

THE USE OF ELECTRICITY FOR THE
TECHNIQUE OF COMMUNICATIONS.

The telegraph.

Endeavours had previously been made to uti-
lise the capacity of electricity to move along con-
ductors, i. e. chiefly metal wires, with enormous
rapidity, for purposes of signalling and sending
messages. The first notions of electrical tele-
graphs can be traced back to the time when only
frictional electricity and the magnetic needle
were known. Since times immemorial man has
felt the need of being able to communicate with
fellow man over vast distances. The beacon, the
torch-telegraph and finally the optical telegraph
were inventions which were called into being by
this need, and which, rationally exploited, by
such men as Napoleon, were doing good service.
Of course, we may call these telegraphs wireless
telegraphs, but the penetrative capacity of that
kind of electro-magnetic waves which constitute
the light-waves, is slight, and the eye is a far too
insensitive receiver to be able to satisfy the grow-
ing demands in the long run. Nor were these
telegraphs cheap to set up and operate. The
discovery of galvanic electricity and electro-mag-
netism a little more than one hundred years ago,
constituted the foundation of the electrical tele-
graph, which in a few years will celebrate its
centenary.

In view of the gigantic strides within the pro-
vince of wireless during the past two or three

decades one may, perhaps, be tempted to under-
estimate the importance of telegraphing along
wires and cables. This means of communica-
tion has, and will in all probability still retain,
a vast importance. The circumstance that the
messages pass along a certain line and are not
disseminated in space, is a protection against the
messages being intercepted as well as against dis-
turbances, such as wireless technique is unable
to afford. Nor has the wire-telegraph remained
stationary, but rather in many instances utilised
inventions and ideas from wireless technique.
New apparatus and new designs of conductors,
chiefly the submarine cables, have of late en-
abled greatly augmented speed in telegraphy. By
their aid the transmitting capacity of the new
Atlantic cables, so-called permalloy cables, has
been quadrupled, and something like 2,000 let-
ters a minute have been sent. We shall there-
fore probably have to reckon with long distance
telegraphy both for overland and submarine
messages, alongside with wireless. Over shorter
distances, between fixed stations, the wire tele-
graph will undoubtedly still dominate.

Thus, by way of example, the Swedish Govern-
ment telegraph lines are still being increased at
the rate of some thousand or two kilometers per
annum, and their length is now equivalent to
one-and-a-half times the circumference of the
globe whilst the telegraph lines belonging to the
Swedish railways would pass once round the
world.

Signalling.

A simplified form of telegraphy are the mani-
fold methods of signalling which occur every-
where in the modern community. As we know,
the electric bell is nothing else but a simple tele-
graphic device. It occurs in factories, in offices
and in many, many homes. Often the system
of signalling is developed by means of long and
short signals, so that certain messages can be
given, the simplest form for code messages.

Occasionally the signalling system is extended
to embrace fairly large areas, e. g. a whole town,
and serves special and particular purposes. The
most commonly occurring specimen of this is the
fire alarm, which has been more and more per-
fected, and not least thanks to Swedish efforts.
In the case of fires it is quite evident how im-
portant it is to be able to quickly get through
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the signals to the Fire Brigade, for it depends
upon minutes, often seconds, if great values are
to be saved.

The capacity of electricity to transmit a mes-
sage instantaneously in proportion to our mun-
dane distances, is being more and more made use
of in our days, when the saying “time is money”
has become actual in practically all walks of life.
It has become so in such a high degree that
man’s senses and nerves are too slow for many
purposes, and in other cases too undependable,
for up-to-date technique to be able to rely upon
them. It is therefore growing more and more
common that not man but special, frequently
electrical, appliances are those which react to
certain phenomena, and make the necessary sig-
nals, sound the alarm, etc. The electric fire
alarm is a substitute not only for the watch-
man’s horn but also a substitute for the watch-
man himself, replacing the latter by means of
apparatus sensitive to heat, and these are con-
stantly on the alert, never sleeping or inattentive,
but always on their guard.

Thus electricity is nowadays being used not
only for carrying messages from man to man,
but the technique of transmitting messages is
growing more and more independent of the hu-
man senses. In the first instance we have tele-
indication, where we can read instruments, ete.
at places widely apart, and transmit the records
to central points, whence instructions can then
be issued. An example of such tele-indication
are our taxi-stations, where the signals constant-
ly indicate at which station a taxi can be found.
Such tele-indications, which enable a central sur-
vey of important conditions and circumstances,
are now amongst the necessary accessories in the
majority of up-to-date enterprises of any magni-
tude.

Electrical Automatisation.

In many cases a further step has, however,
been taken, and tele-indication is combined with
automatic apparatus for operating purposes. Our
electrical power stations present a multitude of
examples of such wholly-automatic devices. If,
for example, a breakdown occurs on a high volt-
age line, the abnormal change in current pres-
sures of the like, caused by the same is indicated
at a more or less distant spot, and there an auto-
matic device takes charge and judges, so to say,

the existing condition of affairs, and, if the ap-
paratus finds it necessary, after a shorter or
longer period switches off the defective line.
There are many thousands of examples of such
complete automatisation.

The automatic telephone stations are examples
of tele-operation, tele-indication and direct auto-
matie working operations.

The present day techmique in this sphere of
work has also progressed so far that it is almost
able to satisfy any and every demand whatso-
ever. There is therefore good reason in the
majority of enterprises to inquire whether it will
pay to automatise more and more an entire part
of functions and operations going on in the busi-
ness. In this connection particular attention
should be paid to all those things in which man
is used merely for guarding purposes, no matter
whether it is a case of observing and reporting
or at longer or shorter intervals carrying out
certain simple operations. As a matter of fact,
it has been found that the pauses of inaction
which occur in such watchman’s service, affect
the powers of observation detrimentally by dull-
ing and reducing them, particularly if the per-
scn concerned is only a cog in the machinery
and consequently unable to estimate and judge
the effect and importance of his actions of com-
mission and omission.

The railway is making a great deal of use of
such watchman’s service with lengthy periods of
inaction. A beginning has also, in that service,
been made to adopt more and more automatic
electrical devices, and tele-indication and tele-
operation, generally by means of electricity. Large
railway stations with hundreds of switches are
ncw being run from a central switch station,
with automatic blocking and switching on and
off the signals by the movement of the trains.
By this means safety is increased while simul-
taneously the rapidity of service is augmented.
With a very frequent and rapid service of trains,
such as occurs in large cities, it is simply im-
possible to bring about safety, unless even the
trains themselves are completely automatised,
so as to stop automatically in case they run on
to a section of track that is already blocked.

Of course, every case calls for inquiry as to
whether it is worth while from a technical and
economical point of view, but as a rule one may
safely say that it is appropriate and economically
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advantageous to introduce tele-indication, tele-
operation and automatisation to a far greater ex-
tent than has hitherto been done.

The Telephone.

The next step in the development of the tech-
nique of communication was to transmit the
spoken word along the wires in lieu of electric
signals and impulses. Telephony, which a couple
of years ago celebrated its fiftieth anniversary,
became of still greater and more revolutionary
importance to man than the telegraph. With
the telephone was taken a first step towards
making man independent of space by relatively
diminishing the world’s circumference and all
distances. It may be difficult to determine
whether hearing or sight is most important in
human intercourse. Yet it is patent that merely
the transmission of the voice supplies a material
portion of that which is attained by a personal
encounter. With up-to-date loud speakers and
telephone amplifiers it is technically possible for
several persons in different places, aye even in
different parts of the world, to converse as if
they were sitting round a common conference
table. Such a possibility may in many instances
make tedious journeys or voyages superfluous,
and has, consequently, in essential respects,
shrunk towns and countries, aye almost the en-
tire earth, into the size of a room.

There have been some important and weighty
inventions, and not least on the part of Swedes,
which have remodelled and improved the first
telephone instrument into the handy little thing
which now stands on our writing table or hangs
on our wall. I shall here leave out of account the
details of this technical development.

The telephone spread with the speed of an
avalanche. Sweden and particularly Stockholm,
took the lead in this development. For commu-
nication within cities, and for distances of a few
hundred miles, the telephone was admirably
adapted fairly soon after its first appearance.
The telephone net in the cities grew rapidly, and
nine years after the first appearance of the tele-
phone, and five years after the introduction of
the telephone in Stockholm, the last-mentioned
city was foremost in the world with nearly 5,000
telephones, or one telephone to every forty of
the inhabitants. Now Stockholm has one tele-
phone to every three of her population, i. e. 30
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telephones for every 100 inhabitants, and is only
surpassed by San Francisco with about 35. In
these cities, and also in the majority of the
Swedish towns, we have got so far that almost
every inhabitant is “get-atable” by telephone.

As we look at Sweden as a whole, there are
8 telephones to every 100 inhabitants. In Europe,
Denmark only is ahead with 9.5. And through-
out the world the countries of New Zealand with
in round figures 10, Canada with 13 and the
United States with 16 telephones to every 100
of the population, are ahead of Sweden in regard
to the spread of the telephone. The rapid de-
velopment of late years in Sweden seems to speak
in favour of Sweden possibly being able to catch
up the other countries, and once more to boast
of being number one in so far as the telephone
system is concerned.

The high standard of Swedish telephone tech-
nique is to a great extent based upon the vast ex-
perience gained in operating the telephone sys-
tem, which practically from the beginning has
been available, so to say, close to the gates of
the telephone factories. The circumstance that
not only foreign countries but also Sweden her-
self to a large degree makes use of Swedish tele-
phones, spells strength and safety for the future
pregress and high standard of our Swedish tele-
phone technique.

Long distance calls are hampered by the tele-
phone currents getting damped in long overhead
lines, but chiefly in cables. The heavy current
microphone. a Swedish invention, overcame to a
certain extent the obstacles formed by the long
distances in telephoning. It was not until the
prospects and possibilities of amplification which
presented themselves by the vacuum valves, that
real long distance telephoning could be intro-
duced, somewhat more than ten years ago. New
designs in cables, in which self-induction was
increased by Pupin coils or Krarup windings,
finally enabled telephoning also over long sub-
marine cables. I shall only mention Sweden—
Finland and Sweden—German. It was likewise
made possible by these means to put down more
important trunk lines in cables, and by so doing
effectively protect them both against the wintry
snow-storms and the thunderstorms of the sum-
mer.

The area with which we are able to communi-
cate by lifting up the receiver on our telephone



apparatus and ask for the number we want, is
widening and increasing almost from day to day.
Business talks between Swedish business men
and their correspondents in Germany, England
and France, will soon be the order of the day.
Even in other spheres the possibility of ampli-
fying the telephone currents will become useful.
We need no longer hold the receiver close to the
ear or the microphone close to the mouth. The
telephone can be converted into a loud speaker,
and the microphone is able to reproduce every-
thing that is spoken in the room. Hitherto these
possibilities have only really been utilised in
large business enterprises, as they may save a
great deal of time and greatly facilitate the work.
But they may also be used in many other spheres.
It is maybe too much to imagine that the Swed-
ish Parliament will be content to meet over the
telephone, but fairly short meetings between
business men from various places are, maybe,
mature for the idea of the telephone conference.
Engineering societies have on several occasions
held meetings at which speeches and discussions
have been carried on with speakers and audience
distributed over separate localities in towns or
cities far distant from one another. Examples
of this exist both from Germany and America.

Television.

A vast deal has thus been gained by being
able to speak and hear at practically unlimited
distances just as much as between rooms in the
same house. But more is wanted. The craving
for improvement and new technical aids is in-
satiable, and the spirit of invention is indefatig-
able. Now it is television that is gleaming in
the distance and for which vast endeavours and
great economical sacrifices are being made. Elec-
trical television is much more difficult to mate-
rialise than telephony, The indirect method, i. e.
the transmission of pictures, is practically solved,
and the results of such transmission of pictures
can very often be seen in the newspapers. Sig-
natures and the like can be telegraphed, and it
seems as if it would be cheaper and better, in
the case of a long text, to telegraph a picture
of the writing or printing than to telegraph in
the ordinary way. Such pictorial telegraphing is
thus part and parcel of present day life, and
has every prospect of finding greater use as the
equipment is improved and becomes cheaper.

The principle of this method of telegraphing
pictures is that the picture surface is divided
into squares and split up into such minute sur-
face elements that the candle power is practical-
ly constant within the surface element. For
every surface element there is given a current
impulse proportional to the brightness of the
original picture, and on a precisely equally lo-
cated surface element on a photographic plate at
the place of reception there is brought about an
illumination proportionate to the current im-
pulse. Or in other words, an electrical eye, which
only sees one little element at a time, passes
over the entire surface of the original picture
and converts every variation in the impression of
light into a variation in the electric current. At
the place of reception the electric current is con-
verted into a ray of light, which with varying
strength passes over the sensitised film perfectly
synchronously with the movements of the elec-
trical eye over the original picture.

In principle television is based upon the same
method, but it is here a case of getting the elec-
trical eye and the ray of light to pass over the
entire pictorial surface so rapidly that the human
eye, which looks at the picture that is passed
over, has not had time to lose the impression of
light from the first point before the last point
of the entire picture has been illuminated. For
this purpose it is necessary that the entire pic-
torial surface has time to get photographed with-
in 1/10th to 1/16th of a second. There is there-
fore necessary a telegraphic speed which ap-
proaches infinity, if we really wish to reproduce
a large picture that has to be split up into mil-
lions of points for the purpose of reproducing all
the details of the object. We must for the pre-
sent be satisfied with a larger division, so that
there is a moderately large number of relatively
large surface elements, whose mean brightness
is reproduced on the receiver’s screen. The il-
lustrations in our daily papers are an example
of the fact that a face can become recognisable
even if it is composed of a fairly small number
of more or less black squares. By a compromise
we thus attain a result which already makes
television possible, when it is for example a
question of a single person, who can be repro-
duced with gestures and looks so as to make him
recognisable. However, fresh ideas and improve-
ments crop up almost every day, and it is not
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very easy to predict the end of this rapid de-
velopment. Amongst those who are chiefly at
work upon television, is our famous compatriot
Dr Alexandersson, who, with the vast financial
resources available for the American electrical
corporations, is working upon the solution of,
inter alia, this very problem.

Wireless Communication.

When at the commencement of the present
century we managed to make the electro-magne-
tic oscillations leave the metallic conductors and
radiate perfectly independently in space, this
meant, and was comprehended as, an extremely
important step in the use of electricity for pur-
poses of communieation, in the first instance for
vessels at sea. And yet hardly anybody at that
time was fantastic enough to dream of what
these last twenty-five years have accomplished
in wireless.

What has happened here is, however, so new
and has attracted so much interest and attention
that most of it is probably known to almost
everybody, so that I need hardly tarry over the
subject.

The first wireless telegraphic apparatuses were
operated with a spark transmitter, a primitive
method which could not be developed into wire-
less telephony. However, for navigation this
method of telegraphy was of vast importance,
and all vessels of any size were equipped with
wireless. We see daily examples of the benefit
and use which wireless telegraphy entails, chief-
Iy in the case of shipping disasters. It was
furthermore for transatlantic telegraphic com-
munication that wireless played a great part, en-
tailing in many instances the sending of cheaper
messages. Thanks to wireless, Sweden, as we
are well aware, has been able to get her own
transatlantic connection with North America.

By the invention of the arc generator, and still
more by the valve transmitter, wireless tele-
phony was made possible, and first and foremost
its particular form — broadecasting. It is the
medium long and short continuous waves that
can be modulated into transmission of sound-
waves. The wave-lengths used at the start, from
a few hundred to a couple of thousand metres,
did, however, not play any very important part
in ordinary telephonic communications. They
could only be utilised with difficulty for trans-

atlantic telephonic communications, because at
these distances they were far too much enfeebled,
and in this way became far too sensitive to at-
mospheric interferences.

Such high frequency waves are nevertheless
being used for duplicating the telephone lines in
such a way that, directed and guided by the or-
dinary telephone lines, they transmit conversa-
tions simultaneously with the ordinary calls. By
the use of different wave-lengths several high
frequency calls can be transmitted simultaneous-
ly with the ordinary ones. Even along other
lines, e. g. a power line, high frequency telephony
is being used.

For ordinary telephone calls the wholly wire-
less oscillations that freely spread in space, could
not be used, because they could not be connected
with a certain apparatus but could be inter-
cepted and the conversation understood by prac-
tically anybody. This circumstance, which is a
drawback in ordinary telephone ecalls, on the
other hand gave rise to broadcasting, which in
an extremely short period spread amongst all
and everyone. The simple, and in many in-
stances, very cheap wireless receiving sets have
made broadcasting available in the majority of
homes. The importance of wireless as a dis-
seminator of news and a cultural factor through
the transmission of music, song, lectures etc.,
need not be mentioned here, for it is known and
renowned.

Wireless telephony in the proper sense of the
word was first made use of to any extent with
the introduction of short waves of a few tens of
metres. For these waves possess much greater
penetrative capacity than the longer waves. They
pass up into the Heaviside layer existing outside
the atmosphere proper, and can be perceived
also after they have circled the earth several
times. Transatlantic telephony has become tech-
nically possible and economically practicable by
the use of these short waves. Our country has
actually already commercial wireless telephonic
intercourse with the United States, Argentina
and several other transatlantic countries.

These short waves are damped so little that
they might be used for interplanetary telephonic
intercourse, provided there exist beings to speak
to on some other planet. As Professor P. O. Pe-
dersen in Copenhagen pointed out quite recently,
it is not at all impossible to send out strong
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enough wireless waves to penetrate to other solar
systems, but there is a “but”, and a very serious
one, against telephonic intercourse between the
solar systems. When we get out into the vast
spaces of the universe, the lightning-like rapid-
ity of the wireless waves, amounting to 300,000
kilometers per second, strike one as quite a
snail’s pace. To get a reply from the nearest
solar system would require about 8 years, and
telephonic intercourse that would embrace
several solar systems would be such that the
answer would never reach us but only arrive
in time for our grand-children to receive it.

It is therefore quite explicable that Professor
Pedersen expressed a desire that we might get
wireless waves with a speed that would be a mil-
lion times greater than the present one. Even
with our terrestrial distances it has been found
that the wireless waves through their slowness
make television difficult, to mention only one
example. There we have to deal with such short
periods that the picture reproduced by the direct
waves may be interfered with and spoiled by the
greatly distorted picture which the waves re-
flected by the Heaviside layer of the earth pro-
duce.

In spite of the limitation of Lhe possibilities of
wireless technique, which the low rapidity brings
about, we have yet certainly many prospects in
our favour, which will benefit and delight future
generations, aye even ourselves, with the rapidity
with which development is now moving ahead,
and the new ideas that are succeeding each
other.

One may say that the provinces for electricity
in present day life now dealt with are meant to
extend the scope and possibililies for our senses
and nervous system. We may there with the aid
of electricity, feel, hear and to a certain degree
see what is happening and take a hand in the
course of events far beyond the sphere which we
dominate by nature. Electricity has here made
us in a certain measure independent of space,
and since there is no need for us to move about
in order to be able to observe or interfere, elec-
tricity saves a great deal of time for modern
man, time that is useful for productive work.
In this way electricity is also in this province
a mighty factor for elevating the general well-
being.

ELECTRICITY AS A CARRIER OF
ENERGY.

The other vast sphere in which we encounter
electricity in the modern community is as a
working factor, the auxiliary by which we
utilise the forces of nature for the purpose of
turning out merchandise and useful things on a
scale that would be out of the question for mere
human muscles and without the aid of machines
and the carrier of energy-electricity.

Already at the time when the first technical
prospects of utilising electrical energy manifested
themselves it was found what an excellent means
we possessed here for the transmission of power
over distances undreamt of up to that time, at
low costs and with a high degree of efficiency,
as compared with other agents and possibilities.
Water power was released from its local con-
finement and could be utilised many miles away
from the waterfall. It was particularly to coun-
tries with resources of water power like Sweden
that this was of inestimable value. The multi-
tude of small, uneconomical and troublesome
steam engines or gas motors spread about in
factories and elsewhere, could be replaced by
electric motors, driven by a single, large, eco-
nomically-operating power station, common for
a whole town or city, subsequently for whole
districts, aye, whole provinces. The energy could
be distributed from its source in small or large
quantities and then transformed into light, into
mechanical effect, into heat, and into chemical
energy.

Electric Light.

Electric light as a universally practicable illu-
minant has this year celebrated its fiftieth anni-
versary. It was Edison’s incandescent lamp that
enabled electric indoor illumination, and in so
doing created prospects and conditions for the
erection of electricity works, There is a vast
deal of technical labour and very many inven-
tions between Edison’s incandescent lamp and
that of the present day. With other material
and other designs there have been produced elec-
tric incandescent lamps which for each power
unit give us ten times as much light as the first
incandescent lamps. At the same time the price
of energy has been relatively brought down to
one-fifth. By reason of its convenience, its



adaptability and, as a rule, its cheapness, elec-
tric light has gained the preference over all
other mundane sources of light. It has also in
the course of these fifty years conquered practic-
ally all spheres and walks of life.

Nevertheless, there is no reason for techni-
cians to sit down with folded arms and look at
the results gained hitherto. It is only a few per
cent of the electrical energy consumed that are
cecnverted into light, i. e. radiation of energy
visible to the eye, the remainder becoming heat,
for which we have no use. The chances of im-
provement most immediately at hand are to pro-
vide resistance material that will result in more
light either because it can be heated to a much
higher temperature than the hitherto used wol-
fram metal, or by better selectivity, i. e. that the
radiation within the visible sphere constitutes a
greater part of the total radiation than with
hitherto used materials. We have a long way to
80 yet before we shall be able to produce light
with as much economy as glow-worms and fire-
flies, in whose case practically the entire radia-
tion falls within the maximum of that of the
sensitiveness of the eye.

Rational Illumination.

Yet maybe greater interest is attracted by the
manner in which we utilise the electric light.
Illuminating engineering has had difficulties in
ridding itself of the shapes of oil lamps and
torches inherited from the ancients. The light-
giving wire, incandescent from the electrical
energy, is, however, so pliable and adaptable
that altogether new and really suitable illuminat-
ing devices might be turned out.

As a matter of fact, it is not enough to let
floeds of light pour out from the electric lamps
and the fittings. Notwithstanding research has
shown that increased illumination to a great ex-
tent improves the capacity for work and the
quality of the work, and also diminishes the risk
of errors and accidents, all things of importance
to us Swedes who have to work such a great part
of the year by artificial light, it has yet been
found that many conditions must be fulfilled if
strong illumination is also to become good illu-
mination. It is particularly important to avoid
glare. A good deal is being sinned in this respect
with artificial light, which far too often acts just
as detrimentally and unpleasantly as enervating

—

noise, aye, like a strident vell, e. g. a sudden
meeting of a very dazzling motor car headlight.

The psychological, physiological and illumi-
natory technical principles for reallv good illu-
mination are only in their inception. We would
certainly miss the mark if we tried to turn night
into day. But it is equally certain that it will be
very well worth while to make improvements not
only in the strength of electric illumination but
also in its arrangement for the purpose of aug-
menting its efficiency and diminishing the symp-
toms of fatigue in human labour.

No stage of saturation in respect of the con-
sumpticn of energy for illumination purposes has
thus as yet been reached. It is quite possible
that the development in extent, in order to reach
all homes and all the inhabitants of the country,
is approaching its end. But after that there will
come a development in depth, a development
with the watchword: “More light as well as bet-
ter and more suitable illumination”.

Electricity as a Motive Power.

Our motors enable us to multiply human ca-
pacity for work tenfold, aye a hundredfold. The
high standard of living which we have attained
in a very few decades, has only been capable
of accomplishment by the tenacious and patient
horse power which steam engines and hydro-
turbines, and after that the electric motors and
in certain walks of life the internal combustion
engines have placed at our disposal. We shall
here only mention the fact that if the work done
in Sweden by our stationary power engines —
thus ignoring motor car engines and the like —
were done by hand or manual power, at the very
least 20 millions of strong labourers would be re-
quired for this purpose alone over and above the
present productive population — and this with-
out any increased quantities of useful things or
necessaries, as compared with the present day,
being produced for feeding and clothing a
population that would be multiplied many times
in such event.

The electric motor is in this instance not the
direct exploiter or utiliser of the forces of nature.
The primary energy in some countries is the
fuel-power (e. g. coal), but in our country it is
in a preponderating degree, water power. Yet
it is the electric energy that transmits and dis-
tributes this power to all points where it is



needed, and there the electric motor transforms
or converts it into mechanical energy.

Swedish technicians have done yeoman service
and performed a vast deal of labour in the in-
vention and development of electric power trans-
mission and electric motor operation. Wen-
strom’s inventions of hardly forty years ago are
the foundation of our modern power plants and
transmissions, and they have enabled the utilisa-
tion now of 2 million horse-power and 5 milliard
kWh per annum from our waterfalls.

The advantages of the electric motor consist in
the easy transporting facilities of electric energy,
the ease in constructing electric motors for every
desired capacity, and with such measurements
and shapes as enable them to be set up almost
anywhere, as well as of easy and convenient ways
of regulation and qualities of operation — all of
them conditions which greatly facilitate the auto-
matisation of electric motor operations.

These advantages have brought about that for
all stationary purposes the electric motor is prac-
tically all-prevailing and dominant, and in sun-
dry instances, e. g. in the Diesel-electric loco-
motive, it has been found even advantageous to
introduce the electric motor merely as an organ
of transmission.

Of a certainty the electric motors will make
their way into new provinces not only in in-
dustry, trade and agriculture, but also in the
home, and will more and more replace muscular
labour for the benefit of an augmented output
of necessaries. !

As regards transport alone, the petrol driven
autemobile appears to be a prime favourite just
now. But for heavy and frequent railway traf-
fic electric operation has now, thanks to its
direct advantages, definitely caught on. This is
the case both in respect of long distance trains
and loeal or suburban railways. On the other
hand, public opinion appears to be willing to
scrap the electric tramways. But over here in
Europe electric tramways and their operation
have been practically stationary since the be-
ginning of this century, whereas the traffic has
grown enormously, and all other means of trans-
port have developed vastly. The ideas manifested
in the United States of late years seem, how-
ever, to prove that the days of electric tramway
operation are not yet done, provided the same
is conscientiously developed and adapted to pre-

sent day requirements and traffic conditions. By
way of example, the electric tramcars make in-
finitesimal use of their capability of rapid aec-
celeration. They are worse, though they might
be far better, than the motor cars in respect of
rapid starting, speed and braking.

Even with regards to electric motor cars and
the like there appear to exist certain possibilities
of making better use of these in spite of the fact
that we are still waiting for more thorough im-
provements in electric accumulators.

Electricity as a Source of Heat.

When, a couple of decades ago, the use of
electricity as a source of heat was under dis-
cussion, this was often looked upon as a sacri-
lege. At that time the saying originated: “It
would be just as bad to use electricity for heat-
ing purposes as to smash statuary for use as
paving stones”.

Nevertheless, the last few years’ thorough and
scientific study of the heating processes has gone
to prove that electricity by its adaptability and
elasticity enables the electric heat to be placed
exactly where it is wanted and to avoid many
losses as well as to regulate, to a previously un-
dreamt-of degree, the temperature, and often
quite automatically keep it constant. For indus-
trial production this has spelled improved quality
and less waste and scrap — advantages that often
counterbalance manifoldly the increased cost of
electricity as compared with, e. g. the cost of
coal.

The electric heating processes have therefore
penetrated into more and more branches of in-
dustrial manufacture, and even in agriculture in
its more concentrated and intensive form, horti-
culture, electric heating has proved practicable
and valuable. Even for domestic purposes elec-
tric heating is gaining more and more ground.
There, by way of example, the electric flat-iron
has caught on, and even cooking-ranges are be-
ing electrified.

Apart from the aforesaid advantages presented
by electricity there is the convenience and clean-
liness of the electric range, which just in con-
nection with domestic work is very much appre-
ciated and should be estimated very highly.

The same circumstances and conditions that
have turned the electric light and the electric



motor into dominant factors in the modern life
will force ahead the electrical furnace in in-
dustry and the electric range in the home.

But it is not worth while to prophesy about
future forms and types of electric heating ap-
paratus. Fresh inventions and scientific research
work going on in various quarters bring about
constant improvements in furnaces, ranges and
cther heating appliances in so far as their prac-
ticability, quality and durability are concerned,
and, what is not the least important, a reduction
in the costs of upkeep.

Electricity in Chemistry and Metallurgy.

As the very name indicates, electricity plays
a very important part in electro-metallurgy and
electro-chemistry. Vast amounts of energy are
consumed in these branches of industry, vet as
a rule in large works in such a way that the
results are only discernible to the public in the
finished product, e. g. in the shape of the now
omnipresent aluminium. There is an infinity of
products that we make use of which for their
manufacture infallibly demand electricity to a
greater or lesser extent.

In other directions electricity enters as a
minor detail which may seem slight or unim-
portant but which forms the crux of the whole
matter. To mention only one example, how
could we drive our motor cars without the elec-
tric spark to ignite the charge.

In all quarters electric energy has thus gained
ground, thanks to its inherent advantages, par-
ticularly those indirect advantages which may
be gained with this form of energy.

The Danger of Electricity.

Aye, but consider how dangerous electricity
is, somebody will say. If a child pokes a finger
into the flame and yells “Mother, nasty fire has
burnt me”, one can understand that it is no use
to blame the fire. On the other hand, when
grown-up persons poke their fingers into the
electric lamps and apparatus, there is an outery
against the murderous, perfidious electricity. Tt
a person places a paraffin lamp into a stack
of hay, it is called incendiarism, but in the case
of electrical devices, however idiotically they

may be handled, there is an outery about elec-
tricity as an incendiary.

The accidents towards which, by way of
example, motor cars and even gas contribute,
are many times more numerous than those in
which electricity is an accomplice. Yet it seems
to me as if the public as the result of the re-
markable benefits and merits displayed by elec-
tricity almost expected electricity also to pos-
sess common sense and judgment. Of course,
electricity possesses great possibilities, and a
great deal of labour is going on to make cables
and wires, apparatus and devices, more and
more fool-proof, but it is at any rate necessary
also in the case of electricity to learn not to
plunge into danger. One might just as well
expect to escape injury on poking one's finger
into the fire or rushing into a string of motor
cars while reading a newspaper.

Before this audience, many of whom have
charge of the planning and erection of electric
plants, I wish, however, to emphasize that even
if it is of the utmost importance for people to
learn to handle electrical apparatus and devices
in a sensible manner, we must by no means
jump to the conclusion that the engineers who
do the planning and erection, will be able to
put forward the excuse that the public has only
itself to blame.

On the contrary, the possibilities of risk or
danger which may arise, never mind how fool-
ishly electricity may be handled, weigh very
heavily in the selection on the one hand of
cheaper and more dangerous, but on the other,
more expensive but less risky devices, voltages
and the like.

Furthermore, everybody should be anxious
and make it a point to disseminate a knowledge
of the proper use and handling of electricity
and electric installations. This will benefit not
only the general public but also the producers,
for whom the demand will increase as the public
learns to grasp and gain confidence in electricity.

New Wiring Techniques.

I wish in this connection to emphasize the
need and necessity of a conscientious develop-
ment  and in wiring technique.
This latter has for a long time been looked
upon as a technically inferior job. Yet expe-

improvement
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rience has gone to prove that this part of elec-
tricity harbours some serious, interesting and
very important problems in at least the same
degree as the other branches which are con-
sidered more respectable. Reliability in opera-
tion, durability and considerations of danger
and risk are, by way of example, extremely
important but difficult and complicated prob-
lems, which have by no means found their solu-
tion.

Wiring technique furthermore represents quite
large capital values, approximately as large as
the other strong-current bragches put together,
and they call, therefore, for keener interest and
more care than have hitherto been devoted to
them.

In view of the imminent development, and
probably thorough improvement in wiring tech-
nique we have good reason to be pleased that
our Swedish firms have begun to seriously de-
vote themselves to the technical and not merely
the commercial side of the question.

In other provinces of technique, and particu-
larly in electro-technique, Sweden has taken
the lead and gained its prominent position by
reason of the Swedish love of quality and tech-
nical perfection. It seems, therefore, natural,
for Sweden to take the lead also in high grade
wiring technique, differing in principle from the
inferior or low-grade rubbish, chiefly of foreign
manufacture, that has in the past been offered
in this line,

Sweden’s Power Supply.

This survey of those branches where electric-
ity is used goes to prove that we have every
reason to expect augmented consumption of
electrical energy in all walks of life. The re-
quirements will not remain at the 5 milliard
kWh per annum which are now generated in
our country. In the United States, where the
consumption is really greater in proportion to
the population than in Sweden, they expect to
be able to multiply the consumption sixfold
within the near future. It is the industrial
heating processes and the electrification of the
home (including cooking) which are expected
to take the lion’s share of the increase.

What are the prospects and possibilities in
our country of supplying a malerial increased

demand? The force of nature with which we
have to reckon, is water power, and for various
reasons it seems probable that even in future
water power will produce practically all our re-
quirements of electrical energy.

Our supplies are also sufficient for quite a
long time. The total water power of Sweden
would be capable of turning out 100 milliard
kWh per annum. In view of a large part of
this water power being partly located in the
fell districts of Norrland, and also in other re-
spects difficult and expensive to exploit, we
reckon at present with approximately 40 mil-
liard kWh per annum as utilisable water power
energy. This is equivalent to eight times the
present consumption.

The 5 milliard kWh per annum hitherto
utilised originate, however, chiefly from the besl
and nearest waterfalls, while the wvast future
requirements will to a large extent have to be
supplied by the transmission of power from
Norrland to central and even southern Sweden,
where, at least for the time being, the population
and consumption of power are greatest.

Future Prices of Electricily.

The result of this for large parts of the
country, particularly for industrial central
Sweden, seems to be a considerable advance in
the price of electric energy from the new plants.
On the other hand it is obvious that an exten-
sion of the electrification for new uses, particu-
larly for the production and generation of heat,
will necessitate a cheaper, and not a dearer, price
for this energy. The price paid for electric light
at the beginning, when it was a mere luxury,
was such that it would now be equivalent to
several shillings per kWh, whereas the further
electrification of the home will necessitate
prices, which, e. g. for the current for cooking
must not be more than 1*/, d per kWh, prob-
ably less. It may thus appear as if further
electrification would be retarded and become
difficult through enhanced costs of production
and transmission of electric energy.

As to the costs of production, the technical
in planning, construction and new
melhods of building will on the whole be able
to compensate not only the enhanced working
expenses but also any possible poorer conditions

progress
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and prospects of harnessing hitherto unexploited
waterfalls. The cost of power at the power sta-
tion consequently does not seem to require aug-
mentation. But on the other hand the costs of
transmission will increase with increased dis-
tance, other conditions being equal. In the trans-
port of electrical energy there are, however,
more so than in the case of other transports,
possibilities of reducing the relative charges for
such transport by increasing the guantity trans-
mitted.

I shall not enter into any details relating to
the methods of calculation and the results con-
cerning the transport charges for electric energy
under various conditions. Broadly speaking, the
results at which I have arrived may be sum-
marised as follows:

The costs of transmission per kilowatt will
remain approximately constant if the amount of
power transmitted is increased by the potency
1.5 to 2 of the increase in the distance of trans-
mission. Thus a doubling of the distance of
transmission can be economically compensated
by a trebling, or at the outside, quadrupling, of
the amount of power transmitted.

At the rate the consumption is increasing,
the power amounts which in future will have
to be transmitted, e. g. from the River Indals-
ilven southward, will be so large in comparison
with the power amounts hitherto transmitted
from more near-by waterfalls, that they will be
able to compensate for the augmented distances
of transmission. Thus, such transmission, if
rationally arranged, need not entail any econo-
mic difficulties.

This holds good of future long-distance trans-
mission. The expenses for distribution in towns
and cities, rural districts and elsewhere, will
become considerably cheaper per unit of energy
with the increase in consumption, which we may
probably expect in all walks of life. This cir-
cumstance is of vast importance for all con-
sumption in the home, the workshop and in
agriculture. For in their case the distribution
costs will be altogether dominant, as it often

constitutes 80 or 90 % of the total costs. We
should therefore rather reckon with a falling
than with a rising price for energy for the ma-
jority of consumers.

The continued enlargement of our plants for
the production, distribution and consumption of
electric energy will cost a great deal of money,
probably 5, perhaps 10, million pounds per an-
num for new plants. One may, however, take it
for granted that these expenses must be looked
upon as very well justified and profitable in pro-
portion to the values they bring to the con-
sumers.

Fancy and Reality.

There are, however, heavy expenses, and con-
sequently many a one, with a thought of the
enormous progress which wireless technique has
made in a few years, may ask the question:
Can we not do away with all these expensive
plants, with all power lines, transformer stations
and cable nets? Can we not get wireless trans-
mission? Others, maybe, will feel tempted to
hope and expect the ideal accumulator, which
would enable us to send about electricity in
bottles or boxes! — Without in the least being
wishful to put a damper upon fancy and in-
ventive spirit, I believe it will be best not to
speculate in such dreams. Do not let us rise to
too great heights, elevating ourselves into the
ether, but let us remain on firm ground with
our energy problems. Yet we are able to look
brightly upon the future prospects regarding the
supply of electrical energy, if we continue to
work methodically and energetically to try and
bring about step by step better and better devices
and methods for utilising, distributing and con-
suming the country's power resources. Never-
theless, do not allow the magnitude of our na-
tural resources to entice us to oriental dreams
of gold without labour. Let the tireless and con-
scientious efforts of brain and hand be the spell
or charm that creates power and energy for the
benefit and use of present and future genera-
tions.
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Instrument for Grouping Fifteen-minutes Loads in Order of
their Magnitude,
Duration Meter.

By Fritz Jacobsson, Engineer.

n the solution of several problems of the power

technics, especially the electro power tech-
nics, it is necessary to deal arithmetically or
graphically with a curve which varies irregularly
as a function of time. Thus the load of an
Electric Power Station shows day-variation,
week-variatien, and year-variation, apart from
quite a number of other occasional or temporary

load can be mesaured on a curve plotted by
means of a registering kW-meter, Fig. 1.

In the above curve the duration for P, kW =
V,=a, + b, + c, -+ d, hours, and the dura-
tion for P, kW = V, =a, + b, + ¢, + d. hours.
The duration for any optional values for P is
chtained in a similar way and with their aid
the duration curve P = ¢ (V) can be plotted.

variations due to sundry causes, conditions, We may also emanate from a curve plotted
P
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weather, ete. To deal direclly with the time
curve of the load is generally so tedious and
vague that it has been necessary to discover
some other means for reaching any results. A
which in many cases leads to simple
methods of arithmetic and quick results, is, as
we know, to arrange the values of the time curve
in an increasing or decreasing order. This ar-
ranging of the time curve values is most simply
acccmplished by chosing certain values of the
magnitude and determining the time during
which lhe magnitude has reached or exceeded
these fixed values. The time — i. e. the num-
ber of hours, days, weeks or months — during
which the magnitude P = f(t) has reached or
surpassed a certain value P, is called the dura-
tion V, for the value P,. If we
the duration V of a sufficient number of values
of the magnitude P, the duration curve P =
g (V) can be plotted.

The durations for fixed values of an electric

way,

now measure

by means of a so called maximum demand in-
dicator, which in sequence registers the values
of the energy consumed — or, if required, the
average power — during consecutive, equally
long intervals of time, usually 15 minutes. Fig. 2.

In this case the duration of the 15 minutes
energy P, is equal to the number of fifteen-
minutes periods during which the average energy
has reached at least P, kW. In calculating the
duration curve it is advisable to draw up a table
with equal intervals in P, e. g. 0—99, 100199
kW, ete. and to dot each fifteen-minutes period
in that interval to which it belongs, after which
the respective duration periods are obtained by
means of addition.

But whatever method of registration is used,
it is very tedious to plot a duration curve. With
the first-mentioned method are used very long
register strips which must be cut, arranged and
measured by means of a map meter. In the
latter case for one vear there must be read and
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sorted in about 10 different columns with more
than 35,000 fifteen-minute values. For this rea-
sons actual duration curves have been drawn up
in only a few instances, and even the curves that
have actually been drawn up are usually based
on a detail treatment of shorter periods sys-
thematically selected with regular intervals dur-
ing the year, e. g. one week a month.

The fact that duration curves are very practic-
able for solving sundry problems both in power
technics and in other directions, has been fully
proved, i. a. in a treatise by Professor C. Ros-
sander entitled “Symbolic Load Curves And
Their Use”. The symbolic method is based upon
the assumption that the actual duration curve
may be approximately replaced by an exponen-
tial curve, of such a nature that the highest and
lowest value are equivalent to the actually ob-
served values, and the area of the curve is equal
to the area of the actual duration curve. It is,
however, evident that a fairly large amount of
uncertainty must exist in so far as the reliability
of the results obtained by means of such sym-
bolic curves is concerned. In some cases one
assumption is based upon the other, and this still
further augments the uncertainty.

In Prof. Rossander’s treatise there is a chapter
called “Controlling Methods for Measuring the
Average Power Factor in a Three-phase Plant”.
The said control is based not only on an as-
sumed exponential form of the duration curve
for the active load, but also on a likewise as-
sumed conjunction between active and reactive
load. Curves really registered show that neither
of the assumptions is generally valid, and then
there is, of course, very little prospect of the
final result being correct.

The majority of the methods of calculation
adduced by Prof. Rossander are, however, prac-
ticable also for actual duration curves, with the

Fig. 2

only difference that it will be necessary to plot
the curves and measure them planimetrically,
while by the symbolic method it is often pos-
sible to integrate the mathematical terms di-
rectly.

In order to make any progress we must also
in this branch of technics try to approach the
reality, and, if possible, in the first instance to
use actual observation results which safeguard
correct results of calculation. Since, as already
mentioned, the work in calculating the duration
curves on the basis of registered load values is
very tedious, it is quite explicable that the
question of designing and constructing a new
apparatus which will automatically register the
duration, has been debated. The nearest solu-
tion might be to obtain registration of the dura-
tion as per Fig. 1, by means of a contact watt
mefer in combination with a time meter of some
kind or other. Since the contact watt meters
are fairly insensible and unreliable, the said so-
lution presents yet some structural difficulties.

On examining the method of fixing the dura-
tion shown in Fig. 2 it will be found that auto-
matic registration based on the said method will
be less complicated. As a matter of fact, by
means of a contact device located on a time-
integrating meter (kWh meter or kSh meter)
it is possible to arrange things in such a way
that impulses are given out for certain, equal
intervals in the time integral. The impulses
thus obtained may be used for a successive driv-
ing forward of a manipulating device, which is
released and through the action of a clock-work
mechanism returns to its starting position every
fifteen minutes. One may furthermore allow
this manipulating device successively to operate
a number of recording trains in such a way that
cach separate train indicates the number of time
intervals (fifteen minutes) during which at least
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a number of impulses determined for the record-
ing trains has been delivered by the meter.

The meter now put on the market by the
L. M. Eriesson Company is designed and built
on the last-mentioned principle, and, in conjunc-
tion with a kWh-meter or some other time-inte-
grating meter as well as a change-over-clock for
fifteen-minute directly the
duration in fifteen-minutes periods for 12 dif-
ferent fifteen-minute values of the time inte-
gral. By means of the 12 values the duration
curve can be plotted with great accuracy.

The kilowatt-hour meter is understood to be
provided with a confact device connected to the
driving system of the meter, Fig. 3.

The ratchet wheel a, made of insulating ma-
terial, causes the conductors ¢ and d to connect
alternately with one of the poles of an auxiliary
source of current, marked —.

The change-over-clock is

release, indicates

understood to be
provided with a make contact closing the circuit
a few seconds every fifteen minutes.

The duration meter consists of an impulse
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Accumulator.

accumulator, an operating device and a register-
ing device with 12 recording trains.

The impulse accumulator, the operating de-
vice, the meter contact and the clock contact are
shown in Fig. 4, which also forms a complete
wiring diagram for the electrical connections.

The impulse accumulator consists of a feed-
ing relay (1) and a release relay (2).

The transport relay operates both the impulse
accumulator wheel (3) and the switch wheel
(4). But the impulse accumulating wheel is
operated only when the release relay (2) is
under tension. When the said relay is out of
tension, the feeding hook (5) and the pawl (6)
are unmeshed and the impulse accumulating
wheel returns to its starting position through
the acting of a spring. The starting position is
in the diagram marked with a stop-pin.

The change-over wheel is driven by impulses
from the meter contact, independent of the re-
lease relay.

When one of the contact springs in the meter
contact drops from the top of a tooth a circuit
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is closed through the feeding relay (1), the ar-
mature of which moves the switch-over wheel
one step forward, thus by means of the contact
device opening the circuit and putting the relay
(1) in connection with the other contact spring
in the meter contact. The impulse accumulator
wheel having reached its final position, the con-
tact pair (8) makes contact and a so called
“secondary impulse” is imparted to the operating
As will be seen later on, the release re-
lay (2) is short-circuited and the impulse accu-

device.

mulator wheel returns to its zero position, when
this secondary impulse causes the operating de-
vice to turn one step.
justable in such a way that from 6 up to 12
primary impulses may be adjusted to corres-
pond to one secondary impulse.

The release relay becomes currentless also

The zero position is ad-

when the contact making clock is released every
fifteen minutes. Even then the impulse accu-
mulator wheel returns to its zero position.

The operating device like the impulse accu-
mulator consists of a feeding relay (9) and a
release relay (10),

The feeding relay operates by means of a
(11) (12) located on
one of the driving shafts for the recording trains.

lever the ratchet wheel
As long as the release relay (10) is under ten-
sien, the lever (11) as well as a pawl — indicated

in the diagram — are in gearing with the wheel

Operating Device.

RissT A

(12), but when the relay (10) is out of current,
these two levers are unmeshed, a spring causing
the wheel (12) and the driving shafts of the re-
cording trains to return to a fixed zero position.
When the relay (9) has attracted its armature,
the contaet pair (13) closes the circuit and the
release relay (2) in the impulse accumulator is
short-circuited so that the latter returns to its
zero position,

The release relay (10) is out of current once
every fifteen minutes when the contact making
clock opens the circuit. In doing so even the
contact pair (14) is short-circuited, the release
relay (2) being out of current and the impulse
accmulator returning to its zero position.

The registering depice consists of 12 record-
ing trains which are operated by the driving
shafts (12) and (16), indicated in Fig. 4. The
driving shafts which are placed horizontally, one
above the other, are interconnected by means of
a worm gear so as to make their movements
identical. The lower shaft operates successively
the 6 recording trains in the lower row (see
Fig. 7). The upper shaft acts upon the 6 re-
cording trains in the upper row.

As will be seen from the preceding, the shafts
(15) and (16) (Fig. 4) are moved forward one
step with every secondary impulse, which is
delivered by the impulse accumulator. The
shafts, in their turn, act upon the recording
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trains so that the first secondary impulse in the
course of fifteen minutes moves the recording
train No. 1 one step. The next secondary im-
pulse in the course of the same fifteen minutes
moves the recording train No. 2 forward, ete. ete.

