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The Stockholm "Formed lings Bureau. 
The Telephone Commissions OHice. 

By .4. Lignell. 

As the use of the telephone has gradually ex­
tended from large houses and offices to the 

very smallest and is now found in almost every 
residence, efforts have been made to enlarge its 
scope, to make it a servant of the public not 
only for direct intercommunication but also for 
enabling the subscriber to benefit from his sub­
scription in other ways also, e. g. during tem­
porary absence. 

For this purpose the Telephone Commissions 
Office, which for a small fee will accept various 
commissions from the subscribers, have been 
established in the larger towns of Sweden for 
many years. 

Their usefulness to clients is best illustrated 
by a few examples. 

A doctor is going away for a month's holiday. 
He informs the Commissions Office of the 
name, address, consulting hours, and telephone 
number of his locum tenens, his own postal 
address and perhaps telephone number, and the 
date of his return. 

When the doctor's number is called, the Office 
will reply, and give the necessary information to 
the caller. 

A midwife has her telephone connected to the 
Office, to which she gives full details of where 
she can be found at various times of the day. 
Should she go to a cinema, for instance, she would 
inform the Office of its name and the row and 
number of her seat. 

When a business man with no office staff goes 
out for lunch, the Bureau can say when he ex­
pects to return and, if desired, inform him of 
the- name and telephone number of any person 
ringing him up in his absence. 

A subscriber leaves a message for a certain 
person, who will inquire for it by telephone. To 
avoid any unauthorized person receiving the 
message, a code word may be agreed on between 
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the person who leaves the message and the 
recipient, without which it will not be given. 

Certain local or trunk calls may be re-directed 
lor any desired period to another number, and 
when his office is closed, for instance, a sub­
scriber can have incoming calls distributed to 
various residential numbers. 

Waking by telephone is also extensively used, 
both as a standing order and on odd occasions. 

Some people get woken up every weekday— 
perhaps at different times each day according 
to their own time-table. Even a person who 
wishes to have an occasional nap can let the 
Office see that he does not oversleep. 

If your watch has stopped or you wish to put 
it right, the Office will furnish the correct time. 

Information is also supplied regarding what 
doctors are on duty at night or on Sundays and 
holidays in the various districts of the town. 

As we see, the Commissions Office can be 
exceedingly useful to subscribers, and the most 
varied professions are increasingly availing them­
selves of its services. 

Commissions. 

The Office supervisor accepts orders for and 
cancellation of commissions. When ringing, the 
subscriber asks for "Formedlingsbyran" by 
name, and can then give his instructions by 
telephone. If a commission is for more than 
7 days at a stretch, a written confirmation is 
required, experience having proved this necessary. 

When receiving a commission, the supervisor 
notes the necessary information on an order 
card, which is put in a pocket in the switch­
board, immediately above the subscriber's con­
necting jacks, easily accessible to the operator. 
The card is illustrated in fig. 1; on the back, 
all executed commissions are recorded. 



Fig. 1. 

Connexion of a Subscr iber t o the Bureau. 

Having noted the subscriber's number and 
order on an order card, the supervisor instructs 
the exchange concerned to put his line through 
to the Bureau. Normally, this line is connected 
direct to the internal wire through the cutting-
in switch, but in this case that connexion will 
be broken at the cutting-in switch, and each section 
of the subscriber's line will be connected to an 
extra calling-device in the "Commissions Office". 

Operator's P o s i t i o n s . (See figs. 2 and 3.) 

Each subscriber's line has three jacks in the 
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Office multiple field: one for the exchange line, 
one for the subscriber's line and one for con­
necting these two lines by a plug when required. 

The first two jacks have 
each a call lamp and the 
last one a supervisory 
lamp, which can be con­
nected or disconnected as 
desired. 

The multiple field is 
also provided with trunk-
line jacks and order wire 
speaking-keys for the va­
rious exchanges, as well 
as jacks and call lamps 
for record operator's cir­
cuits. 

The hoards have 3 cord-
groups per operator, each 
consisting of 3 cords, one 
for replying to calls from 
the exchange, one for 
replying to calls from the 
subscriber, and one for Fig. 2. 
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connexions to the various exchanges. For each 
cord there is a combined listening and speaking 
key, and each operator's position has also 3 
ringing keys, one for each kind of cord. 

The Office, open day and night, will under­
take the following services. 

Reference Service . 

The subscriber's line is connected to the 
Bureau, which will request calling parties to ring 
another number, or inform them of the sub­
scriber's absence, his address while away, time 
of return, etc. all without making any note of 
the calling party's number or business, for a 
fee of, 

per day or part of a day kr. 1: — 

for 10 consecutive days or more, 
up to a month ,, 10: — 

Reference and Message Service . 

The subscriber's line is connected to the 
Bureau, and short messages are given or received 
on his behalf, for a fee of, 

per day or part of a day kr. 1: 50 

for 15 consecutive days or more, 
up to a month ,, 20: — 

The Office keeps any notes intended for the 
subscriber until asked for, or forwards them by 
post at his expense, but does not undertake to 
ring him up specially to give him the messages. 

Message Service. 

Short messages (not exceeding 20 words in 
length) are communicated by telephone from a 
subscriber to one or more stated subscribers. 

Fig. 4. Fig. 5. 

The Office will either keep the message until 
it is asked for, or ring a specified number to 
deliver the message, either immediately or after 
a stated time. If there is no reply from the 
addressee number when first called, the Bureau 
will ring up again at 30-minute intervals for two 
hours. After that time no further call is made. 

For a message kept until called for, a fee is 
charged irrespective of the number of inquiries, 
of kr. 0:50 
and for messages to be telephoned, a fee for each 
addressee of kr. 0: 50 

Calling Serv ice . 

The Office can be made use of to connect the 
subscriber's instrument with another specified 
number (a person cannot be inquired for by 
name) either immediately or at a certain definite 
time, for a fee each time of kr. 0: 10 

If there is no reply from the number called, 
the Office will on special request undertake to 
repeat the call, though not more than four times, 
either at certain specified times or at 30-minute 
intervals for the succeeding two hours. An extra 
fee is charged for this of kr. 0: 20 

W a k i n g . 

The Bureau will wake a subscriber by calling 
his number at a certain time, for a fee each 
time of kr. 0: 20 
(That the number given is correct is checked on 
receipt of the order.) 

Time-giv ing . 

The official time will be given, for a fee each 
time of kr. 0: 10 
(That the number given is correct is checked 
on receipt of the order.) 
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T h e Te lephone C o m m i s s i o n s Bureau 1930. 

Pig. <;. 

Debi t ing . 

The supervisor debits the charge for tbe service 
when this is performed or, for a standing order, 
at the end of every month. Specification of the 
amount (debit card for reference, reference and 
message, and message services, and debit card 
for lime-giving and waking, are illustrated in 
figs. 4 and 5) is sent to the subscriber with his 
ordinary telephone bill. 

Extent of the W o r k . 

Fig. 6 is a table giving the numbers of days 
connected, debit cards, wakings, time-givings and 
messages, and the fees debited for these during 
each month of tbe year 1930. In each column 
the totals for the years 192.")—1929 are also 
given. 

It will be seen that these services have been 
more extensively used every year, and in these 
five years the number of days connected for re­
ference and reference and message services has 
increased by 27 and 40 per cent, respectively, 
while wakings and time-givings have grown by 
68 and 44 per cent, respectively. 

For the period January-September of this year, 
the days connected for reference and reference 
and message services have, in comparison with 

the same period of 1930, increased by 10 and 5 
per cent, respectively, wakings by 6 per cent., 
and time-givings by 4 per cent. 

Messages not combined with reference and 
messages are, on the other hand, but slightly 
used. 

It may be of interest to see how the various 
commissions accepted by the Information Bureau 
are distributed on one day, and an investigation 
undertaken to ascertain this shows that on July 
20th of this year these were: 

Subscribers connected for extended periods of 
time: 

Reference service 559 
Reference and message service . . . . 450 

Subscribers connected for one day or part of 
a day: 

Reference service 23 
Reference and message service . . 34 
Total number of subscribers con­

nected on 20/7/31 1 066 
on 20/7/31 1 066 

In addition there were . . . . 449 wakings 
216 time-givings 

and delivered 3 messages 

All hades and professions were represented in 
the Office clientele. Some of the professions re-
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presented most numerously on that date are 
enumerated below: 

Doctors 131 
Business men 105 
Dentists 94 
Limited Companies 81 
Engineers 60 
Painters and Decorators 49 

Directors and Managers 43 
Wholesale Merchants 40 
Architects 22 
Lawyers 16 
Professors 11 
etc. 

The cost of the staff amounted to about 42 
per cent, of the gross receipts. 

u less Home of the Royal Swedish Telegraph Administration, 
Brunkebergstorg, Stock holm. 
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Simplified methods of designing electric wave filters and 
a contribution to the theory of matching tilter quadripoles. 

Communication from the Research and Development Department. I 

By B. Sterkg. 

C o n t e n t s . 

Chapter 1. Introductory Resume. 

Chapter 2. Different forms of general equations 
for quadripoles. 

A. According to German praxis—Breisig 
a. o. 

B. According to Swedish praxis—Pleijel. 

C. According to Anglo-Saxon praxis— 
Kennelly a. o. 

1). Relations between quadripole quan­
tities according to different methods. 

Chapter 3. Deduction of filter equations. 

Chapter 4. Two fundamental filter conceptions. 

A. Load impedance. 

B. Effective attenuation. 

a. Symmetrical filters. 

b. Asymmetrical filters with 3 ' 8" — **• 

Chapter 5. Various kinds of simple filter sections. 

A. Diagrams and curves. 

B. Computation of £7j for "constant k" 
filters. 

Chapter (j. Matching of filter image impedances. 

A. Effective attenuation in a-matching. 

a. Example of a "constant k" filter 
composed of three halfsections. 

b. Effective attenuation in o-matched 
symmetrical or asymmetrical 
"constant A-" filters. 

B. Load impedance of «-matched filters. 

C. Reflections in a-matched filters. 

D. Discussion of advantages and dis­
advantages in a-matching. 

Appendix: Bibliography. 
1 Ms. received by the Editor Aug. 7th 1931. 
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D e f i n i t i o n s . 

f = arbitrary frequency. 
ft = upper cut-off frequency 1 , 
/ : , = lower cut-off frequency J 'l'3-~'*>' 

/oo= I ' / ih = geometric mean frequency. 
f = arbitrary frequency > fm 1 _ , 
t« _ - # ! / / — ' 0 0 ~ 

/ — .» » </ooJ 
A —ft— fa~absolute band width. 

x=~ = relative band width. 
h 

p = y - = p e r c e n t u a l band width, 
/oo 

A' = / i - / 2 -
r 

!/ =jr-
, A' P=y-

/oo 

0 = quadripole propagation constant. 

7 = jS+y a = filter „ „ for one section. 
(i = attenuation constant for one section. 
a = phase constant for one section. 
bi)= effective attenuation. 
«1,fl2, b and c = quadripole quantities. 

I\ = open-circuit impedance at ' end of quadri­
pole. 

h = .» ». >> " end ,, „ 
Ri = short-circuit „ „ ' e n d „ „ 

R* = „ „ „ " end „ 
A = quadripole impedance. 
n, ri o" = position angles. 
3 ' — image impedance at ' end of quadripole. 

3 " = „ „ at " e n d „ 
R' — terminal load impedance at ' end of quadri­

pole. 
R" = >• ,, •• a t " end „ 

3 'B = impedance of loaded quadripole at ' end. 

8 " « = » » « .. at " end. 
e = reflection coefficient. 



1. I n t r o d u c t o r y R e s u m e . 

The general equations determining the pro­
perties of a quadripole* have long been known 
from the theoretical works of among others 
Breisig, Campbell, Pleijel and Wagner. A 
special class of quadripoles, so called wave 
filters, are increasingly employed in telephony 
and wireless. A reference list of literature on 
the subject is given at the end of this article, 
for the benefit of readers who wish to study 
more closely the historical development and 
mathematical theories of filters. Wagner, Camp­
bell and Zobel are the chief contributors to the 
practical computation methods for this kind of 
quadripoles, and have thus made a wider use 
of filters in electrotechnics possible. 

The object of the present paper is to submit 
the results of a special investigation on the 
matching of filter image impedances, made by 
the author in designing apparatus for carrier 
current telephony and telegraphy. Zobel has 
published a method for matching filter image 
impedance and terminal load resistances, the 
method of "m-derivation". in which a number 
of elements—e. g. inductances or capacities or a 
combination of both—beyond the original num­
ber of the prototype filter must be introduced. 

According to the method described here, which 
has been designated a-matching, the filter image 
impedances and the terminal load resistances are 
more or less well matched without any increase 
of the number of elements in the filter prototype. 

The importance of the results attained will 
hardly be made sufficiently evident by a mere 
account of the investigation. The first two chap­
ters of this article will therefore be devoted to 
a resume of the derivation of the fundamental 
equations on which all filter computations are 
based, although this will naturally involve a 
repetition of much that has been previously 
published. 

In a following chapter, two fundamental filter 
conceptions, viz. load impedance and effective 
attenuation, are derived with the assistance of 
Kennelly's definitions of position angles; new for­
mula? are deduced for the computation of the 
effective attenuation of two different kinds of 
filters, which formulae are characterized by the 
same simplicity and lucidity as those given by 
Kennelly for the relation of voltages and currents 
in recurrent networks. The new formulas for 
effective attenuation are well adapted for prac­
tical use. 

In a later chapter, the author has had an 
opportunity of deducing a simple formula for 
the computation of an auxiliary quantity in a 
certain type of band pass filter, the so-called 
"constant A" type, which is largely used by 
American, German and Swedish telephone con­
cerns. This auxiliary quantity is of fundamental 
importance in the computation of attenuations, 
image impedances and load impedances in all-
filters of this class. A mathematically simple 
and general method has thus been substituted 
for a previously tedious and troublesome cal­
culation. 

The later, and main part of the paper deals 
with a-matching, and formula1 are deduced for 
effective attenuation, load impedance and reflec­
tion cofficient in a-matched "constant A" filters. 
Finally, the advantages ami drawbacks of 
a-matching are discussed, and suggestions made 
for further work on this subject. 

The grateful thanks of the author are due to 
Messrs. S. Herlitz and S. Rodhe, for their kind 
assistance in making certain numerical calcula­
tions. * Or four terminal network (U.S.A.). 
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r t = impedance of series arm. 
z2 = „ „ shunt arm. 

A = yztzs for "constant A" filter. 

LTA=7—1'or "constant A" filler without losses. 

3 r = midseries image impedance. 

3 j i = m i d s h u n l „ ,, 

3T0( ) rvalue of 3 r at /00. 

">JTm " " 031 " " 

lir •— load impedance at midseries termination. 

Rj, = „ ,, „ midshunt „ 

8 B T = m i d s e r i e s impedance of loaded filter. 
3 —midshunt impedance of loaded filter. 

a = ~— = -jr— = matching coefficient (a> 1). 
OTIOO ' ' r 

m = m-derivation coefficient according to 
Zobel (m < 1). 



2. Different forms of general equat ions for 
quadripoles . 

All calculations regarding filters are based on 
the general quadripole equations. By a quadri­
pole we mean an electrical network consisting of 
general impedances with or without E. M. F:s, 
and joined together at a number of points, of 
which four are accessible for measurements. The 
characteristic properties of a quadripole for two 
pairs of these points can be measured and com­
puted if certain constants are known; these we 
will now determine. 

From the beginning we will confine ourselves 
to a consideration of quadripoles of which no 
E. M. F:s or unidirectional impedances (therm­
ionic valves) form part, but only ordinary impe­
dances connected so as to form what is called T-. 
71- or L- sections (see fig. 1), in which form electric 

A rectangle according to figure 2 is used as 
a general symbol for a filter quadripole. We 

will now give a short summary of the German, 
Swedish, and Anglo-Saxon methods of desig­
nating the characteristic quantities of the quadri­
pole and deducing its properties. 

2 A. According to German praxis—Breis ig 
and others . 

Fig. 2 shows the quadripole with the four cha­
racteristic coefficients introduced by Breisig, av 

wave-filters generally occur. This does ,not 
however, diminish the general validity of the 
deduction for other types of filter, for it is pos­
sible to show that other forms also, e. g. Lattice-
and "Bridged-jT'-sections, are equivalent to the T-
and 77-sections1 mentioned above. The L-sec-
tion is to be regarded as half a 7'-or 77-section, 
and a knowledge of its characteristic properties 
will be useful for calculating those of an odd 
number of half F-or 77-sections. 

d.,. b and c. If this quadripole is passive, i. e. con­
tains no E. M. F:s or unidirectional impedances, 
the following three equations will give the rela­
tion between voltage and current in each of the 
two pairs of terminals 1 and 2. 

Knowing the values of au a., b, and c, and 
how the quadripole is connected, e. g. between 1 See Bibliography, 4. 
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an E. M. P. E with an internal impedance R' and 
a terminal load of impedance R", we can obtain 
from (1) the voltages and currents V2 and Jt and 
V2 and J„ respectively. au o2, b, and c are cal­
culated by Kirchoff's laws from the impedances 
forming the quadripole. As an example we will 
compute the impedance 3B ' ot the loaded quad­
ripole, or the ratio of \\ to Ju when the quadri­
pole is connected according to fig. 'A. ;V will 
in future be called the load impedance for short. 
We then have 

From this we get 

The ratio of E to V2—which is of great impor­
tance for calculating the so-called effective at­
tenuation, of which more below—is also easily 
obtained from (2) 

whence 

2 B. According to Swedi sh praxis—Pleije l . 

According to (82) in Pleijel's "Telefonledning-
ars elektriska egenskaper'V and with symbols as 
in fig. 4, the general equations for a passive asym­
metrical quadripole will be as follows: 

1 See Bibliography, 2. 

or, if V, and J, are solved from (»l 

In these equations /, and 72 are the open circuit 
impedances of the quadripole measured from the 
input side 1 or output side 2. This can easily be 
verified by making J, = 0 or •/•, = (), when equation 
.") gives us 

(5) and (6) are further simplified by intro­
ducing the short circuit impedances Hr and R.,. 
These are obtained from (6) by making Vt*=Q 
and V,, = Q. 

whence also the formula, important for asym­
metrical quadripoles 

Thus instead of (6) we get the following simpli­
fied pair of equations: 

and are able to find the relation between alt «,, b. 
and c in (1) and / , , I.,. Ru R., and A in (10). 

We further introduce the propagation constant 
(-) of the quadripole and the two impedances 3 ' 
and g" which we deline as the image impedances 
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of the quadripole at the input (') and output (") 
ends. According to p. 118 et seq. in "Telefonled-
ningars elektriska egenskaper" we have: 

a for the terminal load impedance R", for instance, 
is defined by the equation. 

From (8), 19), and (11) we get: 

or 

and 

2 C. Accord ing to A n g l o - S a x o n praxis— 
Kennel ly and others . 

Using hyperbolic functions, the general equa­
tions for an asymmetrical passive quadripole can, 
according to Kennelly, be written as follows: 

When a quadripole is connected between two 
impedances /?' and R" as fig. 5, the calculations 
are in certain cases simplified by introducing 
what are called position angles. The position angle 
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where 3 " i-s the image impedance of the quadri­
pole at the "-end. 

If a is introduced in (14), the following simple 
expression is obtained for voltages and currents: 

2 D. Relat ion b e t w e e n quadripole quant i t ies 
according to different methods . 

The following table I has been drawn up to 
help in the study of the available literature on 
filters from different countries. In this the va­
rious quantities characterizing the quadripole 
according to German, Swedish, and Anglo-Saxon 
methods described above are given, with the re­
lations existing between them. 

3. Deduct ion of filter equat ions . 

Fig. (3 represents a 7'-section and a 77-section, 
and the filter chains of infinite length that can be 
formed from them. 

When the open circuit and short circuit impe­
dances of the T- and 77-sections respectively are 
computed, in terms of the impedances z1 of the 
series arms and z2 of the shunt arms, it is also 
possible to obtain the value of the quantity A 
from (8). All the quantities in (10) are then 
known and can be put in. If these calculations 
are made, the general equations for the T- and 
77-sections are obtained. 

T-scclion. 

Fig. 5. 



TABLE I. 

The relation between various quadripole quantities. 
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chain of similar T-sections, as in fig. 6. The load 
on such a link is 3r the mid-series image im­
pedance of the infinite chain. The insertion of 
the filter link under consideration will not change 

Pig. (i. 

the mid-series image impedance of the chain, and 
hence we get 

from which we solve 

For the .-7-section we get in the same way 

The filter propagation constant y for one sec­
tion is defined as the natural logarithm of the 

P, 
square root of the ratio ,. . where /••, is the power 

J 2 

fed into, and P s the power taken out of, the filter 
section. 

With the help of the transformation formate in 
Table I, it is possihle also to calculate, from (17) 
and (19), the mid-series and mid-shunt image 
impedances 3T a n c l 8n respectively, of the T-
and 77-sections, and the filter propagation constant 
;'. There is however, a simpler and more direct 
way, which is given in detail by Zohel and others. 
In making this calculation for, say, the F-seetion, 
we assume this to form one link in an infinite 
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and hence, using also (22) 

A simpler expression for y is obtained with hy­
perbolic functions. We have 

By comparing equations (25) and (26) we get, 
after some intermediate calculations, 

The same expression is obtained in an analogous 
way for a 77-section. 

We will now introduce some expressions which 
in certain cases may considerably simplify the 
calculations for fillers; for Ibis purpose we make 

for in the general case the relation is complex, 

and we then obtain 

In practice, when doing filter calculations, one 

generally assumes the impedances forming the 

series- and shunt-arms to be non-dissipative. On 

this assumption, r, and z._, will be purely imagi­

nary, and the ratio _ will then be real: and the 

formula1 (29a) may consequently be simplified to 
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Above (p. 8) we have pointed out that half 
T- or 77-sections are identical. The filter propa­
gation constant for such a half section—what is 

called an L-section—can be shown to be ^r, il ",' 

be the corresponding constant for a whole '/*- or 
77-section. For the L-section (fig. 7) the following 
equations are obtained 

As we have already mentioned (p. 7) there is 
a certain group of filters called the "constant k" 
group. In this, j '" i :-2 is a constant (whence the 
name) independent of the frequency 

If this value is substituted in (29 b) or (30), we 
find that the mid-series and mid-shunt image im­
pedances, as well as the filler propagation con-
slant, are determined exclusively by the value of 
U or Uk in this case. Later we will show thai 
other properties, such as load impedances, effec­
tive attenuation, and others, may also be express­
ed as functions of lit. The calculation of [/ or {7* 
as a function of the frequency is therefore of 
fundamental importance to calculations of filters. 

