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Q.S.T.S. "Queen Elizabeth." On completion she will be the world's largest ship. As in the case of the "Queen Mary," her 
radio telegraph, radio telephone and associated equipments will be supplied and operated by the International Marine 

Radio Company, Ltd., London. 
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C.C.I.F. Meeting of Technical Commissions (1st to 5th incl.) 

Oslo, June 20-July 2, 1938 

THE five technical commissions of the 
C.C.l.F. met at Oslo from June 20th 
to July 2nd, 1938, to discuss and 

make recommendations concerning questions 
of Transmission and of Protection, placed in 
their hands by the Xlth Plenary Assembly at 
Copenhagen in 1936. 

Numerous questions of vital importance to 
the future development of international 
telephony came before the commission for 
discussion and decision, and this year's meeting 
may be said to have been particularly successful, 
especially in connection with the new carrier 
on cable technique and long distance toll 
dialling. Both of these phases of telephony are 
essentially international ; great care in their 
development and application is therefore 
necessary to guard as far as possible against 
divergent trends in national systems. It was 
brought out in the discussions on these subjects 
that, whenever it is possible to arrive at an 
agreement on general methods and technique 
in the early development stage of such systems 
as are inherently international in scope, the 

istics have been established in the national 
systems of a number of countries. This function 
of the C.C.l.F. has always been more or less 
recognised, but the problems faced by the Oslo 
meeting brought it forcibly into the foreground. 

A feature of the Oslo meeting which appears 
worthy of note was the tendency to turn over 
to smaller sub-committees of experts the 
discussion of technical details .  This procedure 
not only facilitates a much more exhaustive 
study of technical details but also tends to 
speed up the formal work of the commissions. 
In certain cases these sub-committees were made 
semi-permanent and asked to continue their 
work by holding further meetings in the 
interval between commission meetings and the 
next Plenary Assembly, in order that recom­
mendations on matters which could not be 
fully decided at the Oslo meeting but which 
were of vital interest in the general development 
of telephony, could be made to the next Plenary 
Meeting. 

The work of the Oslo meeting and the major 
decisions arrived at are summarised below. 

C.C.l.F. should endeavour to do so, particularly 
PROTECTION since there are many features in the . design of 

any new system where the choice of general The important matters discussed at the Oslo 
method is more or less arbitrary. The very meeting concerned : 
fact, too, that there may be no strong technical (a) Revision of the "Directives" concerning 
reasons dictating a specific course of action, the protection of telecommunication 
on the one hand, increases the possibility of lines against the interfering effects of 
following divergent methods which would electric power systems ; 
result in difficulties when international inter- ( b) R e v i s i o n  of the Recommendations 
connection becomes necessary ; and, on the concerning the measures to be taken 
other hand, makes a universal agreement for the protection of cables against 
through the C .C.l.F. a comparatively easy electrolytic corrosion. 
matter provided the decision is taken early, The new edition of the "Directives,"  which 
i .e . ,  before systems having divergent character- will be in force from January 1 st, 1 939, and 
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which will replace the present issue, dated 
1930, was discussed and approved. This issue 
contains the latest recommendations concerning 
the protection of both telephone and telegraph 
lines, and outlines the precautions to be taken 
where telecommunication lines are exposed to 
high tension power or electric traction systems. 

It also includes methods of calculating the 
interference under the various conditions en­
countered in practice and gives a specification 
for a psophometer which is recommended by 
the C.C.I .F. for the measurement of circuit 
noise and interfering effects from power equip­
ment and high tension systems. 

The "Recommendations" concerning pro­
tection of cables against electrolysis, approved 
by the 1 st and 2nd C.R. 's, modify and amplify 
the previous recommendations appearing in 
Vol. II, bis, 1936. The new edition, which 
will be in force from January 1st, 1939, 
will be considered as guiding principles recom­
mended to be followed by both electric traction 
and telephone interests in order to prevent 
damage to cable by electrolysis. 

It contains details of protective measures 
applicable to both traction networks and under­
ground cables for preventing electrolysis and 
recommendations for reducing stray electric 
currents in the earth. It also includes informa­
tion on tests to be made on traction networks 
and cables in connection with electrolytic 
corrosion. 

TRANSMISSION 

a. Carrier on Cable 

Carrier on Loaded Cables. Further advance 
was made in recommending essential character­
istics of carrier systems on loaded cables ; 
notably the following : 

(1)  The frequency distortion for such circuits 
should be the same as that for 4-wire 
circuits and as given in diagram 2, page 
1 53, Vol. I, bis, of the White Book. 

(2) The limit for the variation of equivalent 
with time of such circuits should be the 
same as that already established for 
international 4-wire circuits. 

(3) The relative level of any channel at the 
output of any repeater should not be 
greater than 9.5 db. or 1 . 1  neper. The 

relative level at a frontier station 
(nominal value) should be 4.34 db. or 
0.5 neper. 

( 4) The overall crosstalk on such systems 
should meet the general values 
established for voice frequency inter­
national circuits . 

Numerous other characteristics, both for the 
overall systems and the individual components 
(repeaters, loading coils, etc.), were generally 
agreed upon and, in certain cases, provisional 
limits were recommended. 

Carrier on Non-loaded Cable Pairs. As a result 
of the decision arrived at during the first two 
days of the conference, relative to the desirable 
frequency band to be transmitted in inter­
national service, it was decided to recommend a 
frequency spacing of 4 000 p : s for new carrier 
systems on non-loaded cables, each channel to 
transmit a frequency band of 300 to 3 400 p : s. 
A group of 12 channels utilising the frequency 
band from 12 000 p : s to 60 000 cycles was 
recommended with virtual carrier frequencies 
of 12, 16, 20 . . .  56 kc, the upper side band 
to be transmitted. The carrier frequency must 
be stable to within ± 2 p : s .  