Fig. 8 a and b shows the way in which the re-
cording trains are actuated by the shafts. For
every recording train there is clamped to the

shaft a circular dise (17) with a notch (18). On
the disc (17) is located a driving arm (19) which
is journalled to a pin (20).
located a driving pin (21).

On the disc is also
In the periphery of
the disc (17) is located the driving wheel (22)
of the recording train. The same is provided
with 10 teeth every alternate one (those marked
in black) being cut off in such a way that it
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does not reach the disc (17) but, on the contrary,
is actuated by the driving arm (19). When the
operating shaft with the dise (17) is rotated
clockwise the driving pin (21) engages the arm
(20) and carries it up towards the wheel (22).
When the upper edge of the driving arm en-
counters one of the black teeth the wheel is ro-
tated a trifle so that one of the white teeth is
made to engage the notch (18), the recording
train being driven forward one step and then
locked, because two of the white teeth are then
resting against the periphery of the dise (17).

On releasing by means of the contact clock
the shafts (15) and (16) return to their starting
positicns, and the driving arms (19) slide over
the toothed wheels (22) without actuating them.
The mutually identical dises (17), with their
accessories are located on the shafts with such
an angular displacement that disc No. 1 ac-
tuates the train No. 1 at the first secondary im-
pulse. Dise No. 2 operates train No. 2 at the
second secondary impulse, ete. until, finally, dise
No. 12 operates train No. 12 at the twelfth
secondary impulse.

If we now briefly recapitulate the working
of the apparatus, we shall find that the impulse
accumulator — which immediately after releas-
ing at the end of the previous fifteen-minutes
period was set at zero — is carried forward one
step for each primary impulse and delivers a
secondary impulse when the adjusted final po-
sition is reached. Let us assume that the im-
pulse accumulator is set for 10 primary impul-
ses. At the tenth primary impulse the operating
device, consequently, receives a secondary im-
pulse, is moved forward one step, and carries
the train No. 1 forward, after which the impulse
accumulator is released and returns to zero.
These operations are repeated at the twentieth
primary impulse, but in this case train No. 2 is

actuated, ete. If release occurs, e. g. at the 66th
primary impulse, trains No. 1—6 are moved one
step, showing that the load during said fifteen
minutes has reached fully 60 primary impulses,
but not 70. If we assume that each primary im-
pulse is equivalent to 2,5 kWh, we know from
the registration that the fifteen minute load
has reached 60 - 2,5 - 4 = 600 kW, but not
700 kKW.

Thus the fifteen minutes’ periods are re-
gistered in separate groups. Those fifteen mi-
nutes periodes in which the load does not reach
10 primary impulses, i. e. 100 kW, are not re-
gistered. Those fifteen-minute periods during
which the load has reached 100 kW, but not
200 kW, are registered by train No. 1; those
during which the load has reached 200 but not
300 kW, are registered by trains No. 1 and 2, etc.
In this way the durations for 12 different load-
values are obtained, and by means of them the
exact duration curve can be plotted.

The attentive reader may ask: — Why has
this complicated impulse accumulator been
resorted to. It might have been quite as good
to make the primary impulses ten times greater,
and to let them act directly on the operating
device. This objection is correct, but in doing
so the deviation would have been far too great.
The primary impulses are delivered by the meter
successively, independent of the fifteen-minutes’
release. A release may take place anywhere
between two primary impulses, e. g. immediate-
lv before the delivery of the next primary im-
pulse. The latter will then be given out during
the next fifteen-minutes period, with thus re-
ceived nearly a whole impulse too much. From
this it is obvious that an error in registration of
at the most one primary impulse may occur.
If we wish to keep the error down to about 1 %
of the full load, the arrangement must be made
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in such a way that one primary impulse is equi-
valent to about 1 % of the maximum amount of
energy during fifteen minutes.

For this reason, one should have an impulse
accumulator which returns to zero position at
the end rach fifteen-minutes period, and
which performs or starts an operation every time
a certain number of primary impulses has
received. This operation, i. e. the driving

of

been
of a
recording train might be carried out directly by
the impulse accumulator. But in this case the
mechanical load would be comparatively great,
and for that reason a special relay-driven operat-
ing device has been constructed. This operating
device is, as we L:ave seen, of such a nature that
the impulse accumulator is reset to zero each
time the operating is finished, i. e. the secondary
impulse is recorded.

By this division into two operating units it
has, finally, been possible to make the impulse
accumulator adjustable in a very simple way:
The apparatus now put on the market is adjust-
able for 6, 7, 8, 9, 10, 11 or 12 primary impulses
for each secondary impulse. It is therefore pos-
sible to select such an adjustment that a simple
and suitable constant is obtained for the energy
limits recorded.

The exterior of the meter is shown in Fig. 9.
Apart from fixing hooks and terminal block,
the dimensions are 277 - 135 . 100 mm.

As regards the practicability of the meter, the
following may be mentioned:

For working plants an exact duration curve
can be obtained, enabling an accurate solution of
all the problems dealt with by Prof. Rossander
by means of symbolic curves. Thus, it is pos-
sible to fix the “Relative consumption curve”
and the “relative time of use” for a load less
than the full load, the most favourable service
at works with different sources of energy, or
the most favourable division of the requirements
of energy on varying tariffs, the losses in a buf-
fer-battery, the energy losses in a conductor,
transformer, motor or generator, the average ef-
ficiency of a water turbine connected to a gene-
rator, the fuel consumption of a steam engine,
or any other combustion engine driving a gene-
rator.

Among other problems which may be investi-
galed by means of the duration meter may be
mentioned the contraction of several loads, the
connection between effective and wattless con-
sumption, and, on the whole, an analysis of the
load of different kinds of load-objects respective-
ly power consumers.

With the aid of the duration meter it is, thus,
possible to obtain fixed starting positions for
the solution of very many technical-economical
problems which crop up in the production and
the sale of power.



The meter may also be used as a basis for
tariffs of a somewhat modified type, intended for
use by large consumers of power. Let us as-
sume that the Power Work offers a large con-
sumer several tariffs, e. g.

A) 150 Crowns per kW-year without any elfect fee;
B) 60 ] » »
C) 20 » » » » 0.05 » » »

The excess limit between the A)- and the B)-
energy should obviously be at the duration f,
which makes the prices equal for A)- and B)-
energy. Thus,

150 = 60 + 0.02 t,
or
90

b= 502

= 4,500 hours a year.

In the same way the excess limit between
B)- and C)-energy must lie at the duration t,,
making these energy prices equal.

Hence,

60 + 0.02 t, = 20 + 0.05 f,,

90
03

[ —_

= 1,333 hours a year.

With the measuring methods used hitherto it
was necessary to try to estimate in advance the
proper excess limits and adjust the excess con-
sumption meter to these limits. By the aid of the
duration meter it is, however, possible at the end
of the year to plot the duration curve and di-
rectly read the amounts of energy at 4,500 resp.
1,333 hours. The amounts of energy are in this
case obtained by planimetry or simple calcula-
ticn. Even if at the beginning one does not
adopt this method of charging direct according
to the duration curve, one will yeat get from the
same a correct idea of the excess limits which
ought to have been selected during the year for
attaining the lowest expenditure for energy.
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plus 0.02 Crowns per kWh.

The duration meter may also be used as a
plain and labour-saving recording instrument in
other branches of business and work, e. g. in gas
and water works for recording curves of gas and
water consumption; in meteorology for record-
ing curves of the force of the wind; and on ships
and trains for recording the speed.

Whether these last-mentioned uses are of such
a nature that the employment of duration meters
is economically justified, cannot be decided for
the present. On the other hand, it ought already
now be beyond doubt that an analysis of the
load conditions in electrical plants by means of
the duration meter here described, will result in
both direct and indirect savings, which will fully
cover the initial outlay also at comparatively
small power plants and for relatively small con-
sumers.

Compared with registering meters of other de-
signs, e. g. registering kW-meters, maximum de-
mand indicators and printometers, the duration
meter does not require any other care or atten-
tion than reading four times a year, while other
registering meters must be furnished with paper
and possibly also with ink. Furthermore, the
duration meter in most cases renders directly
those values which are decisive for judging the
economical details and dimensioning of the
power plant, while, in dealing with register
strips and leaves from other meters, it is often
necessary to perform a vast deal of expensive
arithmetical work in order to obtain any re-
sults. In answering certain questions it will
be necessary to know the variations in load dur-
ing the different hours of the day, and in such
a case a Maximum Demand Meter or a register-
ing kW-Meter is, of course, to be preferred, but
when purchasing registering meters, one ought
in future also to take into consideration the pos-
sibility of using duration meters, and then in
every particular case select the meter which will
be most suitable for the purpose of the registra-
tion.



Localisation of Line Faults with the Resistance and Capacity Bridge
constructed by the Svenska Radioaktiebolaget.

By Torbern Laurent.

1. Introduction.

his paper treats the subject of localising

different kinds of line faults by means of
resistance and capacity measurements and de-
scribes in particular a measuring bridge named
“the Resistance and Capacity Bridge, Type MKM
3297, designed by Svenska Radioaktiebolaget
which may be used for the purpose. This mea-
suring bridge, has been designed with the object
of producing an instrument adapted for car-
rying out all measurements of this kind without
too much complication or difficulty in opera-
tion. The problem has been solved in such a
way that the changes in the bridge circuit re-
quired for different measuring ranges and mea-
suring methods may in most cases be made with
one and the same switch. In this way the risk
for error in setting of the bridge is reduced, and
the desired convenience of handling the instru-
ment is attained.

The design of the instrument in other respects
ensures safety against the comparatively great
mechanical and electrical strains which may
occur as a result of careless handling. The
number of contacts whose contact resistances
have an influence on the measuring results is
reduced as much as possible, and the said con-
tacts are of reliable design and easily accessible
for inspection and cleaning. The resistances
are made of manganine wire, are aged and ad-
justed with great precision.

Among the localisation measurements descri-
bed in the following there is included a method
for localising faulty splicing of cable conductors
which has not been previously published, but
which has been practised by the author with
very good results.

Localisation of line faults by means of re-

sistance and capacity measurements is not suit-
able for very long lines. The condition for con-
venient localising of faults with resistance mea-
surements is that the total line resistance is very
small compared with the total insulation resist-
ance. For very long lines the localisation of
faults is done by means of impedance measure-
ments, which will not be treated in this paper.

2. Description of the Resistance and Capacity
Bridge.

Fig. 1 shows the appearance of the Resistance
and Capacity Bridge; Fig. 2 the arrangement
underneath the panel, and Fig. 3 a drawing of
the front of the panel with designations and
marking.

O is the seven-position switch which serves to
make the connections for different measuring
ranges and measuring methods, K, is a knife
switch which short-circuits a mica condenser
which is .connected in series with a resistance
regulated by means of the dial B, during all
measurements except so-called absolute capacity
measuring. J is a push button switch by means
of which one of the poles of the battery may be
earthed by way of the earth terminal J.

By means of the handles marked X100, 10,
X1, and 0.1 a decade resistance with steps of
100, 10, 1, and 0.1 ohms is operated. G is a push
button switch for cutting out and connecting the
indicator (galvanometer in case of D. C. mea-
suring, and telephone receiver for A. C. mea-
suring) which may be connected to the termi-
nals G, HTF. The switch is of the non-locking
type but can be locked in the closed position by
turning the knob.

The marking —3 V, O, —100 V refers to a

three-position switch by means of which the
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current sources connected between
the terminals —3 and O and between
0O and —100 may be switched in or
cut out (3 volts’ battery tension be-
tween the terminals —3 and O or 100
volts’ battery tension between the ter-
minals O and —100 for D. C. measure-
ments, and audio frequency tension
from an oscillator between the termi-
nals O and —3 for capacity measure-
ments).

By means of the knife switch K,
the branches of the line connected to
the terminals @ and b may be inter-
changed relative to the bridge. Final-
ly, the dial A serves to operate a slid-
ing contact along one of the bridge
wires for measurement of small re-
sistance unbalances.

Table 1 indicates the different kinds of mea-
surements which can be carried out and shows
the settings of the push button switeh J, the
knife switch K and the seven-position switch O
for different measuring methods and measuring
ranges. N signifies here the setting of the decade
obtained
pressed in ohms.

resistance from the measuring, ex-

We assume a telephone line to be the mea-
suring object for a D. C. measurement. The
wires are assumed to have a leak to earth, and

the wire resistance from one end to this earth

Fig. 1.

connection is x, and from the other end to this
leak, y ohms.

As measuring object for capacity ratio mea-
surements, we take the earth capacities €, and
Cy of the wires in a pair, the branches being
broken at some place. As measuring object for
absolute capacity measurements the capacity C
between the two wires of the line is selected.

In the column to the extreme right of the
table the relation between the unknown quanti-
ties and the readings of the bridge is shown.

The diagram Fig. 10 shows how the connec-
tions to the measurements listed in
Table 1 are accomplished. The
measurings are carried out in the
usual way by selecting a suitable
measuring range and adjusting the
resistance N for a zero indicalion on
the galvanometer, or for the smallest
sound volume in the telephone re-

ceiver.

3. Loop Measurements (Total Resist-
ance, Resistance Difference and
Resistance Ratio).

In case of a line fault consisting of
a leak or a contact there will be form-
ed a junction point between at least
conductors,

three namely the two

parts of the faulty conductor, one on
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each side of the leak, and earth or another con-
ductor. This junction peint is chosen as bridge
point in the measuring arrangements when dif-
ference and ratio measurements are to be carried
out. The ecircuit is such that one of the con-
ductors, normally the earthed wire, which con-
tains the leakage or contact resistance, will serve
as battery input conductor. In this way the leak-
age or contact resistance is eliminated from the
measuring results, as well as any E. M. F, which
may be present in the earth through polariza-
tion or earth currents.

At these bridge measurements, the principles
of which are set forth by Figs. 5 and 6. the dif-
ference or ratio between the resistance of the
two remaining conductors is measured. We de-
nominate these resistances xr and y. A second
relation between the resistances x and y is ob-
tained by means of the total resistance measure-
ment according to Fig. 4.

According to Table I the three relations estab-
lished between the resistances x and y, are

Fig. 3.

for total resistance measurement l
x4+ y =K, Nll
[ f (1)

for difference measurement x — K,y= K, N,

for ratio measurement g = Ky N; }
in which N,, N, N, are the decade adjustments,
and K,, K,, K, the factors corresponding to the
measuring ranges adopted. In order to deter-
mine the resistances x and y, any two of these
equations may be used.
The calculations give the following results.
By total resistance and difference measure-
ments

__ . KEN + N,
SRR,
G K, N, — K, N, 2
: 1 + K,

By total resistance and ratio measurements

KN,
T 1+ KN, ,

g K- KN,
? 1+ KN,
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By difference and ratio measurements

e K,N,
= T1—K,K,N, " b
= KN, - HHNSI A )
1 — K,K;N, 5)

There is, therefore, three different ways of
measuring and calculating the resistances r and
y, which fact is of very great benefit for the
following reasons:

1) Control of the measured value is obtained.
2) Control of the calculations is obtained.
3) In special cases one of the measuring me-

B3 —

thods may prove unpractical or insufficient-
ly accurate.

The mean value of several different mea-
surements provides a more dependable final
value.

It may be ascertained if a particular mea-
suring method is applicable, which, for
example, is not the case when the faulty
conductor is subject to leakage at several
places. In such cases there will be no agree-
ment between the resulls obtained by the
different methods
above.

measuring outlined
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If it is desired to ascertain the resistance in
a single conductor, one end of which is not ac-
cessible at the measuring device, the measure-
ment can be accomplished by means of total
resistance, difference and ratio measurements
in the way indicated above, if two other con-
ductors insulated from each other and from the
single conductor are available at the ends of the
single conductor. The three conductors should
in this case be connected at the farther end.
The earth may naturally be used for one of these
conneclions.

We assume, however, that the three conduc-
tors consist of three metallic wires with the un-
known resistances x, y and z (see Fig. 11). By
letting the wires serve, one after the other, as
battery input lead three total resistance, three
difference, and three ratio measurements may
be carried out. In order to calculate the resist-
ances x, y and z it is only required to use a suit-
able combination of three of the said measure-
ments.

For example, by three total resistance mea-

surements:
x+y=K, N,
x+:=K'N/
y+:z=K"N,

we obtain
xr (K, N, + KN,/ —K,"N,")
y (Ky Ny + K"N,"— K’ N/ _JI e (B)
2=} (K/N,/ + K,'"N," —K, N, )

I

Il
(L ]

4. Advance Measurements.

In a line which is homogeneous in respect of
material, temperature and cross-section, the
electrical resistance of the line is proportional

WEE&'

to its length. Telephone lines free from defects
and all the way through using the same type of
wire may as a rule be regarded as homogeneous
conductors in the sense meant.

When determining the distance to a fault on
the line, counted from one of the terminals along
the line, it is, therefore, sufficient to know the
resistance in the said length of the faulty line,
and the resistance per unit of length of the
wire. The distance to the fault will also become
known if the total length of the line and the
relation between the resistances to the fault
from the two terminals of the conductor is
known. As a rule information is, therefore, re-
quired regarding at least two factors in order to
determine the distance to the fault, one of which
is independent of the fault and contains one
dimension of length. The last mentioned kind
of information should be procured once for all
in regard to the different lines, e. g. in the form
of resistance per kilometer, which is usually
denominated the reduction factor, and carefully
measured distances between the terminals of
the different lines. When there is a fault on the
line the time for making repairs is usually valu-
able, and the time gained by advance measure-
ments is, therefore, of great importance. In
many cases the line fault is besides of such a
nature that it makes the measuring of the re-
duction factor of the line very difficult or im-
possible at the time the fault occurs.

In order to obtain the best possible agree-
ment between measured and actual distances to
the fault one ought, if possible, to base the cal-
culations on a dependable figure for the length
instead of a reduction factor, because the latter
depends on temperature and will therefore with
the time vary within certain limits. In certain
cases, as will be disclosed later on, one is, how-
ever, compelled to base the calculations on a re-
duction factor and information about same can
therefore not be dispensed with.

Regarding figures for length it is not sufficient
to know only the exact distance between the
terminals of the line. When the distance to the
fault has been calculated from the bridge
measurements there remains the task of ascer-
taining the geographical situation of the line
fault by means of the calculated figure for this
distance, i. e. in case of aerial lines or cables
between which poles, and in case of earth cables
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between which splices or cable manholes, the
fault is to be found. For facilitating this work
the poles, splice markings and the cable man-
holes should be marked with consecutive num-
bers and the exact distances to these points
should be determined from the measuring sta-
tion and along the line. The poles, splice mark-
ings and cable manholes should be indicated on
a map and marked with number and distance
figures so as to obtain a series of fixed points
along the line indicated on the map. By careful
localisation of a fault, e. g. for earth cables, the
fixed points nearest to the fault are first deter-
mined, and from these points a more exact de-
termination of the fault location is carried out
by length measuring along the cable with a sur-
veyor’s chain, a steel measuring tape or the like.

The reduction factor is defined as the rela-
tion between the resistance and the length of a
single wire. The determination of the reduction
factor of a line is made in the simplest way by
measuring the resistance of the circuit, for
example, a double wire line short-circuited at
the farther end, and the length of the line be-
tween the terminal stations. The reduction fac-
tor is obtained by dividing the resistance ob-
tained, expressed in ohms, with twice the said
length, expressed in kilometers, the reduction
factor consequently being expressed in ohms per
kilometer single conductor.

5. Auxiliary Wire.

The location of contact and leakage can only
be ascertained with great accuracy by means of
total resistance, difference and ratio measure-
ments. These measurements can as a rule be
carried cut when an insulated metallic connec-
tion exists between the two ends of the faulty
line, e. g. one branch of a pair, the other branch
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Fig. 12

of which is the faulty wire. The wire which to-
gether with the faulty line constitutes the
measuring circuit is called the auxiliary wire.
The possibility of ascertaining the resistance of
the auxiliary wire at the time of measurement
determines whether the calculation can be based
on the length instead of the reduction factor.
The resistance of the auxiliary conductor can
be ascertained:

1) If the auxiliary wire is one of the branches
of a double wire line whose other branch is the
faulty line. By means of total resistance
measurement, the total resistance of the double
wire line, short-circuited at the farther end, is
ascertained, this resistance being practically
twice the resistance of the auxiliary wire.

2) If the fault consists of a contact or leak-
age between two lines. In this case earth can
be used as battery feeding lead for carrying out
a difference or ratio measurement between the
auxiliary wire and the entire faulty line.

3) If the fault consists of a leak to earth,
there being available, however, two insulated
metallic connections between the two ends of
the faulty line. By connecting these two wires
to the faulty line at the farther end, the resist-
ance of all the conductors can be determined
in different ways in accordance with the above
description.

4) If the two terminals of the auxiliary wire
can be connected up to the measuring device.
When fault occurs on comparatively short, paper
insulated aerial or earth cables, it is at times ne-
cessary to use a rubber insulated wire laid out
on the ground between the two terminals of the
cable to be used as auxiliary wire, the resist-
ance of this auxiliary wire being measured in
rolled-up state at the measuring device. When
doing this, it will of course be necessary to con-
trol that the rubber insulated conductor has the
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same temperature during the measurement as
when laid out on the ground.

In case of paper insulated cables there are as
a rule a number of conductors available. If,
however, the lead sheath is damaged. enough
moisture may enter the cable in a relatively
short time so that the insulation of all the con-
ductors may be destroyed, making them unfit
for use as auxiliary wires. For long cables it
should, therefore, be attempted to discover such
faults in good time by means of periodical in-
sulation measurements, so that some of the con-
ductors of the cable itself may be used as auxi-
liary wires before it is too late.

For securing a reliable result by measure-
ments on a system of conductors there must
not be leaks to earth at more than one point of
the system. The only exception from this rule
is in such cases where it can be shown that the
effect of the leaks on the result is negligible.

6. Localisation of a Leak or Contact by means
of Auxiliary Wire.

Fig. 12 shows the dispositions made for lo-
calising a leak to earth.

The letters indicate:

A resistance of the faulty line on one side of
the leak.

B resistance of the faulty line on the other side
of the leak.

H resistance of the auxiliary wire.

a resistance of the connecting wire between the
bridge and the faulty line.

j resistance of the connecting wire between the
bridge and the auxiliary wire.

S, the known total length of the faulty line.

S; the unknown distance to the fault.

'f the known reduction factor of the faulty line,
expressed in ohms per kilometer single con-
ductor.

The resistances ¢ and g can be measured one
at the time and may be considered known.

Using the designations mentioned we may
write.

r=3+H+ B and
y=ua+ A

Assuming for the time being that the resist-
tance H cannot be measured, we can arrive at

the following result by using the equation (2)
after accomplishing a total resistance and a dif-
ference measurement.

_ KN, —K,N,

y 1+ K,

=a+ A

or

4 KN — KN,

1 + K,
The unknown distance to the fault may be
calculated from the following equation

1 Kll\rl o KQN, ] o,
. == == B Y i e )
S, f[ 1+ K, [ (7)

Example 1.

For a 3-mm copper conductor
[ = 2.5 ohms per kilometre single conductor.
From a total resistance measurement we ob-
tain
KN, = 53.45 ohms

and from a resistance difference measurement

K, = 10 and N, = 23.55 ohms.
The resistance of the connecting lead is as-
sumed to be

a = 1.65 ohms

1 [53.45 — 2.355

S — 1‘65] = 17.93 km,

== 25| 1.1

By means of a total and a ratio measure-
ment we find in accordance with equation (3):

K,N, - K,N,

— - A
¥Y="71+KnN, ¢t
or
— Kl‘\rl ’ Kst
A=—TFK,N, “
from which we get:
1] K,N, + K;yN,
J1+mm
Example 2.

By measuring the same line as in example 1
we assume that the result of a ratio measure-
ment gives the value:

Ky N, = 6.66
_5_[ 53.45 - 6.66

W e 1.6:')] = 17.95 km.
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We may adopt as a mean value
S: = 17.94% km.

Any error in the reduction factor affects the
two measurements equally and will consequent-
ly not be discovered by comparison of the two
results.

Assuming on the other hand that the resist-
ance of the auxiliary wire can be determined.
A total resistance measurement will then give

KN=x+4+y=3+H+B+A+c

The following result will be obtained in ac-
cordance with equation (2) if a total and a dif-
ference measurement are made.

_ KN, — KN,
o 1+ K,
From these two equations follows:

B+A=KN,—a—g8—H
K,N, — K, N,

=+ A

A==59Fx, —°
KN, — KN,
S‘A +B- m\rljah!— §—H
i —Talh—el + ) | o
(1 + K;) (K,N, —a— g — H)
Example 3.

Assume that the localisalion measurements
have been carried out on a 1,830 kilometre long
cable and the following values have been ob-
tained, viz.

KN, = 102.75 ohms
K,=1
N, = 43.95 ohms
¢ = 0.55 ohms
4 = 0.50 ohms
H = 50.85 ohms

S, = 1.830 km.
102.75 — 43.95 — 0.55 - 2
2 (102.75 — 0.55 — 0.50 — 50.85)
= 1.040 km.

In accordance with equation (3) a total and
a ratio measurement will give:

s —1830

. KINI - Ky Ny
U= eny —etd
= ‘-l — H! A\'t L Kﬂ‘\'!l &

1+ KN,

Further is:
A4+ B=KN,—c—3—H
K, N: - Ks\'__
1 + KN,
'-’S==3'h1:\'1-u—3—}f
o Sx _ Ktl\l 1\31\3 _"'a(l + I\B"\S‘ l 10!

(l + K;N,) iKII\I'—‘ﬂ——‘j-——"fI

Example 4.

We assume that a ratio measurement has
also been carried out on the line described in
example 3. In order to avoid input wires, the
Resistance and Capacity Bridge may be placed
in the cable manhole, so that the cable conduc-
tors can be connected directly to the bridge.

In such a case
a=g=0.

We also assume that the auxiliary wire is one
branch of the pair whose other branch consti-
tutes the faulty wire. From these assumptions
follows that

KiN\i =2H
and the equation (10) is simplified to
.« 2 KN, '
5 =5 1+ KN, | R——— b § §

A total resistance measurement is, therefore,
not required.

Assume that a ratio measurement would give
K;N; = 0.397
The distance to the fault may in such a case
be determined from equation (11):

2-.0.397
—— = 1.040 km.
1397 1.040 km

S: =1.830 -

In localising a leak or contact with another

wire, the latter conductor is connected to the

earth terminal of the Resistance and Capacity

Bridge, and the measurements and calculations
are carried out as described above.

It has been emphasized above that the leak-
age resistance will be eliminated in the measur-
ing results. The leakage resistance nevertheless
is of a certain importance, namely in respect of
the accuracy of the measurement. If the leakage



resistance is high it is difficult to obtain suf-
ficient measuring current through the galva-
nometer. Especially in case of paper insulated
cables, where the D. C. insulation resistance is
very high, and a leak, therefore, may represent
a high resistance, one is often confronted with
this problem. In such cases the measuring cur-
rent is increased by selecting a battery voltage
of 100 volts or higher.

The Resistance and Capacity Bridge is pro-
vided with battery terminals for high battery
voltages (marked 0—100). When these termi-
nals are used, a large resistance is to be inserted
in the battery circuit in order to protect the
instrument in case the leakage should suddenly
diminish.

It will often be possible to break down the
remaining insulation at the leak by impressing
on the line a voltage of about 500 volts. The
are produced at the fault burns the insulation
around the leak, forming a connection between
the conductors with relatively good conductiv-
ity. An attempt of this kind must be carried
out with great caution, especially in considera-
tion of such exchange and subscribers’ appa-
ratus as may be connected to the cable.

By localisation measurements on a line which
is composed of several sections with different
kinds of conductors, e. g. cable lines of different
diameters, one must know the reduction factors
for, and the lengths of, the different sections.
The resistance of each section is computed by
means of the different reduction factors. The
resistance to the fault is estimated by means
of total, difference and ratio measurements, the
result indicating in which section the fault is
to be found. The resistance of the line sections
beyond the fault are to be included in the re-
sistance of the auxiliary wire, and those on the
measuring side of the fault are to be added to
the resistance g of the input lead. The distance
to the fault from one end of the section is cal-
culated in the way described.

Example 5.
A line consists of three sections with the fol-
lowing reduction factors:
fi = 45.9 ohm/km
fi=900 > >
[ =625 » > respectively,

and of the following lengths:

s1 = 0.243 km
s, = 0.389 »
s; = 0.675 -+ respectively.

We assume that the measurements are made
from that end of the line which consists of the
first mentioned section, and that the resistance
of the connecting lead is:

@« = 1.85 ohms.
When computing the resistances of the sec-
lions we obtain
R =459, 0.243 = 11.14 ohms
R, = 90.0, 0.389 = 35.0 »
R, = 62.5, 0.675 = 42.15 »
By means of total resistance and resistance

difference measurements the resistance to the
fault has been ascertained to be:

respectively

y = 27.35 ohms

e+ R <y<<e+ R + R,

Lhe fault must be in the middle section. The
distance from the farther end of the section
nearest the measuring device to the fault will
be:

1
A :
1
27.35 —11.14 — 1.85) = 0.1595 km.

=900 "

In localising faults on long cables the accu-
racy of measuring is usually insufficient to de-
lermine the exact position of the fault by measur-
ing from one end of the cable. In such cases
it is advisable to limit the fault localisation to
ascertaining the splices or cable manholes be-
tween which the fault is located. Measurements
are thereafter continued on this particular part
of the cable in order to obtain more exact in-
formation regarding the position of the fault.

7. Localisation of Leaks and Contact without
Auxiliary Wire.

When attempting to localise a line fault with-
out the aid of an auxiliary wire, e. g. for find-
ing a leak on a single-conductor marine cable.
lhe problem is considerably more difficult.

8 —



Many more or less efficient measuring methods
have been suggested, the following probably be-
ing one of the best methods.

The principle used is demonstrated by Fig.
13. At one end of the line the potential V, of
the line is raised by means of the battery B,
and at the other end of the line the potential
V, is lowered by the battery B,. By means of the
potentiometers P, and P, the said potentials
can be varied and the voltmeters M, and M,
provide means for measuring these voltages. The
outgoing current I, and the arriving current I,
can be measured with the ammeters 4, and A,
the resistances of which are neglected as being
without appreciable influence on the result.

The measuring is carried out in such a way
that the potentials V, and V, are varied until
the currents I, and I, are equally large. This is
accomplished so that the potentiometers P, and
P, at each end of the line are adjusted so that
a certain agreed-upon current is being indicated
by the ammeters.

When I, = I,, no current will pass through
the leak, i. e. the line has zero potential at the
leak. In this way the leakage resistance is eli-
minated from the measuring results.

The tensions V, and V, indicated by the volt-
meters become equal to the voltage drops in the
line from the terminals to the leak, and the
following relation is obtained:

i_ s
V., S—S8.
or
Vi
$:=8+——-\ ... 2)
'V + ‘z] (1

Fig. 13.

At the measurement the voltages V, and V.
should be as high as possible, so that the E. M. F.
produced by earth currents and polarization in
the leak may be neglected, being of no import-
ance for the measuring results.

8. Fault Localisation Measurements on a Broken
Submarine Cable.

Measurements for the localisation of a leak
without auxiliary wire present some difficulties,
and the problem of fault localisation if the con-
ductor is broken naturally becomes still more
complicated. We are confronted with such a pro-
blem in case of a torn sea-cable. In this case the
resislance between one end of the line and earth
is practically the only value available for mea-
surement. The resistance value obtained from
such a measurement partly consists of the re-
sistance of the line to the fault, and partly of
Lhe resistance between the fault and earth, and
the problem consists in distinguishing between
these two resistances.

Some methods are founded on the circum-
stance that the leakage resistance is variable
with the strength of the measuring current. By
carrying out a series of measurements with dif-
ferent measuring currents the line resistance
and the leakage resistance may be differentiated,
provided that the relation of the leakage resist-
ance to the strength of the measuring current
is known. It has been proved, however, that
the said relation to a high degree depends on
the nature of the fault, e. g. the amount of con-
ductor surface bared and impurities on same,
which makes the method unreliable.

=g =
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In the following a method will be deseribed
which at any rate has the virtue of simplicity,
and which has been used with a certain amount
of success by Mr. Segerstrom for measurements
on the Swedish-German submarine cables.

Fig. 14 represents a diagram of the measur-
ing arrangement. The resistances R form two
bridge resistance arms with the ratio 1:1 and N
is the resistance used for comparison. B is the
measuring battery- and G the galvanometer. A
short length of wire T, connected to the resist-
ance N, is immersed in a metal container K,
filled with sea water and connected to earth.
This wire is to serve as an imitation of the fault.
The resistance N is regulated until no current
is flowing through the galvanometer G, and
the resistance N is then equal to the resistance
of the cable on the assumption that the artificial
leak from the wire T to the water in the con-
tainer has the same resistance as the real leak.
The reduction factor for the cable conductor
being known, the distance to the fault may be
calculated. It is advisable to use as powerful
measuring current as possible, because the ap-
parent leak resistances will thereby become re-
latively lower. The resistances R aad N may
preferably be designed as air-cooled rheostats
in order to withstand the high current. The
wire T, naturally, may be immersed directly in
the sea in which case the measurements may be
just as well accomplished.

Localisation measurements without auxiliary
wire of the kind described in paragraphs 7 and
8 require special measuring arrangements. Such
measurements, however, occur so infrequently
that purchase of special instruments for this

purpose hardly is advisable. The measurements
may be considered as laboratory experiments,
the measuring arrangements being assembled
temporarily from suitable apparatus available.

9. Measurements of Resistance Unbalance.

According to Fig. 7, Table 1, the Resistance
and Capacity Bridge may also be used for
measuring resistance unbalance. This type of
measurement may be replaced by ordinary ratio
measurements but the resistance unbalance
measurement is to be preferred on account of
the greater simplicity of the method, the more
convenient scale reading and the freedom from
impairing contact resistance within the bridge
which decreases the accuracy of a ratio measure-
ment.

Measurements of resistance unbalances are
undertaken in order to ascertain the relation be-
tween the resistances of the branches of a tele-
phone line, and for this purpose the said line is
short-circuited in the farther end and at that
point connected to earth, as shown by Fig. 7.
The dial marked A is regulated until the gal-
vanometer indicates zero-current and the resist-
ance ratio is read directly from the scale.

It is necessary to keep the resistance deviation
between the two branches very small in phan-
tomed telephone lines in order to limit the cross-
talk between the phantom circuit and the side
circuits (see article on “Cross-talk and Connect-
ed Problems” by T. Laurent in “The L. M. Erics-
son Review” 1928, No. 10—12).

Resistance unbalance is an indication for
disturbance of the balanced condition of tele-

e G =



phone lines. This balanced condition is easily
affected by the slightest resistance changes, e. g.
at the splicings or changes of the leakage to
earth, and the measurement of resistance un-
balance is, therefore, a sensitive indicator of the
condition of the line. The first step by control-
ing the line conditions is, therefore, to measure
the resistance unbalance whether the line is
operated on a phantom basis or not. This
measurement, therefore, assumes the function
of a frequently recurring control measuring, this

R 1518

is passed the sound will disappear entirely. It
is, therefore, possible to determine when the
fault is being passed, at which moment the coil
is at the contact. If the approximate position of
the contact has been localised by means of total,
difference and ratio measurements the exact po-
sition may be determined with the aid of the
coil, which often saves unnecessary destruction
of the cable covering.

It is not possible in general to localize a leak
in accordance with this method unless the re-

Fig. 15.

being the reason why the special features have
been included in the Resistance and Capacity
Bridge design for making this measuring easy,
rapid and reliable.

10. Localisation of a Contact by means of a Colil.

The method of localisation of a contact fault
in a cable with the aid of a coil may sometimes
be useful as a complement to the total resist-
ance, difference and ratio measurements. This
method facilitates determination of the position
of the contact from outside the cable sheath,
provided that the cable is not armoured or
otherwise surrounded by iron.

The principle of the method is shown by Fig.
15. A powerful voice frequency tone is sent out
on the faulty line. The current generated by the
voice frequency generator G flows through the
contact fault K and produces a variable mag-
netic field in the surroundings of the cable. The
coil H forming a closed circuit together with the
telephone receiver HTF, is placed in the imme-
diate vicinity of the ecable and currents will,
therefore, be induced into the coil and produce
a tone in the receiver. If the coil is moved along
the cable, the sound in the receiver will periodic-
ally disappear and return depending on the
twisting of the cable conductors. When the fault

maining insulation at the leak is broken down
by high voltages. The reasons for this are that
the induced current which is flowing through
the leak is too weak, and that sounds are heard
in the receiver also after passing the fault, which
in turn is due to capacity currents in the con-
tinued line. It is possible that these difficulties
can be disposed of il a very low generator fre-
quency is selected in order to reduce the magni-
tude of the capacity currents. In this case the
voltages induced into the coil should be ampli-
fied and rectified by means of a valve voltmeter
used for indication purposes. The small change
in voltage produced when the coil is passing
over the leak, will be easier detected with a
valve voltmeter than with a receiver.

11. Localisation of a Break of a Wire.

For localising a break of a wire, e. g. a cable
conductor, it will be necessary to perform capac-
ity measurements. The increase of line capacity
as well as line resistance is proportional to the
length of the line. If the line capacity per unit
of length is known and the line is broken at the
farther end, the length of the line to the break
may be determined by means of capacity
measurements, a method which is analogous to
the resistance measurements described above.

H. — 81 —
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The capacity, however, is not distributed along
the line as uniformly as the line resistance, and,
therefore, distance determination by means of
capacity measurements cannot be made with the
same accuracy as when resistance measurements
can be used.

Fig. 9 shows the Resistance and Capacity
Bridge adapted for capacity measurements. In
this case a voice frequency generator must be
used for current supply and a telephone receiver
as indicator. The measurements are carried out
by adjusting the bridge for a minimum of sound
in the receiver. The best result is as a rule ob-
tained if the capacity ratio can be measured be-
tween the capacities of the damaged line and of
a line of the same kind in good condition and
of known length. In such a case the Resist-
ance and Capacity Bridge should be used for
capacity ratio measurements in accordance with
Fig. 8.

Fig. 16 shows the principle of localisation of
a wire break (at a in the figure) by means of
capacity ratio measurement. The capacities of
the defective double-wire line and of the one
used for comparison may be divided into the
part capacities €,, €, and C, between the con-
ductors respectively and the earth capacities

c,cr c/,C”, € and C,” all of which are
proportional to the length of the different con-
ductors. Looking at Fig. 16 it will immediately
be seen that the capacities C,, €, and C,” will
have an influence en the measuring results if
the point J in the bridge is not earthed. It is,
therefore, of great importance that this point
should be satisfactorily connected to earth, caus-
ing the capacities €., C,/, C, and C, in series
with €,” to be short-circuited with the conse-
quence that they are without influence on the
measuring result. The capacities to be compared
will be €, connected in parallel to €,”, and C,
cennected in parallel to €,”. In accordance with
the designation in Fig. 8 the measurement will
give

C. a4+ C" S
. WA
('y Cy + Gy S¢
or
S:=8 K- -N_ ... (13)
The conditions for line -capacities to be

measured or compared in this way are:

1)

2)

that the lines are not subject to any leak;
that the lines are so short that the forma-
tion of waves along the line will not be
disturbing.
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This method of measuring may, therefore, not
be used, if, for example, an aerial line breaks
and falls down on moist ground. The fault locali-
sation should in such a case be accomplished
by measuring the insulation of different sections
of the line, with the object of confining the fault
to a shorter section which is subsequently pa-
trolled.

The formation of waves is not solely due to
the geographical length of the line but also to its
electrical properties, and is more pronounced by
the use of high measuring frequency. Capacity
measurements on long lines should therefore be
carried out with as low frequency as possible,
say 25 cycles. The human ear, however, is in-
sensible to such low frequencies and a telephone
receiver will, therefore, be insufficient as an in-
dicator.

Fig. 17 shows an indicator which may be used
for low frequency measurements, the principle
of which is described in the article “A Method
for Using Valve Amplifiers in place of Galvano-
meters with Wheatstone Bridges” by T. Laurent
published in Teknisk Tidskrift 1924, vol. 18
Elektroteknik 5. The indicator terminals (HTF
G) of the Resistance and Capacity Bridge are to
be connected to the terminals a of the device
shown in Fig. 17. The low frequency alternating
current is first passed through a low frequency
filter F, which removes any harmonics or line
noise which may exist, the alternating current
then exciting a telephone transmitter M. This
transmitter is acoustically coupled to a telephone
receiver HTF,, fed with voice frequency current

| N Pp—
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Fig. 17.

from the generator G. When exciting current is
supplied to the transmitter M, the latter will
transmit the generator tone to the band filter F,,
which is designed so as to pass the generator
frequency. The current passing the band filter
is amplified by the amplifier L, and received by
the telephone receiver HTF,. This indicator is
also suitable for D. C. measurements.

12. Localisation of Wrong Splices of Conductors
in Cables.

In splicing a cable mistakes are often made
so that two conductors in the same twisted pair
are spliced to conductors in different twisted
pairs and causing a so-called “split”. Fig. 18
exemplifies such a split. The conductor b is
twisted with the conductor a on one side of the
fault, and with the conductor d on the other
side. The conductor e on the other hand is
twisted with the conductor d on one side of the
fault, and with the conductor a on the other
side,

Designate the distance to the split from one
end of the cable S, and the total length of the
cable §,.

Also introduce the designations:

C = capacity per unit of length between con-
ductors in the same twisted pair, and
€’ = the capacity per unit of length between
conductors in different twisted pairs.
As a rule

C>C
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The measurements consist in measuring the

capacities

R 1521

C,' between conductors a and b

CIH »
X
C," »
Cs! »
C&” »

As a rule the capacities C,” and €, are larger
than €, and C,% which rule may be used for
identifying the different capacities.

»

»

»

»

»

»

»

»

Fig. 18.

Assuming that the capacities are uniformly
distributed along the line, the relation between
the measured capacities and the capacities per
unit of length will be the following:

d

e C/'=C"=C-S5:4+C(5—8)
d C/=C"=C:-85+C(5—8)
d and C'=C"=/CS,.

e

On account of inhomogeneity of the distribu-
tion of the capacities along the lines, a small
difference may exist between those measured
capacities which, according to above, should be

TABLE 1I.
C,’ G’ [ 194 Calculated value Real value
\\.-ronl SPIICE Clu uF, C'n nF, Cl' } uF. S: sx
nr. C], C' C: E s—’
0,0222 0,0210 0,0198
1 0,0220 0,0209 0,0198 0,67 0,64
0,0221 0,02095 0,0198
0,0225 0,0244 0,0215
2 0,0230 0,0247 0,0214 0,29 0,31
0,02275 0,02455 0,02145
l 0,0236 0,0228 0,0213
; 3 0,0234 0,0227 0,0214 0,60 0,57
; 0,0235 0,02275 0,02135
'. 0,0236 0,0228 0,0213
.- 4 0,0235 0,0225 0,0213 0,62 0,57
i 0,02355 0,02265 0,0213
s | 0,0474 0,0451 0,0424
5 0,0486 0.0455 0,0425 0,66 0,61
0,0480 0,0453 0,04245
) ) 00224 0,0197 0,0190 |
6 | 0,0220 | 0,0198 0,0192 0,83 0,87
5 0,0222 0,01975 0,0191

SN .
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alike. The following mean values may be as-
sumed for calculations:
C,=1(C'+¢C"
C,=1(C'+ ()
C=1(C'+ G
(€, > Gy)
or
C,=CS:+C (5—38,)
C,=0CS:4+C ($:—8;)
C=0C3S:
If the capacities €" and C are eliminated from
these equations we obtain

G+ G
CFC—3C }(14)
from which equation the distance to the fault
can be calculated.

Table 2 gives the result of localisation
measurements for finding splits in a cable be-
tween Helsingborg and Angelholm in Sweden.
All the splits occurred between twisted pairs
belonging to the same quad, in which case the

'S:=St

85 -

WE#_HQ'

capacity values € and C" are very close to each
other. As the measurements are based on the
difference between € and €’ the conditions were
consequently somewhat unfavourable. Suf-
ficiently good results were obtained, however,
for location of the faulty cable splices and great-
er accuracy is rarely necessary in case of such
faults.

A more accurate result is of course obtained
if the measurements are carried out from Loth
ends of the line, the mean value between the
measuring results being assumed to be the cor-
rect value.

As the equation (14) merely contains a ratio
between capacities, it is not required to measure
the absolute capacities. The capacities €,, C, and
€, may, therefore, be measured in relation to the
capacity of an arbitrary line and these relative
values introduced in the equation (14).

By carrying out capacity measurements for
location of splits the same precautions have to
be taken as regards leakage and wave formation
phenomena as mentioned above in connection
with cable break measurements.



Some New Swedish Electricity Meters.*

By O. Johnk, Engineer.

L M. Ericsson’s department for the manufac-
o ture of electricity meters started operations
after careful preparations already before the war
in the year 1914. The experiences then gained
by the Swedish Electric Power Works as regards
different types of meters both for A. C. and D. C,,
and also the practical experiences acquired by
L. M. Ericsson in the course of previous work
in electrotechnics have been utilized for the
benefit of this new department.

The manufacture of the multitude of different
details of the meters was assigned to the respec-
tive departments of the Stockholm Factories, and
for their assembling and calibration new fitting-
up shops and test rooms were got up and
equipped with ingenious and labour-saving tools
and instruments and the very best testing and
control devices available.

The L. M. Ericsson electricity meters were,
therefore, from the very beginning manufactured
in accordance with designs and methods that
had been thoroughly tested, and they were ex-
tensively used during the period of forced elec-
trification of the towns and the rural parts of
Sweden. E. G. in 1920 more than 20,000 elec-
tricity meters of the L. M. Ericsson make were
sold to Swedish electric power works and under-
takings and the following year the first one
hundred thousand of meters manufactured by L.
M. Ericsson was exceeded.

After the war the efforts to attain scientific
simplifications and improvements in the design
and manufacturing methods were hurried up in
all countries, and not least in Sweden, The
manufacture of electricity meters was to a fairly
great extent influenced by this development,

An  illustrated lecture delivered at the course of instruction
and propaganda held by the L. M. Ericsson concern in Sundsvall,
September 13—15, and in Orebro, November 8—10, 1929, collected
and completed with photographs, ealibration curves, ete.,, by the
lecturer, 0. Johnk, Engineer.

which brought about many improvements in de-
tails. Simultancously new forms of tariffs were
elaborated, in order to stimulate increased con-
sumption of electrical energy, and as a conse-
quence of this new designs of electricity meters
became necessary. Owing to this circumstances
thorough investigations were carried out a few
vears ago in order to find out the prospects of
an increased sale of L. M. Ericsson’s electricity
meters. This preliminary work resulted in
strenuous and conscientious efforts for new
designs which were immediately started and also
favourably affected by suggestions and inven-
lions on the part of Swedish engineers and in-
ventors.