4. T w o fundamental filter conceptions. 

4 A. Load impedance . 

In chapter 2 A, we found a way of computing 
the load impedance of a quadripole. We will now 
examine a little more closely the calculation "of 

Fig, 7. 



the same quantity for a filter. When filters are 
used in practical electrotechnics, it often happens 
that their impedances have to be matched to one 
another or to a generator or load having a given 
impedance. The reflection coefficient 

in which 

is a measure of the accuracy of this matching and 
in this equation 8a ' s the impedance of the loaded 
filter—the load impedance—and 3 the arbitrary 
impedance to be matched. To calculate this 
reflection coefficient it is therefore necessary to 
know 3«> the load impedance of the filter. 

In other instances also it is useful to have an 
expression for the load impedance, particularly 
in series or parallel connexion of filters passing 
different frequencies, when by judicious designing 
of the filters, they can be exellently matched with 
a line, i. e. the resultant impedance of the con­
nected filters be made practically ohmic at all 
frequencies. 

The load impedance of a filter is defined as 
the ratio of voltage to current at the input, or 
output, side of the filter, when its output, or in­
put, side is loaded with a certain known impe­
dance. With the aid of Breisig's formulae (p. 9) 
we have already found an expression for the load 
impedance of a quadripole at the -end. 

By exchanging input and output sides, we find 
instead the load impedance at the "-end. 

The values of the load impedances 3//> 3 / / ' e x " 
pressed by the Swedish and Anglo-Saxon me­
thods respectively, may be obtained in an analo­
gous way, or from Table I, and will be: 

respectively 

14 

according to the definitions introduced by Ken-
nelly. (35) affords the most suitable means for 
calculating the load impedance of an arbitrary 
filter, as it will only be necessary to find the 
angles a and a" and the total angle & for the fil­
ter, to get the ratio of the desired load impedance 
3K to the image impedance 3- As an example we 
will work out the load impedance of an L-section 
as in fig. 8, which we assume to be of the "con-

whence: 

and thus 

Fig. X. 



Iii the same way we obtain the mid-shunt load 
impedance §m. 

(37) and (38) show that the load impedances 
of the "constant k" class can also be expressed 
solely as functions of the variable Vk, which thus 
again proves to be of fundamental importance. 
We also see that SHT and $B7l vary inversely 
when there is variation of the frequency or Vk, 
i. e. we have 3/ir 3B« = '̂2- This is a very impor­
tant property of this group of filter and is just 
the reason for its having been so excessively used, 
for instance in two wire repeaters with diffe­
rential transformer.1 

4 B. Effect ive at tenuat ion. 

Above we have learnt how to define the propa­
gation constant y of a filter section. Knowing 
the value of this, it is possible to work out the 
ratio of the outgoing to the incoming voltage or 
current in a filter section, for 

These equations for the voltage and current are, 
however, only valid on the assumption that the 
filter section forms part of an infinite chain of 
identical sections or, in other words, for a single 
section, that this is connected between a generator 
impedance and a terminal load impedance each 
of which is at all frequencies equal to the image 
impedances of the section on its corresponding 
sides. Such an ideal condition never occurs in 
practice, as generally both the internal impedance 
of the generator and the terminal load impedance 
are constant ohmic resistances. In the general 
case, it will only be possible at one, or in certain 
cases two—of which more in Ch. 6—to design 
the filter section so that its image impedances 
will be identical with generator and terminal 

' Sec Swedish pa ten t appl ica t ions by M. V'os and 

T. Lau ren t 5107/29, 1835/30, and M. Vos 4509/30. 
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load impedances respectively. At all other fre­
quencies the matching will not be ideal, and re­
flections will therefore occur. These will cause 
additional attenuations, which in certain cases 
impair, in others improve, the frequency-selective 
properties of the filter. In practice it is of great 
•importance to have an unambiguous definition of 
the effective attenuation of the filter, taking just 
these reflections into account. For this effective 
attenuation we will henceforth use the symbol bg. 

The effective attenuation bo of a given filter is 
defined as the natural logarithm of the ratio of 
the square root of the maximum power. P^max-
which a given li. M. F. E can supply to the ter­
minal load impedance before the filter is con­
nected in, to the root of the power. P.,, obtained 
in the terminal load impedance after the filter is 
connected in (see fig. 9). 

By expressing the effective attenuation like this 
in terms of the maximum power that a given ter­
minal load impedance R" can draw from a given 
generator of internal impedance R'. we get a de­
finition which can also be used for calculating 
the effective attenuation of a filter with transfor­
mation or for a filter connected in cascade to a 
transformer. In that case, the filter is assumed 
to consist of an ideal transformer, i. e. a trans­
former with no magnetic leakage, infinite induc­

ing. »• 



tance, no losses and a ratio and the right 

number of impedance elements to give the fre­
quency-selective property of the filter. These ele­
ments may or may not form part of the ideal 
transformer. Defined in this way, the effective 
attenuation will exclusively determine the func­
tion of the filter as such, and is therefore inde­
pendent of how the external impedances can be 
matched by transformation. This is of special im­
portance in measurements, when the adjustment 
of and losses in the inductances and capacities of 
the filter elements have to he checked. Calcula­
tions too are helped by this definition, as in the 
general case they can easily he brought back to 
calculations of the effective attenuation of a filter 
without transformation. 

The powers are calculated on the assumption 
that the impedances R' and R" are ohmic, which 
is usually the case in actual practice (cf. Chap. 6). 
We gel: 

and hence 

Using hyperbolic functions, the expression for 
the effective attenuation given in (42) can be 
written (cf. Chap. 2 D) 
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On certain assumptions, this expression can be 
simplified still more. 

We will discuss two cases, namely symmetrical 
filters, in which, when the frequency 3 ' a n ( l 3 " 
varies proportionally, and asymmetrical filters. 
in which 3 ' a n ( l 3 " v*ary inversely, i. e. their pro­
duct is a constant real quantity k~. 

In the general case, when the filter includes 
transformation, the image impedances 3 &nd 3" 
may be of quite different orders of magnitude 
in both symmetrical and asymmetrical filters. If, 
for example, we represent the values of 3 ' a n a < 3" 
at the frequency /,'„, by 3™.' a l l ( ' 3™"> die trans­
formation in the filter is given by the transforma-

4 Ba. S y m m e t r i c a l f i l te rs . 

In a symmetrical filter 3 ' a l l f l 3 " vary propor­
tionally when the frequency varies, and we may 
therefore put 

where n is a real number independent of the fre­
quency. 

The matching of the terminal load impedances 
R' and R" at the generator side and loaded side 
with the image impedances 3 ' a l l d 3 " m a y be 
selected arbitrarily. Filters are however, usually 
designed by making R' and R" equal to the values 
of 3 ' a n ( l 3 " respectively at a given frequency, 
in most cases the geometric mean frequency /'„„ 
in a band filter. 

The problem of matching will be discussed in 
greater detail in a later chapter. Here we will 
only show that the general expression for the 
effective attenuation (43) can under certain cir­
cumstances be simplified. These circumstances 
involve the assumption of a constant ratio of the 
terminal load impedance R', on the generator side, 
to the input image impedance 3 ' of the filter, and 
of the terminal load impedance R" to the output 
image impedance 3 ' of the filter i. e. 

or according to 

If in addition, like Kennedy, we introduce as 
in (36) a position angle o defined as follows 

tion coefficient 

In addition, 

and hence 

According to 

whence finally 



we get, according to 

On substituting this in (43), we get 

or 

4 Bb. A s y m m e t r i c a l filters w i th 

In certain asymmetrical filters the input image 
impedance 3 ' varies inversely as the output image 
impedance 3"» i- e. the product of these impedan­
ces is a constant, real quantity, independent of 
the frequency, that is 

This property is not uncommon in filters com­
posed of a number of whole or half sections. For 
a certain group, viz. the "constant k" filters men­
tioned above, the two image impedances 3 ' a n ( ^ 
3 " vary inversely" even in a half or L-section, as 
is indicated for instance by (30) and (31). 

The general expression for the effective attenua­
tion (43) can be simplified for asymmetrical fil­
ters satisfying condition (48 a), if we presume the 
generator impedance R' and the terminal load 
impedance R" to be selected so that we also have 

We introduce the position angle a here too, and 
with the help of (48a) and (48 b) we get 

Finally, on substituting in (43) we get 

These two equations, (47) and (50), show that 
the definition chosen for the effective attenuation 
is particularly suitable, for even if the filters do 
have transformation, this will disappear from the 
formulae for the effective attenuation. Only the 
complex angle & and an auxiliary angle a, as 

17 

defined in (46) or (49), will enter into the calcu­
lations. We shall see later how these calculations 
are worked out in practice. 

The effective attenuation formulae (47) and (50) 
are of the same general type as Kennelly used in 
calculations with position angles. We have thus 
proved that position angles may with advantage 
be used for calculating effective attenuations also. 

Before going on to the calculation of certain 
much used filter types, we will make a little more 
detailed comparison between the various defini­
tions of the effective attenuation bo used in elec-
trotechnics up to now. 

In "Telefonledningarnas elektriska egenskaper", 
p. 53, Pleijel has given a definition of the effec­
tive attenuation slightly different from that given 
above. According to that author, the effective 
attenuation is the logarithm of the ratio in which 
the voltage or current in a given terminal load 
impedance is reduced by the insertion of an ar­
bitrary quadripole, i. e., in this case, a filter in 

front of the terminal load impedance. Referring 
to fig. 10 the definition will thus be 

is obtained direct from the figure: 

and as before from (4): 

Fig. 10, 



and hence 

which can also, according to Table I, he written: 

cosh 

This is identical with (43) except for the factor 

representing the transformation 

that can he introduced in the filter. The other 
factor within the brackets is, on the assumptions 
made for symmetrical or asymmetrical filters— 
see (46) or (49)—independent of the ratio R',•/?"'. 
Only when R=R" does the factor 

and (54) becomes (43) 
For all other values of R' R", this factor will be 

less than unity, and the effective attenuation 
therefore smaller than in the first case, in other 
words, an apparent gain has been introduced. 
The reason for this is that we have assumed that 
a certain transformation is included in the filter. 
On account of this transformation, the transmis­
sion of energy from the E. M. F. to R" will be 
better when the filter is inserted than before this 
is done. This is equivalent to a lower effective 
attenuation.—To avoid any misunderstanding, we 
wish here to point out that the formula for the 
effective attenuation given in (54) is generally 
applicable, and that it will always give a correct 
value for !>/,. 

Besides Pleijel's definition of the effective at­
tenuation given above, another definition is also 
used, by the CCI among others, according to 
which the effective attenuation of a quadripole 
is the logarithm of the ratio of the square root of 
the apparent power which a given generator can 
supply to an impedance equal to its internal im­
pedance, to the root of the apparent power ge­
nerated in a terminal load impedance connected 
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behind the quadripole in question. This defini­
tion leads to exactly same formulae as in (43). 

The difference between, on the one hand, the 
definition given here or the CCI definition, and 
on the other, Pleijel's definition, is only that in 
the former the power output is compared with 
the maximum output from a given E. M. F., 
while in the latter no maximum output of power 
is required. In the former case it is often a great 
help in the calculations to introduce an ideal 

transformer of ratio while in the latter 

case this is not needed (cf. figs. 9 and 10). 
Which definition is to be preferred is to some 

extent a matter of taste, as long as due conside­

ration is given to the factor when 

using the Pleijel definition. According to the de­
finition here given and used, we obtain in the two 
cases examined—symmetrical filters satisfying the 
conditions of (46), and asymmetrical filters satis­
fying those of (49)—the same formula? for and 
value of the effective attenuation, whatever the 
variation in the ratio of the external impedances 
R' and R". This will not he the case according to 
Pleijel's definition. 

5. V a r i o u s k i n d s of s i m p l e f i l te r s ec t i ons . 

5 A. D i a g r a m s a n d c u r v e s . 

The filter propagation constant y = fi + ja and 
the two image impedances 3 ' a n ( i 8", or $T or 
3-1, are the quantities which characterize a cer­
tain type of filter. These quantities are determined 
exclusively by the composition of the impedances 
z, and z., forming the series and shunt arms res­
pectively of the filter section. 

As we have already mentioned, a filter is ge­
nerally calculated on the simplifying assumption 
that there is no energy dissipation in either induc­
tances or capacities, i. e. that no ohmic resistan­
ces enter into the filter arms. On this assump­
tion, zl and z2 consist of pure inductances or ca­
pacities, or else a series, a parallel or a series-
parallel connexion of inductances and capacities. 
In Table II (p. 19 and 20) various different filter 
sections are plotted and the attenuation constant 
/}, phase constant «, mid-series image impedance 
3 r and mid-shunt image impedance 3„ are given. 
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TABLE II. 



Table II (cont.) 

* These curves only apply if the series and parallel circuits are tuned to the same frequency foo. Otherwise these filters 
will act as double band pass and double band suppress filters respectively. 
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TABLE III. 
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The symbolic method used for plotting these 
quantities is given by Zobel. This involves a 
shortening of the abscissa axis for the frequency 
and the ordinate axis for the attenuation constant 
and image impedance respectively, so that infinity 
will be at a finite distance from the origin. Real 
values of the image impedances are represented 
by solid lines, and imaginary values by dotted 
lines, while the signs + and — indicate positive 
and negative reactances respectively. 

The L-sections included in the table contain at 
most four elements. Obviously there is nothing 
to prevent the use of more, though in that case 
the filters will be more complicated and costly. 
Those who desire full information on the proper­
ties of these filters are referred to a paper by 
Johnson and Shea.1 

If we examine the table, we see that nos. 1, 6, 
and 8 are low pass filters, i. e. filters which pass 
low, but cut off high frequencies. Nos. 2, 4, and 
10 are high pass filters, with properties directly 
opposite to those of the low pass filters. The 
others, with the exception of no. 14, are band 
pass filters, passing a band of frequencies and 
cutting off all the rest. Finally, No. 14 is a so-
called band-suppress filter, i. e. a filter suppressing 
a certain band of frequencies while allowing all 
others to pass. 

Table II further shows that filters nos. 1, 2, 13, 
and 14 have mid-series and mid-shunt image im­
pedances which always make the product of 3 r 
and 3 T constant and = A-2. The proof of this will 
be given in the next chapter. These are so-called 
"constant k" filters, and are as we have already 
mentioned particularly widely used in telephony 
and telegraphy; we will therefore now discuss 
their properties in detail. We will, however, first 
deal with certain modified forms which are equi­
valent to the filters given above, which provide 
possibilities both of circumventing in certain cases 
the difficulties of design, and of introducing an 
impedance transformation. 

As we know, it is always possible to substitute 
for a certain T- or star-network of inductances 
or capacities a corresponding 77- or zl-network, 
also of inductances or capacities. We know fur­
ther that the equivalent diagram for a transfor­
mer is a T- or 77-combination of inductances, and 
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that therefore, conversely, a 7- or 77-combination 
of inductances is equivalent to a transformer. 

When connecting some of the filters given in 
Table II to whole T- or 77-sections, we find that 
in some cases the capacities, in others the induc­
tances, will form T- or 77-combinations, which can 
therefore, according to what has been said above, 
be converted. Here we will consider primarily the 
cases which lead to the introduction of a trans­
former in the filter. This case is of great practi­
cal importance, as the introduction of a transfor­
mer, beyond the advantage in respect of transfor­
mation, in most cases also means a saving in coils. 
The coils being usually the most expensive parts 
of a filter, it will be a greater saving to combine 
a number of coils into a transformer than to 
change a condenser T into a condenser 77, or 
vice versa. Table III gives in the third column a 
number of such transformer-filters and the fun­
damental types from which these filters are de­
duced. 

The filter type 6 a is identical with Campbell's 
frequency meter, which from a theoretical point 
of view is based on the mutual inductance being 
adjusted so as to make the peak of the filter 
attenuation curve coincide with the measured 
frequency (cf. Table II 6). Types 5 a, 11 a and 
18 a2 are filters of great practical importance. 
They are equivalent to connecting in cascade a 
given filter of the fundamental type without 
transformation, with a transformer designed to 
match as desired. In this case, however, the de­
sired matching is obtained in the filter itself, and 
the transformer in the filter therefore serves a 
double purpose: it makes transformation possible, 
and its inductances form part of the filter, which 
gives a frequency-selective effect. The costs of 
attaining the desired result will therefore be con­
siderably reduced. In Sweden such filters with 
transformation have been widely used, but not 
much as yet in other countries. 

5 B. Computat ion of Vt for "constant A" 
filters. 

We will now pass on to the calculation of the 
parameter Uk for so-called "constant k" filters, or 
filters of types 1, 2, 13, and 14 in table II, and 
13 a in table III. Among these, we will dwell 

2 Swedish patent application (M. Vos and H. Sterky) 
no. 965/28. 1 See Bibliography 16. 



mainly on types 13 and 13 a, as nos. 1, 2, 14 
are special cases of this band filter. 

In fig. 11 a half section of this hand filter is 
drawn with the accepted symbols for inductances 
and capacities. To compute Uk, we will first find 
simple expressions for the impedances z1 and z2 

of the series and shunt arms. 

Fig. l i . 

To satisfy (31) 

we must obviously have 

which, physically, means that the series reso­
nance circuit of the series arm and the parallel 
resonance circuit of the shunt arm must be tuned 
to the same angular frequency w„„. 

(55 a) will then become 

and we obtain 

According to (30) we get further 
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and the following properties of filters of the "con­
stant k" group, can thus be given: 

The product of the series and shunt arm impe­
dances is equal to the product of the mid-series 
and mid-shunt image impedances of the filter and 
these products are constant and independent of 
the frequency, or 

We will now find the value of Uk from (28) 

whence, by substituting the values of zl and z2 

from (55b) 

To obtain Uk as a function of the angular fre­
quency alone, we must obviously determine the 
product Li C2. This is done by determining the 
cut-off frequencies a^ and a>2 from (29 b) . 

The position of the filter band is obtained by de­
termining the limits of Uk corresponding to purely 
imaginary values of the angle y, for if y is purely 
imaginary, /?, or the attenuation constant, must be 
zero. These limits are obtained for 

According to 

and 

As a) must be > 0 , only two roots will be ob­
tained, which will give us the two cut-off fre­
quencies represented by co1 and u>2 respectively, 

We thus get: 

If we now introduce what is called the relative 

or 

We get: 

corresponding to 

respectively. 

will give us 



band width X, as the ratio of the opper cut-off 
frequency to the lower 

we obtain from (61 a) 

which finally, on substitution in (60), gives 

Wi find further from (61 a) that the resonance 
frequency a>g0 is the geometric mean of the two 
cut-off frequencies co1 and w2-

If frequencies are substituted for angular fre­
quencies in (63), this equation can be given 
another form, which is found in, among others, 
Zobel's work quoted above: 

This form is not, however, the most suitable 
for calculating Uk in practice. We will now give 
an account of the simplifications that can be 
made in the above expression. It should be noted 
that no approximations at all have been made in 
the deduction of the following formulae. 

We introduce the symbols employed in fig. 12, 
where a curve has been plotted of the attenuation 
constant (i against the frequency f. It should be 
pointed out that the following deduction of a 
simple formula for Uk would be equally valid if 
say, the effective attenuation, or the load impe­
dance, or any other quantity depending on Uk, 
had been plotted as a function of the frequency. 
The following symbols are also introduced. 
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Now the expression 

is symmetrical with respect to f00, and according 
to it two frequencies, / ' and /", correspond to a 
given Uk- We can therefore write 

(the minus sign is discarded, ]/g being > 1 ) . 

As we have shown above (Ch. 4), all calcula­
tions for "onstant k" filters are reduced to a 
calculation of Uk- By means of (63 b), (67), and 
(68) this quantity in its turn can be very easily 
determined for any "constant k" filter for which 
the cut-off frequencies / , and f2, and with them 
the absolute band width ^—fx~fi, and their 
geometric mean foa = \jifi are given. These cal­
culations will be even simpler if (68) is plotted 
as a curve (see fig. 13). A couple of examples 
showing the calculation of Uk for given band fil­
ters will illustrate the simplicity of this method. 

above equation and so get 

or, multiplying top and bottom by and with 
the help of (65), 

The relation between the absolute band width 
A' and the quantity }' y which determines the po­
sition of the unknown frequencies / ' and /", we 
obtain from (65): 

If we replace we can solve 

The frequencies / ' and / " are so selected that 

but the position of / ' or /" is arbitrary. Also, ac­
cording to (65) and (66), 

file:///jifi


Fig. 13. 
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Example 1. Given: A band filter with the cut-off 
frequencies 12 750 and 9 750 
cycles/sec. 

Wanted: L\ for the frequencies 6 000, 
11500 and 15 000 cycles/sec. 
We first calculate J = / , ~f> = 
= 12 7 5 0 - 9 750 = 3 000 cyc­
les/sec. and fm = }//; f2 = 

les/sec. after which the cal­
culation follows the procedure 
given in Table IV below: 

Vk is obtained not only for the frequencies 
given but also for the frequencies on the other 
side of their geometric mean /',„, according to 
the formula f f" = fm

2. 



TABLE IV. 

Example 2. Given: A band filter of absolute width 
zl = 200 cycles/sec. and geo­
metric mean frequency /00 = 
= 4 600 cycles/sec. 

TABLE V. 

Wanted: E7* for varying band width A . 

As we see, the procedure is very simple. The 
accuracy will also be sufficient for all practical 
purposes, especially if the curve \y = / (/>') in fig. 
13 is plotted on a large scale on mm. paper. When 
the values of Uk have been found these can be 
used for calculating all the quantities character­
istic of a "constant k" filter, e. g. the filter pro­
pagation constant, the mid-series and mid-shunt 
impedances of the loaded filter, the effective at­
tenuation, etc., from formulae of which some have 
already been given and some will be deduced in 
the next chapter. 

The filter types nos. 1, 2, and 14 in Table II 
and nos. 13 a in Table III are also "constant k" 
filters. To calculate the value of Uk for these fil­
ters we can either proceed in the same way as 
with the type already discussed (fig. 11) or else 
find it mathematically from (63 b) by taking the 
limits. By either of these methods the following 
expression will then be obtained for calculating Uk-
(Table VI.) 

6. Match ing of filter i m a g e impedances . 
In Ch. 4 A and B, "Load impedance and effec­

tive attenuation", the question of matching the 
image impedance of the filter to external impe­
dances has been briefly touched upon. In this 

TABLE VI. 

chapter it will be examined more closely and 
formulae deduced for a new method called 
a-matching for matching filter image impedances 
with external impedances. 