Variation of equivalent with time for circuits 
obtained in this way should meet the general 
requirements already established for 4-wire 
circuits. 

The "crosstalk difference" ("ecart dia­
phonique") for a repeater section terminated 
in its characteristic impedance should not be 
less than 69.5 db. or 8.0 nepers. 

The method of measuring the harmonic 
distortion of an intermediate repeater was 
specified and a limit of 69.5 db. or 8.0 nepers 
recommended. 

Unless otherwise specified, circuits obtained 
by carrier over non-loaded cables should meet 
the general requirements set down in the 
"Guiding Principles for the General European 
Switching Plan." 

Coaxial Cables. It was not possible at the 
Oslo meeting to arrive at any general agreement 
on essential characteristics for systems utilising 
coaxial structures. In view of the pressing 
importance of avoiding as far as possible the 
divergent development of coaxial systems 
throughout Europe, a sub-committee was set 
up to study this question. It will meet in 
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London toward the end of 1938 in an attempt 
to arrive at an agreement on at least the general 
principles to be followed on such systems. This 
same sub-committee also will consider the 
basic principles of television transmission over 
coaxial structures. 

b. Frequency Band to be Transrnitted in 
International Service 

One of the basic questions studied at the 
Oslo meeting was the question of the frequency 
band desirable in the future in international 
service. This subject has been under study for 
a number of years both as a question in itself, 
and as a part of the study of evaluating telephone 
performance (effective rating) . 

The decision of the Oslo meeting is expressed 
in the following recommendation :-

" The 3rd and 4th C.R. 's recommend : 
that it is desirable to enlarge in the future 

the band of frequencies effectively transmitted 
in long distance communications; 

that this enlargement of frequency band be 
extended progressively to all types of circuits; 

that as a first step in meeting this general 
objective each channel obtained by carrier on 
non-loaded pairs in international cables transmit 
effectively the band of frequencies between 300 
and 3 400 p : s, corresponding to a spacing of 
carrier frequencies of 4 000 p : s.'' 
Methods to be employed to effect a widening 

of the band transmitted by other types of 
circuits was made the subject of a new question. 
c. Long Distance Dialling 

( 1 )  For the purpose of the standardisation 
of ringing and busy tones, an agreement was 
reached on a recommendation covering the 
limits within which these tones should be 
constituted. The first step comprised the 
adoption of 400-450 p : s for all tones. To 
standardise on universal periods of interruption 
would have involved serious changes for many 
administrations ; however, a recommendation 
was made on the following lines : 

(i) The silent period of busy tone must not 
have a duration of less than 400 milli­
seconds. The duration of the tone and 
silent periods together must lie between 
500 and 1 500 milliseconds. 

(ii) The tone period of the ringback tone may 

be either continuous or interrupted, but 
it should have a duration of one second. 
The silent period must be equal to, or 
greater than, two seconds. 

(iii) It was recommended that the trans­
mission of dialling tone should be 
abandoned on international circuits in 
the near future. Number unobtainable 
tone and a special toll busy tone were 
considered unnecessary for international 
circuits. 

(2) A recommendation was made for the 
protection of national voice frequency signalling 
systems from interference from extraneous 
currents which might pass into the national 
system over international circuits. Owing to the 
difficulty of preventing short duration currents 
of these frequencies passing over the inter­
national circuits, and the fact that the duration 
of the signals, in part, is determined by the 
possibility of signal frequencies occurring in 
speech, it was recommended that provision 
should be made to prevent currents exceeding 
400 milliseconds of either of the frequencies 
600 or 750 p : s passing out to the international 
circuit. Similarly, currents exceeding 150 milli­
seconds of both frequencies in combination 
should be prevented. Currents of these 
frequencies of shorter duration should not 
result in incorrect signals. 

(3) For signalling on international circuits, a 
directive was issued recommending the use of a 
prefix to all signals after selection has taken 
place. The prefix can be used to open the 
line in order to prevent voice frequency signals 
passing from end to end of a built-up connection 
when this is undesirable .  The constitution of 
the fundamental signals recommended was : 

Seizing signal 
Dialled impulses 
Answer signal 
Clear back signal . .  

Forward release signal . .  

Backward release signal 

7 50 p : s suffix. 
750 p: s pulses. 
Prefix and 7 50 p : s suffix. 
Prefix and 600 p : s suffix. 
Note : This signal is re-

peated as long as the 
condition persists. 

Prefix and long 600 p : s 
suffix. 

comprising : 
Clear forward signal Prefix and 600 p : s suffix 

repeated until receipt of : 
Release signal Prefix and long 600 p : s 

suffix. 
Duration of short suffix 

signal 60- 100 milliseconds. 
Duration of long suffix 

signal 300-400 milliseconds. 
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Duration of prefix 

Pause between prefix and 
suffix 

Pause between repeated 
signals . .  

250-350 milliseconds of the 
two frequencies 600 and 
750 p: s simultaneously. 

30-50 milliseconds. 

550 milliseconds minimum. 

The limits of power, level and frequency to 
which the voice frequency receiver should 
respond were also specified. 

A permanent sub-committee was appointed 
for the further study of long distance dialling. 
The specific questions placed before this 
sub-committee include : 

(1) Compound prefixes a r e  considered 
probably more immune from speech 
interference than a single frequency 
prefix. Does the use of such compound 
prefixes complicate the receiver design ? 

(2) What precautions should be taken to 
prevent echo-suppressors disturbing 
voice frequency signalling ? 