In this work of new designs an endeavour
was first of all made for reliable, strong and
easily accessible meters that were light and of
a small volume, possessing great accuracy
troughout the whole measuring range, as well as
slight power losses. Furthermore, a great deal
of attention was paid to the circumstances that
the new Swedish electricity meters could be
easily handled and calibrated. Briefly, from a
quality point of view they were to be fully up
to the best foreign makes, besides which they
would be manufactured under such rational con-
ditions as to enable them to enter into compe-
tition also with regard to the price, although
the prices charged for the improved electricity
meters are rather lower than the pre-war prices
charged for the former types of meters.

Scme of the newly designed types of electricity
meters, which are protected by several patents,
have already been thouroughly tested in prac-
tical use and are being rationally turned out in
series. They are in the following described as
to measuring principles, design and properties.
With regard to other newly designed but not yet

— 86 —



Fig. 1. D. C. Ampere-hour Meter, recording Kilowatt-hours, Tyvpe LA

-ationally manufactured types of meters, these
are also briefly described.

D. C. Meters.

The L. M. Ericsson D. C. Meters are ampere-
hour meters built on the magnet-motor prin-
ciple, which makes for a simple and easily com-
prehensible design as well as good measuring
properties. The magnet-motor field is formed
by two permanent magnets and the armature
consists of an aluminium dise with three leads
of copper wire connected to a commutator. Two
three-segment brushes connected to a shunt con-
very a fraction of the main current to the leads.

As the magnet-motor field is constant and the
armature current proportional to the supply
current, the torque is proportional to the supply
current. When the disc rotor is moving in the
magnet field, eddy currents are produced in the
disc causing a brake moment proportional to
the armature speed. When the armature has
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attained a constant speed, the torque is equal to
the total braking moment, and, consequently, the
speed of the armature is practically proportional
to the supply current. The recording train con-
nected with the armature registers the number
of revolutions for the number of amperehours
consumed during a certain time, but the ratio
of transformation between the armature and the
recording train is accomodated in such a manner
that it
the number of kilowatt-hours, provided there is

‘auses the recording train to indicate

a certain constant voltage in the entire plant.
During the past 15 years that have elapsed
since L. M. Ericsson started the manufacture of
this meter type it has been successively improved
and considering the unanimous opinions ex-

6. Diagram of Vi-Meter

N

pressed by the Chief-Engineers of several
Swedish Electric Power Works — it is no

exaggeration to say that meter experts consider
it the best that can be of this kind. No fewer
than 40,000 D. C. Meters of L. M. Ericsson’s
latest design have Leen supplied to the Electric
Power Works of Stockholm, and these have been
fully up to the very severe demands made by
said Power Works, the greatest D. C. Works of
Sweden.

A. C. Meters.

Of late
vastly improved both as
measuring properties. Nowadays, induction mo-
tor meters built on the Ferraris principle, are
sclely used, i. e. two fields varying in intensity

years the A. C. meters have been

regards design and

and altering in position are combined into a ro-
tating field generating eddy currents in a disc
rotor, and through
these eddy currents and the rotating field, the

the co-operation between
necessary torque is obtained.

The L.. M. Ericsson A. C. Meters are built on
this principle. In such a meter the driving
moment of the armature is proportional to the
electrical energy consumed in the entire plant,
and the total brake moment of the armature is
proportional to the armature speed. In a statio-
nary condition of the torque and the braking

moment the speed of the armature per time unit

Fig. 7. Single-phase A. C. Meter, Type V3. (Cover removed
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is proportional to the energy consumed, and the
number of revolutions registered during a cer-
tain period by the recording train is, therefore,
proportional to the amount of energy consumed
in the entire plant during the same period, i. e.
the number of kilowatthours.

Many of detail problems had, however, to be
solved and great difficulties relating to design,
material and manufacturing methods overcome,
before the new type of L. M. Ericsson Ferraris
meter was fully satisfactory in respect of quality
and could be put on the market. It would be too
tedious to specify all these difficulties, but only
the principle ones should be mentioned. E. g¢., it
should be known to all meter people that both the
main flux and the shunt flux exercise on the ar-
mature a braking moment, which nevertheless in
practice always varies, because the impressed
power, composed by current and pressure, is
rarelv or never constant, and this braking mo-
ment is added to the braking action caused by a
permanent magnet. The braking action caused by
the main flux has a greater influence proportio-

nately to the brake of the magnet, the higher the
load, and exercises, therefore, at high loads a
disturbing influence on the accuracy. The bra-
king power created by the shunt flux acts in
a similar way, but the errors caused by the shunt
flux are considerably less as the variations in
tension of a plant are considerably less than the
variations in current. An endeavour is therefore
made to increase the shunt flux and reduce the
main flux. Such a displacement in the pro-
porticns between the shunt flux and the main
flux is advantageous also from the point of view
that the errors caused by the shunt flux are
more easily compensated than those caused by
the main flux. Every increase in the shunt flux

involves, however, the inconvenience that the
power losses of the meter increase simul-
taneously.

In designing the new L. M. Ericsson A, C.
Meter, the idea and purpose were to diminish the
internal losses through a suitable modification
of the magnet system of the main flux and yet
to enable an increase in the shunt flux. This
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end was gained by certain improvements in the
three-shank magnet usually employed in this
type of meters. These improvements are in the
patent description characterized thereby that the
segments of the magnet core have been deve-
loped into two pole pieces placed opposite each
other in the longitudinal direction of the middle
shank. By this design the useless magnet circuit
is so reduced that the main flux is considerably
increased, in comparison to earlier designs, with-
out the internal losses being increased. The
main flux is simultaneously decreased through
suitable dimensioning of the main coils.

As everyone is aware, the shunt coils of an
A. C. Meter are often exposed to severe strains
by atmospheric discharges. In order to protect
them, as far as ever possible, against these, the
shunt coils of the L. M. Ericsson A. C. Meter are
wound with a bakelite paper cover of high in-
sulation between each layer, and stout copper
bands are soldered to the ends of the lacquered
copper wire, the whole coil finalling being im-
pregnated with insulating compound. Also the

main coils are wound with lacquerinsulated cop-
per wire of a large diameter which largely con-
tributes to the high overload capacity of the
meter. The wire is wound on a moulded bakelite
core which imparts precision, stability and a
smarl appearance to the coil, as well as great
power of resistance in the event of a possible
great overload with consequent heating. The
frame is light but strong and steady, being made
of stamped sheet iron and shaped in such a way
as to give "roof protection” to the disc rotor.
The terminal block is made of moulded bake-
lite with tubular terminals, i. e. the conductor
is run into a tubular part and fastened by two
strong screwes. The base plate is made of sheet
iron strengthened by corrugations.
made of brass sheet.

The new L. M. Ericsson A. C. Meter is charac-
terized not only by a simple and clear design,
easily remarkably fine
measuring properties, but also by small volume
and weight. If we thus compare the weight and
size of the new A. C. meter with the correspon-

The cover is

accessible parts, and
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ding older type we shall arrive at the following
figures:
Weight new type 1,4 kg.
older ,, 33 ,,
Volume new ,, 1 dm?®
older ,, 25

The loss of power in the main and shunt coils
has been reduced to 0.5—0.6 watts with a torque
of 5 gr. em., the rotor weight being about 23 gr.
and the minimum running current 0.3 % of full
load. With marked load and voltage the speed
of the rotor is only 38—46 revolutions per mi-
nute, and the accuracy is so great that there are
practically no errors between 10 % and 125 %
of the marked current, and only a very slight
deterioration with lower or higher loads up to
200 % of the marked current, which is con-
tinually allowed without any detrimental over-
heating of the meter or any other inconvenience
or trouble. Not even great variations in power
factor, voltage and frequency will detrimentally
alter this great accuracy. The adjustment of
the compensation for friction is made in the
simplest way by means of an easily accessible
micrometer screw, and the essential parts can
be easily replaced, ¢. g. the main and shunt coils,
the moving system and the rotor with appurte-
nant bearings, and the recording train.

The principles of design and details of manu-
facture employed by L. M. Ericsson for their
new single-phase A. C. meter, which, after
thourough and practical tests is now manufac-
tured on a great scale also hold good in respect
of their new polyphase meters of different kinds.
These will, however, not be ready for a ratio-
nal serial manufacture until later on in the vear,
and particulars of the same will be published in
a future number of the Ericsson Review.

Sundry Meters for Special Purposes.

As mentioned before, the development of the
Electrical Supply Industry for different pur-
poses has brought into existence some special
meters, of which several that are particularly
important have been elaborated by L. M. Erics-
son. Some of these meters are already in serial
manufacture and others in a preparatory stage.

In the following we shall supply a few parti-
culars of the Houshold Tariff Meter, the Du-
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ration Meter, the Subtraction Meter for several
subtraction limits, and the Total Meter.

The Household Tariff Meter.

This very interesting type of meter is the re-
sult of experiments carried out by the City of
Stockholm Electric Works and the L. M. Erics-
son Company in conjunction, and is, as ils name
indicates, in the first instance intended for use
on such plants where so-called household tariffs
are practized. Such tariffs are not only meant
to stimulate to increased consumption of elec-
trical energy in general, but particularly at such
times when the load of the power work is com-
paratively low, i. e. a household tariff meter
should, as far as ever possible, contribute towards
an increase in the time of utilization of the elec-
trical energy obtainable from the supplier. The
consumer’s lighting and direct acting devices
make, however, such unfavourable demands
upon the energy available and upon the distri-
buting lines, in comparison with heat accumu-
lating or other consuming appliances for loads
over long periods, that the price in many places
must be higher for lighting purposes and direct
acting devices.

A rational household tariff, therefore, calls for
a measuring device which not only protects the
supplier by automatically registering the con-
sumption at a higher rate when it exceeds a cer-
tain subscription value, but also safeguards the
consumer so that the latter does not unnecessari-
Iy exceed this subscribed value. The L. M. Erics-
son Household Tariff Meter is a specially de-
signed subtraction meter which automatically
switches on and off appliances for duration load

chiefly heataccumulating ranges or waler
heater — and thus brings about an average load
constant up to a certain value, which is re-
gistered on a so-called total recording train.
Should, however, the load of the installation ex-
ceed the said value, the so-called Bulk Limit, the
heat-accumulating range or water heater is auto-
matically switched off, and an excess recording
train registers the effect lving over the bulk
limit, but the total effect is registered on the total
recording train,

The measuring system of the household tariff

meters is in the case of the D. C. meters the same
as for the above described magnel motor meters,



and in that of the A. C. singlephase and poly-
phase meters the same as for the induction
motor meters. Apart from the aforesaid total
and peak recording trains the household tariff
meter is provided with a clockwork mechanism
operated from the measuring device, a mercury
switch which breaks and closes the circuit to
the consuming apparatus for continuous load,
and certain transmission devices. Before leaving
the works the bulk limit of the meter is adjusted
to the number of watts stated in the order, which
is indicated by means of a pointer arrangement.
If desired, the bulk limit can very easily be
altered by exchanging a toothed wheel in the
transmission device.

Mr. A. Widstrom, an Engineer of the City of
Stockholm Electrical Works and the inventor of
the L. M. Ericsson Household Tariff Meter, has
presented a description of the design and work-
ing of this meter as well as a guide for drawing
up suitable bulk limits; and these have made the
basis of the following information.

Fig. 10 is a skeleton diagram

showing the

Fig. 10. Diagram of D. C. Household Tariff Meter, Type LAH.

design and wiring of the D. C. household tariff
meter. Lamp load, direct acting devices, etc.
are marked 1 and connected direct between the
conductors of the plant; an apparatus for con-
tinuous load, e. g. an accumulating water heater
is marked 2 and connected between one of the
conductors of the plant and the mercury switch
39 of the meter. To the left is shown the regular
magnet motor meter with shunt 4, armature 8,
magnets 7, and recording train 16. The latter
registers the total energy consumption of the
cntire plant, since all the energy consumed
passes through the meter shunt. The mechanical
element in the meter which provides the con-
stant speed corresponding to the subscribed or
excess limit is represented by the clockwork 23,
24. The movements of the clockwork and ar-
mature of the meter are mechanically trans-
mitted to the gear wheels 17 and 18 of a diffe-
rential gear, whose planet wheel 25 acts upon
the excess recording train through the shaft 26,
27. Consequently, the motion of this shaft is
proportional to the difference between the va-
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riable speed of the armature and the constant
speed of the clockwork, i. e. the excess recording
train registers the effect which — in a load dia-
gram — lies above the load limit corresponding
to the speed of the clockwork. The meter is
adjusted to different values of subscribed effect
by exchanging one of the gear wheels in the
transmission 19, 20.

The necessary impulse required to start the
clockwork is supplied by the meter in the follow-
ing manner. If the armature 8 begins to rotate
and we assume that the clockwork, and, con-
sequently, also the planet wheel 18 remain at a
standstill, the shaft 26/32 of the planet wheel
rotates an angle equal to one half of the angle
of rotation of the wheel 17. This movement is
transmitted to the ratchet wheel 34, which lifts
the control lever 35 up from the rest 41, thus
bringing about a tension in the spiral spring 43.
The tension in the spring acts as a cog pressure
in engaging the gear wheels 17 and 25 and
exerts an equal amount of pressure on the wheel
18. The latter force is transmitted by the gears
19/20 and 21/22 to the clockwork mechanism,
which is set in motion provided the tension of
the spring is properly adjusted.

Now three different cases may occur, depen-
ding on whether the load is less, equal to, or
greater than the bulk limit.

In the first case, with a small load, i. e. the
speed of rotation of wheel 17 is less than the
constant speed of wheel 18 corresponding to the
speed of the clockwork mechanism, the ratchet
wheel moves clockwise and the control lever
with the ratchet tooth drops towards the rest 41,
depriving the clockwork of its driving force and
bringing it to a standstill. After the armature 8
has made a few more revolutions the lever arm
is again raiscd and the clockwork restarts, after
which the entire process is repeated. With
loads below the bulk limit, the clockwork me-
chanism consequently runs intermittently, the
length of the intervals being inversely proportio-
nal to the magnitude of the load, i. e. the smaller
the load the longer the intervals.

In the second instance: The load is equal to
the bulk limit, the ratchet wheel remains at rest
after the elockwork has started to function. The
wheels 17 and 18 are then rotating with the
same speed but in opposite directions. Both in
the first and in the second case the ratchet tooth

Cueso
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Fig. 11. Household Tariff Meter, Type [LAH. (Cover removed.)

36 rests against the same tooth on the ratchet
wheel, and no consumption can therefore be re-
gistered by the excess recording train 31.

Thirdly: The load exceeds the bulk limit, and
the wheel 17 constantly rotates with a greater
speed than wheel 18. The ratchet tooth 34, con-
sequently, rotates counter-clockwise, lifting the
control lever. The excentric suspension of this
lever in relation to the ratchet wheel causes the
ratchet tooth 36 to finally trip off of the tooth
of the ratchet wheel against which it is resting
and to drop upon the next one. This occurs
approximately at number 34 on the circum-
ference of the ratchet wheel. (In Fig. 1 the
control lever is only shown diagrammatically,
but in reality it runs round half the circum-
ference of the ratchet wheel, the point about
which it pivots being on the same level as the
shaft which carries the wheels 33 and 34.) The
control lever still exercises the countleracting
effect on the ratchet wheel which is necessary
to provide the motive power for the clockwork
mechanism.

In the respects hitherto mentioned the house-
hold tariff mecter functions as an ordinary excess
consumption meter, with the exception that the
clockwork mechanism is operated by the meter
instead of a separate source of energy, as is
usually the case.

_!|3_



Load

We now come to the switch 39. This is a
(sealed) mercury switch which, among the spe-
cial features that make it suited for this pur-
pose, embodies what may be termed a certain
dead or idle movement; when at a break, the
mercury separates, the surface tension of the
liquid metal causes the two parts of mercury
to quickly contract so that a certain space is
immediately formed between them. Thus, the
switch must be tilted at a certain angle from
make to break position, and vice versa. The
make and break tilting angles for the same mer-
cury switch are always the same; in different
designs the switching angle may vary between
the limits 1.5° and 3°. The mercury is connec-
ted with the control lever in such a way that its

R 1341 Time

Fig. 12. The Load € is Automatically Switched On and Off, Thus
Maintaining the Average Load of the Installation at
the Subscribed Effect A.

angle movement is always proportional to that
of the ratchet wheel and, consequently, also pro-
portional to that of the planet wheel shaft so
long os the ratchet tooth remains in position
against the same tooth of the ratchet wheel. The
switch is in make position when the control load
cxceeds the bulk limit, the ratchet wheel rotates
counter-clockwise, bringing with it the control
lever 35 which — by means of the rigidly
attached arm 37 — tilts the mercury switch
about the shaft 40 until it breaks the circuit and
disconnects the water heater.

The mean load in the plant is regulated by
the meter in the following manner. In Fig. 12,
B represents that part of the load wich cannot
be disconnected, A is the bulk limit, while C is
the load which can be disconnected by the mer-
cury. If B 4+ C are greater than A, the ratchet
wheel — as already mentioned — rotates coun-
ter-clockwise until the load € has been discon-

nected. If the remaining load B is smaller than
A, the movement of the ratchet wheel is reversed
and after it has rotated clockwise a certain angle,
C will again be brought in circuit, after which
the ratchet wheel will again reverse. When the
ratchet wheel has rotated the same angle coun-
ter-clockwise, € is again brought in circuit, and
so forth. A certain angle of rotation of the
shaft 26/27/32 of the planet wheel corresponds
to a certain affect above or below the bulk limit,
and since in the present case the angle of ro-
tation clockwise is equal to the angle of rotation
counter-clockwise, this means that the excess
effect during the time both B and € are in cir-
cuit is compensated by an equal deficiency
during the time B alone is in circuit. The cross-
hatched portions in Fig. 12 above and below the
bulk limit A4 are therefore equal and the meter
regulates the load to a mean value equal to
the bulk limit by alternately connecting and dis-
connecting C. If the constant load B is greater
than the bulk limit A, it is no longer possible
for the meter to accomplish such a regulation,
but in this case the load of the water heater is
permanently switched off and the excess recor-
ding train starts registering the consumption of
effect over and above the bulk limit.

When determining rates to be applied in con-
junction with this meter, the manner in which
the meter functions must be given due conside-
ration. Let us take a correct example and assume
that a subscriber consumes 300 Kkilowatt-hours
for lighting, etc.,, and 1500 kilowatt-hours for
cooking, paid for at the rate of 60 Swedish
Crowns per annum (estimated according to the
number of rooms) plus an effect fee of 0.09
Crowns per kilowatt-hour. The subscriber wishes
to install a water heater for 300 watts and the
energy which this requires has to be paid for at
the rate of 0.05 Crowns per kliowatt-hour. The
household tariff meter should then be adjusted
for a bulk limit of 300 watts. The total
cording train registers the total amount of energy
consumed by the plant, while the excess re-
cording train registers that part which exceeds
the bulk limit of 300 watts. When the load for
cooking, lighting, ete., exceeds 300 watts the
water heater is constantly switched off.

re-

The charges are best calculated in such a way
that a fee of 0.05 Crowns per kilowatt-hour is
charged for the cnergy registered by the total



recording train, with an additional charge of
0.09 — 0.05 = 0.04 Crowns for the energy re-
gistered by the excess recording train. How-
ever, in this way the subscriber might obtain
that part of the cooking and lighting load which
lies below the bulk limit at a lower rate than
before, i. e. at 0.05 instead of 0.09 Crowns per
kilowatt-hour.

The value of the compensation which, for this
reason, should be due to the power company,
may suitably be figured as follows: — Investi-
gations show that a direct acting electric range
is, on an average, switched on 3.5 hours a day.
(Elektroteknisk Tidskrift, N© 22, 1927, Page
319.) The amount of energy used for cooking
purposes which lies below the bulk limit is
therefore 3,5 < A kilowatt-hours per day, if A
represents the bulk limit in kilowatt-hours, or,
figuring with 330 day, 330 X 3.5 X A kilowatt-
hours per annum. If the additional charge
amounts to a Crowns per kilowatt-hour, the total
charges should include an annual charge of

330 < 3.5 X A ¥ a Crowns.

If we insert the values given in the above
example, we abtain

330 < 35 X A X 0.04 = 46 X A Crowns,

or, in round figures, a tariff rate of 50 Crowns
per subscribed kilowatt-hour and year. The
greater part if the lighting energy, estimated at
two third or about 200 kilowatt-hours, also falls
below the bulk limit, justifyving an increase of
200 < 0.04 = 8 Crowns. A certain rental should
also be paid for the expensive meter, say about
7 Crowns. The metering charge as well as the

increase for lighting energy may suitably be in-

cluded in the fixed annual charge.

The tariff rate would, consequently, include
following items: —

1) A fixed annual charge of 60 + 8 -+ 7
= 75 Crowns.

2) An annual charge of 50 Crowns per each
kilowatt-hour subscribed.

3) A charge of 0.05 Crowns per kilowatt-
hour registered by the total recording train.

4)  An additional charge of 0.04 Crowns per
kilowatt-hour registered by the excess recording
train.

As the subscribed value in this case is 0.3
kilowatt the annual charge will be as per 2)
15 Crowns, and thus for 1) and 2) together 90

Crowns, which will be the fixed annual charge
for this consumer.

Supposing that the water heater for different
purposes heats 50 litres of water a day from
10° C. to 90~ C. during 300 days of the year,
the energy amount of the water heater can be
estimated at about 200 kWh per annum.

The total energy required per annum by this
subscriber would, consequently, according to
this assumption be about 3800 kWh, which is
registered by the meter’s total recording train
and charged at the rate of 0.05 Crowns per kWh,
i, e. 190 Crowns. In addition to this, there will
be charged 0.04 Crowns per kilowatt-hour for
about 1250 kilowatt-hours which are also re-
gistered by the excess recording train, i. e. 50
Crowns. Thus the total price to be paid by the
consumer for 3800 kilowatt-hours consumed
during one year would amount to 330 Crowns.

The experiences gained in the course of many
vears’ close tests with the L. M. Ericsson House-
hold Tariff Meter go to prove that this meter in
a simple and cheap manner fulfils the demands
that may be made on an ideal measuring device
for plants with both direct acting and heat accu-
mulating apparatus. Up to the present, about
2500 such meters have been supplied to Swedish
Electric Power Works, and their reliability un-
der actual service conditions has been fully de-
monstrated. If this meter is used, it enables the
rural distributing undertakings to sell to the
subseribers cheaper bottom-energy, where the
rates permit such being done, e. ¢. in the distri-
buting ranges of the Swedish Waterfall Board,
while on the other hand it does not prevent in-
cidental peak loads, which can be charged at a
price suitable to the undertakings. As the
Swedish Waterfall Board calculates with a bot-
tom price of 200 Crowns per kilowalt-year and
an excess consumption fee of 0.035 Crowns per
kilowatt-hour during May—August and 0.07
Crowns during the remaining part of the year,
there is a good chance for favourable rates for
the households connected up with the distri-
buting undertakings.

Duration Meter.

The inventor of this new type of meter, Frilz
Jacobsson, is giving a detailed description of it
in this number of the L. M. Ericsson Review,



Excess Consumption Meter for Several
Excess Limits,

This meter has been designed by several
Swedish engineers, and its object is to enable a
gentle transition of the energy rates at low effect
values to the necessary higher rates at succes-
sively increased effeet values. The meter is
provided with three recording trains for diffe-
rent excess limits, a total recording train for the
total amount of kilowatthours, and a duration
recording train indicating how often a certain
excess limit — usually the upper one — has
been reached during one period of registering.

The Total Meter.

A meter, termed total meier, has been de-
signed by Mr. A. H. Wiberg. A smaller or
greater number of energy amounts consumed in
different plants are by means of this meter sum-
med up on a recording train. This total regis-

—

tering can be done in such a way that the meter
in each plant is equipped with an impulse de-
vice which acts on a corresponding relay in the
total meter, and the latter is so designed that the
impulses from the different consuming groups
are registered in a certain predetermined order
in case the impulses should arrive simul-
taneously.

Certain details of the excess consumption
meter and the total meter are at present under
reconstruction, and in expectation of the definite
designing and testing of these details, which
will probably be ready in the course of this year,
the description of these meters will be kept in
abeyance for the present.

The information given in the preceding article
about the types of L. M. Ericsson Electricity
Meters which have reached a finished stage,
ought to prove that they are good exponents of
the marking "Swedish Manufacture” which is so
well known troughout the world.
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Karl Fredrik Wincrantz.

Karl Fredrik Wincrantz, born in Stockholm in
1874, graduated from the University of Technology
in 1897, but already in 1893, while still a young
undergraduate, he was engaged as an assistant in
the Royal Board of Telegraphs, where he remained
until 1900, when he entered the service of the
Stockholms Allmiinna Telefonaktiebolag as its As-
sistant Manager under Mr. H, T. Cedergren, During
1898—1906 he also served in the Royal Patent
Office, where he was some time Secretary, some
time Chief Engineer.

On the death of Mr. Cedergren in 1909, Win-
crantz was appointed his successor as Managing
Director of the A.-B. Stockholms Telefon, formed
the vear before, which owned and ran the large

private telephone net of Stockholm and neigh-

bourhood. He led this firm until 1918, when it
was taken over by the Swedish Government.

The Aktiebolaget Stockholms Telefon was then
re-organized as the Allmanna Industriaktiebolaget
H. T. Cedergren, which firm took over the Stock-
holm Telephon Cable Works at Alvsjo and work-
shops in Stockholm. Wincrantz was at the same
time appointed Manager of the new firm.

In 1922, the Industri A.-B. Cedergren was amal-
gamated with Telefonaktiebolaget L. M. Ericsson,
and with Mr. H, Johansson Wincrantz became a
co-Manager of the enlarged company. In 1925, the
company general meeting having resolved that
there would be only one managing director, Win-
crantz was appointed sole Managing Director, and
retired from that position on September 3rd of
this year.
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The Svenska Radioaktiebolaget Audio-frequency Generator, with
continuously variable frequency Adjustment.

By Torbern Laurent.

I. Introduction.

he present paper is a description of the

Svenska Radioaktiebolaget Audio-Frequeney
Generator, Model TFG 529, intended for audio-
frequency measurements. The following points
are satisfied by this generator:

1) The frequency must be continuously vari-
able from 200 to 10,000 cycles, with possibility
to increase the range by a variable auxiliary
condenser for the 50—200 cycles range.

2) The audio-frequency current must be prac-
tically sinusoidal.

3) The frequency adjustment dials must allow
a sufficiently accurate setting of the frequency
for any and every occurring measurement.

4) The frequency must be practically unaffect-
ed by the properties of the valves, and of voltage
variations in the D.C. supply of the audio-
frequency generator.

5) The frequency must be practically unaf-
fected by the output utilized.

6) Utilized output must be practically the
same, whatever frequency the apparatus is set
for.

7) The audio-frequency generator must be
capable of a minimum effect of 200 mW.

8) The audio-frequency generator must not
give rise to static or magnetic fields which may
have a disturbing effect in the neighbourhood.

9) The audio-frequency generator must not
cause disturbing currents in the D. C. battery
supply leads connected to the generator.

Points 1, 2, and 7 are intended to make any
usual audio-frequency measurements possible. If
points 3, 4, and 5 are complied with, frequency
measurements will be superfluous. A calibrat-
ing table for the frequency adjustment dials
of the audio-frequency generator, made up once
and for all, will enable the generator to be set
for any frequency desired. Compliance with

point 6 facilitates measurements with constant
effect at different frequencies, and provides a
certain protection for thermo-couples possibly
used in the measuring devices.

Points 8 and 9 are introduced to allow the
measuring devices to be placed in the imme-
diate vicinity of the audio-frequency generator,
as is usually done when a test board is used, and
also to allow the generator to be run by direct
current from the same batteries as other appli-
ances, e. g. telephone repeaters.

In order fo satisfy all these demands by com-
paratively simple means, the design of the audio-
frequency generator has been based on an entire-
ly new principle, whereby many important sim-
plifications and improvements been
achieved.

To obtain a suitable design, it has been found
expedient to introduce a few extra valves. But
as measuring devices are not used in large num-
bers, nor continuously, the increase in the num-
ber of valves cannot be considered an economic
drawback.

have

2. The principle of the Audio-Frequency
Generator.

The new fundamental principle applied in the
Svenska  Radioaktiebolaget  Audio-Frequency
Generator is the use of a serial resonance circuil
as a tuning circuit, instead of the parallel re-
sonance circuit previously exclusively employed,
which endows the audio-frequency generator
with particularly valuable properties as regards
peints 1, 2, and 6, while at the same time
several important advantages are gained from
the point of view of manufacturing.

Fig. 1 is a diagram of the principle of the
audio-frequency generator. The tuning circuit
consists of a variable condenser €, in series with
an inductance coil L, which by means of a switch
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may be laken into use wholly or partly. When
only a portion of the induction coil L is used,
a resistance r,, r,, or r, is also introduced into
the tuning circuit.

The potentiomelers P, and P. are in series
with the tuning circuit. From the former the
reaction voltage is taken, and from the latter
the grid voltage for an amplifier (A, T, A,
A,, T,), from the output transformer of which
the audio-frequency current is supplied. In this
generator two oscillating valves are used, A, and
A,, which are connected in cascade by means
of the resistance coupling M.

A special problem has been the arrangement
of the D, C. feed to the valve A,, which on ac-
count of point 9 must prevent access of the
audio-frequencies to the anode battery, while at
the same time the arrangement must not act as
a load on the valve A, either as regards capacity
cr inductivity. Experience had proved that
while a D. C. feed through a resistance, with the
condenser connexion to the cathode necessitated
for passing the alternating currents, requires an
excessively large condenser, a D. C. feed by choke
coil requires this coil to possess excessively high
self-induction.

By the device shown in fig. 1. however, the
problem is solved in a satisfactory manner, This
, and R,
two large condensers K, and K, and two large

device consists of two resistances R

Fig.

choke coils D, and D,. The impedance formed by
the coil D, connected in parallel to the conden-
ser K,, is negligible in comparison to the impe-
dance of the coil D,. The condenser K,, with a
capacity K, and the coil D,, with a self-induction
D, and a loss resistance R, as well as the re-
sistances R, and R,, with the resistance values
R, and R, respectively, are so dimensioned that

‘D,
\ :\.1=R?+RDZR1.
1

For all frequencies within the normal working
range of the generator, the impedance between
anode and cathode of this device will be equal to
an ohmic resistance R,.

The resistance coupling M with its choke coils
(not shown in the figure) is also dimensioned so
that the phase angle between the EMF in the
anode circuit of the valve A, and the grid voltage
of valve A, for practical purposes may be dis-
regarded for the generator’s frequency range.

According to the above, the reaction voltage
will thus be in phase with the original oscilla-
tions, which is an essential condition for en-
suring frequency stability as desired by point 4.

By using two oscillating valves, the phase of
the reaction voltage is changed 180° so that the
conditions necessary for oscillation are obtained.

The natural frequency of the generator is thus
determined solely by the current-resonance of
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the condenser € and the coil L. The condenser
C, made up of mica condensers and one air con-
denser, has a loss resistance of negligible mag-
nitude, and the coil L, which has no iron core,
has a loss resistance practically independent of
the frequency, and equal to its D. C. resistance.
By current-resonance, the impedance of the tun-
ing circuit will therefore be practically equal to
the D. C. resistance of the utilized part of the
coil with a resistance r,, r,, or r, added. suf-
ficient to make it equal the resistance of the
whole coil. This impedance is therefore a pure
resistance, the size of which is independent of
the size of the condenser € and of the portion
of the coil L utilized. Any voltage and current
in the oscillating system will thus be indepen-
dent of the frequency setting, that is to say, the
amount of reaction and, apart from a small dis-
tortion in the amplifier, the amount of output
will be independent of the frequency setting. By
point 5, the output should be independent of the
frequency setting, but the fact that the amount
of reaction is also independent of this setting
is of great value, particularly for obtaining a
high frequency stability and satisfying the de-
mands of point 2,

The design of the tuning circuit is interesting.
The loss resistance of the induction coil L should,
on account of points 2 and 4, be of approximately
the same magnitude as the resistance R, and
the potentiometer resistances P, and P,. The
reason for this is that the frequency stability
and the ability of the oscillating circuit to filter
harmonics increase with the reactance of the
coil compared to the ohmic resistance in the cir-
cuit passed by the oscillating currents. As the
loss resistance of the coil must be comparatively
small to prevent the self-induction from being
excessively large, the resistance R, must be
small, which is feasible by using two oscillating
valves, with consequent powerful excess of am-
plification, which may be suitably consumed by
this resistance. For the same reason, the po-
tentiometer resistances P, and P, should be
small, which is all to the good, as the potentio-
meters are designed as rheostats. However, the
design requires the induction coil L to be made
comparatively large, whereby the condenser €
becomes comparatively small. This also is en-
tirely beneficial, as the impedance of the induc-
tion coil is purely a matter of winding, which
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hardly affects the cost of the coil, while the cost
of a condenser is practically proportional to its
capacity.

3. Apparatus design.
Fig. 2 shows a front view of the Audio-Fre-

quency Generator. and fig. 3 shows the arrange-
ments at the back of the panel.

R 1852

Fig. 2.

The manufacture of the induction coil is ra-
ther a troublesome problem. must be
aveided in the coil for the sake of the frequency
stability; to secure frequency stability, and with
due regard to the task of the oscillating circuit
to filter away harmonics, the loss resistance of

Iron

the coil must be comparatively small in propor-
tion to its self-induction; to avoid any possible
disturbance of the neighbourhood (point 8), the
coil must not give rise to any external magnetic
field. The problem is solved by using an air-
coil enclosed in a 3 mm thick copper casing,
visible in fig. 3 as a cylindrical box marked
“CUB 240”. For the highest frequencies another
small coil, marked “CUB 1 a” is used. Fig. 3
also indicates how the other component parls
of the Audio-Frequency Generator are arranged.

On the front of the Audio-Frequency Generator
panel (fig. 2) the terminal connexions of the
D. C. voltages are shown on the left, and on the
right the terminals for the audio-frequency cur-
rent. At the bottom a jack-strip is seen, to which
a D. C. instrument may be plugged for checking
the anode- and grid currents. The four lower
dials belong to a decade condenser with a va-
riable air-condenser for fine adjustments, and
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the induction coils are connected as desired by
the two keys located above. As will be readily
understood from the above, these dials and keys
are used for selting the frequency. The fila-
ment voltage, indicated by the voltmeter located
below the valves, is adjusted by the dial to the
left of the keys; the dial on the right controls
the audio-frequency power output, and the re-
action is adjusted by the dial above the keys.

W-—__—_——_—si@v

A 6-volt filament battery, a 120-volt anode
battery, and a 24-volt grid battery are required
for running the audio-frequency generator.

The audio-frequency generator works the best
when the D. C. voltages are correctly adjusted
and the reaction is kept near the singing point.

The audio-frequency generator shown in figs.
2 and 3 can be provided with a can cover and
fitted on a test rack instead of in a box.

R 1853

The Use of

Fig. 3.

Personal Telephone calls in Sweden, and in Traffic

Between Sweden and other Countries.

he long distance telephone traffic of Stock-

holm has increased considerably during 1929.
In 1928 the number of trunk calls emanating from
Stockholm was 4.663.033. The corresponding
number of calls in 1929 was 4.889.418, showing
an increase in the number of outgoing calls by
4.9 per cent.

The number of incoming trunk calls in Stock-
holm is about 10 per cent. larger than that of
outgoing calls, and the incoming traffic during
1929 may therefore be estimated at 5.380.000
calls, In considering these figures from the point
of of comparative frequency, however, it
should be Stockholm free
district includes 180 Local Exchanges outside the

view
remembered that the

town proper, involving about 32.000 subseribers’

stations within a radius of 40 kilometres (24
miles), and that up to 200.000 free calls — short
distance or district calls — are put through on
certain week-days, or about 52.000.000 annually.
Similar calls abroad are almost invariably charged
for and included in the number of trunk calls re-
corded.

Personal calls continue to increase in number,
and at a more rapid rate than the total traffic.
Personal calls originated in Stockholm thus in-
creased from 1927 to 1928 by 7 per cent., and
from 1928 to 1929 by 9.4 per cent.

In 1924, 29 per cent. of all calls originating in
Stockholm were pre-advised.

39 per cent.
41
» 43 » »

In 1927 the proportion had increased to
» 1928 » » * »
s 1929 » N

»
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showing a continuous large increase in personal
calls. This indicates that the Swedish public fully
appreciates the advantages of the personal call.
To the administration, these personal calls — in
spite of the low pre-advice fee — mean an in-
crease of income which, as far as Stockholm is
concerned, covers 50 per cent. of the total cost
of the supervision and service staff at the Trunk
Exchange.

The transmission of pre-advices on the trunk
lines naturally takes up some time, but this is
very short, amounting to an average of at the
outside 15 seconds each time. Out of the 477
trunk lines serving Stockholm, 228 of which are
exclusively employed for outgoing calls, only about
3 lines would therefore be occupied for this pur-
pose if all the advices from Stockholm could be
assumed to be transmitted one after another on
these lines, irrespective of the destination of the
call.

The following table indicates how the personal
calls emanating from Stockholm are distributed
among the several Rate Districts:

| Personal calls, I
Distance Between ; Unit Fee L::r::?:s:u::-’
Rate Exchanges | |
| ber of calls to
| each district |
| Upto........ 45 km | 20 ore | 6percent. |
!From 45 to 90 | 30 > |27 » » |
] 90 » 180 » o0 » 48 » ?
» 180 » 270 - 70 » B3 » o>
270 » 450 I 90 | bb » o |
450 » H40 s | 110 » | B6 » > i
540 » 630 » | 130 > | 5 > >
630 » 720 160 » | 6T »
» 720 » 810 » [200 » | 76 » >
Over .......... 810 » 250 » | 16 » >

As already stated, the personal calls emanating
from Stockholm during 1929 amounted to 43 per
cent. of the total number of calls.

The increasing use of personal calls with in-
creasing distance is very apparent in this table.

If we now pass on to the telephone traffic
between Stockholm and abroad, we find a con-
siderable development during 1929, 317.766 in-
ternational calls were put through, 153.344 of
which were pre-advised as personal calls or as
calls to a specified extension line.

—

In comparison to the foreign traffic of 1928,
this is an increase of 54 per cent. in the number
of calls, and of 46 per cent. in the number of
pre-advised calls, Personal calls from Stockholm
have increased by 53 per cent., while the increase
in personal calls fo Stockholm is 36 per cent.

As it may be of interest to compare the use of
persenal calls in the traffic with the different
countries, a table is given below showing the
Stockholm traffic during 1929 on some of the
principal international trunk lines.

The traffic to the neighbouring countries of
Norway and Denmark shows the highest per-
centage of personal calls, and their incidence is
about the same in both directions.

74 per cent. of the calls to, and 70 per cent.
from, Norway, were pre-advised,

The corresponding figures for the Danish traf-
fic are 65 and 61 respectively. The high per-
centage of personal calls is accounted for by the
fact that this form of call is quite familiar to
the traffic with these countries since many years,
and the percentage is approximately the same as
for the longer trunk lines of Sweden.

But for other countries the differences are

larger:

Personal calls

To From
Germany .......... 48 per cent. 20 per cenl.
Finland............... 63 » » 23 »
Holland.................. 38 » » 9
France ... .........| 86 > > 8 » s

| Switzerland.......... 45 > > 16 -« »

This shows the percentage of personal calls
from Stockholm to these countries to be con-
siderably higher than in the opposite direction.

As the fees in international traffic are many
times larger than in inland traffic, one would ex-
pect the percentage of personal calls from abroad
to be larger than has actually been the case.
When the fee is high, it is of course more im-
portant to find the person to whom one wishes
to speak, or to obtain the information desired,
than when the fee is lower, so that the heavy
expense of the call may not be wasted. Consider-
ing also how the call period is computed, a per-
sonal call is worth while. In a ecall to a certain
station, the taxed call period is reckoned from the
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1929
C alls I ot a1l
Personal Personal Personal
Increase
over 1928 |
: Per Per [ Per I
Outgoing cent |Incoming | ‘cent Calls cent — |
No. of No. of | No. of | Per- |
total total total | Calls | sonal |
calls | calls 5 | calls I calls
| | | | | |
Germany 40.931 19.759 | 48 139.083 7.662 20 80.014 27421 | 34 | 16 i 10
- new cm‘lrlm:—|
Finland 31.989 20.212 | 63 | 35876 | 8296 23 67.860 28508 42 :ii:: 1;'1_!3:!18(1
Denmark... . .......| 34771 | 22542 | 65 | 31.949 19528 61 66.720 42,070 | 63 11 | 13
Norway .. 20.727 22010 | 74 |32.283 22432 70 62010 CA4d442 T2 15 20
Gireat Britain ... 7.148 85* 11*]| 8.016 353'; 4* 16.164 | 1.138* 8*| 95 | —*
Holland ..............| 2.727 1.042 | 38 3031 264 | 9 5.768 | 1.306 | 23 | 42 | 5T |
France ... ... .. 2.6949 2.321 . 86 2.819 222 | 8 5518 2543 46 314 66
Switzerland .. ... 1.084 482 | 4 3.945 646 16 5.029 1.128 | 22 78 109

* Personal calls allowed only from Oct. 1924,

mcment when the two stations are ecnnected, each
having previously replied to the call signal, The
interval between this and the moment when the
person enquired for by the caller arrives at the
telephone apparatus, if he is nct pre-advised, may
frequently cost quite a lot of money.

The reasen why the personal call is so much
more rarely used in traffic to Sweden, however,
may be found partly in the fact that this form
of call is new in most other countries, and that
censequently the subscribers there are not aware
of ils existence and value, and partly in that the
international regulations for taxing personal calls
were  originally unfavourable in so far that in
many cases the caller had to pay for a call even
though he did not find the person to whom the
pre-advise was directed. From Octoher 1st 1929,

hewever, these regulations are improved so that
no call fee is payable in case the person pre-
advised is not at hand,

Gradually, as knowledge of the personal call
and its advantage to the subseriber becomes more
universally spread abroad, the frequeney with
which it is employed will certainly increase. The
expansicn during 1929, in comparison to 1928,
is already considerable.

In the direction
have increased

from Germany to Sweden, these calls

during 1929 by 18 per cent.,
from Holland (o Sweden, these
during 1929 by 60 per cent.,

and from Switzerland to Sweden, these
creased during 1929 by 197 per cent.

Steckhelm, February 14th 1930,

calls have increased

calls have in-

A. Lignell.
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The Hallsberg Electric Interlocking Signal Plant.

By Herman Holmquist, Signal Engineer.

Pr(:gu‘ss in the field of eleclric interlocking
signalling devices has been rapid in recent
vears, and the system applied in the Malmo plant
(1925) The

step was the Hasselholm interlocking plant (1926,

led to further improvements, first
where the mechanical locking system was wholly
discarded, and the levers only connected electric-

ally. As this plant has now been in use for some

trafficked junction. The plans were therefore re-
vised, and the result may be said to be a com-
promise between the old system and the new which
is of greal interest and has worked well in practice.

The Hallsberg railway stalion is a junction of
two important railway lines, the electrified Stock-
holm-—Gothenburg line and the steam Kryibo—

Mjolby line, which latter has deuble tracks from

vears, and has proved perfectly salisfactory from
the peoint of view of security and reliability, the
time has been considered ripe to apply the system
to other large installations planned. primarily
then at Lund. Gothenburg. and Stockholm C. In
the mean time, however, plans for another large
plant. Hallsberg, had been completed in the be-
ginning of 1928, with the intention of using the
clder mechanical locking devices, i, e. allowing
cnly two train routes to be laid by each lever.
But the advantages of the Malmé system, permit-
ting trains from any of the lines to enter or leave

all tracks, were considered desirable at this heavily

Orebro to Hallsherg.
phical conditiens the Krylbo

On account of the topogra-
Mjolby line is not
a through line, bul the tracks from Kumla and
both the the
This implies a change round or ex-

from Asbro enler al cast end of
staticn vard.
change of the engines of all the trains at Halls-
berg. and the Palsboda track must necessarily
be crossed either coming in or going oul. 1In
addition there are through ecarriages to and from
Orebro in a majority of the trains on the Stock-
holm Gothenburg line, involving a hurried shunt-
ing cf passenger coaches from one train to an-

cther.  Train traffic goes on all day and night.
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with groups of express trains
between 1—2 and 3—4 a. m.
Further, a number of goods
trains, usually very long, pass
their way to
and from the shunting vard,
situated immediately to the
west of the passenger station.
This is a centre for the State

the station on

Railway long distance goods
traffic to and from Gothen-

burg, Malmé (Nassjo), Stock-
holm, and Krylbo (Norrland).
As far as possible, the more im-
portant goods trains are made
up and sorted out in this mar-
shalling vard, and the work is
mostly done at night.

The above indicates that
safety devices at this place
must fill a very real need, and
such have therefore long been planned.

The electric interlocking plant now erected at
Hallsberg is principally concerned with the pas-
senger station only. The attached diagram (fig. 1)
shows the disposition of the tracks in the junc-
tion, 4 passenger tracks and 2 goods tracks.
Belween the passenger tracks there are two plat-
connected

forms, mutually and to the station

building by subways, The signal eabin is situated

on the cuter platform between the covered in
stairways
tended to be run by the train dispatcher alone,
which for the present, however, does not seem

to the passenger subway, and is in-

feasible without assistance when large train groups
are passing. In the signal cabin (fig. 2) is an
illuminated track plan, as well as shelves for re-
lays, instrument panel, etc. Space being rather
limited on account of the siting of the cabin, the
cuter wall towards track No. IV
has been doubled, forming a
kind of bay (fig. 3). The outer
wall consists of hinged shut-
ters, and on the inner wall the
terminals of most of the cables
from the yard, safety devices,
signal transformers, crossing-
gates relays, and so on are
mounted.

All the tracks are provided
with track
bevond the

circuits extending

distant  signals,
whereby the arrival of trains
is signalled. This is essential,

as no less than five pairs of

level crossing gates are con-
trelled electricallv  from the
cabin. All main signals are

electric light signals, and the

distant  signals are gas light
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signals, On account of the curving track, the
heme signal from Asbro has a repeat signal 150
metres further out, showing only green lights, but
extinguished when the home signals indicates stop.
A number of dwarf signals are also put up in the
station yard, normally showing the neutral signal
— two lights at an angle of 45° to the right
(fig. 4). The dwarf signals are in this instance
not used for the guidance of ordinary shunting,
but are designated for the layving of starting routes
and for the passage of goods trains to and from
the shunting yard, The centrally controlled points
are as a rule connected in pairs on the same lever,
all of which are provided with point locking de-
vices in connexion with track circuits. The points
can also be changed over locally from local
operating contacts in the yard. Certain points and
scotch-blocks are locked by electric locking devices,
and others are locked by control locks, the keys of
which are kept in locks, electrically connected to
the respective coupling eircuits, in the signal cabin.
A smaller, mechanical, switching stand is put up
in the shunting yard for safeguarding the start of
the goods trains towards Ostansjo, which have to
cross the track leading to the shunting yard.

