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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.) 

3 

B 4050 R 4049 



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. 

3 



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 
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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 
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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. 

4!) 

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-

I ! 4034 R 401.9 



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. 

56 

H 4030 



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. 

.'><) 



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 

60 

R 4042 



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 
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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. 

79 



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. 

94 



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. 

97 

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. 

99 

R 3087 

R4M4 



B 3088 

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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Some Details of the new Electric Signalling Plant at Gothen­
burg Central Station: its Design, Installation, and Use. 

By T. Hard. 

T he program for reconstructing the Gothenburg 
Railway Yards, which was started after 

long investigations and negotiations in 1927, in­
cluded the building of a new main passenger 
station, for the common use of all the standard 
gauge railways entering Gothenburg except the 
purely local one to Sard. The new station was 
to replace the two former passenger stations, Go­
thenburg B. J. and Gothenburg S. J., of which 
the former belonged to Bergslagen Railway Co, 
and the latter to the State Railway. Gothenburg 
B. J. was the terminus of the Gothenburg—Boras 
Railway and the State-owned West Coast Line 
as well as the Bergslagen Line. Two State Railway 
lines ran into Gothenburg S. J., viz. the Bohus 
and the Western Main Line. The new passenger 
station was to be on the site of Gothenburg S. J. 
and to be built and managed by the State Rail­
way as a union station called Gothenburg 
Central. The new station was finished in May 
1930. 

The amalgamation was made principally for the 
purpose of providing greater facilities for the pub­
lic, two separate passenger stations being inconve­
nient for the travelling public and hindering 
through traffic between the various railway 
lines. It was also thought that the amalgamation 
would reduce operating expenses, so that an im­
mediate profit on the capital outlay might be 
expected. 

A modern electric signalling plant was an im­
portant part of the great project. The installation, 
from the very first, of such a plant in the pas­
senger station made it possible, in estimating the 
track facilities, to allow shorter intervals between 
necessary shunting and train movements than 
could have been done if a less modern signalling 
system were to be used, thereby making it possible 
to limit the number of platform tracks required 
from 12 to only 10. with a reserve track for de­

parting trains. Right from the beginning this 
meant a considerable saving, which might be cre­
dited to the account of the signalling system. 

Incoming and outgo ing l ines. 
The railways entering the new passenger sta­

tion are shown in fig. 1. The trains arrive either 
by Almedal or Olskroken. The West Coast Line 
from Tralleborg and Halsingborg via Varberg, 
and the Boras Line from Alvesta via Boras, come 
in by Almedal. The Western Main Line from Stock­
holm via Falkoping, the Bergslagen Line from 
Oslo and Falun via Mellerud, and the Bohus Line 
from Stromstad via Uddevalla come in by Ols­
kroken. 

The connexions between Gothenburg C on the 
one hand, and Almedal and Olskroken on the 
other, can be seen from the plan of the Gothen­
burg Railway Yards in fig. 2, and also from the 
track diagram of the passenger station shown in 
fig. 5, in which the names or numbers of tracks, 
points, and signals are indicated. 

Between Gothenburg and Almedal the trains 
from the West Coast and Boras Lines run on a 
joint single track, the Almedal line, 3.4 km. in 
length; at 1.2 km. from the outermost points of 
Gothenburg there is in this line a branch for the 
goods trains. These do not enter the Central Sta­
tion, but are taken directly to and from the joint 
goods yard, which occupies the site of the former 
Gothenburg B. J. passenger station. The goods 
trains accordingly do not touch the new passenger 
station except in so far as the diverging points, 
and the signals for train movements through 
these points, are controlled from the passenger 
station signal-cabin. 

Between Olskroken and Gothenburg C, the 
trains of the Western Main Line and the Bohus 
Line run on a joint double track, the Up Line and 
the Down Line, the length of which between the 
outermost points is 800 m. Between the same 
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stations there is also a separate single track, 800 
m. in length, the B. J. Line for the trains of the 
Bergslagen Railway. 

Besides these, there are two other tracks, the 
North Loop and the South Loop, between Gothen­
burg and Olskroken. used principally for locomo­
tives on their way to and from the sheds, which 
are situated beyond Olskroken station. The loco­
motives of the Bergslagen and the Boras Railways 
use the North Loop and the State Railway the 
South Loop. A number of single locomotives are 
also run on the double track. 

The number of scheduled movements on the 
lines running into the passenger station is shown 
in the table below. 

The total number of scheduled movements to 
or from the lines using the terminus is therefore 
383 in twenty-four hours. 

L i n e B l o c k i n g . 

All the lines connecting Gothenburg C with the 
adjacent stations were provided with signals for 
line blocking. The Olskroken lines were pro­
vided at each end with a fixed signal automati­
cally controlled by a track circuit over the whole 
line. In fig. 5, for example, the signals 5h and 5v 
apply to the North Loop, 7h and 7v to the B. J. 
Line, etc. The signals are controlled by signal 
levers (5,7 etc.), one for each line. If a lever is 
reversed to the right (h) or left (v), the signal 
is cleared at the Olskroken or Gothenburg end 
of the block section respectively, but will not 
show "proceed" unless the track circuit is free 
from vehicles. The line blocking works entirely 
automatically for trains in the same direction, as 
long as the signal lever is kept in the reversed 
position. 

The signal lever can be restored to the normal 
position when a train occupies the block section 
and the signals at both ends are at "stop". If the 
signal lever is to be restored when there is no 

vehicle on the track circuit, a special time-switch 
has to be used, so arranged that the signals for 
both directions must show "stop" for a certain 
length of time before another "proceed" can be 
given. This permits a train which has already 
received the proceed indication but fails to see 
or sees too late a subsequent stop indication 
to enter the block section and shunt the track 
before "proceed" can be given to a train in the 
opposite direction. The time switches are ope­
rated by springs and can be adjusted for time 
intervals of up to 2 minutes. There are 6 of 
these time switches, one for each track. 

Both the Up and the Down Lines were provided 
with signals for both directions, although under 
normal conditions double track working is ar­
ranged, that is, the Down Line is used for trains 
to Gothenburg and the Up Line for trains from 
Gothenburg. If one of the lines must be given 
up on account of work on the permanent way 
or on the trolley wires, or if there is an excep­
tional density of traffic in one direction, single 
track service can be arranged on the other track 
with complete protection, by means of signals. 

While only one block section was required for 
each of the tracks between Olskroken and Go­
thenburg C, the Almedal Line, to make shorter 
intervals between trains possible, had to be di­
vided into two block sections, 1 800 m. and 1 400 
m. in length. The difference in length was due to 
the fact that in the section next to Gothenburg C, 
the northern section, speed has to be reduced 
considerably when passing a viaduct running in 
a sharp curve over the Olskroken lines. 

The northern block section also includes the 
track between the outlying points 2 and the 
entrance signal to the goods yard. When a 
signal is cleared to enter the northern block sec­
tion, the tracks must be free from vehicles both 
to the goods yard and to the passenger station. 

The signals for the northern block section are 
arranged on the same principles as those for the 
lines between Gothenburg C and Olskroken. There 
are entry signals to the block section both from 
the direction of Almedal (lb.) and from the goods 
yard ( lva) and Gothenburg G (lvb). The signals 
are also intended to safeguard movements of 
trains through the outlying points 2, which are 
operated from the Gothenburg G signal cabin. 

The signals Bl and A2 control the entrance 
to the block section nearest to Almedal, i. e. the 
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southern block section. These signals 
are all-automatic and no levers for 
them are provided in the frame in 
the Gothenburg C signal cabin. In 
normal position "proceed" is shown. 
When the lever l v at Gothenburg C 
is reversed to prepare for a train 
movement from Gothenburg C or the 
goods station towards Almedal, A2 
will show "stop", where it is held 
by the track circuits until the train 
has arrived at Almedal. When a train 
leaves Almedal for Gothenburg C the 
conditions are different. The signal 
A2 is then independent of the track 
circuit of the northern block section 
and may show "proceed" for a foll­
owing train from Almedal as soon 
as the first train has passed out of 

the southern section. 
When a train from Almedal has entered the 

southern section, signals lva or lvb cannot show 
"proceed" until the train has arrived at Gothen­
burg C or the goods station. For trains from 
Gothenburg towards Almedal, on the other hand, 
lva or lvb can indicate "proceed" for a following 
train as soon as the first train has cleared the 
northern block section. 

The signal arrangements for the Almedal Line 
thus allow shorter intervals between following 
trains than between opposing trains. The ar­
rangements used are made on the same principles 
of wiring as the well known A. P. B. block system 
for single lines. 

T h e P a s s e n g e r S t a t i o n . 

The station is of terminus type with making-up 
tracks for the trains to one side of the arrival 
and departure platforms. Between the making-up 
yard B and the platforms there is a special smaller 
yard F, for mail and express parcel coaches, 
which are often run with passenger trains. As 
the number of platform tracks is small compared 
to the number of trains and incoming and out­
going lines, the trains must not be kept longer 
at the platforms than is necessary for the pas­
sengers to get on or off. Incoming trains that are 
not due to leave immediately after arrival should 
therefore be moved over as soon as possible to the 
making-up yard, and outgoing trains be brought to 
the platform as shortly before departure as possible. 
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Fig. 3. Automatic block post on the Almedal Line. 

Figs 4a and b show graphically how the plat­
form tracks have been used for the time-table in 
force in 1930, when the station was put in use, 
and for the present time-table. The time is 
marked by a vertical line for each hour of the 
day, and each platform track is represented by 
two parallel horizontal lines. These latter are 
filled in at times when a train is standing on 
a platform track. The part filled in is terminated 
by a leaning cross line on the left for incoming 
and on the righf: for outgoing trains. When the 
train begins or finishes at Gothenburg C and 
has therefore to be brought to or from the plat­
form track by shunting within the station limits, 
the part filled in is terminated by a vertical cross 
line on the left or right respectively. 

Usually empty trains are moved between the 
making-up yard and the platform tracks via the 
draw-out tracks K, L, and M. When a train is 
shunted away from the platform, its own loco­
motive backs it into one of these tracks, generally 
K, whence it is backed by a shunt engine to the 
making-up yard B. 

The locomotive is then moved as soon as pos­
sible to the shed unless it has to be taken to the 
local engine depot of the passenger station for 
taking fuel or water, or to be turned; or, as is 
often the case with electric locomotives, it goes 
to the waiting track A to wait there until the 
next train to use it is due to depart. 

When traffic is particularly heavy it may hap-



pen that none of the pull-out tracks is available. 
In this case the tracks O are used for storing 
empty trains until the traffic allows them to be 
shunted to the making-up yard. 

Empty trains are usually moved from the mak­
ing-up yard to the platforms via the pull-out 
tracks by shunt engines. The train locomotive is 
attached after the train has been brought to the 
platform. During busy hours new trains already 
made up can be stored in tracks O in order to 
release the draw-out tracks, which are occupied 
to a great extent also for rearranging trains in 
the making-up yard. 

As far as possible locomotives arriving from the 
sheds go direct from the incoming line to their 
train if the latter is standing at the platform. 
If the train is not ready when the locomotive 
arrives, the latter is held on the track inside the 
incoming signal or moved to the waiting track A 
or to any other available track where it can wait 
for its train. 

Local t rains made up of electric rail motor cars 
generally leave after only a short stay in the sta­
tion, during which the train is standing at the 
platform. Other local trains using a locomotive 
as tractive power are backed out from the plat­
form track during their stay in the station, where­
upon the locomotive is shifted to the other end of 
the train over suitable points, and finally the 
train backed to its departure platform. 

A special category is formed by the large ex­

press and passenger trains which carry the traf­
fic between the Continent and Oslo via the West 
Coast and Bergslagen Lines. These trains also 
have through-carriages from or to Gothenburg C, 
which have to be coupled to and fro during 
a short stay in the station. 

There are also through coaches between the 
Western Main Line on the one hand and the Bohus 
and West Coast Lines on the other. These are 
moved from one train to the other by shunting 
at the ends of the platform tracks, while the 
trains are standing at the platforms. 

Finally mail vans and express goods cars are 
shunted to or from the long distance trains, as 
well as cars carrying fish and other fresh goods, 
which are transferred from the harbour station 
to the passenger station via tracks B to be con­
nected to passenger trains just before their de­
parture. 

From the above it will be seen that in designing 
the signalling arrangements, allowance must be 
made not only for train movements to and from 
the outgoing or incoming lines but also just as 
much for shunting operations within the station 
limits. Some mechanization of the signalling also 
for shunting movements was essential, to make 
it possible to deal with the expected traffic rap­
idly and without undue risk. It was therefore 
clear from the beginning that at Gothenburg C 
a system would have to be employed that would 
allow the use of fixed signals and interlocked 
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Fig. 4 b. Occupation of the platform tracks according to the time table 1931—32. 

Fig. 4 a. Occupation of the platform tracks'according to the time table 1930—31. H J113 a 
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points for the shunting movement as well, i. e. 
an installation similar to the one taken into use 
a few years before at Malmo, where traffic con­
ditions are similar. 

T h e d iv is ion of t h e t r a c k s in to s i g n a l 
s ec t i ons . 

A shunting movement generally affects only a 
small part of the track system, while an incoming 
or outgoing train makes a continuous movement 
along the whole length of the yard between a 
platform track and one of the lines. In order not 
to impede other movements unnecessarily, the 
locking of points in shunting should not extend 
over a longer stretch at a time than is necessary 
for safeguarding the movement. The track lay-out 
was therefore, for signalling purposes, divided 
into sections, each of which was provided with 
signals for both entering and leaving. 

The outgoing signal of one section is at the 
same time the entry signal for the next. Only 
sections ending with a dead-end track or leading 
to a siding, have no outgoing signals. The out­
going signals for the sections at the extreme end 
of the station are at the same time the entry 
signals for the block sections ahead. 

Where a track branches off, one signal may 
serve as the entry signal for several sections. We 
find, for instance, in fig. 5 that signal 43h is for 
5 different sections, ending at signals 53h, 51h, 
49h, 47h and 45h. Similarly one and the same 
signal may be the outgoing signal for several 
sections meeting at that signal. 49h, for instance, 
is the outgoing signal for 3 sections, the entry 
signals of which are 43h, 39h. and 35h. 

The determining of the positions and lengths 
of the signal sections is of course of great im­
portance if the installation is to give good results, 
and should be done with careful attention to the 
demands of the traffic. The signal sections for 
inward and outward movements do not as a rule 
coincide either in position or length. The cost 
of construction increases with the number of 
signals, and the number of sections should there­
fore not be greater than necessary. Some of the 
principles employed in determining the signal 
sections at Gothenburg C are given below. 

The station boundary, i. e. the outer ends of 
the sections next to the incoming and outgoing 
lines, has been pushed so far out that shunting 
may be done as a rule without affecting the use 

of the block sections. The departure of trains 
or single locomotives from Olskroken or Almedal 
is thus not interfered with by shunting opera­
tions in the station. 

Each platform track is arranged as a separate 
signal section, the outgoing signal of which is 
placed at the fouling point behind the points at 
the outer end of the platform track. 

The sections lying between the platform tracks 
and the station boundary have been determined 
by the position of the sets of points, which are 
drawn across the track system in two main di­
rections. Movements in the cross-overs leading 
to the pull-out track K, which is generally used 
for moving empty trains to and from the plat­
forms, ought to be possible with a minimum of 
disturbance from other movements. The signals 
were therefore grouped on either side of these 
cross-overs. 

Draw-out movements from the platform tracks 
to move carriages from one train to another 
should be made as short as possible, in order to 
cause the least possible obstruction to other mo­
vements. The signal sections nearest the plat­
forms are therefore made shorter than the others. 
When, for instance, coaches are being moved 
from track VI to track VII, they can be pulled 
out to signal 45va without interfering with move­
ments further out in the track system. 

Another advantage of having short sections at 
the ends of the platform tracks is, that a train 
for which there is not enough room in the signal 
section formed by the platform track will never­
theless be standing just inside a signal for out­
ward movement. The platform track may be said 
to be extended by the short signal section ad­
joining it. 

In all groups of points where a pull-out move­
ment is often followed by backing the same set 
of cars, the signals are so arranged that there 
is always one available for showing "proceed" for 
the backward movement at the point where the 
pulling out movement usually ends. When a 
carriage is moved from track VII to track VI, 
signal 65va may for example be used for the 
pulling out and signal 65h for the backing in. 

The division into signal sections is of course 
mainly a matter of judgement for which no exact 
rules of general validity can be given, and which 
must therefore be settled in each case according 
to local conditions. 
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The total number of signal sections within the 
station boundaries is 73 for inward movements 
and 84 for outward movements. Besides these 
there are the six block sections outside the sta­
tion boundaries, which may be regarded as signal 
sections lying in the lines. 

When a train arrives or departs it will pass 
several signal sections one after the other, the 
entry signals of which must each be at "proceed' : . 
It would of course be possible to let the move­
ments of incoming and leaving trains be con­
trolled entirely by shunt signals. This is also 
done in certain cases, namely, in the case of 
trains running on the double track against the 
normal direction of traffic, and trains on the 
Loop Lines, besides all cases where for some 
reason the whole route between the line and the 
platform cannot be cleared at once, e. g. for a 
locomotive going up to the platform track oc­
cupied by its train. Again, when a departing 
train is so long that its locomotive is standing 
outside the outgoing signal from the platform 
section, it must be moved in stages on the same 
signals as are used in shunting. 

Movements in stages under control of shunt 
signals alone would, however, mean much loss of 
time to long and heavy trains, as they would then 
always have to be moved at comparatively low 
speed. Special signals have therefore been ar­
ranged for movements between the platform 
tracks and the incoming and outgoing lines ge­
nerally used by the passenger trains enabling a 
"proceed" indication to be shown for the whole 
train route through the yard. All the signal sec­
tions on the route must then be clear and the 
signals for them showing "proceed". Such special 
signals are arranged for trains coming in from 
the Down, B. J., and Almedal Lines and departing 
from any of the platform tracks towards the Up, 
B. J. and Almedal Lines. 

The track arrangements frequently allow of 
several routes for a train between a line and a 
platform track. In such a case the installation 
also allows for the use of any of these 
routes, that one to be chosen which can 
be used at the time of the train movement 
with the least possible interference with 
other simultaneous movements. Between the B. .1. 
Line and track VI, for instance, there are three 
routes, viz. over points 66a, 36 or 54a. The total 

number of routes between the incoming and out­
going lines and the platform tracks is therefore 
greater than that indicated directly by the num­
ber of lines and platform tracks, being 52 for 
incoming and 57 for outgoing trains, instead of 
30 and 33, as it would be if for each line there 
were only one arrival and one departure route 
per platform track. 

T h e division of the tracks into track circuits . 

Besides signal sections, the tracks have also 
to be divided up into insulated track sections or 
track circuits, the function of which is to effect 
that part of the signalling whose object is to 
show if the route is free of obstruction, i. e. clear 
of vehicles, to a shunting or train movement. 
The track circuits must further prevent the points 
being operated too early, either just under a 
vehicle standing over a pair of points when a 
derailment certainly would occur—or just in 
front of a movement, which otherwise might be 
turned on to a different track from the one in­
tended. Track circuits also serve to prevent a 
second movement taking place before the first 
one started has been safeguarded. 

The division into track circuits is shown in 
fig. 5, where the limits between them are indi­
cated by a break in the track. Track circuits 
are denoted by an S, followed by the number of 
the points in the track circuit or, where there are 
no points, the name of the track or the number 
of the signal at the inner end of the track circuit. 
This symbol is printed in the plan only when 
referring to a signal number or a track. 

A division between two track circuits is always 
located opposite or quite close to every signal. 
A signal section may, however, include several 
track circuits. The divisions between these are 
often placed at rail joints in front of points or 
opposite fouling points between converging tracks. 
In the parts of the lay-out where shunting is 
frequent and the lengths of these movements 
therefore ought to be limited as far as possible 
in order not to hinder simultaneous movements, 
the track circuits have been made shorter than 
elsewhere. This is, for example, the case at the 
ends of the platform tracks. 

Considering the cost of installation and main­
tenance, an increase in the number of track cir­
cuits is a disadvantage, and the division must 
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therefore not be carried further than the traffic 
conditions make necessary. The dividing into 
track circuits is mainly a matter of experience 
and judgement, and greatly affects both the eco­
nomy and the usefulness of an installation. 

Fig. 6 shows part of the track lay-out on a 
larger scale, so that the position of insulating rail 
joints and connectors between the rails can be 
seen. The two rails opposite one another in a 
track circuit must not be in metallic contact. All 
the tie-plates and connecting rods between the 
rails at the points must therefore be provided 
with insulated joints, which are made by having 
the plates and rods made in two parts separated 
from one another by packings of vulcanized 
fibre. One of the rails of a track circuit is called 
the plus, the other the minus rail. The same 
polarity must not prevail in rails opposite one 
another for a length of track greater than the 
minimum distance between the axles of the ve­
hicles. At Gothenburg this length in no case ex­
ceeds 1.5 or 2 m. 

The length of a track circuit ought to be greater 
than the max. distance between axles on the ve­
hicles, as, when a train is passing, the plus and 
minus rails must be in constant connexion 
through the wheels. The shortest track circuit 
at Gothenburg is 17 in. 

Only the plus rails of two adjoining track cir­
cuits have been separated by insulating rail joints, 
the minus rails being metallically connected with 
one another to serve as return conductor for the 
traction current. 

The total number of track circuits within the 
station boundary is 65, that in the outside lines 
10. Frequency-selective vane relays, Westing-
house Type L, are used as track relays except 
in seven circuits which are not affected by 
the currents of the electric trains. The fre­
quency-selective relays are immune to the 
frequency of the traction current. 16 2/3, and are 
fed with a 50-cycle signal current via condensers 
and inductive track transformers, so that the 
supply of current is practically constant. The 
principles of this device are described in an ar­
ticle in the L. M. E. Review 7—9. 1931. Relay 
transformers of ratio 1 : 4 are connected between 
the track and the relay to reduce the voltage drop 
in the long cable conductors to the relays, all 
of which are located in the signal cabin. 

I n t e r l o c k i n g of t h e levers in t h e l ock ing f r a m e . 

Tables I and II give extracts from the locking 
tables prepared for this installation. To make the 
tables clear it may be mentioned that points and 
signals are denoted by the numbers of the levers 
with which they are operated. Even numbered 
levers are used for the points, odd numbered 
for the signals. When two pairs of points are 
operated by the same lever only one number is 
given in the table, but in the plan these points 
are distinguished by the letters a and b after 
the number. A letter h or v after the number 
of a signal means that the signal is operated 
by moving the signal lever to the right (hoger) 
or left (vanster) respectively. The former is used 
for inward, the latter for outward movements. 
Thus in clearing the signals the levers are moved 
in the direction of the train movement, which 
makes the arrangement easy to survey and faci­
litates operation. 

Refore a signal can be cleared, the point levers 
must first be brought into proper position for one 
of the signal sections beginning at the signal. If 
the position of a point does not correspond to 
the position of the lever in the cabin, it must 
be impossible to show "proceed". When the 
signal lever is reversed, the point levers in the 
signal section are locked in their proper position 
and interlocking is then said to be arranged 
between the signal and point levers. Further, 
it must be impossible for the signal to be 
cleared if a 'proceed" indication has al­
ready been shown for any conflicting move­
ment, by which is meant a movement in an­
other signal section having some tracks common 
with the first one. This is prevented either by 
direct interlocking between the signal levers or 
by locking some suitable points, safety points, in 
positions preventing entry to the signal section 
to be protected. The locking of safety points is 
not always possible, but has been used in this 
installation as far as admitted by the track lay-
-out and by practical considerations in general. 

Movements across the track just outside the 
signal section run the risk of a collision should 
the movement for which the signal is to be 
cleared not be stopped at the outgoing signal of 
the section but slip over into the next section, 
and are therefore regarded as conflicting. Such 
movements crossing the track just outside the 
signal section have been prevented by locking 
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TABLE I 

TABLE II 
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trailing points also beyond the signal section. 
The trailing points have been locked over the 
whole of the next signal section whenever 
demanded from the safety point of view. 
For movements from the platform tracks, 
the risk of pulling out past the outgoing 
signal of the section was not important, and, as 
the locking of all the trailing points in the next 
section would restrict other movements too much, 
it was for those movements considered sufficient 
to lock trailing points within a distance of 50 m. 
from the end of the signal section. This would, 
for instance, allow movements in the cross-overs 
leading up to track K to be made independent 
of movements in, for example, the signal section 
65va—45va, as the distance between the outgoing 
signal 45va and the fouling point behind points 
34a is about 50 m. 

In a few cases a ground signal of the type used 
in connection with scotch blocks has been mount­
ed at the fouling point between converging tracks 
and so connected with the points that the signal 
shows "stop" for the main track when the points 
are reversed. Behind points 26a there is such a 
signal, which allows the points to be free for 
movements on, for instance, signal section 53v— 
43v. For the section 43v—13v, which contains 
points 26a, these are of course locked in spite 
of the ground signal. 

Signal levers for routes direct between the 
lines and the platform tracks are made to depend 
on the signal levers for all the signal sections of 
that route, so that the latter levers must be re­
versed before the first ones can be operated. 
This locks the levers of the sections in the 
reverse position, and they cannot be restored 
to normal unless the lever of the direct route 
has first been put back. 

Looking at table I, we find on the right ex­
amples of interlockings for a signal lever (43h) 
connected with a signal for a signal section, 
and to the left for another signal lever (25h), 
connected to an incoming main signal from a 
line to a platform track. 

The table for 43h reads as follows, line by line: 
The reversal of lever 43h to the right requires 

point lever 26 to be at + (normal position) or — 
(reverse position); 

with point lever 26 at+, 38 to be at + or — , 
and signal lever 53v not to be reversed to the left; 

with 26 at + and 38 a t + , 4 8 to be a t + ; 

with 26 at + and 38 a t - , 40 to be at + o r - , 
and 41v and 51v not to be reversed to the left, etc. 

The table for lever 25h reads line by line as 
follows: 

When lever 25h is reversed to the right, 13v 
must not be reversed to the left, but 43h must be 
reversed to the right; 

with 26 and 38 a t+, 53h to be reserved to 
the right; 

with 26 a t+, 38 a t - , and 40 a t+ , 48 to be 
at +, and 51h to be reversed to the right etc. 

Table II shows on the right how the point levers 
are locked by the signal levers. For point lever 
28 the table gives the following lockings: 

of 33 and 39 always; 
of 35h unless point lever 12 is at—; 
of 37v and 41v unless 38 is at—; 
of 45v unless 32 is at +. 

A special kind of locking is sometimes arranged 
direct between the point levers, so that these 
must be operated in a definite order. This kind 
of interlocking will to some extent simplify the 
arrangements, but may on the other hand 
necessitate points being operated simply to 
release point levers, thereby increasing the num­
ber of point operations. In a busy station this 
is a disadvantage and may, when in a snowstorm 
snow and ice render the operation of points dif­
ficult, add to the difficulties of keeping the traf­
fic going. In view of this, interlocking between 
point levers has at the Gothenburg installation, 
as well as at other similar installations on the 
State Railways, only been employed where ob­
vious advantages from the safety point of view 
are thereby obtainable without complicating the 
operation of the points. 

The principles followed in using this kind of 
interlocking at the Gothenburg installation may 
be made clear by some example. For this purpose 
we will again refer to the diagram in fig. 5. 

Points 26b and 28a form together a single slip 
switch. For all movements with points 26 at 
minus it is necessary for points 28 also to be 
at minus. The levers of these points have there­
fore been interlocked so that 28 always has to 
be reversed before 26 can be reversed. The re­
moval of the points to normal must then be 
effected in the reverse order. 

Before reversing point lever 4 12 must be at 
normal, because points 12 must always be at plus 
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when a movement takes place with points 4 at 
minus. 

At a double cross-over, as between points 50a 
and b, and 52a and b, the point levers are inter­
locked so that only two pairs of points at a time 
can be brought in position for movements through 
the crossing. 

When points 18 are set for movements from 
track K into the running lines, 20 must first be 
set to track L, so as to serve as safety points for 
these movements. 

On the left in table II. examples of direct inter­
locking between point levers are shown. 