(3) What measures are recommended to 
assure the receipt of signals such as the 
release signal on built-up circuits, 
especially those using intermediate and 
terminal echo-suppressors ? 

(4) What precautions are necessary to avoid 
interference to international v01ce 
frequency circuits from currents trans­
mitted for national purposes only ? 

d. Rating of Telephone Performance 

Previous studies regarding methods of 
measuring and evaluating telephone perform­
ance of subsets, lines and the overall connection 
were continued. The studies come under three 
main headings : 

(1) Methods of comparing the performance 
and characteristics of subsets ; 

(2) Evaluating overall performance and the 
contribution made by each part of the 
connection (including the subset) to 
the performance of an overall connection 
under actual service conditions (effective 
rating) ; 

(3) The effect of line noise, room noise, cut­
off, etc., on the overall connection under 
working conditions and the method of 
applying the data to actual design. 

Considerable data have been gathered by 
various Administrations and are in the hands of 
the 4th Commission for study and analysis. 

With regard to the question of evaluating 
performance, "effective rating" : the evaluating 
of performance by the amount of some observed 
quantity that includes all factors in actual 
service has been generally accepted, and there 
seems little doubt that "repetition rate" finds 
general approval as the best basic criterion 
for measuring effective performance. Due, 
however, to the difficulties and the almost 
prohibitive amount of work involved in obtain­
ing repetition data on all possible combinations, 
studies are being made as to the possibility of 
utilising an articulation-volume relationship 
which will at least allow interpolation between 
various basic points obtained by the repetition 
method and which in itself may possibly lead 
to a workable method of evaluating effective 
performance . 

A permanent sub-committee was established 
to keep in touch with this problem, in the 
interval between C.R. and Plenary meetings, 
to co-ordinate the work being done in the various 
Administrations, and to examine and analyse the 
various data obtained. 

In connection with the study of subset 
characteristics, a study of loop impedances had 
been called for. After an examination of the 
data, the 4th C.R. concluded that the range of 
impedances encountered in practice was too 
wide to permit specifying a typical condition for 
tests of side tone. In the future, Administra­
tions requiring measurements of side tone in the 
SFERT laboratory must specify the various 
line impedances with which they wish the 
measurements made. 
e. Other Miscellaneous Studies 

Crosstalk. The Oslo meeting proposed 
changing the present recommendation regarding 
crosstalk to read as follows :-

" The 3rd Commission recommends : 
( 1 )  that the limit for both the near-end and 

far-end crosstalk between two complete 
circuits in the same cable in the terminal 
condition (overall equivalent equal to 
0.8 neper for 4-wire circuits and 1.0 neper 
for 2-wire circuits) shall, provisionally, 
be not less than 7.5 nepers or 65.1 db. for 
90 per cent. of the possible combinations, 
and 6.8 nepers or 59db. for 100 percent. of 
the possible combinations ; 
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(2) that this question be maintained for 
further study." 

Certain suggestions were made regarding 
apparatus to be used for the objective measure­
ment of crosstalk. 

Noise. A certain amount of data was presented 
relative to noise on international circuits, and 
these data and the variable nature of the line 
noise were discussed. A recommendation was 
then made to recognise a steady component 
having a limit determined by a formula express­
ing noise voltage as a function of line lengths 
and a permissible occasional maximum value 
governed by a similar formula. It was recom­
mended that, if the European Toll Plan 
Committee need to take noise into account in 
their studies, the table on page 93 of Volume I, 
bis, of the White Book be used provisionally. 
This table gives the noise transmission impair­
ment resulting from various values of line noise. 

Impedance of International Circuits. The 
normal impedance of international circuits was 
formerly fixed at 800 ohms with upper and lower 
limits of 600 ohms and 950 ohms, respectively. 
The Oslo meeting, although maintaining the 
upper and lower values of 600 ohms and 950 
ohms, recommended that, in future, attempts 
should be made to maintain, as far as possible, 
the value of 600 ohms for the impedance of an 
international circuit as measured from its 
terminals (including the terminal transformer). 

Radio-Broadcast Programme Transmission. 
Numerous problems involved in the trans­
mission of radio-broadcast programmes were 
discussed with representatives of the U.l.R. 
The 3rd, 4th and 5th C.R.'s proposed a modifica­
tion of the present recommendation concerning 
the coefficient of harmonic distortion. The new 
proposals fix the coefficient of harmonic distor­
tion for broadcast repeaters at not greater than 
1 per cent. within the frequency band from 
I 00 p : s to 8 000 p : s ; in the frequency band 
from 100 p : s to 30 p : s, it may be allowed to 
reach 4 per cent. For an overall circuit of 
I 000 km, the corresponding limits are 5 per 
cent. and 15 per cent . ,  respectively, but attempts 
should be made to keep them, wherever possible, 
within 4 per cent. and 10 per cent. maximum, 
respectively. The gain of a broadcast repeater 
should not vary more than 0.05 neper in the 
frequency band between 30 p : s and 600 p : s, 

or more than 0.1  neper for the higher frequencies 
when the output voltage varies from 0.775 volts 
to 4.0 volts. The corresponding limits for an 
overall circuit of 1 000 km are 1 .0 neper for the 
low frequencies and 0.2 neper for the higher 
frequencies. 