A detailed study of the signal interlocking gear
shows that this is comparatively roomy, with
space enough for 72 levers numbered in sequence.
Signals and points are given the same numbers
as their respective levers, The dwarf signals are
designated by the letter D, and the main signals
by the letter H, for instance D 61 and H 69/70,
The former signifies that this dwarf signal has
been set for neutral when the lever 61 is to the
left, and the latter that the main signal is con-
trolled by the levers 69 and 70. The points, as
we have said above, being generally intercon-
nected, both points are given the same number,
e. g. 18, the one furthest westwards being called
18 a, and the other one 18 b,

The interlocking plant is of the Ericsson stan-
dard design, but with an unusually broad track
locking gear, providing space for no less than
40 road rulers (fig. 2).

To lay the points for an incoming train, two
levers have generally to be moved, an inner one,
choosing the right track, and an outer one actuat-
ing the light signal. Either lever locks the point
levers in its group mechanically, and checks the
stop position of the dwarf signals required. The
incoming tracks are indicated to the engine driver

by different main signal combinations, but not
by the dwarf signals as is the case for the out-
going tracks. The start signals show a green and
a red light only, but each outgoing route is in-
dicated by two dwarf signals also, each control-
ling its section of the track. Three levers must
therefore be moved to lay an outgoing route.
The centre dwarf signal is first set, and moving
the lever sets this in the 45° go-position, When
the inner dwarf has also been set to 45°, the
outer start signal lever is moved, which sets the
start signal to clear line and the two dwarf signals
to the 90° go-position. On the power cable gal-
lows across the platform repeat signals with
green lights are fixed, announcing to the station
master when the line is clear for start, when the
number of lights enables him to check which of
the three lines is indicated. If the train is so long
that it reaches beyond the first dwarfsignal, the
go-signal may still be given from the start signal,
although the dwarf signal will only show 45°.

No clear line signal can be given for either
incoming or outgoing tracks until the level cross-
ing gates are down. The normal procedure is
therefore first to set the signal levers for the
proper route, which does not give a clear line
signal. When the train enters the outermost
track circuit, or for the outgoing line when the
train is nearly due to start, the gate lever is tur-
ned. When the gates are right down, which, in-
cluding the cautionary ringing signal, will take
about 40 to 50 secs., the clear line signal auto-
matically appears in the respective signals. The
wiring connexions are such that when the signal
has once shown clear line, the gate lever may
again be turned to its normal position, which
does not affect the gates until the last truck axle
has passed the level crossing, when the gates are
automatically raised.

The abovementioned division of the train routes
into several sections, each with its signal lever,
makes it possible to combine these levers so that
each line entering the junction may be routed
to or from any track, wherever the track system
will permit this. Track V and VI may also be
entered or left by two routes, an inner one by
points No. 39 and an other one by points No. 35.
This is of great importance in avoiding, as much
as possible, blocking the level crossing in the
western part of the station yard by the long goods
trains,

— 10—
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The new L. M. Ericsson designs of operating
machinery, incorporating a point lock (fig. 5),
control the points electrically. The motors are
driven by 130 volt D. C. By discarding the hook
locking device (fig. 4) lubrication and cleaning
of the points is facilitated, especially in winter
time when ice and snow often interfere with the
working of the hook locks. Rollers are further
provided underneath the point tongues, which
will carry the tongues during switching and make
lubrication of the points quite unnecessary.

The arrangements for local operation of the
points are of new design in so far as, to allow
this, the switch lever must not ouly be placed in
an intermediate position, but a relay placed in
a small box close to the switching lever must

—

also be dropped. This is done by means of a
tumbler switch above the interlocking gear (fig. 2,
the far part of the cabin). A control lamp in
this box is also lit when the relay is attracted.
When the relay drops, the motor circuit from
the levers is broken and the scotch-block is dis-
connected from the track circuit. Permission for
local switching may thus be given and retracted
even if the train is standing on the track circuit
through the points concerned, which is a greal
advantage when the trains are so long that there
is not room encugh for them in the loops. A
dim light at the local operating controls in the
yard announces in the now usual manner that
the points may be operated locally.

The loose key used for local switching must
be taken out after each switching operation and
inserted the opposite way in the key-hole. This
is designed so that when the key is inserted the
handle must point the way in which the tongues
have to move. When the points are connected
in pairs, the points furthest from the loecal lever
always move the first, which makes it easy to
see when the switching is completed, as there
will be no current for the near points until the
far ones have closed. As an additional check,
a switching light is always provided at the far
paints.

As mentioned above, five pairs of level cross-
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ing gates, the furthest of which is no less than

950 metres distant towards Palsboda, are con-

trolled from the signal cabin, No shunting takes

place either at this crossing or at the one on the

Asbro line, and consequently no proper gale

signals are given for the trains. The dropping

of the gates here is controlled solely by main
signals, As the motor traffic at these level cross-
ings is very heavy. light-signals are installed
which shew a red light to the road when the

H.r

means of a control lock,
This
makes the main signal independent of the posi-
When the gates are set for
local control, a dim light on the local lever con-
tact is lit.
control this is shown by a light in a control lamp
close to the switch in the cabin,

The illuminated track plan in the signal cabin

interlocking gear by
provided with contacts on the local lever.

tion of the gates.

When the gates are set for central

(fig. 2) is of a neat and practical design. and

cautionary ringing signal begins, A special device
in the gate lifting machinery disconnects these
signals while the bar is still lifting, before it is
Similar light-signals are installed at
the level crossing in the western part of the sta-

right up.
tion vard. The gates are raised and lowered by
electric winches of the usual type, placed near
the gates and joined to them by steel wire ropes
(fig. 6). Conlact devices on the gates provide a
check that the gates are actually down,
in the signal cabin (fig. 2 to the right) make and
If the
current should fail, the winches may be operated
The gates at the

Switches
break the current for the bar winches,

by means of a crank handle,

crossings  where  shunting occurs may also be

closed or opened on the spol. For this purpose
a special switch is turned in the cabin, and the

guard at the gales must then drop a relay in the

indicates the position of both track relays, signals,
The track plan lamps
are 3 and 6 volt telephone lamps behind vari-
coloured lenses. White lights on the -track cir-
indicate that these
When the lamps in a dwarf signal in the plan
are extinguished, that signal shows stop. Neutral
is marked by a white light, the 45° position by
a yellow light and the 90° position by a green

and level crossing gates,

cuits are free of wvehicles.

light. The main signals show red and green
lights. When the distant signal shows a green

light, this is also shown on the plan. When the
light is changed to white, the lamp in the plan
is turned out. The level crossing gates in the
plan are marked by lamps showing a red light

when the bars are up and green when they are

down. There is also a plain check light for the
level crossing signals towards the roads. The
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signal levers that must be moved for certain
combination of the various train routes are plain-
ly ncted on the track plan. Normal points posi-
A

route may thus be laid without recourse to lock-

d

tions can also be read from the plan. train

ing schedules, solely by observing the position
of the points in the plan and the number of the
levers for the route in question.

A special connexion has been used for the track
of

circuit, with a condenser connected in front

Wﬂg&*

D. C. primary cells, and have repeating relays in
the cabin.

A machine room for the supply of current is
arranged in one c¢f the station buildings, where
220 volt A. C.
railway light-supply (fig. 9).
volt D. C. is also available from local supply
D. C, 130 wvelt for the point-driving and
level crossing gate motors, and 30 volt for control

three-phase is provided by the

A reserve of 2220

lines,

current, is obtained from two Woeslinghouse me-

the feed transformer.

This gives a practically

constant seccndary current, which is advantageous
the The
track relays are of two-phase type and placed
the
formers in cast iron boxes along the track (fig. 4).

for the shunt values of track cireuils.

in interlocking machine, with relay trans-
Feed transformers and cendensers are placed in
. Track
the main signals are fed from

weceden cases in the station vard (fig. 7)

circuits outside

tal rectifiers (to the left in figs. 8§ and 9). In case
of A. C. failure, this may also be obtained from
a D. C. driven rotary converter (to the right in
fig. 8).

A plant cof this size naturally requires a large
rapital outlay, but the operating economies ef-
fected by the reduction of staff made possible
by the installation of these safely devices provide
good interest on the initial expenditure.



On Cross-talk between Telephone Lines.
By M. Vos.

Introduction.

he present theoretical research has for its

purpose to calculate the cross-talk between
two parallel homogeneous double wire lines, e. g.
two homogeneous overhead lines located on the
same poles. The immediate reason for making
this research was two questions which le Co-
mité Consultatif International des Communica-
tions Telephoniques 4 Grande Distance (C. C. 1.),

3

das Nebensprechen in Kombinierten Fernsprech-
kreisen”, E. T. Z., 1920, page 188, also published
by J. Springer, Berlin, 1919; F. Breisig, “Uber
das Nebensprechen in Fernsprechkreisen”,
E. T. Z, vol. 42, 1921, page 992; and K. Kiipf-
miiller, “Uber das Nebensprechen in mehrfachen
Fernsprechkabeln und seine Verminderung”,
Arch. f. Elektr. vol. 12, 1923, especially Part III
“Theorie des Nebensprechens in langen homo-
genen Leitungen”, page 173.

&8
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Fig. 1.

submitted to the 3rd Commission of Asses-
sors® at its plenary session in Berlin in June
1929. The questions concerned were 6 b and
16 b, which in translation read as follows:

1) What value should be prescribed for eross-
talk between any two carrier channels in the
same transposition system.

2) Choice of a system of uniform transposi-
tions in short sections for aerial line networks
in various countries.

Cross-talk between homogeneous telephone
lines has previously been theoretically dealt with
by several investigators. Amongst these may
here only be mentioned: R. Lichtenstein, “Uber

1 A lecture delivered at the Meeting of the Swedish Electro-
Engineers Association, on March 7th, 1930,
2 Deals with questions relating o Transmission and Mainlenance.

— 112

As the method of calculation used by the
author differs from those used by earlier in-
vestigators, and certain important, not generally
known results have been attained, a publication
of the present research may be justified.

Most earlier investigators have concentrated
on the calculation of the so-called near-end
cross-talk, which in ordinary audio-frequency
telephony is of the greatest interest. In carrier
telephony with different ecarrier frequencies for
the two directions of talk, far-end cross-talk is of
the greatest interest.

Fig. 1 shows diagrammatically the ordinary
arrangement of two such carrier current chan-
nels which operate with the same carrier fre-
quencies, one for cach direction, on two separate
double wire lines on the same poles between the
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terminals A and B. 8, and §,” are two transmit-
ters at A, which operate with the same carrier
frequency f,; S, and §,” are two transmitters at
B, which operate with the same carrier frequency
f.: the frequencies generated at 4 by S, and S,
are received at B by the respective receivers M,
and M,"; the frequencies generated at B by S,
and S," are received at A by the respective re-
ceivers M, and M,”. Consequently the transmis-
sion from A to B occurs for both channels with
the same carrier frequency f,, and from B to 4
with the same carrier frequency f,. In order that

/

~ WE

—_—_@,

turally unable to suppress the frequencies which
are generated by the transmitter at the other
terminal, and induced into the channel through
an electro-magnetic coupling, i. e. the filters are
unable to prevent far-end cross-talk. One of
the main results of the present research is, how-
ever, that under certain conditions also far-end
cross-talk can be made to disappear, though an
electro-magnetic coupling exists between the
lines. The practical consequence of this is that
we may be able to save the expense of a special
system of transpositions in short sections for

- -
| |
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Fig. 2

the transmitters §, and S, do not affect the
receivers M, and M,” respectively, belonging to
the same channel and located at the same ter-
minal, there are inserted before the receivers two
filters F, and F,” respectively, which only pass
the carrier frequency f, and the side-band in-
tended for these receivers. Likewise the filters
F, and F,” are inserted at B before the receivers
M, and M/ to prevent the transmitters S, and
§.” respectively from influencing these receivers.
An induction between the lines 1 and 2 cannot
cause near-end cross-talk between subscriber 1
and 2 at A, because a tension of frequency f,
induced in line 2 is suppressed by the filter F’,,
and a tension of the same frequency f, induced
in line 1 is suppressed by the filter F,. The con-
ditions at the terminal B are quite analogous.
With such an arrangement as shown in fig. 1
near-end cross-talk between two high-frequency
channels is, consequently, not to be feared, al-
though the same frequencies are used on sep-
arate lines on the same poles.

On the other hand. the filters inserted are na-
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carrier operation, and be satisfied instead with
the existing transposition or twisting systems.

Formulating the Problem.

The problem the author has first placed before
himself is as follows: (ef. fig. 2).

Two parallel homogeneous double wire lines
1 and 2 of the same length ! are given. Between
these lines there exists a magnetic coupling
which is constant for the whole length of the
lines. A point on the line is characterised by
the distance x from one terminal, which we call
the “near-end”. The other terminal., which is
situated at the distance x = [ from the near-
end we call the “far-end”.

At the near-end an alternating current ge-
nerator with a sinusoidal tension E, independent
of the load, is connected to line 1. Line 2 is
terminated in an impedance R, at the near-end
and in an impedance R,; at the far-end. Line 1
is at the far-end terminated in an impedance R,; .
Line 1 may also be denominated as the induc-
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ing, and line 2 as the induced line. Our task
is then, to calculate the tensions over the ter-
minating impedances K., and K., With a given
generator tension E these tensions V., and V.,
indicate respectively the magnitude of the near-
and far-end cross-talk between the two lines.

Method of Calculation.

As the two double wire lines together form
a system of four parallel lines, the problem
should properly be dealt with by the aid of Max-
well’s equations for the electro-magnetic field of
such a system.

The electro-magnetic field of a system of pa-
rallel eonductors has previously been dealt with
by several investigators. Lord Rayleigh' was
the first to work out such a theory on the basis
of Maxwell's equations. Afterwards, Max Abra-
ham® in his text-book “Theorie der Elektrizitit”
has further developed the same. The strict
theory for the transmission of electro-magnetic
waves along a system of lines has up to the
present day been carried through only for a few
special line arrangements. A summary account
is given by Max Abraham in “Enzyklopedie d.
Mathm. Wissen”, Vol. V, Art. 18, par 12, en-
titled “Induktionswirkungen von Wanderwellen
in Nachbarleitungen”.

K. W. Wagner® has shown that also for non-
Staticnary phenomena on a system of parallel
lines it is permissible to ecalculate as if the field
distribution were stationary, provided one can
negleet the ohmic resistance of the conductors
and the leakage in the surrounding medium.
These assumptions purport that the electro-mag-
netic field is entirely transversal, i. e. that the
lines of force run in planes that are at right
angles to the longitudinal direction of the system
of lines. In reality there is always a component
in the longitudinal direction due to the resist-
ance of the wires, but a simple calculation goes
to prove that for ordinary overhead long distance
lines this component is so small in proportion
to the transversal one, that in practice we may
always reckon as if the field were merely trans-
versal and stationary.

! Lerd Ravleigh, Phil. Mag. Series 5, Vol. 11, 1897, p. 199,

2 M. Abraham “Theorie der Electrizitat™ Vol. 1, 5, 1918, par. 72,
P, o2,

PR, W. Wagner “Induktionswirkungen von Wanderwellen in

Nachbarlettungen™ E. T. Z. Jahrg. 35, 1914, p. 639,
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Wagner' considers a system of n parallel cy-
lindrical conduectors with arbitrary section. The
greund is denominated by 0 and the conductors
by 1, 2, 3 ...... n. By the use of magnitudes
well defined for stationary electro-magnetic phe-
nemena, e. g. magnetic induction coefficients
and electrical potential coefficients, as well as
known theses in respect of the transmission of
electro-magnetic waves over a system of parallel
lines, Wagner arrives at the result that the ten-
sion V, between a conductor » and earth at a
certain point of the system can be expressed as
a linear function of the currents in all n con-
ductors at the same points viz.:

V=W, 4+ Wols + ....... + W0, .. (1)

J, is the current in the conductor ;.
W, is the mutual surge impedance between
' the conductors y and ».
W,, is the surge impedance for the very con-
ductor y.

Wagner further shows that W, and W, are

given by the following relations:

“.m = i— <y (2)
! Ve
and
¢
W, =-S1, ()
Ve

where: L, is the mutual magnetic induction
ceefficient between the loops formed by
the conductor x and earth and the con-
ductor y and earth.
L., is the self-induction coefficient of
the loop formed by the conductor and
sarth.
¢ is the speed of light in space and
£ is the dielectric constant of the med-
ium surrounding the line system:
the permeability of the medium is as-
sumed = 1.

As Abraham® had already shown, the general
solution applying to the differential equalions
for such a system of lines is:

¢=f(ez—w)+g(+wl). . ...
and J, =wf, (x — wt) —wyg, (x+wl) with w =‘£ (7)
&

In these equations ¢, is the charge per length
unit on the conductor p, t is the time variable.

1 loc. ril.
2 Abraham lec. cit. p.



x is the distance to the point referred to from a
fixed point, e. g. the near-end of the line system:
[ and g are arbitrary functions. The equations
(4) and (5) represent two electro-magnetic waves
which are transmitted with the same speed

c
w=—,

£

the other of form g, in a negative direction.
Equation (4) is the expression for the charge
waves, and equation (5) for the current waves.
The functions f, and g, are arbitrary, so that
waves of any form whatsoever may occur in
such a line system, but they are determined
by the limiting conditions.

one of form [, in a positive direction,

<
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2
s
—
|
|
|
|
|

where r/,,, = r',, is equal to the distance be-
tween the conductor u and the mirror

image of the conductor », or vice versa.

On the basis of equaticn (2) there is then:

2¢ r
“'"'_ T ] ll! I -
F g rII'I ")
Puyr = 'y, and r,, = r,, 50 is also:
W Wi N e )

In the same way the self-induclion coeffient
of the lcop formed by the conductor » and the
carth is:

L, = 2 log,

|
| l / | |
[ I r’ | I
| b o J, I
| Vi s '
A sy
e
V
R 1484 Fij!‘ 3

Calculation of the Surge Impedances
W,, and W,,.

As the surge impedances W,, and W,, for a
system of parallel conductors are directly pro-
pertional to the corresponding magnelic induc-
tion coefficients for the same system, we may
first caleulate these.

For two conductors ;, and y, fig. 3, placed
upon a height h, respectively h, above ground
0 and at a distance r,, from one another, the
mutual magnetic induction coefficient, is, as we
know:

- (6)

where h, is the height of the conductor » above
ground and o, the radius of the con-

ductor y.
On the basis of equation (3) there is then:
2¢ 2h
W, = lo el s
= log " 9)

Calculation of the Surge Impedances of a System
of Two Parallel Homogeneous Double
Wire Lines:

We consider a system of two parallel homo-
geneous double wire lines of which fig. 4 shows
an arbitrary cross-section. The line I is formed
by the conductors 1 and 2 at an average height
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H; above ground 0; 1" and 2" are the mirror
images of 1 and 2, when the ground is considered
as the mirror surface. The line II is formed
by the conductors 3 and 4 at an average height
H;; above ground; 3" and 4" are their mirror
images.

The use of the equation (1) on all four con-
ductors then gives us the following system of
equations:

L
Vi
Hr Z

R !

7
A
e
|

|

|

|

|
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|

I I
l | |
ok |
|' | |
I 2!& Il
' \\ |
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Vip = Wy di + Wisds + Wind, + Wid,
Vig = Wi ds + Wind, + Wb + Wiidi
Vig = Wi dy 4 Wik + Wik + W, 1,
Vio = Widi 4 Wk & Wk 4-W, 7,

(10)

In these equations V,, V.. V, and V, are
tensions between the respective conductors 1, 2,
3, 4 and earth; J,, J,, J,, J, currents in the re-
spective conductors; W, W, W, W, surge
impedances between the conductors.

In a double wire line the current in one branch
is equal to, but of an opposite direction from,
the current in the other branch, so that we are
able to assume:

=4 and Iy =~ J =Ko (11)
The system of equations (10) by this becomes:
Vie=1[Wy — Wil L +[W;s — Wi lL |
Vao = [Way — Wy | I} + [Wyy — Wyl I, ‘...(12)
Vio = [Wsy — W] [} + [Wy — W] 1, f
Vo =Wy — Wl ly + [Wy — WL I
For the tensions between the branches we

therefore get:

gy =—

—_—————
/
e
s

—_——F————d
™

s DA

Vi=V— Vao=[(Wiy + Waa) =(Wi + W) Il +
'H(“'m‘f'“'-_u}—'f“'u'f‘“'\:s”"e l
Vo=Viy— "m:“ W + Wo)—(We + Wo)ll, +|
+|(“':m + “’u) '(“'.'n'*' “'l.‘l)]r‘!
if we put:
(Wi + W) — (“rle + W) =4,
(“'m =t “':!s) =T (“'Ii L3 “.2.1) — zl: I

(13)

, ‘ : w=Lnl ()
(Wy + W) — (Wy, + W) = Z,, ,
(Was + W) (“':u + W) = Z,,
the equation (13) passes into:
Vi=2Zul +Z|2‘f-.'] (15)

Vo=1Zul + Z:."_Jf]
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Through W,, = W,, (equation 7a) is also: For such a double wire line h > 30'=9.15 m.;

ry, =12" =305 em.; 29 = 0.104" = 2.64 mm.;
o = 0.052".
As the distance between the conductors is

(Wys + W) — (Wi + W) = (W, + W)
(W + W) or Z,, = Z,,

The equation (15) thus passes into: small compared with their height above ground,
Vi=Z,1, + le"zl - r,,’ > 2h, as we have assumed here hefore, and
v (198) 4ne formula (17) holds geod. With ¢= 1 and

Ve=Zu 1y + Zs, 1, l
C = 3 - 10" cm/sec. the surge impedance is then

Z,, and Z,, are the surge impedances for the

11 e " -
double wire lines 1 respectively 2. Z, — Z,, calenlated to;
are the mutual surge impedances between the 12"

Zy=4-3-10" log, = 65.3 - 10" e. m.e.

double wire lines. 0.052"

S

72" i —— 72" —
> d ' Z :

-
% @ 5
2
| !

R 1ese Fig. 5.

Calculation of the Surge Impedance Z, for a  or, since 1 e. m. e. is equal to 10— ohm:
Balanced Double Wire Line. Z,, = 653 ohm.
For a balanced double wire line (1—2) is: . . )
Calculation of the Mutual Surge Impedance Z .,

o1r=g=¢and hy =hy, =h between two Double Wire Lines (1—2) and

with the result that according to (9): (3—4%).
Wyh=W,= ?—E logeg"—:h According to equation (7) is:
£ ~ Oin T
" - b B siemeie W =2%010a. ™25 o (1D)
Since according to (7a) W, is always equal G :
to W,, we get: $6 that:
- 2 2¢ r,,’ = 2¢ ] 9 ¥
We=W, =— Iog,,r— and then according W, = == log, . w2 1o T4
= === ' 0 == €
£ 12 to (14) Ve Ty YU Ve Tir
Zy=(Wy+4 Wae) — (Wiat+ Wy ) = 2(W,y — Wi : ' 92¢ '
11 { n+ ..) ( 12 -1) ( 11 1.) “.“ = 3£ ]0;..‘,, J‘,_|; “'w _ _l_ 10,‘:, Tay
2 Ve LT B Ve T3
Zy= :_210&2(_!' :”' o OEIITR f 1 Since according to (14):
& g 2 , ¢ . .
: ‘ : ' Zya = (Wi + Wy) (W, + Wy) we get
As in most cases r;,' ™ 2 h we gel:
2¢ Fyg Py Teg o T
; ic I, o Zis = —log, 2. 2 1 18
AT ‘—; log, —:}‘ RS sweilUET) 12 Ve o Fis » Fsg  'Tea * Fiy (18)

he distance betwee » lines is s *om-
By way of example we may calculate the surge If the dista between the lines is short com

impedance for a double wire line, which is very
much used by the Bell Company in U. S. A

pared with their height above ground, we can,
without any very great error, put:

' '
o .
B2 1 so that (18) is reduced to:

1 CL: TCarrier systems on Long Distance Telephone Lines'. i
B. S. T. Jl. Vol. 7. July 1929, p. 815. Fay Ty
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Clog T (19)

Y D)
Z, :
Fig * Tay

™ |

‘..f

By way of example we may calculate the mut-
ual surge impedance between two double wire
lines of the same design as in the previous
example, erected beside each other on the same
cress-arms as those practised by the Bell Com-
pany in U. S. A. (ef. fig. 5).

The height above ground is, as before, h > 30
= 9.15 m, i. e. greal in comparison with the
distance between the conductors, so that for-
mula (19) may be employed. The distance be-
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tion) and by V.,”, the tension for a retrogressive
wave, the total tension between the branches is:

In the same way it holds good for double wire
line (2):

Ve=Vo' Vi rrcecrerennene. (20 b)

If we define a current as positive when it flows
in the direction of increasing x-values, and if the
currents in the progressive and retrogressive
wave on line 1 are I and I,” respectively, the
total current is:

Calculation of Cross-talk belween two Homogen-

cous Parallel Double Wire Lines when the

Electro-magnetic Coupling is Constant all along
the Line.

We will now consider a system of two homo-
geneous parallel double wire lines with a con-
stant electro-magnetic coupling between the lines
as per fig. 6. If we denominate the tension be-
tween the branches of line 1 by V" for a pro-
gressive wave (transmission in a positive direc-

1 (. B. §. T. JI. Vol. 7, July 1928 P. 581.

tween the conductors in every double wire line Li=0L 4§ (21 0)
is: r, = r,, = 12”. As the distance between in the same way it holds good for double line 2:
the insulator pins of the same cross-arm is L =8 % LY canssmimaiines 21 B)
- X - a’x (/-.l’) |
| [ [ |
| | [ l
" g i >
r y | |
‘40 é | Zl/ \{/4' | z// [ ‘z//
l 1 i |
| | 22 [ 1
' z, Yoy, Yo Y 3 Z
%22 /2 22 Vo K V3¢ 3 “ot
I I | I
o X X+ax 7
Fig. 6.
throughout 127, r,, = 12”; r,, = 36”; r,, = 24~ The use of the equation (15 a) on the pro-
and r,, = 24” and with ¢ = 1, gressive waves on the lines 1 and 2 then results
7, 2230w B g
T of24".24" iR Vi'=Zul' + Zs I | (22
c. m. e or Z,=—17.2 ohm. V=2l + Z, 1y I

In these equations Z,, and Z.,, as before, de-
nominate the wave resistances of lines 1 and 2
respectively, and Z,, the mutual surge impedance
between the lines. For the retrogressive waves
we gel:

_‘ylﬂ gt Z“llrr + Zr-‘ Ig”l

i e
— V' = Zp 1" + Zy, I ’

If we assume that the tension caused by the
generator V_, is sinusoidal and of the angular
veloeity @, undamped waves are transmilted on
the line system both in a positive and negative
direction with a speed of
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where ¢ is the wave-length constant for the line
system. If A is the amplitude of the voltage
wave at the beginning of the line 1 (x = 0) the
voltage at a point x on the same line is:
Vi'i=A/e-7  ..eerreeeenr (24 1)

In the same way we obtain for the voltage at
point x on the line 2 for the progressive wave:

Vol = AL IR nmscasne {SRD)
For the retrogressive waves we gel:
V." = A," . g +Jax
! R (24 ¢,d)

‘r’rr = Azn i ijr'
If B,” and B,” are the amplitudes of the pro-
gressive and retrogressive current waves at the
beginning of lire 1, and B,” and B,” the equiva-
lent current amplitudes for line 2, we get the
following system of equations:
1! = B, e—Jar
L' =B8/e f“’l =
17— B, e ""”I ........................... (2
l‘ﬂ _— B.H e + joer
If the electro-magnetic coupling between the
lines is so loose that the reaction of the current
in line 2 on the voltage on line 1 can be neglect-
ed, (22) and (23) are reduced to:
Vi' =2, 1 |

S o : ciereeee (22 @)
‘e == ’:1112 + A:x‘z”
and
~ Vil Zuly! I (23 )

— V"= Zipl" + Zys ’:”J
We assume in the following that this is the

case. By the combination of (22 a) and (23 a)
with (24) and (25) we get:

Alr = Z; Bl' ‘

A,; - :fu Bl:, tdndy saigs (I8
—4,) =Zy B,
— 4" =Z,y,B" + Zy, By

If we consider the limiting conditions at both
terminals of the line system (0 and I) for both
double wire lines, we get:

forx=0
a) line 1
‘-1”r - :ilr; Vl.,” - AI”: Vln iz ‘rlllr + "]"”

, . . (27)
“‘1 -+ *"11 = "m

b) line 2:
Vag =45 Va"=4,"; Vye=Vyo'+ Vo =4,/ +4,"
Ly'=B,"; ILy"=B,"; I,= Ly + I,,"=B,'+B,"
But the voltage V, at the beginning of the
line 2 must also be equal to the voltage drop

which the current I,, causes in the impedance
R 10638

r

V,y = — L, - Ryy, or according to the akove

Al + A" = — (B + B,") Rygooooo....... . (28)
2) for =z = I

a) line 1.
Vu' =4, e—; V' = A, etis! and
Vi =dA, e=®4 AMMetd i (29)
I/ =B/ e i, I'"=B"et+i and
Iu == B_l’ e_j'ﬂ - B]_" e tqal (3“)

The voltage drop over the impedance R, by
which the line is terminated must also be equal
to Vy; so that:

Ya=Tg+Rywovmss wanwuss (81)
By combining (29), (30) and (31) we gel:
Al'e—Jd4 A" e =B "e 44+ B, e*id|R,(32)
b) line 2.
Vo'= A e—J; V," = A" e vial and

Vg; = V-_!;r-l- 1"2; "= AQ' e—Jal + Agﬂ e+ dal (33]

I,/= By e i; [," = B, e+id and
Iy = In' + I)" = By e—Jd 4 B, etia (34)
Here, too. V., at the terminal of the line 2
must be equal to the voltage drop which the

current I, causes in the impedance R.;, which
terminates the line 2, i. e.

"2_4 = j:_af - R B S R S S e SR (d.-‘l)

By a combination of (33), (34) and (35) we
obtain:
A, e—id 4 A" et Jd=[B,' e+ B," e *3a!] Ry (36)
If in the following we put e*/* =m and
e—Je' = pn, (32) and (36) respectively are:
nA,'+ mA,"=[nB'+ mB,"|Ry; ... (32a)
nd, + maA,” = [nB, + mB,"| Ry ..... (36 a)
By inserting in (27), (28), (32 a) and (36 a)
for A, A7, A" and A.” their values extracted

from (36) we get the following system of equa-
tions:
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ZyB/'—Z,B"=Vy
Zy3B\'+ ZyyBy' — Z,,B," — ZyyB," = —| By + B,")R,,
nZ,B/'-—mZ, B"=[nB'+mB,"|R ;=
nZ,B/'+nZ,B, —mZ,B" —mZ,, B, =
= [nB,'+mB,"| Ry
or after reduction:
ZyB —ZyB/" =V,
Ziy B + [Zyy+ Ry | By — Z,3B," +
[Ryy — Zy] 82” =0
M(Zy—Ry) B/ —m(Zy + Ry) B =0 |
nZyuBy + n(Zm— Ry) B —mZ. B"—
m(Z. + Ry) B =0
In the form of a determinant the system of
equations (37) becomes:

. (37)

B/ B,' T B,"

Zy 0 —Zy 0 |"w

Zys Zs:""R-.m ““Zu R,, — zze! 0 (38)
nZy~R) 0 —m(Z+R) 0|0

nZ, n(Zy—Ry) —mZ, —m(Z,, + Ry) 0
We assume now at first that the lines are ter-
minated in impedances which are equal to the
surge impedance of the respective lines, so that:
Ry = Zy; and Ry = Ry = Lo

The determinant (38) then becomes:

B/ B. B," B,"
Zi 0 —Zn 0 |V
Zs 2o —Zs 0o | 0
o - Zys [ (38a)
0 0 —2mZz, 0 0
nz, 0 —mZ, —2::12,2! 0
If we put:
i zll 0 o zll 0
1 - - - |
D=l Ziyg 22y —2Z, 0 |
S0 0 —2mZ,, 0
nZ, 0 —mZ, —2mZy,
we obtain by reduction:
D=8t 22, Fyy oonisiasansrmomisnss (39)
For the purpose of calculating the current
I, in the terminating impedance R,, — Z.; at

which cur-
rent gives rise to near-end cross-talk, we need
cnly caleulate B)” and B,”; I, is then:

the near-end of the indueced line 2,

Is = B + B,"

B, is calculated from (38a) in a known man-
ner to:

Zyy Vie —Zy 0 ‘
Zyy 0 Zis 0
0 0 —2mZ,, 0
nzlg 0 P mzn ——2m222
B, = ) ' or
A
== — 4 L1 Vie sosmaveamss 0
B AR AN = (10)
For B,” we obtain in the same way:
Zy 0 —Z4 Vio
Zu 27y — Ly 0
i 0 0 —2mZ,, 0
| nZz, 0 —mZ; 0
;T | — S
B = D or
1 A
Bles e 8 i e 11
2 92 2 th/‘l’? Lo ( )
The near-end cross-talk then becomes:
1 Z 1
ap — -hr IF=__—”'_' - |-V 2
I_I} H_ + B_ 2 Z“Z;,q_. [1 'nzl 10 {4 )

- —

, _ . 1
Since: mn=e "/ . e—idl=1 we gel s =n

= e—Je!  and

= =[]l —e—2alj. V. .
37, 7 (1 e ] 10

1, = o (43)

The near-end cross-talk tension across the ter-

minating impedance R, — Z., according to
(28), therefore is:
Voo = —[Bs' + B,"|Zyy = — I,yZs, or
. 1Z B .
‘gilzi?:'fll—e = f|.‘“j ............ ' (44)
The far-end cross-talk current I;, i. e¢. the

current in the terminating impedance Ry = Z.
of the induced lines is caleculated according to
(34) to:

I‘.‘f = Bgr e Jal + B:" e +iel — "Bzr + "‘H‘.'”

In view of (40) and (41) we get:

1 Zs 1 Ly
Iy=——pg——12 Vv il R ¥ :
o oell ..“Z_-a 10 + O m Z“qu 1 O
1 Zie 1
s " 0 =
b 2 ZyZse Vlm "]
1
As =n we gel:



Iy=0and Vy=0 ... (45) (46)

I. e.: If the inducing line 1 at the far-end is
terminated in an impedance R, equal to the
surge impedance Z,, of the inducing line, and
the induced line 2 at the near end is terminated
in an impedance R, equal to the surge impe-
dance Z,, of the induced line, the far-end cross-
talk between the lines disappears, no matter
what the frequency and the length of lines may
be. In this case is does not matter in what im-
pedance the induced line is terminated at the
far-end, since current and tension there are equal
to zero.

If this conclusion is correct, it must also prove
that B,” and B.” are independent of the imped-
ance R,, in which the induced line is terminat-
ed, and that it is unnecessary to assume that
R.; is equal to the wave resistance Z,. of the
line.

In order to control this we shall now only
assume that Ry = Z,; and Ry= Z..

The determinant (38) then becomes:

‘qlr 1}3! Bln H?" ‘
Zy 0 —Zy 0 | ¥ip
'- @ 2 'Alj-l = : @ I -
Zys Zys z o |0 )
0 0 —2mZ,, 0 0
an ﬂ(zig—h’y) — m .Zm —ﬂ?(z:_»_r+1{-_|;)i 0
We put:
Z, 0 —Zy o
D— Zys 27, — Ly 0
0 0 —2mz, 0

InZi wit—R) —m T <ol Tt o)

The calculation of the determinant results in:

I),m = -lm”Z‘-’“ZT_»(Z:g = H:;) . {48)
In the preceeding case B.” becomes:
le "lu == ZII 0
zl? 0 - Zl: 0
0 0 —2mZ,, 0
| nZy, 0 —mZ, —m(Zs+Ra)
B/= _ - e :
i D, or
' 2m* Zy Zyo(Ze + Ry) -V,
B, = —- —== s
i ’“l.ﬁ

2!11:2:_; le(_./-_'_.'_'.' ‘_|' R.;)
-I-HFZ'"U Z‘_e;g{z:l_' + R:El) ‘ "

or also:
wssesvanses (39)

As will be seen, (39) is identical with (30),
no matter whether R,; = Z., or not.

For B.” we obtain in this case:

Zu 0 — Zy Vie
Zya 2Z,, —Zys 0
0 0 —2mZ,, 0

nZy, mZp—Ry) —mZ, 0

"__
B, = D,

The calculation of the determinant results in:
2_2_1_1 z[g(z:.':l + R‘.’J‘) 1:-]" =
D!H

_ 2ZuZwe(Za+Ry)
CAm* 2, L (Zo2+ Ry) e

BH’__
. =

or

VAT
Bqn l 12

ey 2 Via e (50)
11 e

As will be seen, also (50) is identical with
(41) and this proves that far-end cross-talk dis-
appears, no matter in what impedance the in-
duced line is terminated at the distant end.

For the sake of completeness we calculate
also I,,, i. e. the current fed into the inducing
line by the generator V.

Since I,, = B, + B,” we compute B," and
B,” from (38 a) to:
I Vie 0 — Zy, 0 |
I 0 2Z!2 = Z!? n :
0 0 —2mZ, 0
0 0 —mZ, -—2mZ,
B'=—«—— T ——- or

_ 8mPZy 72y Vi 82, 2P -V, Y

' 0.5
B'=""b, = smz.z, 2z,
and

7 0 Vi, 0

Z., 2Z. 0 0

0 0 0 1]

nz., 0 0 —2mZ,,

Bl e 55— =" (32)

The current fed into the inducing line by the
generator then becomes:
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This result was to be expected.

With the aid of B’ and B.” we are also easily
able to caleculate the current I,; and the tension
V,, at the near-end of the inducing line:

Lo =B+ B"= (53)

According to (30):
Ilf — n'}lr e —Jjal — Bl” e + Jal

which, in view of (51) and (52) becomes:

Vl: ; =
= _Feg—dol i (DD
Iy Z e (54)
and
Vin=ATi* Zi;= Yao &9 commmremnrs (55)

From these formulas it is obvious that on
acccunt of the terminating imppedance R, hav-
ing been selected equal to Z,, no reflected wave
is developed at the near-end of the inducing line.

For the amplitude of the voltage waves on
both lines and in both directions we get with
regard to (26), (40), (41), (51) and (52):

A = Vigooiooioaeiinrisennene conne (56)
! l ZIE r -
Ay = é’ '2_—1 ‘IIJ ........................... (h‘)
By AT R (58)
"o__ 1 _Zlg r -
A= — s Vi (59)

Calculation of the near-end cross-talk attenualion
between the lines.
According to (44) is:
12z
N 2 'Z‘ll
"!_u - 1 Z!Z[l . P_.-_JJ',,:—I

r o 7
Vie 2 Z,,

3

Vao [1 — e = I « Vi, or

Since e %/ = cos 2 el — j -sin 2 «l, we gel

Ve 1 Z,,l ; ] Vi
H=g S |1—cos2al + j-sen2el| (60)
‘ 10 2‘ ‘fll

r

- Vio -
The absolute value of 2% js:

L 10
Vol L : — )
";ll - ‘; Z:; ’ ‘ ] l — CO8 2 (ff ]' + sen- 2 fCI F——
—_2 zl-‘ ‘J{I—loh 2!’(” ssaa . (hl}

The reciprocal value is:

!"’m Zn. . v 2 .
Z, Y1 —cos2cl’ "

! Vzo

The near-end cross-talk attenuation is then:

e (62)

(Vi Zyy V 2 %5
s Yie| _ Swl/__ < . (63
et i o | e o
The cross-talk is greatest, i. e. b becomes a
minimum, when cos 24l = — 1; then
Z g
bpin = log, I-Z'—‘ Do (64)
|12

By way of example we may with the aid of
formula (64) calculate the minimum cross-talk
attenuation between two double wire lines which
are very much used by the Bell Company in
U. S. A, and for which we have previously in
this article (cf. pp. 8 and 9) calculated their
surge impedance as well as the mutual surge im-
pedance.

With the values for the surge impedances com-
puted on pages 8 and 9 viz:

|Z,,| = 653 ohm; |Z,,| = 17.2 ohm;
the minimum attenuation for these non-trans-
posed lines becomes:

U = log, 38 = 3,65 Neper.
Z,y

The author has also with the aid of formula
(54) made certain calculations concerning the
cross-talk attenuation between two twisted pairs
of the type customary in Sweden, and which are
located beside each other on the same cross-
arms.

The minimum cross-talk attenuation was cal-
culated at 6.06 Neper for two twisted pairs which
rotate in the same direction and in the same
phase.

|
bu“n — loge

Comparisons with the Results Obtained by
Kiipfmiller * by another Method.

Kiipfmiiller's equation (45) for near-end cross-
talk becomes with our denominations:
i

L | K jwe =t das (63)

Rs, + Zas

o

I, = "w :

In this equation K is Kiipfmiiller's “electro-
magnelic coupling” between the lines at point x:

LG B. S, T. JI. Vol. 7, July 1928, pp. 581 and 592,
2 Kuapfmiller. Arch. {. Elektr., Vol. 12, 1923, p. 180.
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w is the angular velocity and 5, respectively
;. the propagation constants for the lines 1
and 2.
n=Jo+ B e =Jjus + s
If we assume the electro-magnetic coupling K
lo be econstant and equal to K, for all 2’s, the
integration gives:
V /-iw J‘f-'i Kﬂ
10 R 3 ”_ y e
*o+ “23 a‘l+.|'
If in accordance with our

tions we put:

Ry = Zy, and y =

I‘.’n e 1 —e™ T I: (ﬂb)

previous assump-

ve = juo we gel:

where C is the capacity of the double wire line
per unit length. A comparison with (43) then
shows that:

K, Z, ;
o [N . )
e (72)

Calculation of the Cross-talk between two Homo-
geneous Lines when the Coupling £, is
a Function of .

We consider now an arrangement according
The inducing line, with the surge im-
pedance Z |, is assumed as very short, its length
is denominated by dx; at r, the beginning of the

lo fig. 7.

Vie wk, — %ial g
L, = 2 " 9g ll —E J - (67) line referred to, an alternaling currenl generator

- X o Ix 7/-x o

o i s R

l | t

| 7o ' |

: Vf:L @ 2// § ‘Z// !

) = ) '

| | z | |

5 R |

<2z { T Zz Six Zzz  atersk) ":V” g

| f | ‘

| | | |

o X o Xealx 4

A comparison with our equation (43) shows
that the two equations (43) and (67) lead to
the same result if:

wK, Zys (68)
2 e 2 ,
2 Ziy 2oy
or
K, VAT « .
s . (69)
B Iy o
. () 5 . .
Now — = ¢ is the velocity of propagation of
% J

the waves on the line system, for which reason

(69) may be written:
K, 1 Zis -
el =S PR 7] 1
2 e Z, oy (70)

Kiipfmiiller shows that equation (67) can also
be written in the following form:

"I'r hu
I'_'n = ;.,Z-_-f . ')f

1 S f.--'_'.m".

with sinusocidal tension V,, is connected to the
line; at the other end x + dx the line is ter-
minated in an impedance equal to the surge im-
pedance Z |

The induced line with the surge impedance
Z.,. is much longer; its length is I. At x = 0
the induced line is terminated in an impedance
equal to the surge impedance Z... At the other
lerminal x = [ the line is terminated in an ar-
bitrary impedance. Between the lines there is
an electro-magnetic coupling which between x
and x + drv is constant and equal to Z ..

The arrangement according to fig. 7 is then
perfectly equivalent to an arrangement as per
fig. 6, in which R, —= Z  and R, = Z... The
part of the induced line to the Ictt of x, when
looked at from x, is equivalent to an impedance

Z... The impedance of the part to the right of
2 - dx, on the other hand. may be arbitrary. as
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we have previously seen in the case of an ar-
rangement as per fig. 6.

With regard to the equivalence of the arrange-
ments and equation (44) the tension at point x
of the induced line is:

1 Zys
27y
The tension between the branches of the in-

duced line at ¥ + dx, on the other hand. accord-
ing to (46) is:

dV;;,=

[1—e—2ude] Wy . ... .(73)

r
d i 2{r+dr) = 0

As e~ele =1 — 2 judz, (73) may also be
written:

The arrangements according to fig. 8 is equi-
valent to the arrangement as per fig. 7. The
part of the inducing line added to the left of x
has no inducing effect upon the line 2, and the
tension V , set up by the generator V,, at the
point x is assumed to be equal to V,, in fig. 7.
Nor has the part of the inducing line attached
to the right of r 4 dr any effect upon line 2.
and its impedance, looked at from point x 4 dxr,
is, as in fig. 7, Z

Under

10

11"
the circumstances we are able to
write:

‘rl.r = "m (It

- (78)

and in view of (76) and (77):

/

|

B ?
% i ]

KO e : Ly, & ¥ ' \?/ ge/
I i ‘
)i | . i
R} ’

£ 20 i_\{zo Z22. % Yz '{?/ 2 2
| | |
! x | :
) - /
Fig. 8.
dV., = je- ;53 -V, - de; (75) dV,, = ju i” Vie 2=23: dags ... ... (79)

The tension dV,, at point x sets up a tension
al point 0 of the induced line:

*1%
le

As the tension dV, .4y = 0, the tension of
the induced line at the far end ¥ = [ also be-
comes zero, so that we are able to write:

This holds good irrespective of in what way
the line is terminated at the terminal [/, nor does
it matter whether the part of the line between
(x + dr) and [ has the wave resistance Z,, or
not, or whether it is homogeneous or not.

dV,, = je. Vi,e—d=.de .. .. (76)

We now pass on to a consideration of an ar-
rangement according to fig. 8. in which an elec-
tro-magnetic coupling Z,, between the lines only
exists between the points & and x + dur.

A Vop =10 i igigsing

For a line

W

arrangement according to fig. 8§,
in which the electro-magnetic coupling is not
limited to a single point on the line, but where
the coupling can be expressed as a variable fune-
tion of x, in view of the principle of superposi-
tion holding good in this case, we get:

i

v. o _
Ve — jg- 210 [ 7., e—2ac. do: ... 81
l o ==Ju 7., ‘ Zis€ da (81)

[

l Vag = 0 oo (82)

With this we arrive at the main result of this
research, viz:

That the far-end cross-talk belween two homo-
geneous lines of which the inducing line at the
far end and the induced line at the near end are
terminated in their own impedances, always dis-

appears, no matter how the electro-magnetic
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coupling may bz distributed along the line
system.
If we assume that Z, in equation (81) is con-
slant, i. e, independent of x, we get:
[

Z " : o dips
Voo == _Ji -’12-"' e — Zijar, le - _'__l‘." B
20 = J& Z, v J ox. e Z 19
1

2 _ ] — e—2dal

2 ja [ ¢ I
= 125 | e . ’
Vag =§Z: e = W sevssinis (B8)

As will be seen, (83) is identical with (44),
which ought to be the case if our calculations
are right. Likewise (82) is identical with (46).