L o c k i n g b y t r a c k c i r c u i t s . 

Track circuits are used in the installation to 
lock signal levers in reverse positions, route lock­
ing, and for direct locking of point levers, point 
locking. 

The levers of signals governing movements 
direct between the incoming and outgoing lines 
and the platform tracks are equipped with route 
locking, which works in the following way. On 
reversing the signal lever it becomes locked in 
the reverse position and cannot be restored to 
normal until the train has passed over the route 
and entered the last track circuit of the route, 
i. e. the track circuit of the platform track for 
incoming trains, or the track circuit nearest to 
the block section for outgoing trains. The signal 
lever has to be restored after each train, as it is 
arranged that otherwise "proceed" cannot be 
shown for a following train. 

Should it be necessary to restore the lever and 
change the route without a train having passed, 
the lever can be released by means of a time 
switch. The signal must then show "stop" for a 
suitable length of time before the signal lever can 
be brought into such a position that the point 
levers of the route are free to move. This 
time-switch is also used, should the devices for 
automatic release of the route fail to function. 
A sealed switch for emergency release could 
therefore be dispensed with. The time switches are 
of the same type as those used for the line block 
sections and have been installed for routes to and 
from the Up, Down, B. J. and Almedal Lines. 

Route locking can only be used where the 
clearing of a signal is followed by a continuous 
movement from one end of the route or signal 
section to the other. This is not the case in 
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shunting, as every movement cannot be ex­
pected to pass the whole signal section, but might 
stop within the section and continue in the oppo­
site direction. The levers of the signal sections 
are therefore not provided with route locking, 
but are left free to restore to normal at any time. 
Point locking is therefore arranged to prevent 
points in a signal section being operated before 
this can be done with safety. 

Two different methods of point locking, one 
direct and one indirect, are used in this installa­
tion side by side, supplementing one another. By 
the first method the point levers are locked as 
long as certain track circuits are shunted by 
vehicles. The locking is effected by contacts of 
the track relays directly breaking the current to 
the lock magnets of the point levers. The follow­
ing track circuits are considered for such locking 
of point levers. 

Track circuits in which points connected to the 
lever are situated, e. g. S26 and S26/28 for point 
lever 26; 

the track circuit between two pairs of points 
connected to the lever, e. g. S54/56 for lever 56; 

track circuit behind a pair of points connected 
to the lever, when wanted to prevent the throwing 
of the points until a previous movement has 
passed clear of the fouling point, either behind a 
shunt signal showing "stop" for movements to­
wards the points or behind a pair of points which 
can be laid in a position to prevent such move­
ments, e.g. S49, S28/30 and S12a for lever 40; 
S32/36 and S30/32 for lever 34; 

track circuit situated in front of a pair of points 
connected to the lever when wanted to prevent 
the points being operated before a signal con­
trolling movements in the opposite direction has 
been passed, e.g. S12a for lever 30, or when a 
vehicle is immediately in front of the points, e. g. 
S57b for lever 20. 

The direct method of point locking acts inde­
pendently of the direction of movement, hut may 
be changed by varying the positions of other 
points. The locking between S12 and lever 40 
for instance does not function if point lever 12 
is reversed. 

By the second, indirect method, the locking of 
the points only takes place if a vehicle enters 
the signal section with the lever for the in­
coming signal of that section in reverse position. 
The locking is effected by means of special lock 





relays and functions differently accor­
ding to the direction of movement. 
The use of this locking method is 
best explained by an example. 

Supposing signal 45va has been 
cleared for a movement into the 
signal section between 45va and 9v 
over points SO, Point lever 30 is 
made dependent on a relay which 
starts locking the lever at the mo­
ment the signal is passed by a ve­
hicle. Even if the signal lever is 
restored to normal immediately the 
signal has been passed, the relay will 
continue locking the point lever until 
the track between signal 45va and 
points 30 b is free of vehicles. The 
purpose of these lock relays is 
thus to prevent points being operat­

ed while movements are going on between the 
incoming signal of the signal section and the 
points, i. e. until vehicles have entered one of 
the track circuits directly affecting the point lever 
by the direct method of point locking. 

Point locking requires the use of quick releas­
ing track relays in which the, contacts will 
open at practically the same moment as the 
track circuit is shunted by a vehicle. Bvit if a 
signal is put back from "proceed" to "stop", and 
a pair of points just behind the signal are thrown 
over immediately afterwards, there may still be 
the risk of derailment at the point, if a locomo­
tive just in front of the signal has observed the 
proceed indication and started moving towards 
the points, and has afterwards failed to notice 
the stop indication, or, after noticing it, has not 
been able to stop at the signal. Point locking by 
means of the lock relays would also be out of 
action should the signal lever be restored before 
any vehicle has passed the signal. 

To prevent this, some signal levers have been 
fitted with a delaying device which, if there are 
vehicles on the track circuit in front of the signal, 
will act so that the lever cannot be restored di­
rectly from reverse to normal but has to be kept 
in an intermediate position for a certain time 
after the signal has occupied the "stop" position. 
During this time the points remain locked. A 
delay does not occur if the track circuit in front 
of the signal is free. Loss of time on account of 
the delaying device will thus only result if a 

Fig. 7. Dwarf signals. 

proceed indication after being given has to be 
cancelled while there are still vehicles on the 
track circuit in front of the signal. This device 
has only been considered necessary for some ten 
signal sections situated rather far away from the 
cabin, where movements are hard to survey from 
the cabin. The delay is obtained by special relays 
with a clock-work arrangement of the usual 
type. The signal lever is locked by a back contact 
of the corresponding time relay, this contact being 
opened when the relay, on reversal of the signal 
lever, is energized. The contact is shunted by a 
front contact on the track relay of the track cir­
cuit in front of the signal, the delaying device 
thereby being out of action when that track cir­
cuit is free. 

For route locking and indirect point locking, 
D. C. relays of the L. M. E. standard type have 
been used, with 4 front and 4 back contacts, and 
a 2 000 ohm coil for 12 V. There are 37 of 
these relays, of which 16 are used for route 
locking for arriving and leaving trains and 21 
are lock relays for point locking. 

S i g n a l a s p e c t s . 

As incoming and outgoing signals for the signal 
sections within the station dwarf signal according 
to the safety regulations of the State Railway 
were to be used. Such a signal is illustrated in the 
regulations with the figure shown in fig. 8 and 
described as follows:— 
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Fig. 8. 

"Dwarf signal: a lamp device from which are shown 
2 steady white lights either in a horizontal line (a), or in 
a vertical line (b), or in a line sloping at an angle of 45° 
to the left (c) or to the right (d), the lights to be visible 
in daylight also." 

The signal aspects " b " and "c" in fig. 8 should 
be understood as an authorisation from the signal 
men in the cabin to carry out some intended mo­
vement. The shunters and drivers have to make 
use of this permission as soon as possible, thereby 
enabling the signal men to determine the order 
in which the shunting operations are to be per­
formed. The aspect " c " means a restriction of the 
proceed indication so far as the signal may be 
shown even when the signal section ahead is 
occupied. This aspect therefore means "caution" 
and only makes sure that the points are in proper 
position and that signals for conflicting move­
ments indicate "stop". The aspect "c" will always 
appear on reversal of the signal lever unless the 
following conditions for showing aspect " b " are 
already satisfied. 

For aspect " b " to appear there is the additional 
condition that the whole signal section must be 
clear of vehicles. If there is an outgoing signal 
from the signal section that one must also show 
"proceed" or "caution (aspect " b " o r " c " ) . If these 
conditions are fulfilled aspect " b " will appear auto­
matically instead of " c " without any special action 
of the signal men. Aspect " b " is not used for signal 
sections leading on to makemp tracks where there 
are no track circuits, for example, when a move­
ment is to be made on signal 57ha to tracks B 
or F . Nor will indication " b " appear for move­
ments towards the short waiting track A. 

Position light signals as in fig. 8 have also 
been used for controlling movements on the 
Loops, and for movements against the nor­
mal direction of traffic on the Up and Down Lines. 
These signals only show the aspects "a" and "b" , 
i. e. "stop" and "proceed", the latter requiring 
the whole block section to be clear of vehicles. 

Aspect "d" (neutral) has been used in this in­
stallation for controlling movements which are 
not supervised from the signal cabin. This is the 

case with all movements between tracks O, K, L, 
and M on the one hand and B and F on the other, 
i. e. shunting movements taking place outside that 
part of the lay-out which is used by incoming 
and outgoing trains. Therefore, signals 55h/t, 
o7hb/t, 57va/t, and 59va/t show the neutral 
aspect for movements not leading on to the run­
ning lines. When this aspect is to be shown, the 
lever normally used for the signal section must 
not be reversed, but a special switch, mounted on 
the frame above it, used instead. 

The neutral aspect is automatically controlled 
by the position of the points which must then be 
diverging from the running lines. 

The neutral indication is also used on dwarf 
signals O, K, and L, which are intended to -prevent 
simultaneous movements towards points 24b and 
20 from tracks O, K, and L, and on signals Y 1, 
Y 3, Y 5, and Y 7, the object of which is to prevent 
simultaneous movements through the cross overs 
1—7 and 3—5 when the points are so set that 
a collision may occur between crossing move­
ments. 

Signals O, K, and L are selected automatically 
by the position of points 20, 24, and 18, but may 
be set to "stop" either by a lever in the signal 
cabin or by a lever at a place near points 1, 3, 
5 and 7. These latter are always operated on the 
ground. Normally, points 20 are connected to the 
signal cabin, but they can also be operated on 
the ground by means of a ground lever near the 
points just mentioned (dual electric control). 
Points 18 and 24 are always operated from the 
signal cabin. 

The aspects of the signals Y depend on the 
position of the points 1, 3, 5, and 7. "Stop" appears 
automatically when movements must not take 
place; otherwise the neutral aspect is shown. Y 1, 
for instance, indicates "stop" when points 3 or 5 
are reversed, or when points 1 are at plus and 7 
at minus or vice versa. 

While thus position light signals are used for 
movements on the signal sections within the sta­
tion limits and on the Loop lines as well as for 
movement against the normal direction of traffic 
on the double track, colour light signals are used 
for movements direct from the block sections to 
the platform tracks. In the safety regulations of 
the State Railway a colour light signal is illustrat­
ed by the figures shown in fig. 91 and described 
as follows: 
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A light signal with two different 
proceed aspects is used on the entry 
signal ( l h ) to the southern block 
section of the Almedal Line, to show 
if the route is cleared to Gothen­
burg C or to the goods yard. One 
green light is used for the former, 
two for the latter. 

The incoming signals from the 
Down, B, J., and Almedal Lines are 
provided with distant signals, which 
are described in the regulations as 
follows: 

"Light signal: a lamp device by means 
of which a green or white flashing light 
(in some cases also a red light, steady or 
flashing) is shown, all lights to be visible 
in daylight also." 

The distant signals were mounted Fig. 10. Incoming and outgoing signals for the Olskroken Lines. 

"Light signal: a lamp 
device which can show 
a red light, steady or 
flashing, or else one, 
two, or three steady 
green lights placed ver­
tically above one an­
other, all lights visible 
also in daylight." 

Note 2. Such a light 
signal may be arranged 
to show also a flashing 
green or white light, 
then assuming the func­
tion of a distant signal. Fig. 9. 

Note 3. The main signal allowing trains to enter a station 
is called the incoming signal, to leave a station the out­
going signal. 

A steady green light is used in 
the installation as proceed indication 
on the incoming signals. The speed-
-limit for all movements through the 
station being 40 km. p . h., and all 
routes beeing practically equal in 
length, different signal aspects were 
not required for indicating the speed. 
Nor was it considered necessary to 
indicate at the incoming signal the 
platform track to which the train 
should proceed. While the train is 
passing through the yard a certain 
direction as to the route is, however, 
obtained by means of the dwarf 
signals of the various sections of 
which the route is made up. Fig. 11. Incoming and outgoing signals for the Almedal Line. 
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about 300 m. from the incoming signals. This 
short distance was considered convenient because 
the speed of the trains had to be reduced already 
before entering this terminus, in which the maxi­
mum speed is limited to 40 km. p. h. 

Further, it was considered that the incoming 
signals ought to be cleared as short a time as 
possible before the arrivals of the trains in order 
not to cause unnecessary delay to other move­
ments in the yard. If the distant signal were 
placed too far from the incoming signal, the 
signals would generally not be cleared until after 
the train had passed the distant signal. That 
being the case, the benefit of the distant signal 
would be illusory. 

The block signal l h on the Almedal line was 



the object of showing when a route 
is clear from that platform track 
to a block section. The signal con­
sists of a green light placed imme­
diately below the lower right-hand 
light of the dwarf signal. 1 his green 
light will appear together with aspect 
" b " when a route is clear up to the 
entry signal of the Almedal, B. J., or 
Up Line. A flashing green light is 
shown when the entry signal is at 
"s top" and a steady green light when 
the signal shows "proceed". A 
train can leave the platform track 
even though a flashing green light 
is shown, but must then proceed 
with caution and be prepared to 
stop at the station boundary, should 
the entry signal to the block section 
still be at "s top" when the train 
reaches it. The route through the 
station is thus treated as a line 
block section, into which a train 
can be admitted before a previous 
train has arrived at Olskroken or 
passed the southern block section of 
the Almedal Line. 

A signal of the type used for out­
going trains has in some cases been 
used at Gothenburg C for incoming 
trains also. It was necessary to be 
able to admit a train to platform 
tracks II or VI while a short train 
was still standing at the platform. 
Special dwarf signals, indicated in fig. 
5 by II and VI, were therefore fitted 

Fig. 12. Dwarf signal at platform track. 

provided with a distant signal at a distance of 
700 m., full line speed being allowed here. This 
distant signal was also provided with a red light, 
which is shown when a train is moving in the 
direction of Almedal, or when there is a train on 
the track circuit between lh and the distant 
signal. 

It would of course have been possible to use 
light signals as in fig. 9 as outgoing signals for 
trains going direct from the platform tracks 
towards the lines. But as in this case the signals 
are given to a train standing at the platform, it 
was considered sufficient to provide the dwarf 
signals already existing at the outer ends of the 
platform tracks with a special signal aspect with 
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about half-way down these platform tracks, the sig­
nals normally showing the neutral aspect. When the 
first train has arrived behind this signal the plat­
form officer (the train clearer) will set the platform 
signal to "stop". This enables the signalman in 
the cabin to direct a new train to the platform 
track although this is already occupied. The clear 
signal will then not be given with the main 
incoming signal, but with a green light on the 
dwarf signal underneath the incoming signal, 
which shows a red light all the time to indicate 
that the movement is directed against a train 
already standing at the platform. 

Signals of a special kind are those put up at 
the platforms, in order to announce to the plat-



form officer and other platform staff 
that a proceed signal has been shown 
for a train to leave or enter the 
station. There is one of these plat­
form signals at each platform track. 
The signals face the platform and 
each one has three green lights and 
one red, besides a white marker 
light. 

When proceed is shown for an 
outgoing train to leave the station, 
one of the green lights is switched 
on. The left-hand light indicates 
departure towards the Almedal Line, 
the middle one towards the B. J. Line, 
the right-hand to the Up Line. The 
platform officer has to check the in­
dication to see that it is for the 
right line, before he gives the driver 
the order to start. 

The red light of a platform signal 
is switched on when an incoming 
signal is cleared for a train to enter 
the platform track in question. The 
red light means that a train is ex­
pected, and serves to call upon por­
ters and other staff concerned to 
turn up on the platform to receive 
the train. 

In each platform track the last 30 
m. next to the buffer stops have 
been left without a track circuit, so 
that vehicles can be standing there 
when a train arrives. For these, and 

also lor trains standing at me plat­
form when another train enters the same track, 
the red light means "stop". 

The signal cabin. 

The principal connexions between the tracks of 
this yard being the set of points ending at the 
platform tracks, it was quite natural to centralize 
the operation of the signals and points to a single 
cabin. This ought to be placed at a suitable spot 
near the platforms used by the long distance 
trains, where a direct supervision of the shunting 
movements appeared to be most wanted. 

At first it was intended to build the signal cabin 
in three storeys, of which the ground floor would 
be used for the power plant, the first floor for 

the relays, etc., and the top floor for the inter­
locking frame itself. It was, however, found ne­
cessary to prepare for a future extension of the 
platform beyond the place between tracks III and 
IV which had been reserved for the signal cabin. 
The ground floor therefore had to he dispensed 
with and replaced by columns to carry the build­
ing. The lower part of the building had to be 
reduced in width at the same time, to allow free 
passage along the future platform on both sides 
of the building. After this reduction a width of 
slightly more than 2 m. could be used for the 
first floor. It was not possible to make the build­
ing higher to compensate for the loss of the 
ground floor, the subsoil being very unsuitable 
for a high building. It was therefore decided to 

Fig. 13. Platform signal. 



jority of the points belonged to cross­
overs between parallel tracks, and 
cotdd in most cases be combined in 
pairs on the same point lever, only 
9 points requiring separate levers. 
In addition, one lever was required 
for locking the points in a cross­
over between platform tracks VI and 
VII, the points of which were to be 
operated from the ground and only 
locked from the cabin on train 
movements on those platform tracks. 
The total number of levers required 
for points and scotch blocks was 35. 

In addition, 55 dwarf signals, 10 
main incoming signals and 11 out­
going signals, 76 signals in all, had 
to be operated from the frame. 

The number of routes for shunting movements 
was 157, for train movements within the station 
limits 109, and for the lines 13. or a total of 279. 

Owing to the large number of routes, an inter­
locking frame with the German type of locking 
register, in which not more than two route com­
binations can be connected to the same lever, was 
considered out of the question. This kind of in­
terlocking frame would have needed at least 150 
signal levers which would, with the 35 point 
levers and necessary spare levers, have necessi­
tated a length of 16 to 18 m. 

With the American type of interlocking re­
gister the number of signal levers is not fixed 
by the number of routes but by the number of 
signal units operated from the frame. The num­
ber of signal levers is thus not increased if, as is 
often the case, the same signal is used for a num­
ber of different routes. Each signal lever cor­
responds to a certain signal or group of signals. 
In this case the number of signal levers required 
was less than a third of what a German register 
would have needed. 

The difference between the two types of re­
gister lies in the method of interlocking the signal 
levers and point levers. In a German register 
the locking pieces are always firmly fixed to the 
locking bars, which are only used with signal 
levers. Each locking piece will always affect a 
certain other lever in exactly the same way. The 
reversal of a signal lever therefore always pre­
sumes the same relative position of the points, 
i. e. the same route. 

make only two floors, as it proved possible to 
find room for the necessary apparatus by careful 
disposition of the available space. 

The top floor was made wider, projecting 
beyond the first floor as far as the 16 000 V 
trolley wires of the electric traction allowed. Thus 
a width of about -1.5 m. was obtained for the top 
floor. 

The length of the building had to be chosen 
according to the floor space necessary on the 
first floor, and it was therefore made longer than 
was necessary for the interlocking frame, the 
length of which was only 6 m. The length of 
the cabin was thus made about 14 m.. which 
allows for a considerable extension of the frame 
in the future. 

Besides the interlocking frame and other ap­
paratus requiring the direct attention and super­
vision of the signal men, all the switch-boards for 
the power supply, as well as the rectifiers and 
some of the transformers and resistances, were 
placed on the top floor. 

On the first floor were placed a rotary con­
verter and the larger transformers; also the end 
boxes and distribution panels for the underground 
cables coming into the cabin, and finally a relay 
shelf to carry the relays, etc. The disposition of 
the available space appears from the cross sec­
tions of the signal cabin shown in fig. 17. 

T h e i n t e r l o c k i n g f r a m e . 

The motors of 57 points and 2 scotch blocks 
were to be controlled from the frame. The ma-

Fig. 14. The signal cabin. 
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chanical register. Another advantage 
of importance is the greater ease with 
which alterations and extensions can 
he made with an electric register. 
Finally, such a register required 
considerably less space, as will be 
seen in comparing the cross sections 
shown in fig. 18 of the Gothenburg 
interlocking frame and various frames 
with mechanical registers of the size 
needed for this station. 

The interlocking frame was pro­
vided with 72 levers, of which 30 
were signal levers, 35 point levers, 
and 7 spare levers. The design of 
the frame is that described in the 
L. M. E. Review, No. 1—3/31. The 

point machines are of the type 
described in the L. M. E. Review, No. 10—12/ 
1931, with motors for 120 V. D. C , controlled by 
contacts on the horizontal axles of the point 
levers. 

The positions of the points are checked by 
Westinghouse Type G2 three position relays with 
local and indicating windings for 110 V, 50 cycles, 
all the relays being located in the cabin. Each 
relay has 6 normal and 6 reverse contacts, and 
there are 35 of them, i. e. one relay for each point 
lever. 

The signals are operated by means of relays 
of L. M. E. standard type with 4 front and 4 back 
contacts, and a 2 000 ohm coil for 12 V. D. C. 

Fig. 15. The top floor of the signal cabin. 

In an American register also the point levers 
are provided with locking bars. The levers are 
interlocked by means of locking pieces which are 
movable relative to the locking bars. The same 
locking piece may be affected by several different 
levers, and also lock several different levers. 
When a signal lever is reversed, the point levers 
are locked in position for one of the routes to 
which the corresponding signal applies. Such 
locking of several routes by the same lever is 
rendered possible by what is called the condi­
tional locking typical of this kind of register, 
which enables levers to be locked only if one or 
more other levers are in a certain position. Ac­
cording to the interlocking table, con­
ditional locking is required for every 
combination showing lever numbers 
under the heading "with" or "unless". 

American registers of two different 
designs had so far been used on the 
State Railway, viz. one with a plain 
mechanical register, as at Malmo 
(L. M. E. Review No. 1—2/26) and 
one with an electro-mechanical re­
gister, as at Hiissleholm and Lund 
(L. M. E. Review No. 1 3 27, 10 12 
30). The latter type of register was 
selected for Gothenburg C also. The 
final reasons for this were the con­
siderably smaller first cost and the 
lower maintenance costs due to the 
elimination of the complicated me- Fig. 16. The first floor of the signal cabin. 
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A total of 102 relays are used for controlling the 
dwarf signals, and 22 relays for colour light 
signals and platform signals. All these relays are 
fitted on the relay shelf on the first floor. 

T h e i l luminated track d iagram. 

The track diagram put up above the inter­
locking frame is of very great importance in the 
use of an installation of this type, by giving the 
signal men a concentrated picture of the lay-out 
with its signals and points. 

For each track circuit there is a corresponding 
lamp in the diagram, this being "on" when there 
is any vehicle on the track circuit. Consequently 
when the track is empty, the lamp is "out", the re -

Fig. 18. 

suit being that comparatively few track lights are 
seen at a time, thus making it easy to distinguish 
exactly those track sections that are occupied for 
the moment. The lamps are burnt a comparatively 
short time and in consequence interruptions by 
burnt out lamps are infrequent. 

In the track diagram the indications of the sig­
nals are also repeated. The changing of the signal 
indications can therefore be seen simultaneously 
by all the staff in the signal cabin. "Caution" on a 
dwarf signal is repeated by a yellow light in the 
diagram, "proceed" by a white light. "Stop" 
on a dwarf signal is not repeated. The colour 
light signals are repeated in the plan by red light 
for "stop" and green for "proceed". 
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Other lamps in the track plan indicate when 
a train is ready to leave Almedal, Olskroken, or 
the goods yard. These lamps are placed in the 
plan at the outer ends of the Mock sec-
lions. For the Almedal Line there are two 
lamps, of which one is used as indication for 
trains to the passenger station and the other for 
Irains to the goods station. The lamps are 
switched on from the signal cabins at these 
stations by special levers controlling annun­
ciator relays in the Gothenburg signal cabin. 
There are eight of these relays, two of which are 

connected with Almedal, one with 
the goods yard and five with Ols­
kroken. 

By means of these annunciators 
warning is given to the Gothenburg 
signal cabin in due time when a 
train is coming. The routes in the 
passenger station need therefore not 
be cleared until it is necessary, there­
by preventing movements in the sta­
tion being delayed on account of the 
routes being set too early when trains 
are late. 

The following lamps have finally 
been arranged in the track diagram 
at the inner end of each of the plat­
form tracks: 

one red lamp, which is automati­
cally switched on when an incom­
ing signal is cleared for a train from any of the 
three main lines to the platform track; 

one lamp showing a white light when a push­
button on the platform close to the track 
is pressed to inform the signalmen that a train 
is ready to start from the platform track, or that 
an empty train is ready to be moved from the 
platform track to the making-up yard; the push­
button controls a time relay equipped with a 
contact which keeps the lamp alight for a cer­
tain time after the current to the relay is 
broken; 

three lamps with green lights, one of which 
is switched on when "proceed" is displayed for a 
train to leave the platform track for the Almedal. 
B. J. and Up Lines respectively. 

A small, illuminated track diagram, on which 
the various incoming and outgoing lines with their 
signals are shown, was also put up in the train 

Fig. 19. Point machine. 

Alternating current of 50-cycle frequency: 

For l ighting of the signals and the l a m p s 

in the t rack d iagram 4.2 k\v. cos <f 1.0 

For t rack c i rcui ts , wh ich are provided 

wi th condensive l imi t ing res i s tances . . 4.8 » » </ 0.9 

For poin t indicat ion re lays (SS relays) 1.0 » » i( 0.6 

Total 10.0 k w . 

The above consumption is practically constant 
all the day round and thus corresponds to an 
annual consumption of about 87 000 kwh. 

Direct current, 120 V: 

The point motors were estimated to take a 
maximum of 3.6 kw. which corresponds to ten 
simultaneous point operations, each requiring a 
current of 3 amps. The total consumption depends 
on the actual number of point operations. With an 
average of a hundred operations per point motor 
and day, a power consumption of 360 watt per 

office in the station building to indicate to the 
staff there the arrival of trains. For each in­
coming line there is a lamp, which is switched 
on when a train enters the block section. A green 
lamp also indicates when the incoming signal 
is displaying "proceed". 

T h e p o w e r s u p p l y . 

The following power consumption was esti­
mated to be required for the installation. 



motor, and an operating time of 3 sees., about 
700 kwh. per annum would be consumed. 

If the A. C. supply is interrupted D. C. is used 
for driving a rotary converter. To obtain 10 kw 
A. C. of 50-cycles, about 12 kw of D. C. is re­
quired, this however being taken out only for 
short periods. Assuming IT) interruptions in the 
A. C. supply of 8 hours duration each time, a 
reserve D. C. supply of 1 600 kwh per annum 
would be required. 

Direct current, 14 V: 

About 70 watts was estimated to be required 
for lock magnets, control relays, telephones, etc. 
and had to be taken from metal rectifiers con­
nected to the 50-cycle A. C. supply. This means 
an approximately constant A. C. consumption of 
140 watt, i .e . about 1200 kwh per annum. 

Since the completion of the installation the 
power consumption for 1931 has been measured 
—in round figures 84 000 kwh of A. C. 50-cycles 
and 1 800 kwh of D. C. The power factor of the 
A. C. consumption has proved to be practically 
unity. According to the measurements the point 
motors are taking about 2 kwh a day, making 
about 800 kwh per annum, 1 000 kwh per an­
num thus being the power used for generating 
alternating current during interruptions in the 
normal supply. 

Electric power for the installation was available 
from two sources, one 3-phase 50-cycle A. C. of 220 
V., obtained by stepping down the high tension 
voltage supplied in the station from the power 
works of the state, and the other 2 x 1 2 0 V. 
D. C. from the municipal power supply. Simul­
taneous interruption in both sources was consi­
dered unlikely. By making provision for taking 
all the power required from either of these two 
sources, it was considered unnecessary to provide 
reserve power from a storage battery or a gasoline 
motor driven generator, a considerable saving in 
installation and maintenance costs thereby being 
made possible. In this instance the resulting re­
duction in floor space was also of great impor­
tance. 

Considering the price of power—5 ore per kwh 
for A. C. and 15 ore per kwh for D. G.—the main 
part of the power required ought to be taken 
from the A. C. supply. Consequently all the power 
that could be used in the form of 50-cycle A. C , 

i. e. for signal lighting, track circuits, point indi­
cation relays, and rectifiers was taken direct from 
the A. C. mains. 