When matching image impedances, the gene­
ral rule is that one ought to try to make the 
reflection losses as small as possible, as every re­
flection causes increased attenuation, and may 
besides give rise to disturbing subsidiary pheno­
mena, e. g. increased crosstalk etc. When a num­
ber of filters of different types are to be connected 
in cascade, the rule is that only those can be 
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connected together which have the same image 
impedances at the junctions. Thus, when con­
necting in cascade different types of filters from 
Table II or III, one must see that only such types 
are selected as have at least from one side an 
image impedance corresponding to the output 
image impedance of the previous section. The 
side having the right image impedance should 
then be connected to the previous filter. If there 
are several types with such image impedances, it 
will be the form of the attenuation curve and the 
consideration that it must be technically possible 
to manufacture the various inductances and capa­
cities that will determine the choice of type. 

The matching of image impedances of different 
types of filters when connecting them in cascade 
is thus a fairly simple matter. The problem of 
matching the image impedance of a particular 
type with the internal impedance of a generator 
or with a certain terminal load impedance is, 
however, considerably more difficult. If these 
impedances are complex, it is practically impos­
sible to give any general rule for the matching. 
Fortunately, however, the filters used in tele­
phony and wireless are generally connected be­
tween generators with purely ohmic internal im­
pedances and loads consisting of ohmic resistan­
ces. Such, for instance, is the case of a filter con­
nected between the anode circuit of an amplifying 
valve and a resistance in the grid circuit of the 
succeeding valve, as for example in fig. 14, which 
shows a band filter with the propagation constant 
0 and image impedances $ ' and 3" connected 
between a generator E of internal resistance R' 
and a load R". 

The two curves in fig. 14 shows how the image 
impedances 3 ' a r | d 8" vary with the frequency 
for a "constant k" filter consisting of an odd num-
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Fig. 15. 

ber of half sections of type 13, Table II, accord­
ing to the diagrammatic plan given for the same 
table. These curves indicate that the image im­

pedances within the band are real and thus of 
the same character as the external resistance. 
The image impedances within the band are, how­
ever, not constant resistances, but vary according 
to fig. 14 from infinity or zero at one of the cut-
of frequencies to a constant value 3<w' o r 3<x>" 
at the geometric mean frequency and back to 
infinity or zero at the other cut-off frequency. 
Zobel gives a method of improving the matching 
within the band for "constant k" filters so that 
the reflection losses are reduced. This method, 
called "zn-derivation", involves a change of the 
normal series and shunt arm impedances, z1 and 
z2 respectively, to values according to fig. 15. If 
the T- and 77-sections in lig. 15 are used as L-

Fig. 14. 



sections, the mid-shunt image impedance of the 
m-derived jT-section and the mid-series image 
impedance of the /n-derived 7Z-section will have fa­
vourable properties for matching to ohmic exter­
nal resistances. The attenuation curves of filters 
Hi-derived in this way will in addition show high 
peaks for certain frequencies outside the filter 
bands—properties which are of great value, par­
ticularly, for instance, when certain frequencies 

have to be attenuated more thoroughly 
than other. To obtain these advantages, 
however, several new elements have to 
be introduced into the filters, e. g. in a 
band filter as in fig. 13, Table II, two 
inductances and two capacities. For more de­
tailed information of the design and use of 
m-derived filters, the reader is referred to Zobel's 
works. 

6 A. Effec t ive A t t e n u a t i o n in ^ - M a t c h i n g . 

Another method will now be discussed for 
improving the matching in a filter band. As we 
have already mentioned (Ch. 4 Ba), filters are 
generally calculated so that $ ' and 3 " for one 
particular frequency—usually the geometric mean 

trecuency f00—coincide with the ex­
ternal resistances, or so that 

Formulae for the effective attenua­
tion with such matching have been 
given in ch. 4 B. 

If now we look at fig. 14, we 
find that it would not be far-fetched to calculate 
the filters instead so that 8 ' a n u < 3 " f ° r two 
frequencies coinside with the external resistances 
K' and li", i. e. so that the straight lines R' and 
R" resp. cut the curves of the filter's image im­
pedances. At the geometric mean frecuency f00 

we then get 

if the filter is asymmetrical, which we assume, 
as being the most complicated case. We then put 

and have to determine the most favourable value 
of a in some typical cases. Such a-matching has 

been found to improve the form of the effective 
attenuation curve not only inside but also outside 
the band, while at the same time the reflection 
losses can be kept within reasonable limits. We 
(j(dn these advantages without having to intro­
duce any new elements into the filters. 

In Ch. 4 B we have deduced the formula for 
the effective attenuation of an arbitrary filter 
having a propagation constant 0 

This formula can be simplified for a "constant 
k"-filter, as according to (59) 

if we turn the filter so that 

If we substitute in (43), (69) and (70) we get 
the effective attenuation for an a-matched asym­
metrical "constant k" filter: 

or if we introduce T and 77 image impedances: 

6 Aa. E x a m p l e of a " c o n s t a n t k " f i l ter 
c o m p o s e d of t h r e e half-

sect ions . 

We will now continue the calculation of the 
effective attenuation for a special filter, and 
for that purpose will choose a "constant k" 
filter composed of three half sections, as in 
fig. 16. 

If the propagation constant for a whole section 

"constant k" filter is y, 0 will in this case be ^y, 

so that, leaving out some steps, we get, from 
(29 b) and (30) 
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resting, so the results alone are given here 
(Table VII). 

If we see whether there is any value at which 
all the maxima and minima coincide, we find 

2 
there is one at a = - , . We also want a value of a, 

V3 
for which bD and therefore also y will be the same 
for Uk = 0 {f00) as for [/*= — 1 (f1 and f„ respec­
tively). This will occur when a = 2. Table VIII 

Fig. 16. 

which if substituted in (71) gives us 

or if we want the absolute value, remembering that Uk is negative 

It will now be of interest to examine the value 
of the expression y for various values of Vt and 
find the positions of any maxima and minima 
there may be. The calculations required for this 
take rather a long time and are not very inte-

below gives values of 17ft and bo for various values 
of a and for the more important points. 

The results are given graphically in figs. 17 and 
18, of which the former shows the effective at­
tenuation curves mainly outside the cut-off fre­
quencies (Oft<— 1) and the latter shows on a 
large scale a small part of the same curve within 
the band ( — KUk<Q). For the correct interpre­
tation of the curves it should here be pointed out 
that a fairly good idea of the form of the effec­
tive attenuation curve of an a-matched band fil-
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TABLE VII. 

TABLE VIII. 

then be to the left and right of 
Uk=0 at the points where U&= —!• 
The abscissa axis must then be con­
ceived as having a frequency scale 
related to the U& scale according to 
(68) or fig. 13. Also the curves for 
the effective attenuation are only 
applicable on the assumption that 
the filters have no losses. 

From fig. 17 we first find that 
below a certain value of Uk ah 
a-matched filters ( a > l ) will be bet­
ter from the point of view of the 
attenuation than the normal filter 
where a—I. The effective attenua­
tion of an a-matched filter (a > 1) 

slightly outside the cut-off frequencies is thus great­

er than in the corresponding normally matched fil­

ter (a=l). The reason for this is that the reflec­
tions due to the a-matching will cause an increase 
in the effective attenuation: the greater a, the 
greater the reflections. 

Within the band, for ~KUk<0 the effective 
attenuation depends very much on the value of a. 
Fig. 18 shows that the effective attenuation in a 
filter where a = l is relatively large at the edges 
of the band. The greater a is, the lower will be 
the effective attenuation at the cut-off frequen­
cies, at the same time increasing <d the geometric 
mean frequency. This fact gives us a chance of 
obtaining a more rectangular effective attenua­
tion curve for a filter of this kind. 

How large then should a be made? To answer 
this we will consider fig. 19 which gives the ef­
fective attenuation curves for a three-half-sec­
tions "constant k"-filter with a = l (curve l) and 
a > l (curve 2), in both cases without losses, and 
for a=\ with losses (curve 3). 

If allowance is made for the losses in coils and 
condensers the theoretically effective attenuation 
curve 1 for a=\ will become curve 3. As we see, 
the losses cause an increase of attenuation within 
the band, but are less important outside. Both 
curves 1 and 3 show that, on account of the re­
flections for which we have just allowed in cal­
culating the effective attenuation, the band will be 
narrower than that determined by the cut-off 
frequencies fy and f2. If « is made greater than 

ter can be obtained by imagining the curves in 
figs. 17 and 18 extended to the right by their 
images. The cut off frequencies /2 and f1 will 
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Fig. 17. 
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1, the band will be widened, 
as can be seen by comparing 
curves 1 and 2. If allowance 
is made for the losses in a 
filter where a > l also, an effec­
tive attenuation will be obtained 
as in curve 4, fig. 19. This 
shows an apparently increased 
band width, owing to the at­
tenuation being reduced at the 
cut-off frequencies and increased 
in the middle. 

The ideal shape for the effec­
tive attenuation curve is a rec­
tangle open at the top. To 
obtain a curve approaching this, 
a should be determined for the 
filter with losses, so that bp w'ill 
be the same for fu f00 and f2. 
Such a calculation will, however, 
be very complicated, and before 
that is done the following proce­
dure will serve the purpose with 
sufficient accuracy, a is deter­
mined for the filter without los­
ses so that the effective attenua­
tion at /,,„ (Uk = 0) will be equal 
to that at the cut-off frequen­
cies {Uk= — 1). For the filter in 
question this calculation will give 
us a = 2. Measurements of cal­
culated and manufactured filters 
also show this value of a to be 
suitable. If there is any reason 
for suspecting that reflections 
within the band will cause dis­
turbances, a smaller value of a 
should, however, be chosen, (cf. 
ch. 6 C ) . For a > l an improve­
ment of the effective attenuation 
is always obtained in the direc­
tion of the ideal rectangular 
shape. 

Fig. 18. 
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(5 A b. Effective at tenuat ion in "-matched 
s y m m e t r i c a l or asymmetr ica l "constant k" 

filters. 

In the preceding chapter we have deduced a 
general formula for the effective attenuation in 
an asymmetrical a-matched "constant k" filter. 
We will now deduce the corresponding formula 
for a symmetrical filter of the same kind (fig. 20). 

We assume both 3 ' and 3 " to be of W-type, but 
that they are differentiated by a constant factor 
n- (cf. 44) 

3' «23" <-W) 
In addition we introduce an [(-matching 

Fig. li). 

Substituting 176) in the general expression for 
the effective attenuation bo according to (43) 
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According to (44 a) we also have 



which is the general expression for the effective 
attenuation in an a-matched symmetrical "con­
stant k" filter. 

It will be appropriate to point out here that 
both (71) and (78) apply even if we exchange 
the mid-series image impedances for the mid-
shunt image impedances, which can easily be ve­
rified if we remember that in a "constant k" fil­
ter we have 

and that, when exchanging image impedances, « 

must be replaced by —. 

The two formula? (71) and (78) can be used 
for calculating the effective attenuation of any 
cc-matched "constant k" filter consisting of an ar­
bitrary number of half sections. In the following 
table IX are given the results obtained by applying 
these formulae to "constant k" band pass filters 
of one, two, and three half-sections. 

The formulae for calculating the effective at­
tenuation indicate that the degree of the function 
y = f [Uk) under the root sign rises by one for 
each half section added. For each degree of 
y = f (Uk) we find a maximum or minimum in 

TABLE IX. 

gives us 

Fig. 20. 

or, if we introduce the mid-series impedance 3r 
instead of $ ' 
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the effective attenuation curve on either side of 
the geometric mean frequency. 

The formulae are also applicable to high pass, 
low pass, and band-suppress filters as long as 
values for Uk are introduced as in Table VI. 

<5 B. Load impedance of a=matched filters. 

The formulas deduced in the preceding section 
have provided us with a basis for calculating the 
effective attenuation of any a-matched "constant 
k" filter. The load impedance of such a filter 
must, however, often be known before one is 
able to determine how practical and suitable it 
is. We will therefore find, on the basis of the 
general formulae given in Ch. 4 A, general expres­
sions for the load impedance of a-matched "con­
stant k"-filters and work out an example of a 
half section of such a filter. 

According to (35) and (36) we have 

and finally, with the aid of (72), the load impe­
dance of an a-matched "constant k"-filter. 

In the above ecpiations tgh (-) can be expressed 
in terms of Uk if the number of sections forming 
the filter in question is known. This generally 
simplifies the expression considerably. 

As an example we will apply (81 b) to filter 
section 13 a, Table III, connected as in fig. 21. 

Fig. 21. 

As in the foregoing chapters we identify 3 ' 
with 3? a n d 3" with 3?i ar>d further introduce 
according to (69) 

This filter section is equivalent to a half section 
"constant k" filter and according to (30) (cf. also 
(72)) we thus have 

We then get 

and, from (35), 
value thus obtained is substituted in (81 b), which 
when reduced to its simplest terms becomes 

from which can be calculated. The 
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that the product of the two load impedances 3B7-
and 3HTI is constant, or that 

which is always the case in "constant k"-filters. 
In (83) L'k is always negative, and hence the 

load impedance will be complex. We therefore put 

The signs + and —for b mean that the imaginary 
component may be a positive or negative reac­
tance on different sides of the geometric mean 
frequency, as will be seen from Tables II and III. 

From this we can then calculate the impedance 
1 0 r SUT a n H t h e admittance Ym for 3 M according 
to the following formulae: 

An examination of (86) with regard to maxima 

TABLE X. 

and minima and the limit values when l/ft=0 
and L'k= — 1 respectively gives the following re­
sults (Table X). 

The results are given graphically in fig. 22, 
where a and b are plotted as functions of — Uk for 
o = l , | 2, and 2 respectively. The real component 
ii is always positive, while the imaginary compo­
nent b, as we have already mentioned, can be 
either positive or negative, which means that the 
reactance can be either positive or negative. If, 
for instance, 3K7 is plotted as a function of the 
frequency instead of Uk in a band filter, we find 
that a varies symmetrically about the geometric 
mean frequency /,,„, while b passes through zero 
at this frequency and at the two frequencies (fig. 
23), determined by the a-matehing. 

Figs. 22 and 23 show that at normal matching 
(« = 1) the mid-series load impedance 3/n 
is equal to the external resistance, e. g. the 
internal impedance 37-00 of the generator where 
t/j: = 0(/'„„), and that its real component is conti­
nuously approaching zero while its imaginary 
component is approaching infinity for a falling 
or rising frequency. When a > 1 the load impe­
dance at fr;, = 0 (f„„) is also real and equal to a §Toa, 
which is thus larger than in the preceding case. 
For frequencies lower or higher than /„„, the real 
part of this load impedance will rapidly diminish, 
while its imaginary component first rises and be­
comes positive (or negative), then passes through 
zero, and subsequently grows continuously, reach­
ing very high negative (or positive) values. The 

real part becomes • 3T„„. i- e. equal to the external 
a ' 

and solve a and b, which become: 

which when « = 1 , become 
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resistance, at the same time as the imaginary 
part becomes zero. Here, then the filter is matched 
with the external resistance, the reflections dis­
appear and the effective attenuation becomes zero, 
as can be seen by comparison with Table XI, 

It should be observed that the curves in fig. 23 
for the load impedance are continuous. In Tables 
II and III this does not seem to be the case for 
the filter image impedances, but this is only 
apparent and due to the symbolic method of 
plotting (cf. p. 22). 

The load impedance of a-matched filters may 
be calculated from (35) or (81) for various num­
bers of half sections. In each case we then get 
curves corresponding to those of fig. 23. A com­
mon characteristic of these curves is that the real 
component of the load impedance is equal to the 
external resistance for those values of Uk which 
make the imaginary component zero. Thus here 

Fig. 22. 

the matching is ideal and the effective attenuation 
zero. 

<i G. Ref lect ions in a-matched fi lters. 

The formula? deduced in the last chapter for 
the load impedance may be used for finding the 
reflection coefficient e. According to the defini­
tion in ch. 4 A. 

We have now, in the same way as in the fore­
going chapter, 

and 

from which we obtain the reflection coefficients 
ET and f„ respectively 
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Fig. 23. 
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and according to (79) 

where 



By reducing (88) and (89) to their simplest 
terms we finally obtain the reflection coefficients 

which are thereby shown to be identical at the 
mid-series and mid-shunt terminations except for 
the sign. Normally, it is the absolute value of the 
reflection coefficient that is of interest, and we 
then have in the general case 

As an example of the calculation of reflections 
in a filter we will work out e for the same filter 
as in the foregoing chapter, namely, a half section 
"constant k" filter (fig. 21). For this filter we 
have according to the above 

or 

By substituting in (91) we get 

The reflection coefficient f for this half section 

is plotted graphically in fig. 24 for various values 

of a viz. 1, | 2, arid 2. It will be zero when 

Fig. 24. 
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which agrees with the statements in Table X, 
where it was shown that the imaginary part of 
the load impedance became zero and the real part 
exactly equal to the external resistance at this 
value of Uk-

(921)) can be simplified still further if instead 
of the variable [7*—reckoned from the origin 
along the negative abscissa axis—we introduce the 
variable n*. which is reckoned positive or nega­
tive from the value of Uk given above in (93) at 
which e becomes zero—in other words we move 
the coordinates. The expression for the reflection 
coefficient e then takes the form 

and the actual value of Uk is determined by 

The curve for the reflection coefficient £ is sym­

metrical about an axis determined by [7s=—«- -1 . 

Fig. 24 shows that the reflections are least in 
the middle of the filter band ( t / j = 0 ) in a filter 
where a = l , while they rise to 45 per cent, at the 
cut-off frequency (!/*= — 1) for the same value of 
a. In a filter where a = ] 2 which has for other 
reasons been found a suitable value — the reflec­
tion coefficient at the centre of the band and at 
the cut-off frequencies will be 33.3 per cent, and 
will he reduced to zero between these points at 
Uk=— 0.5. The reflections are thus considerable, 
even in a-matched filters, but a-matching does 
make it possible to shift the ranges of minimum 
reflections to frequencies which are on either side 
of the centre of the bund. As we have already 
mentioned, not only the effective attenuation but 
also the reflections must be considered when se­
lecting the value of a. The points of view given 
above will then form a good guide. 

(5 I). D i scus s ion of a d v a n t a g e s a n d d r a w ­
b a c k s in a - m a t c h i n g . 

Proceeding from general formulae for effective 
attenuation, load impedance and reflection coef­
ficient, we have above deduced special formulae 
for a-matched "constant k" filters. These special 

formula? have become relatively simple and sui­
table for algebraic treatment on account of the 
favourable properties of these filters. Again, in 
"constant k" filters it is very simple to make the 
conversion from expressions having Uk as para­
meter to other forms with the frequency as para­
meter, as has been shown in Ch. 5. The universal 
applicability already attained by this class of fil­
ter will have been even further extended by this 
work. In conclusion we give below a summary 
of the advantages of a-matching in the calcula­
tion of filters. 

1. The effective attenuation curve approaches 
the ideal, a rectangle open at the top. This pro­
perty is specially marked in narrow band filters 
of the kind used for carrier-current telegraphy. 

2. By choosing a suitable value of a the point 
on the effective attenuation curve where the effec­
tive attenuation is a minimum may be fixed at a 
frequency which has to be transmitted with par­
ticularly low attenuation, e. g. the carrier fre­
quency in carrier current telephony plants work­
ing with one of the side bands suppressed. An­
other example of such a shifting of the minimum 
on the effective attenuation curve is the case in 
which it is desired to transmit a certain frequen­
cy, e. g. 800 cycles/sec, or certain frequencies 
within a band of voice frequencies, with the least 
possible attenuation. 

3. In a-matching of filters ( a > l ) greater ef­
fective attenuation is always obtained far outside 
the filter hand than in the normal case where 

0 = 1 . 
Certain drawbacks naturally accompany the 

use of a-matched filters. The most important of 
these has already been pointed out above, viz. 
increased reflections for certain frequencies in 
the filter band. But these reflections are the very 
cause of the favourable appearance of the effec­
tive attenuation curve, and the drawback of re­
flections is often balanced by improved attenua­
tion. 

In the cases of asymmetrical "constant k" fil­
ters discussed above, we have assumed that the 
filters are to be a-matched both ways, so that the 
external impedances have been made smaller (or 
greater) than the image impedances at mid-series 
(or mid-shunt) terminations. This is of course 
not essential. One can also sometimes with ad­
vantage a-match the filter on one side only, or 
select different values of a for the two sides. 
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Zobel's method, called the "m-derivation" of 
"constant k" filters, which gives a level image im­
pedance within the filter band, can in certain 
cases be used in conjunction with a-matching, 
e. g. by making the filter on the one side of m-
type while it is a-matched on the other side. A 
filter of m-type in itself shows good matching 
with an external resistance within the filter band, 
and, by a suitable choice of magnitude for the 
parameter m, this matching can so be done that 
the image impedance becomes equal to the ex­
ternal resistance at three frequencies. 

By a-matching such a m-type filter also, the 
image impedance can be made to coincide with 
the external resistance for four frequencies, of 
which two will be very close to the cut-off fre­
quencies. It has not yet been investigated which 
values should in such a case be given to m and 
which to a, but what has been proved in this 
paper makes it possible to say that further im­
provements in matching are possible by this 
means. 

It has already been pointed out that calcula­
tions for the choice of the best value of a to 
obtain the most rectangular effective attenuation 
curve possible, ought really to have been perfor­
med with due allowance for energy dissipation 
in coils and condensers. This calculation is, 
however, very complicated, though it might be 
done in some special cases. A new general method 
for calculating the attenuation in filters with 
energy dissipation, which has just been published 
by Pleijel,1 is very promising in this respect. 

It now only remains to be pointed out that 
a-matching can naturally be used not only in 
"constant k" filters but also in other types of fil­
ters, e. g. as in Tables II and III. In these cases, 
however, the calculations can not be so easily 
surveyed and will take more time, for in them 
the product z t z2 is not independent of the fre­
quency. Their image impedances and load impe­
dances can therefore not be expressed as func­
tions only of the parameter U. At the same time 
it seems very likely that in these cases too a-
matching will have advantages, especially with 
regard to effective attenuation. 

1 See Bibliography 21. 
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Method of Installation of Subscriber's Automatic Telephones 
when Changing over from LB to the Automatic System. 

Communication from the Concession Department. 

By Hugo Blomberg. 

W hen a telephone plant is automatized it is 
often found possible to retain the same 

lines in the automatic system—although perhaps 
a few alterations and repairs may be necessary. 
The new automatic exchange is connected by 
transfer joints to the primary cables coming 
from the old manual exchange, and at a fixed 
moment all the subscribers, or in large exchanges 
a group of subscribers, are switched over to the 
automatic exchange. If the manual exchange is 
designed on the CB system, the subscribers' 
stations have been fitted with dials or exchanged 
for automatic telephones before the switch-over, 
so that they do not complicate that process. 