In a future work the author intends to show
that similar results are obtained for the cross-
talk between two parallel homogeneous tele-
phone lines whose line resistance is low com-
pared with the surge impedance. The waves are
in that case damped. If the propagalion con-
stant » = § 4+ ja, (q is the wave-length con-
stant; g is the attenuation constant) is equal for
the two lines, and if the lines are terminated as
we have previously stated, the equation (44) for
the near-end cross-talk can be written:

[
Vio {° .
Vis =y z:‘: ,Z,._.e—:“-dx. L (84)
ol

The far-end cross-talk tension is, as bhefore,
practically:

Vae =0 .. (85)

By way of summary we may say that the far-
end cross-talk between two parallel homogeneous
telephone double wire lines practically disap-
pears if the far end of the inducing line and the
near end of the induced line are lerminated in
their own impedances. The distribution of the
electro-magnetic coupling along the line system
is, in this case, without any influence.

From a physical point of view we may give
the following explanation of the cross-talk which
cecurs in lines that are not terminated in the
aforesaid way.

If the induced, but not the inducing. line is
terminated in its own impedance, there occurs
a reflected wave at the far end of the latter. This
reflected wave may be considered as being a
wave emanating from a generator at the far end,
i. e. it causes near-end cross-talk at the far-end

of the induced line. The far-end eross-talk ob-

served is, therefore, in this case in reality a near-
end cross-talk due to the reflected wave, and its
intensity is directly proportional to the ampli-
tude of the reflected wave. When the inducing
line, but not the near-end of the induced line, is
terminated in its own impedance, far-end cross-
talk is due to reflexions in the near-end of the
induced line of the same wave, which causes
the near-end cross-talk. As has previously been
demonstrated the wave emanating from the gen-
erator produces at a coupling point between
the lines a wave in the induced line, which is
only transmitted in the direction of the near-end
of the line system.. This wave gives rise to near-
end cross-talk, but since we have assumed that
the induced line at this point is not terminated
in its own impedance, a part of the wave is re-
flected and travels along to the far end, where
it also causes far-end cross-talk.

If neither line is terminated in ils own im-
pedance far-end cress-talk is caused by super-
position of the phenomena described for the two
previous cases,

The Practical Importance of the Results of Lhe
Research.

It seems to be obvious from this research that
in  carrier current telephone systems which
operate with different frequency bands for the
two directions of conversation, we might be able
to considerably diminish far-end cross-talk,
which is the only one of any importance in this
instance between the different carrier channels
on the same poles, by dimensioning the equip-
ments at the terminal and intermediate amplify-
ing stations in such a way that their input im-
pedance for all important frequencies coincides
as much as possible with the characteristic im-
pedance of the lines connected to them. As there
are no essential technical difficulties in bring-
ing about good agreement between the said im-
pedances, it seems as if this method, which di-
rectly attacks the cause of cross-talk, could di-
minish the demands which must be made upon
a transposing or twisting system for lines for
transmitling the high frequencies used in carrier
current (elephony.  We might, possibly, even be
salistied with the systems of transposition and
twisting which are now customary for low fre-
queney telephony and thus effect a great saving
in the line cosls.
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Practical Points About Automatic Fire Alarm.

By Harald Ekman, Supervising Engineer of the Stockholm Fire Brigade.

he advances made in technics

during the past twenty or thirty vears has

stupendous

had a revolutionizing effect on individuals and

the communily as a whole. What seemed out of

Section 4 Factory Department

The wave of rationalization rolling over the
world is receiving added stimulus from the eco-
nemic pressure resulting from depression in
business and severe compelition. But of what

avail is a good organization
and well-planned operation,

based on what seems to be

Section 3
Attie dependable calculations, if
Section 5 the whole venture can be
2w Warehouse set l N avagac
Section 2 upse )y the ravages of
Office fire. The material objects
Suire .
one can insure bul not the
present and future pros-
pects of the business,
Economical fire protec-
Section 1 lion is not only a national
Garage = > ' 2
gain, it is a good invesl-
— O ment for the individual
Alarm Board business man who has rea-
Fig. 1 a. Diagram of an Automatic Fire Alarm installation. lized in time the benefits
{Each fire-alarm seclion comprises a certain part of the premises.) = - s :
acceruing from it.
) ) An efficient fire protec-
Fire-proof Door (al the arrow) 3 : z
tion organization must em-
oiian’s brace both arrangements
Attic in Section 1 for preventing the incep-
a Factory Tasiery i H i 31 adi
o Department tion and spreading of the

Section 2

il

ZNS)

fire, and fire extinguishing
devices suitable for the lo-
cal conditions. One feature
of

which is of primary im-

such an organization

Office portance is that absolutely

Building Pirin : "
Fire-proof Door

(at the arrow) dependable means should

be provided for alarming

R 1102 and directing the fire-crew

to the spot. It should be

Fig. 1 b. Diagram of an Automatic Fire Alarm installation. sssible f I fi -

{The black dots represent the automatic thermo-contacts.) I""\"kl le for the ire-crew

to find the right place

reach vesterday may to-day be made available to
all and sundry, and as a result of the abundance
of technical aids and the necessities created by
them we make ever greater demands on the func-
tioning of the organs which supply our needs.

quickly, because any loss of time means that

get a further start, and
that the

tinguishing arrangements will be insufficient to

the fire will may
attain such a size available fire ex-

cope with it, no matter how efficient the organi-

126 —



'
- L J s 5, %5

. 99 © 99
N © | - o -
'

=z - X3

-

Fm oo =T

4

Fig. 2. An Automatic Fire Alarm Station Apparatus for 6 Sections,
including Charging Board for Storage Balteries. The diagram shows
signal lamps and various illuminated together with
bells, automatically register fire alarm and faults of every kind,
and also control that thrown.

signs which,

every switch is correctly

zaticn happens to be.
emphasize the immense importance of discover-
ing the fire in good time, and the fact that there
is an inlimate connection between the stage at
which the fire is discovered, and alarm given, and

I wish at this point to

the losses which the fire will cause in the end.
The fire grows in practically all cases from an
insignificant start, is developed gradually with
steadily increased power of expansion, and the
curve for the spread of the fire rises violently.
Minutes are valuable, especially at the earliest
stage of the fire, and the results that can be ac-
complished at that time with a very simple fire-
extinguishing outfit may at the later stage be
heyond the capacity of even the best fire fighting
organizalion.

Experience teaches us a number of interesting
lessons on this score and gives valuable informa-
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Fig. 3. Central Fire Alarm Board for a large station (30 Sections)
tion which is collected in the statisties of fire
lesses and the journals of the fire brigades.

In practically all cases of fire where some per-
son has been present at the ineception, or has ar-
rived on the spot shortly after the outhreak, the
person has himself or with aid called to his as-
sistance been able to put out the fire or in any
event confine the fire to a limited area.
few

Very
large conflagrations have for this reason
taken place
attics, warehouses or other places of that kind

during working hours, except in
left without regular attendance. In a commu-
nity, factory or other working premises people
are all the time in walchful movement, and the
fire, as already intimated, is in all these cases
immediately discovered and, according to statis-
ties, is usually put out with a hand fire-pump.
chemical fire-extinguisher or the like, and a se-
rious conflagration avoided.

It is of interest to examine the journals of the
Steekholm fire brigade to see what they have to
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Fig. 1, Alarm Bell for A.C.
current

LT E T Fig. 7. Thermc-contact fitted in Wood-drying Kiln.

Fig. 9. Alarm Bell of powerful type,
with bell of 250 mm diam

R 14es Fig. § Thermo-contact fitted underneath stage floor.
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Motor-generator for automatic connection to Fire Alarm
To be used if several A.C. alarm bells are automatically to
give fire alarm.

Fig. 11.
Board.

relate on the subject of calls to put out fires
during night hours or after working hours or,
generally speaking, concerning large fires.

This is a very interesting chapter. Most large
fires have occurred in premises which have been
unguarded during the inception and early stage
of the fire, and the fire brigade has in these cases
often been alarmed by outsiders after the fire
has bursted windows and shutters, or even burnt

through floors and walls. All the largest fires in

Stockholm during recent years, among them
Svenska Teatern, Galarvarvet, Hasselbacken, Al-

hambra, Oslermalmsteatern, Separator, Tatter-
sall, have started between 11.45 p. m. and 3.30

JID ELDSVADA

L[N RUTAN
T 004 SLAPPRANDTAGET)

DRAG U :
| NVANTA BRANDKARENS
DBS!EJ F.CR E!ﬂf?i]ﬁt‘:_:lp
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Fig. 13. Some Fire Alarm Box as Fig. 12, but with the door open.

a. m. and in consequence have not been dis-

covered until a far advanced stage. The recent
fire in the paper storage of the Svanstrom firm
al Herkulesgatan also belongs to this category.
The fire raged undisturbed in the large base-
ment storey, where it stored up an enormous
amount of energy and choking gases, which made
it difficult to localize and attack the heart of the
fire. In the last mentioned case the delayed
alarm caused losses amounting to several million
kroncr.

From what has been said in the foregoing one
is justified in the cause of fire protection to in-
sist on the enormous importance of the quickest
possible means to give notification of the oul-

Alarm
may be connected
alarm sta-
to be con-
loop or
thermo-contact
section.

Fig. 14. Branch Fire
Box which
to automatic fire
tion. The hox is
nected in a separate

mn  existing

Fig. 1 Fire

Sahwon  Apparalus
th two e
‘




break of fire, and demand that the most up-to-
date devices which modern technics have created
should be utilized for preventing such abnorm-
ally large fires.

With such devices I have in mind the auto-
matic fire alarm system, where the alarm is
put into function by the fire itself at the very
outbreak. This signifies that one no
longer leaves it to chance to determine the mo-
ment for giving alarm, but the work of putting
out the fire can be instituted at once, and,
furthermore, by means of a special alarm board
it is possible to determine where on the pre-
mises the source of the fire is located.

The automatic fire alarm system is based on

system

cleetrie circuits connected to fire alarm contacts
(thermo-contacts) distributed over the premises
that are to be protected and which are suscept-
ible to heat and connected by electric circuits
to a loecal alarm board. Should one or more of
these contacts be heated owing to a rise of the
temperature in that part of the premises, they
automatically begin to function and close a cer-
tain cireuit by means of the relays and other
receiving devices on the alarm board, As a re-
sult of such changes, signal bells or sirens are
put into operation, or the alarm may be trans-
mitted through fire alarm boxes direct to the

fire brigade. The alarm board of the receiving

Fig. 16. Fire Station Apparatus of the Fire Brigade in the town of Jankoping

f~

set indicates inter alia from which
place on the premises the alarm
has been given. For facilitating this
place indication the thermo-con-
number
a separate, locally delimited. fire-

tacts are grouped into a

alarm sections, which each have a
designation on the alarm board.
The alarm board is preferably to
be set up at the main entrance or
other frequented place on the pre-
mises. A conlrolled storage bat-
tery supplies the current required
tc cperate the system.

The wvalue of such an automatic
alarm installation can not be over-
rated, provided it complies in all

technical respects with the de-
mands for reliability in operation;
otherwise it may do more harm

than good.
in

It is necessary to keep
that an automatic fire
alarm system, without any human intervention

mind

and under the very worst practical conditions,
must infallibly register and transmit it may be
only a single important fire alarm and that
many years after the system has been installed,
at a time when the interest in, and the attendance
and care of, the system may not be so much alive
as when it was new.

The decision to instal an automatic fire alarm
system of this kind means both for the insured
and the insurance companies the transfer of an
important responsibility onto the system, which
is then made practically
against fire,

the sole protector

The technics relating to electric signalling have

made rapid strides during the last decade or
two; what was considered satisfactory and

generally speaking good enough sometime ago
must now be discarded in view of recent progress
and the increased demands on the
liability and effectivity of such devices.

made re-

The alarm board is the most vital part of
the whaole receiving outfit. This apparatus shall
constantly control not only the circuit, thermo-
contacts, battery and, in some cases. main fire
alarm box for transmitting the alarm to the fire
brigade. but also in as far as possible its own
functions. That is to say. it must consist inter
alia of a larger or smaller number of relavs, i. e.






R 1500 Fig. 20 a. "Svenska Teatern” lire in Stockholm 20.6.1925. Alarm turned in 3.15 a. m.
Stage ceiling has collapsed but the ceiling joists over auditorium are still intact.




Consequences

ol delayed fire alarm.

Each factory fire in Sweden

during the last five years has caused the following average losses.

Loss from fire

Ta.m

Working hours Working hours

Lunch time
Fig. 19.

small sensitive electrical magnets which are ac-
tuated and balanced by weak electrical currents
and provided with variously connected electrical
The
ber of such relays must be made as small as

short ecircuits and ecircuit breakers. num-

After working
hours (night)

m—

possible, at the same time as the
absolutely necessary organs for the
reliable operation of the fire alarm
must upon.
more, the design and construction
of these relays must be the best
possible, and all the relays of the

be insisted Further-

fire alarm system must automatic-
ally control the current. The mu-
tual combination of the relays is
also of great importance.

The electric contacts of the alarm

7a.m.

board included in the fire alarm

circuit shall also be as few and

reliable in operation as possible;
thus preferably circuit-breaking
contacts or such as are closed when the system
is at rest, which consequently automatically
centrol the current and break the circuit when
giving alarm. A working contact, i. e. a contact

which under normal conditions is open, is un-

"
3

* fire in Stoekhe

in 1.30 a. m.

Alarm turned



Poor covered by

A further demonstration of the risk of leaving the fire to itself.

sheetiron on both sides which has resisted the fire lron door deformed by fire

-

Effects of fire on unprotected steel structures
Fig, 21 b, "Tattersall” fire in Stockholm 18310
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reliable, as its contact surfaces are liable to be-
come oxidized or covered with an insulating
layer of dust, oil or the like which, with the
weak currents employed, may not let through
the current when wanted.

The arrangements for restoring the system af-
ter a fire alarm has been given, or in case of
line faults ete., should be simple and definite,
and the connections properly guided, so as to
make faulty connections impossible. After re-
adjustment the alarm board shall plainly and
permanently indicate the fault which has made
the readjustment necessary.

The automatic fire alarm system devised and
introduced by Telefonaktiebolaget L. M. Erics-
son has been designed in the smallest detail with
the view to comply with the above demands for
reliability. With same it has been found pos-
sible to produce the necessary functions with-
out making the system dangerously complicated.
Required functions in connection with giving
fire alarm have been amply provided for, and
the system besides automatically controls all the
faulls which might prevent alarm being given
at the proper lime. All parts of the system are
thus constantly automatically controlled by
means of closed current, so that the faults of
any kind whatever are immediately indicated as
soon as thal appear.

The main features of the system have con-

duced to establish even greater reliability, which
is carried to a point always regarded as the
highest desideratum, namely the elimination of
the effects of dangerous line failures, so thal
these, even if they should occur at the very mo-
ment the alarm is to be given, cannot prevent
the alarm from being transmitted. This time-
moment, and the current impulses generated in
connection with same, may be very critical,
especially if the circuit is very extensive and thus
exposed to strains of different kinds in the
course of vears. The risk of line faults and
cther failures in a system of any kind is of
course bound to increase in order as the system
becomes older.

Even the sensitive thermo-contacts have been
designed in a special way in order to obtain ne-
cessary control. At the same time the degree
of safety for producing the alarm impulses has
been quadrupled for a single thermo-contact, in
addition to which the different thermo-contacts
in a certain section collaborate in giving the
alarm.

Space does not permit a more detailed account
of the special arrangements for detecting faults,
giving alarm ete. The foregoing is merely in-
tended to give an idea of the importance of auto-
matic fire alarm, and the technical demands
such a system must comply with.
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New Interlocking and Signalling Plant at Lund.

By lvar Larsson, Signal Engineer in the State Railways.

he railway station at Lund was one of the
first in Sweden to be equipped with inter-
locking and signalling installations.
1899—1901

In the vears
there was erected a plant with two
mechanical interlocking machines for the south
part of the station, and in 19011902 there was
erected an interlocking machine in the northern
part, so that a complete plant was obtained that
was equipped with those devices and arrangements
for safeguarding trains and securing the work of
station service which then considered

the were

per fect.

Signalling technics have, however, pro-

sidiary company, the “Signalbolaget”, received an
crder to supply the material and erect a complete
electrie installation.

This new installation embraces only one inter-

locking machine, This has been located at the
nerthern end of the station. The switch move-
ments there are more numerous and more com-

plicated than in the scuth part of the station, and
it was in consideration of this circumstance that
the place was selected.

The cabin is on three floors. The ground-floor
centains the power plant for the interlocking ma-

R 1875
Part of

the station yard. The signal cabin

gressed incessantly, and, when the station was re-
built in the year 1927, the old plant was quite

anliquated. It was provisionally adapted to the

new station, and there was, of course, no im-

pessibility  of completing the same, but without
doubt
to be

cafety

a new structure was the only rational thing
able to satisfy up-to-date requirements of
and labour saving. For this reason a per-
fectly new interlocking and signalling safety plant
was erected. following those modern lines and
principles which have been the foundation of the
plants erected by the State Railwavs in recent
Vears,

The I.. M. Ericsson Company, through its sub-

R 1670

chine, a workshop for repairs and the heating in-
the The first

served altcgether for relays and other auxiliary

stallation for cabin. floor is re-
instruments, while the top-floor is the switch-room
proper. From the same a good view is obtained
of the northern part of the station, but no view
can be had of the central and southern parts ol
the station.

The switch apparatus is manufactured with only
electric interlecking register: all locking and e-
]n‘l1l’t'l‘.t"r:"~ are. therefore. carried out r[vt‘fl'u';llll\_
Previcusly a similar interlocking installation had
by L., M, behalf of the

Railwavs, viz. al deseribed in

".I'H"-\n.'l

Hassleholm

been "!'l':‘l!'l'
State

oan
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this Review in 1927, Nos. 1-—3). The machine
supplied for Lund is constructed on the same lines
as that at Hissleholm, but the design had been
altered by making use of the experiences gained
at Hissleholm. The whole machine is higher, so
that the levers are approximately on a level with
the elbow of an average-sized man. By this means
the advantage of a more natural grip of the levers
is gained. These levers are arranged in a row the
same as in L. M. Ericsson’s older interlocking
machines. The shape of the handle on the lever
has been altered so as to present similarities to a
small door-handle. It has been possible to effect
such grouping on the apparatus that every other
lever is a signal-lever and every other an inter-
lceking lever. The signal-lever is in a normal po-
sition with its handle straight up. It can be
switched over to right or left (each movement
70°), thus being used for operating different sig-
nals. The switch-lever has in its normal position
the handle obliquely downwards to the right, and
on switching over it is turned 1407 (o the lefl.
Particular care has been devoted to the develop-
ment of the design in so far that both the lever’s
horizontal shaft, which is rigidly connected with

General plan of tracks, sign

the handle, and the co-operating vertical contact-
shaft get a perfectly steady and exact motion, so
that make and break occurs with all desirable
precision. Control windows above the lever have
been utilized in the following way. The switeh-
man is informed by a white or red signal-plate if
the switech occupies a position coincident with the
lever, and closes completely, or if such is not the
case. Besides, a blue pointer in the window of the
lever indicates that the switch is blocked for chang-
ing. This pointer disappears when the switch is
free. A white or blue signal-plate in the windows
above the signal-lever indicates if the lever is dis-
engaged for changing over or locked.

The interlocking machine is in no way connected
with any release instruments or the like operated
by the train dispatcher. The signalman must,
therefore, himself lay the tracks and display the
This arrangement is considered
suitable here, because safety measures have been
adopted for automatic control that the tracks are
free from vehicles when a start-signal can be dis-

“clear” signal.

played. This system is preferable when the traffic
in a station is in any way extensive, As, therefore,

the operator on his own responsibility lays the

— 138 —

..ﬁ‘

PN NS

e .

L

points,

and track circuits.

tracks, it is important for him to be able to control
in a simple manner that the track is clear to or
from an intended track when the start-signal is
given. This has been done in such a way that the
switch installation is equipped with small auxiliary
instruments in the shape of a push button switch,
one for each track. On a sign-board belonging
to each switch it is indicated which incoming or
outgoing signal is meant, as well as the number
of the track to or from which a track is to be laid.
Before the signal lever for a main signal becomes
disengaged for switching over, this push-button
switch must be changed over. If the signal lever
then becomes free for switching over, the operator
is sure that the points or switches are set for the
very track intended, i. e. he obtains a simple and
easily grasped control instead of having to examine
with meticulous care the position of the levers,
in crder to prevent shifting switches.

On enamelled signs above the levers there are
given the necessary directions for the position
which other levers must occupy to enable the
lever to be operated, and by this means all the
track-tables are set out on the very interlocking
machine,

The installation is made for altogether 80 levers,
and was at the beginning fitted with 29 signal-
levers, 31 switch-levers, 3 interlocking levers, 1
bcom-lever, and 16 spare places. Its length is
6.6 m. It is lacquered the ordinary deep-green
colour, and its appearance is smart and attractive.

For the State Railway lines connected to it,
double track line to Uppikra and Stangby, the
blocking of the line is arranged by means of a
3-field block instrument located at each gable of
the machine,

The illuminated track plan is set up separately
behind the interlocking machine, On this plan
are set out the signal images of the main and
dwarf signals, as well as the condition in the track
sections provided with track line. All instructions
on the track plan take place by means of lamps
countersunk behind separate index windows. An
occupied track is marked by a lighted lamp in the
track window, and a free track with an ex-
tinguished lamp. an arrangement which on fairly
large track-plans gives a better survey than if the
more customary opposite method were employed.

All tracks (19 home and 19 outward tracks)
are locked by track interlocking, and the release

== [Pk
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is effected automatically by the train. For emer-
gency release there are separate, sealed keys. The
track for the home roads are not locked until the
train has reached the track-line immediately out-

side the home signals, i. e it is approximately

1400—1200 m. outside the appurtenant advance
signal. If an expected train has not reached this

point, the signal can be taken up and the road re-
lcased without having to break the seal and using
the emergency key.

With the exception of the interlocking group in
the north, the track area of the interlocking in-
stallation is equipped with complete track lines.
These have been excluded in the north on account
of the expense, because the direct survey from the

Incoming and outgoing signals at north end of yard.

interlocking apparatus has been considered to con-
stitute sufficient safety measures.

The devices for actuating the switches are of a
new design, and they are made with interior me-
chanical locking, for which reason the hook- and
link-locks hitherto employed for locking the point
can be dispensed with. It is hoped by this means
to counteract, inter alia, to some extent the diffi-
culties arising in case of a fall of snow. The
switches are, in so far as circumstances permit,
coupled in pairs to the same lever, and it happens
in some instances that three motor actuating de-
vices, two for switches and one for scotch block,
Both parallel
coupling and serial coupling have been employed.

are connected to the same lever,

The entire number of switch and scotch block
actuating mechanisms is 49. There are no mecha-

nisms for local manipulation. Four interlocking

_“—WE -

mechanisms for merely locally operated swilches
and scotch blocks are laid down.

The entire station area connected with the inter-
locking installation is equipped with a complete
system of dwarf-signals. These are used not only
for interlocking motions but also for train move-
ments,
signals, and for the southern and central parts of
the stations switches in front of switch-vehicles

All switch roads are interlocked by these

are locked when the appurtenant dwarf-signal has
been passed, even if the signal in question is taken
to stop. As to the northern part of the station,
which can be surveyed direct from the interlocking
plant, no such locking has been employed, be-
cause, as has been stated here before, no track-
lines necessary for this purpose have been put
down, The dwarf-signals are of the standard type
used by the State Railways, optical signals being
made by two white lights which form a horizontal
connecting line at an angle of 45° or vertical. For
the outward tracks the dwarf-signals have also
to serve as outward signals. The circumstance
that a track is switched off is shown by the vertical
position of the dwarf-signals. By this means one
has obtained safe signalling with the aim that the
loccmotive driver will be able to check that this
outward track is set and clear, without having to
resort to outward signals for each track. We are,
therefore, restricted to one outward signal for each
line, and also an inner outward signal of main
type near the main tracks in view of the trains
passing at a high speed.

All main signals are light signals., Track signal-
ling on the main home signals is done with one
to three green lights. Besides, the home signal
shows on signalling for a main line train whether
there be a free passage or not. In the former case
a white intermittent light is visible, in the latter
case a green intermittent light, of course also in
boht cases a fixed green light. Tracks can be sel
to and from all seven pairs of rails for the State
Railway lines, whereas the trains of the crossing
private railway can be signalled in and out on
tracks 6 and 7 north and south, as well as in and
out on track 7 in the south.

On platform 1 near the station building are lo-
cated repeaters for the home and outward signals,
so that the train dispatcher can check their inter-
locking. To facilitate the work of the train dis-

patcher in his clearing, there are also arranged
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al certain places separate repeat signals for the
most commonly used outward tracks.

One detail of the installation that may be spe-
cially mentioned are the arrangements for the level
crossings, which exist south of the station build-
ing, about 650 m. from the interlocking installa-
tion, The street is shut off by means of electric-
ally operated booms, which are operated [rom
the interlocking plant. The booms are interlocked
by the home and outward signals, so that there is
no need to risk the booms being forgotten and
the trains are yet signalled along over an open
road. When the booms are lowered and a signal
is set for a train to go ahead, the boom lever can
al any moment whatsoever be returned to a posi-
tion corresponding to raised booms.
remain nevertheless in a dropped position, but the
hoom-motor obtains automatically a current when
the train has passed the level crossing. For the
purpose of warning street traffic (this place is
busy occasionally) there have been set up
special signals which by a powerful red light,
visible even in daylight, show that the booms are
being, or have been, lowered. These signals, one
outside each room, stop already when
the warning bell on the booms begin to ring,
i. e. a good while before the booms themselves
begin When the booms rise the sig-
nals go out as soon as the booms have been raised
sufficiently for allowing vehicular traffic to pass.
These extra signals have proved to be of great
benefit; no difficulties whatsoever have occurred

The booms

very

show

to drop.

to have the road traffic stopped and the crossing
cleared when the booms are lowered, though they
are operated from an interlocking cabin from which
the street traffic cannot be observed, It is ob-
viously so that when the way-farer knows that a
drop-boom is operated mechanically so as to drop
unrelentlessly. it inspires a great deal more re-
spect than a crossing-keeper close by, who, in case
of need, can stop the motion; in the latter case
many a way-farer is tempted to hurry on to the
track, although the lowering of the boom has
started, in order to escape having to stand waiting
before dropped booms,

The interlocking installation is operated both
with direct and alterpating current. The City of
Lund Electric Works supplies both kinds of cur-
rent. 3-phase alternating current, 50 periods, is
taken from its alternating current net, with a high
voltage within the station

transformer erected

W — ~

area, and on the secondary side 3> 130/100/55
volt are drawn in the interlocking installation’s
own transformer. The lamp voltages are 55 in the
dwarf-signals and 12 volt in the main signals; the
latter voltage is obtained from local transformers
set up in cabins close to the signals. The track-
lines are fed with alternating current, c:a 2 volt
tension between the rails, and this voltage is stepped
up to about 4.5 volt for feeding the track-phase
of the track-coils located in the interlocking cabin;
the local phase is fed with 110 volt, the interlock-
ing control coils (the SS-coils) operate with two
phases, both with 110 volt. Direct current (12
volt) for operating currents for signal and release
coils as well as block magnets is obtained from a

LR ELrEE
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Power station.

metal rectifier (copper oxide reclifier). The inter-
locking motors, made for 120 volt direct current,
are fed direct from the city’s direct current net.
A converter is also set up in the power-room of
the installation as a reserve. The latter is operated
with direct current. It has been considered that
since the city has very reliable arrangements for
the supply of direct current, a separate reserve
battery can be dispensed with. It has, therefore,
been possible to carry out the entire power plant
comparalively simple. The energy consumption of
the installation is about 32000 kwh alternating
current and about 450 kwh direct current per
annum.

As has been stated in the preceding. the entire
operaticn is now confined to a single interlock-
ing machine, This concentration affects, as a mat-

ter of course, the signalling staff beneficially, In
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the old plant, with its three interlocking machines,
11 men were on interlocking duty with the same
traffic conditions as now. The new interlocking
installation has hitherto been served by a staff of
altogether 6 men, but it is quite possible that this
number can be reduced when the staff have be-
come sufficiently accustomed and expert. The
saving in personnel is thus at least 5 men. The
installation has cost 280000 Swedish kronor, Al-
though the motive for such installations in the
first instance must be considered as a measure for
safeguarding the trains and bringing about suf-
ficient speed and rapidity in operating the station,
the saving in personnel already effected in this

case constitutes a very good contribution towards
paying interest and amortisation on the initial in-
vestment.

The installation was fitted up in the summer of
1929, the work taking about 3 months, which must
be looked upon as very smart. Electrically operated
special drilling machines and welding machines
are, as much as possible, used for the mechanical
work of fitting up, and this work was done by
the State Railways themselves. When working at
a very busy station it is of great advantage for the
rate at which the work is done, if electric current
is available and can be used for operating portable

machine tools.

R 167 Interior of relay room.

R 1480
View of station vard with level crossing. Station building on the right
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On Impedance and Impedance Measurements as well as a Descrip-
tion of the Impedance Measuring set Manufactured by
Svenska Radioaktiebolaget.

By Torbern Laurent.

I. Introduction.

or telephone engineers who are not inclusive-

Iy engaged in electrical measurements and
the mathematical dealing with the results of
measurements, there arises often the need of
brief descriptions of various methods of measure-
ment and calculation as a support or refresher
for the memory. Such descriptions may often
also be of value as a medium of instruction for
less qualified personnel. In the present paper
brief descriptions of some devices generally used
in line impedance measurements as well as of
the mathematical dealing with such impedance
measurements have been summarized. The cal-
culations are, furthermore, in certain instances
illustrated by figures which, as is well known
from experience, many a time may make it easier
to understand the methods.

Special importance has been attached to the
suitability of the methods for practical purposes,
and it has been shown how the measurements,
and especially the calculations, may be simpli-
fied. The same views also form the basis for the
construction of a new impedance measuring set,
described in the last part of the paper, which is
manufactured only by Svenska Radioaktiebola-
get. The principles of the instrument have pre-
viously been published by the author in “Tek-
niska Meddelanden fran Kungl. Telegrafstyrel-
sen” (Technical Papers from the Telegraph Of-
fice) No. 4, 1925, and in “Elektrische Nachrich-
ten Technik”, Volume 5, Part 5, 1928.

2. Impedance Measuring by Means of Resistance
and Capacily.

Figures 1 and 2 show the bridge devices in
measuring an impedance Z with a small respect-
ively large phase-angle.

The resistances r form a ratio 1:1, G is an
audio frequency oscillator supplving simple har-
monic current of the angular frequency o, HTF
a telephone receiver, N a variable non-capacita-
tive and non-inductive resistance, € a variable
condenser practically free of losses, and O, res-
pectively O, switches. The measurement is ef-
fected by varying the resistance N and the ca-
pacity € until a sound minimum is obtained in
the telephone receiver HTF.

After setting the sound minimum the follow-
ing relations hold good between the impedance
Z, expressed in amplitude 7 and phase angle
¢ or resistance R and reactance X, as well as re-
sistance N and capacity C:

For bridge-coupling according to figure 1 ap-
plies:

Zi= —‘\... —
V1 4+ o*C2N®

¢ = + aretg wCN

B . (1)
lf _ A\r =
1 + w?C2N*
X=4 wCN?

=1 4 e?C*N?
the plus sign applies to switch position 2 and
the minus sign to swilch position 1.

For bridge coupling according to figure 2 ap-
plies:

—

L= \""\rs_{__ . l‘

W?C?
= P ll T l
g = + arc 8 W CN (2)
R—N
. 1
Kook -0

The plus sign applies to switch position 1 and
the minus sign to switch position 2.

— 143 —



(o]

L %
>| <
7 &
R 1594 |"i,|{. 1.
Some drawbacks or difficulties with these

measuring devices for practical measurements
in telephone technics may be pointed out.
Mostly the bridge-coupling according to figure
I is made use of, and no matter whether the
impedance is to be expressed in |Z| and ¢ or R
and X, comparatively difficult calculations are
necessary. The bridge-coupling according to fi-
gure 2 is as a rule not resorted to unless the
phase angle of the impedance is so great that
measuring with bridge-coupling according to fi-
gure 1 is impossible because the resistance N
cannot be made indefinitely great. It therefore
very often happens that we obtain series of
measurements made with different bridge-coup-
lings, and, therefore, the uniformity in the cal-
culations is lost. Besides, it is often tiresome to
have to change a measuring method in a measur-

d
Al

Fig. 2.

R 1505

ing series, since the impedance of the object
measured occasionally is dependent upon the
current intensity.

The capacity € consists as a rule of mieca con-
densers, which by means of decades are inter-
connected in various ways in such a manner
that, together with a variable air condenser, they
form a continuously variable capacity. The ca-
pacity value should naturally be capable of be-
ing directly read from the decade settings, with-
out any conversions and corrections. This
calls for a certain adjustment of the mica con-
densers, which is particularly troublesome and
expensive.

3. Impedance Measuring by Means of Resistance
and Self-Induction.

Another measuring device is based upon the
use of a variable self-induction. In fig. 3, which
shows the measuring device, the denominations
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r, N, G, Z and HTF possess the same significance
as in figures 1 and 2.
induction with a loss-resistance a, which is ba-
lanced in the bridge by the equally great resist-
ance b.

Measuring is carried out by varying the re-
sistance N and the self-induction L until a
sound-minimum is obtained in the telephone re-
ceiver HTF, in which case

L. is the variable self-

R=N

X= 4+ oL

Z = VR 4+ L2 (3)
¢ = + arclg mu‘

the plus sign applies to switeh position 1 and
the minus sign to switch position 2.
In measuring with this arrangement the im-

A

R o13ud
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pedance as a rule is expressed by R and X, be-
cause the relation between N and L, as well as
R and X, is obviously remarkably simple. For
this reason impedance measurement by self-in-
duction is generally preferred to impedance
measurement by condenser.

The variable self-induction consists as a rule
of a variometer with an empirically graduated
The practical disabilities or drawbacks
with such a variometer are as follows:

The variometer is large and cumbersome.

The accuracy of measurement is adventured
by mechanical changes in the rotor’s suspension
in the stator.

The variometer’s open field does not permit the
proximity of iron. E. g. the variometer cannol
be mounted on an iron rack or covered by an
iron casing or the like.

The variometer is subject to disturbances by
magnetic induction,

These drawbacks or disabilities can be di-
minished by certain special measures, but never
entirely eliminated.

scale.

4. Calculating the Constants of a Telephone line
from Open and Closed Circuit Impedances
Measured.

By impedance measurements from one termi-
nal of a telephone line it is possible to fully de-
termine the electrical characteristics of the line.
Let us assume at first that the characteristies
of the line are of interest to us for a certain an-
gular frequency « only. We measure then the
open circuit impedance Z, and the closed circuil
impedance Z. between the branches of the line
at one terminal for this angular frequency, the
branches at the other terminal being open or
short-circuited.

In accordance with a method of calculation
which is deduced in the work “Telefonledningars
Elektriska Egenskaper” (Electrical Qualities of
Telephone lines) by H. Pleijel, we shall calculate
from these impedances the different clectrical
qualities of the line,

Assume that the amplitudes and phase angles
of the impedances are determined by
measurements for the angular frequency . viz

two

VARNS
Zy and ¢,



The characleristic impedance Z of the line is
calculated according to the equations

Z=VZ Z

G g [ (3)
¢—2+2]

For determining the propagation constants
of the line we calculate first

=Yz | :

- Tx_gr

qr~"2""2'

by which we obtain the altenuation gs of the
line according to the equation

_2.3026 = 144
fs = ——— Yog P Jl .
. = A S e (65)
2n, cos y
where d= 1+ n,,’y - ‘

and the wave-length constant ¢ from
- | " il
as =} arclg ¢ + K- 2—'

where &= 2"0 Yy l

1 —n,?

and K is a whole number which grows by leaps
with increased frequency and an inecreased
length of line.

It is of a certain interest that the same calcu-
lation result is obtained if we put

n, = z’

9 - zk
g
s i SR

For determining in the above manner com-
paratively large line attenuations the calculations
must be carried out with great accuracy.

Example 1.

For a copper line with a length of
§ = 20.90 km.

impedance measurements have been made with
the angular frequency » = 5000 radians sec.
from one terminal of the line, the following
result being obtained:

R, = 1142 ohms

X, =262 ohms
R, = 107.7 ohms
X, = —1773 ohms

By calculation we get

Zy = VYR: + X;* = 286 ohms

g1 = arelg ol + 66727
R
Zi = VR? + X2 = 1778 ohms

q¢ = arclg ‘;—' = — 88°31'
t
or

Zy = 286 (+ 66°27")
Z, = 1778 (— 86°31")
We now calculate the characteristics of the
line according to equation (4)
Z = Y286 - 1778 = 713 ohms
~ 66°27" — 86°31'

p = > = — 10°2'

or
Z=713(— 10r2)
According to equation (5) we calculate
n, = v 286 _ 0.4015
1778
y = § (66°27 + 86°31") = + 76729’
or
n = 04015 (+76°29)
According to equation (6) we may calculate
_2.04015
- 14+ 0.4015

from which value the attenuation may be cal-
culated:

d - cos (76°29") = 0.1615

23026 14 0.1615 A
fs =" T log YT T 0.08215 neper
SRS L e = 1
Sp= 20.90 =3.93 - 10~ neper km.
According to equation (7) we calculate
=es l?-' 344?111:* sin (767°29') = 0.932

For such fairly low frequency and such fairly
short line as in this example, the constant K
probably is 0.
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Ergo
as = } arctg 0.932 = 0,375 radian
= g{?:);_ = 17.95 - 103 radian/km.

If the line is homogeneous the so-called pri-
mary line constants, listed below, may be calcu-
lated from the so-called secondary line constants
determined by the above calculations. The pri-
mary line constants are:

r = the resistance in ohms/km. double line.

a = the leakage 1/ohm km. (= Siemens/km.):
L = the self-induction in Henry/km. double line.
C = the capacity in Farad/km.

The relation between primary and secondary
constants is:

B2+ =V + 'Ly (a® + *CY

« wlL wl
2 arctg F] = arclg = + arctg =

wL oC
2 ¢ = arctg = arctg-‘:l

If we take out the primary constants from
this system of equation we obtain

|Z Vg2 + 2
F=-___Zl i
\/1 + tg? (arctg% + ¢ )
{
wlL=— z—‘_'&‘i——“; - -
\/l + cot’(arctg Z4 q )
# el
PO i . —
P V4 t 2( - )
d\/ 1 + tg® |arc gfj q
ol = ; ‘;rﬁ;r + “-i————
71/ 2 g — )
JL, 1 + col*larctg 3 ¢
Example 2.

For the line in example 1 has been caleulated

Z =1713 (— 10°2)
4 =3.93-10"% neper 'km.
= 17.95-10? radian km.

by which

V3 + «f = 0.01838
arctg f; — 90° — 12722’
i
According to the equations (9) we obtain
. 13.1
V1 4 tg?(90° — 22°24)

= . ohms/km.
double line

wL = — 13'1, : = 12.13 ohms km.
V1 4+ tg?(22°24)) double line
- S -8
a=— 208 _10— = = 1.05 - 10—
V1 + tg?(90° — 2°20) mhos/km.
- N —6
wC=—— 208107  _ a55. 10
V1 4+ tg* (2°307) mhos/km.
or

r =25 ohms/km. double line.

L =243 m. H/km. double line.
a=1.05-10"% mhos/km.

C = 0.00516 x F/km.

These values are reasonable, which proves that
we have selected a proper value for the con-
stant K.

An arbitrary apparatus composed of resist-
ances, condensers and coils, with two input and
two output terminals e. g. a transformer or an
clectrical filter may be looked upon as a tele-
phone line with a certain characteristic im-
pedance and certain propagation constants,
which are determined from open and closed cir-
cuit measurements in the same way as for a
telephone line. Measurements carried out from
the input and output terminals as a rule give
different characteristic impedances but, provid-
ed any possible ironcore coils in the apparatus
are only lightly magnetised, the same propaga-
tion constants are always obtained.

5. Line Impedance as a Function of the Measur-
ing Frequency.

The characteristic impedance and the open
and closed circuit impedances of a line as a
function of the measuring frequency are dis-
cussed in a paper “Miatningar & Gotlandskabeln”
( Measurements Made on the Gotland Cable), by
J. Skoglund in “Tekniska Meddelanden fran
Kungl. Telegrafstyrelsen” (Technical Papers
from the Telegraph Office) No. 7, 1921. Figure 4
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is taken from this paper, and it renders in curve-
form measured impedances as a function of the
measuring frequency on a 16 km. long loaded
cable.

As we see, both the open and closed circuit
periodically with rising fre-

impedance vary

quency. This is the result of the superposition
of the waves coming from the measuring end
of the line, and those reflected at the far end,
and returning to the measuring end. The same
thing is apparent from the equations of the open
and closed circuit impedances.
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. \/cosh 2 38 + cos 2 as
/:r_ =\ 4 e e i
o cosh 2 gs— cos 2 «s

§in 2 as _
Sinh 2 ﬁs

7.7 \/ Eos_h 2 3s—cos 2 as
E7 7Y cosh 2 gs + cos 2 as

gt = @ — arelg

sin 2 as
sinh 2 3s

gr= ¢ + arctg

The wave-length constant grows almost pro-
portionally to the measuring frequency and, con-
sequently, the functions cos 2as and sin 2gs
vary periodically between the values 4 1 and
— 1. The attenuation g, on the other hand,
grows comparatively slowly and the functions
cosh 2 gs and sinh 2 gs are not periodical. The
open and closed circuit impedances, therefore,
vary periodically between the values

\/{c—Th— 235+ 1 I 2 \/ cosh 2 3s — 1

cosh 2 3s—1 ) cosh 2 3s + 1

and °

¢ + arclg

iq; — arctg — !

sinh 2 gs sinh 2 3s

As will be seen from fig. 4, the curves may be
divided into sections between which the value &
changes its sign. As will be seen, the value of
the constant K depends upon in which section
the measuring frequency falls, and if this can
be judged, we are also able to determine the
value of K for the said frequency.

The signs for the sections are as follows:

1st seclion ¢ positive, Z;, > Zy. qe > q, K=0

2nd » e negative, Z, < |Z, x>, K=1
3rd e positive, |Z, << |Zy, g <<qu, K=1
4th  » ¢ negative, Z, > Z;, a<qgn K=2
5th ¢ positive, Z,| > | Z;, g <<qy, K=2
and so on.

If we can decide in advance that the measuring
frequency lies within the first four sections, we
can also fix the section with the guidance of the
above.

Example 3.

For the line in example 1 was determined:
Zr= 286 (+ 66°27)
Zy = 1778 (— 86°31")
e = 4+ 0.932
hence & positive, Z, — 7, . Gr =

We are, therefore, in the first section, where
K = 0.

At any rate, the constant K can clearly be de-
termined by measuring the open or closed cir-
cuit impedance as a function of the frequency,
and fix the section concerned from their period-
ical variations.

6. Approximative Equations for Calculating
Attenuation.

It has been mentioned in chapter 4 that in
calculating comparatively large line attenuations
the calculations stated must be carried out with
great care and accuracy. This entails a fairly
troublesome mathematical labour, which may,
however, be saved by making use of the follow-
ing approximative equation:

_2.3026 4 l
gs = — log ) Z: —Z, l, L (1D
'f"*'{ >z )
where the denominations are the same as in
chapter 4 with i expressed in radians. The
equation is permissible when e~ 2% is very
little compared with 1.
In small attenuations, where 2 may be

neglected as compared to 1, the following ap-
preximative equation is permissible:

8s = \f /11 “COS Y .. (12)

-t

7. Calculation of Line Attenuation and Inhomo-
geneities on Lines from Amplitude Curves for a
Measured Line Impedance.

In the ensuing we shall base ourselves upon
mathematical theories which have been pub-
lished by the author in the papers “Matema-
tisk behandling av inhomogeniteter hos en pu-
pinkabel” (Mathematical Treatment of Inhomo-
geneities in a Loaded Cable) in “Tekniska med-
delanden fran Kungl. Telegrafstyrelsen” No. 9,
1924, “Uber das Nebensprechen und andere da-
mit zusammenhingende Erscheinungen” in
“Elektrische Nachrichten Technik”, Part 5, Vo-
lume 5, 1928, and “Om Gverhirning och diarmed
sammanhiingande problem” (On cross-talk and
problems connected with cross-talk) in “The
L. M. Ericsson Review” No. 10—12, 1928.
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If we measure the impedance from one ter-
minal of a line terminated in its own impedance
but suffering from an inhomogeneity at a point
at the distance s from the measuring end, we
obtain an impedance with the amplitude
V"""*" 2 (s +p) —cos2(as +q) (13

cosh 2 (8s + p) + cos 2 (as + q)

¥ =

where p and ¢ are magnitudes that are deter-
mined by the nature of the inhomogeneity. This
equation has the same character as the equations
(10), and the impedance y therefore, varies
periodically.

Angular velocity @

5000  Sooo W 700

Figure 5 shows curves for such impedances.
Il we plot curves which pass through the maxi-
mum and minimum points of the impedances
(see the curves drawn with dashes), we obtain
curves with the equations

, \/cosh 2 (fs +p) —1

Yumin = |Z /cosh 2(fs+p) + l_l

e (14
o = 2| S ZE TP
o cosh 2 (s + p) —1
and the relation
nu"':yml"‘."l. . B i (1)
U max
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can be calculated from these for an arbitrary obtaining
frequency. . . @ in radian/sec n,?
In calculating (gs+p) from the equations 812
(14) and (15) we obtain 3000 20‘;'" - 0.388
2.3026 1 +n, '
+p = Ylog s (16) 870
i 2 1—n, 5000 511 = 0412
If the inhomogeneity consists of a break on
the line or a short circuit between the branches 7000 98'" — 0.435
p = 0. The impedance curve consists in such 2250

case of an open or closed circuit impedance for
a length s of the line, and for this length the
aftenuation gs can obviously be calculated by
means of the equation (16).

Example 4.

Figure 6 shows the amplitude curve of a
measured closed circuit impedance on a 64.4
km. long loaded cable, whose attenuation we
are to calculate.