In order to obtain A. C. from the local D. C. 
supply in the event of an interruption in the A. C. 
supply, a converter was installed in the signal 
cabin for converting D. C. into A. C. This con­
verter can give 15 kwa. Should an interruption 
occur, both the starting of the converter and the 
switching over from one supply to the other have 
to be done by hand. An unexpected interruption 
must therefore cause an interruption of the work 
for one or two minutes, this however being of 
minor importance as it happens very seldom. 

The point machines being designed for 120 V. 
D. C , the current for them could be taken direct 
from the local supply. To allow the power for the 
motors to be taken also from the A. C. supply, 
a metal rectifier, connected to 3 x 220 V., 50 
cycles, andt giving off 30 amps. D. C. at 120 V. 
was installed. Owing to the no-load losses in the 
rectifier, it proved advantageous normally to use 
the local D. C. supply in spite of its higher 
price. 

The switching over from the normal supply 
to this rectifier is done by hand. To prevent the 
voltage coining back after an unexpected inter­
ruption at an unsuitable moment, for instance 
when a point lever is in such a position that the 
point motor can be affected, a "no voltage" cir­
cuit breaker is connected in the D. C. feeds, in 
order to break the supplies to the motors, if the 
voltage fails for a moment or drops to too low a 
value. The circuit breaker must then be restored 
by hand, which must not be done before taking 
the necessary precautions. 

The 12 volts tension required for the locking 
magnets in the frame and for the D. C. relays 
is taken from a metal rectifier connected to the 
A. C. mains and giving a maximum of 10 amps. 
If this rectifier is out of order power can be taken 
from a rotary converter connected to 120 V. D. C. 
and giving 5 amps. D. C. at 14 V. 

This rectifier and converter are only used for 
circuits inside the signal cabin, a special rectifier 
giving 2 amps., 12 V., being installed to feed 
circuits extending outside the signal cabin. 

In fig. 20 the circuit diagram of the power 
plant is shown. 
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Telephone equipment . 

An important part of the installation is the 
telephones by which orders and information 
from the stationmaster and other officials are 
received in the signal cabin, and by which the 
signal men can communicate with the employees 
working on the ground. 

A special telephone system using loud-speaking 
telephones with fixed microphone and telephone 
was installed for communications required be­
tween the signal men and the shunters when 
changes are to be made in the normal course 
of the work. A telephone is mounted in the signal 
cabin and connected to six telephone posts in the 
yard. A call can be made from any of these tele­
phone posts to the signal cabin as well as from 
the cabin to any of the posts. In the latter case 
the call is made by means of a bell mounted at 
the telephone box, which summons the shunters 
in the yard to the telephone. The installation is 
energized from an accumulator charged through 

Fig. 20. 

a metal rectifier, the same power source being 
used also for the bells. 

A special telephone system is also arranged 
between the signal cabin and all the main in­
coming signals controlled from it. The telephones 
in this system are of the usual type with micro-
telephone. Those fitted at the signals are mounted 
in water-proof cast-iron boxes (so-called mine tel­
ephones) , and are all connected to a common tel­
ephone in the signal cabin. This telephone system 
is used for communicating with the driver of the 
locomotive when a train has been stopped at an 
incoming signal. The signal men are authorized 
by telephone to order the train to pass the main 
signal at "stop" and to proceed on dwarf signals 
alone, which may be necessary in case of a failure 
in the installation or when the whole route up 
to the platform track for some reason cannot be 
cleared at the same time. 

The locations of all these telephone posts are 
shown in fig. 5. 
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Fig. 21. Fitting of the interlocking frame, front view. 

A special telephone with a line selector is also 
installed in the signal cabin, by which commu­
nication can be obtained with the train office in 
the Station building, the train dispatchers office, 
the telephone posts on the platforms, telephones 
in the signal cabins at Olskroken, Almedal, and 
the goods yard, and finally with the local tele­
phone system on the lines beyond Almedal and 
Olskroken. Incoming calls on these telephones 
are given by means of hells with a trembler in­
dicator, showing the line from which the call is 
coming, whereupon the calling line can he con­
nected through the selector to the cabin tel­
ephone. 

Finally, an instrument connected to the auto­
matic telephone system of the station is also 
installed in the cahin. This provides communi­
cation with all the offices of the Gothenburg 
yards, the train order telephone systems of the 
different railways as well as the public telephone 
system. 

T h e c o n s t r u c t i o n a n d p l a c i n g in s e rv i ce of 
t h e p l a n t . 

All designing work and purchase of material 
were carried out at the office of the Signal 
Department of the State Railway at Stock­
holm. The installation work was under the ge­
neral control of the engineer in charge of the 
whole rebuilding of the railway station and was 

supervised by an engineer appointed 
from the staff of the Signal Depart­
ment. The inspection of the wiring 
and other details and the technical 
arrangements in connexion with the 
placing of the plant in service were 
made by this engineer, who also as­
sisted in instructing the traffic and 
locomotive staffs in the use and 
meaning of the signals. 

The installation work began on 
Oct. 6th, 1929. The track lay-out 
was then far from completed, which 
made the work considerably more 
difficult. The signal cabin, on the 
other hand, was at that time prac­
tically finished. The greater part of 
the material for the plant was fur­
nished on the spot, the remainder 
being on order for successive de­

liveries at the dates when, according to the work­
ing scheme, they would be required. 

According to this scheme the outside work— 
i. e. cable work and works on points and tracks 
—was to be completed first, so as to be ready if 
possible before the beginning of winter. Work in­
side the signal cabin, being independent of the 
weather, was to be done last, which was also most 
convenient on account of the interlocking frame 
and the track diagram not being expected to be 
ready for delivery until the end of the year. 

The installation was favoured by a compara­
tively mild winter, and the plant was ready for 
use on the appointed date, May 2nd, 1930. At 
that date only the traffic previously dealt with by 
the Gothenburg S.J. entered the station. It was not 
until May lo th that the traffic was taken over 
from the Gothenburg B. J. station, which then 
ceased to be a passenger station. At the same time 
a new time-table, to meet the altered conditions, 
came into force. This meant that the traffic in 
the new passenger station was suddenly increased 
by 150 per cent. 

After the station was taken into use, it was 
found that the sidings for storing and marshalling 
of empty trains was not quite sufficient for the 
demands of the traffic, and some new tracks and 
points had therefore to be laid out immediately. 
Track M and track group O (see fig. 5), as well as 
the scissors cross-over at points 1-3-5-7, and also 
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Fig. 22. Fitting of the interlocking frame and illuminated track plan, hack view. 

points 4a and b, and 24, were thus ad­

ded when the installation was already 

in service. This naturally involved 

some alterations and extensions of 

the signal installation also. The 

frame with electric register chosen 

for this plant now came in very 

well as the necessary alterations 

of the frame could easily be 

done without interfering with the 

traffic. 

Including these alterations and 

other adjustments and final touches, 

which were not completed until June 

1930, the whole installation had re­

quired the following labour:— 

1 engineer from the Signal Department, 
in all 200 working days 

2 litters from the L. M. E. Signal A.-B., 
in all 300 » » 

3 signal maintainers from the State 
Railway, in all 780 » » 

8 skilled workmen (blacksmiths etc.) 1980 » » 
helpers in varying numbers per day, 

max. 40, in all 3240 » » 

Total 6500 working days. 

In the installation work electrically operated 
tools were largely used for drilling holes in point 
tongues and rails for the fitting of point machines 
and insulating joints. Rails and tie plates were 

Fig. 23. Welding of rail bond. 
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cut with acetylene burners. Rail bonds and leads 
were electrically welded lo the rails within the 
station boundaries, while on the line, where elect­
ric power was not easily available for welding, 
they were soldered with the aid of acetylene 
flames. 

The rolling out of the cables was as far as pos­
sible done from trucks moved by shunt engines. 
The wiring and cable work, both in the signal 
cabin and on the ground, was as far as possible 
done by piece-work, i. e. the work was divided 
among gangs, each doing one particular detail 
of the work. Piece-work rates could thus be lar­
gely applied, and the training of labourers for 
the various tasks was facilitated. 

The cost of the plant appears from the table 
below, which gives the actual expenditure in 
round figures, and includes all costs except de­
signing and other work carried out at the Signal 
Department's office at Stockholm:— 

Signal cabin Kr. 42 000 
Interlocking frame, track diagram, and relays » 117 000 
Point machines, with connecting rods and 

plates » 75 000 
Signals, with transformers, foundations, masts 

and suspending devices » 27 000 
Cables, with boxes, compound, and cover . . » 00 500 
Power plant » 11 500 
Telephones, with accessories » 6 500 
Push-buttons and relays for controlling start­

ing indicators from the platforms » 2 000 

Kr. 341 500 



Fig. 24. Cable laying. 

Kr. 341 500 
Track circuit materials, including rail bonds, 

leads, insulating joints, track transformers, 
condensers, relay transformers, connecting 
boxes, housings for transformers, wood con­
duits for leads between the rails, rail bolts, 
spring washers, gas, electrodes and other 
materials for welding and soldering bonds 
and leads » 25 000 

Duplicate apparatus for reserve » 2 500 
Labour » 93 000 

Total Kr. 462 000 

Operat ing and maintenance . 

Between 1 a. m. and 6 a. m. only one man is 
on duty in the signal cabin for operating the in­
terlocking frame, and at other times 

of the day two men. Between 7 a. m. 
and 10 p. m. a foreman is also sta­
tioned in the signal cabin for the 
special purpose of supervising «nd 
directing the work, receiving incom­
ing orders and information regarding 
traffic movements from the station-
master or from adjoining stations, 
and forwarding information to the 
shunters and train men. The total 
number of working hours in the sig­
nal cabin is thus 58 per day, of 
which 15 hours for the foreman and 
43 hours for the signalmen. With a 
working day of 7 hours and a half 
for each man, this necessitates a sig­
nal cabin staff of 7 to 8 men. Fig. 25. Testing a cable distribution box. 
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For the maintenance of the instal­
lation one chief maintainer, 2 main-
tainers and 2 signal helpers are em­
ployed. The same men also are char­
ged with the maintenance of other 
interlocking plants within a certain 
area round Gothenburg. The chief 
maintainer also does work on other 
plants within the second district of 
the State Railway, having its head­
quarters at Gothenburg. The super­
vision of the maintenance rests on 
the District Signal Engineer. 

To prevent interruptions of the 
traffic should a failure occur, the 
service is arranged so that always at 
least one signal maintainer or 
helper is on duty near the signal 
cabin to be rapidly called for when 

needed. Attendance has so far also been ar­
ranged at night on account of the important trains 
then arriving or departing. Attendance is 
also arranged on Sundays, the number of 
trains being then practically the same as on 
weekdays. A workshop for overhauling old sig­
nal material having been located near the cabin, 
the men on duty can be employed in productive 
work even though no maintenance work would 
be needed on the installation itself. 

The technical supervision includes on the one 
hand a general inspection of the plant to be done 
daily, on the other hand tests to be made from 



time to time to make sure that all important 
safety devices are functioning properly. Accord­
ing to the general rules, a more complete inspec­
tion is to be made at least 4 times a year, at 
regular intervals. 

The following tests are usually made. The 
points are tested by trying to lay them over when 
an object 5 mm thick is applied between the stock 
rail and the tongue. The point motors are also 
checked to see that their field windings are pro­
perly short-circuited by contacts on the respective 
point levers, when these are in their extreme po­
sitions. Similarly, the shunting of the indicating 
windings of the point indication relays, when the 
points are in an intermediate position, is duly chec­
ked. Tests are also made to see that there is no 
earthing of circuits which ought to be insulated 
from earth. The shunt values of the track cir­
cuits are measured, and the tracks examined to 
see that all parts are properly connected to the 
track relay. In the regular inspections, special 
attention is finally given to the interlocking frame 
itself, this being gone through to inspect the 
proper operation of locking devices, magnets, and 
contacts. 

In spite of careful inspection, it may be un­
avoidable in an installation of this size that fai­
lures sometimes occur on account of defects in 
one or other of the many details of which the 
plant is composed, this being the case particularly 
during the early days of its use before all the 
parts—many of which could not be finally 
tested until the plant was placed in service—are 
properly adjusted. 

To obtain a full knowledge of failures occuring, 
a record has since the installation was placed in 
service been kept of all defects, including even 
such as have been of little or no importance to 
the work and have been immediately put right. 
From this record the Signal Engineer has month 
by month made up failure statistics, from which 
a survey of the number and causes of the failures 
can be obtained. By studying the individual cau­
ses it has been possible gradually to increase the 
reliability of the installation and to reduce the 
number of failures either by improving certain 
details or by directing the attention of the main­
tainors to devices requiring special care. 

The point machines were of a new type, which 
had not been tested under such trying conditions. 
It was found necessary to exchange the contact 
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blocks of the circuit controllers of the machines, 
as the contacts were not firmly enough fixed in 
the insulating material. Further, the design of 
the breaking device of the point motor was al­
tered, and the friction clutches were gradually 
adjusted to increase the pulling power. In the 
locking frame the fixing of certain movable parts 
of the lock magnets was amended, as they had 
shown a tendency to loosen after frequent opera­
tions. A thorough adjustment was also made of 
the attachment of the wires to the binding posts 
of the contact springs of the frame, after loose 
contact had been found in some cpses on account 
of shrinking of the insulating material of the con­
tact blocks. By these measures about 50 per cent, 
of the failures occuring during the first period of 
the plant's being in service could be prevented for 
the future. 

One category of disturbances which it is not 
possible completely to eliminate are those caused 
by purely external obstacles to the operation of the 
points, such as snow or ice in the points, gravel 
or stone from the ballast occasionally getting in 
between the tongues and stick rails, or displace­
ments in the track which may prevent the points 
from being completely laid over. In 1931 the total 
number of such cases was 18, which, however, 
is a very small fraction of the one or two million 
annual point operations. 

Failures have been reported in the locking de­
vices of locally operated points in 4 cases, due 
to the formation of ice on the contact surfaces. 
The same kind of failure has not occured in the 
point motor, as these are provided with a higher 
contact pressure. 

Only in 4 cases during 1931 has it happened, 
owing to contact failures in points and relays, 
that "proceed" indication has not appeared when 
it might. 

A strikingly small number of failures—in all 8 
during 1931—have been traced to the track cir­
cuits, and were caused by wear of the fibre pack­
ings in insulating rail joints (6 cases), metallic 
contact between the rods in a pair of points (1 
case), and defective contact in a terminal screw 
of a cable distributing box (l case). This small 
number proves the high degree of reliability ob­
tainable by means of track circuits even in a 
comparatively complicated track lay-out with 
rather heavy traffic. 

Disturbances by small failures of various kinds 



in the interlocking frame from other causes than 
those mentioned ahove, which could be eliminated 
in future by certain measures, occurred in 7 cases 
during the year, in addition to which there were 
6 cases caused by too high resistance in the con­
tacts of various relays in the signal cabin. 

15 cases of interruption of the A. C. supply, 
when the installation had to be switched over to 
the converter connected to the D. C. supply, have 
also been resorted as failures. 

Finally, there is a special category of failures 
caused by burnt out signal lamps. Periodical 
changes of lamps after a certain period of use 
have not been arranged, but the changing of 
lamps has been made as they have become useless, 
through either the filament breaking or the 
light being dimmed by a dark deposit in the 
bulbs. Records have been kept of replacements 
made at each light, in order to find out the du­
rability of the lamps, and also to discover any 
abnormal consumption of lamps possibly caused 
by too high voltage or by defective lamps. The 
total number of lamp replacements was only two 
in colour light signals, where 12 V., 24 W, lamps 
are used, and 20 in the dwarf signals, where 55 
V., 20 W, lamps are in use. The number of 
lamp replacements in the track diagram was 25 
during the year. 

Economic results . 

A direct estimate of the saving in operating 
costs by this plant is difficult, as it was installed 
in connexion with an extension of the station by 
more than 100 per cent, as far as the number 
of platform tracks, points, and incoming or out­
going lines are concerned, and was from the very 
first organized for taking over a traffic exceeding 
in volume the previous one by about 150 per cent. 
There is therefore no material available for a 
direct comparison showing what savings of staff 
have been possible by centralizing the signalling 
of the station and the adjoining lines into one 
single cabin at Gothenburg C. 

Some assistance in estimating this saving may 
be obtained by a comparison with Malmo, where 
an installation of the same type and approxima­
tely the same size and with similar operating con­
ditions, was placed in service in the year 1925. 
The new installation at Malmo, which was the 
first of its kind on the State Railway, was built 

without extensions being made of the station or 
alterations as to the amount of traffic. A direct 
comparison was therefore possible between the 
number of staff required before and after the 
installation was placed in service. The former 
installation at Malmo was a mechanical one, di­
vided between two signal cabins in the station 
and 2 manual block posts on the incoming lines, 
one having a junction for goods trains at about 
the same distance from the main station as the 
outlying points on the Almedal Line. Experiences 
from Malmo indicate that the staff could be re­
duced by 22 men on account of centralization of 
the signalling. 

By courtesy of the Station Master an at­
tempt has been made to estimate what 'in­
crease of staff would have been required 
if a mechanical system instead of an electric one 
had been installed at Gothenburg C. The result 
indicates that, beyond the present staff, the follow­
ing additional personel would have been required: 

for the outlying points on the Almedal Line . . . . 3 men 
for operation of route releasing instruments in the 

station master's office 2 » 
for the main cabin 2 » 
for an additional signal cabin 5 » 
locomotive pilots 2 » 
signalmen on the ground 2 » 

Total increase of staff for Gothenburg C 16 men 

In addition more men would have been re­
quired at neighbouring stations also, Olskroken 
in particular, where the work would increase con­
siderably if the line-blocking of the 5 lines to 
Gothenburg C had to be operated manually with­
out the aid of track circuits and automatic sig­
nals. If this increase of staff is estimated at 2 
men, the estimated total saving in personel com­
pared with a mechanical plant would be 18 men. 
i To use this station without interlocking and 
with all the points operated on the ground must 
be considered as an alternative beyond practical 
possibility. Even with a further heavy increase 
of the number of staff it would meet with insu­
perable difficulties in such a case to be able to 
handle the trains in the time available. 

The initial cost of a mechanical plant would 
probably have been less than the cost of the plant 
now in service, but the interlocking of the 60 
points and about 30 signals would certainly have 
cost at least 300 000 kr., even if a mechanical 
system had been used. In view of the technical 
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limitations of a mechanical system, however, the 
use of such a system would necessarily have meant 
a considerable reduction of the number of avail­
able routes for the trains, as well as of the 
efficiency of the installation from the safety point 
of view. 

A plant with electrically operated points and 
signals but otherwise made on the same principles 
as a mechanical plant, without track circuits and 
shunting signals, i. e. on the system used in se­
veral installations of an earlier date on the State 
Railway, might have been installed for approxi­
mately the cost estimated above for a plain me­
chanical installation. Owing to the greater ease 
of operating an electric interlocking frame, the 
signal cabin staff might then be reduced by about 
4 men, so that the increase of staff over the 
present might be estimated at 14 men, instead 
of 18 with a plain mechanical system. 

It should be observed, however, that it is an 
open question whether the present number of 
platform tracks and track facilities for shunting 
empty trains to and from the making-up yard 
would suffice, even with the additional personel 
estimated above, should a signalling system with­
out track circuits and shunt signals be used, as 
the operation of points for shunting and train 
movements could not be performed as quickly 
as it is now. 

It is mentioned in the introduction to this paper 
that the choice of the signalling system from the 
first affected the design of the station in making 
it possible to reduce the number of platform 
tracks, a reduction which would not have been 
advisable with a signal installation of less effi­
ciency. An estimate of cost carried out by direc­
tion of the Railway Management indicated that 
an extension of the number of platform tracks 
from the present 10—including an eleventh track 
for outgoing trains—to 12 complete platform 
tracks would mean a capital outlay of 525 000 
kr., i.e. an amount considerably exceeding the total 
cost of the present signal installation. In a letter 
from the Railway Management to the Govern­
ment of Sept. 27th, 1930, on the subject of 
granting money for new improvements of va­
rious kinds on the railway, a report was given 

on the effect of the newly finished rebuilding 
of the Gothenburg station. The Railway Mana­
gement stated in this report that the traffic taken 
over by the new station had proved to be consi­
derably greater than expected when the station 
was designed some years ago. It might therefore 
become necessary to extend the station by two 
additional platform tracks in order to safeguard 
the regular handling of the traffic. The Manage­
ment was however not convinced that an exten­
sion would prove absolutely essential, and wanted 
therefore to postpone the question of granting 
money for this purpose—to be able to make fur­
ther observations before a final decision could 
be made. 

Since then two years have passed, during 
which the number of trains, as indicated by the 
the diagrams given in fig. 4, has been further 
increased without causing any difficulties for the 
proper handling of the traffic. The Railway 
Management has consequently in subsequent pro­
positions definitely abandoned the project of ex­
tending the platform tracks. 

Without exaggeration it might thus be said that 
the additional sum of 160 000 kr.—being the dif­
ference between the cost of the present plant and 
a simplified one—spent on signalling facilities at 
Gothenburg C, has resulted in not only a saving 
in personel of no less than 14 or 18 men, but 
also in putting off a direct capital outlay of about 
525 000 kr., as not needed in the reasonably near 
future. 

The collection of the information given in this 
paper has been greatly facilitated by the courtesy 
of Teodor Lundberg and John Olofsson, of whom 
the former has been in charge of the installation 
work, and the latter of the designing work. The 
author has further taken the liberty of using the 
occupation diagrams made out by the Yard Cons­
truction Department of the State Railway, as well 
as the information supplied by the District Signal 
Engineer, regarding the organization of the 
maintenance, and is finally indebted to the Chief 
Station Master at Gothenburg, E. Ericsson, for the 
valuable information regarding the operation of 
the plant. 

129 



130 



Reduction to a Constant of a Variable E.M.F. with the 
Assistance of the Heaviside Operator Calculus. 

Communication from the Research and Development Department. 

By H. Pleijel. 
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I n the case of a system of conductors in which 
an E. M. F. E(t) is working, a solution in 

operator form is obtained by means of the equa­
tions given by Kirchhoff's laws. We introduce 

and regard p as an algebraic quantity. 

On solving the system of equations thus ob­
tained, we get y, the unknown quantity to be 
determined, in the form 

where g (p) and h (p) are whole functions of p. 
If we are not dealing with conductors with distri­
buted capacity and inductance, g (n) and h (p) 
will be polynomials in p. 

If E{t) is constant we can obtain the real solu­
tion by means of Heaviside's expansion theorem. 
But if E(t) is of some other form, that theorem 
cannot be directly applied. Such cases frequently 
occur. In technical problems, sinusoidal E. M. F:s 
are nowadays actually more frequent than cons­
tant ones. 

We can, however, always obtain the solution 
by integrating. If we represent the solution of 

by /(() , the solution, it will be remembered, will 
be obtained from the formula 

E{t) may here have an arbitrary number of 
discontinuities. 

Another method would be to start directly by 

expanding into a series of partial fractions. 

If pm is a root of the denominator 

may be expanded in partial fractions, in 

the form 

(We assume for the time being that p = o is not 
a root of the denominator, and that all the roots 
are simple.) 

Bv making n = o we get 

Multiplying by p—pm and making p = pm we 
get 

Our solution will thus be 

But 

For a variable E. M. F. the expansion theorem 
can thus be written 

This method and formula were given by the author 
in a paper published in Teknisk Tidskrift, Klektroteknik, 
No. 4—5, Stockholm 1914. 



If p = o is a root of h (p) = o we get instead 
the following expansion in partial fractions: 

In this case the constant term A0 will change, 
and we get a new term 

Although the formulae given above can be 
used when the E. M. F . is of arbitrary form, 
when it is of a special kind we may expect to 
obtain formula; which are more easily dealt with 
and discussed. 

Such a case will occur when the E. M. F . is 
periodic and a period is composed of segments 
identical in form with segments of curves pro-
duceable analytically according to the formula 

where E0 is a constant and <p (p) and W (p) are 
integral functions of p. 

We will see later what expressions are ob­
tained for <p and !P in different cases. 

Our operator solution 

can then be written instead 

and our problem will thus be brought directly 
back to Heaviside's expansion theorem with a 
constant E. M. F . 

If, on the other hand, Heaviside's expansion 
theorem is applied to the expression 

we obtain E expanded in a Fourier's series. 
We have further assumed the E. M. F. to be 

periodic. A half period may then consist of se­
veral arcs joined together. We assume these 
to be of forms / , (/), f2 (/) and /:J (f) respectively. 
For f = o, these functions give the ordinates at 
which the three curve segments begin. The 
lengths (or more correctly times) representing 

the durations of the various curve segments we 
will call t j , T2, and Ts. Our curve is thus com­
posed of three curves. The first is zero when 
t = o, then ft (/) when f=T l f and after that zero; 
the second must be zero when t = r1, then /2 (/) 
during the time from t = r1 to t = r1 + r.,, and af­
ter that zero. In the same way the third will be 
zero for all values of t except those lying between 
t = r1+r2 and t=r1 + T 2 + T 3 , when it must have the 
same value as /:s (f). We will first take the middle 
section and find an operator expression for it. 

We have 

which is found directly by expanding the expo­
nential expression in a Taylor's series. / (f) is 
assumed to be zero for all negative values of t. 
The curve / (t — r) will then be zero until the 
time r = r, after which it will pass through the 
same values as / (t) from t=n. The operator 
e-"r consequently shifts the curve / (t) a dis­
tance T towards greater values of t. 

If instead of / (f) we take the curve / (t + r) 
and assume as before that this is zero for nega­
tive values of /, we see that from t = o we obtain 
that part of the curve / (t) beginning at t = r. 
If this curve is shifted a distance r towards 
greater values of r, we get the same values as 
/ (f) when f is greater than t and zero when t 
is less than T. If we subtract this curve from 
/ (f) we get finally a curve which is zero until 
r = o, then / (t) until / = T, and then again zero. 
This section of curve is therefore represented by 
the formula 

The second portion of our complex curve is of 
this form. We have only to replace / (/) by f2 (t) 
and T by T2. But this section must be shifted so 
as to begin at time t = rl. 

We can therefore write this curve segment in 
the form 

Arguing in this way we see that the half period 
as a whole will be represented by the expression 
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We now assume that we can write 



and introduce 

and the corresponding terms for 

The second half-period is built up in the same 
way; it follows on the first after a time T and 
must therefore be furnished with a factor e~PT, 
where r is the time when the second ho If-period 
begins. In this way the whole period is formed 
and we may put this section of curve in the 
form 

If the length of the full period is r, we may 
obviously write the E. M. F. E in the following 
form 

We will now apply the above method to some 
examples. 

1. For a constant E. M. F. we obviously have 
(p (p) and !P (p) both unity. 

2. For an E. M. F. increasing rectilinearly, 
i. e. of the form 

we get the expression 

or 

If b is negative the E. M. F. will be decreasing. 

3. For a sinusoidal E. M. F . of the form 
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we have 

or 

4. For a damped sinusoidal E. M. F. of the 
form 

we have 

o. If we have an E. M. F. of the form given 
below 

we can immediately write 

or 

6. If again the E. M. F . is of this type 

we get 

and are then functions of T. The 

first half or whole period can then be written 



7. If the E. M. F. is like the figure below 

8. As another example we will take the case 
in which our E. M. F . consists of a series of sine 
arcs, stretching equal distances on either side of 
the maxima. The E. M. F . is accordingly of the 
type shown in the next figure: 
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9. For a short rectangular impulse we have 
the expression 

If we now make r approach zero and at the 
same time E0 increase, hut keeping t E0 constant, 
we get an impulse. By expanding the exponential 
and taking the limits we find we can write an 
impulse 

A series of equal impulses succeeding one 

another at intervals of T is given by the formula 

10. As a further example we will assume the 
E. M. F. to consist of a portion T of an aperiodic 
impulse of the form 

and that this impulse is repeated at times 

In operator form this expression hecomes 

we can apply our general rule. The curve 

and the curve 

According to our scheme we will then get for 
the half-period 

The whole series will then he, as we see from 
the figure, 

Substitution of gives us finally 

Then 

if is the length of a period we have 

If we put r + T instead of t we get 

For / (t + r) we get the expression 

and 

According to our scheme, then, for the whole 
period we get 

For the whole series of periods we get 

or, if we substitute the value of 

or 



which is thus the operator expression for an 
E. M. F. consisting of a series of aperiodic im­
pulses. 