But if the manual exchange is arranged on the 
LB system, the old subscribers' LB telephones 
obviously cannot be exchanged for an automatic 
one before the switch-over; instead it must be 
left, and the new automatic telephone installed 
as well. The LB telephones have therefore to 
be used right up to the actual time of switch­
over, and not until then can the automatic ones 
be used. 

The usual plan for this has been to connect the 
subscriber's incoming line to a special switch 
with which the subscriber can turn his line over 
from one set to the other at a definite time. In 
this case, however, it has been found necessary 
to put in, besides the switch, a condenser in series 
with the LB telephone, as otherwise every tele­
phone having its bell connected direct to the 
subscriber line would, when the switch-over is 
done (usually at night), make call at the ex­
change until the subscriber had thrown over 
the switch and so changed the line to the auto­
matic set. 

Apart from considerations of cost, this arrange­
ment is not very convenient, for the subscriber's 
incoming line cannot be fixed finally to the line 

terminals of the automatic telephone before the 
switch-over is done, because the switch, con­
denser and LB telephone have to be removed 
afterwards. 

In order to avoid this, the following method 
has been worked out, and recently used in prac­
tice with good results. 

Fig. 1. 

Fig. 1 shows how the connexions are made 
when the automatic telephone is installed before 
the switch-over. The incoming subscriber's line 
L is connected to the two line terminals, hx and 
L2, of the automatic telephone, which is there­
fore connected at once in its permanent position. 
The hitter's terminal strip always has two ter­
minals Eli, for connecting an extra bell, these 
being normally joined by a metal strip. To these 
the line terminals of the LB telephone are con­
nected, the metal strip being folded to one side. 
When, therefore, the hook of the automatic tele­
phone is depressed, i. e. when it is in the signal­
ling position, the LB telephone will be connected 
to the line in series with the bell and condenser 
of the automatic telephone. The bell impedance 
is, however, far too high for speech currents and 
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Fig. 2. 

cannot therefore be connected while the LB tele­
phone is being used. It is therefore short cir­
cuited by an ordinary connecting wire arranged 
at the telephone and connected to the bell ter­
minals on the strip of the telephone, taken out 
through the hole for the cord in the casing,, and 
laid round the receiver hook or over the micro-
telephone and dial in such a way as to keep the 
hook depressed, as in figs. 2 and 3. This con­
necting wire has two functions, the electrical one 
of short-circuiting the ringing bell, and the me­
chanical one of preventing the hook from being 
moved. By means of it (it might suitably be 
enamelled and spun over in some colour) the 
automatic set is sealed in the ringing position 
and at the same time shows the subscriber that 
it is not to be used. The LB telephone is con­
nected to the subscriber's line in series with the 

condenser, and conversation can thus be carried 
on undisturbed. 

The subscriber is instructed to cut this connec­
ting wire at a stated time—subsequent to the 
switch-over having been completed—thus breaking 
the mechanical sealing, after which the automatic 
telephone will be used. By cutting the wire the 
short circuit across the bell is broken and the 
automatic telephone is put into normal working 
order, while the LB telephone remains connected 
as an extra bell. Incoming signals will thus ring 
the bells of both sets. After some time a fitter 
will arrive and remove the LB telephone and 
the connecting wire, the latter being left hanging 
till then. He will also connect the two terminals 
E and B by the metal strip. No change what­
ever need be made then in the incoming line. 

By this method the new automatic telephone 
can be installed very simply without either an 
extra switch or a condenser being necessary, 
while at the same time the old LB telephone is 
left in use. Obviously, the method can be used 
for switching over from a local battery system 
just as well to a manual as to an automatic GB-
system. 

Fig. 3. 
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Possibilities and Tendencies of Power Transmission. 

By Professor St en Velander. 

T h e need of p o w e r t r a n s m i s s i o n . 

T oday, man and his goods are carried at over 
a hundred miles an hour, and his messages 

go round the world with the speed of light. A 
century or two ago, the speed was a few miles 
an hour and limited to what man and beast could 
do by muscular effort. Earlier still, speed and 
transport facilities had remained practically un­
changed during the thousands of years of man's 
existence. Progress has been similar in many 
spheres of material culture—slow and snail­
like at first, then suddenly almost explosive. 

The turning point came when humanity began 
to harness the forces of nature, when the muscles 
of man and beast were relieved, first by steam 
power, and later even more by electric power. 
The internal combustion engine has played a very 
important part too, particularly in the develop­
ment of transport during the last decades. 

It meant a great deal to progress when man 
began to fetch raw materials from other count­
ries, from the far corners of the earth. That was 
done already in ancient times however, though 
the quantity transported in those days did not go 
far and consisted mostly of luxuries for the rich, 
as operations on a large scale were impossible for 
lack of power. We depend of course on other 
countries and continents for the raw materials of, 
say, motor cars, but more than that is required 
for car manufacture. Even if man had been able 
to collect these several raw materials, all his ef­
forts to put the modern automobile within the 
reach of everybody would have been vain if he 
had not forced the energy contained in coal and 
water into his service and made it do 99 per cent, 
of the mechanical work. 

For two thousand years man has been very 
near to subjugating the wild and intractable 
forces of nature. Suggestions and proposals have 
been made, but never carried through. The first 
steam engine was made before the beginning of 

our era, likewise the first wyater wheel. The 
art of making the never-failing energy of running 
water do one's work was known, but little used. 
The significance of being able to increase human 
strength tenfold or a hundredfold was not appre­
ciated and — there was no means of transmitting 
the power. 

P o w e r t r a n s m i s s i o n in a n c i e n t t i m e s . 

Attempts with rods or shafts actually succeeded 
in transporting the power a few miles. Kristoffer 
Polhem, our great engineering genius, improved 
this method considerably, and especially increased 
its efficiency. These transmissions were greatly 
admired, and would carry the power of the huge 
water wheel a whole mile and a half across 
forest and mountain to the pumps of the mine. 
At that time wonder and admiration were felt 
for this transmission of a few horse power, stret­
ching, noisily grating, through the forest. To 
many it seemed witchcraft, and the legend of a 
Polhem transmission having frightened ravaging 
Russian hordes may be true. All things consi­
dered, these rod transmissions did good service 
in their day and odd examples of them have 
even survived till now, so that the Technical 
Museum has been able to acquire several. Fig. 1 
shows a mechanical power transmission of the 
18th century, side by side with an electrical power 
line of the 20th. 

During the 19th century, direct-driving water 
power, and direct-driving steam power even more, 
became the dominant source of energy in in­
dustry. Our iron works, our textile and paper 
industries, were lined up along the falls and ra­
pids of the rivers. In the plains the industrial 
communities were marked by their chimneys. In 
agriculture, the horse-gear was relieved by the 
portable engine barely a generation ago. But 
the small factory, the craftsman, and the home, 
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R 4022 Fig. 1. Mechanical power transmission by Polhem's 
rods; in the background an electrical overhead line. 

still lacked the untiring helper which large scale 
industry had procured for the rough work. 

B e g i n n i n g of electric transmiss ion . 

Then, 50 years ago, electrical energy, the new 
force of nature, hegan to be heard of. It could 
be transmitted in any quantity for miles by thin 
metal wires. It could be used for lighting, for 
mechanical work, for heating, for chemical pro­
cesses. It was pure magic. 

The first steps in electric power transmission 
were taken about 1880. Electrical energy was 
then distributed in towns over short distances for 
lighting and to some extent for power. The first 
municipal electricity works were built in the 
eighties. Even some small Swedish towns built 
electricity works. The larger towns already pos­
sessing gas works as a rule came later. The first 
municipal electricity works of Stockholm was 
established in 1892, in Malmo in 1901, and in 
Norrkoping in 1904. Electric power transmission 
did not seriously begin until the beginning of the 
nineties, when the 3-phase electric motor was in­
vented. Easily transformable A. C. could then 
be used for both large and small power 
requirements in industry. Our iron works were 
the first to make use of electrical power trans­
mission. The Hellsjon—Grangesberg line, carrying 
500 HP at 10 000 volts and completed in 1893. 
was probably among the first, if not the very 
first, industrial power line in the world. Its 
simply equipped power station (fig. 2) is vastly 
different from modern power stations, and would 
scarcely suit the increased demands of our days. 

These early plants, however, showed that the 
natural power of the water falls oould be suc­
cessfully transformed into electrical energy, easily 
carried, and used at incredible distances from the 
water falls. It was also found that by means of 
electrical energy power could with great advan­
tage be transmitted and distributed even at as 
short distances as within a factory. Power was 
therefore distributed electrically even when the 
electrical energy was produced by steam power 
in or in the immediate neighbourhood of the fac­
tories. When, at the beginning of this century, 
the turbine became the dominant type of steam 
engine and the power requirements at the same 
time grew to many thousands of horse power, 
the employment of ropes, countershafts and 
belting became out of the question. Practically 
all power transmission and distribution then be­
came electrical, whether the power was produced 
by water or fuel. 

With the close of last century, when technical 
designs had settled down and become reliable, 
confidence in electricity grew and its value, par­
ticularly as a means of utilizing water power, 
was exaggerated. The ever-flowing masses of 
water, producing day after day immense amounts 
of power, fascinated and dazzled. It was over­
looked that the dams, canals, turbines, and ge­
nerators necessary for harnessing the forces of 
nature to the engines of industry, cost millions 
of money. It was forgotten that the power lines 
had to be carried mile after mile. Even though 
they were relatively cheap compared to rod or 

H 4021 pig. 2. The old Hellsjon power station, from which 
the first electric power line was built. 
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Fig. 3. 40 kV line with wooden poles, one shattered 
by lightning. 

rope transmissions, the large distances made a few 
poles and a bit of wire swell into thousands of 
long, heavy poles and tons of valuable copper. 

It was found that lines as simply and cheaply 
built as telephone lines could no longer transmit 
the increasing power. Their reliability had to be 
raised. Storm and bad weather must not interfere 
with the work, lightning must not damage the 
wires, shatter the poles, or cause any other injury 
(fig. 3). About 1908—1910 the demand for steel 
towers (fig. 4) for all more important lines was 
raised. This further increased the costs. The 
capital cost of power transmission rose. Even if 
cheaper maintenance and greater length of life 
resulted from this, it was nevertheless an addi­
tional financial burden. To the economic and fi­
nancial difficulties which at this time had to be 
met by the power companies were added political 
claims for the right of the State to the water, 
for an extra tax on the power undertakings in the 
form of concession payments, etc., which all 
helped to make the money market uncertain and 
dubious of power plants, even though most of 
these threats came to nothing. 

Creation of large power transmiss ion 

companie s . 

The beginning was thus none too easy; yet, in 
spite of everything, the majority of our large 
power companies were founded at this time. The 
State built the Trollhiitlan Power Works, and 
from this a radial system of power lines was soon 
built, feeding the towns, villages, and industries 
all round. On crowned towers, 130 ft. high (fig. 5), 
an enormous bundle of copper conductors was 
carried across the canal, to put 100 000 HP at 
the disposal of every branch of industry. North 
and south of Trollhiittan stretched the lines of 
the Gullspang and Yngeredsfors Companies. The 
South Swedish Power Company built a number 
of magnificent power stations on the Lagan, with 
the Knared Works as their centre, whence a 
heavy bundle of wires ran down the West coast, 
branching off to the industrial towns there, with 
Malmo as the natural terminus and centre of a 
power system which distributed at first 20 000 
and later 40 000 H P over the province (fig. 6). 

Fur ther East, where prospects of consumption 

K 4031 pig 4 5() kV towers with guard brackets at a 
road crossing. 
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R4033 Kig. 5. The 130 ft. towers carrying the Trollhiittan 
lines across the Trollhatte Canal. 

were much more modest, the Hemsjo Power 
Company built a number of small power stations, 
with lines crossing Blekinge and North-East 
Scania (fig. 7). In Ostergotland the electrifica­
tion was also carried out from small power sta­
tions in the West by the Motala Strom Power 
Company, one of the oldest power distributing 
firms in the country. The urban power supplies 
of Norrkoping, used by the local industries, were 
in 1910 supplemented from Ojebro. This power 
was transmitted at the then high voltage of 40 
kV in a double line carried on steel towers. 

In the Bergslags district of central Sweden also, 
a few power-distributing companies were formed 
at an early date, e. g. Orebro Elektriska A.-B., 
but the transmissions were generally more or 
less local. As a rule the iron works transmitted 
power for their own requirements from water 
falls in the neighbourhood. In Norrland the con­
ditions were similar, though the distances were 
generally longer and consecpiently the voltages 
higher than in Bergslagen. Power distribution 
systems for serving the public in these districts 
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H «.>:> pig. (5. The Sydsvenska Kraftaktlebolaget main line 
entering Malmd. Old type of tower. 

were as a rule established 5 to 10 years later 
than in Southern Sweden, whether built by the 
State or private interests. 

At the time, about the end of the first decade 
of this century, when the majority of public 
service power distributing concerns were started 
both in this and other countries, supporting in­
sulators were the only kind available. These 
restricted the tension used to 50 000 volt or 
slightly more, which meant a very inconvenient 
limitation of the possibilities of transmission, 

Fig. 7. Steel tower on the Hemsjo-Karlshamn line. u io-'u 



noticeable at anything beyond 60 miles, in other 
words, at distances which were very small in 
relation to the size of this country. 

Suspension insulators were then invented, 
which theoretically solved the problem of unli­
mited operating voltages (fig. 8). Certain practical 
difficulties remained, hut on the whole it might 
he said that from that time on it was not this 
sort of difficulty, hut high costs, that limited the 
distance at which electric power could he trans-
milled with advantage. 

At the same time as the main cross-country 
lines spread over large parts of the more densely 
populated areas of the country, underground 
cables began to he used for the distribution in 
towns and villages. At first, technical reasons 
limited the voltages to 6 to 10 kV, but this was 
of no great importance, considering the short 
distances and the moderate amounts of power at 
first distrihuted in towns. 

T h e increased power consumpt ion , and i ts 
s ignif icance to t ransmiss ion m e t h o d s . 

The consumption, however, grew year by year. 
This universal increase has resulted in the annual 
output for the whole Sweden, which a little more 
than 20 years ago stopped at 500 million kWh, 
having today become 5 000 million kWh, i. e. it 
has increased tenfold in little more than 20 years. 
Par t of this increase of 200 to 300 million k W h a 
year comes from new power systems, but a very 
large part is accounted for by increased loads on 
already existing systems. 

This increased load has been of the greatest 
economic importance to the methods of transmis­
sion. A line to carry 500—1 000 kW a distance 
of 50 miles is hardly cheaper than one built for 
2 000 or 8 000 k\V. A further increase to, say, 
double that amount, i .e . 5 000 kW, raises the 
cost of the line not by 100 % but only by about 
30 %. And it is practically the same for shorter 
transmission distances and proportionately smal­
ler amounts of power. The total cost of the line, 
and hence also the total transmission cost, will 
therefore only rise slightly with increased power. 
This means that as the power grows the small 
increase in the total cost can he divided amongst 
a much increased number of kilowatts. The 
transmission cost per k W will thus fall as the 
consumption rises. This applies not only to the 

it 4030 pjg_ s_ 70 kV tower with suspension insulators. 
Royal Hoard power station, Alvkailehv. 

large cross-country lines, but even more to the 
systems in towns, villages, etc., and is the prin­
cipal reason for the selling price of electric power 
remaining at the same level in spite of rising 
wages, cost of materials, etc. It has even been 
possible to reduce the price of power distributed 
in towns considerably, while at the same time in­
creasing, both absolutely and relatively, the profit 
to the towns from this source. 

Improv ing the s trength and rel iabil i ty 
of the l ines. 

This favourable economic improvement has 
also had an effect on the purely technical side of 
power transmission. It was no longer necessary 
to keep building costs down to a bare minimum 
to make both ends meet. A fair amount of money 
could be spent on increasing the strength and 
reliability in working. Wha t was economically 
impossible in a line which carried only 500 kW, 
became an obvious and paying proposition in 
one of 5 000 kW. As electrical energy gradually 
became a necessity for an increasing number of 
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purposes, the demands of consumers for greater 
reliability were also increased, and improvement 
in quality, i. e. greater freedom from disturb­
ances, was more and more appreciated. 

The past 20 years have therefore been marked 
by incessant efforts to produce better, stronger, 
and more reliable transmission plants. 

Mechanically, the lines have been improved 
mainly in the following directions. Experience 
gained in older systems was collected and ana­
lysed. In this way more extensive and certain 
knowledge was obtained of the strains and stres­
ses to which lines may be exposed in bad weather 
conditions. Special attention is now given to the 
stresses to which wires covered by ice may be 
subjected in a wind or when there is hoar-frost. 
In the standard specifications for power-lines, 
which have been in force for some years, values 
for these extra loads are included. Since, as men­
tioned above, a line transmitting much power 
with good economy can, and should, be construc­
ted with greater strength and reliability than one 
for less power, the reliability requirements of 
these Swedish specifications are graded according 
to the importance of the line from a power trans­
mitting point of view — an innovation which is 
gradually being adopted in other countries. At­
tempts are also made to allow for the varying 
weather conditions in different parts of the 
country. 

During the efforts to obtain the strongest and 
most reliable lines possible, wooden poles have 
come to the fore in a way undreamt of 20 years 
ago (figs. 9 and 10). Creosote-impregnated wood 
has proved as durable as iron. Further, wood 
needs no painting etc. This is of great importance 
in these days, when it is becoming more and more 
imperative that the lines should work incessantly, 
day and night both Sundays and weekdays, so 

Fig. 9. Wooden poles of the types used by the 
Royal Board of Waterfalls. 

Fig. 10. 70 feV wooden pole in the Trollhiittan — 
Alingsas line. 
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that there is hardly ever time to switch off the 
power for inspection and repairs. 

About as important as the mechanical strength 
of towers and cables is the reliability of the 
insulators. In past times, the insulators have 
on occassion left much to he desired in 
operating reliability. Many expedients have 
been suggested and tried, and have fre­
quently failed, but the last decade has brought 
about considerable improvements. It has been 
realized that insulator faults must be ascribed to 
mechanical and thermal stresses, and that much 
can be gained by using a strong, tough porcelain. 
Extra margin has also been allowed in the size 
of the insulators. In a suspension insulator, for 
instance, a couple of extra units may be put in, 
to give sufficient insulation even when one or two 
of them are broken, for even the best insulator 
may be damaged by shots or other causes. The 
same principle is also applied with good results 
to pintvpe insulators, which are made so large 
that flash-overs will not occur even if one 
of the shells has been broken clean off. 
Considerable progress has also been made in pro-
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R 4018 Fig. 11. Flash-over on a string of insulators with 
protective rings. 

tecting the strings of insulators from damage Im­
possible flash-overs. The investigations carried 
out by Sydsvenska Kraftaktiebolaget (South Swe­
dish Power Company) have contributed much to 
the solution of this problem and have led to the 
string of insulators with protective rings shown 
in fig. 11. Such high insulation also makes 
the lines fairly safe from over-voltages, not only 
those arising internally from switching operations 
in the system, but also external ones caused by 
atmospheric conditions. There are examples of 

H1023 fig. 12. Old fashioned railway-crossing, with a via­
duct for the power line. 

solidly built lines with heavy copper conductors 
and ample insulation which have worked for 
years without a single mechanical or electrical 
disturbance interrupting the service. The time 
therefore does not seem to be far distant 
when we will have power transmissions able to 
work practically 24 hours a day year after year 
with no interruptions at all. 

Crossings of power l ines and other 
communica t ion routes . 

The strength and reliability attained by modern 
power lines have made it possible to do away 
with the protection formerly considered necessary 
when one of them crossed a railway, a telephone 
line, or a main road. Not so long ago, at the 
beginning of the century, it was considered that 
a power line should be carried across a railway 
on a viaduct nearly as solid as a road bridge 
(fig. 12). A sound view, which is rapidly gaining 
ground, is that it is better to spend more on 
making the line itself safe against breakages, than 
to make the line weak and fragile and then put 
up expensive devices to support and carry the 
lines when these are once broken and out of 
action. Stout poles, heavy conductors, and strong 
insulators — frequently double — will, when pro­
perly used, make a line strong enough to allow 
its crossing railways, telephone lines, etc. in 
one free span (figs. 13, 14). Such crossings are 
now beginning to be used regularly in large pow­
er transmission systems both in our country 
and in most others. For minor, weak lines the 
old guard brackets etc. may possibly be retained. 

R 4020 Fjg ]3 Modern fracture-proof crossing, with double 
insulators and extra stout poles. 
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Fig. 14. The line entering Malmo. 
Fracture-proof railway crossing. 

Underground cab les for p o w e r t ransmiss ion . 

As mentioned above, underground cables be­
gan to be used fairly soon for this purpose, though 
chiefly in towns and densely populated rural 
districts, or where it was difficult to find room 
for overhead lines. Obviously it would often be 
desirable and convenient to pass directly from a 
high tension overhead line to an underground 
cable when bringing the line into a town, crossing 
some wide water, or the like. In past times the 
maximum voltages for cables were comparatively 
low, but the researches and experiments of the 
last decade have advanced manufacturing me­
thods so far that it is only for the very highest 
voltages, i. e. above 132 kV, that cables have not 
yet been designed and used. Underground cables 
can nowadays be used for all voltages employed 
in Sweden, and submarine cables for 50 kV have 
been laid across both the Sound and KalmarSound. 
At the same time voltages in the urban cable 
systems have risen from 5 or 6 to 30 kV; the 
latter is now used in, for instance, Stockholm. 
Cables are already used for taking the overhead 
line pressure of 40 or 50 kV straight to the centre 
of the town. 

Sieverts Cable Works have contributed in many 
ways to the development of cable designs for 
very high voltages. The oil-filled cable boxes, 
probably the best for this particular purpose, are 
only one of the valuable contributions of this 
firm to the design of cable lines. 

Underground cables, however, are more expen­
sive than overhead lines and are therefore, in 
spite of their advantages, not used as often as 
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they might he. It is generally the cost of laying 
which makes the cable so expensive. Attempts 
have lately been made in Germany to dig the 
cable trenches by machinery, which, it is hoped, 
will lead to a more extensive use of cables, for they 
possess great advantages. An absolutely safe and 
reliable transmission is often more easily obtained 
with an underground cable than with an overhead 
line. The modern cables with rationally designed 
cable-boxes have proved particularly insensitive 
to anything in the way of over-voltages. A section 
of cable before a machine, a transformer, or a 
switching station, will furnish very effective pro­
tection against lightning. It should further 
be emphasized that even if the initial cost of 
cables is somewhat higher than of overhead lines, 
their maintenance costs are considerably less. 
The annual cost of a cable transmission will there­
fore frequently be less than that of an air trans­
mission, especially if allowance is made for the 
above-mentioned technical advantages of the 
cable. A careful consideration of cables as an 
alternative to overhead lines is therefore strongly 
recommended. 