Numerous questions concerning the mainten­
ance of radio-broadcast circuits, methods of 
making routine tests, frequencies to be used in 
testing, etc., were discussed and recommenda­
tions made by the Permanent Sub-committee 
for Maintenance. 

f. The General European Toll Switching Plan 

Considerable work has been done by the 
Mixed Commission charged with the study of a 
General European Toll Switching Plan, notably 
at its 1937 Paris meeting. During the Oslo 
meeting the technical members of this 
commission met to review the recommenda­
tions of the previous Paris meeting. These 
recommendations were then presented to the 
3rd and 4th C.R.'s in a document entitled, 
"Guiding Principles for the Establishment of a 
General Toll Switching Plan for Europe." 
These guiding principles reflect the decisions 
arrived at in the 3rd and 4th C.R.'s on specific 
characteristics which overall circuits and connec­
tions should meet in actual operation in the 
European international network. These guid­
ing principles, as approved by the 3rd and 4th 
C.R.'s, propose a "typical limiting international 
connection" and give a classification of switching 
centres and of circuits in accordance with the 
part such circuits play in such an overall 
connection. 

The following values were recommended for 
the working equivalents of the European long 
distance network : 

(1) Maximum allowable working equiva-
lent for the limiting international 
connection 

(2) Limiting equivalent for the national 
transmitting system . . . . . . 

(3) Limiting equivalent for the national 
receiving system . . . . . . 

( 4) Maximum allowable working equiva­
lent for the chain of international 
circuits interconnecting the two 
terminal · international switching 
centres 

4.6 nepers 

2.35 nepers 

1 .85 neper 

0.4 neper 

The nominal value of an international circuit 
in the transit condition is zero. The above 
value of 0.4 neper takes into account the 
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possible variation of ± 0 . 1  neper in the working 
equivalent of the international circuit from the 
nominal value of 0.0 neper, and also the varia­
tion of the equivalent of the overall chain of 
international circuits with time. A new 
question was proposed for further study to 
determine whether the 2.35 neper and the 
1 .85 neper limits for the national transmitting 
and receiving systems should include similar 
variations. 

A tentative echo curve for circuits equipped 
with echo suppressors was adopted for the use 
of the mixed commission in its investigations, 
and a new question was placed on the agenda 
covering the adoption of a final echo curve to 
be used as a future design limit. The 
"directives" give details of the method of 
calculating the minimum net working loss of 
circuits from the standpoint of echo effects and 
stability. A new question also was proposed 
regarding the possible effect of crosstalk in 
determining the minimum working equivalent 
of long distance circuits. 

Definitions regarding characteristics and 
functioning of echo suppressors were enlarged 
and made more specific, and additional 
questions regarding such equipment were 
placed on the agenda for further study. 

In considering limits for national transmitting 

and rece1vmg losses, the question of bringing 
all data regarding the performance contribution 
of the subsets to the overall limit was discussed. 
Further data was asked for from all Administra­
tions. 

The "Guiding Principles" finally adopted 
provide a general guide for long-distance 
network design and for determining whether a 
given routing meets present transmission per­
formance requirements. The work of the 
Mixed Commission is to be continued ; and, 
as new data becomes available and new recom­
mendations on specific questions are made by 
the 3rd and 4th C.R.'s, the " Guiding Principles" 
will be revised and enlarged. 
APPLICATION OF NEW RECOMMENDA­

TIONS ON URGENT QUESTIONS 
In accordance with the decision taken at the 

Xlth Plenary Assembly at Cairo (1938), the 
recommendations made by the Oslo meeting 
on questions relating to Protection, Carrier-on­
cable, the General E uropean Toll Switching 
Plan and Long Distance Toll Dialling will be 
circulated to all Administrations adherent to the 
C. C.l.F. and, if generally acceptable without 
major changes, will be considered as being in 
force without waiting for approval by the next 
Plenary Assembly. 

Bruce H. McCurdy. 
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The Remote Control over Power Mains of Street Lighting, 
Water Heating and other Services 

By E. M. S. McWHIRTER, A.C.G.I.,  A.M.l.E.E., 
Standard Telephones and Cables, Limited, London, England 

PUBLIC lighting is a fairly modern 
service which has grown up largely as 
a result of increasing road traffic. In 

olden times it was considered that the public 
authority had met its obligation when it per­
mitted link boys to be hired by people who could 
afford it and wanted the protection of light 
whilst they traversed 
the dark streets. Oil 
lamps in the more 
busy thoroughfares, to 
be succeeded by gas 
lamps, provided the 
fi r s t t r u e  p u b l i c  
lighting. 

It may be interesting to note, incidentally, 
that modern discharge lighting is approximately 
twenty-five times more efficient than the light­
ing of forty years ago as regards the amount of 
electricity consumed to provide the same 
amount of light. If this be considered along 
with an average reduction of 50 per cent. in the 

price of electricity for 
lighting purposes, the 
astonishing fact be­
comes apparent that 
the equivalent of 
modern electric light­
ing would have cost 
fifty times as much at 
the beginning of this 
century. 

Electricity for public 
lighting was probably 
first used in the form 
of arc lamps, but be­
cause of the necessity 
of replacing carbons 
and readjusting them, 
they were both ex­
pensive and somewhat 
unreliable in the early 
days. Vacuum fila­
ment lamps, succeeded 
by gas filled lamps, and 
in recent years, by dis­
charge lamps, have 
improved and reduced 
the cost of street light­
ing to such a point 
that, on a well lighted, 
modern road, there is 
now little reason for 
driving a motor vehicle 
at a slower speed 
during the night than 
in daylight. Fig. I-Substation Biassing Panel and Battery. 

107 

Concurrently with 
the development of 
street lighting, means 
for controlling this 
service have been de­
vised. From the early 
days when the lamp 
lighter made his round 
twice in twenty-four 
hours, progress has 
been made through 
stages of time switch 
control, first of all by 
ordinary clock mech­
anisms which had to 
be wound every few 
days, and then by 
electrically driven time 
switches to the latest 
development of cen­
tralised control by 
means of signals trans­
mitted over the power 
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network supplying the electrical energy to the 
community generally. 