The denominator has a double root p——fi. 
But this root is also a double root of the numera­
tor and can therefore not be used in an expan­
sion according to the expansion theorem. 

We also have the roots pm, obtained from the 

formula 

where m can assume any positive or negative 
integral value or zero. The root corresponding 
to m = o or p = o is, however, also a root of the 
numerator, and cannot therefore be considered 
either. 

Since we now have the expression for a vari­
able E. M. F. in vector form with a constant 
operand, Heaviside's expansion theorem enables 
us to obtain directly the expansion of the E. M. F. 
in a Fourier series. 

But here a remark is necessary. The operator 
expression obtained represents an E. M. F. which 
is zero until t = o and then assumes a given series 
of values. 

In integral form it is represented by 

This is an integral along a semicircle of ra­
dius R over the right half-plane and the radius R 
approaches infinity. If this integral is conver­
gent for positive values of t, the corresponding 

integral over the left-hand plane will be zero 
and hence for positive values of t the above in­
tegral can be completed to give a circle about 
the origin with a radius approaching infinity. 
According to Cauchy's theorem this integral now 
gives Heaviside's expansion theorem, which con­
sequently gives the correct value only for posi­
tive values of t. If the E. M. F. is periodic, we 
will for negative values of t get the periodic con­
tinuation of the original curve for positive values 
of t. It is, then, this continuous periodic curve 
—continuous from — °° to + oo — that we are ex­
panding in a Fourier series by means of the 
expansion theorem. 

It should, however, be noted that if in an 
operator expression 

we replace E(t) in the manner indicated above 
by an expression 

we still obtain the correct value of y if we first 
expand E (/) according to Heaviside's expansion 
theorem in a Fourier series, and then introduce 
this series in the formula for ij. The solution ;/ 
will here correspond to an E. M. F . which is zero 
until t = o and then equal to the Fourier series, 
which in its turn, for positive values of /, gives 
the original curve. 

As the E. M. F. is assumed to be periodic, 
the division gives a constant and a sum of sine 
terms whose frequencies are integral multiples 
of the fundamental frequency. The roots of the 
denominator of the operator expression must con­
sequently, when the former is made zero, be pu­
rely imaginary. Thus no real roots will exist. 
To make the calculation of the terms of the ex­
pansion easier, we will employ the rule given 
below. 

We assume our operator formula to be of the 
following form 

where <p (p) and W (p) are integral functions ofp. 
We assume further that pm is a complex root 

with the coefficient of / positive. The conjugate 
root we will represent by pm. 

Further 

Whence, for an impulse of the length 

or 

get 

Thus for the series of impidses as a whole we 

* An exposition of the operator calculus based on this 
integral will be published shortly. 
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Heaviside's expansion theorem now gives us 
the following expansion 

Pm nPm) I 

The two terms in the brackets together give 
a sine oscillation of angular frequency equal to 
the imaginary coefficient in pm. We assume 

Pm=-fim + j mm, 

that is, the angular frequency is com. 

The two terms in the brackets are now con­
jugate to one another. If we call the first g„, 
and make 

Vm=Am + jBm 

the second will be 

whence 

Um "• Urn = I Am 

° r Um + llm is the coefficient of/ in the expression 

Ym = 2 j !/,„ 

y m is thus the complex vector of the solution. 
We thus have the rule: 

We select the solution gm which according to 
the expansion theorem corresponds to the root 
pm= — §m + jcom, where com is positive, find mul­
tiply by 2 '). The coefficient of the imaginary 
part will then give the solution corresponding to 
one pair of complex roots. 

We will apply this to one of the foregoing 
examples, no. 8. 

We have the operator expression 

/'2 sin a 1 + e~pt cop cos a 

with 

a)T = rr— 2 a. 

The first term gives us directly 

sin a • E0 cos a> /. 

To determine the second term we have to find 
the roots when the denominator is made zero, 
i. e. the equation 

(\-e-pT)(p2 + o)2) = 0 

This equation will have roots pm given by 

[. 2n . 2-T 
I / m=jm • =—• • to: m = 1, 2 , . . . . 

Pm = y r J n~1a 

Although p = o is a root of the denominator, it 
is also a root of the numerator, and the whole 
expression will be finite when p—o. This root 
can therefore not be used. 

For a root of the first kind we now get, using 
Heaviside's expansion theorem and the rule given 
above, 

Y = 2 / . - • 1+e~Pmt. w P - C 0 S q . /-• epmi 
'" J /',„ re-»m* pJ + oS *•* 

or after substitution 

,, 4 / £,. cos a jm —cot 
) = i . " p n — lit 

\n - la! 

The coefficient of the imaginary' part of this 
expression will be 

4 E0 cos a | 2 . - 1 , 1 

The other root p—jm gives us 

1 + e - - " j r o) cos a 
i = 2 / . —-—•—^~. h,,el0H 

•' i -e—Jar 2jm 

(01 

= j ctg — cos a • eJCJ ' 

The corresponding solution will thus be 
ctg — cos a • EB cos «>/= — Ee sin a cos a> /. 

cp (o) „ . 2 cos a „ 
• j / ^ h» § l v e s 5 - 7 ^ 
r (o) 3i — la 

We thus get 

Eit)J^-aE0 
it — la 

2- 4 1 

• COS { 111 • — O) I > 
[ 7i — la ) 

It might be convenient here to see if the ex­
pansion theorem gives the right value when the 
E. M. F. has the form of a finite impulse. The 
E. M. F. may then, as we have shown, be written 
in the form 

E(f)\p^~e-^ijEl]EB 
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and 

The first term is obtained in the usual way. 
The second is given, according to the above, by 
the semi-circle integral: 

But this integral is zero for all values of t less 
than r, which corresponds to the physical con­
ditions. If, on the other hand, the integral is 
taken over the left half-plane, it will not be zero 
until t is greater than T. 

If, therefore, we integrate over the closed 
circle—which will give us the same result as the 
expansion theorem—the integral will not be a 
solution to our problem unless r ^ x . 

The expansion theorem, that is, only gives the 
right solution for values of t greater than T. For 
values less than T we must make the latter part 
of ;/ zero. 

An exception to this is when the denominator 
'/' (p) contains a term with the factor e~''T, 
as in this case the integral over the left half-plane, 
when R approaches infinity, will also be zero 
for values of / between t = o and f = r. In this 
case the expansion theorem can be used and will 
give the solution for all positive values of t. 
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A General Method for Determining Oscillations in a Network 
with Small Losses. 

Communication from the Research and Development Department. 

By H. Pleijel. 

I t is frequently necessary to determine voltages 
and currents in the various parts of a net­

work consisting of directly or indirectly coupled 
oscillating electric circuits with small losses. 

In many cases it is possible to regard the net­
work as a quadripole and use the theory of wave 
filters, but on the other hand there are cases 
where it will be both simpler and clearer to make 
a direct calculation without the introduction of 
such quantities as the characteristic and the wave 
length constant. This is particularly true of 
closed networks. 

It will therefore be of some interest to find a 
method whereby we can determine the frequen­
cies, dampings, amplitudes and phase angles of 
the electrical oscillations arising in an arbitrarily 
composed network when an E. M. F. is con­
nected. The method we intend to use is analogous 
to that previously employed by the author for 
computing filter circuits.1 

The E. M. F. connected may be constant, an 
impulse, or a periodic function of the time. To 
obtain more general formulae, the E. M. F . may 
be written in operator form. We introduce 

where E0 is a constant, and cp (p) and W (p) are 
integral functions of p . In another paper the 
author showed how the functions cp (p) and V 
(p) can be determined in various cases. This 
paper has now been extended to provide a basis 
for the following method. 

W e will use Heaviside's operator method and 
(/ 

therefore introduce the symbol p = ~r. regarding 

p as an algebraic quantity throughout the argu­
ment. 

The network is assumed to be made up of 
conductors containing resistances, inductances 
and capacities coupled in series; we also assume 
the existence of mutual inductances between some 
of the conductors in the network. 

The operator expression for the impedance of 
one of the conductors in the network we will 
represent by zm', where the index m is the num­
ber of the conductor. The impedance zm' may 
now be written 

where rm is the resistance of the conductor, in­
cluding also the series resistance corresponding 
to the condenser losses and the resistance of the 
inductance lm. 

Similarly, we introduce an impedance for a 
mutual inductance, putting 

lm is here a mutual inductance and Tm the re­
sistance corresponding to the losses in the iron 
core which promotes the inductive coupling of 
two conductors. 

Having introduced these operator expressions 
for the impedances, we determine the current 
or voltage at a point in the network by means 
of Kirchhoff's Laws, regarding p as an algebraic 
quantity in our calculations. We naturally make 
allowance here for the mutual inductances as well. 

If E is the E. M. F. and ;/ the current or vol­
tage to be determined, we get by elimination an 
operator solution of the following form: 

If—as we shall assume in the following—the 
network consists of discrete capacities and in­
ductances, g and h will be homogeneous polyno­
mials in ; / , z.,'. . . . If ;/ is a voltage, (j and h 1 The L. M. Ericsson Review, No. 7—9, 1931. 



will be of the same degree; but if y is a current, 
h will be of one degree higher than g. 

As we have said before, we assume that all 
resistances are small compared to the correspon­
ding reactance operators. We further introduce 
the expression 

or 

Natural Frequencies and d a m p i n g s 
in the Network . 

According to the Heaviside expansion theorem, 
the network will have a certain number of na­
tural frequencies, which are obtained by finding 
the roots of the equation 

regarding this as an equation in p. 
We represent these roots by pm\ putting 

com' will then give us the frequency of the natural 
oscillation and /3m' its damping constant. 

If we make all resistances zero, we get instead 
the equation 

The roots of this equation we represent by pm; 
as a rule they are purely imaginary. 

We introduce the constant /?„„ defined by the 
equation 

For the sake of brevity we introduce further 

the expression 

As all rm are small we may, by Taylor's theo 
rem, write: 

in the above equation, the left-hand side will 
vanish, giving us 

But on the other hand we may write 

and as 

If we introduce this expression for [h] „=„„,, 
and only keep terms of the first order we get 

or 

We will now transform the denominator by 
taking advantage of the fact that h (zx z2....) 
is homogeneous in zX! z 2 . . . . If n is the degree 
of h we have, according to Eider's theorem, 

If here we introduce p = pm, the right-hand 
side will vanish, and we can then write the left-
hand side 

whence the equation 

But on the other hand we have 

By addition we get 

The formula for /?m can therefore be written 

The roots pm were obtained from the equation 

The expression obtained for /S,„ shows that /Jm 

is real. If. as we have assumed, the roots of (2) 
are purely imaginary, we get 

139 

In the following we will represent h 

If we introduce 
by h and g respectively. and 



and 

Pm = jlom thus gives us the angular frequency and 
/5m the corresponding network damping constant. 

( / ) and (2) thus (jive us all the natural frequen­
cies of the system and their respective damping 
constants. 

r 
If j is the same for all the conductors, including 

mutual inductances, all the natural frequencies 
will have the same damping constant, which will 

be 

In practice may be the same for all the in-

a 
ductances in the network, and likewise , where 

c 

a is the leakage conductance of a condenser, the 
same for all the condensers. 

We will show that all the natural frequencies 
of the network will always have the same damp­
ing constant, and that this will be the simple 
expression 

W e introduce the symbols 

The resistance operator of a condenser with 
a leakance am and a capacity cm is now, it will 
be remembered, equal to 

As the impedance operator of a condenser with 
leakage is 

If we expand this expression in powers of am, 

we get 
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If we take only the first two terms, we see 
that the condenser with leakage may be regarded 
as a condenser of capacity cm in series with a 

resistance 

If the resistance of the inductance of the con­
ductor is called rm\ we find that the resistance 
rm of the conductor will be given by: 

Our expression can then be written 

or, if we introduce and where and 

Rut we have already found that if p is a root 
of the equation h (zt z2. . . .) = 0 , we have 

We thus get 

and consequently according to 

A m p l i t u d e a n d P h a s e A n g l e of t h e 
N a t u r a l Osc i l l a t ion . 

We started from the operator solution 

As has been mentioned above, we showed in 
another paper that, whatever the composition of 
E(t), we can in general write 

where E0 is a constant and q> (p) and V (p) in­
tegral functions of p. This is always the case if 
E(t) is composed of curve segments that can be 
expressed in this way as <p and W p o l y n o m i a l s 
in p. 



For a sinusoidal E. M. F., then, we have 

For further details we refer to the paper men­
tioned above. 

Our operator solution can thus be written 

where E0 is a constant. 
The natural frequencies of the network are 

now given by the roots of the equation 

If p'm is one of these roots, Heaviside's expan­
sion theorem will give us the corresponding so­
lution: 

In the expression we may substitute z,', Z 2 ' . . . . 
for zx', z-2 respectively, and pm for pm', where 
pm is the corresponding root of h (z1 z2- • • • ) = 0 . 

The only uncertainty here is with regard to 
XF (Pml- If Pm makes W (/') exactly or nearly zero, 
we cannot directly replace pj by pm in this func­
tion. We now have 

and can therefore write 

ym may then be written 

But we have already found that 

If this expression is introduced, we can finally 
write 

Ym now gives the particular solution correspon­
ding to the root pm. As we see, we get a damped 
sine oscillation of frequency com, where pm = ii»m-

We have, however, another such damped sine 
oscillation with the same Pm and co„„ namely the 
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one corresponding to the root pm conjugate to 
pm , given by 

The corresponding ym is obtained directly from 
equation (3), if in that we replace / by —j 
throughout. The expression ym thus obtained is 
therefore conjugate to ym. The particular solu­
tion which gives the oscillation of damping ftm 

and natural frequency tom will thus be 

If we now have 

we get 

and 

If we introduce as a "complex vector" Ym = 
= 2 j ;/m, we see that 

We see accordingly that ym + ym will be equal 
to the coefficient of j in the expression 2 j ym. 

In the language of A. C. theory, ym + llm is the 
instantaneous value of the vector Ym = 2 j ;/„,. 

We introduce the vector Ym in our calculations 
and so get 

The coefficient of / in Y„, will, according to 
the above, give us the damped sine term corres­
ponding to the natural frequency (om. 

Ampl i tude and P h a s e Angle of the 
forced Osci l lat ions. 

Above we have determined the natural fre­
quencies of the network. Apart from these we 
have the oscillations corresponding to the fre­
quencies of which E(t) is composed. 

These are obtained from the roots of the equa­
tion 

where is the denominator in the equation 



The roots are purely imaginary if E(t) is perio­
dic. If p„ is one root, the corresponding suiter-
imposed frequency w„ will in that case he given 
by the equation 

In the following we will only determine the 
oscillation corresponding to p„. The others are 
obtained by substituting the values of the other 
roots in the equations. 

According to Heaviside's expansion theorem 
we now have 

Here we can replace z / , z2' • • • • by xt, z„. . . . 
respectively, unless />„ lies close to a root of the 
equation h {zlz.,....) = 0 . 

To include this case in our final formula we 
expand h ( 7 / :.,'....). 

We have 

or 

We have found that if in we sub­

stitute p=pm, this expression gives the damping 
Pm for the natural oscillation corresponding to 
the root pm. We may therefore say the above is 
a general expression for the damping, and substi­
tute 

The value of ft obtained when we make p = p0 

we will denote by /?„. 
The vector Y„ will then take the form 

If p„ is not equal to pm, we may neglect, in 
the denominators of (4) and (5), the terms in 
which /J is a factor. 

T h e O s c i l l a t i o n s in the N e i g h b o u r h o o d of a 
R e s o n a n c e Po int . 

Resonance occurs when ptl coincides with a 
root pm. But we may also get resonance if p„ 
coincides with a root of the equation y (zl z.,. . . .) 
= 0. 
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We will see first what formulae we get in the 
first case. 

In equation (4), W (pm) will be nearly zero. 
We can then write, with close approximation, 

In the same way we can write in (5) 

and are very nearly equal, we may put 

and 

If we substitute the above expression, we can 
write: 

In these expressions p„ and pm can be inter­
changed everywhere except in pm~Po< so that for 
the neighbourhood of the resonance point we 
can write 

Thus if we neglect the term e~<3'"' we get the 
same amplitude and phase angle for—Yra and Y„ 
when a forced frequency and one of the na­
tural frequencies, a>,„, of the network are close 
together. Thus for small values of / the two 
oscillations are opposite in phase and the same 
in amplitude. In time Ym will be damped, and at 
the same time the two vectors will separate at a 
relative angular velocity of a>m and «„. 

The ratio of the amplitude of the oscillation to 
its maximum amplitude will, for both the natural 
frequency and the superimposed frequency, be 



If here we substitute 

we find the ratio of amplitude to maximum 
amplitude becomes 

At the actual point of resonance we have 
Po = Pm- The two natural oscillations will then 
together form an oscillation of the form 

We will now go on to consider the case when 
nearly equal to a root of the equation 

If we represent this root by ps', we can put 

where ps is a root of the equation 

By the same method as we have already used 
to determine ftm, we get here the formula 

/3S is real. If, therefore, the root ps is purely 
imaginary, we have divided ps' into its real and 
imaginary parts. 

We can then write 

When p„ is in the neighbourhood of ps we may 
then write 

We may then write 
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or when p0 and ps are nearly equal 

When p0 approximates to a root ps we thus get 

We see that with this kind of resonance the 
natural oscillations of the system are not affect­
ed. But, on the other hand, the superimposed 
oscillation corresponding to a root ps will be af­
fected strongly, as, for pu = P, Y0 will be very 
nearly zero. 

R e c a p i t u l a t i o n of t h e Fo rmulae O b t a i n e d . 

Before going on to apply the foregoing to 
special examples, we will recapitulate our for­
mulas. 

We have assumed the operator solution to be 
of the form 

If here we make p = o, we get any constant 
term there may be. 

For the acting E. M. F. E(t) we have substi­
tuted 

Further, for the impedance of a conductor 
forming part of the system we have introduced 
the term 

We have also used the following abrevialions 

The natural frequencies Q)m in the system are 
then given by the formula 

and the damping corresponding to a root pm=iwm 
of this equation will be 

If pt, = jco„ is one of the frequencies in the 
F . M. F., i. e. a root of the equation 

and if this frequency is not near any of the 



natural frequencies, pm = j(om, of the system, the 
stationary vector will be 

and one of the vectors of the natural frequencies 

If the frequency tt>0 is nearly equal to a certain 
<nm, the vectors of these frequencies will instead 
he of the form 

If co„ is in the neighbourhood of a root 

of the equation 

the formulas for the natural oscillations Ym of 
the system will be the same as when there is no 
resonance. But the stationary oscillation will be 
made much weaker. For the stationary vector 
we get the expression 

Here we have 

The expressions in the above 

formula! depend on the nature of the network 

and are homogeneous functions of z,, z . , . . . . ; 

they are therefore either real or purely imagi­

nary. If >j is the strength of a current, j will he 

purely imaginary and the other two expressions 
real. But if ij is a voltage, y will be real and the 
last two expressions imaginary. Thus, if in com­
puting the amplitude we retain the expressions 
with their signs, we must for a current introduce 

the phase a n g l e - | for •', and for a voltage the 
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phase angle In 

any case it is easy to see what phase angles these 
expressions bring. For the sake of simplicity, 
however, we assume that we have determined 
these angles. 

The expressions and on the other 

hand belong to the E. M. F. and have nothing 
to do with the nature of the network. 

Here weonlv get natural oscilla­
tions in the system and therefore have 

If the E. M. F. is constant, we have 

In this case the solution may he written 

71 

where u is zero if y is a current, and »• if y is a 

voltage. ij„ is the value assumed by the operator 
expression for y when p is made zero. 

If the E. M. F. is a single impulse of size E„, 
we get (p (p)=p and ¥ ( p ) = t . 

The conditions will then be the same as above, 
except that y0 will vanish, wm will disappear from 
the denominator, and the phase angle u will be 

increased by ;r. 

Of special interest is the case of a simple 
sinusoidal E. M. F. We will therefore consider 
this in more detail. We assume E (t) to he of the 
form 

A simple calculation then gives us 

We thus get 

Whence 



We further introduce the symbols 

With these we can now write 

Finally we have the expressions 

and 

For these two we may substitute the following 

where 

We see that at resonance <?,„ and £, will both 
be zero, and that as co0 increases through a>m, 

these angles change from nearly — 9 through 
n 

zero to approximately «•• 

With the symbols now introduced we can put 
down the instantaneous solutions directly. 

1. When u)u does not He in the neighbourhood 
of ony indue of u>m. 

2. When a>0 and com are close to one another. 

For the stationary term and the natural oscil­
lation which has very nearly the same angular 
frequency as the superimposed frequency to­
gether, we get the expression 

At resonance, 
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3. When w0 is close to an cos. 

The natural oscillations will lie the same as 
under (1) above. The stationary oscillation, how­
ever, will assume the form 

The angles u are, as we have said, either zero 
71 . . 

or ± — according to the expression obtained for 

the factor depending on the network. 

We have now obtained definite formulae for 
determining the oscillations in a network. To 
show how a calculation is made we will deter-

q q 
mine ', ,,'—r etc. m a couple of definite cases. 

h IV • h 

1) An E. M. F. is closed through an inductance 
connected in series with another inductance shun­
ted by a condenser. 

The arrangement is thus as shown in fig. 1. 

Fig. 1. 

Here we have three impedances, viz. 

The current passing through the coil z.z will be 

Thus 

The equation 

gives us 



or 

Fur ther we have 

We have here only one root, p 2 , and therefore 
only one natural frequency. For the sake of 
brevity we introduce 

Whence, if the natural frequency is represen­
ted hy «/, we get 

If we introduce this value of the root we get 

and the damping /?' of the natural frequency 

Further we get 

or 

If we have a sinusoidal E. M. F. we get no 
constant term, as <p (p) becomes zero when p = o. 

If we denote the angle am by a, that is 
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the angle 

we get the solution 

This formula applies when we are far from 
resonance. Near the resonance point we have 
instead 

W e will take another example. 
An E. M. F. is closed through an oscillating 

circuit inductively coupled to another oscillating 
circuit. 

The arrangement is shown in fig. 2. 

Fig. 2. 

We will determine the current in the primary 
circuit. 

W e introduce the following 

thus 

If we neglect the resistances we have the pair 
of equations: 



whence and the damping 

Further we have We thus have here 

We introduce 

The equation 

can then he written 

By substitution in these expressions we get 

If, therefore, we represent the natural frequen­
cies hy ft/ and a>", these will he given by the 
equation 

This equation shows that a> and ft/' fall one 
on each side of the values between <x>1 and (Do-
Thus one, e. g. ft/, will be less than either of the 
natural frequencies of the circuit, and the other, 
co", greater than either. 

We now have 

We thus get the dampings 

or 

ft" is obtained by replacing co' and by o>". 
The equation 

has one root 

We thus get the corresponding 

the angle u is thus here equal to 

the angle u is thus zero. 

the angle 

All we have to do now is to introduce these 
quantities in our general.solutions (9), (10), (11), 
(12) and (13) or, if the E. M. F. is constant, in 
(15) and. if it is sinusoidal, in (16), (17), and 
(18). 

As a check we will, however, make the cal­
culations on the assumption that ft)1 = ft)Q = o). 

The equation h = o will then give us 

Further we have 

The above formulae give us 
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Thus for a constant E. M. F. we get the solu­
tion 

For a sinusoidal E. M. F. of the type 

we get, when away from the resonance point 

Near the resonance point w„ = o>' we get 

Finally, close to where W„ = OJ we get 

where 

148 



WORKING K i l l ABILITY AND MAIN­

TENANCE IN T H E L. H . ERICSSON 

ACTOHATIC T E L E P H O N E SYSTEM 

KXCEBPT 
SIC 5 1 I 

Telefonaktiebolaget 

Ii. Jl. Ericsson 
Communication from the 

Research and 
Development ]>epartnient 
Kungsgatan 33, Stockholm 

SR 51 E (VII. 32) 

500 



Working Reliability and Maintenance in the L. M. Ericsson 
Automatic Telephone System. 

By A. Lignell. 

O n January 1 st 1932 the Telephone System 
in Stockholm proper comprised 115 208 

subscribers' lines, with 138 758 instruments, and 
of these 63 870 lines and 72 134 instruments were 
connected to automatic exchanges. 

At the beginning of March this year about 
20 000 subscribers' lines will be switched over to 
the new "Sodra Vasa" automatic exchange, fitted 
for 30 000 numbers, and in April 1933 about 
17 000 suscribers will be switched to the "Oster-
malm" exchange, which will be fitted for 25 000 
numbers and will replace the present two manual 
exchanges in Ostermalm. 

The "Norr", with just over 10 000 subscribers, 
will then be the only manual exchange left, and 
will be changed to automatic as soon as possible. 
In this case the delay must be ascribed entirely 
to the building question not being settled yet. 

During the period of transition to automatic 
working, traffic from manual to automatic ex­
changes is directed via digit key strips centra­
lized in the Norr exchange, and from automatic 
to manual exchanges via Call Display positions. 

The conversion to automatic working in the 
four automatic exchanges so far taken into use 
—with a present aggregate capacity of 91 000 
numbers and 63 870 connected subscribers' lines 
-—has been carried out most satisfactorily, work 
throughout the network continuing as usual with­
out being disturbed by Hie change-over. 

The first automatic exchange, " N o n a Vasa", 
now equipped for 10 000 numbers, was opened 
in January 1924. This exchange was allowed to 
run for a little over 4 years before the next one, 
"Kungsholmen", was taken info use in June 1928, 
equipped for 21 000 numbers. 

In the interval, the reliability of the system was 
subjected to extremely careful control, and the 
results were entirely good. "C.entralen", fitted for 

20 000 numbers, followed in January 1929, and 
"Soder", with 40 000 numbers, in April 1931. 

The automatization of the telephones in the en­
virons of Stockholm is at present being planned, 
the area suggested being that lying within a 
radius of about 15 km. of Stockholm (62 ex­
changes with 27 800 subscribers' lines); the in­
tentions is to include these subscribers, via 52 
tellite exchanges, in the Stockholm series of 6-
figure numbers. 

The control of reliability in manual telephone 
systems has always been concentrated on the 
actual traffic, as this is the only way to judge 
the real efficiency of the working, and what share 
the operators, the public, and the equipment have 
in the undisturbed running of the traffic. From 
the very first this control has also been in use 
in the automatic exchanges. It is partly conti­
nuous, a checking of the calls made by subscri­
bers, and parth7, parallel with this, occasional, 
cutting in on a connexion whenever a special re­
gister lamp lights up. This happens when the 
register is held too long or when a fault, whether 
caused by a subscriber or by the technical de­
vices, occurs in the connexion. In such a case it 
is necessary to find out if the fault is due to 
wrong manipulation by the subscriber, to the au­
tomatic devices, or to other technical deficiencies. 
It the subscriber has made a mistake, he is put 
right, otherwise the connexion is locked and the 
fault traced and remedied. The same method is 
used for the continuous control. A detailed de­
scription of the way this control is arranged was 
given in the L. M. Ericsson Review No. 4—6, 
1929. in the article "The Continued Automatiza­
tion of the Stockholm Telephone Net". 

As, however, from the point of view of mainte­
nance, it was desirable to have unmistakable evi­
dence of the advantage of continuous control in 
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the automatic system, in which the control of the 
operators necessary in the manual system is eli­
minated, the control staff of "Norra Vasa" were 
ordered, from April 17th 1930 until further no­
tice, not to report to the Central Fault Office— 
for tracing and reparing—any technical faults 
occurring in the course of the control. 

The reporting of faults was, however, resumed 
us early as June 10th of the same year, as this 
period of less than two months was sufficient to 
prove the great importance, from the point of 
view of maintenance also, of reliability control. 

The result of this experiment is shown in dia­
gram I. 