According to the curves for Z, ... and Z; pia
we calculate first
zk min
zl—mu

@

n,t =

From the value obtained for n,?
calculate the attenuation

we then

fs — _2_..:]26 '”Iog: _-t ::
obtaining
o in radian/sec ps in neper  fin neper/km,
3000 0.73 0.0113
5000 0.76 0.0118
7000 0.79 0.0123

The value ps+p can in the same way be cal-
culated for an arbitrary inhomogeneity accord-
ing to the equation (16). In the next chapter
will be shown, how the distance s to the inhomo-
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geneity can be calculated from the amplitude
curve of the impedance. With a knowledge also
of the attenuation per km. line g, which, e. g,
can be determined from the amplitude curve
for the closed circuit impedance in accordance
with example 4, the attenuation to the inhomo-
geneily can be calculated and by this

= 2'332_5_ 10]og % A : —ps.... (16a)

If the inhomogeneity consists in a change of
the characteristic impedance from Z to Z' at the
peint of inhomogeneity and the impedances are
practically purely ohmic and independent of
frequency, we obtain that character of the amp-
litude curve of the impedance which is apparent
from the curve A in fig. 5, i. e. the curves 'y /...

and |y ,;, are running parallell. For such in-

homogeneity is practically
. 2N+ Z
2 0?., ._zll-.__z T esesrssssasses

Erxample 5.

The inhomogeneity represented by periodical
variations of the amplitude curve A lies at the
distance a + 64.4 km. from the measuring end.
The attenuation per kilometer is the same as
for the line in example 4. We are then able to
calculate p according to equation (16 a).

w n,* ps +p P
3000 % — 0.720 1.25 0.52
5000 ::}Jg — 0.720 1.25 0.49
7000 %ﬁ: = 0.735 1.28 0.49

ergo p is almost constant. The inhomogeneity
is actually a change in the characteristic im-
pedance from Z = 1350 ohm to Z' = 2900 ohm,
brought about artificially. The latter charac-
teristic impedance is represented by a resistance
R = 2900 ohm. According to equation (17):

2.3026 2900 + 1300 _
— 10] ¢ = Y Al n
2 %8 5900 — 1300 — 02

which practically coincides with the p-values
calculated from the amplitude curve A.

If the inhomogeneity consists of an increase
or decrease of the capacity per km. of the line,

W==W*

or of an inhomogeneity in the self-induction
of the line, we obtain that character for. the
amplitude curve of the impedance, which is ap-
parent from curve B in fig. 5, i. e. the curve

for |y max and |y, diverges with rising fre-

quency. For such inhomogeneity

2.3026 +

- 10
p n log ( et 1)

where K=2Z.wdc
. (18)
for the surplus or deficit dc in capacity

wd L
and s
an K 7

for the surplus or deficit 4L in self-induction.

Example 6.

The inhomogeneity represented by periodical
variations in the amplitude curve B lies at the
distance § = 64.4 km. from the measuring end.
The attenuation per km. is the same as for the
line in example 4. We are then able to calculate
p according to equation (16 a).

o n,* ps +p p
9 2

3000 "I _0 — 0.869 1.68 0.95

1370

1200 _
D —— = 0.7 1.41 0.65
»000 1520 0.789

1250
7l — = 792 2 3 I 7
7000 1730 0.723 1.26 0.47

The inhomogeneity consists in reality in a rise
of the capacity per km. of the line, brought
about artificially, by addition

oc = 0.089 e F

From equation (18) follows:

0] K P
3000 1300 - 3000 - 0.089 - 107% = 0.347 0.89
5000 1350 - 5000 - 0.089 - 107% = 0.600  0.62
7000 1400 - 7000 - 0.089 - 107° = 0.872  0.46

which practically coincides with the p-values
calculated from the amplitude curve B.

For a line with two capacitative inhomoge-
neities the amplitude curve of the impedance as-
sumes the character shown by curve € in figure
5. By introduction of the “inhomogeneity im-
pedance”, lines with several minor inhomoge-
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neities can very easily be dealt with (see the
papers cited).

In plotting amplitude curves for investigating
a line’s homogeneity, the line must be terminated
s0 as to give as little reflexions as possible. The
termination of the line should, therefore, have
an impedance as nearly equal to the line’s cha-
racteristic impedance as possible. As a suitable
termination may, by way of example, be con-
nected a balancing network made for the line.

8. Localising Inhomogeneities from Amplitude
Curves for Measured Line Impedance.

As has already been stated, we are able to
determine the Jocation of the inhomogeneity
from measured impedance curves. Since an ar-
bitrary fault on the line as a rule entails an in-
homogeneity on the line, we are able to localise
line-faults of an arbitrary nature by means of
impedance measurements. The theoretical basis
for loecalising inhomogeneities has been dealt
with in the papers cited in the previous chapter.

If w, and @, are the frequencies corresponding
to two consecutive maximum or minimum values
of the amplitude curve, it holds good that the
distance to the inhomogeneity

where y/ is a function. If this function is known,
the distance to the inhomogeneity can conse-
quently be caleulated. From the equation (19)
it is evident that the distance to the inhomoge-
neity is greater the shorter the frequency dis-
tance between the consecutive maximum or mi-
nimum values of the impedance curve.

In order to determine the function 4 we plot
an open or closed circuit impedance curve for
a line of the nature in question and with a
known length s,. The frequency distances
between the maximum or minimum
values of the impedance are calculated from the
curve, and by this

(g — @y

2';1‘
| s 4y
Loy

2

=8 (W —w) ............(20)

Example 7.

From the amplitude curve in figure 6 of the
closed circuit impedance of a 64.4 km. long load-
ed cable line we obtain 6 maximum values be-
tween the angular frequencies o = 3450 and
w = 8050. The distances between the conse-
cutive maximum and minimum values appear
to be almost equal. We may then assume that
the function " is constant within the said fre-
quency limits and according to equation (20)
we get

8050—3450
2T = .8 {_w!-—wl]:ﬁ_‘,_l__ 2 = 0 _

T D]
¥ 2—_

= 39200.

Example 8.

The amplitude curve € in figure 5, which is
plotted for a line of the same nature as in
example 7, shows two inhomogeneities. In cal-
culating the distance to the inhomogeneity which
corresponds to the shorter frequency distances
between the amplitude values we obtain

8800 — 3200
according to example 7
9,
= 59200
'{" (_“".’ | )
2
by which according to equation 19:
__ 59200
Wy — @y
59200
= —— = 63,4 7
or s 934 A km

(The actual distance was 64.4 km.)

In calculating the distance to the inhomoge-
neity which corresponds to the greater frequency
distances between the amplitude values we ob-
tain

wy, — w, = 7100 — 5200 = 1900
and

59200
$= — = 31,2 km.
1900
(The actual distance was 32.2 km.)
In the case of loaded cables, it is impossible
to determine the distance to the inhomogeneity
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R 1800 Fig. 7.

with any greater accuracy than one coil section,
i. e. approximately 2 km.

9. Localising Cross-talk by Means of Impedance
Measurement.

In accordance with a method published in the
paper “Metod for uppmitning av laget av en
overhorning mellan tvenne ledningar” (“Method
for Measuring the Position of Cross-talk between
two Lines”), by E. Fridh, in “Tekniska Medde-
landen frian Kungl. Telegrafstyrelsen”, No. 3,
1926, localisation of cross-talk can be accomp-
lished by means of impedance measurements.
Figure 7 shows diagramatically the measuring
device: An impedance curve for line 1 is plotted
with the measuring bridge (R, HTF, N). The
audio frequency oscillator G, which supplies the
measuring current to the potentiometer P also
sends out a disturbing current on line II. At
the cross-talk point this current causes a disturb-
ance on line I, which appears as an inhomoge-
neity in the impedance curve. In order to allow
the periodical variations in the impedance curve,
which correspond to the disturbance, to become
more prominent, impedance measurements are
carried out both with and without any interfer-
ing current on line II

The difference between these two measure-

ments is altogether due to the disturbance, and
can be made great relatively to the impedance
by making the measuring current small in re-
lation to the interfering current by means of the
potentiometer P.

The calculations are carried out in the same
way as in localising inhomogeneities. In this
case a value for S, (m, — ®,) must be used, which
is the mean value between the S, (w, — @) values
for the lines I and II, e. g. calculated from closed
circuit impedance curves plotted for each line.

10. Impedance Adaptation.

At junctions between two telephone lines of
different kinds or at junctions between a tele-
phone line and a subscriber’s apparatus, for
example, a greater or smaller fraction of the tele-
phone currents is generally reflected. This re-
flexion is always delrimental to the transmission
of speech, the result being additional attenuation
and distortion of the speech transmitted. This
helds good particularly in respect of long tele-
phone lines equipped with amplifiers. As a rule
it is, therefore, a problem in telephone engineer-
ing always to arrange the lines and apparatus
in such a way that the reflexions are reduced
as much as possible.
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The relation between the magnitude of the re-
flected current and that reaching the point of
reflexion is:

2, —
1Z, + Z,

where Z, and Z, are the characteristic im-
pedances of two interconnected lines or Z, the
characteristic impedance of a line which is con-
nected to an apparatus of an arbitrary kind with
the input impedance Z,.

We assume that the difference in phase be-
lween the impedances Z, and Z, is ¢; the rela-
tion between the impedances may then be re-
presented by the vector diagram as per figure 8.

R 1801

Fig. 8.

According to the cosinus theorem:

e R VAR R AES 1AL ALY,
Zy+ 2, Z*+ Zy* + 2|Z,)| Z,| cos ¢
We put this expression = Yy and introduce

;1 and obtain then

the denomination n=

1 2 — 29 cos @
pep=si] =k Bk

In order to make the reflexions as small as
possible, we must make y as small as possible.
If y is derived in respect of ; we obtain:

dy  4cos ¢ (* —1)

dy (1 + 7 + 29 cos ¢)?
from which it will be seen that the minimum
reflexion is

Z,—Z| _/T—cos ¢
\Z, + Z, | 14 cos ¢\ ... (21)
for Z,| = |Z,
The reflexion disappears completely when also
g = 0.
We must, therefore, endeavour fo get the

amplitudes of the two impedances as equal as
possible and also the difference in phase angle
as small as possible.

The question remains, however, how the impe-
dances of lines and instruments may be altered,
so that impedance matching is attained at the
points of interconnection. As a rule neither lines
nor instruments are altered directly, as this
mostly encounters insurmountable practical dif-
ficulties. The way, therefore, is to introduce
apparatus which are capable of effecting more
or less good impedance matching in such cases.
We have such an apparatus in the transformer.

Figure 9 shows diagrammatically impedance
matching between the impedances Z, and Z, by
/ l:n 3

- |
> A Z:
< 4
R 1802 Fig. 9.

means of a transformer with a ratio of turns of
I:n from the terminals 1, 2 to the terminals 3, 4.
We assume that the transformer is an ideal one,
i. e. that the shunt impedance between the line
branches and the series impedance in the line
branches caused by the transformer, may be ig-
nored. As a matter of fact, we can design and
build transformers in respect of which this holds
good approximately, or in which the relation
between the series impedance and the shunt
impedance is adapted in such a manner that the
same result is attained.

If we measure the impedances from the ter-
minals, 1. 2 towards the transformer we shall
then obtain an impedance

w1 ;
Z! =2,

and if we perform the same measurement from
the terminals 3, 4 we obtain
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’ 9
L= p¥E,
n is, however, a scalar magnitude from which
it follows that

Z)!|'= n* |2,
According to the preceding we obtain a mi-
nimum of reflexions at the terminals 1, 2 and
3, 4if

Zl - 'Z':'
zlr = Z!

and this gives the condition for the minimum of
reflexions, viz.

= n? R . (22)

We are obviously unable to eliminate by mere
transforming those reflexions which are caused

R 1391 Fig. 10.

by a difference in the phase angle between the
impedances Z, and Z,. Nevertheless, telephone
lines as a rule have small phase angles, making
Suf-
ficiently good impedance matching is therefore
obtained by mere transforming.

the differences in phase angles also small.

Figure 10 shows repeating coils, manufactured
by the Svenska Radioaktiebolaget, which, inter
alia, are used for impedance matching.

If the characteristic impedances of two con-
nected lines do not have the same impedance-
frequency curve, the impedance can be matched
by repeating coils for a single frequency only.

Such a case occurs when an overhead line is to

be connected with an unloaded underground
cable. By loading the cable it is, however, pos-
sible to alter its characteristic impedance in
such a way that it coincides better with that of
the overhead line, and the addition of suitable
loading coils may, therefore, occasionally be an
appropriate means for bringing about good im-
pedance adaption. (See the paper “Pupinisering
av inledningskablar” (”Loading Terminal Ca-
bles”), by A. Holmgren, in “Tekniska meddelan-
den fran Kungl. Telegrafstyrelsen”, No. 6 b—7,
1924.)

11. Line Balancing.

In line balancing we are faced by the problem
of designing by means of resistances, condensers
and possibly, self-induction coils, an impedance
net whose impedance for all important frequen-
cies within the voice range is as far as possible
equal to the input impedance of the telephone
line. This line balance and the line itself are
connected to the same hybrid coil in a telephone
repeater.

From the preceding it is obvious that the in-
put impedance of a telephone line is determined
both by the wave outgoing on the line and the
waves reflected at the inhomogeneities of the
line and at the other terminal. The oulgoing
wave may be balanced with a line-balance whose
impedance is, as far as ever possible, equal to
the characteristic impedance of the line. When,
for example, an overhead line is led into the sta-
tion by a terminal cable, near-by reflexions may
cecur. These reflexions may be balanced by
connecting before the line-balance an artificial
line with, as far as possible, the same electrical
characteristics as those of the terminal cable.

On account of the attenuation of the line,
which the reflected currents have to pass, distant
reflexions are less noticeable in the input im-
pedance of the line than near-by ones. Such re-
flexions cannot without very great practical dif-
ficulties be balanced. Since from all points of
view it is better to try directly to reduce the
line reflexions to a minimum, efforts are never
made to balance reflexions from distant points.

Often the reflexions are also variable, due to
the fact that at the far end of the line other lines
and instruments with different electrical cha-
racteristics are alternately connected, and even
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the line itself may by reason of climatic changes
be subject to periodcial changes.

In order to calculate a line-balance which
reproduces the characteristic impedance of the
line, we must know the primary line constants
(e. g. obtained from open and closed circuit
impedance measurements) and also, in the case
of loaded line, the self-induction of the loading
coils and the coil spacing.

The characteristic impedance of an overhead
line can with fairly good approximation be re-

R 1803 Fig. 11.

produced by a resistance R in series with a con-
denser K (see figure 11), where

L
.2

i |

. (23)

K=
r

and

L, € and r are the primary line constants,

A fairly short unloaded terminal cable before
the overhead line may with good approximation
be reproduced by a T-device (sece fig. 11) with
Iwo resistances p/2 and a capacity 7 dimen-
sioned in such way, that o total resistance
and 5 = the total capacity of the cable.

The characteristic impedance of a loaded line
may, for example, be reproduced by a Hoyt-ba-
lance such as shown in fig. 12. If L, € and r

ing coil in km., we obtain the following dimen-
sioning formulae:

.LI'
R, —\/C s Lo

Cdz(g — .\') SC where X = 0.17 to 0.20 |

X(1—X)

— I—.r '!" 0= =

S-CI
(24)

When the line-balance is assembled, its im-
pedance should be measured and compared with
the measured input impedance of the line. If
the coincidence is poor, either the line-balance
or the line is defective. The former is tested
by checking the elements constituting the line
balance, and the latter by D€ or AC line-
measurements.

The relation between the deirimental current
returning to the amplifier and that sent out on
the line is determined by the expression

Zr—Zp
Zi+ Zy

where Z; is the input impedance of the line and
Zp the impedance of the line balance.

Assume for a moment that the input im-
pedance of the line equals Zg. The balance is
then complete and no currents return into the
amplifier. As to reflexions, the amplifier then
has an apparent interior resistance = Zy.

Suppose now that the input impedance of the
line is Z;. In this case a reflexion occurs be-
tween the amplifier and the line, determined by
the above term, and the reflected current is just
that one returning into the amplifier.

The balancing problem can, therefore, be dealt
with as a reflexion problem, where it is a quest-
ion of diminishing the reflexions between the
line and the line balance. According to chapter

| Ro _
‘ ]
Co Lo J_Cd
| T
= s =4 | . o
R 1804 b Fig. 12, R 1804w

are the primary line constants, including the
self-induction and resistance of the coils, and
S is the coil spacing and d the length of cable
from the beginning of the line to the first load-

10 we are then able immediately to state that
Z; shall, as far as possible, be equal to Z
and that the difference in phase angle between

them shall be as small as possible. We assume



mw-————__ —

that Z; is almost equal to Zz; and that the
said difference in phase angle, which we deno-
minate ¢. is small.

We are then able to write

\Zo—Zs| \, |ZL—2Zg| ., ZL—Z5 (25)
Zr+ Zy — 24, T 2Zg '

The amplitude of the input impedance of the
line or the impedance of the line-balance thus
appears as denominator in equation (25), and
we are consequently forced to calculate the amp-
litude in those instances where the impedances
Z; and Zp are expressed in resistance and re-
actance. If we express equation (25) in ampli-
tudes |Z; and |Z; and.difference in phase angle
q» lexpressed in arc measure) the equation as-
sumes the following simple appearance:

:zf‘ —Zp ? ~ ( :zB : 2 P——
el 'zf.) + @ . (26)

We are thus able to judge the conformity be-
tween a line and its line-balance by two terms,
one merely containing the amplitude relation
Zr

_— and the other merely the difference in phase
L

angle ¢.

12. How Should an Impedance be Expressed in
the Most Appropriate Manner?

From chapters 4 and 6 we find that by cal-
culating the constants of a line the simplest way
is to have the impedance expressed in amplitude
and phase angle; from chapter 7, that ampli-
tude curves can be used for calculating the at-
tenuation of the line and the magnitude of in-
homogeneities; from chapter 10, that we are
chiefly interested in the impedance amplitudes,
when it is a question of impedance matching;
and from chapter 11, that the impedances are
best expressed in amplitude and phase angle in
judging the conformity between a line and its
line-balance.

There exists, therefore, an actual need to ob-
tain measured impedance expressed in amplitude
and phase angle, which in no instance can be
asserted about impedance expressed in reactance
and resistance. By impedance measurements is
here not meant measurements of resistance, ca-
pacity and self-induction.

The fact that in spite of this we generally ex-
press impedance in reactance and resistance is

I —

N~

simply due to the trouble and difficulty in con-
versing the bridge readings of the impedance
measurement bridges now generally used (see
chapters 2 and 3) into impedance expressed in
amplitude and phase angle, while resistance and
reactance can be easily obtained.

This is, of course, decisive in such cases where
the impedance not necessarily has to be ex-
pressed in amplitude and phase angle, e. g. in
localising inhomogeneities and eross-talk, in ac-
cordance with chapters 8 and 9, in which case
the calculations can as well be made from the
periodical variations in resistance and reactance.
A natural consequence is also that an endeavour
has been made to get along with impedance ex-
pressed in resistance and reactance even in such
cases where impedance expressed in amplitude
and phase angle would have been more valu-
able.

The problem of measuring directly with a
simple bridge the amplitude of the impedance
as well as a measure of its phase angle is, how-
ever, now solved both theoretically and tech-
nically by the Impedance Meter Type IM 329
manufactured by Svenska Radioaktiebolaget.

This improved measuring method makes it
possible without inconvenience to express an im-
pedance directly in amplitude and phase angle,
which, consequently, in future should be norm-
ally employed.

13. The Principles of the Svenska Radioaktie-
bolaget’s Impedance Measuring Set.

Fig. 13 illustrates the principles of the measur-
ing bridge. The various elements are given the
following denominations, which, simultaneously,
indicate their electrical magnitudes:

R two equal ratio resistances, N a variable
resistance, X the unknown impedance, G an
audio frequency oscillator with the output voll-
age V and the angular velocity w, ML, an air
core transformer with the primary self-induc-
tion L, and a variable mutual inductance M, K’
an impedance and HTF a telephone receiver.

Measuring is done by setting the resistance N
and the mutual impedance M for sound mini-
mum in the telephone receiver HTF. The current
in the receiver is in such a case practically equal
to zero. A current I, passes then through the
resistance N and the impedance X, a current [

— = l:r."i —
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R 1803 Fig. 13.

through the two resistances R, and a current I,
through the impedance K’ and the primary
winding of the transformer ML,

If we assume that the impedance K’ is of such
a nature that the current I, is in phase with the
current I, the induced E.M.F. « MI, in the se-
condary winding of the transformer will be in
phase quadrature to the current I, and to the
petential drop RI,. The vector diagram shown
in fig. 14 is then obtained, ¢ representing the
phase angle of the impedance X.

Frem this vector diagram follows immediately
that

X=N

w M,

and @ = 2 arclg RI
1

If K’ is the impedance value of the impedance
K connected in series with the primary im-
pedance of the transformer, which is mainly
due to the inductive resistance of the self-induc-
tion L, we obtain the relation

V = 2RI, = KI,

by which the above equations become

e g

X=N

M Vs R
q;=2arctg2‘;\. '

The resistance N, therefore, becomes equal to
the amplitude |X| of the impedance and the
phase angle ¢ can be calculated from the values
for @, M and K.

The mutual impedance can be made both ne-
gative and positive (e. g. by inversion of the se-
condary winding of the transformer and the set-
ting of the bridge can, therefore, be made for
both negative and positive phase angles ¢.

The calculation of the phase angle can be

\%4
. o
Ve
wMTy
NTp
2
R 1808 Fig. 14. )

further simplified if the impedance K (which
is obviously pure ohmic) for all measuring fre-
quencies is set on a value that is proportional
to e

If, therefore,

2w
K=—
F
where F is a constant, the equations (27) assume

the appearance

X=N } . (28)
¢=2arctg F-M

where the phase angle is determined merely by
the mutual inductance M.

14, The Practical Design of the Svenska Radio-
aktiebolaget's Impedance Measuring Set.

Fig. 15 shows the exterior appearance of the
Svenska Radioaktiebolaget’s Impedance Measur-
ing Set, and fig. 16 the arrangements below the
panel. Fig. 17 shows the markings and de-
signations on the front of the panel. and fig. 18
the circuit diagram.
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The resistance N consists of a decade resist-
ance variable by means of four decades between
0 and 11110 ohm with steps of 1 ohm.

If it is desired to measure impedances beyond
11110 ochm or with greater accuracy than 1 ohm,
the short circuit plate between the terminals
marked “N” should be removed and an addi-
tional resistance connected between said termi-
nals. This resistance is lhen connected in series
with the decade resistance N.

The design and construction of the trans-
former (ML, in fig. 13), whose appearance will
be seen from fig. 16, is very interesting. The
primary is a non-capacitive winding on a ring
made of insulating material, giving a homoge-
neous toroidal-shaped magnetic field. The se-
condary winding is without inter-winding ca-
pacity arranged oulside the primary and is pro-
vided with a series of terminals which are con-
nected to the contacts of the four decade switches

marked ;_1 tg {’% (see fig. 17).

The mutual inductance may, therefore, be

— o~

varied by connecting to the telephone receiver

.circuit a variable fraction of the secondary

winding. The secondary is inversed in relation
to the receiver by means of the switch marked
“g”, reversing the sign of the mutual inductance.

The air core transformer, which replaces the
decade condenser in the bridge according to
fig. 1 and 2 or the variometer in the bridge ac-
cording to fig. 3, possesses the following ad-
vantages.

1) The air core transformer can be made
much smaller than both the decade condenser
and the variometer.

2) The air core transformer can without any
difficulty be adjusted with the desired precision.

3) In contradistinction to the variometer the
air core transformer does not send out any ex-
terior magnetic field, thus obviating magnetic
disturbances on near-by instruments.

4) For the same reason the air core trans-
former is insusceptible to iron masses in the vi-
cinity, which may endanger measurements made
with a variometer.
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The air core transformer can, therefore, with-
out any disadvantages be mounted on an iron
rack or covered with an iron casing. This will
be the case when the instrument is mounted on
test-racks.

5) For the same reason the impedance
measuring set can be protected against exterior
magnetic disturbances, because the instrument
can be covered with a protective iron casing.

6) The adjustment of the air core trans-
former is not endangered by mechanical wear
and tear, as, for example, is the case with vario-
meters where the bearings are gradually worn.

In chapter 13 is stated that the impedance K’
(see fig. 13) must be of such a nature that the
current [, is in phase with the current I, This
is done by adjusting the handles marked «f”
for the frequency [ which is to be used for the
measurement. The switches “f” are both pro-
vided with a frequency scale.

The magnitude of the impedance K (see equa-
tion 28) can by means of the handle marked
“f’™ be varied for 10 different values, selected
with regard to 10 of the most important measur-
ing frequencies, viz. 400, 500, 600, 800, 1000,
1200, 1400, 2000, 2800 and 3600 cycles/sec. and
the positions of the handle marked “f" are
marked with these frequencies. If we exchange

Fig. 18.

the short circuit plate between the terminals
K for a variable resistance, an arbitrary value
can be added to the impedance K.

The dimensioning of the impedance K is such
that a correction for the slight error which oc-
curs through capacity in the air core transformer
is considered.

The unknown impedance is connected to the
terminals marked “X”; an audio frequency oscil-
lator to the terminals marked “GEN”; and a
telephone receiver to the terminals marked
“HTF™.

In order to obtain more accurate adjustment
of the handles marked “f” the switch marked
“KAL. MATN™ is placed in the position “KAL”
(calibration), a sound minimum thus being ob-
tained in the telephone receiver if the said
handles are properly adjusted. By this means
we obtain simultaneously a check on the mea-
suring frequency. In measuring, the said switch
must be in position “MATN” (measuring).

15. Measurements.

After every alteration in the measuring fre-
quency f the handles “f” are adjusted for this
frequency. As has already been pointed out, ad-
justment of the said handles can be made more
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safely by means of adjustment for a sound-

minimum with the switeh “KAL. MATN” in po-
sition “KAL” (calibration), inasmuch as we ob-
tain at the same time a check on the measuring
frequency.

The switch “KAL. MATN” is put into position
“MATN? and the measuring is done by adjusting
w gt L]
L g f%
and “N7. The switch “¢”, whose positions are
also marked with the sign of the phase angle of
the object to be measured, may have to be re-
versed to enable sound-minimum adjustment.

From the adjustment of the decades “N” we
read directly the amplitude of the measured im-
pedance, and from the adjustments of the de-

a sound-minimum with the decades

w g ” g
cades F tg (’% we read direetly '{_ tg —(g, where

¢ is the phase angle of the impedance measured.
Fer certain important measuring frequencies
the handle “f” can, according to the preceding,

be adjusted in such a manner that from the ad-
; i W v T e B
justment of the decades ¥ tg X tg 5, can

!

be directly read. The factor - is in this case

equal to 1. At any rate, the most reliable measur-
ing results are obtained by a setting of the
handle “f7, which, as far as possible, corres-
ponds to the frequency f. According to the pre-
ceding the task of the handle 47 is, in fact,
also to correct for the capacity in the air core
transformer.

It may be imagined that in certain particular
cases we may wanl to make a series of measure-
ments with a frequency f, which is not equal to
any of the frequencies which are marked on the
positions of the handle [. In order to save the
work of calculation we may in such a case ex-
change the short circuit plate between the ter-
minals “K” for a resistance with a magnitude of
approximately 045 (f—f’) ohm (varies some-
what in different instruments) in which case

f
the factor ;— becomes 1 and tg % can be direel-

Iy read
r ”
=) L/
W ¥
[ =2
With a slide-rule angles for the tangents =
1 can bhe directly obtained, and as the phase

from the adjustment of the decades

angle q is never greater than 907, i. e. tg f;l-".’.

ot ——

Cricsser

— -~

never grealer than 1, the caleulation of ¢ /2 can
It is often nol ne-
cessary to calculate the angle ¢ (refer to the
equations (4) and (5) in chapter 4).

The value of the phase angle is sometimes of
slight interest.  This is the case in calculating
the attenuation of a line and inhomogeneities on
a line in accordance with chapter 7, in localising
inhomogeneities according to chapter 8, and in
localising cross-talk, according to chapter 9. It
is in these cases merely a question of determin-
ing the amplitude of the impedance as a fune-
tion of the frequency, and the handles “f” and

“"r '£
T2

very casily be carried oul.

are only of interest for bringing about

a sound-minimum.

16. Frequency Measurements.

The impedance measuring set can also be used
for measuring frequency. The source of current
with the frequency to be determined is in such
a case connected to the terminals “GEN”. A
standard induction coil with a slight loss-resist-

’ - 1 -
ance and a self-induction of = Henry is connect-
i g

ed to the terminals “X”. Impedance measurement
is made in conformity with chapter 15, and the
adjustment of the decades “N” obtained, ex-
pressed in ohm, is then practically equal to the
unknown frequency expressed in cycles/sec. The
r I
L l 2 fL
times greater than the actual one, where L and
r are the self-inductance and the loss-resistance
of the standard induction respectively and f
the unknown frequency. The measurements are,
therefore, correct in so far as

\-"’:' ® Iz ,-rr'ff.]g —i% "]"[_:'r;l, ]:

is negligible compared to 1.
Otherwise the frequency measured must be

frequency measured is, however \

divided by the said quantity. E. g. for T — 100

-

and f = 200 ¢/s the error is

I E
;I 3K —| 0,003

3 Yoo
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Electric Interlocking Plant at Vanneboda Station.

By G

t the end of the year 1927 tenders were in-

vited for an interlocking plant for Vanne-
boda Station, on the Gringesberg— Oxeldsund
Railway. The station, whose track system is
shown on the sketch, fig. 1, is a junction for the
large ore shipments from the various ore fields
in the Bergslagen District to the port of Oxeld-
sund, and serves as a junction for passenger
traffic to and from the surrounding part of
Bergslagen. The tender concerned a mechanical
plant, but for purposes of comparison tenders
for an electric plant were also invited, because
on account of the size and traffic conditions of
the stalion it was impossible to decide without
any further ado which type of plant would be
most advantageous. The railway has already
a large number of mechanically operated plants,
which have been quite satisfactory and with
which the staff are quite conversant. The sta-
tions which have been equipped with such in-
stallations are, however, smaller than Vanne-
Eeda.  On the other hand, there did not exist
any electrically operated plant, and, consequent-
Iy no staff capable of running such.

In order to get an economically practicable
mechanical interlocking plant. a locking machine
of detached crank type and with signals of the
semaphore type was also a sine qua non for
Vanneboda. The scheme for the electrical inter-
leeking plant also necessitated its being capable
of being housed in a low building, suitably lo-
cated between the platform tracks and in such
a way that the train dispalcher would be per-

sonally able to look after it in the course of his

. Pervpall.

duties, whereas for shunting purposes the cen-
trally operated points would be manipulated
by local devices. To facilitate inspection of the
permanent way tracks were to be put down at
both ends of the station for checking whether
the line was open and setting the signals against
the trains. The signals in this instance were
to be made in the shape of daylight signals with
the lamps of the main signals normally fed from
the existing 127-volt alternatic current electric
light net.
serve as an emergency power source in case of

The motor ecurrent battery was to

a breakdown in the supply of alternating cur-
rent.

Fig. 2 and 3 represent sketches on the same
The
length of the electric interlocking machine (fig.

scale, showing the two frames suggested.

3), a normal 24-lever frame, is 1950 mm., and
the length of the crank apparatus (fig. 2) is
5040 mm. As will be seen from the sketch, the
clectric interlocking machine contains 7 spare
places for future enlargement, whereas the pos-
sibility of spares in the crank apparatus is
limited to 2 eranks and one track lever.

On comparing the two types of plant the rail-
way management, after the costs for eertain
work which the railway itself was lo carry oul,
e. g laving down of line-drums ete. for the me-
chanical. and the erection of a cabin for the elec-
trical plant, that the initial costs of the two
plants were on the whole equal. It was found,
however, that the train dispatcher himself was
not to manipulate the mechanical interlocking
plant, but a separate operator or operators would
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Fig. 4. Interlocking Machine.

be required for this purpose, enchancing the run-
ning or working expenses of the mechanical plant
as compared with the electrical. The railway
management consequently decided to have the
electrical plant on account of its being the more
econcmical. The choice proved its merits al-

ready from the beginning inasmuch as a de-
sideratum of laying down further tracks could
easily be accomplished, which would have been
impossible if a mechanical plant had been erect-
ed, because the local capacity of the crank-ap-
paratus design in this respect was already fully
utilized.

From the machine, shown in fig. 4 are operat-
ed those points which are to occupy different po-
sitions for the most frequently occurring tracks
and are locked by the aid of electrical locking de-
vices, fig. 5 the points and switches
which are operated locally and re-
quire the

The locking devices are

locking for various
tracks.
provided with point contacts, they
are integral parts of the apparatus,
and are connected with lock-mag-
nets on appurtenant lever in such
a way that the latter cannot be put
over unless the points are in a

leekable and proper position.

Out of the points 23, 24

26 located immediately outside the

and

interlocking plant, as well as the
scotch blocks Sp IV and Sp V the
two

scoteh  blocks and point 23

are provided with point contaets

R

which are connected with a relay
equipped with an optical signal in
the machine, enabling control of
the proper position when a track
depending the point
and scotch block is to be put over.
Points 24 and 26, which are fac-

upon said

ing points for the said track, are

locked by key-locks which co-
operate not only reciprocally but
also with a key-lock on top of the
machine, this

lock being provided with contacts

interlocking kev-
for obtaining the necessary elec-
trical dependence the
peints and the signal lever corres-
ponding to the track.

As has been stated in the preceding, the main

between

signals are erected as electric daylight signals
and are controlled by means of signal control
lamps placed in separate housings on top of the
interlccking machine (see fig. 3 and 4). To
prevent the lamp in the light signal from bhe-
coming extinguished, the control lamp is pro-
vided with a shunt-resistance. Fig. 6 shows
the hcme signals B 1/2 and C1/2/3, which are
made with masts of reinforced concrete. Auto-
matie bells with the use of insulated tracks have
already previously been arranged at the two
level crossings at the ouler ends of the station.
These tracks have also been utilized in the plant
for the purpose of being able to control together
with tracks specially laid down for the same,
that the parts of the tracks at the outer ends of




R 158¢ Fig. 6. Home Signals B 1/2 and C 1/2/3.

All track lines
can be controlled by the track relays, Scy, Sci
etc., provided with optical signals, these relays

the station are clear of vehicles.

et

‘s i

being housed in the casing on top of the machine.
The relays are under normal conditions currrent-
less, but are supplied with current via the pedal
contact which is an integral part of the machine,
when the tracks have to be controlled. The ne-
cessary dependence is obtained by contacts on
the track relays, so that no signal can be set for
clear if a track-line on the corresponding track
is occupied by vehicles. The track-lines laid
through the centrally operated points
are also used for locking a respective point-lever
to prevent its change over while any vehicle is
passing the point or is in it.

down

The direct current necessary for the plant is
supplied by two Nife accumulators, a motor cur-
rent — and a control current battery which are
charged by means of mercury rectifiers from the
existing alternating current net.

The plant has now been in operation since
the spring of 1928, and has all the time proved
to fully come up to the desiderata of the buyer
in so far as reliability, convenient and easy
operation both in dispatching trains and shunt-
ing are concerned, as well as low charges for
operation and maintenance are concerned.

Fig.

i.

Cabin.
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Porcelain Insulators and Insulator Porcelain.

Observations and Views on the Causes of Insulator Failure.

By Sten Velander. Professor at the Royal Technical University, Stockholm, Sweden,

Report to the World Engineering Congress at Tokyo 1929,

The subject discussed in this paper has been
dealt with earlier by the author; first, in the
treatise mentioned on the next page and pub-
lished as No. 90 among the "Ingeniérsvetenskaps-
akademiens Handlingar”™ (Monographs of The
Royal Swedish Institute for Scientific-Industrial
Research), and second, in a report to the Paris Con-
gress of 1929. At that stage, however, the exten-
sive investigations given here in condensed form
of the destructive temperature differences, which
even moderate leakage currents are able to pro-
duce, had not been completed. These researches
also show how the thermal stresses arise and how
little they have to do with the different coeffi-
cients of expansion for porcelain, iron and ce-
ment. They strongly support a number of ex-
planations previously advanced more as hypo-
theses of insulator failures. However, they must
be viewed against the background of earlier rese-
arches on operating experiences, etc., which latter
have therefore been reviewed in this report de-
spite the fact that they were published earlier in
the papers mentioned.

rcelain is of great importance as an insulat-

ing material within all branches of electrical
engineering. Only if the porcelain insulators
are reliable and durable at all points can our
electric plants and especially our power trans-
mission systems give fully first class service.
In other fields research has very largely sifted
and marshalled the phenomena concerned and
solved the most important problems, but in the
case of insulator porcelain as well as many other
insulating materials much still remains before
calculation, design and manufacture have the
problem so well in hand as they have within
other branches of engineering.

This drawback has especially made itself felt
in electric power transmissions, where the de-
terioration of insulators has reduced and still
seriously threatens the reliability of the service.

Innumerable theories concerning insulator de-
terioration have been advanced, tested, and re-
jected.

The porcelain insulators on our power lines
are exposed to many different stresses, both
electrical and mechanical. The electric forces
are derived, first, from the continuously operat-
ing working voltage and, second, from impact
stresses set up by excess voltages. The mecha-
nical forces are, first, in the main continuous
stresses from wires or cables, second, oscillating
forces transmitted through the conductors, third,
internal stresses due to faults in manufacture
and erection, fourth, thermal stresses due to
expansion of the porcelain, cement, iron, ete.
resulting from temperature rises and above all
unequal temperature distribution in the insula-
tor.

The magnitudes of these different forces are
not directly determinable, not even approxi-
matively. For this reason as well as in view of
the complicated shape of the insulators and the
properties of the porcelain, it is at present im-
possible to establish on a mathematical basis the
stresses occuring in the insulator. We must
content ourselves with the fact that in many
cases these forces and their resultant stresses
become so intense that they, at least gradually,
bring about a deterioration of the insulator,

Insulator statistics obtained from various
countries and distributing systems as well as
the existent literature on operating experiences
with porcelain insulators have been analysed in
order to ascertain by an indirect method whether
and under what conditions the different kinds
of forces are capable of causing insulator failure.
These investigations were commenced some 7
vears ago. For particulars of this analysis the
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reader is referred to the description of the
author’s insulator researches published in 1929
under the title of “Porzellanisolatoren und Iso-
latorenporzellan” in the ¢Ingeniérsvetenskaps-
akademiens Handlingar” (Monographs of the
Royal Swedish Institute for Scientific-Industrial
Research, Stockholm). The method adopted at
this investigation was to compare the relative
number of insulator failures under conditions
that had been different with respect to the mag-
nitude and frequency of the forces capable of
producing electrical or mechanical stresses in
the insulators.

This study of operating experiences has given
the following result:

The electrical forces play no noteworthy pri-
mary part in insulator deterioration. The initial
fault is practically always a crack produced by
mechanical or thermal stresses. Electric punc-
ture is a secondary phenomenon.

The forces with which wires and cables act
upon the insulators are a distinetly contributory
cause of insulator failure. The continuous stress
probably contributes its share, though the effect
of the vibrations is most clearly discernible.

The internal forces, strains in the porcelain,
swelling of the cement, extra stresses from the
erection, and suchlike, appear to be without ap-
preciable effect where due care in manufacture
and erection has been practised.

The thermal stresses arising from unequal
temperature within the insulator appear to play
a very important part as a destroyer of insu-
lators. In all coast-regions, where the atmo-
sphere and winds are more or less saliferous,
semi-conducting deposits settle on the insula-
tors. As a consequence there arise powerful
leakage currents, which with for instance 50 kV
pin-type insulators may develop an effect of a
magnitude of .5 kW per insulator, at least if
there are no salt ribs. The generation of heat
then principally takes place under the lowest
petticoat, where the salt deposit is least, i. e.
the resistance greatest. Heating tests, which
imitate the actual conditions under which heat-
ing occurs through leakage currents, have been
performed on two different types of 50 kV in-
sulators, one consisting of three pieces joined
together with hemp (v. Fig. 1) and the other
made in one piece. The salt ribs on the insu-
lator in Fig. 1 do not appreciably alter the

distribution of temperature, having only the ef-
fect that under otherwise equal conditions they
increase the leakage resistance and thus reduce
the leakage effect. With a heating effect of 200
walts placed under the lowest petticoat, differ-
ences of temperature amounting to over 100° C
were obtained within the insulator, as can be
seen from Fig. 1. The other teslts gave corres-
ponding results. With a leakage effect of .5 kW,
the temperature differences to be reckoned with
would then be at least 200° C for such insulators.
In cemented insulators still larger differences
of temperature may doubtless arise. In this way
considerable thermal expansions and stresses are
produced. Poor service from insulators in dis-
tricts along salt-water coasts is in fact an ex-
perience common to all parts of the world. In
a similar way the pronounced variations of tem-
perature in alpine regions appear to contribute
to insulator deterioration.

It has not been possible to establish any effect
from the height of the temperature in itself, and
thus there is no support for the hypothesis that
ascribes insulator deterioration to the different
coefficients of thermal expansion for the porce-
lain and cement. Nor has it proved possible to
find any operating experiences which confirm
the theory that the slow chemical alteration and
induration of the cement is a cause of insulator
failure. On the other hand, as shown by an-
other investigator, the cement has the property
under otherwise similar conditions of power-
fully increasing the differences of temperature
within assembled cemented insulators. On each
side of the cement joint there are formed ca-
pilliary, highly heat-insulating, layers of air. The
effect of the cement in insulator deterioration is
thus of a different character from that till now
assumed, but is also quite certainly considerably
less than hitherto thought. The same influence is
doubtless exercised by all kinds of joints. For
instance, the previously-mentioned heating ex-
periments with an insulator composed of three
parts joined together by hemp showed that the
hemp joints absorbed 25—30 % of the total dif-
ference in the temperature between the outer
and inner surfaces of the insulator (v. Fig. 1).

The slow chemical change which occurs in the
cement has however been the hitherto accepted
cause of the so-called ageing of the insulators,
i. e. that insulator deterioration does not begin
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at once, but first after some years,
when it begins to manifest itself as
a cracking process in the insulators.
In order to shed some light on this
ageing phenomenon I have analysed
a very large volume of insulator sta- ¢
tistics, principally from Swedish
transmission lines. The insulators
on the Swedish plants in question
have been under such control that
they have practically always been re-
placed before the cracking has pro-
ceeded so far as to give rise to elec-
trical puncture. My investigations as
well as others have shown that the
cracks do not arise all at once but
commence as fine probably submicro-
scopic eracks, often on the inner side
of the porcelain shells and then
wander very slowly through the por-
celain. It may take months for the
crack to penetrate the 15 to 20
mm. shell and years before the porce- | ||
lain is completely cracked. Such an I
evolution of the crack proves that it I
cannot be produced either by internal | :
strains or by occasional stresses | ,2,-I
reaching up to the breaking limit. | l
The investigation further showed | |
that, as above mentioned, the num- i
ber of insulator failures is not evenly |
|

|

|

|

l

|

I

i;y\
2/ \

N
0

distributed all years. The first few ‘
years are practically speaking free

from such failures. After that the ‘
number of cracked and destroyed in-
sulators grows for every year. With
insulators of good and uniform qual-
ity under similar conditions a very
clear and regulated variation in the |

frequency of insulator failures is ob- |
tained. If for a group of such in-

sulators a curve is set up showing |

the frequency of insulators with dif- "

ferent lengths of life, the maximum

frequency is obtained at a certain ® 11 Fig. 1. Heating Test on Porcelain Insulator.
= o> on the surface and within the porcelain the tem-
Isotherms

At the points denoted by

service age, the frequency then di- peratre measured is given in

minishing for both shorter and longer

© C under a heating effect of 200 watts.
have been drawn in on the basis of these temperature. Surrounding temperature 20° C,

lives. Fig. 2 shows a frequency curve of this  corresponds with unusually great exaclness to
description. As will be seen from the figure, the normal frequency curve founded on the

the frequency curve for the life of the insulators theory of probability.
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r 1140 Fig. 2. Above, Frequency Diagram. Below Distribution
Curve for Life-times of Pin Tvpe Insulators Tvpe A,
on a South-Swedish Overhead Line.

Number of insulators: B67; average life: 9.5 years. The broken line indicates
total number of replaced insulators; the unbroken line total number replaced
on account of cracks — on account of a general change of insulators all have
not been in service until they cracked.

The life-time has been counted as extending to time of discovery of a visible
crack. The occurrence of eracks was controlled by half-vearly inspections. The
frequency diagram indicates the number of insulators (in percentages of the
total number) falling within each half-yearly interval of the life-time. The
distribution curve is the cumulative curve of the frequency diagram.

The small circles and dot-and-dash curves give the frequency curve calculated
by the eguation

N (x — m)*
Tavaw ¢

and the corresponding distribution curve (probability curves) obtained by in-

tegration. In the equation

u = [requency, here in % for the half-year;

N = the total number, here 100 %;

y = the average deviation; calculated in the same way as the radius of intertia
for the surface between the Irequency curve and the axis of the abscissae
with reference to the line of symmetry of this surface;

m = the average life-time, the abscissa for the line of symmetry of the fre-
quency curve;

xr = the time, the length of life.

Thus, around a certain normal life-time in- an

occasional

sulator failure coincides with the frequency
curve for the life-times or service age of the
insulators and may then be used for the
analysis. If the insulators are put into
service at different times, however, the
failure frequency must be converted into
life-time frequency in order to get ac-
curate results. For many different sorts
of insulators and for different power
transmission lines in Sweden as well
as in other countries such frequency
curves or, as the case may be, distribu-
tion curves (i. e. the integral curve for
the frequency curve) have been set up
and their correspondence with the prob-
ability curve ascertained. This is readily
achieved by seeing if the distribution
curve drawn on so-called “probability-
paper” turns out to be a straight line.
When analysing insulator statistics,
however, different sorts of insulators
must not be confused, nor must statis-
tics from lines with dissimilar external
conditions be compared, for then the
result will be a distribution curve con-
sisting of several different components,
each showing a different normal life-
time. Such an indiscriminate collection
and treatment of the primary material
leads to erroneous and misleading con-
clusions. In those cases believed to show
a constant failure percentage per an-
num, i. e. no normal life-time for the
insulators, just such very heterogeneous
failure statistics would appear to be in-
volved.

Judging from everything, therefore,
we have to proceed from the assump-
tion that a given sort of insulator under
given external conditions has a normal
life, around the normal value of which
there is a dispersion corresponding to
the theory of probability. Nor is this
fact reconcilable with the hypothesis of
high stress attaining to the

sulators with a shorter or longer life distribute
themselves in a manner which conformably to
the theory of probability corresponds to a na-
tural dispersion, dependent on chance, around
the normal value. For insulators put into service
at the same time the frequency curve for in-

breaking limit and therefore cracking the in-
sulator.

The hypothesis of the subsequent induration
of the cement as cause is also incompatible with
the progress of insulator deterioration, for in-
sulators have considerably different lengths of
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rast Fig, 3. Above, Distribution Curves for Life-times of Pin
ype Insulators of Types A,, A2 and D on a South-
Swedish Overhead Line.

Broken lines indicate total number of replaced insulators and unbroken lines those

replaced on account of faults (cracks).

The small circles and dot-and-dash lines

indicate the probable course of actual distribution curves. For A, compare Fig. 2.
The curves marked St are for insulators on straining towers, those marked Sy for

insulators on suspension masts (flexible).