P h a s e compensat ion in power transmiss ion . 

Most electrical machines and appliances used 
in industry, agriculture etc. unfortunately not 
only consume electric current in proportion to the 
work done, but also a certain amount for mag­
netizing the necessary iron framework. We have 
the active load and energy which does useful 
work. We have a frequently equally large reac­
tive load and energy, which is consumed in 
magnetizing. 

This is the much-discussed power factor, the 
mystic cos <F which is so puzzling to the layman. 

As the electrical transmission plants have been 
enlarged and come to serve an increasing number 
of purposes, it has proved more and more un­
suitable to produce the magnetizing current, the 
reactive load, in the power stations and trans­
mit it by the lines. It is generally better to pro­
duce it mainly at or near the place of consump­
tion. This is an absolute necessity in long high 
voltage lines, where it is generally supplied by 
synchronous light-running machines, so-called 
synchronous condensers. A very large condenser 
— of no less than 12 000 kVA — is, for instance, 
installed at Malmo. 
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Fig. i.">. Map of the Sydsvenska Kraf takt iebolaget sys lcm. 

In many other cases, and especially when it 
is a question of producing a small amount of 
reactive power close to the place of consumption, 
static condensers are most practical. Sieverts 

Cable Works have improved these condensers 
enormously, and have made them a rational 
adjunct of electricity-consuming plants. Here we 
will only emphasize the extremely small losses 

Fig. 16. T o w e r bu i l t for 132 kV, present 

voltage 55 kV. 

R4027 f ig . 17. T o w e r for 132 kV, present voltage 5"> kV. 

Device for giving the line ' /• of a tu rn this side of the tower . 
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Fig. 18. Map of the State Central Block system. 

when using static condensers — only about 1/10 

of those in rotary condensers. Static condensers 
may therefore be used for phase correcting in 
lines transmitting high powers also, e. g. main 
transmission lines. 

I n t e r c o n n e x i o n a n d c o o p e r a t i o n . 

Power transmitting systems are no longer of 
the early simple type, i. e. a line from power 
station to consumer, to a factory. The lines are 
branching out to increasing numbers of consum­
ers, more power stations are connected to the 
lines and their energy is fed into the joint lines. 
The advantages of such interconnexions are: 
both load and supply of power are equalized, 

many power stations can use the same reserve, 
when the load is low the number of generators 
etc. running can be cut down in order to reduce 
the losses; new power stations will more quickly 
be working at full load, as the additional load of 
the whole system, and not only part of it, will 
be supplied by them. 

These reasons have led to the interconnexion 
and cooperation of an increasing number of 
power stations. 

In Southern Sweden. Hemsjo, and Finsjo have 
been incorporated in Sydsvenska Kraftaktiebola-
get (the South Swedish Power Company). A con­
necting line is being built to Yngeredsfors Kraft-
aktiebolag, and another, for the electrification of 
the State Railway South Main Line, will be con-
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ii 4o;ic pig. 19. steel tower on the main line from Trollhattan 
to Viisteras, built for 220 kV; present voltage 132 kV. 

nected to the State power system at Nassjo. 
Practically all the power lines in the seven south­
ernmost counties of Sweden now form a single 
unit, and gradually the full water-power supply 
of the district can thus be rationally used (fig. 
15). The 132 kV lines built during the last 10 
years form the backbone of this system. Steel 
towers are used in the earlier lines, which are 
designed for 132 kV, though the present voltage 
is only 55 kV (figs. 16, 17). A change to 132 kV 
can be made by simply placing a few more units 
in the strings of insulators. All the wTires are 
put on the same level, which has proved the 
most suitable method of coping with the snow 
and wind of this country. I will return later to 
the most recent of the 132 kV lines built by 
Sydsvenska Kraftaktiebolaget. 

The XorrkSping system has also been gradually 
connected up with its neighbours, and most of 
the power stations on the Svartan, Stangan, and 
Motala Strom are now working in parallel, or 
at least can do so. Finally, the whole of this 
system is also connected up with the State power 
stations. 

In central Sweden, the various power stations 
belonging to the State are connected, so that 
Trollhattan, Alvkarleo, and Motala work together 
in a common transmission system (fig. 18). All 
round the far-flung ramifications of this State 
Central Block, a large number of cooperating 
private power stations are connected. The 
Western and Eastern portions of this system 
cooperate by means of the main line from Troll­
hattan to Viisteras. This is built for 220 kV, but 
at present only 132 kV (fig. 19) is employed. 
The line will be increased by another pylon, 
making it into a double-circuit 220 kV line. 
Some sections of this line have been built 
with poles of reinforced concrete, a material 
which seems to offer certain advantages (fig. 20). 
Experiments with concrete poles have been made 
elsewhere too, but they have never been widely 
used, chiefly for economic reasons. 

Cooperation in Xorrland has only begun lately 
(fig. 21). By enlarging its own lines and buying 
up others, the Hammarforsen Kraftaktiebolag in 
Southern Xorrland has created a system stretch­
ing from Sundsvall almost down to Giivle, where 
the lines of the Central Block end. Northwards, 
the Hammarforsen system reaches the State 

R 4040 Fig. 20. Concrete pole on the main line from Troll­
hattan to Viisteras, built for 220 kV; present voltage 132 kV. 
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Distr ibut ion lines for national cooperat ion 
in Sweden . 

Such rather local connexions are nevertheless 
of great importance, and will prepare the way 
for cooperation over longer distances and in­
volving more power. 

This extended cooperation over the whole or 
greater part of Sweden will require a transmis­
sion system of somewhat different form from 
those previously described. It will here be a 
question of transmitting power at distances getting 
on for five or six hundred miles, many times 
the present distances. The first transmissions to 
he dealt with will he those from central Norr-
land. primarily from the Indal river down to 
the industrial districts of central Sweden, and 
subsequently further South. The principal object 
of this transmission is to supplement the power 
resources of the latter districts from the enormous 
supply in the Norrland rivers. About 20 years 
ago certain works in central Sweden acquired 
between them the great Krangede falls; more 
than 10 years ago the city of Stockholm purchas­
ed Svarthalsforsen, and the Board of Waterfalls 

Fig. 21. Map of the Norr land power l ine sys tems . 

power station at Xorrforsen, to which it is con­
nected, and it also communicates with the largest 
of the wood industry power plants in the Anger-
manland district. 

Further , the Skelleftea system will he connected 
to the State-owned Porjus system in the North, 
and probably in the South to the Norrfors 
system. We shall thus have one connected system 
from Lappland to Giistrikland—i. e. covering the 
whole of Norrland. The present lines, however, 
are only designed for rather local cooperation, 
and to supply ahout 5 000 or possihly 10 000 kW, 
and cannot he excepted to transmit power from 
Porjus to Central Sweden. For this purpose lines 
of very different size and calibre will be required. 
Certain parts, however, are strongly built, for 
instance the 132 kV Porjus—Boden line (fig. 22). 
It is also worth noticing that in this line the 
towers are of a new type, built up of two gal­
vanized Differdinger girders and anchored by 
another method than the formerly used concrete 
foundations. 

R4038 Kig. 22. Modern pylon on the Por jus—Boden l ine, 

made of galvanized Differdinger g i rders anil anchored by 

a new method . 
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Fig. 23. Curves giving the water-flow in rivers of 
Norrland and of South of Sweden. 

has bought Stadsforsen and others for the State. 
All these power resources are in the Indal river, 
and are intended for safeguarding the require­
ments of their respective owners. This scheme 
will involve a transmission of power which will 
gradually approach a million kilowatts. 

The immediate task of these Swedish main 
distribution lines will be to transmit power from 
Norrland to the South. A distributing system as 
extensive as this may, however, also serve other 
important objects. The arguments in favour of 
and the profits from cooperation will be stronger 
and greater when power stations and consumers 
are distributed over as large an area as half 
Sweden. It will suffice to show how the annual 
water-flow fluctuations in a Norrland river dif­
fer from these in South Sweden (fig. 23). In 
the winter there is always a shortage of water 
in the former, and generally a surplus in the 

latter. The spring flood in Norrland has just 
begun when the summer low-water period be­
gins to be felt in Southern Sweden. The abund­
ance of summer water in the Norrland rivers 
often lasts up to the time in the autumn when 
the South Swedish rivers again begin to fill. 
Often exceptionally dry years in the South are 
balanced by good water years in the North, and 
vice versa. 

Clearly the task of main distribution lines be­
tween Northern and Southern Sweden—to carry 
the surplus power from South to North in the 
winter and from North to South in the summer 
—will be very important. The load on these 
lines will therefore fluctuate considerably, and 
they must be designed to work satisfactorily even 
under these conditions. 

E c o n o m i c a s p e c t s of l o n g - d i s t a n c e 

t r a n s m i s s i o n . 

From the above, it will be obvious that these 
lines must transmit very large amounts of power 
if the transmission costs per kW are to be low 
enough to make the scheme profitable. To give 
an idea of the economic factors affecting such 
a transmission, I will give the results arrived at 
in the recent investigations on transmission costs 
at a distance of 300 km. (180 miles), which is 
approximately the distance between the Indal 

Fig. 24. Variation of minimum transmission costs (including 
losses) with the power; distance 300 km. 

Fig. 25. Variation of transmission costs witli voltage, the 
power constant, 50, 100, 150 and 250 MVA; distance 300 km. 
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Fig. 26. Map of proposed main transmission lines in 
Germany. 

river and Bergslagen. The curves of fig. 24 show 
that the transmission cost per kYV and year — 
including costs of line, transformer station, and 
all losses—decreases rapidly with increasing 
power and approaches a limit, apparently in 
the neighbourhood of 10 kr. per kW and year, 
at about 200 000 k\V carried by a single line. 
Fig. 25 shows that the most economical voltage 
rises with the amount of power, and to be eco­
nomically sound a line of this kind should ac­
cordingly be built for at least 150 000 k\V per 
line, with a corresponding voltage of 220 kV. 

The question will then be: Is there enough 
power to provide a satisfactory load for one line, 
or preferably for two? As we have said, the 
power supply in Norrland is sufficient, which 
brings us to the factor which in reality sets a 
limit to our long-distance transmissions. The 

,-)7 

difficulty is no longer technical—to build efficient 
long transmission lines—but rather to provide 
loads large enough to make them pay. 

D. C. or A.C. for long=distance transmiss ions . 

It is alleged that A. G. cannot be used for long 
distance transmissions such as lines right across 
Europe, or from the Atlantic to the Pacific in 
U. S. A., and that we must wait for the arrival 
of high voltage D. C. Self-induction and capacity, 
always present in A. C , are supposed to make 
transmission impossible at distances very little 
greater than those already attained. In lines of 
such length alternating current is supposed not 
to give stability in operating. 

It is quite true that if the load on a long three-
phase transmission is increased above a certain 
value, the reactive losses from self-induction will 
be so large that work is inconceivable, and the 
stability will also be so low that the machines 
will lie thrown out of phase. In very long lines 
it may also—if there are no intermediate stations 
—be difficult to deal with the capacity currents. 
These difficulties are supposed to disappear with 
direct current. 

But the specific load at which these difficulties 
appear is generally appreciably higher than that 
which gives the best results economically. The 
transmission problem being primarily economic, 



there is consequently no cause to worry about dif­
ficulties occurring only in lines which, from an 
economic point of view, are incorrectly designed. 

E x t e n s i v e s y s t e m s of main t r a n s m i s s i o n 
l i nes a r e feas ib le even w i t h 

a l ternat ing c u r r e n t . 

Nor need we be intimidated by difficulties 
which might arise in a line one or two thousand 
miles long without intermediate stations. If a 
through line of this length were built, there would 
seem to be no reason why it should not be con­
nected at several points to existing systems for 
cooperation and interchange of power. For na­
tural reasons, the distances between transformer 
stations in. for instance, the Swedish 220 kV 
main distribution lines are not likely to be more 
than 200, or at most 250 miles. If such inter­
mediate stations are arranged, the problem of 
stability and capacity currents will be compara­
tively easily solved. 

In Germany also, the plan for coordinating all 
the power works includes so many stations, and 
consequently points of support, that fears of such 
difficulties in working may be dismissed (fig. 
26J. 

Such a system of large trunk lines will thus, 
at intervals adapted to the voltage and increasing 
with this, be provided with transformer stations 
at which they will be connected for cooperation 
with the regional power distribution systems. At 
all points where large power stations are not 
connected, rotary condensers will be installed, 
in order not only to stabilize effectively the 
whole system, but also, by some over-compensa­
tion, to regulate the voltage to a constant value 
throughout the system. Reactance coils, com­
pensating the capacity currents at no load, may 
also be placed at these points. 

S o m e p r o b l e m s of de ta i l in 220 and 
400 k V l ines . 

In principle, consequently, there seem to be no 
fundamental difficulties in building very long 
lines for very high A. C. voltages. But the build­
ing of such lines will encounter several important 
practical difficulties which must be overcome. 
The corona, for instance, necessitates making 
conductors for high voltages of very large dia­

meter. It is not certain that the expedients so 
far used—steel-cored aluminium or hollow cables 
—will be suitable in their present forms. Vibra­
tions and fatigue-cracks, compelling modifi­
cations of design and greater attention to the 
quality of the material, and its properties under 
fatigue stresses, have ocurred in these heavy 
conductors. The ordinary types of insulators 
may for mechanical reasons be impossible to 
use. The forces from the conductors, which at 
400 kV must have diameters of nearly two inches, 
and cross-sections of more than one sq. inch, will 
be so great that it may be necessary to construct 
new types and designs of suspension insulators. 
A study of the effect of fatigue stresses on the 
insulator porcelain is also of the greatest im­
portance. 

In any case it is essential that the risk of 
arcing, which at these high voltages is very 
destructive, should be reduced. Arcs must be 
kept away from the porcelain, which is sensitive 
to great heat, and devices like the protective 
rings shown in fig. 11 are used. Other parts 
must also be sufficiently separated. It has, for 
instance, proved necessary to stiffen and frame 
the slack loops on the anchor tower, to keep 
them far enough from cross arms etc. to prevent 
arcing (fig. 27). 

As regards types of towers and general ar­
rangements, it would seem that on the whole the 
same principles apply when building a line for, 
say, 220 kV as for 132 kV. We may suitably 
take as our starting point the latest and most 
up-to-date constructions, those used by Sydsven-
ska Kraftaktiebolaget for their new 132 kV lines. 
The material used there is very largely creosote-
impregnated wood (figs. 27, 28). If we are to 
use this type for 220 kV, the poles must be made 
higher, and therefore also heavier, than for 132 
kV. Instead of heavier single wooden poles, which 
will be hard to get. it will probably be necessary 
to use timber constructions or wooden poles with 
lattice work superstructure, or even to change 
over to all-steel towers. All these alternatives may 
have to be tried in practice before any particular 
type suitable to our country is found. I hardly 
think, however, that this country need go in for 
the American types with fine-meshed lattice work 
of comparatively small-gauge steel. We have 
good reason to stick to our own simple, neat, 
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R 4035 Kig, 27. Wooden poles for 132 kV with protective rings 
and specially shaped loops to reduce the risk of flash-overs. 
The new Sydsvenska Kraftaktiebolaget main transmission 

line. 

and strong types of pole even for these high 
voltages. 

Although practical problems of this kind will 
have to he solved when building 220 kV lines, 
and even more if 400 kV lines have to be made, 
they are not of a nature to prevent the technical 
achievement of these transmissions while re­
taining the alternating current. 

A s p e c t s of l o n g - d i s t a n c e D. C. t r a n s m i s s i o n . 

Matters will be different if a cheap and simple 
machine, able to transform alternating current 
to high voltage direct current and vice versa 
is invented. In that case there would be every 
reason for inquiring into what economic ad­
vantages might be gained by using that method. 
The machines known and used so far, however, 
have been much too expensive and inconvenient 
to be of any real benefit in our present trans­
mission systems, bat new designs may of course 

appear. At the World Power Conference in Ber­
lin in the summer of 1930 rumours were current 
of impending revolutionary inventions. As far as 
I know, nothing more has been heard of the 
matter since. I wish to point out that D. C. 
transmissions suffer from several drawbacks 
from which A. C. lines are comparatively free. 
Voltage regulation, for example, is generally far 
more difficult in I). C. than in A. C. Changing 
from A. C. to D. C. and vice versa will therefore 
not be the only difficulty; a good many other 
problems must also be solved before we can pass 
to long distance transmission of high voltage 
direct current. 

An European super power s y s t e m . 

As a final illustration of the trend of power 
transmission, I will give a map of the proposed 
system of inter-European super power system (fig. 
29). This proposal was submitted by Mr. Oskar 
Oliven, Dr. Ing., in a lecture given to the entire 
World Power Conference in Berlin. The funda-

u«m Kig. 28. Wooden pole for 132 kV with a device for 
giving the line '/a of a turn this side of the pole. The 
new Sydsvenska Kraftaktiebolaget main transmission line. 
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Fig. 29. Dr, Oliven's proposed super power-system for Europe, submitted at the World Power Conference 
in Berlin, 1930. 

mental idea of this project is equalization of load 
and exchange of power on a large scale. The 
peak load for lighting, for instance, occurs more 
than 3 hours earlier at Rostov, farthest to the 
East, than at Lisbon in the West. The heginning 
and end of the working day, the dinner hour. 
and so on, vary in the same way. In other 
respects also, the load variations in a network 
of that kind will largely cancel out. There is 
no need to fear that a total eclipse of the sun 
in the forenoon will cause the power stations to 
break down from over-load, as very nearly hap­
pened in New York some years ago. All such 
difficulties from irregular load peaks will dis­
appear. 

The available sources of water power would 
supplement one another far more than I indicated 
as possible between North and South Sweden. 
Long-period variations in particular would cer­
tainly be almost completely balanced, as drought 

and scarcity of water do not appear to occur 
simultaneously all over Europe. In a system of 
this kind many waterfalls could also be brought 
in which would otherwise be inaccessible, and 
most of the existing power stations could also 
be utilized to better advantage, whether they 
employ water or fuel. 

These are the advantages. The drawbacks are 
the £U){) million odd estimated to be the cost 
of the plant, with lines and stations designed for 
400 kV. 

The quantities of power and energy consumed 
in Europe today are hardly likely to be enough 
to make such a system a paying proposition. But 
in view of the growth of power consumption it 
seems very probable that the time is rapidly 
approaching when the financing of such a scheme 
will be possible. I am therefore able to agree 
with Dr. Oliven's opinion that the project should 
be ventilated, principally in order that the various 
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national transmission systems might be planned 
so as not to hinder, but rather to facilitate, the 
advent of the international organization. Even 
in Sweden, and particularly in Scania, through 
which presumably the large Scandinavian trunk 
lines will pass, we have ever}' reason to prepare 
for the future, even if the projects of today will 
only be realized by the next generation. 

In this review I hope to have shown that 
although the improvements in transmission me­

thods have in a few decades, and not least by 
Swedish efforts, wrought many changes in our 
material culture, there are still, in spite of past 
achievements, many possible and as yet unused 
ways in which the willing and untiring forces 
of nature can be made more extensively available 
for mankind, providing power and light and heat 
to make life easier and brighter and warmer 
for us all. 
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S peaking generally of forestry, the term "com-
munications" may he taken in two different 

senses. It may refer to the means of moving 
people and material from one point to another 
hy road, rail, or the like—that is, exclusively a 
transport question, wholly outside the range of 
this paper. But it may also mean the transmis­
sion of messages of one kind or another, which 
need not necessarily he combined with a simul­
taneous conveyance of substantial objects. Com­
munication is in this case effected by means of 
telephone, telegraph, wireless, or visual signals, 
of which there are a number of systems. 

G e n e r a l A s p e c t s . 

A consideration of the messages usually requir­
ed in forestry, e. g. in floating operations, fight­
ing forest fires, etc. when speed is essential, and 
also of the staff employed on such occasions and 
the distances generally involved, clearly indicates 
that the telephone is the only efficient means of 
satisfying all the demands which have to be 
made on the means of communication. It is per­
haps unnecessary, considering how expert readers 
of this journal are. to point out a few of its 
advantages—that it is one of the quickest means 
of communication there is, and particularly suit­
able for the transmission of long and intricate 
messages. In addition, practically everyone knows 
how to use the telephone, and the technique of 
telephoning is so simple that little instruction or 
practice is needed. It should also be emphasized 
that in relation to the costs of construction, opera­
tion, and maintenance, the telephone is more 
efficient and more reliable than any other system. 
Another great advantage is that a telephone line 
can be extended comparatively easily and cheap­
ly—within certain limits, naturally—to places 
with which temporary communication is required 
for one reason or another. Again, portable field 
telephones can be used, for tapping the circuit 

wherever this is wanted. This last feature is in­
valuable in floating operations, as it enables the 
lumbermen to keep in constant touch with those 
who see to the sluice gates and other control 
arrangements, to give information regarding the 
formation of jams, and to receive orders regard­
ing the work, thus eliminating as far as possible 
losses of time and water. Where floating condi­
tions are bad, a telephone line will soon pay for 
itself, and also in years when it is especially 
necessary to economize with the water, whether 
on account of unusual numbers of logs or de­
ficiency of rainfall. Yet again, in fighting a forest 
fire, the field telephone is exceedingly useful, 
enabling the commander easily and quickly to 
direct his various detachments and maintain com­
munication to the rear. 

In comparison with the telegraph, the telephone 
has the advantage of requiring no specially train­
ed staff, and in this it also gains over wireless. 
Although, theoretically, wireless telephony and 
telegraphy should be particularly suitable for this 
purpose, this is far from being the case in prac­
tice. Although improvements are made in this 
sphere almost daily, the wireless set intended for 
use in the large forests still leaves much to be 
desired, considering that it should be easy to 
transport where conditions are primitive, strong, 
to withstand careless handling and bad external 
conditions, and should have good properties as 
regards transmission etc. The establishment of 
a number of small wireless stations in the wilds 
would, besides, be comparatively expensive, as 
would also the maintenance of a staff of trained 
wireless operators. Here we may, by the way, 
note that fairly extensive trials have been made 
for several years under the supervision of the 
U. S. Forest Service in order to obtain a com­
bined receiver and transmitter suitable for use 
by sentries against forest fires (in what is called 
the tower system) in inaccessible districts. These 
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experiments have also included the study of some 
questions of organization involved in the wireless 
method. So far, experience seems to indicate that 
this method may be of advantage in cases where 
telephone communications can only be establish­
ed with difficulty and at disproportionately high 
cost. A set suitable for this special purpose has 
been designed, which last summer was subjected 
to very severe tests; with small weight—about 
30 kg. altogether—it combines indifference to the 
most primitive modes of transport (e. g. pack-
horses) and unfavourable climatic conditions with 
ease of handling and good receiving and trans­
mitting properties. According to the P. M. of the 
tests, the signals from this set could be received 
at distances of up to 500 km., while the source 
of power proved sufficient for 24 hours' conti­
nuous sending. The general opinion was that the 
Forest Service set gave exceedingly good service 
in the field and showed absolute reliability even 
under extremely exacting conditions. The expe­
riments are not, however, regarded as finished. 