The highest, lowest, and average percentage of 
losses per month during the period Jan. 1st 1929 
to April 30th 1930, i. e. during 16 months, are 
indicated by the dotted lines and amount to 0.21, 
0.07 and 0.16 per cent, respectively. It should be 
noted that this percentage of losses includes calls 
lost not only through faults in the automatic 
system of this exchange, but also through faults 
in other exchanges (manual and automatic), as 
well as any faults in lines or instruments of a 
nature permitting connexion to the exchange re­
gister. The curve shows a loss of 0.11 per cent, 
at the time when the reporting of faults stopped. 
When the reporting was resumed, this percentage 
had gone up to 0.99 and continued to rise for 
some time, until increased use of the red register 
lamps and the resulting sorting out and reme­
dying of the faults effected a gradual return to 
normal conditions. 

The loss percentage due to technical faidts rose 
during the month of May, among 6 339 controlled 
calls, to 0.38, and during June (1608 calls) to 
0.85, but dropped during July, when faults were 
again reported, to 0.25 per cent, in 4 387 con­
trolled calls. The average for the rest of the year, 
August to December, was 0.17 per cent, in 26 163 
controlled calls. 

Complaints from subscribers also increased 
considerably while the fault reports were inhi­
bited. From January 1st to April 30th their 
monthly average was 0.74 per 10 000 calls. The 
highest proportion of complaints in a month 
during this time was 0.79 per 10 000 calls, the 
lowest 0.66. 

With the cessation of the fault reports the 
number of complaints per 10 000 calls rose, as 
is shown by diagram II, and was in the middle 
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of June about 40 per cent, higher than the Janu­
ary to April average. 

The 1929 figures, on the other hand, are the 
same as this last average. 

During 1931 the average number of subscribers 
connected to the 4 automatic exchanges in use 
was 60 794 out of a total capacity of 91 000 line 
numbers. The total number of faults in the auto­
matic system put right during the year in these 
exchanges was 3 537. Of these 1 025, or 29 per 
cent., were remedied through the action of the 
reliability control, which will suffice to prove its 
importance. Not only does it afford a true picture 
of the working of the traffic but—provided the 
control is extended to every register—it also al­
lows, in. conjunction with the use of the special 
register lamps mentioned above, an effective 
cleaning up of faults in the plant. 

Table 1 shows the result of the reliability con­
trol during 1931 at the "Centralen" automatic 
exchange, built for 20 000 numbers and opened 
in January 1929. 

During 1931 this exchange had on an average 

14 944 subscribers' lines connected, with a call frequency of 
11.20 calls per subscriber per day (8 a.m. — 9 p.m.), and 
1.30 calls per subscriberper busy hour, with a maximum of 
1.00 calls per subscriber per busy hour; 

35 706 controlled calls, of which 
98.71 % were faultless (8.36?^ engaged and 6.97% 

no reply) 
1.12 % were faults due to the subscriber 
0.03 % were faults due to operators in manual 

exchanges 
0.14 % were faults due to the technical equip­

ment 
Total \mM~% 

Of the technical faults 
0.03 % were traced to own exchange and reme­

died, 
0.01 % were traced to another automatic exchange 

and remedied, 
0.10 % were traced to another, manual, exchange 

Total oXT^ 

As it may be of interest to see the correspond­
ing results for 1931 for our oldest automatic ex­
change, "Norra Vasa", which has been working 
8 years, these are given in Table 2. 

This exchange had an average of 

7 762 subscribers' lines connected during the 
year, with a call frequency of 

5.60 calls per subscriber per day (8 a.m. — 9 
p.m.) and 



DIAGRAM I. 

Norra Vasa Automat i c Exchange 1930. 

The curve shows the percentage of losses caused by technical faults during given periods of time 
(According to the reliability control.) 

The reporting of faults from the traffic control to the Central Fault Office was stopped between 
17/4—9/6. 

1. Highest precentage of loss per month from 1/1 29 to 30/4 30 
3. Average „ „ ,, „ ,, ,, „ ,, „ „ „ 
2. Lowest „ „ „ ,, „ „ „ „ „ „ ,, 
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DIAGRAM II. 

Norra Vasa Automatic Exchange 1930. 

Number of complaints per 10 000 calls. 
The curve shows the number of complaints per 10 000 calls from subscribers in Norra Vasa 

during given periods of time. 
The reporting of faults from the traffic control to the Central Fault Office was stopped between 

17/4—9/(5. 

1. Highest number of complaints per 10 000 calls between 1/1 30 and 30/4 30 
3. Average „ „ „ „ ,, „ „ „ „ ,, ,, „ 
2. Lowest „ „ „ „ ., „ „ ,. „ „ „ „ 
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0.60 calls per subscriber per busy hour, with a 
maximum of 

0.84 calls per subscriber per busy hour. 
62.834 controlled calls, of which 

96.37 % were faultless (8.63^ engaged and 8.15^ 
no reply) 

3.45 % were faults comitted by subscribers (This 
high figure was due to the majority of 
telephones being residential and much 
used by the children of the families). 

0.05 % were faults due to operators in manual 
exchanges 

0.13 % were faults in the technical equipment 
Total 100.00 # 

Of the technical faults 

0.06 % were traced to own exchange and reme­
died, 

0.02 % were traced to another automatic ex­
change and remedied, 

0.05 % were traced to another, manual, exchange 
Total 0.13 % 

The losses in the traffic from these two ex­
changes on account of technical faults originating 
not only in the exchange equipment but partly 
also, as mentioned above, in subscribers' lines and 
subscribers' instruments, thus amounted to 133 
in 98 540 controlled calls, or 0.135 per cent. i. e. 
13.5 lost calls in 10 000. It should be observed, 
that in the Ericsson system there are no additio­
nal losses caused by there being too few con­
necting devices, as this only lengthens the time 
taken for getting the connexion. The reliability 
can thus be regarded as particularly good. 

Maintenance. 

To illustrate the maintenance costs, tables are 
attached giving these for 1931 at the 4 automatic 
exchanges then in use, of which 

"Centralen" has been working since January 1929 
"Norra Vasa" „ „ „ „ „ 1924 
"Kungsholmen" „ „ „ „ June 1928 
"Soder" „ „ „ fully „ July 1931 

These tables show that "Centralen", which has 
the highest call frequency, employs 2.23 male and 
0.42 female working hours per suhscriber per 
year for the upkeep of not only the actual auto­
matic machinery but also the trunk junction 
board—which is also used for inquiries and in­
formation about vacant numhers—and the main 
distribution frame. Work in the Central Fault 
Office and power plant of the exchange, night 
duty, and deputizing for holiday-making or sick 

members of the staff are also included in these 
working hours. 

For "Kungsholmen" the corresponding figures 
are 1.73 and 0.35, and for "Norra Vasa" 2.51 
male and 0.30 female working hours. 

That the "Norra Vasa" figures are slightly 
higher is not due to a higher frequency of faults 
—that is actually lower in this exchange—but to 
the smaller number of subscribers and the neces­
sity of keeping a certain minimum staff on per­
manent watch duty. 

The number of faults remedied in the automatic 
equipment per 10 000 calls was 

at "Centralen" 0.30, 
at "Kungsholmen" 0.41, 
at "Soder" 0.34, and 
at "Norra Vasa" 0.15. 

The lower figure in the last exchange is the 
result of manual B-boards still being used for the 
traffic from manual exchanges. 

The number of faults per day in the automatic 
equipment was 

at "Centralen" 4.32 
at "Kungsholmen" 2.r,<> 
at "Soder" 4.33 

For the main distribution frames, power plants, 
and fault bureaux, and for fault-repairing and 
maintenance—that is to say for work outside the 
selector rooms as well—in the 4 automatic ex­
changes at present working, with an aggregate 
capacity of 91 000 line numbers and an average 
of 60 794 connected subscribers, 42 male and 8 
female workers were required during 1931, or 
0.69 male and 0.13 female workers per 1 000 sub­
scribers per year. 

A few words may be needed in explanation of 
the fact that the upkeep of trunk junction boards 
is included in the maintenance costs of automatic 
exchanges. There are several reasons why in 
Sweden we have gone in for manual junction 
boards for trunk traffic instead of using the auto­
matic equipment for connecting the subscribers 
in trunk calls. 

For one thing, this method makes it possible 
to leave the subscriber free for local traffic during 
the time that his line is blocked for trunk calls, 
allowing the trunk operator to put off the break­
ing, if this is necessary, until the trunk call is con­
nected; for another, short-distance trunk calls 
can be broken for the more difficult long-distance 
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Table 3. 

Maintenance costs in "Centralen" Automatic Exchange during 1931. 
The exchange equipped for 20 000. 

') In addition there were 4 696 996 connexions made on the trunk junction board, 
of which 3 4:S3 09'J were for trunk calls 

and 157 IS91 wore for telephoned telegrams and the rest for "Formedlings" Bureau, Tele­
phone queue. Supervisor's desk, and information about changed and vacant numbers. 

2) Main distribution frames, current protection, multiple and service equipment of the trunk junction board. 
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Table 4. 

Maintenance Costs in "Kungsholmen" Automatic Exchange during 1931. 

The exchange equipped for '21 000 

') In addition there were 1 245 064 connexions made on the trunk junction board, 
of which 838 250 were for trunk calls 

and 45 212 were for telephoned telegrams and the rest for "Formedlings" Bureau, Tele­
phone queue, Supervisor's desk, and information about changed and vacant numbers. 

11) Main distribution frames, current protection, multiple and service equipment of the trunk junction board. 
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Table 5. 

Maintenance Costs in "Norra Vasa" Automatic Exchange during 1931. 

The exchange equipped for 10 000 

') In addi t ion there were 486 961 connexions made on the trunk junction board, 
of which (ifil 42(i were for trunk calls 

and 37 180 were for telephoned telegrams and the rest for "Formedlings" Bureau, Tele­
phone queue. Supervisor's desk, and information about changed and vacant numbers. 

2) Main distribution frames, current protection, multiples, and service equipment of trunk junction and local switch­
boards. Incoming traflic from manual exchanges is dealt with from B-positions. 
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Table 6. 

Maintenance in "Soder" Automat ic Exchange during 1931. 

Exchange in full work on July 1st 1931, with a capacity of 40 000. 

*) Main distribution frames, current protection, multiple, and service equipment of the trunk switch-board. 

calls, e. g. intercontinental calls. Further, it is 
possible with the junction board occasional! to 
have trunk calls referred to another number when 
this is desired. The trunk junction board also 
gives information about numbers cut off, changes 
of numbers, and vacant numbers. 

The use of the trunk switch-board multiple for 
information purposes is also of great advantage 
from the point of view of both service and saving 
of staff. 

The maintenance costs are undoubtedly very 

low, and are but slightly higher than the corres­
ponding costs in a modern manual exchange. Our 
most up-to-date manual exchange, "Ostermalm 
Riks", which is equipped for 10 000 numbers and 
had an average of 6 820 subscribers in 1931, the 
call frequency was 9 calls per subscriber per day 
(8 a. m.—to 9 p. m.) and the number of calls 
per subscriber per busy hour 1.0. 

In 1931 the cost of work per subscriber 

per year was kr. 2: 93 
the cost of materials per subscriber per year was „ 1:57 

making a total cost per subscriber per year of kr. 4: 50 

Table 7. 
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As we see, the cost is higher Hum in Hie auto­
matic "Kungsholmen" exchange (kr. 3: 79), but 
lower than in "Centralen" (kr. 5:20). 

The frequency at the Osfermalm exchange is, 
however, higher than at Kungsholmen, namely: 

i), against 5.5, calls per subscriber per day (8 a.m. — 1) p.m.) 
1, against 0.56, calls per subscriber per busy hoar, 

while the same comparison with "Centralen" gives 

it, against 11.'2, calls per subscriber per day (8 a.m. — 9 p.m.) 
1, against 1.3, calls per subscriber per busy hour. 

The current consumption for 1931 in the auto­
matic exchanges "Centralen" and "Kungsholmen" 
and in the manual exchange "Ostermalm Riks" 
is given in Table 7 above. 

The current consumed by the motors is here 
shown separate from the rest of the consump­
tion and, as we see, the amount required for 
power driving1 is very small. 

"Centralen" uses 1.5 kWh per subscriber per year Kr 0:12 
"Kungsholmen" „ 1.32 „ „ „ „ „ „ 0:11 

T h e cos t s of m a i n t e n a n c e and w o r k i n g in 
the L. M. Ericsson automatic telephone system 
with 500-line selectors can thus without exaggera­
tion be termed sensationally low, while at the same 
time the remarkably small number of faults in 
the automatic equipment conduces to first class 
reliability in traffic. 

Telephone Exchanges on the L. M. Ericsson Automatic System. 
Communication from the Head Office of the Ericsson Concern. 

Since the publication — with the L. M. Ericsson 
Review No. 10-12,1931 — of the list of automatic 

exchanges working or under construction on Feb. 
1st. 1932, the following have been taken into use: 

In Argentina: in Victoria, 
„ Villaguay. 

In Italy: in Asti, 
„ Hari, 
„ Rarletta, 
,, Brindisi, 
„ Foggia, 
,, Molfetta, 
,, Naples, the Ragnoli exchange, 
,, Venice, the Mestre exchange. 

In Mexico: in Mexico City, the Piedad exchange, 
,, Merida, 
„ Tohtca. 

In New Zealand: in Whangarei . 

The exchanges 
In Argentina: in Gualeguayc.hu and 

Concepcion del Uruguay have been en­
larged by 500 lines to 2 0(10 lines each. 

In Italy: in Trapani has been enlarged by 500 lines 
to 1 000 lines. 

The new Ericsson telephone set, 1931 model. 
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A Theorem of Reciprocity in Wireless Telegraphy. 
Communication from the Research and Development Department. 

By Professor H. Pleijel. 

I n a previous paper1 the author formulated and 
proved the general theorem of reciprocity ob­

taining between EMF and current between any 
two points in a medium. There, the EMF was 
of arbitrary form, which has not been the case 
in the theorems of reciprocity previously put 
forward. In these, the EMF has either been as­
sumed to be constant or of the form cJfe) ', which 
latter represents a simple stationary sinusoidal 
EMF. (An exception to this is the proof given in 
1890 by A. Vaschy- and in 1917 by the present 
author ' .) I demonstrated that the general theorem 
of reciprocity could be expressed as follows: 

There is a linear operator relation between the 
current vector at a point B and the vector, at a 
point A, of the EMF producing the current, if 
the EMF and current are exchanged, another 
linear operator relation is obtained which is the 
conjugate of the former. 

One consequence of this general proposition is 
that two equal EMFs at the points A and B, 
having given directions in space, will produce at 
B and A respectively currents whose projections 
on to the directions of the EMFs at these points 
are equal. This thesis of reciprocity is valid for 
anil arbitrary form of EMF. With regard to the 
constants, the dielectric constant, permeability, 
and conductivity of the medium, the only assump­
tion is that they are independent of the electric 
and magnetic field strengths. But these may 
vary from point to point in the medium, and on 
certain surfaces in jumps. Finally it has been 
assumed that the field strengths diminish in in-

•) Ingeniorvetenskapsakademiens handlingar Nr. 08, 1927. 
(Proceedings of the Swedish Academy of Engineering 
Science, No. 68, 1927). 

2) A. Vaschi/: Traite d'Electricite et de Magnetisms, 202 
Paris 1890. 

*) Allmanna egenskaper hos ett system parallella led-
ningar med variahla konstanter (General properties of a 
system of parallel lines with variable constants) Kungl. 
Tekniska Hogskolan, Stockholm 1917. 

finity more rapidly than -. This condition is 

always fulfilled in finite systems, as these fields 
/• 

diminish in infinity as— ' , where p is the ope-

d 
rator and u is a constant, corresponding to the 

velocity of electromagnetic propagation. In the 
proof we assumed a start from a state of rest 
at (lie time / = <). The stationary conditions there­
fore follow the law of reciprocity, in so far as 
they are the final states of non-stationary condi­
tions which are obtained from one in which all 
the currents and charges are zero. This theorem 
can be proved directly from the above by re­
placing the E. M. F:s by field vectors. Here, 
however, we will choose a more direct method for 
future1 use. 

On the above assumptions the same theorem 
of reciprocity is now valid for current vectors 
and the electric fields produced by them. This 
theorem supplements the one proposed before, 
and is of some importance, particularly in wire­
less telegraphy, as the current in an aerial pro­
duces an electric field which appears in another 
aerial as an EMF. The field will then be deter­
mined on the assumption that the second aerial 
does not exist. 

For the better definition of our theorem we 
imagine a certain region of space to contain all 
the active EMFs. The currents in conductors in 
this region are assumed to be the cause of the 
electromagnetic field, and are therefore known. 
Conductivity within the space is assumed to be 
nil, but the medium in it has a particular di­
electric constant, and so we get an electric field 
in the medium. The relation of current to field 
strength in the region is, however, left undeter­
mined. 

The region may consist of a system of con­
ductors or part of such a system. 
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According to the law of continuity, certain true 
charges situated within the space or on its sur­
face correspond to the given current. We 
choose, however, not the actual charges but 
only those corresponding to the given current. If 
o is the volume density in the region and a the 
surface density of the charge, / the current vec­
tor and In the normal component of the current 
vector at the surface of the region, we have the 
relations: 

dt IN 

As we start from a state of rest at / = 0, o and o 
are completely determined by the given current 
vector. If, for example, the region consists of a 
linear conductor element with a given current, 
we get opposite charges at the ends of the ele­
ment, and current and charges between them 
form what Heaviside called a rational current 
element and Hertz an oscillating dipole. 

The given currents and attendant charges now 
determine the electromagnetic field quite un­
ambiguously, as we now shall see. 

As we have mentioned above, we make the 
conductivity in the given region nil, but assume 
a certain dielectric constant and permeability. In 
the remainder of space, both in the dielectric and 
in the conductors, we assume a certain conduc­
tivity. The given current vector in the region 
selected we call 7. 1 is thus nil outside this 
region. 

The same is the case with g and a. We may 
imagine the space outside the region to have a 

dielectric constant equal tof-t- . - , , ; n and o will 

then be "actual"' charges in the system. 
The field equations determining the electro­

magnetic field may be summed up as follows: 

j 4 n I + 4 n X E + e ^ - = rot / / 

i » „• 
We assume that we have two solution systems 

E and H fulfilling the given conditions. If the 
vectorial field of differences (£ ' , H') between 
these two solutions is formed, this differential 
field will satisfy the equation system: 

The tangential components of E' and H' are 
continuous at a surface separating different me­
dia, because this is the case in the two solutions 
corresponding to the components. As we have 
the same g and o in the two systems of solu­
tions, both current and charge will be zero in 
the field IE', H). 

Multiplying the two equations by E' and H' 
respectively, and adding, we get: 

If we multiply these expressions by the volume 
element <5T and integrate over the whole of space, 

and remembering that extends over 

a sphere of infinite radius will be nil, we get 
the relation: 

If we integrate this expression with respect to 
time from f = 0 , to t=t, since E' and H' are nil 
when t = (). we get: 

All the elements of the above expression are 
positive. For this to be an equality, both E' and 
H' must be zero at every point of space. That 
is, E' = H' = 0. The two systems thus coincide 
and we only have one solution. 

We now designate the components of E and / 
along the three axes x, y, and Z at right angles 
to one another by Et, E2, Es, and It, 72, /3 . 

By the principle of superposition, each compo­
nent of / will produce its own field, and the 
components of the total field will be obtained 
by addition. 

According to the rules for Heaviside's operator 
calculus we will now imagine the solution of the 
equation system in operator form, and intro-

duce as a constant in the equations, which 

will give the solution as a function of p and the 
coordinates. According to the rules of the ope­
rator calculus we may then pass on to a solution 
in terms of t and the coordinates. For general 
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investigations the solution in operator form is 
most suitable. From this the real solution can 
be obtained in various forms according to cir­
cumstances. It is possible to solve it by series 
of powers of the time, by wave systems, by in­
tegrals according to Cauchy's method, or by 
Heaviside's expansion theorem. The operator 
solution forms, so to speak, the kerne] of various 
forms of expression. 

We now assume that the current vector / is 
given in an unit volume round a point A (&•', (/', : ' ) 
and that the electric field is determined at a point 
P (x, ;/, r ) . According to the above we then 
have, according to the principle of superposition, 
the relation between E and / expressed in linear 
form: 

The current vector I need not be fixed in space, 
and the same applies to the vector E of the 
electric field. It is further clear that, even if the 
vector / has a fixed position in space, this need 
not be the case with the vector E. In this respect 
we may refer to the field produced in the earth 
by the current in a double pole above ground. 
As we know, the field in the earth will be of 
varying direction. 

The coefficients A- are operators, and therefore 
functions of p and of the coordinates of the points 
where / and E are applied. 

The values obtained for the components E1, 
E2, and £ 3 satisfy the differential equations when 
p in the latter and in the coefficients k is re­
garded as a constant. If we go on to a solution 
in terms of t and the coordinates by the methods 
of the operator calculus, this solution system 
becomes the solution of the original differential 

equations when p in these is replaced by y . I 

shall return to this question later, as the validity 
of the reciprocity theorem has been criticized on 
the grounds that, as the equations have been 
deduced on the assumption that p is a constant, 
the final solution will not satisfy the original 
differential equations. 

We now assume that we have two regions in 
which the current vector is given, and that these 
two regions have no common portion. The cur­
rent vector in one region, which we will call A, 
is assumed to be / ' and in the other region, which 

we call B, I". According to the law of super­
position the field at any given point is now the 
geometric sum of the fields produced by / ' and 
I". The former field we will call E', the latter 
E". Between the vectors of the two systems 
the following differential equations apply: 

and 

l is zero in both regions. A and B. 
We multiply the equations by the vectors on 

the right-hand side and add all the equations 
so obtained, regarding p as an algebraic quantity. 

We get: 

The terms on the left-hand side are zero every­
where except in the regions A and B. All vectors 
are finite, and the tangential components of £ ' , 
E", H'', and H" are continuous at all separating 
surfaces, and hence the normal components of 
[E' x H"] and [E" x / / ' ] will also be continuous 
at such surfaces. 

The vectors E', H', E" and H" are assumed 
to diminish with the distance r according to a 
law by which the integrals of the normal com­
ponents of [E' x H"] and [E" x H' ] over the 
surface of an infinite sphere become zero. (This 
is always the case in finite systems, as E and 

r 

H diminish as ", where n is the velocity of 
r 

electromagnetic propagation.) 

If, therefore, we multiply the above equation 
by the volume element dr and integrate over 
the whole of space, we obtain the relation: 

J / ' E" dz = ! I" E' dr, 

where the first integral is extended over region 
A and the second over region B. 

Assuming that the two regions A and B are 
limited to a volume element dr, we finally get for 
the points A and B 

I' E" = /" E'. 

As mentioned above, the linear relations be­
tween E' and I' and between E" and / " may 
be written: 
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Two coefficients A>s' and krs" interchange if the 
coordinates of A and B change places. 

Whatever the size and direction of the vectors 
/ ' and I", the equation will, according to the 
above, apply to these operator relations: 

We may now write: 

whence: 

In the same way we get: 

or if we change indices: 

In order to make the relation given above valid 
for all values of / ' and I", we must have: 

The two determinants of our linear forms must 
therefore be conjugate to one another. The ge­
neral expression for the law of reciprocity be­
tween current and electric field strength at two 
points A and B will thus be as follows. 

The linear equation system in operator form 
between the electric field strength at a point B 
and a current vector at A will, when current 
vector and field strength change places, change 
over into the conjugate linear equation system. 

The three components of the current may in 
that case be arbitrary functions of the time. 

We can therefore write: 

The above form of the law of reciprocity 
applies to operator expressions. We will now 
find the expression for the law of reciprocity 
between the instantaneous current vector and 
electric field strength. We then assume the cur­
rent vectors / ' and / " to be always ecpial in size 
and changing direction in the same way. To de­

fine more accurately what is meant, we imagine 
two systems of coordinates fixed in space in 
different positions, with origins at A and B. In 
these two systems of coordinates / ' and / " are 
assumed both to have the same components 
along the axes at every moment. We will make 
the system with origin at A our main one. The 
components of the current along the axes we will 
call Iv I2 and 73. The components of /" along 
the main axes may now be written: 

where au is the cosine of the angle between the 
f-axis of the B-system and the s-axis of the main 
system. 

If the currents are of simple sinusoidal form 
and the condition is stationary, we find, if the 
instantaneous values of current and electric field 
strength are exchanged for the corresponding 
complex vectors, that p is a constant, jm, where 
co is the frequency. In this case, then, the re­
lation: ,, ,,„ ,„ ,-,, 

is valid for the complex vectors. 
If / ' and / " are equal, we find that the com­

plex vectors of E' and E" have equal projec­
tions on the directions / " and / ' respectively. 
The same will then be the case with the projec­
tions of the instantaneous values of E' and E", 
provided that / ' and /" have definite directions 
in space. 

Will this relation also be valid for arbitrary 
ecpial current vectors 7' and I"? We will examine 
this more closely. 

We have now: 

or, if we introduce the expression for 

krs is an operator function acting on 
In the same way we get: 

or, if we exchange the indices r and s, 

To make these two expressions equal, it is ne­
cessary that 
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If the values of the components of / are ar­
bitrary, the above relation is only valid if / ( and 
/ s are in a constant proportion. But the fact 
of a constant proportion between the compo­
nents is equivalent to their resultant having a 
fixed direction in space. 

It is also conceivable that the components 
might be of such special form that the above 
equations apply. Such a case occurs when the 
current components are of the form Ase'f,J', where 
A is a complex number. As we have mentioned 
before, p will then be a constant equal to ja>, 
and / s and /, may therefore change places with­
out altering the expression. The components / s 

are then complex vectors. For the relation to 
be valid even for the simple sinusoidal compo­
nents corresponding to these vectors it is, how­
ever, essential that the components should be of 
the same phase or that they should be compo­
nents of a sinusoidal vector. We thus come back 
to the general case. 

The reciprocity theorem may therefore be ex­
pressed as follows: ('/ the two current vectors I' 
and I" have fixed directions in space and are 
always equal in magnitude, the projection of E" 
on I at any instant will be equal to the projec­
tion of E' on I". 

As mentioned at the beginning of this paper, 
the author has already advanced a corresponding 
general theorem of reciprocity for EMF:s and 
the currents produced by them. That paper 
was published in Ingeniorsvetenskapsakademiens 
Handlingar, No. 68, 1927. under the title "Two 
reciprocal theorems in electricity". 

In a paper entitled "Het reciprociteitstheorema 
in de electrieiteit", Tijdschrift van het neder-
landsch radiogenootschap 5, 69—84, July 1931. 
J. W. Alexander has criticized my theorem of 
reciprocity. As Mr. Alexander's argument seems 
to turn on a misunderstanding of the methods 
of the operator calculus used for this problem, 
which may itself be due to the account being 
rather condensed, it will be convenient to reply 
to his criticism at this point, especially as these 
general reciprocity theorems are very important, 
and valid for EMF:s of any given form and for 
the variable state of the currents. The laws of 
reciprocity are thus of very general application. 

We will confine our attention to the theorem 
as applied to EMF.s and the currents produced 
by them. As all the reciprocity theorems are 

formulated in the same way and only differ in 
using different kinds of vectors, it is possible 
to apply immediately to other similar theorems 
what is pointed out below regarding the first of 
them. 

We will now make I1 and I11 the current vec­
tors at the points B and A in the field. These 
vectors are caused by the vectors of EMF:s C' 
and 6" placed at A and li respectively. The 
electric field vectors corresponding to the cur­
rents are represented by E' and E", and the 
magnetic vectors by H' and H". 

According to Alexander, this theorem cannot 
be correct because the solutions do not satisfy 
the conditions: 

E' and E" are here the strengths at a given 
point P of the electric fields due to £' and u" 
situated at A and B respectively. 

It is quite true that the above equations are 
not satisfied by the solutions obtained after con­
version from the operator form to the form of a 
function of f. But then there is no utter reason 
why the solutions should satisfy these conditions. 
On the contrary, they cannot a priori be ex­
pected to satisfy them, for the simple reason 
that they are solutions of Maxwell's differential 
equations, so that they are very unlikely to be 
able to satisfy any extra conditions. These four 
equations can only be satisfied when £! and 6" 
are constant and we choose the stationary solu­
tion, or when we want the stationary solution 
for an EMF of the form AeJc"', i. e. for complex 
EMF:s. These equations are not satisfied with 
real EMF:s or with variable conditions. The 
same is the case with the relation I' 6' = I" 6', as 
we will show below for a simple case. 