In the past, power for street lighting was 
supplied largely by means of cables separate 
from those which served the ordinary con­
sumers. Thus, it was possible to utilise 
separate switches in the substation, and control 
the street lighting from one point in each 
district. This method, although very success­
ful in operation, is obviously expensive in cable 
cost, particularly when it is considered that street 
lighting is most commonly carried out by means 
of posts set alternately on each side of a street. 

As early as 1913, endeavours were made 
to provide a means for signalling by a 
high frequency alternating current introduced 
into a network at the supply point. The 
earliest attempts were unfortunate in that they 
occurred just before the Great War, but 
recently similar systems have again found 
their way into the market. Again, they are 
handicapped by high initial expenditure since, 
with the growth in size of the electricity under­
taking, the size of the high frequency generator 
must be correspondingly increased. 

Standard Telephones and Cables, Limited, 
London, considered the problems of remotely 
controlling street lighting some six or seven 
years ago and, like so many others, turned 
their attention first to ways and means for using 
a high frequency system of A.C. signalling. 
Many ingenious schemes were proposed, but, 
in almost every case, upon examination of costs, 
it was evident that the right solution, which 

Fig. 3-Substation Remote Control Unit. 

would compare favourably in cost with the 
synchronously wound time switch, had not 
yet been found. Furthermore, it did not appear 
reasonable that prospective users would be 
interested in a system which would necessitate 
discarding all existing time switches or other 
means of street lighting control. 

This consideration prompted the suggestion 
that a considerably cheaper method, involving 
the application of a low voltage D.C. bias to 
the network, might be adopted rather than 

a p r o h i b i t i v e l y  

Fig. 2-Master Time Switch Unit showing Internal Mechanism. 

expensive scheme 
depending on the 
utilisation of a high 
frequency alternat­
ing current. With 
the development of 
a ready means of 
separating the A.C. 
from the D.C.  at 
the receiving lamp 
post points, the 
S.T.C.-D.C. B i  a s  
System of Street 
L i g h t i n g  Control 
came into being. 

This D.C. bias 
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Fig. 4-Lighting Unit in Moulded Case. 

system has the very great advantage that it 
can be applied in the first instance locally 
to particular districts of a network and, as 
other methods or equipment in use elsewhere 
become due for replacement, it can be ex­
tended until the whole of the street lighting of 
a town is controlled from one point. 

PRINCIPLE OF OPERATION OF D.C. BIAS 
SYSTEM 

If a D .C. bias be superimposed on an A.C. 
circuit, this bias will extend to all parts of the 
circuit directly connected to the point at which 
the D.C.  bias is applied, but will not affect those 
parts of the circuit which are magnetically 
coupled, e.g. ,  the transformers. It is also a fact 
that the network can be treated separately for 
the application of D.C. ,  just as though the A.C. 
energy were not present ; moreover, for purely 
non-inductive loads, the percentage voltage 
drop obtainable with A.C. and D.C. will be 
substantially the same. This means that if a 
network has a load which is almost entirely 
domestic with a percentage drop not exceeding 
4 per cent. ,  then, with a 6-volt D.C. source of 
energy applied to the same network, the 
voltage drop will not be greater than 4 per cent. 
of 6 volts or .24 of a volt. 

Inductive or any heavy machine loads are 
almost entirely 3-phase delta connected and, 
therefore, do not connect between phase line 
and neutral. Consequently, D.C. applied 
between the phase lines and neutral will not be 
shunted by such loads. 

Almost every modern A. C. network conforms 
to this general condition. It has thus been 
possible to design a system whereby the 
application of a 6-volt heavy capacity battery 
between the star point and neutral of the low 
tension side of a distribution transformer will 
transmit 6 volts with approximately the above 
percentage drop to the remotest part of the 
feeder cables connected to the transformer 
bus-bars. 

With this fundamental principle, it is evident 
that a ready method of transmitting signals 
from each substation to any part of the network 
is obtainable-a method that is at once low in 

Fig. 5-Lighting Unit mounted in Base of Street Post. 
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Fig. 6-Multi-service Unit. 

initial cost, thoroughly reliable, simple and 
robust in its application, and free from inter­
ference to any sensitive apparatus, such as 
radio sets, etc. ,  connected to the network. 
Reception of the l1npulses 

With a D.C.  bias of 6 volts applied between 
the phase lines and neutral it is possible by 
means of a specially designed transformer type 
of choke, arranged so that the voltage induced 
in the secondary is exactly equal and opposite 
to the mains A.C. voltage applied to it, for a 
relay to respond only to this D.C. bias and to 
remain unaffected by the alternating current. 
This applies even when the voltage employed 
for the D.C. bias is one volt or less, while the 
A.C. voltages are of the order of 200-240 phase 
to neutral. By using 6 volts as the energising 
bias and relays that will operate at 4 volts, 
ample margin of safety for positive operation 
is assured. The A.C. current consumption 
of such an arrangement is a minimum, the 
current value through the relay being less than 
one milliampere A.C., and about twenty 
milliamperes D.C.  when a bias impulse is 
applied. 

Half-Night Lighting Control 

Two distinct and separate signals can easily 
be obtained by single impulses from such an 
arrangement, depending on whether the 6-volt 
battery is connected with its positive terminal 
to the star point and its negative terminal to the 
neutral, or vice versa. Thus, by using polarised 
receiving relays, a simple method of sending an 
"on" and an "off" signal is available for the 
control of half-night lighting. 