Wha t has been briefly mentioned above shows 
that only the telephone method has the right 
qualities to enable it to be used as a basis for the 
special intelligence service of forestry. One of the 
most striking pieces of evidence in support of this 
is the telephone network of North America used 
exclusively for forestry purposes, and at present 
covering approximately 80 000 km. Unfortunately, 
no direct statistical information is available as 
regards Sweden on this point, but there are tele­
phone lines along many of the more important 
river systems, which are used during the floating 
season. Considering that there are about 30 000 
km. of public floating channels in Sweden—some­
thing like twice the aggregate length of our rail­
ways—there are evidently good opportunities for 
development in this sphere. Further, watchmen's 
lines and other ones for special purposes are not 
uncommon in forest districts where distances be­
tween villages and other habitations are great 
and the State Telephone network is very wide-
meshed. It is therefore in the author 's opinion 
no exaggeration to say that forest telephony has 
now developed so far that its technical, financial, 
and organization problems are beginning to call 
for far more attention than has hitherto been 
given them—in spite of the fact that they might 

seem small and insignificant in comparison with 
the large problems of telephony. This is perhaps 
most applicable to certain details of the laying 
of the lines, of which a short and by no means 
exhaustive account will be given below. For na­
tural reasons it must be based on American con­
ditions, for the simple reason that American en­
gineers and forestry experts have made special 
efforts to improve the various methods of laying 
lines on land, and have met with considerahle 
success. 

V a r i o u s T y p e s of L i n e s . 

When putting up telephone lines of the simple 
type which is generally used in forestry, where 
the greater part is naturally in more or less 
wooded areas, it is possible to distinguish two 
main types of actual line construction, namely, 
what has received the name of pole-line, and 
what we will by analogy call the tree-line. The 
former is not essentially different from the or­
dinary type used in country districts; and so 
poles, insulators, hooks, etc. of the usual models 
are used for it. The latter, on the other hand, 
is a type which has been much modified to suit 
the conditions prevailing in districts with plenty 
of mature, close-grown forests, in order to sim­
plify and cheapen the work of erection, and at 
the same time to get a line which will give satis­
factory results in practice. The difference be­
tween them is considerable, with the practical 
consequence that, among other things, a staff 
trained exclusively in putting up pole lines will 
generally employ methods whose application to 
the other system will give poor results. 

The fundamental principles of the tree line, 
which are probably not very widely known, are 
hinted at already in the name, which is due to 
the use of growing trees instead of special poles 
for carrying the wire. The trees are selected as 
far as possible at equal intervals—a span of 30 
m. is probably about the best; in no case should 
the distance exceed 50 to 60 m.—and should be 
fairly stout, to reduce the sway in high winds. 
But they must not be so large as to be difficult 
to climb when the wire is being put up. The 
branches are lopped off to a height of about 6 m. 
from the ground, which is the height at which 
the holders of the hanging insulator are fixed. 
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These consist of about 50 
cm. of iron wire, usually 
No. 12 B. W. G.; one end is 
anchored to a 3 " bolt in the 
trunk, the other twisted 
round a ring-shaped split 
porcelain insulator as 
shown in fig. 1. The wire 
rests freely in the insulator 
ring, and is not fastened 
to it. 

In this connexion we might 
mention that two methods 
are used in selecting suita­
ble trees, the zigzag and the 
curve methods. In the for­
mer trees are chosen so as 
to form a zigzag line in the 
right average direction (see 
fig. 2), and they will then 
be alternately on either side 
of the wire, forming an "ave­

nue" about 2 or 3 m. wide. The wire consequently 
runs a zigzag course through the insulators on the 
inner sides of the trees and is thereby kept hanging 
freely in the air out of contact with the tree trunks. 
In the other method the line is built as a regular 
series of reversible curves (see fig. 3)—with G to 8 
trees between the points of inllexion—in which the 
insulators are fixed on the concave side. This 
provides a free passage for the wire without 
having recourse to the zigzag method. 

A tree line will accordingly never be as straight 
as a pole line. It should also be noted that con­
siderably more "sag' ' is used in the former—about 
l1/* m. in a span of 30 m.—than would usually 
be needed to compensate the contraction of the 
wire caused by falls in temperature. The points 
of support of the wire in this type of line are 
usually 60 per cent, more in number, and the 
sag 4 to 6 times greater, than in the pole line. 

Between these 2 "pure" types of line there are a 

number of mixtures, more 
or less adapted to local 
conditions and more or less 
well designed. The so-cal­
led "wilderness" lines will 
probably be well known 
from the Northern parts of 
Sweden; in these single li­
nes are put up on growing 
trees by stripping the bran­
ches from that side of the 
trunk on which the line 
is, screwing a telephone 
hook into the wood and 
stretching the wire over in­
sulators of the usual type. 
Branches on the other side 
and those higher than the 
hook are left untouched, 
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Fig. 3. Diagram of curved line method. 

Fig. 1. Insulator ring into suspension arrangements for elastic lines. A device to 
prevent a broken wire slipping through the ring. B and E when great steadiness 
is required, C and D the usual types. All are made from No. 12 K.W.G. except D, 

for which No. 9 is used. 
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and the tree is then not considered to suffer any 
damage. 

T h e U s e s and Propert ies of the Various 
L ine T y p e s . 

As regards the use of pole- or tree-lines in 
various types of country, the former is used 
mainly in open ground, where there is no wood 
and not enough growing trees available, as well 
as along roads and other communication routes. 
When the line has to be laid through forest it 
is best to cut a lane, giving the line a free pas­
sage and preventing damage from windfalls, etc. 
A characteristic of the pole line is its "inelastici­
ty", i. e. it is anchored to each insulator. Trees 
falling across the wire will therefore break it and 
cause interruptions, a risk which must be eliminat­
ed by felling everything near the line on either side. 

By its very nature, the tree line can only be 
used in relatively well stocked, dry forest ground 
with a good supply of mature trees, but it should 
be observed that no lane needs to be cut, a point 
of great importance in practice, both as regards 
the reduction of building costs and the saving 
of the growing forests. In this instance the danger 
from windfalls is obviously increased, but the 
greater risk is balanced by the line being so 
arranged that the wire runs freely through the 
insulators, with ample sag, and is therefore 
elastic". The beauty of this arrangement is, 

that if the line is caught by a falling tree, it will 
be forced down, giving instead of breaking, on 
account of the elasticity. If the worst comes to 
the worst, one or two insulators will be torn off. 
and much of the wire will be lying on the ground, 
but it will not be broken. 

The fundamental idea of this design is that 
under high stresses it will give without breaking, 
and that any damage done will be confined to 
the fastenings of the insulators, which do not 
form part of the circuit. It might then be asked 
what the use is of such a method of laying lines 
in telephony.—The answer is that a broken line 
means interrupted traffic until the damage is 
repaired, while a wire will often function mode­
rately well even if large portions of it are lying 
on the ground, and even buried in dry snow. 
If the surface of the ground is wet or if the wire 
falls into water, it will of course stop working, 
just as if it were broken, but experiments have 

shown conclusively that a single line may lie for 
long distances on dry or frozen ground without 
being rendered completely useless. The amount 
of undergrowth and how this is made up are 
two important factors in this connexion. 

S o m e compar i sons be tween the t w o T y p e s 
of Line. 

The maximum length of a tree line is for 
various reasons considerably less than that of a 
pole line. Copper wire cannot of course be used 
for this type, and ordinary galvanized iron wire 
must therefore take its place. The smallest di­
mension that, in view of the large stresses, can 
be used with safety, is No. 9 B. W. G., and the 
maximum length of line is then, unless special 
arrangements are made, 150 to 200 kms., a 
distance more than ample for our conditions, but 
which might prove too short, say in the wilds 
of Northern Canada. When heavier wires are 
used the range will be longer, but the cost will 
then be heavier, usually unnecessarily so. 

In connexion with the line material it should 
be noted that, although, the use of growing trees 
for carrying the line necessarily makes this 
crooked—either zigzag or sinusoidal in shape— 
with large sag, yet the consumption of wire is 
not increased as much as one might expect. The 
increase over a pole line is. under normal exter­
nal conditions, an average of about 20 m. per 
km. If for some reason it is necessary to build 
a double line, the two branches should not be 
put up on the same trees, but two parallel lines 
erected; this causes a large increase in the initial 
outlay, which will be almost doubled. In this 
respect, therefore, the pole line method holds a 
considerable advantage over the tree line method. 
It should also be pointed out that the insulation 
will always be worse in the former on account 
of the simplified construction, and that the line 
will therefore be exposed to large current losses 
and leakage; hence its shorter maximum length. 
This is the same however well the line is built, 
and must therefore be ascribed to the method. 

The Quest ion of Cost. 
The most important reason for the introduc­

tion of the tree-line method has been the demand 
for a type in which reduced building costs are 
combined with very great reliability. But. on the 

B5 



other hand, if is a mistake to assume (hat this 
type of line must necessarily he cheaper to build 
than a pole line, even if the supply of good, well-
placed trees to hang the wire on is perfectly 
satisfactory. As regards efficiency, cost of opera­
ting, and maintenance, the pole type is almost 
always superior. 

The higher building costs of the pole line ac­
tually only apply to certain parts of the work, 
i. e. procuring and transporting the poles, making 
the holes, raising the poles, and clearing a lane 
for the line. The cost of this may vary consider­
ably and depends largely on the supply of suit­
able poles in the neighbourhood, and, as regards 
the digging of the holes, on the nature of the 
ground. The clearing of the lane depends mainly 
on what the forest and undergrowth 

consist ol. 
In all other respects, however, the 

tree line must he acknowledged to be 
practically always more expensive 
than the pole line. As we have pointed 
out above, the gauge of wire used for 
the former cannot be less than No. 9, 
while for the latter, at least over fairly 
short distances. No. 12 will do, which 
only weighs half as much and is there­
fore cheaper both to buy and to trans­
port. Another feature of the former 
type of line is that about twice as 
many points of support for the wire 
have to be used as for the pole 
line, and the cost of insulators will therefore be 
greater too; the fact that the hanging, split-
insulator model through which the wire runs is 
more expensive than the ordinary telephone in­
sulator will make this particular item even more 
expensive. The greater quantity of the heavier 
wire and the more expensive insulator material 
actually make the cost of the tree line nearly 
100 per cent, greater than that of the pole line. 

Further , it must be pointed out that putting 
up and stretching the wire is very much harder 
work when hanging insulators are used. This is 
so even if specially trained men are employed 
for this part of the work, and depends partly 
on the fact that with tree lines more insulators 
have to be put up and fixed. The laying of the 
wire also takes more time and trouble, as great 
attention must always be given to taking the line 

and are besides fairly simple when it is a ques­
tion of one or two wire lines, as is generally the 
case with forest telephones. The only matter re­
quiring special attention will probably be the 
proper inclination and strutting of the poles in 
curves. In the elastic line the work is quite 
different. Here, practically every single tree that 
is to be used to support the wire offers a fresh 
problem to be faced and solved. Experience has 
shown that, if trained workmen are not avail­
able, it is safest even in genuine forest districts 
to stick to the pole line if good results are to be 
obtained. The use of this type of line is even 
more justified when the forest is sparse and the 
clearing of the lane consequently easier, and 
where the necessary poles can be prepared along 
th lines as the work proceeds. 

If, however, a comparatively long line has to 

Fig. 4. Simple pole-line. 
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on the right side of each tree trunk, a detail 
which may sometimes prove rather troublesome. 
Also trees are harder to climb with climbing 
irons than are poles, especially if the trunks are 
thick and covered with coarse loose bark and 
the workman has to saw or chop off twigs and 
branches as he climbs. Finally, putting the wire 
through the insulators and stretching it to have 
the proper sag will take more time in the "elastic" 
system. 

One of the most important economic factors 
in the putting up of a tree line is the organiza­
tion, as rational planning and methodical execu­
tion of the work are essential if the costs are to 
be kept within reasonable limits. With pole lines 
various parts of the work are now standardized. 
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two decades of practical experience. 
It should be noted that in the State 
Forests the telephone network of the 
Forest Service alone amounts at pre­
sent to almost 40 000 km., of which 
a considerable portion consists of tree 
lines. The network is being extended 
as available means permit. 

The first efforts at using growing 
trees when building telephone lines 
were made on the whole on the same 
principles as in inelastic lines; in other 
words, it was a kind of pole line where 
the poles had been replaced by growing 
trees placed by Providence at suitable 
intervals. In the line so obtained in­
terruptions were far too common, and 
this type of line soon proved rather 
unpractical. To increase the reliability, 
a more elastic line was wanted, and 

R 4059 fig. 5, Type forest suitable for elastic lines, with straight 
branchlets trunks of suitable size. Practically no underbrush. 

be put up exclusively through thick, superannu­
ated and partly damaged forests, or through 
other districts, where the risk of windfalls is 
great and the cost of thoroughly clearing a lane 
is prohibitive, the tree line method will probably 
be most suitable both practically and economic­
ally, and should then obviously be used. The 
best type of forest will thus be not too closely 
grown stands without undergrowth and with 
straight, branchless t runks of 10" to 12" 

the line was therefore carried in wire 
loops fixed to the insulator caps instead of being 
stretched between the caps. The loops were gra­
dually replaced by fixed porcelain rings, which 
had in turn to give way to the now generally used 
suspended and split insulator. In course of time 
this too has been modified in some respects, 
and has lately been made oval in shape (see 
fig. 8). 

At the same time the methods of fixing the 

average diameter (see fig. 6). But in 
districts where the treecrowns meet 
overhead, or where there are low bran­
ches or thick undergrowth, these lines 
are more difficult to build (see fig. 7). 

Outline of D e v e l o p m e n t . 

In this connexion a short outline of 
the development of the "elastic" line 
method of building might be of in­
terest. Although thousands of km. of 
provisional lines of this type have been 
laid during the building of roads, rail­
ways and other similar pioneer work 
in the wilds, the U. S. Forest Service 
must be given the credit for having so 
far improved the method that it can 
be used satisfactorily for more perma­
nent lines as well. Behind it are nearly 

Fig. I). In this type of forest, tree-lines should 
obviously not be used. 
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hanging insulators in the trees have been im­
proved. At first a piece of ordinary telephone 
wire was used for this purpose. Nowadays there 
are—as shown in fig. 1 — a number of different 
methods of arranging and fixing the wire car­
rying the insulator ring, each intended for some 
special purpose.—In the beginning, the impor­
tance of ample sag and even spacing of the trees 
was not recognized, but it was soon found that 
proper regulation of these factors was of vital 
importance if the line was to resist various 

threatening calamities. Although the modern tree 
line differs widely—in its sag and, from the or­
dinary telephone builder's point of view, in its 
peculiar looks—from the usual permanent tele­
phone lines, experience has nevertheless shown 
that these methods of construction are essential for 
achieving a method combining relatively low 
building costs with high efficiency. 

As the methods of building have improved, so 
also have the telephone materials made much 
progress. But that is another story! 

Fig. 7. Oval type of 

split insula tor . 
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Present Tendencies in Electrical Wiring Methods. 

By T. Husberg. 

I n the 1880's, when high tension electric cur­
rent came into use for lighting supplies and 

to some extent also for power, the experience 
gained in low tension installations was, of course, 
all that was available. It is therefore perfectly 
natural that mechanical damage to the conduc­
tors was primarily considered. It was thought 
that to let the wires follow the walls, and to 
provide them with some kind of protective cover­
ing, was the best means of safeguarding the 
working reliability. This led to the use of wood 
casings, where the wires were put into grooves 
between two strips of wood screwed to the wall. 
Where this method was considered too expensive, 
the wires were fixed to the walls with staples, 
with some kind of fibrous tape between them 
and the wall. 

Originally, the conductor was just spun over 
with cotton, and this insulation was sufficient 
as long as only 110 volt D. C. was used and the 
premises to be wired were perfectly dry. 

But certain portions of electrical plants were 
necessarily exposed to chemical action, especially 
as wiring was soon also needed in other than 
dry places. The wood casings obviously not only 
offered insufficient protection against, for inst., 
moisture, but under certain circumstances they 
actually involved a risk of fire. The idea of 
removing the wires from the wall and fixing 
them on studs made of some insulating material, 
e. g. porcelain, was then mooted. Wood casings 
were therefore discarded in favour of the method 
which, with certain modifications, has been used 
ever since, and which we call single conductors 
on porcelain insulators. 

However, conductors fixed on porcelain studs 
at a certain distance from the wall were not 
satisfactory, as, when the wires had to be crossed 
or passed through uninsulated walls etc., occa­
sional short circuits could hardly be avoided. To 
reduce these risks, the conductors were therefore 
provided with an insulating cover of consider-
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Fig 1. 

ably greater dielectric strength than the spun 
cotton, viz. a rubber tape wrapped in one or 
two layers round the conductor. This brought 
the rubber-taped conductor into being. 
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Fig. •>. 

Fig, S. 

As electricity became more widely used for 
illumination purposes, the working conditions 
for conductors and other wiring material gradual­
ly became more exacting. Both the insulating and 
mechanical strength of the rubber-taped wire 
fixed as a single conductor on porcelain studs 
soon proved insufficient to withstand the slresses 
to which it was exposed. Improvement was 
sought in both the above directions, i. e. by 
altering the method of fixing the wires and by 
strengthening the insulation. 

Before the introduction of high tension systems, 
lines in the open air had furnished valuable 
experience of how to provide sufficient insula­
tion even for heavy moisture. Certain indoor 
premises were considered to present working 
conditions similar to those of the open air, and 
for damp indoor premises single conductors on 
open-air insulators were therefore resorted to. 

That these wiring methods, if carefully and 
skilfully applied, gave good and valuable results, 
is amply proved by the several examples of con­
ductors on outdoor insulators or on small por-
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Fig. 4. 

celain studs still in use. Some recent photo­
graphs from such installations show how the 
rows of porcelain studs, were fixed on strips of 
wood, (fig. 1) how the outdoor insulators were 
bolted to the walls in the same vay as to poles 
in the open air, (fig. 2) how the problem 
of carrying the conductor through walls was 
solved, (fig. 2) and how switch wires could in 
a simple way be led down from the group con­
ductor in the ceiling (figs 2). It is fairly obvious 
that wires fixed on outdoor insulators in a cow­
house (fig. 3) will offer a considerable resis­
tance to earth. Passages through walls, switches, 
and lamp-holders will obviously be the weakest 
points. 

Rubber-tape insulation was liable to dry and 
crack, thereby losing the greater part of its in­
sulating properties. It was therefore necessary 
to find some jointless and at the same time 
tough and flexible covering. When the manu­
facturers succeeded in producing a conductor en­
closed in a vulcanized pressed rubber cover 
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which fulfilled these conditions, this vulcanized 
conductor proved to be the most valuable means 
to date for making the wiring of electrical plants 
safe and reliable. This was particularly conve­
nient, for as electrification became more general, 
even in rural districts, during the early years of 
this century, the working voltage was raised and 
alternating current became more usual for light­
ing purpose also. The strength of the insulation 
required for 220-volt A. C. must, as we know, 
be of an entirely different magnitude than for 
110-volt D. G. 

Vulcanizing had provided such an excellent 
insulating material that conductors insulated in 
this manner could be put up in immediate con­
tact with one another, as for example as twin-
wires on studs, or enclosed in a common cover 
of cotton yarn or the like, forming 2-, 3-, and 
h-wirc conductors, without the risks run when 
placing rubber-taped conductors in the same 
way. One of the indications of the raised de-

I-ig. 6. 

mands on the quality of the insulating cover is 
the well-known increase of the rubber content 
from 25 to 33 per cent. 

Even though the vulcanized conductor mounted 
on porcelain studs of suitable size had proved 
fairly satisfactory as far as the insulating stres­
ses were concerned, this method of wiring was 
still too liable to suffer mechanical damage. 
Metal covered insulating tubes were considered 
to offer an equivalent to the merits of wood 
casings in this respect. According to the degree 
of mechanical strength required, the sheath 
would consist of leaded sheet iron or steel con­
duits. Wherever the leading was not considered 
sufficient protection against the corrosive effect 
of chemicals, the insulation was covered with 
brass sheeting, and as the benefit of the sheath 
as an insulator was sometimes doubtful, the 
mechanical protection alone afforded by the pipe 
was considered, and the vulcanized conductor 
was enclosed in uninsulated steel piping. 

The various forms of conduits have been of 
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Fig. 7. 

extraordinary assistance in wiring operations, 
and will certainly play an important role in 
future also. By this method the early tendency 
of the wood casings—to keep the wires out of 
sight—could he developed to comply with any 
reasonable aesthetic demands. The trend of 
modern practice obviously is towards using vul­
canized cahles in steel-or steel-armoured tuning 
for all wiring in residential buildings, and to 
embed the pipes in the walls and floors. The 
insulated tubes covered only by leaded sheet 
metal are easily damabed by, for instance, nails, 
and are therefore gradually being superseded for 
use under plaster by steel pipes with or without 
an inner insulating tube. 

Aesthetic reasons have naturally also contri­
buted to the advent of the so called Kuhlo con­
ductor, which will soon have completely ousted 
the twin conductor on porcelain studs. For a 
long time to come this type of conductor will 
undoubtedly be most in favour for residences 
and suchlike premises where considerations of 
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cost or other reasons prevent the use of hidden 
conduits for the conductors. 

The immediately apparent advantages over the 
previous methods offered by the conduit system 
led to its employment by some over-enthusiastic 
electricians even wrhere its weak points would 
be particularly shown up by the working con­
ditions. 1 refer to the extensive use made about 
1910 of this system in stables and similar damp 
premises. When carefully made, and with first 
class materials, however, even conduits in stables 
may last a fairly long time before perishing of 
old age. Some photographs illustrate this. (Figs 
4 and 5.) A pigsty is acknowledged to be a very 
trying locality for electric wiring, and the pipes 
may corrode very quickly there. The installation 
shown dates from a few years before the war, 
and the photos were taken some weeks ago. (Figs 
6 and 7.) Armoured steel pipe wiring was installed 
in 1912 in the cow-house shown in the picture, 
and is still in perfect working order. 