Below, Stress-Strain Diagram obtained from Bending Tests on por-
celain rods sawn out from the different insulator tvpes.

The diagrams marked g are for glazed porcelain, those marked u for unglazed.
The coefficient of linear expansion es!ablis_hed by tests is given for A, and D.

life under varying climatic conditions, under
heavy or light conductors, etc., and the cement
cannot harden faster if the insulator supports
a heavy cable than if it carries a light wire, etc.

The course and development of insulator
cracks as well as the frequency curve for the
life-times of the insulators admit, however, of
a very natural and plausible explanation if one
assumes that insulator cracks are a fatigue phe-
nomenon. The possibility of fatigue originating
cracks in porcelain has been contested by many,
and this for various reasons.

It has been considered that the fatigue-crack
presupposes a recrystallisation, i. e. a physical
change in the material, a change whose non-
cccurence has been ascertained by microscopic
and electrical tests on insulators that have been
in service a long time. The fatigue-crack does
not however imply any change whatever of the

material, but at the most strained spot in the
material there arises, in consequence of varying
forces acting for longer or shorter periods, a
molecular crack that slowly makes its way fur-
ther into the material and finally becomes visible,
For such a gradual disturbance of the cohesive
bond between the molecules considerably smal-
ler stresses are required than those necessary to
produce immediate fracture.

It has further been denied that porcelain,
glass, and other silicates could exhibit fatigue-
cracks because the limit of proportionality and
the ultimate strength coincide; that is to say, no
permanent set appears in these materials, it be-
ing considered as established that for metals the
fatigue limit lies at about the limit of propor-
tionality. However, a closer examination shows
that in certain cases the fatigue limit for metals
falls considerably below the limit of propor-
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viz. that crack-formation is the
“~ .. dominating feature in insulator
deterioration and that the crack
is a fatigue fracture produced by
these heterogenous and varying
forces and stresses which with
more or less intensity act upon
every insulator in service.

If within the engineering
world a construction is mecha-
nically lacking in durability, this
must be remedied in the first
place by altering the dimensions
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“0 in order to keep down the stres-
ses, and in certain cases by a
reduction of the forces at play.
Such measures are also utilised
in the case of insulators, and as

they are comparatively well
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and cast iron.

tionality. Further is to notice that even if glass
and porcelain do not show any permanent de-
formations under short-time loads, this does not
imply anything respecting the conditions under
loads acting for months or years. At least for
glass, moreover, it has been established that
small loads applied during a long period also
produce a permanent set.

It is thus not straightway evident either that
the fatigue limit for all materials is bound up
with the limit of proportionality or that rapidly
repeated loads produce fatigue cracks in glass
and porcelain because they generally do so in
metals A few fatigue tests on glass and porce-
lain performed in the course of a few days
cannot therefore be assigned any conclusive
value. To ascertain the behaviour of insulator
porcelain under varying stresses extensive long-
time tests are required. Such have been com-
menced by me. It would however be desirable
if parallel experiments could be undertaken at
other centres, as such investigations absorb very
long time.

So far, then, it seems that nothing concern-
ing insulator failure has been advanced that is
in conflict with the results and conclusions
reached by me on the strength of my analysis
of operating experiences and insulator failures,

Fig. 4. Comparison between Stress-Strain Diagrams.
To the left for a strong and weak insulator porcelain. To the right for steel

40 known I will on this point mere-
Iy refer the reader to my detailed
treatise. When improvements of
. this nature in shape and dimen-
sions have not lhe desired effect, it is usual
within the majority of other technical fields to
go in for higher quality, to try a stronger ma-
terial. Should for instance cast iron fall short
of what is required, steel is used, in some cases
alloy steel.

Unfortunately this aspect of the problem has
Leen entirely neglected where insulators are
concerned. In all but a few minor delails in-
sulators have manufactured and pur-
chased, delivered and tested, as if all porcelain
were of equal quality from a mechanical point
of view, When deliveries of iron and machine
manufacture come into question, the quality and
properties of the material are most carefully con-
trelled and tested. In most insulator deliveries
it has not as yet been the practice to trouble
about the mechanical properties of the porce-
lain used.

been

While engaged on my analysis of insulator
statistics I found that different deliveries of in-
sulators had markedly different lengths of life
in spite of shape and dimensions as well as ex-
ternal conditions being similar. [ then went
in for a purely mechanical bending test on pris-
matical test-pieces sawn out from the insulators.
These tests showed that insulators made of weak
porcelain, under otherwise similar conditions,
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always had a relatively short life, while insu-
lators of mechanically strong poreelain had a re-
latively long life. Fig. 3 gives some typical in-
stances of the results from these tests. The test
also revealed that the porcelain used in normal
and according to the customary specifications
fully first class insulators may be subject to
such extreme variations as are indicated in
Fig. 4. The porcelain in our insulators has thus
had, and unless our views and specifications
are changed will presumably continue to have,
mechanical properties that are aimlessly and ca-
priciously allowed to vary within a latitude that
is relatively speaking almost as wide as that
over which all our varieties of iron and steel
extend. Hence it is not to be wondered at that
operating records and views concerning insula-
ters have been so exceedingly at variance.

The chief reason that mechanically weak por-
celain has found frequent use in insulators is
obvicusly that nobody has given heed to the
significance of the mechanical properties. At-
tention has been exclusively concentrated upon
the electrical qualities, and poreelain with high
dielectric strength has been demanded, though
this is as a rule accompanied by inferior me-
chanical qualities. Moreover, weak and brittle
pecreelain is generally easier to manufacture.

Although the investigations on the reliability
and durability of insulators with reference to the
mechanical properties of the poreelain used are
not vet so great in number, they point so unmis-
takably in one direction that it can be asserted
with a high degree of certainty that the use of
a porcelain with high mechanical strength and
ductility ought to yield insulators of very high
reliability and considerable durability even un-
der severe climatic conditions. This is naturally
on condition that certain other features such as
suitable shape, ete., which experience has taught,
ought to receive attention, are not neglected
either in the manufacture or in the erection.

It is conceivable that a variety of porcelain
might be selected that is resistant to short-time
stresses but relatively less resistant to fatigue
stresses than another sort which happens to have
a somewhat lower ultimate strength. This point,
hewever, must be cleared up by a conscientious
study of the resistance of different sorts of por-
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celain to the various forms of stresses. This
will be a problem for ceramists, who must take
as an example the splendid advance attained by
systematical and conscientious research in the,
iron and steel industries during but a few de-
cades. For the present, however, we must con-
tent ourselves with demanding a high ultimate
strength in the porcelain material used; con-
comitantly there ought to be a high probability
of also oblaining great fatigue strenght. In any
case the probability of securing such ought to
be considerably greater than if, as hitherto, no
demand is made with respect to the mechanical
properties of the insulator porcelain.

Summary.

Reliable and durable insulators are of the
greatest technical and economical importance for
electric plants and overhead lines. Analyses of
cperating records and insulator statisties from
many countries and lines show that the primary
cause of insulator failure is a crack produced
by mechanical (and thermal) forces. The electric
puncture is a secondary phenomenon. On ac-
count of the development and course of the
cracks and of the time it takes for the cracks
to arise, it may be concluded that in all prob-
ability the cracking is due to a mechanical fa-
tigue phenomenon. The view of some observ-
ers that porcelain and glass do not exhibit fa-
tigue fracture is not founded on conclusive in-
vestigations. Research is however in progress
on this peint. The porcelain used in insulators
reveals exceedingly variable mechanical proper-
ties. The variation is as greal as between or-
dinary cast iron and high-grade steel. Low re-
sistance and low ductility in the porcelain ap-
pear to involve poor service reliability and a
short life for the insulators. Therefore, with
due attention to suitable shape, ete., the insula-
tors should be made of mechanically strong and
tough porcelain. To ensure that our insulators
shall stand on a level with the rest of the plant
in quality and reliability, a conscientious and
methodical inquiry into the mechanical proper-
ties of the different sorts of porcelain under
different stresses is recommended.
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The Svenska Radioaktiebolaget Valve-testing set.

By Torbern Laurent.

1. General.

he Valve Testing Set Model RPR 829 of the
Svenska Radioaktiebolaget is an instrument
working on entirely new principles, and is par-
ticularly suitable for practical measurements
and tests of amplifying valves, e. g. in a tele-
phone repeater station, or in a valve retailing
shop. This Valve Testing Set will assess the ef-
fective amplification of a valve in a way which,
while expressing the working conditions ob-
jectively, is still perfectly explicit. Further, the
internal resistance of a valve, its grid voltage
space, and the magnitude of the non-linear dis-
tortion introduced by the amplifier, can be deter-
mined by the Valve Testing Set.

This is very simple in design, and although
the effective amplifying capacity of a valve will
be directly measured, no audio-frequency gene-
rator, valve voltmeter, ete. is required.

The measurements are very easily taken, and
the method allows great precision without any
difficulty.

The Valve Testing Set is suitable for routine
tests as well as for a more thorough investigation
of various types of valves.

The risk of measurement errors caused by an
overloaded valve, which is present when valves
are measured by any previously known method
of amplification measurement, is entirely elimi-
nated in this Valve Testing Set.

In all probability the Svenska Radioaktiebola-
get Valve Testing Set will make valve tests on
a much larger scale than hitherto economically
possible, and valve consumers will thus always
be assured of good quality amplification.

2. The Principle.

It is generally known that an amplifier valve,
the anode- and grid circuit of which are coupled,

will act as an oscillator if the conditions re-
quired for oscillations are present. The amplify-
ing capacity of the valve, and the amount of re-
action, are also among the factors involved in
these conditions for oscillation. For a certain
amplifying capacity of the wvalve, the reaction
must not fall short of a certain minimum value
if the conditions for oscillation are to be ful-
filled, and under otherwise unchanged conditions
this minimum will diminish as the amplifying
capacity is increased. This minimum reaction
value is thus a function of the amplifying ca-
pacity of the valve, and the Svenska Radioaktie-
bolaget Valve Testing Set is based on this fact.

Fig. 1 gives a diagram of the Valve Tester.
R is the amplifier valve tested, receiving its grid
bias, filament voltage, and anode voltage from
the batteries B,, B,, and B, respectively. The
anode transformer T is provided with several
primary winding taps (2, 4, 8, 16, 32, 64), re-
presenting different anode load impedances, and
the anode is connected to the tap which will give
an anode load impedance as closely correspond-
ing to the normal working conditions of the
valve as possible. Connected to the secondary
side of the transformer is a condenser € which,
together with the secondary self-induction of
the transformer, forms an oscillating circuit
tuned to an easily audiable frequency, e. g.
800 ¢/s. Parallel to the condenser C is the po-
tentiometer P,, in series with a high resistance
telephone receiver H, shunted with a small re-
sistance r. By means of the potentiometer P,
the amount of reaction ean be varied, and by
listening in the telephone receiver H one ascer-
tains whether the device oscillates or not.

The grid bias of the valve may be varied by
the potentiometer P, above the grid battery B,
and as a rule this is set for the grid bias with
which the valve is meant to work.

Ik~
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When the D. C. voltages and the anode load If the valve, as in fig. 2, is regarded as a source
impedance of the valve are adjusted as closely  of current, the EM.F. and internal resistance
as possible to the desired working conditions, of which is E and R, respectively, loaded by a
the measurement is taken simply by setting the tuned eircuit consisting of a capacity C, an in-
potentiometer P, to the limit of the oscillating  duction L with a small loss resistance f, and the
capacity of the system, which can be observed potentiometer resistance Rp, the resistance Rg
by listening in the telephone receiver H. The  will cause a voltage drop V,, the relations of
amplifying capacity of the valve is then read  which to the electromotive force E will be studied
directly on the scale for the setting of the po-  helow.
tentiometer P,, which is graduated empirically. The impedance of the tuned circuit is obvious-

After this preliminary survey of the working ]y (4, = the angular frequency)
of the Valve Testing Set, some of the attendant

conditions will be explained in more detail. (;wL 3 f) 1+ - f
To enable a reaction-coupled valve to oscillate, 2 i _L R JoL
the reaction device must be such that the al- joL + f-l- l - fc 1—w'LC
ternating voltages returned to the grid from the JjoC JofC
anode induce in the anode circuit of the valve or
an E.M.F. which is exactly in phase with the o j’,_ 1 ) (1)
original EM.F. If, as is done in the Valve Test- =5 " ] — @t Lf Ff = e
ing Set, a tuned circuit is introduced in the L¥s l ;,]
reaction device, the reaction phase characteris-
. : Hence
tics will very largely depend on the frequency,
when this is anywhere near the resonance fre- Ry-Z
quency of the tuned circuit. Somewhere near ¥ ok _i_fg+ Z = B i RB E
this resonance frequency of the tuned cireuit, * Rg- 7+R Ro+ R+ {1’_3_&
a frequency fulfilling the above phase condition Re+ 272 ' e ¢ Z
can therefore generally be found, and the valve .
will consequently oscillate with this frequency. Ry
V.=E =
A y Ry+Ri+RRg - ff‘:{l"'m ;’;;5 L“

¢ Z - £ % We assume the imaginary component of the
denominator to be small in comparison to the
real component, and the amplitude relationship
may then be written

R 1658 Fig. 2.
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L
and the phase angle between the voltage V. and
the EMF. E

Rg + R + RR;

Rg- R, L(1—wLC)— [*C

; . (4).
wCLE L{Rg+R)+fCRy-R, "

¢=—arclg

If the phase changes caused by, for instance,
the transformer T, which it is the task of the
angle ¢ to compensate, are small, the amplitude

relationship will, according to equ. (3), be

independent of the angular frequency . This
will make the reaction independent of the phase
compensation, and in the computation of the

amount of reaction the tuned circuit need only

L

o
When the reaction is adjusted to the limit

of the oscillating capacity of the valve, the grid

be regarded as a shunting impedance

voltage V,, regenerated by the EM.F. acting in
the anode circuit E, will be just enough to in-
duce in the anode circuit an E.M.F. equal to
the original E. If the amount of reaction is de-
fined as

where V', is the voltage at the output end of the
reaction device when this is disconnected from

the valve grid, we may, in other words, say
that
1 v
b= (h)
I

at the limit of oscillations for the valve (E=uV)).
The amplifying capacity of the valve can ob-
viously be determined by means of the relations
(5) and (6), when ¢« and the anode impedance
are known.

The anode impedance is assumed to be select-

i n.l
[}
£ 4 €5| 1———‘
' 3%
,
" Fig
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ed as nearly equal to the internal resistance R,
of the valve as possible. If we regard fig. 3,
illustrating the same point as fig. 2, but in which
the transformer T of the ratio n:1 is put in (the
resonance impedance of the tuned circuit is as-
sumed to be included in the potentiometer re-

sistance Rp), we therefore get

Rg - n* = R, (7).

This makes the primary voltage of the trans-
former

V,=3}E.

A measure of the amplifying capacity of the
valve has been chosen which will as far as pos-
sible express the working properties of the valve,
particularly when used as an amplifying valve

Fig. 4.

for electric communication purposes, and this is
defined as the natural logarithm for the relation
between the voltage V', re-transformed to a fixed
characteristic impedance selected in the Valve
Testing Set to be
ase V.
capacity

600 ohms, and the grid volt-

Consequently we gel the amplifving



-
Vi /600
h = [].ir = \
95 Vg R;
or
/ | u GO0 3
) = 104, & - neper )
e 2 \ R, "

If the resistance R, of the potentiometer Ry
corresponds to an amplifying capacity b = 0,
we get

b= ll){_’,t 1fv

where V, is the voltage drop at the resistance

R,. Obviously the relation
Vo 1 L, u 1 R, w)/600 u 17/600
V, V, ‘2N Rz 2 \ R 2 N \ Rp
will then be obtained, and consequently

R, = YRy - 600 9).

R 1658

The scale setting of the potentiometer when
the potentiometer resistance is R, represents a
zero-point on the scale. Potentiometer readings
above and below this zero point will then re-
present negative and posilive amplifications res-
pectively.

3. Description of the Apparatus.

Fig. 4 shows the external
Valve

at the

+ appearance of the
Testing Set, and fig. 5 the arrangements
back of the panel.
gram of the Valve Testing Set, where the sym-

Fig. 6 is a circuit dia-

WE\‘*

bols R, T, C, P,, P, and r have the same signi-
ficance as in fig. 1.

The batteries B,, B., and B, are connected to
the terminals V,, V,, and V,, and by the volt-
meter V the grid voltage (with two ranges), the
filament voltage, and the anode voltage, may be
read by inserting the plug B in the jacks A, A.,
4., and A, respectively. The telephone receiver
is connected to the terminals HTF.

The primary winding taps of the transformer
T represent the following anode resistances:
(The anode impedance being practically pure

ohmic)
Transformer Anode Used for valves with an
tap mark. resistance internal resistance of
2 2000 ohms 1400— 2800 ohms
4 4000 5 2800— 5700
h 8000 i 5700—11000
16 16000 vi 11000—23000
32 32000 23000—45000
64 64000 15000—90000
Although the anode resistance cannot always

be made to correspond exactly to the internal
resistance of the valve, the amplifying capacity
indicated by the reading on the potentiometer
P, will nevertheless be practically

|

as will be shown in the next chapter.

In fig. 4 we see the voltmeter V to the left at
the top, the socket for the valve to be tested to
the right at the top, and in the centre the po-
tentiometer P,, the setting of which is read on a
movable scale visible through a window.

600
K,

u

b = log
log, 2

neper

Un-
derneath the voltmeter V is the potentiometer
P, by which the grid bias is regulated, and
underneath the valve socket is the dial for ad-
justing the anode resistance. At the bottom we
see the terminals, and in the centre the plug B,
which is lifted and plugged into the jacks above
when the D.C. voltages are measured.

4. Theories for the Impedance adaption in the
Anode Circuit.

According to the above, only certain values,
differentiated by multiples of 2, can be selected
for the anode resistance. We will now examine

the significance of this limitation of the number



of possible anode resistances. If we regard the
valve as a source of current with an E.M.F. of
" u 'V, an internal resistance R,, and loaded by
the anode resistance R, as shown in fig. 7, the

voltage drop caused by the resistance R, will be

r r R_r-‘
V=nu ‘g}?y'"Ri-'
o RO SR =0 W NI
ﬂ%@ £y v
R 1880 Fig. 7.

This voltage, re-transformed to a character-
istic impedance of 600 ohms, will be

A'A'AA
. < = %
-— + b
8 : RN
Az ) s A
11 “ij —l J——‘ = ==
A = = o ()
L)
b j /
o Vgeo [ Vi 151 Vo 9 & WIF &
R 1881 Fig. 6.

e R, \/600_ v YR, - 600
w=tViR+R YR, ~"V R TR

The Valve Testing Set will therefore measure
an amplifying capacity

4 VR, - 600
b= IOg‘. _fnq = log u e Syt
Vo calll TR
or
o1 /R
wy /600 “Y R,
= [+ i ¢ ) ST l' Y
b 10532 R, + log, g Deper (10)

i
'R,

The first term of this expression is obviously
the actual amplifying capacity tested, and the
second term represents the error in measurement
occasioned by the internal resistance R; of the
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valve not being the same as the anode resist-

ance R,.
When R, = R; we have
=
2|/ &
H!"
log, —==10
1+ R;
R!‘f

But, on the other hand, if R,#; R;,

IR
o\ K

lo R"'—<0
S R.
1+ R

v
As a function of R,, b has thus a maximum
value when R, = R,.

We assume

R<R,<2R

where R and 2R are two R, -values which may
be set on the scale, and introduce the symbol

— log, /]/8%
b, = log, 2V &

When using R, = R, and R, =2 R respect-
ively for measurements, we thus get the res-
pective values

/R,
3 R
R;
1+ R
and SESRRRRRIN ¢ § O X
e
2|/
2R
bg = bg + Ioge — If
i
& 2R

b, = b, + log,

On the above assumption, b, and b, will con-
sequently be the two largest scale values ob-
tained when using different anode resistances
for the tests, and this offers an opportunity to
ascertain the two anode resistances for which
the above assumption is valid.

The equations (11) contain only two unknown
quantities, viz. b, and R,, which may obviously
be computed from the values of b, b,. and R.
Fig. 8 gives curves computed from the equations
(11) for the measurement errors b, —b,, as well
as b,—b,and the relation R;: R as functions of

b,—b,. By computing the difference b,—b, from
the scale values b, and b, observed, the ampli-
fying capacity sought may thus be determined
with the assistance of these curves, and the in-
ternal resistance of the valve may also be com-
puted if the resistance R is known.

We see, however, that if the highest of the
two values b, and b, is accepted (in other words,
the highest scale value obtained when testing
with different anode resistances) as being equal
to the amplifying capacity b, the error can
never exceed .015 neper, i. e. 1.5 per cent. In
practice, an error of that description is usually
of no importance. The determination of the in-
ternal valve resistance cannot of course be made
with any very great precision, but then we are
not interested in the internal resistance of the
valve except in so far as this affects its effective
amplifying capacity, and this influence is rather
insignificant in the neighbourhood of the best
impedance-adaptation.

5. Amplification Tests with different anode
resistances.

The above shows that the amplifying capacity
of an amplifying valve, defined as

wy /600

gy V &,

and its internal resistance may be determined

with the Valve Testing Set by making a series

of tests with different anode resistances. In a

more thorough investigation of a valve with

the Valve Testing Set, such a test series is there-
fore completed.

Fig. 9 shows actual amplification tests of
some different types of Marconi valves made
with different anode resistances. The round
rings mark the scale values observed, and the
crosses the internal resistances of the respective
valves given by the maker.

This shows distinctly what we have already
pointed out,” namely that the amplification
reaches a maximum value when the anode re-
sistance is equal to the internal resistance of
the valve. We further note that the maximum
amplifications recorded on the scale only dif-
fer slightly from the amplifying capacities b, to
be determined. For a more exact determination
of the amplifying capacity p, and internal re-

=179 —
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sistance R; of a valve, the correction curves of
fig. 8 are used, in which case the symbols b, b,
ete. refer to the plotting in fig. 8 of b as a fune-
tion of R,,

6. Amplification Tests with different Grid Biases.

To delermine by means of the Valve Testing
Set the grid voltage space of a valve and the
magnitude of the non-linear distortions arising

in the valve, a series of amplification tests are
made with different grid biases.
curve in fig. 10 gives the result of such a test
We note that the
amplification increases with decreased grid bias,
for the reason that the slope of the valve charae-
terislic is increased.

The fulldrawn

series on a Marconi valve.

In this connexion we will commentl upon a
circumslance which may be of some interest.

When the amplification of an amplifier is mea-
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sured in the usual manner with an audio-fre-
quency generator, artificial line, and valve volt-
meter, the valve is made to work during the test
with an audio-frequency voltage of a certain
amplitude on the grid. The amplification ar-
rived at is then determined by a kind of average
value for the slope of the valve characteristic
within the grid voltage range utilized by the
audic-frequency voltages. When measuring the
amplification with the Valve Testing Set how-
ever, the conditions are different. If the reac-
tion is slowly increased until the amount is
reached when the valve begins to oscillate, this
amount of reaction must be characteristic of the
condition of the valve before oscillation had be-

gun. The amplification measured will therefore

Fig.

-lo =4 +0

10,

be determined by the slope of the valve charac-
teristic at that point of the curve which corres-
ponds to the grid bias selected.

We will introduce the designation “point amp-
lification” the amplification measured by
means of the Valve Testing Set, as this amplifi-

for

cation characlerizes conditions in one particular
point of the valve characteristic.

The point amplification must obviously be in-
dependent of the grid bias within the range of
grid voltages employed if the amplification ob-
tained is to be free from distortion or, in other
words, within the said range of grid voltages the
fulldrawn curve b — f(V,

To!

of fig. 10 must be
a straight line parallel to the axis of abscissas.
If this is not so, the amplifier will introduce
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non-linear distortion. the magnitude of which
will depend on the amount of deflection of the
curve b = f(V,) from the mean value of the
point amplifications within the range of grid
voltages employed. The dotted curve of fig. 10
shows the mean value of point amplifications
within ranges of grid voltages distributed equal-
Iv on either side of the —10-volt grid bias in
such a way that the average amplification of a
range of grid voltages will correspond to the
ordinate at the limit voltages of that range. If
we consider that when amplifying audiable cur-
rents, the range of grid voltages nearest to the
grid bias will be used the most, the dotted curve
shows that the point amplification of the grid
bias in question may also be regarded as a
measure of the average amplification. The ad-
vantage of defining the amplifyving capacity of
a valve as point amplification for the grid bias
in question is that the amplification capacity
will be explicitly defined. Deviations in the
point amplification at other grid biases when
compared to the grid bias employved will then
be regarded as sources of distortion.

It must be pointed out that when measuring
amplifications by the usual method previously
mentioned, the amplifyving capacity ascertained
will partly depend on the properties of the indi-
cator appliance used (e. g. a valve voltmeter).
As a matter of fact, different tvpes of indicator
appliances will treat the disturbing voltages
caused by distortion in the amplifier in varying
ways. Valve voltmeters, based on rectification
of only positive or negative half-cyeles of the
measured voltages, do not usually give the same
test result when the negative and when the po-
sitive half-cevles are rectified, and the question
then immediately arises which is to be consider-

ed correct. There is a great risk of getting the

R

!

1=3

5

-l

measurement results all wrong with these ampli-
fication test devices, if from one cause or an-
cther the valve is overloaded, which risk is non-
existent when the Valve Testing Set is used.

7. The Effective Amplification of an Amplifier.

Fig. 1 shows an amplifier connected without
reflection losses on the input and output side to
lines with the characteristic impedances Z, and
Z. respectively. The grid transformer, which
has a ratio of 1:n, introduces into the device an
amplification of

Z
b, = log, n \ : )
: = 600 P
where 3, represents an effective attenuation in
the transformer. If Z, is = 600 ohms, we get

's

b, = log.n — g, sz o (13,
If the attenuation in the anode transformer is
2a, and the amplifying capacity of the valve

1
by=log. \
the amplifier will be

Bi..

bor = bo+ by— B — | (14).
If the amplifier consists of several valves con-

/ 6“”_ the effective amplification of

nected in cascade. the amplifving capacity of
each valve will enter as a term of the effective
amplification of the amplifier. and each coup-
ling between the valves will be represented by
its own term. If all the terms entering in the
effective amplification are added together. ex-
cept the amplifying capacity of the valves, an
amplification exponent, characteristic of the
amplifyving device, is oblained.

Il this amplification exponent be determined
once and for all, the effective amplification of
the amplifier can be determined by adding to
this the amplifying capacities of the several
valves, measured by the Valve Testing Set.
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The characteristic impedance 600 ohms which
enters into the definition of the amplifying ca-
pacity of a valve, has been chosen because that
characteristic impedance is frequently used in
telephone technics, particularly for measure-
ments,

8. Valve Testing.

The Valve Testing Set is primarily intended
for routine tests of valves. The anode resist-
ance is then adjusted in as close correspondence
as possible to the specified internal resistance
of the valve. It is of course also possible to pro-
duce a valve tester for certain types of valves,
so designed that anode resistances identical with
the internal resistances of the valve types in
question may be employed. The valves are tested
with normal filament voltage, anode voltage,
and grid bias, and the amplifyving capacity is
passed as sufficient if it reaches a certain spe-
cified value. Tests should also be made with

3o bo Jo
12
say 75 per cent higher and lower grid biases,
when the valve will be passed if the amplifica-
tions measured do not deviate from those at
normal grid bias by more than a certain spe-
cified amount.
If, for some particular calculations, it is de-

sired to graduate the reaction potentiometer scale
to any other amplification units than

1 /600
log. 5| R
this can of course easily be done. The reaction
potentiometer may for instance be graded in
uooul
VR, Ri
where § is the slope, and these quantities may
then be directly measured.
Fig. 12 illustrates the relation between the ex-
pressions for the amplification

log, X \/6“0
T2V R

soru-S

and - S.
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On the Calculation of Delays in an Automatic Telephone System.

By Stig Ekeldf.

hen in an automatic telephone system it is
a question of calculating the number of
switches required for carrying a certain amount
of traffic, we as a rule start from the condition
of allowing a certain “loss”, in other words,
we estimate the number of switches in such a
way that, for instance, 20 of the calls are
“lost” through all switches being engaged. In
this case it is necessary that all subscribers who
do not at once find a disengaged switch, im-
mediately replace their receiver and do notrenew
their call until a short time has elapsed. As a
basis for calculating on these lines serve, by
way of example, the well-known lossformulae
of Erlang.

Sometimes it may, however, be of interest to
calculate with “delays” instead. We premise
then that a subscriber who cannot get through
immediately waits with the receiver off, until
he can get a free line finder. In this case we
want to be able to calculate the total number
of calls which are delayed or the number de-
layed more than a certain period.

In the ensuing pages we shall give an account
of the calculation of accompanying charts for
delay calculation worked out by the author.
The foundation for these consists of cerlain delay-
formulae deduced by Prof. Pleijel. It should be
pointed out that Prof. Pleijel in his deduction
also took into consideration the otherwise gene-
rally neglected fact, that the number of calls
diminishes in the proportion in which the sub-
scribers are engaged.

Deduction of Prof. Pleijel's Formulae.

We assume a group of [ subscribers who for
their calls have available x linefinders. As
regards the registers it is assumed that the
devices and arrangements are such that every
line-finder always has at its disposition a di-
sengaged register.

We now consider a certain fime inferval b
the “busy hour”, and assume that every sub-
scriber during the same makes ¢ calls. Every
call is premissed to occupy the linefinder during
the constant time interval a.

The system is, furthermore, imagined to be
of such a nature that a subscriber who -calls
at a moment when all linefinders are engaged,
will wait until a linefinder is free. If there
are several subscribers waiting simultaneously,
we assume that they will get a linefinder in
the same order in which they have called.

Our first problem then will be to investigate
how often it happens that m subscribers are en-
gaged by reason of these calls with concomitant
conversations.

For solving the same we make use or Erlang’s
method of “statistical equilibrium”. We consider
a very large number P of groups of [ subscribers
according to the preceding. At a certain mo-
ment of time we have different conditions in
the different groups wilh regard to the number
of subscribers who are engaged. The entire
system should nevertheless be in a stalistical
equilibrium, so that the number of groups P,
which have m subscribers engaged (we say:
the number of groups of the order m) should
be equal at every moment. The condition for
such an equilibrium to exist is obviously that
during every time element as many groups of
the order m pass into such of order m + 1 by
additional calls as the number of groups which
pass from order m + 1 to m on account of
finished calls.

We introduce “the traffic intensity”™ g, by
which is meant the number of calls which on
an average originate during the time of a con-
versalion a.

a
b

We denote further by = the number of calls

which are made during the time interval a in

Sy =gl-
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a group P, i. e. in a group where no subscri-
bers are engaged. If we take a as time unit,
the number of calls in such a group during
the time interval df becomes equal to zdt and
in all groups P, we obtain altogether P, zdt
calls.

In a group of order m we have onlv I— m
subscribers who are able to make calls. The
total number of calls within these P, groups
during dt is then obviously

L
1

It is here assumed that none of the [ sub-
scribers are engaged by incoming calls. In
reality we must as a rule premiss that the in-
coming traffic is equally large as the oulgoing,
so that on an average y subscribers are const-
antly engaged by calls from other subscribers.

Consequently, on an average at the most
I — y subscribers are able to make calls, i. e.
we kan include the effect of arriving conversa-
tions by assuming that the group has only
I — y subscribers. The differenee for large [ is,
however, very slight, for which reason, in order
to make the numerical calculations more con-
venient, we ignore this correction. Should it
be found in a certain case that this is not per-
missible, we have only everywhere in the for-
mulae to substitute [ — gy for L

We now select the time interval dt so small
that we are able to ignore all those cases where
two or more calls occur or get lost in a group
during this period. The expression P,,,I_Tm:dt
then gives us the number of groups which on
account of new calls are passing from order
m to m+ 1.

For calculating the number of groups that
pass from order m + 1 to order m we assume
first that m 4+ 1 < z, so that all engaged sub-

scribers are talking. The m 4+ 1 conversations
going on will clearly all be finished after the
interval 1. If we assume that the conversations
finish continously, (m + 1) df are concluded in
the period di, so that the number concluded
within all P, ., groups is

P, .;(m+ 1) dt

The stalistical equilibrium consequently de-
mands

Gricssorty—

— i~
P, "‘I"‘.—m — Ppoy (m+ 1) dt
or
P,= Pm—-—l' [—m -_'-_I (:)
m  {

We now insert the probability S, of having
at a certain arbitrary moment m subscribers
engaged in conversation.

Obviously
Py
and consequently
— 1 z
§ =i, A
m 1
from which
(17 [z\™
Sm lm] (I) S;; (m x) (1

I o
where Lﬂ] denominates the binomial coeffieient

l[u‘_—~1)...iz‘__——m+l}__ 4
T T m!l—m!

For m = x we get specially

[

We assume now instead m = x and put

m=uax + r. All linefinders are then engaged,
so that x conversations are on while r subscri-
bers are waiting. In the time interval df then
adt conversations disappear. The condition for
equilibrium becomes in that case

P, lﬁ":"* Lim=r, s
or if we here put the probability
p,
P = Ry = Rz +r
Rm_l'I‘_T-}-l = Hm‘.l'
from which
R“:I-—n_rt-f 1 ) :Rm- =
1 x
M—m+)(—m+2)....(— .r)(:')'" "R
N Im—x ) *
i e
R, r_“——-.l,') ...... (I l—l'+l‘:l("-]’sx
xr J
for B, =8S..



By the use of the previously deduced expres-
sion for S. we then gel

A i =
x"

l ].r + r! (:
e+ l
If we employ the notalion

whether m =z, we can thus write

xX+r ”
) "\n;

RM - .f_..Tx..x-! S"‘s {m Ca ‘r} (2}
or
x4 r! .
Rx-':xr x! Sesrs (r>0) 12‘)

For determining S, we make use of the fact
that the sum of the probabilities for all possible
cases is equal to 1. The highest possible num-
ber of engaged subscribers in a group is clearly

I. We therefore get the relation
1=8+8+........ + Sc+ R +
+Rx+2+ ----+Rl -

£ Tz J

=S Ll + 2 el

{m:o m|\l x4+ m

In order to enable the system to operate pro-

perly, the number of delayed subscribers must,

as we are aware, be very small, so that YR,

is very small in proportion to 1. We are then

able without serious error to substitute S, for
R, in the above relation and then get

i -
z ENEE
Zlal

m =\l
) =S"(‘ +3)
1

137"

1§,

and

Sﬂl __,{;
(“’r)

Our next problem will be to express z in .
Because y is the number of calls which on an
average fall during the time interval 1 within
a group, the number of calls in this period in
all P groups together becomes P - y, so that

e -
L T

P.-y— z . :
4 ! I :

TP+

- =
j :Ps—l'+

(I—1)

ﬂﬂ
I

——_

i e

;::—{1—--_[1 Si4+2:S4...+x-S.+

+ (2 4+ 1) R,...+....+m,”

If we also here substitute S, for R,, we get

N HER AR .

Id P

RS ST
(1+-)d- 1y e
l
and
y .
z l—y-'f; S SRR E RISl - )
as well as
So‘—:{l—y/“‘

If these values are inserted for = and S, in
the expressions (1) and (2) for S, and Rn, we
obtain ultimately

T

S

(4")

R.=

We now pass on to the actual problem, viz. the
calculation of how many calls have to wail for
linefinders longer than a certain period of time,

A call originating in a group with m < « en-
gaged subscribers will get a linefinder at once.
If a call comes in a group where x subscribers
are engaged it will on an average have to wait

= the period which on an

1
2z
average elapses before a linefinder becomes idle,
reckoned from a certain moment when all are
engaged. If x + 1 subscribers are engaged, the
—2% and if gene-
rally # + r — 1 subscribers are engaged the delay

1 r—1 2r—1
il eSS
“llbe‘z::: x 2z

The number of calls for the time interval d!
in all groups of order  + r 1 was now

call will be delayed —— 4 » =
2z " @

l—x—r+ 1

! P.., zdt =zxP, ., dl:
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The total number of calls in the period dt
is, however, Pydl, so that the number of calls

l) ey
which are delayed for a time :%z—l, caleula-

ted in proportion to the entire number of calls
becomes
zP, .. dl z
Pydt g *'""
The number of calls delayved for a time

= 2':"_1 thus is

2%
r=l—x
r
Vg, = T Ifx-o—r;
y r=r,

For r, =1 we get especially the fotal number
of delayed subscribers
xh—x

;\P —— ‘\'l = ) M in_r;

= — X s (A
Rl 2)

It is also interesting to know the average delay
T per call. The number of calls in all groups
with r— 1 delayed subscribers was «P, , . d! for
the period dt. Each one of these calls has to

1,

. r—1,
time - P

wait for the so that the total

delay is

. |
_r_x ff.szi_rdf — (r-——lg) I’x+rdt

If we sum up for all groups with r=1 and
divide by the total number of calls Pydi, we

get
T o 1 I—Vx

=~ 3 (r—12) Reip; -r vous
Yr—1

()|

Formulae for Numerical Computation.

We pass on to deducing formulae suitable
for numerical computation. It obriously depends
upon summing up expressions of the form

I—x
-l er+r
f:=l'°
and
l—x
2 Rous

r

4 o

According to the preceding

l—x—r,z =
Revrsr= T R ., =(l—zx—r) ~R,,,
l x o le o

— —Wm&w

~\2
R.,, +g=”—1—fa—1) “_z_ro) (-) R, ..
o lx L]

Reirsa=(I—2—r,—2) (l—2—r,—1) (l—2—r1,) -

I—x -
fu rRx+—r=Rx+rn {ra‘l“(ro“!'l)(l—-r—ful - +

r=r, lx

\2

+(r,4+2) (I—x—rp) {I—-:z—r,—l)(l;) E o

+(ro+s) (I—x—r,) ... (I—2—r,—s+1) (fr) o } _

=Rons {rn[1+ (l—x—r) = + (I—a—r,)-
o le

\

-u—:-ur‘.—n(;):-}-..‘]-;-

- l:f—x— re) : +2(l—x—r,) (l—x—r,—1)
lx

(k)+”

I—x

Y Reyiy—=Reys {1 +(l—2x2—r,)
r:fo ° f:

-

-\12
+(l—x—r,) {I—-x—rﬂ-—l)(fr) = }

We now introduce the nolations

l—xz—r, =«

(Il —x— rp)+— and then have

e "oy

X MRecr=Risr, (D + D) (7)
- ; where

M

Z Ryvr=Rysr,-D (7")

D=14ap+ala—1)p*+ ... +ala—1)...
(e—s+1)p*+ ...

Di=ap +2c(c—1)p*+ ... +sala—1)...
(¢ —s+ )p*+ ...

The order of magnitude of « p and /£ is

e~ 500 |

p~ 11000 |

A=apol)s
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We, therefore, make an extremely slight error
if instead of the upper limit I — = in the sums
we put .

For computing D and D; we shall expand
these sums in powers of ap.

It is then appropriale {o introduce the nofa-
tion w,*—! = the sum of all possible products
of » of the numbers 1, 2. .. s— 1.

We have then

mtl=14+2+4+ ...+ (s—1)=1ss(s—1)

m* ! will have to satisfy te relation

N+24+3+...+(—1)PF=124224 ...
+(s—1)2+2x*"! or

Ys(s— 1)) =1 (25 + 3s* + 5) + 27,21
hence

== J (3s* — 10s® 4+ 95 — 25).
For D and D; we now get
D= X (apy—p X (apf=—'x' ' +
a=0 e=1

+E (ep)y—1my*—'—....=a,—pa, +Ea,~....
yg—1 @

oo oo

D= X s(ap)'—p X s(ep)~'m*'~'+
1 £=1

8=

+B ysapy-r1mp—t—. . .= by—pb+ Lty — ...
o« [ 4

e=1
with
oo oo
ay= 2 (ap)= X A*
§=0 =0
ao oo
ap = F tﬂP)' 1171'_1: ‘:‘ A'_IJYI‘"I‘
£=1 =1
oo [= =]
e -1 i v oy — =
a=X (apf 'm 1= X F a1
8=1 =1
{ w
bu: SRR
=1
ao
by= X sit—lg—!
§=1
oo
by= 2 sis g8t
=1

a,=14+Ai+ i+ ...
1

1— i

we immediately caleu-

late to a, =

On inserting the expressions for x,* we see
that the other a and b will be composed of
sums of the form

oo
X s it
s=1

Uy =

We shall, therefore, first calculate u, for some
different values of n.

We get
5 : '
— ¥ Y F—=L = - ==
= et Bl ) g il
— T’ !'a—l_i F ] - | -a:r
iy = ;;13 A _d.iu"l'] =a, + id’,
o d
ug= X 8471 = - (du,) = dy + 34a",+ %",
=1 A
o d
u= J sirt= 47 Aus) = ay + 7.4, +
=1 A
+ 6}.!0"’0 + i-& an‘o
L2 =}
U= 2 fA1= a":uuﬂ - ﬂ'o + 152(1”0 —+
1=1 A

+254%d", + 104%a™, + i'a", elc.

where
. d 1 1 B d 1
ﬂoz—._—.— —— 0= - —_——=
dil—i (1—4) di(l —ip7
00 AL o
(1—2* " * Q=2  * (Q—ap
120
a'y = T—a ot
We now get
1
o i}
R eyt —1) ol =
a; = .;1 AT —— 5 =;}(u,--ull:§-a’u=
e, P
(1 —ap
- 1 .
= .5 fe—1 " ot 3 1 Q¢ —
a, ‘;14 24 (3s 10s® 4+ 9s 2s)
1 AMA+ 2)
= —(3u, — _2q) =
24( u, —10u; + 90, — 2u) 1 — ap
as well as
A
by = ——
' (1 —A)t
. AlA+2)
bh="a—a
o AAA+ 8446
L (1 — A)%
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1 pi PAt2+ 4) .
) =— RSN B o L U]
4 1-—2{ A—2F ° a(l—a) }"8]
Bl A 05 l—P—{—A-+—_2_1 EA{_4-+84‘+1)1_“_ (8"
{1—a)* (1—2)? "« (1—4p
For ¢ = 500,p = - e consequently si=up=]
« = P = 1000 equently 2=up=3

as before, we will have

Pk . 1 pARYAH . X
(1—4iF 500" « (1 —A' — 50000 °
p2+4)_ 1 pi4*+8i+6) 2
(1—4 100" a« (1—4*' ~ 500000’

As a rale it is therefore sufficient to include
only the first terms in the parentheses and put
1 A

=i—% Y=g
For high values of z (busy traffic) i grows,
however, and may in such cases which are
possible rise to approximately 0,8. In such
case the correction of the neglected terms be-
comes much greater, so that we should gel too
small values for D) and D,.

This is, however, balanced by the formula
for R, at high z giving too large values. For
with a busy traffic our R, are comparatively
large and by substituting R, by S, in the ex-
pression S, + S, +.. . +S, +R. . +.... +R=1
we get too great a value for S, and consequently
for R,.

D

We therefore caleulate with

> tR..aR o, Vo
r:ro x+r = fzir, l_lira l_l—'-/arﬂ_]gl.
I—x - 1
& v R A e - )
r=r, . I—Ara
where i, = (l—x—r,)
S Le

We now begin.by computing N, , i. e. the

I) =
number of calls delaved for a period = _.___r;_x_ :
in proportion to the total number of calls.

The equations (5) and (9") give us

{—x
N=%23 B _xR o

r —_— |1“|
|

e .'f'l_/:r‘,}
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;

R

£ 2ol
x

! z 'y' m | y {—m
cx! lm_ (f) ‘_1 l)
If we introduce the neotation

Il
b= wre izt i —mt 100
we get

, L (Tl l
N,,= y',__,;,n,'_;) o

Spec. we get

m

H.l'e-l‘ :Hﬂl;
i x’e

m=x+4+r,

Ta

pr is here independent of y.
§

— - 100;
x!'l—x—1!

s

If we have properly calculated a certain N,
according to the preceding formulae, it will be
casy to extract from this value the N, for other
r-values.

First .\',o .1 can be computed from

N, +1 R.iv,+1 1 — A :
- —— = - - o A -
'\rr, 1 — Ar. + 1 HJ i .
1—4. J 1 —d
F Sl A D
where
e s, ST
0_:(!—;;) l—x—r,
is small - = —‘ in proportion lo A
= 500 1000) prol ‘
Thus
r * - l R ';'fn ll \
*\r°+1 —_-‘\rn- Aro' mo—— A I \ .
Furthermore
.\'rﬂ 2 l_iir,‘I ~ 1_'/::'.,'{"0 ( }"
- — . r +1— = /.;— P }
‘\'rur{ 1 'J‘E-ro-: Aa : 1—4r°r1+ﬁl e ()
1— \/ \

S T e

. '_'A,-o,.l l—'Ara \ l_ﬁ-ro-.—l \ Arﬂ

Neiwall .
- \1 1 ;.1 )=
and analogously

Neovs . Nuss 1
Ne i3z — N

o

]
A
N,

o

l—x—r,—1
l—z—r,

2—r,— 2 Nejia
_T'fh.r—r,,—l



generally thus
*\.ro +n+1 *\rrn +1

-\'rn +n o j-\rre

l—z—r,

Ezample: We suppose
I = 500 subscribers

x = 45 linefinders
1800 .
v="Tgg =0

We first ealculate
500!
17 451454
which is independent of y.

Furthermore
30 454

Ay =

170 15 — 064

_ b
Ni= 4. 0,356

B,01%
454

300/ 1500

= 0,0014 ~ 0,001,
0,356 — 0,001

0,356
- 0,640 = 0,331 2

-
"
I

0,517 - 0,644 -

l—x—r,—n

100 = ll$9,14724|; ({ = “'Iog.)

e (12)

1 — i, = 0,356;

Q4B 4T 450 [
('m) ('““) :[9,713?0]:;0,517 e

— 0,517 -

5 aye : 453 .
Ny = 0331-0,640- 20 = 0,211 =
z s 452 .
Ny = 0,211-0,640- 2% = 0,136 = elc.

In this way the accompanying charts have
been computed.

Abscissa is « = 2r — 1, as ordinates have been
put N, N., N, ete. for ¢« = 1, 3, 5 ete.

Approximation Formulae.

We easily find simple approximation formulae
for the number of delayed calls N and the
average delay T.

According to the equations (5') and (9")

N= ;'_‘i‘x fig I ;f ! $1 ﬂ_- o I
ye=o Ty l—4 7T T Hae—y) 7T

x
T 13
S (13)

The equations (6) (9') and (9") furthermore
give

1‘—',\' Hl+| l+j't
T = > — 3R, . =
.ur_l(r b 2y (1—4)
y(2xr + 1)
e l—=x “Fy= l
21 (* —y + y/l)?
v THY !
e (14)

The average delay per delayed call finally is
r 1+4+yx 1

N 2x—y 2«

1 i
s was, as we know (see page 157) the time
which a call was delaved on an average if it
was the only one delaved. With this inferval

as unit we get consequently

T _ 1+y/x

N 1 —y/=
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Working Reliability and Maintenance of the L. M. Ericsson

Automatic Telephone System.
By Anders Lignell, Director of Telephones, Stockholm.

y working reliability of a telephone system

we understand the capacity of the system
to function correctly if properly used by the
subscriber.