But this has nothing to do with the validity 
of the reciprocity theorem. The author has not 
used these four equations in the proof of the 
theorem, but only the fact that these equations 
I the first and last in particular) are satisfied if 
d 

TT =p is assumed to be an algebraic quantity. 
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The relation 

is therefore not valid except when 

operator solution is assumed to be an algebraic 
quantity. This was expressly pointed out in my 
paper and will be illustrated below by a simple 
example. 

To make these equations clear, we will give 
again briefly the main features of the proof of 
the reciprocity theorem. 

Henceforth we designate the EMF:s E' and E". 
We assume Maxwell's equations to be solved 

on the condition that andp, p2 are taken as 

algebraic quantities. 
For / ' and / " at the points B and A respectively 

the solutions will then be of the form: 

where k' (p) and k" (p) are linear algebraic forms 
of the components of I', E' and E" and /" . This is 
obvious from the linear nature of the equations 
(the principle of superposition). 

If p is still taken as an algebraic quantity, but 
only on this assumption, we find that the relation 

holds good and that therefore A-' {p) and 
k" (p) must be conjugate linear forms. 

So far we have not employed the operator cal­
culus, but only the relations subsisting if p is 
taken as an algebraic quantity. 

According to the fundamental principle of the 
operator calculus the following applies: If the 
members of a system of differential equations 

, -, 1 1 are linear in p, jr, p , —, - 2 and in the dependent 

variables (in this case E, H, and / ) , the solution 
obtained when p is taken as an algebraic quan­
tity will still hold if p is replaced by the operator 

r - both in the equations and in the solution. 

This is based finally on the fact that the oper­

ators p, p2, . . . . follow the same mathematical 

P 
laws as the corresponding algebraic quantities. 

If, therefore, we regard p as an operator, 
and complete the operations, the expressions 
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will be solutions of Maxwell's equations. But we 
have previously found that A-' and k" are con­
jugate linear forms. The general reciprocity 
theorem can therefore be expressed as follows: 
the currents in B and A are connected with the 
EMF:s in A and B by linear forms, the coefficients 
of which are functions of the operator p such 
that the two linear forms are conjugate to one 
another. 

According to the above it is essential to the 
proof that there should be a linear relation be­
tween the current vector / and the vector of the 
EMF E. 

The equation 

and the four equations quoted by Alexander are 
not linear and are therefore not satisfied except 
in the very special case mentioned before. 

The above reasoning will be illustrated by a 
simple example 

We assume E' and E" to be in the same plane 
and at right angles to one another. 

We assume further that this plane divides the 
medium symmetrically in respect to its proper­
ties. 

On account of the symmetry, / ' and I" will 
then be in the same plane. 

We choose the direction of E' as X-axis and 
that of E" as Y-axis, and distinguish the com­
ponents in these two directions by the suffixes 
1 and 2 respectively. 

If we take p as an algebraic quantity, we get 
solutions of the form: 

The relation 

will in this case be 

or 

or 

The two linear forms are thus conjugate, and the 
solutions can be written in the form: 



We now choose the EMF:s to he simple sine 
functions of the same angular frequency, and 
then determine the stationary solution without 
the use of the operator calculus. 

We thus assume 

According to classical method we exchange 
these EMF:s for the corresponding complex ex­
pressions 

and seek solutions of the form 

Maxwell's differential equations being linear in 

the field strengths the factor eJ(Ji will disappear 

and -.— will everywhere be replaced by jio. We 

consequently come back again to introducing p 
equal to a constant (in this case jco) and to 
constant EMF:s Aeia and Be'?. 

In the operator calculus E' and E" are re­
garded as constant and p as an algebraic quan­
tity. The procedure will thus be exactly the same 
in both methods, and the result must therefore 
also be the same. 

If in the stationary case we get the solutions: 

then we get the operator expressions: 

where the functions k.21 and A12 are the same 
functions of JOJ in the former case as the}' are 
of p in the latter. 

For exponential expressions we have: 

If in these we substitute the solutions, we get: 

We therefore also have: 

The reciprocity theorem advanced by the 
author is thus satisfied, the two linear forms 
giving / ' and / " being conjugate to one an­
other. 

We now find the solutions corresponding to 
the sinusoidal EMF:s. These, it will be remem­
bered, will be obtained as the coefficients of j 
in the exponential solutions. We introduce 

where K is real. As we have terms including 

both will in general not be zero 

Our solutions will then be: 

Fur ther 

whence 

and 

Consequently: 

Although the general theorem of reciprocity is 
valid, the condition / ' E"'=/" E' is not satisfied 
even in this simple case. It is easy to see that 
the equations proposed by Alexander are not 
satisfied either. 

An arbitrary EMF can, we know, be represent­
ed as a sum (integral) of simple sine functions, 
and the general solution will be obtained as the 
sum of the stationary solutions of the various 
component sine functions. 

If we have now got the operator solution 

where E is of the form: 

(the summation sign can be exchanged for an 
integral sign), the operator calculus gives the 
stationary solution in the form 

where 

that is, the same solution as we obtain by the 
classical method, when we work term by term. 
The reciprocity theorem in its general form is 
thus satisfied, but neither the relations given by 
Alexander nor the relation I' E" =1" E' will be 
valid. 
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Elimination of Hum in Mains-operated Radio Receivers by 
Means of Compensation Methods. 

Communication from the Research and Development Department. 

By E. Lofgren. 

I. I N T R O D U C T I O N . 

T he operating power for wireless receiving 
sets being now generally taken from the 

electric light mains, many valuable practical 
advantages have been gained over the old bat­
tery sets, but at the same time the design of 
the receivers have become more complicated on 
account of special technical problems involved, 
the most important of these being the elimina­
tion of disturbing hum from the mains. 

The feed potentials obtained from the electric 
light mains, whether straight from D. C. mains 
or from A. C. mains through an intermediate 
rectifier, are rarely if ever as pure. r*. e. free 
from superimposed A. C. components or ripple, 
as is required for the anode and grid voltages 
of the valves. In generator-fed D. C. mains 
irregularities of voltage are generally caused by 
the generators themselves (commutator and 
slot ripple), but sometimes also by motors or 
other machines connected to the mains. In this 
case there are usually many different disturbing 
frequencies, scattered irregularly over a compa­
ratively wide range, from a few hundreds to 
some thousands of cycles per second; the R. M. S 
value of all the superimposed A. G. voltages only 
amounts to a few tenths of a volt. Conditions are 
much worse with D. C. mains fed from recti­
fiers. Here a dominant fundamental frequency 
arises, generally about 300 cycles per second, 
and the R. M. S. value of the A. C. voltage is 
of the order of 10 volts. With direct A. C. supply, 
on the other hand, the voltage pulsations from the 
rectifier of the receiver itself have a funda­
mental frequency of 50 or 100 cycles per second 
according as the rectifier is of the half-wave or 
full-wave type, and the R. M. S. voltage of the 
pulsations amounts to tens of volts. 

With so differing external conditions there will 
naturally be much variation in the devices requi­
red for eliminating disturbances from the A. C. 
components in the feed circuits. Theoretically, this 
problem presents no serious difficulty. Filters 
have long been used which transmit direct cur­
rent with slight loss of voltage, but attenuate 
the superimposed alternating current to some 
suitable level at which it is no longer disturbing. 
The use of such hum filters or smoothing cir­
cuits for wireless receivers is almost as old as 
receivers themselves, and may still be considered 
the basic method of eliminating mains hum. Be­
sides this, however, many other methods have 
been suggested with the object of either comple­
tely dispensing with smoothing or else, as is more 
usual, making it possible to employ much simpler 
and cheaper smoothing units, the problem of 
eliminating mains hum being just as much eco­
nomic as technical. In the usual all-mains re­
ceivers the smoothing devices represent a fairly 
considerable portion of the cost, although they 
do not properly contribute to the performance of 
the receiver, but merely serve the negative pur­
pose of eliminating undesirable disturbances. It 
is therefore very tempting to devise some means 
of attaining the same result in a simpler way. 
Most attempts in this direction have been based 
on (he fundamental idea of introducing artificial­
ly, in addition to the original disturbing A. G. 
voltage, another voltage of the same character 
but in the opposite direction, and adjusting it to 
exactly neutralize the effect of the former. Al­
though the idea itself seems simple, there are a 
great many wavs of realizing it in practice. All 
such arrangements are here brought together 
under the common designation of compensation 
methods. 

The object of the present paper is to give a 
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general account of the more important devices 
embodying the compensation principle. As far 
as the author is aware the subject has as yet 
attracted but superficial attention in techni­
cal literature, and for this reason the references 
given are chiefly Patent Specifications. 

II. SMOOTHING THE FEED CURRENT 
BY COMPENSATION METHODS. 

1. Impedance Circuits. 

The circuit ' shown in fig. 1 is an obvious way 
of adapting the compensation principle. The 
pulsating direct current is fed in between points 
1 and 2, and between points 3 and h a more or 
less pure direct current is taken out. This is 
accomplished by inducing in the transformer 
winding L, an E. M. F. equal in magnitude but 
opposite in phase to the A. C. voltage between 
points 1 and 2. The condition necessary for 
this, provided the capacity C is large, will be 

This ' 'compensation transformer'7 at first glance 
looks father attractive, but a closer examination 
shows that it wTorks like one of the ordinary 
filter circuits. The equivalent T network is given 
in fig. 2, from which we can also see the part 
played by the choke coil Lxl in fig. 1. If this 
is left out, the above condition may still be ob­
tained, but then L1=M = L2, i. e. L2—M = 0, 
which means that the right-hand choke arm in 
fig. 2 will disappear. 

Fig. 1. Elimination of ripple by a kind of compensation 
transformer. 

Fig. 2. Equivalent T network of the circuit arrangement 
of fig. 1. 
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Fig. 3. Arrangement for suppressing ripple of one 
dominant frequency. 

Fig. 4. Equivalent T network of the arrangement of fig. 3. 

A similar circuit2 is shown in fig. 3. Here 
again the idea is to let the current, by means 
of an arm L1 — C1 in parallel with the input ter­
minals 1—2, induce an E. M. F . in the series arm 
L, which just cancels out the incoming A. C. 
voltage. The relation between the directions of 
winding of hx and L2 is here opposite to that in 
fig. 1, and therefore the phase of the current 
must be shifted 180° by means of condenser Cit 

the capacity of which is given by the expression: 

The completeness of elimination of the A. C. 
component here varies widely with frequency. 
The equivalent T network in fig. 4 also reveals 
the character of the circuit as a band-pass filter. 

Other arrangements for the same purpose, 
composed of resistances, capacities, inductances, 
and mutual inductances, can be reduced to equi­
valent filter circuits in the same "way. 

Only in the case of a single frequency will it 
be possible by means of pure impedances to 
obtain compensation in the proper sense, namely 
by a bridge arrangement of some kind. But the 
fact that in reality the voltage pulsations are 
never purely sinusoidal naturally detracts from 
the practical value of this method. 

1 Cf. British patent 323 862. JV. V. Philips Gloeilampen-
fdbrieken. 

J H. F. Miexsner: Proc. I. R.E. vol. 18, p. 160, Jan. 
1930. 



2. S e p a r a t e S m o o t h i n g Valve . 

The special properties of thermionic valves of­
fer other possibilities for compensating the pulsa­
tions of a direct current. Several different me­
thods suggest themselves. The simplest way is 
to make use of the saturation phenomenon by 
feeding the current consuming apparatus through 
a thermionic valve working with full saturation 
current. Two other methods3 of greater interest 
are illustrated in figs. 5 and 6. The current 
consuming apparatus, A, is in one case connected 
in series in the anode circuit of the valve, in 
the other in parallel across the valve. In the first 
case the problem is obviously how to keep the 
anode current constant, i. e. free from superim­
posed alternating current; in the second the same 

Fig. 5. Smoothing valve w i th compensa ted anode cur ren t . 

must hold true for the anode voltage. With the 
circuits shown either condition may be satisfied 
if the anode, cathode and grid of the valve are 
connected to suitable points on a voltage divider 
connected across the current supply. These phe­
nomena, on which many of the compensation 
methods described below are based, may be 
explained in the following way. 

We will first consider the circuit shown in 
fig. 5. If we neglect the direct current and only 
take into account the superimposed A. C. com­
ponent, we find that, in accordance with well-
known properties of thermionic valves, the cur­
rent in the anode circuit is produced partly by 
the portion of the total A. C. voltage {E) 
across the resistance r2, and partly by an E. M. F. 
of opposite direction, caused by the A. C. voltage 
across the resistance I*J applied to the grid. If 
these two are ecpial and thus neutralize each 
other, the anode alternating current will be com­
pensated. The following equation will then 
apply: 
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If there were no grid battery B, this would 
mean that the D. C. voltages at the anode and 
grid were also in the same ratio fi:\, and hence 
that the lower bend of the valve characteristic, 
where the anode direct current is very small, 
would be used. If the apparatus A requires more 
current, this may be obtained by counterbal­
ancing part of the excessive negative grid bias 
by means of a grid battery B. 

In a circuit like that of fig. 6 a constant anode 
voltage must instead be produced. This is ac­
complished by artificially increasing the ripple 
current in the anode circuit so much as to make 
the A. C. voltage drop in the resistance r just 
balance the whole A. C. voltage of the current 
supply. The internal A. C. voltage drop in the 
valve will then be balanced by an E. M. F. acting 
in the same direction as the current and pro­
duced by the A. C. grid voltage, which for this 
purpose is taken from a point on the positive 
side of the cathode. Using the same symbols 
as before, and further g for the internal resistance 
of the valve, we may express the above argument 
as follows: 

Fig. fi. Smooth ing valve w i th compensa ted anode voltage. 

Division of the two equations gives 

where s is the mutual conductance of the valve. 
The battery B also in this case supplies suitable 

grid bias to give the desired anode current and 

8 German pa ten t 330 275. H. G. Moller. — Bri t ish pa ten t 

27!) 214. H". ,/. Brown and Metropolitan-Vickers Electrical Co., 

Ltd. 



anode voltage. To make the D. C. voltage loss in 
the resistance r as small as possible, we should 
obviously make r2 = 0, i. e. the grid should, as 
regards alternating current, be directly connected 
to the positive terminal of the current supply, 
and the voltage divider may be omitted. The 
resistance r is then made adjustable and should 
for compensation be set at the value 1/s. 

The two circuits shown in figs. 5 and 6, like 
other circuits with a separate smoothing valve4, 
have not been used in practice in radio receivers 
for the simple reason that, on account of the 
extra valve, they are not economical. Neverthe­
less they are of great interest from the point of 
view that they give an idea of the possibilities of 
using thermionic valves for other than the con­
ventional purposes. They also illustrate clearly 
just those properties of thermionic valves which 
have since been used in a more practical way 
in modern compensation circuits. 

III. COMPENSATION M E T H O D S FOR 

S I N G L E V A L V E S T A G E S . 

1. Ba lanced Circuits . 

The distinctive feature of most compensation 
circuits now in use is that the valves of the re­
ceiver itself are so arranged that while performing 
their functions as amplifiers or detector they also 
compensate the mains hum. The rough outline 
of this idea was known rather early, before the 
era of broadcasting proper. Thus a Swedish Pa­
tent Specification5 of 1917 describes a balanced 
circuit intended to make the ripple voltages im­
pressed on two symmetrically arranged valves or 
electrode systems neutralize one another. This 
circuit differed from the later commonly used 
push-pull arrangement (fig. 7) only in that, ac­
cording to the practice of that time, it worked 
with positive grid bias. The signal current is fed 
in and taken out by differential transformers in 
directly opposite phases in the two valves, while 
variations in the feed current, whether coming in 
on grids, anodes or filaments, are of like phase 

4 U. S. patent 1 832 646. B. F. Miessner, Radio Corpo­
ration of America. 

6 Swedish patent 44 872. 0. Ii. Gertz. 
8 British patent 341 472. International General Electric 

Co., Inc. 
" British patent 324 464. N. V. Philips' Gloeilampen-

fabrieken. 

Fig. 7. Balanced amplifier circuit. 

and therefore neutralize one another in the two 
oppositely wound halves of the output transfor­
mer. The balancing principle might, of course, 
be used in a multi-valve apparatus, but the whole 
set of valves would then be duplicated, which will 
hardly be an economical way just to eliminate the 
mains hum. For the last valve it is a different 
matter. On one hand we are here concerned 
with a relatively strong direct current and the 
cost of filtration grows with the current; on the 
other hand the function of the last valve differs 
fundamentally from that of the preceding ampli­
fying valves in that useful energy is delivered by 
it, whereas the others are practically unloaded. If 
two valves are used instead of one, the available 
output will be doubled for the same electrode 
voltages. Although two separate valves are usu­
ally more expensive than a single one of double 
the power, this is made up for by the possibility 
of using a smaller and cheaper output trans­
former, since this will be relieved of the D. C. 
magnetization. There are other advantages too 
in the balanced circuit shown in fig. 7, but this 
falls outside our subject. 

The accuracy of the compensation will of cour­
se depend on how nearly equal the two valves 
or electrode systems are made. Ordinary com­
mercial valves generally show such large indivi­
dual differences as to make matching desirable. 
Another possibility is to introduce some correction 
for the asymmetry of the valves. We can, for 
instance, use different taps on the voltage divider 
for the grid voltages of the two valves6, or insert 
a small adjustable resistance into one or the 
anode circuits7. 

The simplicity which characterizes the bal­
ancing principle has tempted many inventors 
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to apply it to the anode current feed only, using 
an artificial balance to avoid valve duplication8. 
As this idea is every now and then cropping up, 
it may be convenient here to give some explana­
tion of the conditions required in such arrange­
ments. A differential transformer is provided for 
the output circuit, with one half of the primary 
winding connected to the anode of the valve and 
the other half to a resistance imitating the in­
ternal resistance of the valve (see fig. 8). But 
now, owing to the difference between the A. C. 
and D. C. resistances of a valve, we are faced with 
special difficulties, which are perhaps best illust­
rated by a numerical example. A small output 
valve with an A. C. resistance of 2 500 ohms may 
have a D. C. resistance of about 10 000 ohms. 
As the A. C. resistance is the one to be matched 
to get rid of the mains hum, the balancing re­
sistance R would consume four times as much 
"anode current" as the valve itself, while at the 
same time the transformer would be subjected 
to abnormal D. C. magnetization. If this is to 
be avoided by blocking the resistance R with a 
condenser, the capacity must be very large. Be­
sides this there is another great drawback, in that 
R will be included in the external circuit of the 
output valve and thus consume a great part of 
the output power. An improvement in this res­
pect would be to make the portion of the diffe­
rential transformer primary connected to R smal­
ler than that connected to the anode, and at the 
same time R correspondingly less, but this would 
on the other hand make things worse as regards 
the D. C. consumption and the magnitude of the 
blocking condenser. If, conversely, we try to 
improve the D. C. conditions, the output power 
will suffer accordingly. 

If we are dealing with a valve in an earlier 
stage the difficulties will be less, as the internal 

resistance of this valve will be much higher. In 
such a case an alternative method already sug­
gested is to employ another valve as a balance 
resistance, at the same time using it as a H. F. 
amplifier'J. The power-handling capacity of this 
valve must be large enough to allow superposition 
of the L. F. current on the H. F. current without 
any risk of detrimental reaction effect on the 
modulation. This method cannot, therefore, be 
used for balancing the last stage. By choosing 
the balancing valve of the same type as the bal­
anced L. F. valve, an additional advantage is 
gained in that the transformer is relieved of di­
rect current, which is not possible when using 
an ordinary resistance for balancing. The loss 
of output power in the balancing valve is, how­
ever, unavoidable. 

For the sake of completeness it may be pointed 
out that the modern pentodes are more suited 
for artificial balancing than triode valves. In 
contrast with the latter they (a) have a higher 
A. C. than D. C. resistance, so that the D. C. con­
sumption in the balancing resistance will be 
small, and (b) require an external load impe­
dance that is only a fraction of the internal re­
sistance, with the result that the greater part of 
the output power will be utilized in the output 
circuit. The auxiliary grid voltage should of 
course be well smoothed. As far as is known, no 
experiments have yet been made with pentodes 
in such circuits. It should be borne in mind, 
however, that the need of smoothing here is not 
quite as great as with triodes. A certain per­
missible ripple current in the output circuit cor­
responds to 3 or 4 times as great variations in the 
anode voltage witli a pentode as with a triode 
(provided here again that the auxiliary grid vol­
tage is smoothed). 

2. Grid-Anode Compensat ion. 

a) Compensation of anode current. Knowing 
how the compensation circuit shown in fig. 5 
works, it is not a big step to superpose in the 
grid and anode circuits of the valve an incoming 

8 German pa ten t 450 555. W. Halm. — British pa ten t 

313 229. .Y. V. Philips' Gloeilampenfabricken. — French 

pa ten t 573 434. ft. E. C. Desoiile. 
9 F rench pa ten t 564 508. Compagnic pour la Fabrication 

des Compteurs et Materiel d'Usines a Gaz. — French patent 

573 434. ft. E. C. Desoiile. — V. S. pa t en t s 1719 180 and 

1 7 2 0 914. ft. F. Miessner. Fig. 8. Artificially balanced amplifier c i rcui t . 
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Fig. 9. Grid-anode compensation with resistance voltage 
divider: adjustment on the grid side. 

signal E. M. F. and the corresponding outgoing 
current, in other words to utilize the valve as 
an amplifier as well. For this purpose the only 
change we have to do is to hreak the grid cir­
cuit and interpose a suitable coupling element 
for supplying the signal E. M. F., while in place 
of the apparatus A we insert the telephone recei­
ver, the loud speaker, or some other output cir­
cuit. Such circuit arrangements, with certain mi­
nor modifications, have been described in a 
number of Patent Specifications10. 

Unless the valve is intended to work as an 
anode-band rectifier, provision must be made to 
supply anode and grid D. C. voltages whose 
ratio is greater than that of the A. C. voltages, 
i .e . f*:l. The simplest method of doing this, 
though not perhaps suitable in practice, is to 
employ a supplementary grid battery in the same 
way as in fig. 5. A more economical alternative 
is offered by the arrangement, given in fig. 9, 
where all the currents and voltages necessary 
for operating the valve are taken from the mains 
via the voltage divider. For the grid there are 
two taps, one for the D. C. voltage via the re­
sistance R and one for the ripple voltage via the 
condenser C. If the resistance is made large in 
comparison with the condenser impedance, which 
involves no difficulty since no direct current has 
to pass through it, the ripple potential at the 
grid will be equal to that at the condenser tap. 
The setting for compensating the mains hum 

10 French patent 617 668. Compagnie Lorraine d'Electri-
cite. — U. S. patent 1 541 311. S. E. Anderson, Western 
Electric Co., Inc. — British patent 240 851. A'. G. Jonasson 
and E. G. Eriksson. — British patent 261 110. G. M. Wright. 
— British patent 305 940. British Thomson-Houston Co., 
Ltd. (E. W. Kellogg). — British patent 305 944. MarconVs 
Wireless Telegraph Co., Ltd. (W. van H. Roberts). 

can thus be found quite independently of the 
grid bias selected. The resistance R can of course 
be replaced by a large choke coil. The D. C. and 
ripple voltages can also be separated on the anode 
instead of the grid side (fig. 10), but this arrange­
ment is not quite so good on account of the 
loss of anode voltage in the high-impedance D. C. 
arm. 

Compensation in both cases occurs when 

r2 : r1 = u: 1 

In figs. 9 and 10 the neutral point of the fila­
ment is shown in a central position, but in actual 
practice it is generally asymmetrically situated. 
We will return later to this and other factors 
affecting the compensation. 

In multi-valve sets with transformer coupling 
the same idea may be applied to each separate 
valve stage, in which case the loud speaker will 
be replaced by the primary winding of the 
transformer in a preceding valve stage. In re­
sistance-coupled receivers the matter is quite dif­
ferent, as there the anode voltage and not the 
anode current has to be compensated. 

b) Compensation of anode voltage. If we 
imagine a resistance-coupled valve stage with 
compensated anode current, the A. C. potential 
drop across the anode resistance would vanish, 
and the anode would thus have the same ripple 
potential as the anode voltage terminal. This 
anode A. C. potential, which is applied to the grid 
of the following valve, would accordingly be lar­
ger than if the valve were not compensated. 
With resistance coupling one obviously ought in­
stead to increase the ripple current in the anode 
circuit in order to get so great a ripple potential 
drop along the resistance as to make the remain­
ing potential difference between anode and cath­
ode disappear, in just he same way as in the case 

Fig. 10. Grid-anode compensation with resistance voltage 
divider: adjustment on the anode side. 
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of fig. 6. The arrangement thus obtained11 is 
shown in fig. 11. For practical purposes complete 
mains supply may be obtained in the same way 
as in fig. 9. 

A method of coupling which has been common­
ly used, particularly for the last valve, is the 
choke-condenser coupling (fig. 12). If the im­
pedance of the choke is large compared to the 
reduced impedance of the valve and the loading 
circuit, the choke will act as an effective suppres­
sor of the mains hum as well. In other words, 
the anode current will be automatically smoothed 
and, if hum is to be completely eliminated, we 
have also to free the grid voltage from ripple, 
for which the simplest method is to use a re­
sistance-capacity smoothing circuit. R—C in fig. 
12. For the higher hum frequencies occurring with 
a generator-fed D. C. supply, this condition re­
garding the magnitude of the choke impedance 
will ordinarily be satisfied. But such is not the 
case with most rectifier mains, and still less 
where A. C. supply is used. The anode voltage 
variations due to pulsating grid voltage can then, 
however, be compensated in a relatively simple 
manner by means of a circuit R' — C', shown by 
the dotted lines in fig. 12. The condcncers C and 
C are assumed to have small impendances in 
comparison with the resistances R and R'. and 
further the choke resistance is neglected. If the 
ripple current in the voltage divider is denoted 
by / and that in the anode circuit by la the 
ripple voltages on anode and grid can be written 
respectively 

In addition we have 

Fig. 11. Grid-anode compensation with resistance voltage 
divider: resistance-capacity coupling. 
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Fig. 12. Grid-anode compensation with resistance voltage 
divider: choke-condenser coupling. 

whence, with the help of the two foregoing 
equations: 

c) Methods specially adapted for A. C. recei­
vers. All the methods so far described with 
grid-anode compensation have the characteristic 
point in common that they include a voltage di­
vider across the current supply as an element 
essential for the compensation. This voltage divi­
der is always required in D. C. receivers to serve 
as a series resistance for the valve filaments. But 
it is quite a different matter with A. C. sets. Here 
such a voltage divider would introduce an un­
necessary load on the rectifier valve, and if we try 
to avoid this difficulty we are faced with others. 
This is perhaps best illustrated by a concrete 
example. 

The arrangement shown in fig. 1312 is a direct 
application of the same method of compensation 
as is shown in figs. 5, 9, and 10. The valve fila­
ment is assumed to be fed witli alternating cur­
rent, and, for this to have no disturbing effect 
on the anode and grid circuits, the latter are 
connected to the neutral centre point of a po­
tentiometer P connected across the filament (for 
further details see under III : 4b). The positive 
arm of the voltage divider, r2. is blocked against 
direct current by the condenser C. The negative 
arm. rx, at the same time has to provide automa­
tic grid bias, and its size is therefore settled. For 
compensation we must make r.,=,ur1. The ca­
pacity C will then be fixed by the fact that the 
impedance corresponding to the fundamental fre­
quency of the voltage pulsations has to be small 

11 British patent 21)1110. G. M. Wright. 
12 U.S. patent 180fi813. B. F. Miessner. Radio Corpo­

ration of America. 
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Fig. 13. Grid-anode compensation with resistance voltage 
divider, the positive branch of which is blocked against 

direct current. 

compared with r2. On account of expense this 
condition cannot' be satisfied as exactly as 
it can be, for example, in the circuit shown 
in fig. 9. in the case of the condenser C 
in relation to the resistance R, but other­
wise there is no objection to the actual com­
pensation. A serious criticism can, however, be 
made against the performance of the valve as an 
amplifier. The by-pass condenser which, parti­
cularly in A. C. receivers, is necessary as a re­
turn path for the anode alternating current is or­
dinarily connected to the cathode, but has here 
to be connected right across the whole voltage 
divider (C„) in order not to upset the compensa­
tion. The result is that the anode alternating 
current will pass through the resistance rt, 
setting up an extra alternating potential on 
the grid of approximately opposite phase to the 
original one. In other words, a negative reaction, 
a decrease in amplification, is produced, and with 
normal values of fj this effect will be fairly con­
siderable. In a D. C. receiver the resistance r1 is 
only about a tenth as large, and hence this bad 
effect is negligible. 