Far from all conduit wiring of damp premises, 
however, was done as carefully 
and with as good materials as 
those now illustrated. The weak 
points of the various methods 
therefore soon became appa­
rent, and it became clear that 
the method must be varied ac­
cording to local circumstances. 
Where mechanical damage wras 
the principal risk, pipes were 
used, and where chemical cor­
rosion was most dangerous, 
wires with specially prepared 
insulation covers were placed 
on ample and specially de­
signed cup insulators. In pre­
mises of definitely one charac­
teristic or the other, no objec­
tion could be made to this me­
thod, but working conditions 
involving risks of both mecha­
nical damage and chemical cor­
rosion will occur, and in such 
cases neither of these methods 
will be satisfactory. Another 
weak point was where one 
system was changed to another. 

During the war, when lack 
of raw materials caused a de- Fig. 8. 
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terioration of quality in all wiring mate­
rials, the drawbacks of the different wiring 
methods soon showed up, and this led to the 
introduction of many improvements. Subsequent­
ly, when these inferior installations were over­
hauled, the experience gained led to a close 
study of the factors determining their length of 
life, and this was undoubtedly a consequence of 
the war which was of great value. The in­
sulating properties of pipe conduits proved un­
satisfactory when they were exposed to moisture 
or large variations of temperature. This is only 
natural, for, however carefully fitted, a pipe sys­
tem can never be so tight that no damp can 
penetrate from the surrounding atmosphere. 
Once inside the pipes, the moisture will remain 
and corrode the insulating cover of the conductor 
and the inner surface of the pipe. Experience 
has also shown that conductors in pipes are un­
suitable except in perfectly dry premises. 

To avoid this drawback, the insulation of the 

Fig. 10. 

conductor must obviously be protected so that 
the surrounding air is completely excluded. The 
method used for earth-cables, to cover the in­
sulated conductor with lead, did this successfully, 
and was therefore applied to the vulcanized con­
ductor also. This conductor covering was proof 
against outside chemical influences, but a lead 
covering alone is not sufficient protection against 
mechanical stresses, and this had of course also 
been experienced in the case of underground 
cables. The mechanical stress problem was satis­
factorily solved by armouring the conductor with 
two spiral steel bands wound in opposite direc­
tions. Just as the insulation of an ordinary vulca­
nized conductor was protected by an impregnated 
cover, the armouring of the lead-covered wire was 
protected by a braiding of black or redhead im­
pregnated hemp or cotton yarn which prevented 
or at least delayed the corrosion of the steel bands. 
Indoor conductors had thus developed into the 
armoured rubber-lead conductor or, as it used 
to be called, the "visi-cahle"' or ' byre-cable". 
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Fig. 12. 

The development of rubber-lead conductors 
from the earth-cables may also be traced in the 
development of the connexion boxes used for 
rubber-lead conductors. To exclude atmosphe­
ric influences, the joints must be made air-tight, 
and this was at first done in the same way as 
for earth-cables by pouring cable compound 
round the connexions. Most electricians will re­
member the compound-filled connexion boxes 
with glass or paper lining which was a charac­
teristic accessory when the so-called "visi-system" 
was first introduced in Skane from Denmark. 
To put one up was a small work of art. in which 
frequently even an accomplished fitter failed, 
and if this device had not soon been improved, 
the byre-cable would certainly have been very 
little used. We all know the radical simplifica­
tion introduced by open connexions enclosed in 
a hermetically sealed box. The box must be 
exceedingly well sealed and very durable, as any 
deficiencies in these respects will make all the 
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advantages of this wiring system somewhat 
illusory. The rapid progress of recent years in 
the manufacture of insulating and wiring mate­
rials leads us to hope for further perfection in 
connexion boxes for rubber-lead conductors. 
Wha t has so far been produced can hardly be 
regarded as the last word on the subject. We 
need a less clumsy—even elegant—durable 
and cheap design, which will allow reliable 
earthing of the cover while retaining the good 
connecting devices of the present boxes. A rubber-
lead conductor with an earth wire enclosed in it, 
and bakelite connexion boxes are steps towards 
a satisfactory solution. 

The technical and economic advantages of 
using such wiring material as require the least 
possible fitting work on the spot may well be 
emphasized here. Standardized production will 
result in a more constant quality and much lower 
costs. 

W e have now followed the progress of indoor 
wiring methods from wood casings to vulcanized 

Fig. 11. 

Fig. 13. 
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conductors in steel pipes—Kuhlo conductors 
—rubber-lead conductors, and will only now 
add that the equivalent of the robber-lead 
conductor at higher voltages and powers ob­
viously is the earth-cable, which offers the 
same advantages over other insulating me­
thods as the rubber-lead conductor. 

The previous illustrations have given ex­
amples of older methods of wiring, and we 
shall now see how these compare with the 
modern methods. (Figs. 8 and 9.) Steel con­
duits in a piggery, side by side with under­
ground cable. The trend of progress is ob­
vious. Rubber-lead conductors succeed the 
single wire conductors on studs. 

Figs. 10, 11 and 12. The latest results of 
progress have been utilized here. Rubberlead 
conductors in these large new cow-houses 
are perfectly in accordance with the con­
ditions of the surroundings and the quality of 
the building. A correctly put up rubber-lead 
conductor answers the purpose well in the 
inflammable chaff-loft. (Fig. 12.) Obviously, Fig. 16. 

the connexion through the 
wall between the dam]) 
and the inflammable pre­
mises will cause no diffi­
culty. 

Fig. 17. 

The wiring material being the largest and 
most comprehensive portion of an electrical in­
stallation, its development offers most interest. 
But good accessories are also required to get the 
full benefit from first-class wiring materials, and 
the improvements in these have therefore natural­
ly kept pace with the advance in the conductors. 

Those of us who remember the early days of 
high tension electricity, will probably also re­
collect the fuses made of a tinfoil sheet backed 
by a fibre slab, which might just as easily melt 
at double or half the rated current. The small 
glass tube fuses in spring holders were an im­
provement, but the first really great progress 
was the advent of the bridge-fuse device, which 
made a reliable rating of the protective fuse in 
accordance with the load capacity of the con­
ductor possible. To reduce the cost of the part 
which must be replaced when the fuse melted, 
this was divided into a separate fuse cartridge 
and a screw cap. To avoid mistakes when put-

Fig, is. 

Fig. 14. 
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Fig. 18. 

ting in new fuses, the cartridges were at first 
made of different heights according to the 
strength of the current, but this somewhat pri­
mitive arrangement was superseded by the dia-
zed-system, where the diameter of the live part 
of the fuse cartridge and the corresponding hole 
in the fixture increase with the strength of cur­
rent, which renders any illegitimate "reinforc­
ing" of the fuse protection practically impossible. 
In the two-part fuse-box, graduated according 
to the diameters of the fuse cartridges, the solu­
tion of the safety problem is perfectly satisfactory 
in principle. This has also made it possible to 
standardize dimensions and threads, and further 
improvement of the guiding of the fuse cartridge 
to make the contact between fuse and box con­
tact absolutely reliable in fittings for high 
amperages also, must now be made. This de­
mand can be fulfilled only by making the thread 
of the screw top fit well into the other part. For 
this reason a stipulation is introduced in all care- Fig. 19. 
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fully detailed specifications to the effect that 
"all screw sockets in the fuse-boards must be 
cast solid, and the thread cut fine for currents 
from 100 A. upwards" . Fuse boards with thin 
sheet brass screw sockets may now be regarded 
as quite out of date. 

The automatic cut-out as protection against 
over-current has this advantage over the fuse, 
that it may immediately be taken into use again 
after having functioned, without any replace­
ment of parts. The risk of making mistakes in 
the rating of the overload protection is also con­
siderably reduced by the use of automatic cut­
outs. For motors and other apparatuses liable 
to occasional overloads, the automatic cut-out is 
rapidly supplanting the fuse. As protection for 
a three-phase motor, for example, the correctly 
designed automatic cut-out has the great ad­
vantage over the fuse that an overload in one 
phase will cause the current to be cut off in 
«// three phases, and the motor will thus be 
protected against overheating by "running on 
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two phases". The trend of progress in over-
current protection for motors thus distinctly 
points to a more general use of cut-outs, designed 
on electrothermal or electromagnetic principles, 
instead of fuses. 

For reasons similar to those which led to the 
design of cut-outs for motors and the like, at­
tempts have also heen made to replace the fuses 
in ordinary domestic installations by small auto­
matic devices. In a comparatively small com­
pass, however, these German so-called "Klein-
automaten" must necessarily contain a fairly 
complex mechanism. But this apparatus needs, 
in its present form, fairly favourable working 
conditions to work well. The premises, anyway, 
must be dry. 

The old bridge design is still doing duty in 
many places although more than thirty years 
old, as we see from this picture (fig. 13), and 
the modern diazed-apparatus, even in large and 
modern plants, still affords satisfactory protec­
tion against over-current (fig. 14 and 15). 

Fig. 21. 

Fig. 20. 

We have pointed out above that conductors 
are gradually being improved, and the same is 
the case with all accessories used in ordinary 
domestic installations. Consequently, a blown 
fuse will obviously become an increasingly rare 
occurrence, and the exchange of burnt fuses 
will not represent any appreciable cost or trouble. 
The small automatic devices (Klein-automaten) 
will have to be considerably simplified and their 
designs standardized—which might also cheapen 
them—before they can replace the diazed-appa­
ratus to any great extent. 

The general effort to improve the quality has 
also left traces in the development of switches. 
For weak currents, the rotary switch has main­
tained its position as a reliable fitting, and 
the recent efforts at uniformity of types for this 
mass-article must be greeted with satisfaction. 
The very weak designs of box-switches for 2 A 
and 4 A, which for reasons of cost used to be 
extensively employed, are now condemned In­
experience. 
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Fig. 22. 

The general principle that a switch should 
always he either full on or full off has been 
retained, while the manner of operating them 
has heen slightly modified. Under certain cir­
cumstances it is undoubtedly more convenient to 
operate a switch by moving a lever up or down 
(the analogy of the knife-switch is obvious) or 
to push a white or black button, than to twist 
a handle. It is therefore easy to understand that 
the tumbler switch and the push-button switch 
are gaining ground, 

The knife-switch still maintains its supremacy 
for breaking strong currents. It is a simple and 
reliable appliance, and there is no particular 
reason why it should be displaced by any 
other kind of switch, except for special pur­
poses. 
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Fig. 23 . 

The most remarkable feature of the develop­
ment of installation accessories, however, is the 
incessant efforts to enclose them so that they 
may be used in any premises, irrespective of 
prevailing conditions. The cast iron casings for 
different voltages, manufactured on a large scale, 
can therefore be designated one of the most im­
portant improvements (fig. 16 and 17). About 20 
years (1910—1929) intervene between these two 
designs. The improvement is obvious. In 1910 the 
apparatuses had to be fixed on the marble panel 
on the spot, or anyway specially designed for 
this particular plant, and were protected by a 
rather primitive sheet iron cover. 20 years later 
the central control station is made up of robust 
standard switching units. 

(Figs. 18 and 19.) Fittings in cast iron 
casings are not damaged by being distempered, 
but open appliances in a wooden box must of 
course be carefully protected from any such 
treatment. 

Suitable wiring materials, and accessories 
which are reliable even under difficult condi­
tions, have enabled the electrician satisfactorily 
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to solve certain problems which used to be very 
troublesome. Formerly, outside supply lines 
were sometimes connected to the inside wiring 
in a way which made the actual point of 
connexion a fruitful source of faults. The one­
time popularity of gallows on the root's consti­
tuted such an irregularity in installation methods, 
presumably unavoidable when no previous expe­
rience was available. (Figs. 20 and 21.) Earth-
cables and iron-cased apparatus, however, may 
render even previously risky intakes from roof 
gallows innocuous, (fig. 22). 

By connecting an underground-cable judici­
ously to the wiring in an old building, an iron-
cased switch will, at no great extra expense, sa­
tisfy even the demands of the fire insurance com­
panies for cut-out facilities. (Fig. 23.) The il­
lustration next to it indicates how a still servi­

ceable installation of TVM ki may suitably be 
extended by rubber-lead conductors. 

The superior quality of modern installation 
materials naturally demands a higher price than 
corresponding older materials of inferior quality, 
and the former might therefore be expected to 
prove more expensive to use, but the additional 
cost is very small—sometimes none at all—if the 
wiring is carefully planned and every opportu­
nity offered by the new materials is taken to 
shorten the lengths of conductors required, and 
to arrange the accessories rationally. 

The tendency is characterized by: underground 
distribution lines—apparatuses enclosed in cast 
iron cases—great resisting power to all occurring 
stresses—and indoor wiring materials unaffected 
by local conditions. 
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The Railway Telephone Cable on the Electrified Malmo Lines. 
Communication from the Swedish State Railways. 

By Ivar Billing. 

T he electrification of the Swedish State Rail­
ways is now proceeding on the Malmo route, 

comprising the lines: 
Jama—Nykoping—Malmo, 
Katrineholm—Aby, 
Orebro—MjoTby, 
Niissjo—Falkoping, 
Malmo—Triilleborg, and 
Arlov—Lomma, 

in all 534 miles of track. The system adopted is 
the same as on the Ore Line from Lulea to Kiruna 
and the Norwegian frontier and on the Stockholm 
—Gothenburg line, i. e. single phase A. C. of 16 2/s 
cycles and 16 kV in the contact wires. 

The current will be supplied not only from the 
previous three transformer stations at SSdertiUje, 
Skoldinge, and Hallsberg on the Gothenburg line, 
but from six new transformer stations as well, 
at Eksund near Norrkoping, Mjolby, Niissjo, Al-
vesta, Hassleholm and Malmo (see map, fig. 1). 

Regarding disturbances in neighbouring tele­
phone and telegraph circuits and the measures 
so far taken to overcome them we will here only 
recall the following. On the Ore Line (271 miles), 
the electrification of which was completed in 
1923, overhead telephone wires have been re­
tained, but the poles have been moved to about 
60 yds. from the track, which has been fitted 
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with compensating transformers connected to the 
contact wire and the rails. The Gothenburg line 
(284 miles), on the other hand, which was electri­
fied 1924—26, has an underground telephone 
cable for the needs of the railway buried in the 
track, which has been fitted with compensating 
transformers connected to the contact wire and 
a special return circuit connected to the rails 
approximately mid-way between every two ad­
joining compensating transformers. Full details 
of the protective devices on these railways and 
their results as regards counteracting the distur-

December 1930. The greater part of this work 
was done in 1931 and is expected to be completed 
about September 1932. 

Below we give some details of this cable, the 
method of laying it, and results obtained. 

The total length of cable is greater than the 
length of the above railway lines, as it was found 
expedient to lay a new cable on the section from 
Stockholm to Jiirna also, so as to have a uniform 
main line cable the whole way from Stockholm 
to Malmo. It was also found to be an advantage 
to lay a separate cable for each of certain short 

Fig. 2. 

bances have already been given in previous ar­
ticles.1 

The electrification of the Malmo lines was 
decided on by the 1931 Riksdag, which also 
granted the necessary money for the purpose, and 
the task was begun in the spring of the same 
year. This work includes the fitting of a cable 
for the railway telephone lines, for which a con­
ditional agreement had been signed as early as 

'See: Electrical Communication 1926, p. 199. Nord. Jarn-
banetidskiift 192(i, p. 41, Siemens Zeitschiift 1926, p. 261 
et seq., and 1927 p. 498. Elektr. Nachrichtentechnik 1927, 
p. 1, and Elektrlsche Hahnen 1928, Ergangzungsheft. 

sections where two or more of the above railways 
run parallel. Such, for instance, is the case on 
the sections Norrkoping—Any, Malmo—Arlov. 
and in the yards of some of the larger stations 
of the line. 

The whole plant thus comprises the following 
lengths of cable (see fig. 21: 

Stockholm—Jarna—Aby—Norrkoping—Malmo, 
Norrkoping—Aby—Katrineholm, 
Orehro—Mjolby, 
Nassjo—Falkoping, 
Malmo—Triilleborg, and 
Malmo—Lomma, 
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Fig. 3. 

corresponding to an aggregate track length of 
573.4 miles. 

Cable des ign and t y p e s of cables . 

The experience gained in working the railway 
cable along the already electrified line from 
Stockholm to Gothenburg (see foot-note 1, page 
81). was of course drawn upon when the design 
of the new cable was determined. It was, for 
instance, found possible to stipulate a lower dis­
ruptive voltage between the conductors of the 
cable in the Malmo lines 1 000 V. instead of 2 000 
V., retaining 2 000 V between the conductors and 
the cable sheath. 

The import of this should here be recalled. The 
reduction of the dielectric strength, combined 
with the fall in metal-prices, made it possible, 
without exceeding the original estimate for ma­
terials, not only to increase the length by the 30 
miles of the Stockholm—Jama section, but also 
to increase the number of circuits in the cable 
considerably, thus providing a larger reserve 
against future needs. The main cable from Stock­
holm to Malmo thus contains 28 metallic circuits, 
as against 21 in the Stockholm—Gothenburg 
cable. The use of phantom circuits in the Malmo 
cable has also increased the circuits available 
there to 35, as against only 21 in the Gothenburg 
cable. 

The Malmo cable is planned to have a greater 
number of direct telephone lines than the Gothen­
burg cable and it has therefore been possible to 
introduce phantom circuits, of which the Gothen­
burg cable has none. 

Owing to the change from telegraph to tele­
phones, a relatively large number of loaded 
circuits have also been found necessary in the 
Malmo cable. For the reasons given above, the 
greater expense involved by this has, however, 
come well within the original estimate. 

With due allowance for reserves for future use, 
the present demand for circuits in the main cable 
from Stockholm to Malmo and the branches men­
tioned above resulted in the adoption of 3 diffe­
rent types of cable, (see fig. 3) namely: 

Type I. the Stockholm—Malmo line, consisting 
of 3 x 4 x 1 . 4 — 2 x 2 x 1 . 4 — 1 0 x 4 x 0 . 9 
with 7 phantom circuits, in all 35 cir­
cuits. 

Type II. the Orebro—Mjolby, Niissjo—Falko-
ping and Malmo—Lomma lines, con­
sisting of 3 x 4 x 1 . 4 - 1 6 x 2 x 0 . 9 with 
3 phantom circuits, in all 25, and 

Type III. the Norrkoping—Katrineholm and 
Malmo—Triilleborg lines, consisting of 
3 x 2 x 1 . 4 - 1 2 x 2 x 0 . 9 with no phan­
tom circuits, in all 15 circuits. 

The most important details of the technical 
specification of the cables are given in Table I 
below. 

The contract for the plant was given to 
SIEVERTS KABELVERK, Sundbyberg, and 
ELEKTRISKA A.-B. SIEMENS, Stockholm, rep­
resenting SIEMENS & HALSKE A.G., Berlin— 
Siemensstadt, jointly, the former firm to supply 
all the cables, the latter to supply all the loading 
coils and installation materials and to carry out 
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Table 1. 
Electrical Properties ot the Cables, measured at the Cable Works. 
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2 mm. thick and alloyed with 2 per cent, of tin. 
It is pressure-tested in the Works at 2 atm. extra 
internal pressure for 2 hours. The armouring 
consists of 2 iron bands, each 1 mm. thick. The 
marine cables used for water-crossings are pro­
vided with an extra layer of 5 mm. round steel 
outside the band. 

The sections of the three types of cable are 
shown in fig. 3, from which it can be seen that 
external diameters of the three types I—III are 
42.5, 40, and 36 mm. respectively. The weight of 
the cables per m. is 4.64, 4.2, and 3.48 kg. respec­
tively. 

The electrical properties required in the cables 
and the corresponding mean values obtained in 
the inspection tests at the cable works are given 
in Table I. 

The dielectric strength of every cable was also 
tested with 50-cycle A. C. at 2 000 V between the 
conductors and the lead-sheath for 30 minutes, 
and between the conductors at 1 000 V for one 
minute. 

The cables were delivered in lengths of about 
600 yds., varying between 591 yds. and 602 yds. 
according to the fixed length of each loading-
section (see below). 

T h e coil l oad ing . 

The length of the loading-coil spacing was 
fixed at 2 406 yds., with a maximum tolerance 
of 1 per cent., and the inductivity of the loading-
coils determined, with due regard to the sites al­
ready picked for the repeater stations (see fig. 2). 
Certain circuits used for recording the power 
consumption of the transformer stations, or for 
blocks and signals etc., have not been loaded. 
Each type of cable thus contains 8 pairs of 0.9 
mm., conductors the are unloaded, while other 
pairs or physical circuits and quads are loaded 
as shown below: 

Quads 1.4 mm., physical 100 mH, phantom 63 mH, 
0.9 „ „ 177 mH, „ 63 mH, 

Pairs 1.4 „ 177 mH in type I, KiO mH in type III, 

O.i) „ 177 mH, 

all values measured with 800 cycles A. C. and a 
tolerance of + 2 per cent. 

Every quad with phantom circuit has one coil 
for each physical circuit and one, common to 
them both, for the phantom circuit. 
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all the installation work. The two firms were 
made jointly responsible for the plant as a whole. 

The State Railways did the actual laying of the 
cable and all trenching work, etc., required. 

A scheme was prepared for carrying out the 
contracted work during 1931 and 1932. Thus, the 
cables for the sections Norrkoping—Katri-
neholm, Stockholm—Nykoping—Norrkoping— 
Mjolby, Orebro—Mjolby, Nassjo—Falkoping, 
Malmo—Lund, and Malmo—Lomma, a total 
of about 342 miles, were to be completed 
in 1931. Not only was all this done during 
1931 according to plan but by a later 
agreement the cable for the Mjolby—Nassjo 
section of about 55 miles was also delivered, laid, 
and partly installed. The coil-loading and the 
rest of the installation work on this line will be 
finished in the course of the winter, before work 
on the remaining cables, on the Malmo to Tralle-
borg and Lund to Nassjo lines, is started in the 
spring of 1932, to be completed according to the 
plan by about September 1st 1932. 

T h e Cab les . 

The conductors, of 1.4 and 0.9 mm. diameter, 
are insulated with cellulose paper, spun in pairs 
and partly in D.-M.-quads. The lead-sheath is 
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Table 2. 
Properties of the loading coils. 
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Fig. 5. 

All the loading-coils at a loading point are 
fitted into a common box. Three sizes of loading-
boxes are thus used, namely: 

Type I, holding 27 loading-coils. 
Type II, „ 17 „ , and 
Type III, 7 „ 

A loading-box of type I is illustrated in fig. 4, 
The electric requirements for loading-coils, and 

the mean values obtained in the tests are shown 
in Table 2. 