In the manual system, this reliability depends
not only on the correct functioning of the tech-
nical plant, but also — and not least — on the
efficiency of the operators, while in the wholly
automatic plant the personal operator is eli-
minated and the reliability depends entirely on
to what extent the technical devices can be
trusted to perform their various functions.

Continuous reliability control is highly im-
portant for satisfactory service, assuming that
the control is arranged to test the whole system
and that the examination includes a sufficient
number of calls to make the control results re-
presentative of the whole traffic.

If that is the case, and if the control is ap-
plied to actual traffic and not to test calls made
by the staff, a clear idea of the real quality of
the service is obtained, as the latter method for
several reasons will not give the desired com-
plete and reliable information regarding the
traffic. Further, provision should be made for
faulty connexions to be locked during the con-
trol and the faults traced and remedied. The
control will then simultaneously act as a general
search for and removal of faults in the plant.

In an automatic system, where a remaining
fault in any organ may disturb a great portion
of the traffic, the importance of this is obvious.
The efficiency of an automatic system is fre-
quently judged by the number of repaired faults
relatively to the number of subscribers or calls.
But the fact that a comparatively small number
of faults are discovered and put right is no
guarantee that no faults remain in the system,
nor that the service is satisfactory. The only
means of ascertaining this is by continuous re-
liability control, which will give an actual picture

of the service efficiency. The traffic control
panels in Stockholm are therefore arranged:

partly for continuous reliability control,
partly ,, tracing faults and assisting the
subscribers (when any director
is occupied too long, or when
there is a fault caused by the
subscriber or by the equipment,
a red lamp is lighted),
individual control, i. e. control
of all traffic on a certain sub-
scriber’s line.

and partly

The accompanying Table I gives the result of
continuous reliability control in 1929 of our old-
est automatic exchange <“Norra Vasa” — a
10 000 line exchange with 7 300 subscribers —
which at the end of 1929 had been working for

6 years.
The “Total” column shows that out of 71629
controlled calls from subscribers — an average

of 5969 month, evenly distributed between all
traffic routes —
93.53 per cent. have been faultless,

3.28 ,, ., of the faults have been caused
by the subsecriber,
002 v = W oW i have been caused

by the operator in
amanualexchange,
have been caused
by the technical
equipment  (sub-
scribers’  stations
or lines, or ex-
change equipment).

0- ] 7 s * L1 e L

Out of the faulls caused by the technical
equipment — 0.17 per cent — the origin of 57,
or 0.08 per cent., have been located; 40 of these,
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TABLE 1.

S witeh - o v er t o w h it e e ontor ol 1l a m p ‘
| ' [ Faultless Faults in techn devices ‘
| Total | Changed Total Total of which

b | faults  faults I d i [ |
» | numb.| ~oho lvacant : = locate in | |
Month | cont No by ¥ Te— Total
ontr.| nut |or cut : Eszazed | Total sub- |lopera Total [ ‘
n reply i . not
| calis “I“Shl off scriber tor own | other line |[station Tolal‘ ed|
| No. ‘ exchange exchanges tra¢ed|tm" i
' | | | |
jan, Dumb.| 5.935| 4719 61 | 389 | 578 | 5747 176 | 1 11 8 | — 1 | — | 4| 7|
lp.cent.] — | 79,80| 1,08 | 6,656 | 9,74 | v6.82| 297 | 0,02 o020 0,08 | — | 002 | — | 007 012 |
bep, |numb | 4246(3381| 29 | 307 | 404 [4nng| 124 — | 8| 2| — | — | — | 2| & |
|p.cent. — | 79,68| o052 | 7,23 | 90,61 | 60| 202 | — | 019 008 | — | — | — | 005 | 014 i
\fch, |pumb.| 5197| 4269| 41 | 267 | 466 | 5043 16| — | 8 2 | — | — | — | 2| & |
p.cent.. — | 82,14 0,80 | 5,18 | 8,97 | 97,04 2,81 — || 015 || 0,04 - — | = 0,04 | 0,11
\pr. |Pumb. 6318 5.246| 38 | 333 | 513 6130 173 2 | 18 6 | — | — | 2 | 8| 5
p.cent. — 83,08 060 | 527 | 8,12 |97,02| 274 0,08 021 o010 — | — | 008 | 0,18/ 0,08
\av. |nUmb. 6333|5245| 34 | 37| 486 6142 177 2 | 12 6 | —  — | 1| 7| 3
" |p.cent — | 82,82| 0,54 | 5,95 | 7,67 | 96,98| 2,80 | 0,08 | 0,19 | 0,09 | — — | 0,02 | 0,11 | 0,08
| | | |
jne. |numb. 5929|4854 38 | 315 | 446 5713 209 — 1] 4| —| —| 2| 8] 1
p.cent. — | 81,87 | 0,64 l 632 | 7,52 | 96,35 8,58 — | o012/ o071 | — | — 0,08 | 0,10 | 0,02
Ity numb.| 6647 5517| 34 | 441 | 415 6407 227 2 | 1 4 | 1 | 2 | — | 71| 4
" lp.cent] — | 82.00| 051 | w68 | 6,34 | 96,88| 5,43 o0.08 ) 0.7 0,00 | o02| 008| — | o011 | 0,06
Aug, |Pumb.| 7.383 5854 55 | 651 | 565 7115 253 | 1 | 14| 1| 3 [ 2 | — | 6 [ 8
p.cent.| — | 79,20 074 | 8,82 | 7,52 | 96,87 8,43 | 0,01 | 0,9 0,01 | 004 | 008 — | 0,08 011
Sept, |Mumb.| 6.022| 4808 28 | 433 | 504 5713 | 289 | — | 10 5 | — | — | — | 5 | 5
lp.cent.] — | 79,84 0,47 | 7,09 | 8,37 | e587) 897 — | 016 008 — | — — | 0.08 | 0,08
Oct, |numb.| 6329|4980 84 | 453 | 574 6091 28| 4 | 6| 2 ‘ —Jall—| &] &
' p.cent. — | 78,68 1,38 | 7,16 | 9,07 | 96,24| 8,60 | 0,06 0,10 008 | — | 002 I — ‘ 0,06 | 0,06
Nov, |Mumb. 6454 5201| 76 | 420 | 521 6218 295| — 1 4| 1 | — | — | 5| &
\p.cent.| — | 80,88| 1,18 | 6,561 | 8,07 || 06,84 3,49 | — | 0,17 006 0,02 | — == 0,08 | 0,09
Dec, |mumb. 4836 3909 53 | 288 | 403 4658 172 1 10 1| — | 1 | — | 2| 8
lp.cent. — | 80,88] 1,0 | 5,05 | 8,88 9621 8,56 | 002 021 o002 — | 002! — | 004 ]| 017
| Total number 71.629 [57.983 564 |4.734 [5.865 69.146/2349 | 13 121 40 | 5 | 7 | 5 | 57T | &4
i !p.cenl.__ — ‘ 80,95 | 0,78 | 6,61 | 8,19 | 96,68 | 8,28 | 0,02 | 0,17 | 0,056 l 0,01 | 0,01 | 0,01 | o,u8 | 0,08

or 0.05 per cent., have been located in the auto- percentages during each of the several months,
matic system, and 17, or 0.03 per cent, in other = which proves that the reliability has been fairly
exchanges, direct lines, or subscribers’ stations.  constant throughout the year.

If we assume that the same percentage of the The average of the faults committed by sub-
64 not located causes of faults can be referred  scribers during the year is 3.28 per cent.
to equipment outside the automatic plant, which This high percentage is explained by the fact

is a safe assumption, as it is considerably more  that the change to the automatic system in the

difficult to locate faults outside the exchange  whole telephone area has not yet proceeded far

than inside it, only 0.107 per cent. of the causes  encugh for the majority of the subscribers to

of faults can be blamed on the automatic equip-  become familiar with the proper way of dialling,

ment. and by faulty memorizing by the calling party
The Table also shows very nearly the same  when translating the manual numbers.
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TABLE 11,
S w it eh 0O VvV e r t o w h it e ¢c on tr ol l a m p
| Faultless Faults in techn. devices
Total B ¢ | Total Total ol which
hanged | | taults faults = ; —
| numb. . lvacant | located in
Month | Calls No | by by = aks
I col::r.; put |or cut r;pl\‘ (g Total o pe}a- Total | T “‘:'
ca | ¥ | - o
g throagh | Off | ! scriber tor i -Oth“; line station Total | ®
| | No. | I exchange exchanges traced traced
| . |
Jan, |mumb. 4917| 4019| 57 | 306 | 426 4808 105 — 4 2 1 | — | — -3 1
p.cent. — 81,?4| 1,16 | 6,22 | 8,86 97,78| 2,14 | — 0,08 | 0,04 | 0,02 | — — 0,06 | 0,02
Fep, [umb. 4908) 4073) 27 | 263 | %99 4761 M1 — 6 3  — | — | — |3 |3
p.cent. — | 82,97| 0,65 5,86 | 8,18 97,01 2,87 — 0,12 0,06 — — - 0,06 | 0,08
Total number| 9.825 |__8:_091 84 | 569 | 825 9569 246 — | 10 ' B 1 — |___ $ 4
__lp.eent,i T_I_n,ss 0,86 | 5,79 | 8,40 97,40 250 — | o020 0,05 o001 | — 1 - 0,06 | 0,04

The results of the control during January and
February 1930 are shown in Table II below.

It will be noted out of 9825 controlled calls
— 4900 per month —
97.40 per cent. have been faultless,

250 ,, .,  of the faults have been caused
by the subscriber,

010 ,, oo have been caused
by the technical
equipment.

Out of the faults caused by the technical equip-
ment — 0.10 per cent., of 9 825 controlled calls
— the causes in 5 instances — 0.05 per cent. —
have been located in the automatic system, in
1 instance — 0.01 per cent. — in a manual ex-
change, and in 4 instances — 0.04 per cent. —
time has been too short for the cause to be lo-
cated. A maximum of 0.09 per cent of the faults
can thus be charged to the automatic system,
but this figure is too high, as some of the 4 un-
located faults certainly should be referred to
causes outside the automatic plant. Losses from
insufficient exchange facilities do not occur in
the L. M. Ericsson system, as any such lack will
only prolong the time for obtaining a connexion.

The control may therefore be said to have
given the automatic system an excellent charac-
ter for reliability.

Faults caused by the calling party are also
reduced from 3.28 to 2.50 per cent.

The results of the control designed to assist

— 203

subseribers and simultaneously to trace faults if
required are shown in the attached Table III.
The red lamp is lit immediately if the caller
dials a combination which is not on the selector
register, and after 24 seconds if the director is
held too long (handset removed from the cradle
rest), if an insufficient number of figures are
dialled, or if there is a technical fault.
During the year 19736 calls on red lamps
have been examined. In 19 361 of these, or 98.1
per cent., the fault has been the subscriber’s, who
has then received assistance and requisite ad-
vice. Out of the 375 remaining instances, or 1.9
per cent. of these red lamp signals,
149 have been faults in own exchange,

3t » » » other exchanges,
- = Y- - - »» subscribers’ lines, and
20 = » .» subscribers’ stations, a

223

which have been traced and remedied, while
time has not allowed 152 of the faults to be
traced. 189 causes of faults in the automatic
system (40 by continuous control and 149
through red lamp signals) have thus been re-
moved by the control, which is 35 per cent. of
all faults remedied in the automatic system dur-
ing the year. The importance of this control for
the working reliability of the exchange is obvious.

Regarding maintenance costs, it might be men-
tioned that in the Kungsholmen automatic Ex-
change, opened in June 1928 and equipped for
15000 subscribers with an average of 10640

total of faults



TABLE III.

| ‘ S it e h o VvV e T t o r e d c ontr ol Il a m p
| | . e
! Total | | F a u 1 t i n t e ¢ h n d e v i ¢ e s
| b - — S
| number of | ‘ o i w ke &
| contr. calls | : —
| onred | Month | l o c ate d i n Total ‘ Total
| contr. lamps | | | not
| own other . line station Total g
exchange | exchanges | traced |
= | r
' 1560 | Jan, | DumBer 9__ . L __ 2 L S A S
| | | p. cent. | 75,0 — | 8,8 16,7 100,0 | |
| |
| 1284 | Feb, | Rumber 18 2 |2 _1 20 20 ‘ 40
’ | p. cent. | 75,0 10,0 | 10,0 5.0 100,0 | |
! ' 9 2 — g 5 7 |
1245 | Mch. number | 1¢ 1 2 B 22 15 T |
| p. cent. 86.4 4.5 9,1 = 100,0
- |
| 9 %
‘ 1.571 ‘ Apr. | e ! 14 | 8 1 2 | % | 18 | 43
| p. cent. | 56,0 | 82,0 4,0 8.0 100.0
1456 | May. | number | 14 ) 4 — 2 20 17 37
| p. cent. | 70,0 20,0 —_ 10,0 100,0
| & — [ 4 | 9,
979 i Jiie ‘ number | 12 1 2 15 i 9 24
| | p. cent | 80,0 — 6,7 13,8 100,0
| |
| —_— 1 — . 8 1
1.180 ! dy w6 L % | - 8 | 7 15
| p. cent, | 62,5 | 87,5 | g | —_ 100,0
| |
.4 ‘ . | number | 19 5 | 4 | - 28 6 | 44
p cent. A7,9 17.8 | 14,8 | — 100,0
oop | sepr, |nember | 8 | 2 | 1 | o 8 | 10 | 18
[ p. cent. | R7.5 25,0 | 12,56 | 25,0 100,0 |
| . | &
1917 | Oct, | mumber | 14 | 2 | 2 e 18 n_ |
I | p. cent. | 17,8 | 1,1 | 11,1 — 100.0 |
2353 | Nov. ‘ number | L - 2 l 6 |_ 31 B9 . l = 32
| | p. cent. £0.0 R0 | 24.0 | 28.0 1000 |
1856 ‘ Dee. ‘ number | 15 | 2 | 3 ! 2 ) 22 | 5 2|
| p. cent. 68,2 | 9,1 | 12,6 | 9,1 10,0 | !
Total 19.736 | i 149 31 23 20 223 152 375

connected lines during 1929, the year’s main-
tenance -costs have been Kr. 4:02 per subscriber.

This cost includes all work and material,
cleaning of premises and equipment, also cost of
night attendance as well as staff holidays and
sick leave. The maintenance staff has consisted
of nine male repairers, 6 of whom are detailed
to the selector rooms and 3 to the cross-connexion
field and the faults department, and two female
assistants. '

The average traffic is 6 calls per day and
subseriber, and 0.7 calls per subscriber in The
Busy Hour.

The third kind of control — individual control
— is used for faultfinding subscribers, and is
essential to facilitate the straightening out of
complaints regarding recording of calls or the
service generally, which cannot be satisfactorily
checked in any other way.

April 15th 1930.
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Lead Covered Rubber Cable Installations.

By Einar Olsson.

he jubilee celebrated in 1929 in memory of

the invention by Edison of the incandescent
electric lamp was at the same time a jubilee of
the popular use of electricity. It is true that
electricity had been utilized as a source of light
quite a number of years before, but it was not
until the invention of the handy little Edison
glow lamp that electric light became a domestic
source of light. By this invention electricity be-
came by and by the property of everybody which
at present we can consider it to be.

During the first decades of this development
electricity was, however, to costly a merchandise
for the ordinary man. It is true that electicity
generation plants were erected in a great num-
ber of cities, but owing to the high costs only
prominent dwelling-houses, hotels and public
buildings were provided with electric light.

For industrial purposes electric light came into
use at rather an early date, since it had been
found out that the output of labour increased
with improved illumination. '

In the solid dwelling-houses and other tech-
nically comparable places where the first in-
stallations of electric light were introduced, the
installation conditions were rather favourable
and in addition the voltage applied amounted as
a rule only to 110 volts. The strain on the in-
stallation material was therefore unimportant
and as a natural consequence hereof the material
was, in many respects, of rather a frail construc-
tion.

It took so long a time before electric light had
become in a proper sense generally spread that a
tradition, rather deeply rooted, as to the con-
struction of electrical installations had had time
to develop before that. Unfortunately, this tra-
dition was not based on profound studies of the
problem but was sooner the result of experience
gained in the working places. The manufac-
turers themselves did not pay much attention to

the installation problem and the specific instal-
lation material was constructed chiefly from the
point of view of cheapness. This point of view
became more and more prominent in the course
of time, and a considerable portion of the instal-
lation material sold during the years 1910—1920
was appreciably inferior to the material in the
market during the previous ten years.

When electricity came into use in industrial
places it became necessary to undertake a num-
ber of reconstructions and it was now that the
heavy armoured conduit material and the single-
core conductor installations were wrought out.
However, both these systems suffered from cer-
tain deficiencies, but as long as electricity was
used chiefly in thickly settled communities or in
industries having installers of their own, the
difficulties due to unsuitable construction of the
installation material were fairly well overcome.
That no vigourous measures were taken, may be
explained by the fact that electricity was so new
that those busy in this sphere knew nothing else
but that it should be troublesome. Besides, the
introduction of electric light always involved so
great an improvement that the difficulties en-
countered now and then were not considered to
be of any great importance.

The difficulties began in earnest when, with
the invention of the three phase alternating cur-
rent, it became possible to distribute electricity
also in rural areas. To this contributed as
well that the local conditions in the offices of a
farm are of such a kind as to expose the instal-
lation material to very hard stress of chemical,
electrical and mechanical nature.

In Sweden the electrification fever in the
rural districts during the time of the world-war
disclosed in sharp colours illuminated by fires
and marked by deaths and accidents the defects
cf the materials used, and forced on the recon-
struction work which finally resulted in the lead
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Light installation with lead covered rubber cable material in
cow-stables,

covered rubber cable system coming every day
more and more into use.

It was in the first place the fire-insurance
companies who drew the attention of the manu-
facturers and other technicians to the sub-
jeet, and an intensive work commenced with a
view to repair the deficiencies. Now the instal-
lation problem was studied in detail
for the first time, and soon enough it
became evident that the accidents oc-
curred could not very well be regard-
ed as the result of the concurrence
of a number of unlucky circumstances
but that rather a combination of
lucky circumstances was required in
order that no accidents should hap-
pen. In other words, the installation
material unsuitable and
the installation methods did not give
safe results.

If we make a short technical re-

used was

view of the way in which older in-
stallation svstems, single wire con-
ductors on poreelain insulators and
installations, act

armoured conduit

—

i
N
—

against stress of different nature, we obtain the
proofs of the unsuitability of these systems.

It is perfectly clear that the mechanical
strength of an installation with thin single con-
ductors on porcelain insulators is very im-
perfect. The insulators situated at a distance
from one another of about one meter give a bad
hold to the wires which are easily torn away.
The insulators themselves are easily broken
which also applies to the fittings and the swit-
ches. From an electrical point of view the
strength of a plant is measured by its insulation,
that is, its resistance to earth, and experience
has shown that this insulation is, in the case of
single conductor installations, to a high degree
depending on the humidity in the place. If the
insulation measurements are executed in winter-
time when the localities are warm and damp it
is often impossible to obtain any measurable
value by the aid of an ordinary insulation measu-
ring instrument. One is therefore quite justi-
fied in saying that in the case of single conduc-
tor installations a more or less strong leakage of
electricity always takes place in damp places.
This circumstance is also reflected in the pre-
scriptions, where no definite value of insulation
is stipulated for single conductor installations.
It is, above all, the joints insulated by hand
which cause the bad insulation. Such a joint
insulated with rubber and insulation tape ex-
cludes the moisture as long as the tapes are new,
but as soon as the rubber and the tapes have
dried they absorbe moisture. Since the whole

Husum sulphate mill, entirely equipped with lead covered rubber cable.
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Husum sulphate mill, hall of paper machines.

braiding of the conductor is generally soaked
with moisture the outer part of the conductor
becomes alive, electricity leaks out and there is
danger of life present.

Most of those who have been working in places
where the electrical installations are executed by
means of single-core conductors know well
enough how easy it is to get a “shock” from the
conductors.

It is those leak currents which make a single
conductor plant so little resistant from a chemi-
cal point of view. As an example may be men-
tioned a single conductor installation mounted
on the damp hay-loft above a horse-stable. This
installation had been in service only
a few months, but during this period
the wires had worn off a couple of
times, and from this reason been so
heated that they had broken. Glow-
ing particles had fallen down into
the hay stored on the loft. The heavy
moisture on the loft had come from
some ventilation ducts leading from
the stable to the loft. Thanks to this
moisture the conductors were de-
stroyed but at the same time the hay
became so damp that it was not set
on fire by the glowing pieces of con-
ductors falling down into it.

It is to the electrolysis alwavs oc-
curring in damp places that the de-
struction of material is due. Electro-

————— .

lysis always presents itself where two
metals of different nature are con-
nected with one another by means of
a fluid acting as electrolyte. This is
generally the case with all the water
of condensation in a damp locality,
which absorbes or dissolves in it a
number of corrosive gasses.

From what has been said above we
obtain the following conditions for
installations in damp places; firstly,
that all live parts should be hermetic-
ally enclosed in an effective manner,
secondly, that all combination of dif-
ferent metals should be avoided or,
where this is not possible, that the
metals should be well insulated from
one another.

An armoured conduit installation
is mechanically strong as far as concerns the
conductors placed in the conduit. On the other
hand the fittings are more fragile. This obtains
especially with regard to rigid tube pendants.
The ordinary armoured conduit consists as a
rule of rather thin stuff and this applies also
to the conduit boxes. A piece of tube screwed
into the cover of a box and thus rigidly fixed
is easily broken even in the case of a relatively
small stress at the lower end of the tube where
the fittings are.

From electrical standpoint an armoured con-
duit installation is solid as long as the tempera-
ture is the same all over the various parts of

Lead covered rubber cable installation in cow-stables,
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the tube system. Since this, however, is never
the case the electric strength is generally rather
problematic. The prescriptions reguire an in-
sulaticn of at least 220.000 ohms between any
two successive fuses or for each group of lamps,
and as long as the installation does really show
this insulation it is also reliable. But rather
little is required to lower the insulation so much
that danger arises. The worst enemy of tube
installations is condensation of moisture within
the tubes. There are still people who believe
that an armoured tube installation is a closed
system, and it is possible to so construct an in-
stallation of this kind that it becomes hermeti-
cally closed. This is done by sectionalizing the
system into a number of small parts by means
of filling in compound and by making tight all
the tube joints by the aid of tow prepared with
read lead. However, if only a rubber packing
in a conduit box is dried, or the sealing of a
switch becomes untight, this is enough to give
the external air free access to the tube system.
As a rule the external air is supposed to have
access to the tubes and it is endeavoured to re-
duce by drainage the risks thereby involved.
Condensation of moisture in the tubes always
takes place when the tube passes from a hot
room to a colder one. As soon as the humidity
of the air exceeds the point of saturation corre-
sponding to the existing temperature, part of
it comes out in the form of water of conden-
sation. This water of condensation attacks the
insulation of the conductors and makes the
braiding rot away on the wires and the tubes
rust internally. Current leakage takes place as
well at joints dried through in the junction boxes
as at points where the insulation is damaged.

Most of the fires caused by electricity are due
to defective tube installations.

The result obtained from researches as to the
numerous accidents in the rural areas was dis-
heartening, and it became clear to all parties
concerned that the installation problem ought to
be considered in full if a lasting result was to be
expected.

Upon the application of a number of persons
interested in this question the Sieverts Kabelverk
took up the problem in 1922. CQuite naturally
it was in the first place the conductors which
were made the object of the interest of the fac-

tory, and by utilizing the experience gained

Fig. 1. Lead covered rubber cables:
Bare cable
Unarmoured cable
Armoured cable

frem the manufacture of lead cables, the con-
struction of lead covered rubber cables shown
in figure 1 came out as the result of a number
of experiments. This cable consists of tinned
copper conductors insulated by means of wvul-
canized rubber. In the case of multi-core cables
two or more such conductors are twisted to-
gether and further insulated with vulcanized
rubber so that a circular cross section is ob-
tained. A lead sheath is pressed around the
rubber and the bare lead covered rubber cable
shown at the top of figure 1 is finished. Con-
ductors of this kind with uncovered metal sheath
may only be utilized in places where they are
protected from both chemical and mechanical
injury. The lead sheath of the ecable shown in
the middle of figure 1 is protected from chemical
action by means of a serving of asphalt com-
pound over which are wrapped several carefully
impregnated cellulose tapes. Outermost is placed
a braiding, likewise impregnated. Conductors
of this construction can be installed anywhere
where they are not exposed to serious mecha-
nical injury. The third cable shown in figure 1
is the armoured lead covered rubber cable that
has been most in use up to now. It has prooved
to bear exceedingly well any kind of strain of
mechanical as well as of chemical and electrical
nature. The armouring consists of two lead-
plated and asphalted iron tapes.

The outer braiding of the lead covered rubber
cable is impregnated either with a kind of as-
phalt compound or with red lead and linseed-
oil. The first-mentioned impregnation is more
resistant from the chemical point of view and it
should be employed in all places where it is not
desired to have the cable painted in other than
black colour. But where that is the case the red
lead impregnation is used. Places in which the
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red lead impregnated cable is not resistant are
those where the reaction of the condensed hu-
midity is basiec.
grease which is easily changed into soap and
washed away when attacked by basic solutions.
As an example of places where the red lead im-
pregnation should not be employed may be men-
tioned cattle-stables of any kind and laundries.

To secure a reliable installation it is not
sufficient to possess excellent conducting ma-
terials but it is also necessary that fittings and
switching devices should be just as reliable. To
solve this problem was thus the next step in the
work. As mentioned before the investigation of
the older installation systems had clearly mani-

For linseed-oil is an organic.

Fig. 2. Complete lamp fitting with switch and shade.

fested that in order to obtain a resistant instal-
lation in damp places all live parts ought to be
hermetically enclosed. This was also made a
condition not to be dispensed with when working
out the constructions. Simplicity of con-
struction and resistance against all kinds of
strains were also requirements which it was en-
deavoured to fulfil as far as possible. The result
is indicated in figure 2 showing a complete lamp
fitting with conduit box, switch and lamp holder
with protective globe and shade.

The junction box is made of lead-plated iron
plate, japanned cast iron, or bakelite. In the
metal boxes there is a connecting block of bake-
lite carrying two, three or four connection
sockets. The connections are performed by
looping the conductors around the sockets and
fixing them with nuts. The switch is connected
to the junction box by plugging three contact

plugs on its upper side into the sockets of the
connecting block.

The switch is a press button switch man-
oeuvred by means of an external and an internal
lever arm, both joined to a shaft placed in a
special bearing. The cover of the switch and its
inner conducting parts are made entirely of
bakelite. On the off side of the switch, counted
from the junction box, there are two sockets for
the connection of the lamp holder.

To the external manoeuvre arm of the switch
is fixed a strap equipped at its other end with a
pulling ring. This pulling strap can if necessary
be led through a guide pulley or through glass
rings to the place from where it is desired to
handle the switch. It is, however, preferable to
have the plant arranged in such a way that this
procedure is not necessary.

The lamp holder is also of bakelite, and by
means of contact plugs it is either, like the
switch, directly connected to contact sockets in
the junction box or to a switch fixed to the
junction box. The lamp socket is provided with
normal Edison thread but this thread is not con-
ducting. Contact with the lamp is effected by
means of a spring contact and of an elastic ring.
Contact is not made until the lamp is almost en-
tirely screwed into the socket. Neither the lamp
holder nor the switch are provided with any
screwing devices, but are both held fast to the
junction box by means of screws from the
holding ring fixing the glass globe to the lamp-
holder. Between the different parts of the fit-
tings are inserted packings of first-rate rubber.
Thanks to the broad and even surfaces between
the various parts the stress on these packings is
not hard and their life-time is therefore con-
siderable.

The holding ring also holds in place the shades
belonging to the fittings. If necessary a prolec-
tive guard may be screwed to the holding ring.

The protective globe consists either of ordi-
nary transparent glass or of glass with opale-
scent casing. The former construction is used
in rooms where no very accurate work is to be
carried out and the latter in places where the
lamp glare may be dangerous or diminish the
labour output.

The reflectors of the fittings are of two kinds.
One shades the light so as to produce a light
cone with a top angle of 1207 whereas the other
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Fig. 3. Connector with rubber-lead packing.

one gives a light cone with a top angle of 1807,
that is, the light is shaded in such a way that
the upper limiting surface becomes a plane going
through the Iuminous body of the lamp. The
reflectors are coded according to the top angle
of the light and are called 120° and 180° reflec-
tors respectively. The first-mentioned one is
more economic and should be preferred in rooms
the height of which exceeds 3.5 meters.

The most important detail of the construction
is the jointing at the point where the conductor
enters the junction box, and much construction
and experimental work has been devoted to this
work that finally resulted in the lead
covered rubber joint shown in figure 3. It con-
sists of a rubber bushing both ends of which are
covered with lead. Fig. 3 shows how the closing
up of the joint is carried out. When the packing
is compressed a metallic connection between the

detail, a

lead sheath and the junction boxes is obtained

at the same time as the joint is tightened. The

Fig. 4. Junction box with three outlets.

lead sleeving on the rubber packing is hard pres-
sed to both the lead sheath and the metal socket
of the box. At the same time as the lead grounds

the metal sheath of the conductor it protects the

Fig. 5. Complete lamp fitting without switch but with 1807 reflector.

rubber from attacks of the air, which prevents,
if not entirely, vet to a high degree, the rubber
from aging. Experience gained from delivered
shown that the rubber in

packings being in service since more than 6 vears

installations has

is still just as soft and elastic as it was when
installed.

The parts described above, viz. junction box,
switch and lamp holder with protecting guard
and reflectors can be combined in many different
“'ii}'S.

If a box is equipped with a cover as indicated
in figure 4 we obtain a connection- or junction
box. There are junction boxes with one, two,
three, four or five outlets,
blocks there are three
kinds, viz. blocks
with two, three and
four connecting sock-
ets. By
these two

and of connection

combining
parts we
can obtain 15 differ-
ent junction boxes.
If in addition the
packings are
varied an almost in-
finite number of com-
binations is obtained

also

which should be able
to satisfy almost any
imaginable require-
ments. In the boxes

one-, two-, three-, and

four core conductors
Fig. 6. Pendant witl
covered rubber condu

up to 6 mm* can be
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Armour wires folded
over an iron ring

Connecting cover for pendant with lead covered rubber

Fig. 7.
conductors.

connected. For the connecting in of conductors
thicker than 4<6 mm* other boxes with bigger
connectors are used.

To each one of the abovementioned types of
junction boxes can be screwed a lamp holder
with or without reflector. In figure 5 is shown
a combination of junction box, lamp holder with
protective glass and 180° reflector. By fitting
the switch in between, further combinations are
obtained.

To complete the system a pendant construction
has been worked out. This pendant shown in
figure 6 consists at the top of an ordinary
junction box covered by a pendant cover of the
construction indicated in figure 7. To this cover
belongs a connector differring from the one
described in the preceeding only by its somewhat
greater length. In the pendant cover there is
further a bakelite block carryving connecting pins
in the case of the upper cover, and connecting
sockets in the case of the lower cover, which is
otherwise almost identical with the upper one.
The pendant cable is armoured with iron wire
and from figure 7 is seen how the connection is
brought about. The armouring wires are bent
around a ring which is placed between the
packing and the screwing sleeve with a washer
on each side. When the screwing sleeve is pulled
tight the mechanical fastening of the armouring
wires is brought about as well as the closing up
of the joint and the grounding. At the bottom
is fitted a lamp holder which can be equipped
with reflectors or protective guards as wanted. If
a switch is to be provided for such a pendant it
should be mounted between the upper pendant
cover and the junction box.

Pendants always have some advantages over
rigidly mounted fittings. So, for instance, the
lamps last longer because they are less exposed

Greso

Porcelain

Fig. 8. Junction box for connecting lead covered rubber cable to
single core conductor.

to vibrations. In addition, when using pendants
it is easier to place the source of light at the
point where it gives the best effect. The most
important advantage is, however, that this kind
of fitting is not by far so much exposed to che-
mical action. The walls of a room are generally
colder than the air in the room, and the risk of
condensation is at highest along these. It may
be true that the absolute percentage of humidity
in the air close by a pendant fitting at a distance
of one meter from the ceiling, is the same as in
the air near the ceiling, but since no cooling
down takes place no condensation of water can
oceur on the fitting. It is therefore often
possible to employ pendants without protective
globes even in relatively damp places. In such
cases lamps up to 200 watts can be used for the
fitting shown in figure 6.

To the system belong further devices for her-
metical enclosing of lamps up to 200 watts. It
does not pay to close in lamps of bigger size
hermetically since the costs of the cooling
arrangements required will be too high. As is
known the life-time of a lamp is much reduced
if it is not kept well cooled.

When reconstructing older installations con-
structed with single core conductors, it is often
necessary to have the possibility of combining
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Fig. 9. Simplified fitting for rubber-lead conductors.
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in an easy way this system with the lead covered
rubber cable system. For this purpose are used
junction boxes with connectors for single core
conductors as shown in figure 8. This figure
shows a so-called Y-box to which two single
core conductors are joined. The connectors for
these conductors consist of a porcelain bushing
and a rubber ring. In other respects it is iden-
tical to the box shown in figure 3. The rubber
bushing shall close tightly to the rubber insula-
tion which necessitates the removal of the
braiding.

If the rubber-lead conducting material is to
be joined to an armoured tube installation this
is done simply by screwing the tube directly or
via a reduction nipple into the junction box, the
thread in the conductor inlet being of the nor-
mal size for the standard 19.2 mm armoured
conduit (OP-tube).

In places which are not damp a simplified
form of fitting as shown in figure 9 may be em-
ployed. It consists of a standard table lamp
holder mounted in a junction box. The box is
then covered with a protective globe and the
closed fitting thus formed can be equipped with
protective guards and shades of various kinds.

In dry places even if there is danger of fire
these fittings are as reliable as those of the more
expensive construction deseribed previously.
They are fire-proof only as long as the protec-
tive globe is unbroken, and this holds true of
both constructions. In a damp room the simpli-
fied fitting is reliable as long as the protective

Fig. 10. Supporting board with cable clip.

globe is unbroken but if the globe is broken —
an eventuality always to be reckoned with —
the cable will easily be destroyed when the damp
air gets access to the cable ends in the box. This
danger does not exist in dry rooms where the
simplified fitting therefore be advan-
tageously utilized.

In order that the advantages of the rubber-
lead conducting system shall be fully acknow-

may

ledged it is necessary to have it installed in a
satisfactory way both technically and econo-
mically. It has already been pointed out that
the worst enemy of this material in damp places
is electrolysis which should therefore be neutra-
lized to the greatest possible extent. This is
done by means of insulation. The fittings and
conductors are insulated from the wall or the
ceiling by being mounted on a board impreg-
nated with some good wood-impregnating stuff.
This board is mounted at some distance from
the wall boarding. The distance varies between

Cement filling - e

Lead pipe

Cable -
Leaded nail !
Supporting block

Pt

- Wooden plug

+ Leaded wood-screw

.. Wooden cable-holder
 Impregnated board

Fig. 11. Wall inlet with supporting cleats.

10 and 50 mm according to the proportion of
humidity in the place where the installation is
carried out. On this board (see fig. 10) the con-
ductors are mounted with double clips of im-
pregnated wood or porcelain. The latter ma-
terial is better but somewhat more expensive.
The fittings and the clips are fastened by means
of galvanized screws and the supporting boards
by means of galvanized nails.

Within breweries the use of supporting wooden
boards is not desired. The fact is that the wood
can get mouldy, and mould is one of the worst
things met with in a brewery where only such
fungi are desired as are necessary for the fer-
mentation of the beer. The conductors are
therefore fastened immediately to the wall, to
the ceiling, or to the iron framework with porce-
lain clips.

In slightly damp places the supporting board
can be dispensed with and cables and fittings
be installed in the same way as in breweries.
But in this case wood clips can be used without
any risk.

In dry places the cable is installed in the same
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The switch to
be connected to
these two jacks

=]

No-voll wire —

Fig. 12. Junction box for swilch.
way as an ordinary conductor in a soft metal
tube (kuhlo-conductor) with a sheath of leaded
or galvanized iron. But very often it is more
convenient to make use of a supporting board.
So for instance the installation will be easier and
cheaper if a supporting board is used in the case

.

Store building etc.

300-volt substation
Transformer 500/220 volt
220-volt substation

cable. These cleats should have such dimensions
that the bend of the cable does not exceed the
one corresponding to a bending radius of five
times the diameter of the cable.

Ceiling inlets are carried out in the same way
with the only difference that the cable should
be equipped with a mechanical guard up to a
height of 1.5 m above the upper surface of the
framework. This guard can consist either ot
an iron tube fixed to the cable with compound
or of a properly adapted wood duct.

When peeling the cable great care should be
taken that the lead sheath is not damaged and
also that it is well cleaned up at the point en-
compassed by the packing. This is necessary to

underground cable

Incoming
4X16

House

| Stables and cow house

where the conductors are to be mounted under-
neath a concrete framework across the beams.
Wall and ceiling inlets should be handled very
carefully. The cable is here specially protected
by means of a tube fastened to it with compund,
before installing. The tube should be long
enough to protrude at least 10 mm outside the
wall, and the space between the tube and the
wall should be carefully tightened, in a wooden
wall with tow and oakum, in a stone wall with
concrete or plaster. Figure 11 shows a wall in-
let with a lead tube fastened to the cable. In
the same figure is also shown how supporting
cleats should be applied at outward bends of the

to pig sties

Fig. 13. Electrical installation project for big farm.

obtain an effective contact between the lead
sheath and the junction box.

Figure 12 shows the connections in a junction
box intended for a switch. The connecting block
in a box of this kind must be equipped with
three connection sockets in order to permit the
outgoing conductor to be connected either be-
fore or behind the switch. The connecting
socket in the middle is surounded by a red ring
and to this one the neutral wire should be
joined. One of the conductors in the cable is
red coloured and by joining it to the neutral at
the distribution point and to the red sockets of
all the junction boxes the correct connection is
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obtained. On installation the lamp holder will
be automatically connected to the middle con-
nection socket, and this whether a switch is
mounted in between or not. The connections in
the box are so arranged that the switch as well
as the lamp holder can be joined to the junction
box in one way only. This kind of connection
thus eliminates every possibility of confusion.
If the connections in the junction box are

To derive full advantage of the rubber-lead
cable system it is necessary to plan the instal-
lations correctly with application of all the possi-
bilities of combination offered by the system.
This can be illustrated in the best and simplest
way by an example. Figure 13 indicates a big
farm the offices of which are in part built to-
gether. The current is three phase alternating
current of 500 volts. From the aerial line passing

AsLn-3 LI Ran.3 |iesnd T
* - *- * T I
TEN3
AILX-3
¥
e A Ta
” L2 7
o3
R - " rea-J
3
.,k . 3L -2 )H_J TILty
Asicy (A |[raiae s T3ent 3 Ao I ¥
ﬂ*{:’r‘.’ J{x-.—l‘
o H o o 20 30 éCme
_____ - —

Fig. 14. Light installation in the offices of a big farm.

carried out in the way shown in figure 12 the
switch will serve not only the lamp holder moun-
ted directly on the switch but all the lamps be-
hind it as well. If, on the other hand, the out-
going conductors are connected to the same
sockets as the incoming conductors the lamps
lying behind will be entirely independent of the
switch. If the outgoing conductor is a three-
core conductor some of the subsequent lamps
may be manoeuvred by means of the switch
fixed to the junction box and others be left in-
dependent of it.

The junction boxes can of course be utilized
for one or more junctions at the same time as
they hold the switch and the lamp holder. The
junctions can be connected before or behind the
switch.

by the farm an underground cable has been laid
to a small transformer station erected in the
vard between the buildings. From this trans-
former station underground cables go to all the
buildings. For power purposes current of 500
volts is used but for the illumination there is a
transformer 500/220 volts. The lighting con-
ductors to the various buildings also consist of
underground cables. In this way all live bare
parts on the ground of the farm are avoided and
at the same time the best possible reliability of
service is secured.

Figure 14 shows the light plant in the offices.
It consists entirely of lead covered rubber cable.
Since it is important from the point of view of
saving current and with respect to the risk of
fire that the conductors in the buildings should
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not be alive any longer than is absolutely ne-
cessary, every group of lamps is equipped with
an outdoor group switch which also lights an
outdoor lamp. By looking out into the farm-
vard the owner can therefore immediately see
whether the conductors within the buildings are
alive or not. All the swiltches appartaining to the
plant are placed near the lamps. Thus all spe-
cial switch conductors with the dangers they
involve and the
number of junction boxes is reduced.

are avoided, simultaneously

Y~

The question of costs is often decisive for the
of
system is generally preferred.

choice installation The cheapest
But even

the old paradox applies that "he who pays dear

system.
here
buys cheap”™. It is not the initial material costs
and the installation costs that should be com-
pared to one another, but it is the sum of amor-
tization and maintenance costs that gives the
real comparative values.

Figure 15 shows graphically the costs of in-
stalled conductors for three installation systems,

Sec- c o et wirir
Material used tion Cost, kronor per 10 met wiring
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Fig. 15. Graphical table indicating installation costs

installation hesitates

whether to install a junction box or to put in

If in planning an one
a few meters more of cable it may be mentioned,
by way of information, that the installation costs
for a junction box correspond to that of five
meters of cable. Thus, if it is possible to save
more than five meters of cable it will be cheaper
to install an additional junetion box but in other
cases nol.

As is obvious from figure 14 the length per
lamp of the conductors is relatively small in the
case of a well planned installation. Since the
reliability is always depending upon the number
of junction points and the length of the con-
ductoers, the rubber-lead conductor svstem offers,
in this respeet as well, important advantages

over clder installation systems.

with different conductor systems.
viz,, single-core conductors on insulators for
damp places, armoured conduit system and lead
covered rubber cable installations. the
table is seen that the difference between the
costs of installation of the conductors is rather
small for the three systems. The rubber-lead
conductor is somewhat cheaper than the single-
core conductor but somewhat more expensive
than the armoured conduit.

From

This is made still
clearer by figure 16 showing a table of the costs
of construction for number of
with

a installations.

Compared the single core conductor the
rubber-lead conductor system is cheaper through-
out, but it is somewhal more expensive than

armoured conduit installations. The table shows

the two cases is 5

if

that this additional cost in

and 9 per cent respectively. However, we
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' Total 2.361. — 2,092, — Abt, —11

Fig. 16. Examples of cable costs for a number of installations.

’ l.ighl installation Costs in Sw. Crowns for complete light installation. I

- - o l o “r'ilh_'ul. ]:‘_"l_ With lead | Difference in per n'llti

at | - rubber cable rubber cable | When using lead |

Farm of 250 acres... "I Horse, cow and pig stables........ 436, — | 462. — ! Abt, 4+ 6 |
s » 250 » .| Granary and store buildings ...... 263, — 321. — » + 99
[ > » 9 » | Horse, cow and pig stables........ 358, — 384, — » + 9
| » » 45 » ... Granary and store buildings ...... 282 = | 276, — » + 24
Dairy building ...... | Dairy localities .................. 692, — ! 837, — » + 21

Paper mill .......... Hall of beating machines &c. Ist & |

Dbt DOOF oo smemes e i ienas | 1.328. — | 1.743. — » + 31

| Total |  3.294. — | 4023 — Abt, +22 |

Fig. 17. Total installation costs for installations

compare the sums for the various systems it
will be seen that the rubber-lead conduclor
system in the cases given is cheaper by 11 per
cent on the average.

In the case of a complete installation the
rubber-lead system will, on the contrary, gene-
rally be higher in price, and the examples given
in figure 17 show an average additional cost of
22 per cent. This additional cost falls entirely
on the fittings. The fittings are constructed to
comply wilh requirements quite other and more
rigorous than does the ordinary installation ma-
terial and their price must therefore be higher.
In order to reply to the question whether it will
pay to install this more expensive material it is
necessary to know the relative life-time of the
various systems. Unfortunately it is not yet
possible to answer to this guestion in full, but
experience has furnished certain figures which
may be guiding. In the case, for instance, of a
very complicated installation where the single-
core conductor system had to be replaced every
three months the rubber-lead conductor instal-
lation was still after six vears in a satisfactory
shape. The construction of the system excludes
any condensation whatever in the conducling
cables and if it should occur in the fittings they
ought to have been exceptionally badly moun-
ted. The fact that all live parts are hermetically

indicated in figure 15.

enclosed in a carefully grounded metal covering
almost excludes leakage. The result of all this
is that the rubber-lead conductor installations
are the least dangerous and the most fire-proof
of all the systems. The electrical strength and
the high insulation of this system place it in a
special class.  For installation with lead
covered rubber cable it is stipulated a minimum
insulation of 5 megohms, or more than 22 times
as high as that prescribed for armoured conduit
installations. To this comes that there are no
difficulties whatever to reach this value, and as
a rule the insulation is many times higher.

In addition the rubber-lead conductor system
has been throughout worked out with a view to
neutralize chemical action. As has been men-
tioned above this purpose has also been fulfilled.
This installation system is the only one which
it is allowed to use in damp places where there
is at the same time a risk of fire. According to
the actual prescriptions it can and may be in-
stalled in any place where electrical installation
is at all allowed. It makes possible unification
and standardization of installation technics, one
installation system for all kinds of places.

In order to make it possible for owners of
electric plants to have their installations moder-
nized without undue loss of time, a close collabo-
ration of all parties busy in the sphere of instal-

an
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Above all it is of
great importance that all consulting engineers

lation technies is required.

make themselves thoroughly acquainted with
the properties of the rubber-lead condueting ma-
terials. To facilitate this work the consulting
Kraftkontrollen at Malmé has, at the

request of Sieverts Cable Works (Sieverts Ka-

firm

belverk) prepared a paper on installations in
places cxposed to moisture and to risk of fire.
This paper from which the abovementioned
figures 15, 16 and 17 are taken, shows clearly
that the rubber-lead conductor system is always
preferable both from technical and economical
standpoint as soon as it is the question of instal-

CONTENTS: RKarl Fredrik Wincrantz,

lation in industrial premises or in the offices of
a farm.

For a contractor it is much less risk to work
with first-rate material than to handle material
near the limit of what is permitted. When it is
to be tendered for an installation which is inten-
ded to be constructed throughout of first-rate
material the contractor runs no risk of having to
replace or reconstruct part of it. He can deter-
mine his costs entirely in advance and almost
all points of uncertainty are eliminated. In the
same way as a first-rate tailor gets better pay-
ment for a suit than does a second-rate one. a
contractor who always deliveres a first-rate job
can be well paid.
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