All-Night Lighting Control 

A simple "on" and "off" service, however, 
is not all that is required for street lighting 
control. Some lights must be left on all night, 
while others are required to be switched off at 
midnight. Thus, although one short positive 
pulse can be used to switch on all the lights, two 
different pulses are necessary for switching off, 
in order to differentiate between the half-night 
and all-night lights. This has been achieved 
by using a short negative pulse (2 seconds' 
duration) for the half-night switching off 
service, while a longer negative pulse (20 
seconds' duration) switches off the all-night 
lights, the relays controlling the latter being 
fitted with a delay action. By using this delay 
action relay, three distinctly separate signals 
are obtained with the simplest arrangement of 
polarised receiving relays. 

Fig. 7-Air Raid Warden's Unit in Carrying Case. 
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Fig. 8-Schematic Circuit of Substation Biassing Panel with Remote Control. 

Additional Services 

Equally with the growth of public lighting, 
the past decade has seen an almost phenomenal 
increase in the general consumption of 
electricity. Unfortunately fer those who control 
the generation and distribution of electrical 
energy, much of the consumers' load occurs 
within limited periods of the twenty-four hours 
with the result that the problem arises of supply­
ing plant and cables which are capable of 
carrying heavy peak loads for a few hours and 
which are only lightly loaded for the remainder 
of the twenty-four hours. Consequently, many 
distribution authorities have considered the 
problem of supplying energy at cheaper rates 
during the periods of light load, and one 
type of load which could readily be catered 
for is heating water for domestic and 
industrial purposes. Provided these water 
heaters cculd be cut off during the peak load of 
the rest of the system, they would provide an 
extremely useful function in filling up the 
valleys in the load curve. 

With air raid precaution schemes, other 
uses for a means of signalling over the mams 
became apparent, involving the control of air 

raid sirens, and the calling out of volunteer 
firemen and of volunteer wardens. 

An extension of the D.C. bias impulse system 
to cover these services was, therefore, designed 
with the following underlying requirement : 
it should be possible to install a street lighting 
equipment initially and to add these additional 
services if and when they were considered 
necessary without in any way affecting the street 
lighting control equipment. 

TYPE OF EQUIPMENT 
The Biassing Unit 

Since a D.C. impulse cannot be transmitted 
through transformers, it is necessary for each 
substation to be equipped with a biassing unit, 
the essentials of which comprise a contactor 
panel and a 6-volt heavy duty battery. It is 
the function of the contactor panel : 

(a) To maintain normally a continuous 
connection between the star point of the 
transformer or transformers in the sub­
station and the neutral conductor ; 

(b) To introduce the 6-volt battery, in one 
direction or the other, into this circuit 
for the time of sending an impulse. 
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Fig. 1 illustrates a biassing panel mounted 
on the wall and connected to the 6-volt battery. 

Each panel is complete with a very heavy 
duty resistance of 0 . 1  ohms which, connected 
solidly across the latched-in contactor normally 
connecting star point to neutral, serves to 
prevent this circuit from being opened for the 
brief interval of about one cycle (approximately 
twenty milliseconds), whilst the latched-in 
contactor opens and the battery contactor 
closes the circuit. 

Each panel is equipped with push buttons 
labelled "on" and "off." With these push 
buttons and an ordinary watch with a seconds 
hand, any signal either for street lighting 
control or for multi-service can be transmitted 
over the network supplied by the substation. 

This important feature is always available for 
emergency use. 

Each panel is equipped with a link which, 
when placed in the "test" position, renders 
the panel inoperative for transmitting signals 
over the network. The link itself, however, 
serves to maintain the closed circuit between 
star point and neutral whilst the contactors 
are tested and maintained. When the link 
is returned to the "signal" position, the panel 
is again in service and ready to transmit signals. 

Master Time Switch Unit 

Equipments that are only required in the 
first instance for the control of street lighting, 
can be supplied with a Master Time Switch 
Unit suitable for connecting directly to the 

LINE 

biassing panel and arranged 
so that the correct impulses 

LINE 'S' IS A TOGGLE­
ACTION POWER RELAY 

(short positive for "lamps 
on," short negative for "half 
night lamps off," and long 
negative for "all night lamps 
off"), are automatically trans­
mitted at the correct times 
under the control of a solar 

Ill z < :;; 
l<iEUTRAL 

MULTI-SERVICE 
RECEIVING SWITCH 

7 

5 (OFF) 

OFF NORMAL 
SPRINGS 

PN (SWITCH A) 
This Uni!,;, wired fo 
respond Iva N�lPuise 
for'On 'andaN.0/0Pulse 
for 'Off.' 
Ofher sf and a rd 
arrangements are:-
8-'0n'and II- 'Off"and 
9� 'On' and 12- 'Off.' 

NEUTRAL 

Fig. 9-Schematic Circuit of Multi-service Control Receiving Unit. 

0 <( 0 _, 

dial master time switch. 
A wall mounting case 

houses the master time 
switch, which is specially 
arranged to give short make 
contacts for each of the 
three switching times, and 
also a second synchronously 
driven timing switch which 
is connected to control the 
right type of pulse for the 
req uired length of time. 
The master time switch, 
therefore, controls the timing 
switch which, in turn, directly 
controls the biassing panel 
without the introduction of 
any other relays. 