Further, all the loading coils 
were also tested for disruption ac­
cording to the stipulations with 
50-cycle A. G. at 1 000 V. between 
the windings, and at 2 000 V. be­
tween windings and coil box. 

T h e L a y i n g of the Cable. 

The cable is laid in the perma­
nent way 6' 3" from the centre 
of the track and at a depth of at 
least 27V2 in. below the lower sur­
face of the rails. The trenching-
maehine purchased for the Goth­
enburg line was used for digging 
the cable trench (see note on 
page 81). 

A new feature of the cable-lay­
ing may be mentioned here. Instead of the stones 
and gravel that fall into the trench being picked 
out by hand before the cable can be laid, a dig­
ging and cleaning-out plough has been used on 
part of the Malmo lines, so designed that the cable 
drops straight into the trench over a pully wheel 
inside the plough before the gravel can fall in 
again. This plough, which is illustrated in fig. 5, 
has also been used in suitable ground without 
previous use of the heavier trenching-machine. 

Fig. 6. 
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Fig. 7. 

As a rule the trench has been filled up by 
hand, but machines have been used for this pur­
pose too wherever possible. A "permanent-way 
cleaning-machine", which automatically covers 
the cable with the gravel previously dug out, has 
then been coupled to the tail end of the cable 
train. 

Fig. 8. 

In station-yards and rock-cuttings, where the 
permanent way is of macadam or some similar 
hard material, trenching has of course been done 
by hand. 

The cable has been laid from a cable train. 
Where it has not been possible to lay the cable 

27 1/2" deep, as well as where it crosses roads, 
railways, bridges, or culverts, 

and at all intakes into build­
ings, etc., the cable has been 
protected by suitable profile 
irons or pipes (see figs. 6 and 
7). 

In laying the cable, due al­
lowance has been made for 
necessary bights to be laid out 
at all joints and loading-points 
over and above the overlap 
necessary for the splice, so 
that all installation work could 
be carried on far enough from 
the track, which was in nor­
mal use, to avoid any risk to 
the fitters. The actual length 
of cable installed is therefore 
greater than the length pre­
viously given, or 578.9 instead 
of 573.4 miles, an increase of 
0.95 per cent. 
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been fitted, so that jointing and balancing of ca­
pacity has been done there in one common box 
when the necessary branch cables had been con­
nected. Any further balancing of capacity re­
quired when the loading-coil boxes were after­
wards put in, was effected by means of conden­
sers inside these, according to the Siemens & 
Halske patent method for condensers. 

All the necessary insulation and air-pressure 
tests were made before the fitting of the loading-
coil boxes. The loading process completed, the 
terminal and test boxes in the stations were put 
in (see figs. 9 and 10). 

Boxes for joints, condensers, and loading-coils 
are generally buried deep enough for the cable 
at the ends of the boxes to be 27 1 /2" below the 
bottom of the rails. Supports, in the shape of 
sawn-off sleepers or the like, were fitted as re­
quired under the larger loading-coil boxes, which 
weigh about 550 lbs. The boxes are protected 
above by impregnated boards or pieces of sleeper. 

To get the full benefit of the protection afforded 
by the cable sheath against disturbances from 
the power lines, the lead sheath and armouring 
are well soldered together on each side of every 
joint. Similarly, the sheaths and armouring of 
all cables in the intake boxes in the stations are 
connected by earthed and soldered copper. 

Fig. <). 

The time taken for the laying has of course 
depended on the nature of the country, the train­
ing of the men, and so on. Thus, in 1931 progress 
on the line from Aby to Katrineholm, with many 
rock-cuttings and tunnels, was at first rather slow, 
but gradually became much quicker. Last year, 
when a total of no less than 

400 nules ot cable were laid 
between May 4th and Novem­
ber 13th, the average was 42 
cable drums—or 14.3 miles of 
cable—working per week. The 
most over laid in a week was 
78 drums, or about 26.7 miles 
of cable. 

T h e Instal lation W o r k . 

Tlie contractors checked 
the lengths as the cable was 
laid, marking out the places 
for joints, condensers and 
loading-coil boxes. In each 
whole loading-section there 
are four lengths of cable. 
These have been connected 
in twos by ordinary simple 
joints. In the middle of 
each section a condenser box 
(see fig. 8) has afterwards Fig. 10. 
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future repeater stations (telephone 
repeaters). The actual installed 
lengths of the loading-coil spacing 
in the various sections are thus: 

Stockholm-Xykoping and Ny-
koping-Norrkiiping 2 428 yds. 

Orebro-Mjolby 2 419 „ 
Norrkoplng-Katrineholm, Norr-

koping-Mjolby and Malmo-
Tralleborg 2 414.5 „ 

Alvesta-Hasslcholm 2 410 „ 
Hassleholm-.Malmo and Mai mo-

Lomma 2 400 
Nassjo—Alvesta 2 401.5 „ 
Mjolby-Nassjo 2 393 „ 
Nassjo-Falkdping 2 180 „ 

Propert ies of t h e cable w h e n 

laid. 

On completion of the various 
cable sections, each repeater sec­
tion, i. e., the part of the line 

between two adjoining repeaters or between a 
repeater and the cable terminal, is thoroughly 
tested. The results are collected in Table 3 below, 
and show that the values obtained for the trans­
mission properties of the cable are well up to 
the standard demanded. 

As regards the disruptive voltage to earth, each 
loading-section of the cable was tested with 
1 200 V before the coils were connected. 

Fig. 11. 

Intakes and branches have been made in the 
following way. At every station the main cable 
has been cut, and the two ends connected to an 
intake or test box with two terminals, where 
instruments can be connected as required for 
tracing faults. Branches of the following kinds 
have been made: type B to trackmen's cabins, 
type Bm to trackmasters ' offices, type Block to 
block posts, type Signal to certain signals, and 
type Omf to transformer stations. Of these. 4-pair 
cables are used for types B and Bm, 7-pair for 
signal and Omf in cables of type III, and 10-pair 
cables for Block and Omf in cables of types I 
and II. 

To facilitate the tracing of faults, one track-
telephone circuit can easily be broken in all the 
stations, track men's cabins and block posts. All 
branch cables end in waterproof terminal boxes 
(see fig. 11). To make it easy to test the sub­
marine cables used at canal crossings, of which 
there are seven, test boxes have been fitted at 
the junctions of the marin and underground 
cables (see fig. 12). 

The length of the loading-sections, as we 
have already mentioned, has been fixed at 2 406 
yds., but this may vary a little as. when the 
measurements are checked, it has been found 
convenient to adjust the length slightly in order 
to obtain equal half-sections on either side of Fig. 12. 
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Table 3. 
Properties of the cables when laid. 

1 Values of about 3.3 nepers were obtained in the measurements, but these comparatively low amounts must have 
been due to rather unsuitable terminals being used for the lines. There was no further opportunity to take new 
measurements, as the circuits were immediately taken into use. 
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CHARACTERISTICS 

Fig. 13. 

CHARACTERISTICS 

Fig. 14, 
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CHARACTERISTICS 

Fig. 15. 

CHARACTERISTICS 

Fig. 16. 
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ATTENUATION CURVE 

ATTENUATION CURVE 

Fig. 17. 

ATTENUATION CURVE 

Fig. 18. 

Fig. 19. 
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The following were the maxima specified for the 
mean capacity of a repeater section: for pair or 
physical circuits of 1.4 mm. wire 0.033 /<F/km, 
and for the corresponding phantom circuit 0.056 
/tF/km, and for pair or physical circuits of 0.9 
mm. wire 0.030 and 0.051 juF/km respectively. 
That these demands are more than complied with 
is proved by the figures given in the Table. 

It is worth noting that the capacity of the cable 
when laid was about 1 per cent, less than when 
measured wound on drums in the cable works. 

When tested, the capacity unbalance to earth 
between the two wires of a circuit in a loading-
section of spliced cable turned out to be con­
siderably less than the maximum values prescrib­
ed, which were for loaded circuits lbOju/u F and 
for unloaded circuits 500 /(/< F . 

The insulation resistance was measured with 
D. C. of about 120 V. The lowest measured values 
came to 38 500 megohms km., but in other sec­
tions they rose to 40 000, 70 000, and even 100 000 
megohms km. 

The characteristic impedance (wave resistance) 
was measured with a current of 1 mA at diffe­
rent frequencies from 400 to 2 200 cycles per sec. 
The values stipulated for 800 cycles were exceed­
ed, as we see from Table 3. Some typical impe­
dance curves are shown in the diagrams, for 
physical circuits of 1.4 mm. wire in fig. 13, for 
their phantom circuits in fig. 14, for physical 
circuits of 0.9 mm. wire in fig. 15, and for their 
phantom circuits in fig. 16. 

These show that the maximum deviation up to 
2 000 cycles is not more than about 2.5 per cent. 

Table 4 . 

Cross-talk attenuation at mixed frequencies, in nepers. 

The attenuation was measured at frequencies 
between 400 and 2 200 cycles per sec. also. The 
measured values at 800 cycles were considerably 
—about 20 per cent.—below the maxima stipu­
lated. 

Some curves giving the attenuation at different 
frequencies are reproduced: for a physical circuit 
of 1.4 mm. wire fig. 17, for phantom of 1.4 mm. 
fig. 18, and for a 0.9 mm. metallic circuit fig. 19. 

The cut-off frequency was calculated from the 
values obtained from these curves, and was found 
to be well over the guaranteed values given in 
Table 3. 

Cross-talk. 

It wras stipulated that the cross-talk attenua­
tion between any two speech circuits in a comple­
tely installed repeater section should be at least 
8.0 nepers. 

Very comprehensive measurements were made 
for this purpose in the prescribed manner, firstly 
with A. G. corresponding to a speech current and 
containing mixed frequencies sent out by a buz­
zer, and secondly with current from a valve trans­
mitter at a series of definite frequencies corres­
ponding to each thousand of m from 4 000 to 
12 000 (640—1900 cycles). These measurements 
have also comprised near-end cross-talk (Neben-
sprechen) and far-end cross-talk (Gegenneben-
sprechen) between pair, physical, and phantom 
circuits in all occurring combinations. Some of 
the values obtained are given below in Table 4. 

For cable type III a minimum of 9.7 was measured from pair to pair. In more than 50 per cent, of these 
measurements a value ^ 1 1 nepers was obtained. 
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CROSS TALK CROSS TALK 

Fig. 20. Fig. 21. 
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R 5002 a 

R 5002 b 

R 5002 c R5004 

From physical to physical in the same quad (bi = 1h). 
Mixed frequency b = 10.4 Nepers. 

From physical to physical in the same quad. 

From physical to 1 phantom in the same quad (62 = l/v). 
Mixed frequency ft = 9.7 Nepers. 

From physical 2 to phantom in the same quad (ft.-j = 2/v). 
Mixed frequency ft = 9.6 Nepers. 

From physical to phantom in the same quad. 



The dependence of cross-talk <»n frequency is 
illustrated in fig. 20, which gives the result of 
measurements with given frequencies in a cable 
of type I. 

To show the results of the measurements with 
mixed frequencies, a couple of curves are given 
in fig. 21 which illustrate, for a cable of type II, 
how many times a certain attenuation has been 
observed, as a percentage of the total number of 
observations (Haufigkeitskurven). 

j Echo At tenuat ion . 

As regards echo attenuation, which is also a 
measure of the variations in wave resistance and 
from which can be judged how easily the net­
works required for the use of telephone repeaters 
can be made, it was stipulated that in a repeater 
section this should be at least 2.7 nepers over the 
range of frequencies from 300 to 2 000 cycles. 

These measurements were made over the range 
of frequencies from 320 to 2 240 cycles per sec. 
The values obtained were mostly over 4 nepers', 
only in certain 0.9 mm. physical circuits that had 
branches in the repeater section were values of 
less than 4.0 nepers obtained, but in any case 
these were considerably above the stipulated 
value. 

To illustrate the results of the measurements 
in direct lines without branches Table 5 has been 
made out, referring to a cable of type I in the 
Norrkoping—Nykoping line. 

Table 5. 
Echo attenuation in nepers. 

Xote. In certain 0.1) mm. physical circuits with several 
branches the values measured were about 0..'J nepers below 
those given above. 

Finally, it should be pointed out that before 
electrification the Malmo lines had a total of 
5 490 miles of wire, on 3 788 miles of single-wire 
telegraph and double-wire telephone circuits. In 
comparison with this, the cables on these lines 
will contain 14 643 miles of double-wire circuits, 
or 29 286 miles of wire—considerably more than 
once round the equator. These cable lines contain, 
including phantoms, no less than 17 734 miles of 
metallic and phantom circuits, that is, the cir­
cuits available for distant communication have 
been increased by no less than 13 946 miles on 
3 788 miles, or 368 per cent. 

The cables are provided with station terminals 
in 124 stations (end-boxes were stipulated in about 
131 stations). The number of branches, fixed at 
a maximum of one for every 1 750 yds. of cable, 
total about 540, corresponding to one branch per 
1914 yds. of cable. The branchings have been 
made thus: 444 of type B, 28 type Bm, 42 type 
Block, 12 type Signal, and 14 type Omf. There 
will be 423 loading-coil boxes. 

Disturbances from the railway operating cur­
rent have not yet been measured, as the contact 
wires and transformer stations are not ready. 
There is, however, no reason to suppose that 
higher induced voltages will occur in the Malmo 
lines than have previously been formed in the 
Gothenburg line (see reference in the foot-note 
on page 81). 

S u m m a r y . 

It is plain that in every respect the plant com­
plies amply with the stipulations made, and that 
in every way it probably reaches in technical 
perfection as high a standard as has yet been 
attained. The good values for echo attenuation 
and cross-talk, and the excellent insulation re­
sistance, deserve special mention. Compared with 
previous telegraph and telephone circuits on these 
routes, the cables have a considerably larger 
number of circuits available and will therefore 
be enough to meet all requirements for some con­
siderable time to come. 
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The Elektromekano Copper Rolling Mill. 
Svi'iiskii Elektromekantska Industrlaktiebolaget, Httlsingborg. 

Number 1—3 of this journal contained a short 
notice to the effect that Telefonaktiebolaget 

L. M. Ericsson had acquired the shares of 
Svenska Elektromekaniska Industriaktiebolaget 
or "Elektromekano", Halsingborg, which was 
thereby merged in the Ericsson Concern. 

A factor which influenced the purchase of this 
business was the wish of the Concern to supply 
from within its own circle the rolled copper wire 
consumed in large quantities by the L. M. Erics­
son Cable Works at Alvsjo and the Sievert Cable 
Works at Sundbyberg. 

As early as 1918 Elektromekano installed a 
small wire-drawing plant to provide the copper 
(dynamo) wire required in their own manufac­
ture of electrical machinery, and so become in­
dependent of outside suppliers, who at that time 
maintained very high prices and also had diffi­
culty in making quick deliveries. 

Four years later this wire-drawing plant was 
enlarged to allow bare copper wire to be sold 
also, and was further supplemented by a modern 

wire-rolling mill to enable them 
to import raw copper in the 
form of "wire bars" , on which 
so far no important duty is 
charged in this country. 

In 1925 Elektromekano, and 
particularly its copper works, 
was ravaged by an extensive 
fire. In rebuilding it, several 
new roll stands were added to 
the rolling mill to allow of the 
production of smaller gauge 
wire than before, viz. 6 mm., 
which is the "raw material" of 
most large cable works. From 
this time on, the firm succeed­
ed in securing most of the or­
ders for this commodity from 
the Danish market also. General view of rolling mill. 
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Elektromekano is still the only copper rolling 
mill in Scandinavia able to supply such fine 
gauge rolled wire. 

When at the beginning of this year the Ericsson 
Concern acquired Elektromekano, the latter firm 
took over the supply of all the rolled copper 
wire for the Concern's two cable works, the 
L. M. Ericsson Cable Works at Alvsjo and the 
Sievert Cable Works at Sundbyberg. 

This work will fully occupy the Elektromekano 
rolling mill, in spite of its large capacity, and 
the output may in future be estimated at about 
7 500 tons per annum. Of this, about 1 200 tons 
will be made into bare drawn copper wire, in 
the firm's wire-drawing plant, partly for sale 
and partly for its own requirements. This latter 
copper wire is spun over in their own spinning 
mill to make so-called dynamo wire, which is 
used for winding electrical machines, partly in 
the Elektromekano workshops and partly in a 
large number of repair shops for electrical ma­
chinery. It may be of interest to note how year 
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by year the production of rolled wire has in­
creased, as is shown in the table below. 

"Output of rolled wire ." 

As we see, the production has increased nearly 
tenfold between 1922 and 1931, and an output 
of about 7 500 tons will henceforth, as we said 
above, be reached. 

In its simplest form the rolling process con­
sists of introducing the material between two 
rolls revolving in opposite directions. This move­
ment grips the bar or billet, and carries it for­
ward, while subjecting it to a pressure which 
alters the shape or dimensions of its cross section. 
The rolling may thus be considered a modified 
forging process adapted to mass production. The 
first rolling mill was built in Nuremberg in the 
16th century and was used for the production 
of high-quality iron. The first iron rolling mill 
in Sweden was designed by Kristoffer Polhem. 
and even today they are largely made on the 
same principles. 

A rolling mill usually consists of a number of 
specially designed pedestal bearings or standards, 
in which the rolls are placed. Two standards 
form between them a roll stand, in which there 
are usually two or three rolls placed one above 
the other. One speaks of two-high or three-high 
stands, according to the number of rolls in each. 

In this particular rolling mill, the first roll 
stand, called the roughing mill, is three-high, 
with grooves cut in the rolls, as shown in the 
sketch below. 

The other stands (five in number) are called 
the finishing train, and the first of these is three-
high and the other four are two-high. 

The rolling mill is driven by an electric motor 
of 35 H. P. and 365 r. p. m. By an elastic coup­
ling this is direct-coupled to a through shaft, at 
the other end of which there is a kind of gear 
box, or bushing for the gear pinion, of the 
finishing train. On the same shaft a large fly­
wheel and a spur gear are also fixed. The latter 
transmits the driving power to the middle roller 
of the roughing mill, from which in its turn it 
is transmitted to a gear pinion bushing for the 
other roughing mill rolls. It also reduces the 
speed of the roughing mill to about 130 r. p. m. 
The speed of the finishing train is the same as 
that of the motor, or about 365 r. p. m. 

The raw material for the rolled wire is sup­
plied in long narrow copper billets called wire 
bars, weighing from 132 to 200 lbs, which are 
heated in a furnace to about 850°C. The wire 
bar is then passed through the first groove of 

the roughing mill, between the lower 
and the middle roll. This groove is 
smaller than the thickness of the bar, 
and the bar is flattened out by the 
rotating rolls, its cross section being 
reduced, and its length instead in­
creased. Wen the billet has passed 
through to the back of the roll stand, 
it is lifted up and inserted in the se­
cond groove, smaller than the first, 
between the upper and the middle 
roll. Its direction of movement is now 
reversed and, while it is still further 
compressed and lengthened, the billet 
is therefore forced back to the front 
of the stand. 

This process is repeated again and 
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again in smaller and smaller 
grooves, and finally the bar, now 
some 10 meters long, is carried 
on to the finishing train and 
there passed through the grooves 
of the first roll stand. The 
remaining stands of the finish­
ing train have, as mentioned 
above, only two rolls each so 
that the wire can only be passed 
in one direction through each 
stand; alternate stands are there­
fore revolving in opposite direc­
tions. The first "pass" in the 
second roll stand of the finishing 
train is thus followed by a "pass" 
in the third stand, the next pass 
is again in the second, and so on. 
The sketch below shows how the 
cross section is altered groove 

by groove. At the same time the bar becomes 
longer and longer, until the finished wire has a 
length of up to about 200 m. 

As we see, the grooves are not of uniform shape, 
but are sometimes square, sometimes rectangular, 
and sometimes oval. During these forcible 
changes of shape, the material is as well worked 
as if it were forged. By using alternately 
square and oval grooves, the cross section in 
particular is reduced very rapidly, which is ne­
cessary both in order to loose as little heat as 
possible in the bar during the rolling process 
and to attain the largest possible output. 

The first stand of the finishing train, and the roughing mill. 

When the bar has passed the last round groove 
in the finishing train, the wire is ready and is 
wound on a reel which automatically coils the 
wire. It is then cooled quickly in cold water. 
When tied, the coil is ready for sale. The wire 
is rolled to a number of different gauges, ranging 
from 6 to 19 mm. round. 

Both the rolls and their journals get very hot 
during the rolling process, partly by contact with 
the hot billets and partly by the heat generated 
by the friction. Both rolls and bearings are there­
fore cooled by cold water constantly running 
over them. To prevent the scale formed in the 

Series of grooves in the rolling mill. 
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rolling process sticking in the grooves and sub­
sequently scoring the surface of the next billet 
more or less and damaging it, each groove passed 
by the billet is also flushed with cooling water. 

One of the largest orders for bare copper wire 
ever received by Elektromekano was to supply 
the State Railway with wire for the electrifica­
tion of the main line from Stockholm to Malmo. 

The order comprised about 615 
tons of contact wire and copper 
cables for this electrical installa­
tion, the delivery being spread 
over the next few years as work 
proceeds. 

The great increase in the quan­
tity of copper handled in the 
rolling mill has made it a neces­
sary economy to reduce manual 
labour by various mechanical 
contrivances. The copper is thus 
now unloaded by electric cranes 
direct from the ships into railway 
trucks, which are then shunted 
on to the factory line. Electrical 
overhead travelling cranes take 
the billets thence straight to 
the furnace in the rolling mill. Unloading copper billets at the mill from a railway truck. 

H 3099 Loading wire coils by the "moving gangway". 

The water consumption of the 
rolling mill is as a matter of fact 
so large that in order to reduce 
costs Elektromekano has built its 
own water conduit from a river 
near by to supply all the water 
required. 

The effect of the air and the 
cooling water on the hot billets 
during the rolling process is to 
make the wire black, and this 
layer of oxide has to be removed, 
before the drawing process, by 
pickling in dilute sulphuric acid. 

In cold-drawing, the end of the 
wire is pointed and put through 
a hole in a drawplate of case-
hardened iron or steel. The hole 
is slightly smaller than the wire, 
which is drawn through the hole 

by fixing the end to a rotating winding block. 
This naturally reduces the diameter while increas­
ing the length. The process is repeated several 
times until the required gauge is obtained. For 
lack of space we will not enter into any further 
technical details of wire-drawing. 

Mechanical devices have also been in­
troduced to deal with the finished wire 
coils. A "moving gangway", for instance, 
loads the coils into the railway trucks 
which carry them to their various destina­
tions. 
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