From the point of view of compensation the 
only object of the voltage divider is to apply the 
ripple voltages to the anode and grid of the valve 
in opposite phases and in the ratio /t : 1. It need 
not, however, necessarily consist of purely ohmic 
resistances, but may just as well be made up of 
any other impedances, provided the two arms on 
either side of the cathode have the same phase 
angle. For this reason it is possible, in the circuit 
shown in fig. 13, to avoid the reaction effect 

13 I*. S. patent 1842 977. B. F. Miessner, Radio Corpo­
ration of America. 

while maintaining the compensation, by intro­
ducing, in shunt with the two arms of the voltage 
divider, two condensers Cy and C2 with a capa­
city ratio of a : 1. The condenser C2 may then suit­
ably replace C0 as return path for the anode alter­
nating current, but its size must be kept down 
as low as permissible, so as not to make Ct ex­
cessively large. Although, if an electrolytic con­
denser were used, its size would be of less im­
portance, it is not quite certain that svich con­
densers are as constant as is necessary for com­
pensation purposes. 

Another attempt to obtain grid-anode compen­
sation in A. C. receivers is represented by the 
arrangement1 3 , shown in fig. 14. Here a special 
transformer T has been employed to produce a 
compensating ripple potential on the grid. On 
the simplifying assumption that the impedances 
of the transformer windings are large compared 
to the impedances of C± and r, the following 
ratio of turns is required for compensation: 

With the same number of turns in both wind­
ings, the transformer would only act as a choke in 
series with the resistance r, so that the conden­
sers Cj and C2 would form a capacity voltage divi­
der across the D. C. supply. Since the capacity of 
the condenser C2 should amount to one or more 
,«F, as it forms the return path for the anode 
alternating current, it is possible, by a suitable 
step-up ratio (Nt > A7,), to gain the advantage 
that C, need not be made excessively large. In 
return, the need for a special transformer is a 
serious drawback in this circuit. 

I: 4 1 4 0 

Fig. 14. Grid-anode compensation with auxiliary 
transformer. 
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Fig. 15. Grid-anode compensation with non-uniform voltage 
divider (C, r) and phase shifting (by means of K, R). 

A simpler solution is provided by the arrange­
ment shown in fig. 1514. In this circuit there is 
actually nothing to indicate compensation, for it 
contains nothing but the ordinary parts of an 
A. C. receiver. It is, however, the values of these 
that is decisive. The condenser A and the resist­
ance R do not serve here, as they generally do, 
to smooth the grid bias, but to apply a compen­
sating ripple voltage to the grid. If this circuit 
is compared with that given in fig. 13 we may 
explain its effect by saying that no attempt has 
been made here to obtain equality of phase be­
tween the two impedance arms of the voltage 
divider on each side of the cathode; instead, a 
phase shift of 90° has been produced in the ripple 
voltage taken out from the resistance r; this vol­
tage in its turn being shifted 90° in phase from 
that across the condenser C. In this way the de­
sired phase difference of 180° is obtained between 
the grid and anode voltages. 

When the valve is compensated the whole 
ripple current / passes through the condenser C 
and the resistance arms r and R in parallel. The 
latter resistance, R, is assumed to be great com­
pared with the impedance of the condenser A. 
The ripple voltages at the anode and grid respec­
tively will then be: 

For compensation it is recptired that 
which gives: 

If the capacity A' is varied while other quanti­
ties are kept constant, the resulting ripple E. M. F. 

in the anode circuit, Ea, will be as shown by the 
curve in fig. 16. At high values of K, the grid 
voltage is smoothed, and the said E. M. F. will 
then consist only of the ripple voltage across the 
condenser C. As the capacity A' is reduced, the 
grid and anode ripple voltages partially neutralize 
each other, until complete compensation takes 
place at the value K0. At lower values of A the 
grid ripple voltage prevails, rising very rapidly. 

Fig. IB. Effect of variation of capacity A'on residual 
ripple voltage in the anode circuit of tig. IB. 

In order not to have the capacity A unneces­
sarily large, the resistance R should be made re­
latively large, r being then negligible in compa­
rison, so that approximately KR = uCr. In prac­
tice the accuracy of the compensation will depend 
on the degree, to which 

where m„ = 2 . i x the lowest disturbing ripple fre­
quency. If this relation is combined with the 
condition for compensation, it may also be ex­
pressed as follows: 

All three quantities on the right-hand side may 
be regarded as given. As an example we may 
choose the following typical values: w0=2n- 100 
rad./sec, // = 10, and r = 1 0 0 0 ohms, which give 
C > 0,16 /«F. With the capacity value required 
for the return path of the anode alternating cur­
rent, i. e. 2 to 4 ,«F, the compensation will thus 
be very marked. It is to be observed that if the 
above condition for the impedance of the con­
denser is satisfied for the fundamental frequency 
of the voltage pulsations, it will be even better 
so for the harmonics. 

To a certain extent the compensation can be 
sharpened by making the resistance r larger than 
is necessary for the grid bias, which in that case 
should be taken out across only a portion of the 

14 British patent 3.19 851. Telefon A.-B. L. M. Ericsson 
(E. O. Lofyren). 

179 



I! 4 1 4 3 

l"ig. 17. Compensation as in fig. IS applied to the last valve of a resistance-capacity coupled receiver. 

resistance. At the same time a higher D. C. 
voltage will he required from the anode current 
supply on account of the voltage drop. If for some 
reason very sharp compensation is desired, there 
are better methods. The simplest way is to intro­
duce in series with the condenser C a correction 
resistance, the size of wich is given by the follow­
ing expression: 

Since the frequency enters into the formula, 
this method will only be suitable when there is a 
dominant pulsation frequency, as, for instance, 
the fundamental frequency from a rectifier. An 
even better, but at the same time more expensive, 
method of obtaining a phase correction in the 
compensation is to insert in parallel with the 
condenser C a resistance of the value fir, which, 
with regard to the direct current, should be con­
nected in series with a condenser of about the 
same capacity as C. When deciding whether such 
sharp compensation is advantageous economic­
ally, one should not overlook that either there 
must be some possibility of adjustment or else 
very strict demands must be made on the con­
stancy of the quantities involved. 

An attempt to make this compensation arrange­
ment even simpler is illustrated in fig. 17. In 
a resistance-coupled three-valve receiver the an­
ode and grid voltages of the first two valves are 
smoothed by resistance-capacity filters, and there 
is a similar filter for the total anode current. But 
this will not be enough for the last valve if rea­
sonable values of resistance and capacity are 
used, and to reduce the A. C. component through 

15 Svenska Radio A.-B. 1929. 
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the loud speaker S, the last valve is therefore com­
pensated by making the grid condenser and grid 
leak take the functions of the coupling elements 
K and R in fig. 15 respectively. Complete com­
pensation cannot of course be obtained in this 
way, as the internal resistance of the preceding 
valve is in series with the grid condenser K, but 
this will only be noticeable at high frequencies, 
and these not only have lower amplitudes but are 
also more effectively attenuated by the resistance-
capacity filter. When a higher degree of hum 
elimination is aimed at, it is advisable to substi­
tute the resistance R with a small choke. In one 
commercial design13 the total capacity of all the 
condensers in the receiver amounted to only 
3,6 uF. 

The phase shift of 90° in the A. C. voltage 
taken out from the resistance r can also be ob­
tained by a combination of an inductance coil 
and a resistance, as in fig. 18. The condition for 
compensation will then be: 

Fig. IS. Modification of the compensation 
method shown in fig. 15. 
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This circuit also can, in combination with a 
preceding valve, be made so that the components 
serve other purposes at the same time, namely 
by using the inductance coil as a grid choke, as 
in fig. 19. The resistance R here consists of the 
internal resistance of the preceding valve con­
nected in parallel with its external anode re­
sistance. In relation to this the coupling conden­
ser K should be of low impedance. 

Disturbing factors are the resistance and self-
capacity of the coil. On this account the com­
pensation obtained will not be as good as in the 
circuit given in fig. 15. 

A grid-anode compensation of a very special 
kind is shown in fig. 20. This is an A. C. re­
ceiver where the anode voltage variations in the 
last valve are compensated, or rather reduced, 
by means of the filament A. C. voltage. The com­
pensating A. C. grid voltage is obtained by dis­
placing the tap on the potentiometer for the grid 
and anode circuits from its neutral centre point. 
For compensation to be possible the anode voltage 
rectifier must be of the half-wave type; the fun­
damental frequency of the voltage pulsations will 
then be equal to that of the A. C. supply. The 
phase conditions are rather troublesome. Already 
the A. C. voltage across the reservoir condenser Ct 

following the rectifier lags slightly behind the 
A. C. voltage in phase, and the phase difference 
is still bigger after the filter R — C2. To make 
the best of the situation a resistance instead of 
a choke has been chosen for the series imped­
ance in the filter. Obviously no very great 
freedom from mains hum can be obtained with 
such an arrangement, but the commercial recei­
ver16 in which it was embodied was designed 
mainly with an eye to low cost. It does not seem 
impossible, however, to develop this method of 
compensation. 

Fig. 19. The compensation method of lig. 18 used in con­
junction with resistance-capacity coupling. 

LSI 

Fig. 20. Compensation of anode voltage variations by means 
of a filament voltage potentiometer (P). 

d) Compensation with multi-grid valves. Most 
of the above remarks concerning compensation 
with triode valves can with little modification, de­
pending on the number of electrodes, be applied 
to valves with two or more grids. For small 
changes of voltage, the resulting control A. C. 
voltage Vs in the anode circuit can, in terms of 
the anode and grid A. C. voltages Va and Vgl, 
Vg.,, etc. respectively, be written in the simple 
form 

where the coefficients fix, /u2, etc. are the ampli­
fication factors corresponding to the grids. For 
compensation we have as usual to make Vs=0, 
which can here be done in various ways. Theo­
retically we can give all the A. C. voltages on the 
right-hand side in the above equation arbitrary 
values except one, which will then be determined 
by the condition for compensation. We can, 
for instance, in valves with two grids allow the 
anode and the auxiliary grid to retain their "na­
tural" ripple voltages, and obtain the compensa­
tion by means of the control grid. It is also 
possible to let the control and auxiliary grids 
interchange their functions as regards compensa­
tion, or we may compensate on the anode side. 
Finally, we should also consider the possibility 
of smoothing the voltage for one of the three 
electrodes: the grid, auxiliary grid, or anode 
voltage, in that order from the point of view of 
expediency. This alternative is of great import­
ance in cases where phase conditions are trouble­
some. 

e) The effect of the input impedance. Among 
the various factors which may disturb the com-

10 Manufactured by Telefunken Gesellschaft fitr drahllose 
Telegraphie. m. b. H. 
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pensation we must first consider the impedance 
of the input circuit. Only if this is small com­
pared with the grid impedance of the valve, the 
actual ripple potential at the grid will he equal 
to that at the grid voltage tap. A particularly 
favourable case is when the valve acts as an 
anode-bend rectifier with only a high-frequency 
coil in the path of the ripple current. Under 
all other conditions it will be necessary to give 
a certain amount of attention to the input circuit 
impedance. 

It is fortunate that the grid impedance rises 
with decreasing frequency, for in A. C. receivers 
and where D. C. sets are connected to rectifier-
fed mains, the strongest ripple voltages occur at 
low frequencies. The comparatively high ripple 
frequencies, up to several thousand cycles per 
second, occurring in generator-fed D. C. mains, 
become rather noticeable if an input circuit with 
too large impedance, e. g. a gramophone pick­
up with an extremely large number of turns in 
the coil, is connected to a receiver with high 
amplification. But even for receivers with heavy 
smoothing such circuits are best avoided, as they 
are apt to pick up hum capacitatively from the 
mains. When necessary, a certain correction for 
high ripple frequencies may be made in D. C. 
receivers by introducing a condenser of very small 
capacity between the grid and a suitable point 
on the voltage divider. 

3. B r i d g e M e t h o d s for C o m p e n s a t i o n . 

A special class of compensation circuits is 
based on the bridge principle. The discharge 
path of the valve will then form one arm of a 
bridge, one diagonal being the pulsating D. C. 
source, the second the loud speaker or other 
corresponding output circuit. The grid voltage is 
normally assumed to be smoothed, but even if 
it is not, compensation is possible under certain 
conditions. 

Fig. 21 shows a compensation arrangement1 7 

based on the simple Wheatstone bridge. This, of 
course, is chiefly suitable for D. C. receivers and 
then only for valves with low anode current. 
With an output valve the resistance r would either 
be so small as to considerably reduce the ampli-

17 Swedish patent 65 981. A. F. X. Lindsjo. 
18 British patent 304 :S09. Haze/line Corporation (H. A. 

Wheeler). 

Fig. 21. Compensation by means of Wheatstone bridge. 

fication, or else the voltage drop in it would be 
too great. 

The same disadvantages are inherent in the 
circuit shown in fig. 22, which is based on Wien's 
bridge. It has, however, certain features of value 
in A. C. receivers. More favourable properties 
are possessed by the circuit given in fig. 23, 
embodying the Maxwell-Hay bridge principle13 . 
If the effective resistance of the choke coil is 
neglected, the condition for compensation will be 

independently of the ripple frequency (the same, 
of course, applies also to the two previous bridge 
circuits). Besides this the circuit of fig. 23 satis­
fies in a convenient way the demands that may 
be made on a compensation circuit for A. C. re­
ceivers: small losses in anode voltage, low return 
impedance for the anode alternating current (via 
condenser C), few additional parts. As a matter 
of fact the resistance R is the only part that has 
been added for the compensation. If this is re­
moved we come back to the well-known parallel-
fed loud-speaker output circuit. Sometimes it 
may also be an advantage to have no D. C. load 
on the loud speaker. The parts K and R' in figs. 
22 and 23 only serve to smooth the grid bias 

Fig. 22. Compensation by means of Wien's bridge. 
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Fig. 23. Compensation by means of Maxwell-Hay's bridge 
method. 

voltage obtained through the voltage drop in the 
resistance r. 

Compared with grid-anode compensation me­
thods, the bridge circuits have few special ad­
vantages, rather the reverse. The compensation 
is here dependent on the valve resistance, which 
is not as constant as the amplification factor, 
either during the working life of the valve or in 
the course of one oscillation when the amplitude 
of the A. C. voltage is large. 

4. T h e Effect of Variations in the F i lament 
Current. 

The foregoing is based on the tacit assumption 
that we can speak of a well-defined ripple poten­
tial on the cathode relative to anode and grid. 
It will be seen immediately that this is true where 
indirectly heated valves are concerned. Even 
with direct heating by a separate filament battery, 
conditions will be almost as simple, as the po­
tential differences between various points on the 
filament caused by the variation in the anode 
current will be negligibly small. But in directly 
heated valves fed from D. C. mains with pulsating 
voltage, or from a pure A. C. supply, a definition 
of the cathode ripple potential will meet with diffi­
culties. The various points on the filament will 
then have varying potentials relative to one ano­
ther, and the question is whether it is possible 
to find on the filament, or on a voltage divider 
connected in parallel with it, any neutral point 
which corresponds as far as the A. C. potential 
is concerned to the cathode of an indirectly 
heated valve. 

a) D. C. feed. Conditions are quite different 
with D. C. and A. C. feeds, and we will therefore 

consider the two cases separately. A theoretical 
investigation of a filament fed by pulsating direct 
current, indicates that if the wire were perfectly 
symmetrical and the emission of electrons varied 
linearly with the control voltage (straight-line 
characteristic), there would be a neutral point at 
the centre of the filament (cf. fig. 9). If the 
curvature of the characteristic is taken into ac­
count, we find that the position of the neutral 
point is displaced towards the negative side. If 
the control D. C, voltage is gradually reduced, the 
curvature of the characteristic becomes more pro­
nounced, and the neutral point approaches to­
wards the negative end of the filament. 

Apart from their influence on anode and grid 
A. C. voltages, the variations in the filament cur­
rent have also another effect of some importance 
in compensated D. C. receivers. A change in the 
filament current means a change in the power 
supplied for heating the filament, and therefore 
also a change in the temperature of the filament. 
This last, however, will show a certain slowness 
on account of the thermal capacity of the fila­
ment. This is manifested by the fact that the 
temperature variations lag behind the filament 
current variations in phase. With the hum fre­
quencies that occur in practice the phase differ­
ence is very nearly 90°. In phase with the tem­
perature variations, and proportional to them, 
corresponding variations arise in the anode cur­
rent. Their effect may therefore be represented 
by an alternating E. M. F. Et in the anode cir­
cuit which, regarded as a vector, bears the follow­
ing relation to the vector Vf of the ripple voltage 
across the filament: 

where © is a constant, characteristic of the 
valve*). This E. M. F. is not considered in com­
pensation methods of the usual kind, and it is 
too small to produce audible hum where only a 
single valve stage is concerned. If there is further 
amplification after the valve in question, it may 
become noticeable, but in that case it is possible 
to introduce a small correcting component in the 
compensation voltage. 

The principle of such a method of compensat­
ing for the effect of the temperature variations 

*) A full treatment of this subject will be given in a 
later paper. 
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Fig. 24. Arrangement for investigation of the effect of 
filament voltage variations. 

is shown in fig. 24. The idea of this circuit, 
which has been used to measure the magnitude 
of the E. M. F. Et, is to apply to the grid an 
alternating E. M. F. of the same character as Et 
hut opposite in phase. The filament alone is fed 
with pulsating direct current; the grid and anode 
voltages are supplied by the batteries B1 and B2 

respectively. The neutral point is tapped on a 
resistance r connected across the filament. Its 
distance from the negative end is called x. The 
anode circuit is connected direct to the neutral 
point, but the grid has two leads, one connected 
to the neutral point through a condenser C, and 
the other to one end of the filament through a 
high resistance ft. The object of this disposition 
is to produce across the condenser a small A. C. 
voltage having a phase difference of 90° from 
the filament A. C. voltage, and being inversely 
proportional to the frequency, in exact similarity 
to E,. To make the grid A. C. voltage opposite 
in phase to Et, the resistance ft must be connect­
ed to the negative branch of the filament circuit. 
We then obtain, if ft is large compared to the 
impedance of the condenser C, 

By varying the capacity C and listening in head­
phones connected via an amplifier to the re­
sistance rx in the anode circuit of the valve, a 
distinct compensation point is found. This oc­
curs when 

which gives the following value for the constant 

*) Cf. also fig. 2fi. 
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Fig. 25. Correction for filament current variations in the 
circuit of (ig. !). 

At one measurement (Philips' A 425) /< was 
23, ft=ll()000 ohms, r = 64 ohms, x = 17 ohms 
(the neutral point being thus widely displaced 
from the centre) and C = 0,36 tuF. This gives 
( 9 ^ 1 5 0 . The value of the capacity remained 
unchanged at a frequency even as low as 50 
cycles per second, which shows that the thermal 
slowness of the filament still prevails there. 
To illustrate the practical importance of varia­
tions in the filament current the following nu­
merical example may be given: With the above 
valve a superimposed A. C. voltage of 1 per cent 
at 300 cycles per second would produce a disturb­
ing E. M. E. Et in the anode circuit of about 3 
mV. For valves with larger filament current and 
lower filament voltage the constant 0 is only 
a fraction of the value mentioned above. 

The method of compensating for filament 
temperature variations shown in fig. 24 may at 
will be applied at the same time as the usual grid-
anode compensation. An instance of this is given 
in fig. 25*), where the circuit of fig. 9 is supple­
mented by a condenser C' and a resistance ft', 
which have the same functions as C and ft in 
fig. 24. For compensation it is required that 

where iy is the resistance of the filament. 

As is seen here, the effects of these tempera­
ture variations are comparatively slight and do 
not by themselves justify the high degree of 
filtration used in D. C. receivers. The main ob­
ject of smoothing the filament current actually 
is to reduce the ripple voltages impressed in the 
anode and grid circuits on account of these being 
connected with either end of the filament in-
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stead of with the neutral point. The filament 
current in many cases would hardly need to be 
smoothed if these circuits were connected to taps 
at the neutral points on potentiometers across the 
filaments of the various valves, but such an ar­
rangement would hardly be feasible in commer­
cial receivers on account of the number of ad­
justments it would necessitate. In certain com­
pensated receivers, however, these circumstances 
are of great advantage. 

b) A. C. feed. When pure alternating cur­
rent is used for the filament current feed, the 
temperature variations occurring in the filament 
will naturally be considerably larger, though not 
prohibitive. It is desirable to have a filament 
with high thermal capacity, and this has led 
to the production of special types of valves with 
low filament voltage and high filament current. 
These, however, have recently been largely su­
perseded by the indirectly heated valves, and it is 
now only in the output stage that direct-heated 
valves are employed in A. C. receivers. 

It is most important that the high A. C. voltage 
across the filament should be prevented from 
getting into the grid or anode circuits, and this 
is done by tapping a neutral point on a potentio­
meter connected across the filament19 (see fig. 
13). The position of this tap is generally very 
close to the centre, as is to be expected in consi­
deration of the fact that, apart from slight ir­
regularities in the structure of the valve, there 
is complete symmetry between the two filament 
current branches. In this way it is possible 
completely to eliminate anode current ripple of 
the same frequency as the filament current. 
Most of the remaining ripple is of double the 
frequency. This is due partly to the temperature 
variations of the filament and partly to the fact 
that the anode current, owing to the curvature of 
the valve characteristic, in the course of one half-
cycle of the filament voltage increases more in 
one half of the filament than it decreases in the 
other half. Of the two corresponding E. M. F.s in 
the anode circuit, the former lags very nearly 90° 
behind the filament power curve, while the latter 
is in phase with it. 

In order to compensate the alternating E. M. F . 
produced in the anode circuit by the filament 
current, an A. C. supply of twice the frequency 
of the filament current must be available. This 

is found in the rectifier for the anode current, 
provided this works with full-wave rectification. 
The problem will be first and foremost how to 
bring the anode A. C. voltage into exactly opposite 
phase to the resulting E. M. F. from the filament, 
and then how to adjust its size correctly. This 
method of achieving compensation first appeared 
in connexion with transmitters, where it was pos­
sible to resort to the very simple method of feed­
ing the oscillator filament and the anode current 
rectifier from separate A. C. generators of the 
same frequency and with their shafts mecha­
nically coupled-11. The required phase shift could 
be obtained by adjustment of the shaft coupling. 
The anode A. C. voltage could be adjusted, for 
example, by properly choosing the capacity of 
the reservoir condenser following the rectifier. In 
a mains-operated receiver the phase shift of the 
anode A. C. voltage will naturally be rather diffi­
cult to vary. In that case one cannot, as in D. C. 
receivers, expect any very exact compensation. 
Both the anode A. C. voltage and the E. M. F. 
originating from the filament contain a series of 
harmonics, and these can hardly be made to com­
pensate each other at the same time as the fun­
damental frequency. 

IV. JOINT COMPENSATION 
OF SEVERAL VALVE STAGES. 

In receivers with several valve stages it might 
be possible, as mentioned above, to compensate 
each stage separately, but this method is of hard­
ly more than theoretical interest, as in practice 
it would be too inconvenient. It is therefore 
usual in multi-valve receivers to apply compen­
sation only in that valve stage, generally the 
last, where filtration is most expensive, but 
otherwise to provide the apparatus with smooth­
ing equipment. There is, however, another al­
ternative, which may be very economical, name­
ly, to design the receiver in such a way that 
a single adjustment is enough to compensate all 
the valves in common. 

This method of compensation has been used 
chiefly in D. C. receivers. In A. C. receivers it 

10 F rench patent 575 508. R. Deprkster. — Cf. British 

pa tent 218 681. British Thomson-Houston Co.. Ltd. 

•« Bri t ish patent !>2<i 555. Telefunken Gesellschaft fur 

drahtlose Telegraphic m. h. H. 
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has only been suggested for reducing the hum 
caused by the A. C. feed to the valve filaments21. 

If we regard the hum current in the loud­
speaker circuit as made up of components from 
all the different ripple voltages impressed on the 
various electrodes of the valves, it seems at least 
theoretically possible to adjust but one of these 
voltage components so that it neutralizes all the 
others. To keep this compensation voltage cor­
rect both in size and phase over the whole range 
of ripple frequencies without complicating the 
apparatus too much, the best plan is to main­
tain as far as possible, all the ripple voltages 
in the receiver in the same or directly opposite 
phases. In D. C. receivers with a voltage divider 
this condition is accurately satisfied with regard 
to the ripple voltages tapped on the voltage di­
vider. But this alone is not sufficient, for the 
ripple voltage components transferred to the grid 
of the last valve are also dependent on the pro­
perties of the intervalve coupling units. Another 
essential condition is accordingly that the coup­
ling units must not introduce amplitude variations 
or phase shift within the range of the ripple fre­
quencies. For this reason resistance-coupled re­
ceivers are generally best suited for compensating 
in this way. Quite fair compensation can often 
be obtained with transformer coupling, but for 
the same amplification the remaining hum will 
be more prominent. Experience has shown that 
in a resistance-coupled three-valve receiver it is 
possible to compensate mains h u m more com­
pletely than in a transformer-coupled two-valve 
apparatus. 

The factors which determine the correctness of 
amplitude and phase in a resistance coupling are, 
firstly the coupling capacities and grid leak re­
sistances, secondly the stray capacities of the 
valve electrodes and connected leads. The for­
mer quantities only affect the lowest part of the 
frequency range, the latter only the highest. In 
D. C. receivers for generator-fed mains the coup­
ling capacities and grid leak resistances may be 
of the usual sizes, but with rectifier-fed mains and 
in A. C. receivers they will have to be made larger. 

21 British patent 299 089. Gramophone Co., Utl., and 
B. E. G. Mitten. — British patent 299 908. De W. C. Tanner. 
~ V. S. patent 1790 874. B. F. Miessner. Radio Corpo­
ration of America. 

22 British patent 318 922. Telefon A.-ll. L. M. Ericsson 
(E. 0. Lofgren). 

As far as stray capacities are concerned, there are 
hardly any other precautions at one's disposal, 
provided the wiring is properly done, than to 
avoid the excessively high anode resistances that 
are sometimes favoured. 

1. Spec ia l C o m p e n s a t i o n E l e c t r o d e . 

Perhaps the most natural way of compensating 
a multi-valve set as a whole is to impress, by 
means of a circuit arrangement of the same kind 
as those used at the grid in fig. 9 or the anode in 
fig. 10, a ripple voltage on one of the valve elec­
trodes direct from the voltage divider, independ­
ent of the D. C. voltage, and otherwise to dis­
pose the feeders in whatever way suits the D. C. 
voltages best22. 

Two instances of this principle are given in figs. 
26 and 27. The first shows a two-valve ampli­
fier, where a voltage divider serves the double 
purpose of supplying the anode and grid voltages 
and of acting as a series resistance to the valve 
filaments. The taps of the voltage divider are 
so arranged that the last valve utilizes the full 
mains voltage. The compensation is applied on 
the grid of the first valve, the biassing voltage 
of which is taken through the resistance R1 from 
the point 2, while the ripple voltage is obtained 
through the condenser CL from a variable tap x. 