Both the master switch 
and the timing switch are 
synchronously driven and re­
quire no maintenance other 
than that normally given to 
the more usual type of time 
switch. 
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Fig. 2 illustrates the 
Master Time Switch Unit 
mounted in a case ready for 
mounting on the substation 
wall. 
One Master Time Switch 

Unit Controlling a Number 
of Substations 

In those cases where a 
number of substations are to 
be controlled from one point, 
the Master Time Switch can 
be used in conjunction with 
a Substation Remote Control 
Unit to control any number 
of substations connected to 
the master station by an 
ordinary pilot wire or tele­
phone circuit. 
Substation Remote :Control 

Unit 

This unit is designed to 
receive two different pulses, 
over a pair of telephone 
wires, transmitted from the 
central control station and thereby causes the 
biassing panel in the substation to send out 
either a positive or a negative bias impulse. 

A simple arrangement of steel panel and 
cover, enclosing the relays for receiving the 
impulses over the pilot wires and for operating 
the bias panel, constitutes the unit which is 
complete with fuses and terminals and suitable 
for wall mounting. Fig. 3 illustrates this unit. 

System for a Typical A.C. Network 

A typical A.C. network would probably 
comprise a number of transformer substations 
interconnected by means of high tension 
cables fed from the generating station or bulk 
supply point. Each substation might be 
equipped with one, two or more transformers 
stepping down from the H.T. to the L.T. 
distribution voltage and feeding out by means 
of the street mains to the consumers a supply 
of electricity on a three-phase four-wire dis­
tribution system. 

At each of these substations and connected 
to the L. T. supply of the transformers, a 
biassing unit would be required in order to 

Fig. 10-Master Control Unit. 

apply the 6-volt D.C. bias to the cables supplied 
from the substation. The bulk supply or 
generating station, which might well be the 
control point, would be equipped with a master 
control unit or, where street lighting only is 
involved at first, with a master time switch and 
push button unit. By means of a pair of pilot 
wires from this station to each of the supply sub­
stations, impulses are transmitted to a small 
relay remote control unit, thereby causing the 
biassing unit in the substation to be operated 
from the control of the central station. 

At each point in the area at which the biassing 
signals are to be received, a unit is fitted suitable 
for the service required : for street lighting, 
a simple unit consisting of the transformer and 
relay in a case of moulded plastic material 
would be mounted on each lamp post as shown 
in Figs. 4 and 5 ; whilst, for each water heating 
consumer, a multi-service unit would be fitted 
as shown in Fig. 6. For the calling of volunteers, 
a unit is available for wall mounting or for 
carrying in a portable case. Such a unit is 
illustrated in Fig. 7. 

The circuit arrangement of this equipment 
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Fig. 1 1-Section of New Lightir:g at Bingley-reproduced 
from photograph taken August 15th, 1938. 

is shown in its simplest form in Fig. 8, whilst 
Fig. 9 illustrates that of the multi-service 
receiving unit. 

The biassing unit, consisting of an arrange­
ment of contactors as shown diagrammatically 
in Fig. 8 and illustrated in Fig. 1 ,  is a simple 
wall mounting contactor panel with a 6-volt 
heavy duty car battery. The panel is complete 
with a trickle charger and is also equipped with 
emergency push buttons for sending either a 
positive or negative signal. 

Should a network comprise only one sub­
station, which is to be left unattended, this 
biassing panel can be controlled directly 
from a master time svvitch unit (Fig. 2), which 
can be mounted on the wall beside the biassing 
panel. 

Alternatively, where remote control of the 
biassing unit from a central point is required, 

a substation remote control unit, illustrated in 
Fig. 3, is supplied. At the control station, the 
master control unit (Fig. 10) then supplies the 
necessary impulses over the pilot wires to all sub­
stations for the operation of the remote control 
units. 

APPLICATIONS 

Electricity supply authorities have shown 
very considerable interest in the D.C. bias 
system. Many authorities have decided either 
to adopt it or are giving it a trial in order to 
determine its suitability for their purposes. 

The City of Lichfield was the first to adopt 
it for the control of its lighting and other 
services ; and the City Engineer, with the 
co-operation of the authorities ,  gave a demon­
stration of the use of the system for the control 
of street lighting, the operation of air raid alarms, 
and the calling out of volunteer firemen and 
air raid wardens, on the night of March 8th, 
to some two hundred engineers from other 
authorities from all parts of Great Britain. 
Lack of space makes it impracticable to describe 
fully in this article the complete success of the 
demonstration, but the programme of the 
demonstration (Table I) illustrates the great 
value of the system in connection with these 
services. 

One of the other earliest authorities to 
introduce the system into its network was the 
Borough of Homsey, which has now decided 
to control the whole of its three thousand 
lights by means of this system. 

At the Convention of the Incorporated 
Municipal Electrical Association held at 
Torquay in May, 1938, the system was demon­
strated by means of a large display panel 
thirty feet in length. It included forty street 
lamps, firemen's houses and air raid wardens' 
houses as well as two water heating control 
points, represented by ordinary tubular heaters 
arranged in a painted lay-out of a typical town. 
Demonstrations of the firemen's and wardens' 
calling units were given by ringing the bells of 
the houses in the panel. The whole effect 
created very considerable interest amongst the 
visiting engineers, inasmuch as it gave an 
excellent pictorial representation of the 
possibilities of the system. 

In conclusion, it is of interest to mention 
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that the town of Bingley, which has recently 
adopted the system, is utilising it to control 
three and a half miles of main road lighting, 
consisting of the very latest type of discharge 
lamp corrected for colour. The inauguration 
of the equipment took place on August 15th, 

C O N T R O L  1 15 

when it was first switched on from a remote 
point by the chairman of the Council. One 
hundred and forty 400-watt discharge lamps are 
included in this lighting scheme ; the effect of 
the lighting is well illustrated in Fig. 1 1 ,  which is 
reproduced from a photograph taken at 2 a.m. 