The simplest way of explaining how this cir­
cuit works is to start with the second valve. For 
this to be compensated, its grid must be given 
a ripple voltage l/,«2 times that of the anode, 
measuring both from the neutral point of the fi­
lament, but exactly opposite in phase (/<2 = is the 
amplification factor of the second valve). Al­
though the ripple voltage at the point 0 is of the 
right phase, it will have very little influence on 
the resulting grid A. C. voltage, as the grid re-

Fig. 26. Resistance-coupled two-valve amplifier for I). O 
mains, with compensation on the grid of the first valve' 
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sistance R2 is large compared with the internal re­
sistance of the first valve. Even if the grid were 
connected direct to the voltage divider instead 
of to the anode of the first valve, it would be 
impossible to find a point on the voltage divider 
with the ripple potential required for compensa­
tion. We might, however, imagine a position 
of the connecting point on a fictitious extension 
of the voltage divider on its negative side, ap­
proximately as far from the point 0 as point 1 
is on the positive side. The reason for this was 
given previously in reference to figs. 5 and 9. 
As in reality, however, the ripple potential for 
the grid of valve V2 is taken from the anode of 
valve Vt, it can be varied over a very wide range 
by adjusting the tap x. If this is placed on the 

Fig. 27. Resis tance-coupled three-valve amplif ier w i t h compensa t ion in the anode circui t of the first valve. 

An interesting feature of the compensation cir­
cuit in fig. 26 is the possibility of making a cor­
rection for the filament current variations solely 
by properly choosing the values of Rt and Cj. 

Another application, in some respects different, 
of the same compensation principle is illustrated 
in fig. 27. This is a three-valve amplifier, which 
is shown here chiefly to make it clear that com­
pensation need not necessarily be dependent on 
the voltage divider serving as series resistance 
for the filament current and simultaneously of­
fering a convenient means of tapping the required 
compensation voltage. Here the compensation is 
applied to the anode of the first valve, which gets 
its ripple voltage from a voltage divider formed 
by the resistance R in the anode circuit and the 

positive side of the cathode of valve \\, the ripple 
current in the anode circuit will be increased, and 
thus also the potential drop in the resistance r. 
The anode current of valve V2 will be compen­
sated when the ripple potential drop in the re­
sistance r becomes so great as not only to cover 
the whole ripple voltage across the voltage di­
vider, but to exceed it by as much as corresponds 
to the above imaginary extension of the voltage 
divider on its negative side. 

In a multi-valve receiver of this kind the com­
pensation can theoretically be applied to any of 
the valve electrodes. In practice, however, the 
choice is limited. In the circuit shown in fig. 26, 
the only suitable electrode is the grid of the first 
valve. For compensation to be possible by means 
of the anode voltage of either valve, the voltage 
divider would have to be tapped far out along 
an extension on the negative side of 0. The grid 
tap of the second valve cannot be used because 
the resistance R2 is too large. 

variable resistance r in series with the blocking 
condenser K. The tap on this voltage divider 
being on the positive side of the valve cathodes, 
and the ripple voltage at the anode being a frac­
tion of that at the tap, the effect in respect of 
the grid of the second valve will be the same as 
in the circuit in fig. 26. 

A simple transformer-coupled receiver23 is 
shown in fig. 28, where the compensation is ap­
plied to the grid of the first valve by means of 
the variable tap x. A remarkable feature in this 
circuit is that no arrangements need be made to 
separate the D. C. and ripple voltages of the 
compensation electrode. This may be understood 
from the following. The first valve is an anode-
bend rectifier and the grid bias will, therefore, 
be correct as long as the point x is not too far 
from the position where the valve is compensated. 

"» British pa t en t 309 902. Telefon A.-B. L. M. Ericsson 

(E. 0. Ldfgren). 
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Fig. 28. Transformer-coupled two-valve receiver, with 
compensation on the grid of the first valve. 

Actually, this is also the case. The ohject 
is here certainly not to compensate the first valve 
by itself, but to impress on the second valve 
through the transformer a ripple voltage which 
will so supplement the voltage from the resistance 
0—1 that the resulting ripple voltage on the grid 
will be that required for compensation. On ac­
count of the step-up transformer, however, a re­
latively small primary voltage will be needed, 
which means that the first valve will not be far 
from compensation. 

To give the ripple voltage induced in the se­
condary winding approximately the right phase, 
the impedance of the pr imary winding must be 
large in comparison wTith the internal resistance 
of the detector valve, which is also a condition 
for high-quality reproduction. Partly for this 
reason and partly in view of the reaction, it 
is desirable to get x displaced a little on the posi­
tive side of the compensation point of the valve 
itself. The rectification admits of some latitude in 
this respect. To get x on the positive side of the 
compensation point, the primary winding of the 
transformer has to be connected the right way. 
If required, it is possible to make x fall more 
towards the positive side, namely, by introduc­
ing between the anode and the positive end of 
the voltage divider a large resistance R. If this 
is made as large as several hundred thousand 
ohms, it will have very little influence on either 
the D. C. conditions or the amplification, but 
will affect the compensation position of x con­
siderably.24 

If owing to unfavourable properties of the 
transformer, compensation should not be quite 

24 British patent 343 869. Telefon A.-B. L. M. Ericsson 
(E. O. Lofgren). Used by Svenska Radio A.-B. 

satisfactory, there are nevertheless certain me­
thods of obviating this deficiency. No general 
rules can be given, as transformers of different 
makes may vary widely. Each will have to be 
tried out separately. It has often proved effective 
to connect the by-pass condenser Ct with some 
other point on the voltage divider than point .'). 
Or it may be advantageous to insert a very small 
condenser between the grid of the second valve 
and a suitable point on the voltage divider. An­
other important factor is the point to which the 
iron-core of the transformer is connected. Fi­
nally, the hum may be considerably reduced by 
shunting a large resistance across the secondary 
winding of the transformer, though this will also 
affect the amplification. 

2. Compensat ion by Cathode 
Displacement . 

We now come to an interesting type of resist­
ance-coupled multi-valve receivers, where, in 
contrast with those having a special compensa­
tion electrode, no special components are re­
quired solely for compensation. This is accomp­
lished entirely by adjusting the various taps on 
the voltage divider, but in this case it is nol only 
the anode and grid taps that are displaced but 
also the cathode taps. This method2 3 is best 
suited for D. C. receivers, rendering their design 
extremely simple. 

A two-valve amplifier on this principle is 
shown in fig. 29. A characteristic feature of this 
circuit is that the grid and filament connecting 
points of the two valves (x, 1, 2, and 3, i, 5, 
respectively) are not placed in immediate suc­
cession, as is usually the case, but part of the 
voltage divider is interposed between them. The 
reason for this may be explained as follows. 

Fig. 29. Resistance-coupled two-valve amplifier, with com­
pensation by cathode displacement. 
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Fig. 30. Resis tance-coupled three-valve receiver, wi th compensa t ion by ca thode d isp lacement . 

We assume that the taps for the valve \\ 
are first placed on the voltage divider so that 
the cathode is as far towards the negative end 
as possible, with due allowance for the grid bias 
potentiometer, and that further the anode voltage 
is properly chosen. It will then be possible to 
find a point P on the voltage divider with the 
same ripple potential as the anode of valve V1. 
This point may be referred to as the anode point 
of valve Vv The connecting of a following valve 
will slightly alter its position, on account of 
the grid leak, but this does not affect the argu­
ment. It is now evident that with regard to the 
ripple current the valve V2 will behave exactly as 
if its grid were connected to the anode point P 
on the voltage divider. It will, therefore, be com­
pensated if its grid and filament taps on the 
voltage divider are located in such positions that 
the ratio of the resistance between the anode 
voltage tap 7 and the neutral point of the fila­
ment to that between the neutral point and the 
anode point P is equal to the amplification factor 
of the valve. 

This disposition of the relative positions of the 
two valves on the voltage divider must of course 
be embodied in the design of the receiver. In a 
commercial set the connexions to the voltage di­
vider must all be fixed, except one. Individual 
differences may occur in manufacture, both in 
the valves and in the other components. It must 
be possible to correct for these in the finished 
set, and for this reason one of the taps on the 
voltage divider is made adjustable. In practice 
the grid tap x of the first valve is usually the 
most suitable. If this is displaced sligthly to­
wards the positive end, the anode point P will 
move rapidly towards the negative end. and vice 

versa. The grid bias of the first valve will, of 
course, also change at the same time as the ripple 
voltage, but if the receiver is properly designed 
the variations will keep within fairly small and 
quite permissible limits. 

A practical disadvantage of the circuit shown 
in fig. 29 is that it does not take full advantage 
of the mains voltage, as only part of this is used 
for the anode voltage of each valve. With only 
two valves this is unavoidable, but with three we 
have more liberty in choosing the anode voltages, 
as will be seen from fig. 30. This shows a rather 
popular Swedish three-valve receiver25. The circuit 
diagram is obtained in the following way. The 
grid and filament taps of the last valve are first 
fixed nearest to the negative end of the voltage 
divider, and its anode circuit is connected to the 
positive end. It will thus utilize the full voltage 
of the mains. Immediately after the grid and fil­
ament taps of the last valve follow those of the 
first, for which a suitable anode voltage, not too 
high, is chosen. Between the first and second 
valves is interposed part of the voltage divider in 
the same way as in fig. 29, and finally the anode 
circuit of the second valve is connected directly 
to the positive end of the voltage divider. As­
suming the connecting points 5, G and 7 of the 
second valve to be movable, compensation will 
be obtained in one distinct position. 

With reference to the compensation circuits 
described above, the working of the apparatus 
in fig. 30 may be explained by saying that the 
first two valves function in relation to each 
other in much the same way as the two-valve 
circuit of fig. 29. while the second and third are 

25 Manufactured (wi th slightly modified circui ts) by 

Snenska Radio A.-B. 
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together analogous to the two valves of fig. 26. 
To produce a compensating ripple potential on 
the grid of the last valve, we must increase the 
ripple current in the anode circuit of valve V2 

to such a value that the ripple potential drop 
in the anode resistance r., somewhat exceeds that 
in the whole voltage divider. This presumes that 
the grid of valve V2 is given a ripple potential of 
the same phase as the anode circuit, which is 
done by connecting taps 5, 6, and 7 to the voltage 
divider on the negative side of the anode point 
of valve \\. In consequence of the high ampli­
fication in valve V2, the distance between its fila­
ment taps and the anode point of valve \\ will be 
fairly small, and as further this last point lies 
somewhere between points 4 and 8, though nearer 
the latter, it will be essential in this circuit for 
the second valve to be located on the positive 
side of the first one. Otherwise we are fully 
at liberty to place the valves how we like. The 
important point is, of course, that the full mains 
voltage can be used for the last valve. Apart 
from the economic aspects, there is another ad­
vantage in the disposition of fig. 20, namely, that 
the interaction between the feed circuits of the 
valves is neutralized. We will return to this phe­
nomenon below. 

As for adjusting the compensation by means 
of the potentiometer tap x, the same possibilities 
exist here as in the circuit in fig. 29. Another 
variable tap y is arranged for the by-pass con­
denser C from the anode of the detector valve. 
In order not to affect the compensation, the con­
denser should be connected to the anode point of 
the detector valve on the voltage divider. But 
there are also stray capacities from the anode and 
from the grid of the following valve to points 
having ripple potentials lower than that of the 
anode point (3, U, 5, 6, 7, and the anode of V2). 
W e can compensate for such capacities by dis­
placing the point y slightly towards the positive 
side of the anode point. As we are here dealing 
with a compensation of secondary importance, 
point y may be made fixed in commercial re­
ceivers. 

With generator-fed D. C. mains, hum may be 
eliminated perfectly satisfactorily in a receiver 
like that illustrated in fig. 30, but with rectifier-
fed mains compensation alone will hardly suffice. 

Similar conditions as described above may arise 

Jfi British patent '.290 0:i'>. ./. F. Johnston. 

in resistance-coupled receivers where the anode 
of one valve is connected directly to the grid of 
the next. If such a receiver is fed from a voltage 
divider, the cathode taps of the valves must be 
displaced relative to one another on the voltage 
divider so that the correct grid biassing voltages 
are obtained26 . In this case, therefore, the prin­
ciple of cathode tap displacement cannot be used 
specially to compensate the hum, but by choosing 
anode resistances and anode voltages suitably, it 
is generally possible to make the D. C. voltage 
conditions coincide more or less with those re­
quired for compensation of the hum. 

3. El iminat ion of Feed=Circuit Interaction. 

In multi-valve receivers with a common cur­
rent supply for the anode and grid voltages of 
the various valves, it is always a delicate problem 
to avoid interaction effects between the valves, 
or even between anode and grid circuits of the 
same valve. The usual way of achieving this 
is to employ separate smoothing devices for the 
various valve electrodes, so that, while suppress­
ing the ripple currents, they also decouple elec­
trically the various feed circuits. Sometimes this 
decoupling may lay more rigorous claims on the 
smoothing devices than the elimination of mains 
hum. Under such circumstances it is of great 
interest to learn how the compensated receivers 
are affected by this disturbing phenomenon. 

We will first describe briefly, referring to fig. 
31, how interaction arises owing to a common feed 
circuit. A multi-valve amplifier F is supplied from 
an anode battery B common to all the valves and 
having a resistance which is initially assumed to 
be negligibly small. Other sources of current, 
e. g. filament and grid batteries, are here left out 
of consideration. When an alternating E. M. F . 
Ex is superimposed in the input circuit of the 
amplifier, a current 72 will be produced in the 
output circuit, and another, /.,, through the bat­
tery. The amplitudes of currents and voltages 
are assumed to be small. Their relations can 
then be represented by linear equations: 

The complex coefficients Ymn correspond to 
mutual admittances in ordinary impedance net­
works, but differ from them in not following the 
law of reciprocity, or, otherwise expressed, 
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Fig. 31. Amplifier circuit illustrating the appearance of 
interaction in common feed circuit. 

Similarly, an E. M. F. E 8 in series with the 
battery B would produce a current Y32 E3 in the 
output circuit. This may be applied when an 
impedance Z3 is inserted in the battery circuit, 
since, as we know, this will have the same effect 
as a counter-E. M. F., which may be written 

where 73 denotes the original current. The cur­
rent in the output circuit is assumed to be chan­
ged by this from / , to 72'. 

In computing this change in the current we 
must substitute for Y32 its value when the imped­
ance Z3 is connected in. If we call this Y32', the 
change in the current will be 

and the total current 

The last term within the brackets represents 
the change in amplification caused by interac­
tion effect between the anode feed circuits via 
the common impedance Z3. That quantity may 
have any direction in the complex plane, and 
the amplification may therefore, according to cir­
cumstances, be augmented or reduced. In the for­
mer case the apparatus may even go into self-
oscillation, and in either case the change of 
amplification will in practice always vary with 
frequency and accordingly cause distortion. 

The object of separate smoothing devices would 
be to diminish the three quantities Y13, Y32 and 
Z3. If instead the receiver were compensated for 
hum from the current supply B, an alternating 
E. M. F. connected in the feed circuit would 
produce no current in the output circuit, which 
means that 
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The interaction effect would thus be compen­
sated at the same time as hum. The apparatus 
would behave as though it were fed from a bat­
tery having an internal resistance equal to zero. 

The above argument can be applied directly to 
a circuit as in fig. 27. The matter is not quite 
so simple in receivers fed from a voltage divider 
with more than two taps, as in figs. 26 and 28— 
30. It is obvious, however, that if the alternating 
currents produced in various parts of the voltage 
divider by an incoming signal voltage are ana­
logous to the respective ripple currents, the com­
pensation of these latter will be accompanied by 
neutralization of the retroaction of the former on 
the output circuit. As an example, we will take the 
circuit of fig. 26. The signal alternating current 
in the voltage divider chiefly originates from the 
last valve. The anode alternating current of the 
first valve is so small as to be negligible in com­
parison. A point that deserves attention is, how­
ever, the fact that the anode alternating current 
of the last valve flows in opposite directions in 
the parts 0—/ and 2 — 5 of the voltage divider, 
while the direction of the ripple current is the 
same throughout the voltage divider. But pro­
vided the resistance R2 is so large in comparison 
with the internal resistance of the first valve that 
the A. C. potential at point 0 does not consi­
derably affect the grid A. C. potential, there is 
othervise no reason why the signal current through 
the voltage divider should differ from the ripple 
current in relation to the compensation. In 
both cases the effect on the loud speaker 
will be neutralized by the compensation. 
With regard to the signal current, this means 
that the A. C. potentials applied to the grid, 
cathode and anode of the first valve will, 
via the grid of the second valve, produce in the 
output circuit an E. M. F. which will exactly 
neutralize the voltage drop in the voltage divider. 
We might of course here again speak of a kind 
of interaction, but a useful one, since it eliminates 
the undesirable resistance of the feed circuit. 

Quite similar conditions are found in the cir­
cuit shown in fig. 30, but a different case is re­
presented by the transformer-coupled apparatus 
of fig. 28, as here the ripple voltage across the re­
sistance 0—1 is a large proportion of the com­
pensation voltage on the grid of the last valve. 
It would here be possible, however, to eliminate 
the feed-circuit interaction by smoothing the grid 
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Fig. 32. Two-valve amplif ier w i th compensa ted anode-feed in te rac t ion . 

bias of the last valve and taking the whole com­
pensation voltage via the transformer. 

The conditions for the compensation of hum 
and of feed-circuit interaction are thus not ne­
cessarily identical, although frequently they may 
be. Cases are quite conceivable where the 
greatest importance attaches to the elimination 
of intervalve reaction and where, therefore, the 
apparatus is specially designed for this purpose2 7 . 
As such a use of compensation methods is partly 
outside the scope of this paper, it may be enough 
to give only one more example here, fig. 32. This 
shows a circuit where, although both the mains 
hum and the anode-feed interaction are compen­
sated, the latter compensation must be con­
sidered the more important. It is a transformer-
coupled two-valve amplifier where the pr imary 
winding of the transformer forms one diagonal 
of a Wien's bridge, the arms of which are r, 
g + Ti, Klr and K.2, while the second diagonal con­
sists of the anode voltage supply leads common 
to both valves. 

Provided the bridge is compensated, any exist­
ing ripple in the anode voltage will, as we have 
seen before (fig. 22), be eliminated in the output 
circuit of the first valve, i. e. the primary winding 
of the transformer. The second valve can, for 
example, be compensated by the method shown in 
fig. 15. The interesting point here, however, is 
that the signal current from the second valve is 
also compensated in the primary winding of the 
transformer, while otherwise it would give rise 
to a reaction voltage on the grid of the second 

" Brit ish pa ten t 285 229. Igranic Electric Co., Lid., 

P. VI'. Willans and A. d'A. Hodgson. — Cf. Brit ish pa t en t 

304 309. Hazeltine Corporation (H. A. Wheeler). 
28 British pa ten t Sot 453. Gramophone Co.. Ltd., and 

H. C. Atkins. -- V. S. pa t en t 1 788 342. B. F. Miessner, 

Radio Corporation of America. 

valve which would be troublesome at low fre­
quencies. If the condenser K1 is omitted, we re­
turn to the common parallel-feed circuit, but in 
this case the anode circuits of the valves will 
have to be provided with means for reducing the 
reaction effect. By means of the condenser Klf 

whose capacity may be of the order of a tenth of 
a uF, the same effect is obtained in a more eco­
nomical way. 

V. COMPENSATION M E T H O D S OF 

P A R T I C U L A R KINDS. 

Apart from those generally applicable methods 
of compensation discussed above, there are in 
practice many opportunities of embodying the 
compensation principle by means of particular 
arrangements varying with the design of the 
apparatus. This is especially the case in A. C. 
receivers. One can, for example, make use of 
the external magnetic stray fields produced by 
the mains transformer, the choke coils, the field-
coil of an electrodynamic loud speaker, etc. 

To eliminate hum caused by stray fields, it is 
usual to place the parts sensitive to induction, 
e. (j. coils, chokes and transformers, in a neutral 
position relative to the magnetic field. This me­
thod readily suggests the idea of slightly dis­
placing them from the neutral position to one side 
or the other in order to obtain a compensation, or 
at least a reduction, of the remaining A. G. voltage 
components in the feed circuits28. Clearly, this 
method cannot, on account of the generally im­
perfect phase and frequency conditions, give any 
great freedom from hum, but as it hardly involves 
any additional expense its use is well justified. 

Instead of the inductive coupling by means of 
the stray fields, other more or less ingeniously 
contrived impedance combinations may be used 
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for the coupling between the alternating-cur­
rent carrying feed circuit and the circuit in 
which the compensating counter-E. M. F . 
is to be introduced. It will then be possible, not 
only to give the compensating E. M. F. the right 
phase, but also to make it vary with frequency 
in the same way as the ripple voltage, which is 
usually made up of a series of frequencies. The 
design, however, is greatly complicated by the 
existing couplings between the circuits, necessitat­
ed by the D. C. conditions. In that respect the 
loud-speaker circuit is an exception when sepa­
rated from the apparatus by an output trans­
former. 

Fig. 33 gives a simple example of the use of 
the loud-speaker circuit for compensating pur­
poses29. We have here an electrodynamic loud 
speaker, the speech coil L of which is coupled to 
the output valve of the receiver by a transformer 
Tu while the field coil F is fed from the A. C. 
mains through a transformer T.2 and a rectifier R. 
This latter is assumed to be of the metal type, 
made up of four elements forming a bridge. With 
such an arrangement there will be no break in 
the magnetizing current, since, thanks to the high 
inductance of the field-coil, the current is drawn 
through the rectifier bridge even while the alter­
nating current is passing through zero. The mag­
netizing current will thus be a relatively feebly-
pulsating direct current. With most of the usual 
models of loud speakers, however, the A. C. com­
ponent is strong enough to produce an audible 
hum. It induces in the speech coil L an alternating 
current which, affected by the air-gap field of the 
magnet, causes the coil and the diaphragm attach­
ed to it to vibrate. To prevent this, the E. M. F. in­
duced in the speech coil may be compensated, in 
the circuit shown in fig. 33, by means of an A. C. 
voltage introduced in the same circuit and ob-

Fig. 33. Compensation of hum in a rectifier-fed 
electrodynamic loud speaker. 
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tained direct from the magnetizing circuit of the 
field-coil by means of a potentiometer P. The 
method is best suited for loud speakers with low 
magnetizing voltage, as the potentiometer resist­
ance then required will be so small as not to 
affect appreciably the efficiency of the loud 
speaker. 

The now rather common method of using the 
field coil of an electrodynamic loud speaker as 
a choke for the anode direct current has drawn 
much interest to the compensation of the ripple 
voltage induced by the field variations. There are 
several other methods of doing this besides the 
one described above. Some form of compensa­
tion winding is frequently employed30. 

All these compensation methods should be 
applied with some care. Although the steady hum 
in the loud speaker is eliminated, the pulsations 
of the magnetic field in the air-gap will remain 
and give rise to a modulation of the driving force 
on the movable system due to the speech current. 
If this modulation exceeds certain limits, the 
quality of reproduction will suffer noticeably, a 
phenomenon which will be considered in the next 
section. 

VI. T H E APPLICATION OF C O M P E N S A -

TION M E T H O D S . 

In the introduction to this paper it was ob­
served that the elimination of mains hum is chief­
ly an economic problem, and that in most cases 
the compensation methods have originated in 
efforts to reduce the apparatus costs. This should 
not, however, be taken to mean that compensa­
tion can always take the place of smoothing. This 
may sometimes be the case, e. g. with generator-
fed D. C. mains, but it is rather unusual. In ge­
neral, a combination of smoothing and compensa­
tion is preferable. Thereby the advantages of 
both methods are obtained, while the drawbacks 
of carrying either method far enough to satisfy 
the present demands for feedom from mains hum 
are avoided. 

As regards the smoothing method, it is cer­
tainly possible, with a reasonable expenditure of 

28 U. S. patent 1 733 232. B. F. Miessner. 
30 U. S. patent 1 105 924. E. S. Pridham and P. L. 

Jensen, Commercial Wireless A- Development Co. — U. S. 
patents 1 830 401 and 1 830 402. B. F. Miessner, Miessner 
Inventions Inc. — U. S. patent 1833 762. L. W. Thomp­
son, General Electric Co. 
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capacity and inductance, to reduce the mains hum 
so far as to be hardly disturbing, but, as ex­
plained below, this is not under all circumstances 
enough to secure the quality of reproduction 
nowadays demanded. For further reduction of 
hum to the required extent by this method, the 
cost of the smoothing devices would be many 
times greater. 

Compensation methods, on the other hand, fre­
quently give a very high degree of hum elimina­
tion in a relatively simple and inexpensive way, 
but their use is generally restricted by the re­
quirement that the disturbing ripple voltage must 
be small in comparison with the corresponding 
D. C. voltage, as otherwise the power-handling 
capacity of the receiver for signal voltage would 
be reduced. This condition is satisfied a priori 
by generator-fed D. C. mains, but in all other 
cases some preliminary smoothing will be more 
or less necessary. 

In mains-operated receivers of older design it 
was generally considered sufficient if the mains 
bum was reduced far enough to be just unno-
ticeable in the reproduction of speech or music 
at normal loud-speaker strength. Since then, the 
demands for hum elimination have gradually 
risen, parallel with the improvement in the quali­
ty of reproduction, both in the receivers them­
selves and in the loud speakers, which are now 
usually of the electrodynamic type. The fact is 
that superimposed ripple, even if itself hardly 
audible as a tone, may nevertheless m a r the qua­
lity of reproduction by making speech or music 
sound harsh and rough3 1 . The effect will be si­
milar when for some reason the sound is modu­
lated by a disturbing tone. This phenomenon has 
not yet been adequately explained, but is probably 
caused by the generation of beats of very low 
pitch between the disturbing tone or tones and 
the partial tones of which the speech or music 
is composed. It seems to be the lower disturbing 
frequencies in particular that hazard the quality 
of reproduction, i. e. just that range of frequencies 
where effective smoothing requires large capacity 
and inductance values and therefore high costs. 
Here the compensation methods offer great ad­
vantages since, as we have seen above, they can 
easily be made practically independent of fre­
quency. 

81 W. Janowskij. E. N. T. Vol. 6, p . 435, Nov. 1929. 

The natural place of the compensation methods 
is thus as a supplement to the filtration method, 
i. e. lo achieve complete elimination of mains hum 
after preliminary smoothing by means of a re­
latively inexpensive filter. The consequent ad­
vantages of such a combination are so great, that 
the practical solution of the problem of hum eli­
mination will undoubtedly be found along these 
lines. In the last few years this method has been 
widely adopted, so that now most modern recei­
vers employ compensation in some form or other. 
But the possibilities of applying the compensa­
tion principle are as yet hardly exhausted. 

S U M M A R Y . 

To eliminate disturbing sounds, known as 
mains hum, produced in mains-operated recei­
vers by voltage pulsations in the valve feeds, two 
methods are used, based on different principles, 
namely filtration (or smoothing) and compensa­
tion. In the former a filter circuit is interposed 
between the current supply and the valve circuits, 
which will pass direct current, but more or less 
effectively suppress the disturbing alternating 
current. The latter method, which is discussed 
in the present paper, is based on the general 
principle of introducing artifically, in addition to 
the original disturbing voltage, another one of 
opposite direction and so adjusted as exactly to 
neutralize the effect of the former. This may 
be realized in a great variety of ways, amongst 
which the following groups and sub-groups are 
distinguished in the paper. 

A. Smoothing the feed current by compensation 
methods. 
1. Impedance circuits. 
2. Separate smoothing valve. 

B. Compensation methods for single valve stages. 
1. Balanced circuits. 
2. Grid-anode compensation. 
3. Bridge methods for compensation. 

C. Joint compensation of several valve stages. 
1. Special compensation electrode. 
2. Compensation by cathode displacement. 

D. Compensation methods of particular kinds. 

The properties of the various methods are de­
scribed, and their advantages and disadvantages 
discussed. The paper deals primarily with com­
pensation of ripple in the grid and anode volt-

194 



ages, but the effect of variations in the filament 
current is also considered. The possibility of 
neutralizing intervalve reaction in common feed 
circuits by means of compensation methods is 
pointed out. In contrast with smoothing, com­
pensation can easily be made independent of fre­
quency, a great advantage, especially where low 
frequencies are concerned. In general, compen­

sation methods are less expensive than equivalent 
filtration. Their use, however, is confined to re­
latively feeble voltage pulsations. It is therefore 
usually preferable to combine compensation with 
some preliminary smoothing. In this way a 
high degree of hum elimination can be achieved 
by very simple means. The importance of this 
to the quality of reproduction is emphasized. 
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