TABLE I 

1 0.00 p.m. Visitors assemble in the Guildhall. 1 1 .15 p.m. SECOND RAID WARNING RE-
CEIVED. 

1 0.30 NORMAL STREET LIGHTING IS 
REDUCED TO WAR TIME CONDI­
TIONS. 

1 1.15 Planes estimated to be 50 miles away and 
travelling towards Lichfield. 

10.35 

10.45 

1 1 .00 

1 1 .00 

1 1 .01  

1 1.02 
to 

1 1 . 1 0  

Since the permissible lighting has not yet 1 1 . 1 5  
been determined, the all-night lighting is 
being used in this demonstration as 
representing these conditions. 

ADDRESS BY HIS WORSHIP THE 
MAYOR OF LICHFIELD. 

BRIEF DESCRIPTION OF THE 
SIGNALLING SYSTEM. 1 1 . 1 8  
The following facilities will b e  controlled 
from the Guildhall by Push Buttons trans-
mitting signals over all the low tension 
service mains of the City : 

1 .  Switching Emergency Lighting "off" 
and "on." 

2. Calling Volunteer Firemen from their 
homes. 

3. Calling Volunteer Wardens from their 
homes. 

4.  Sounding Sirens at  six points in the 
City for Alarm and All Clear Signals. 

1 1 . 1 9  

11 .25 

1 1 .30 

1 1.35 

FIRST WARNING OF ATTACK 1 1 .35 
RECEIVED. 
Planes estimated to be 100 miles away. 

VOLUNTEER FIREMEN CALLED 
OUT. 
An Alarm Bell, connected to the ordinary 
service mains in each man's house, is 
operated by a signal transmitted over the 
mains. 

VOLUNTEER WARDENS CALLED 
OUT. 
Each Warden is equipped with a portable 
Call Bell Receiver which he plugs into the 
mains wherever he is located. 

Reports received from Wardens and Fire­
men reporting for duty at their various 
stations. 

ll.40 

1 1 .45 

ll.45 

1 1 .50 

1 1.59 

1 2.00 

AIR RAID ALARM PUSH BUTTONS 
OPERATED. 

Fifteen sirens, controlled at six points, are 
sounded simultaneously for 45 seconds. 

Street lighting is left on for a further 3 
minutes to enable people to get under cover 
as quickly as possible. 

ALL LIGHTING EXTINGUISHED. 

Signal is transmitted over the service mains 
to operate relays at each lamp switching 
point. 

B L A C K - O U T .  

FIRE BRIGADE TURN OUT. 

Vehicle lights are shrouded to minimum. 

AMBULANCE TURN OUT. 

Vehicle lights are shrouded to minimum. 

ALL CLEAR SIGNAL RECEIVED. 

ALL CLEAR 
OPERATED. 

PUSH BUTTONS 

Fifteen pairs of sirens, controlled at six points, 
operate to give a two-note signal repeated 
eight times. 

Fire Brigade and Ambulance Return. 

Attackers Reported Returning. 

LIGHTS OUT AND ALARM SIREN 
OPERATED FROM ONE PUSH 
BUTTON. 

B L A  C K - 0 U T IN 30 SECONDS. 

Fire Brigade Turn Out. 

Final All Clear Sounded. 

All-night Lighting Restored. 

Programme-Tuesday, March 8th, 1 938. Air Raid Precautions of the City and County of Lichfield. 
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An Improved Quality Commercial Telephone Receiver 
By J. S. P. ROBERTON, B.Sc., 

Standard Telephones and Cables, Limited, London, England 

INTRODUCTION 

UBSCRIBERS' telephone instruments 
have changed remarkably little since the 
early days of telephony, particularly in 

the case of the receiver, the essential construc-
tion of which, until quite recently, has sub­
stantially resembled that of the first electro­
magnetic receiver invented by Alexander 
Graham Bell. From time to time improvements 
in efficiency were effected but, because receivers 
have been judged by their volume efficiency as 
determined by voice-ear tests, the tendency 
in receiver design has been towards one giving 
maximum output under such testing methods. 
Voice-ear tests employ a transmission system 
of which the overall efficiency depends on the 
output of the voice and the sensitivity of the 
ear ; the maximum efficiency of such a system 
occurs at a frequency of about 800 p : s. 
Consequently, the fundamental diaphragm 
resonance of receivers has usually been at or 
near this frequency. Attempts to obtain a more 
uniform receiver response have invariably been 
made at the expense of volume efficiency ; 
moreover, such improvements could, in the past, 
be judged only by personal impressions. For 
these reasons, little improvement in receiver 
quality has hitherto been achieved. 

Three factors, in the past few years, have 
resulted in considerable improvement in the 
performance of the ordinary commercial tele­
phone receiver. First, replacement of voice-ear 
methods of testing receivers by new methods 
which take account of their frequency response, 
namely, articulation tests <0 and repetition rate 
tests<21 for judging the effectiveness of a circuit 
or a piece of apparatus. Secondly, the introduc­
tion of the artificial ear coupler, (3) replacing 
the human ear for testing purposes, has made 
possible more exact and more rapid analyses 

' 1 > For numbered references see end of article. 

of receiver frequency response characteristics 
Thirdly, new magnetic materials<41 with con­
siderably improved properties have recently 
become available. It has thus become possible 
to maintain the general response level of the 
receiver whilst introducing damping in order 
to secure a more uniform frequency response 
characteristic. 

Improvements in the quality and efficiency 
of receivers have recently been introduced in 
the United States, < 5 1 n4> Germany<61 and 
Japan. < 7> Studies aiming at the same result 
were commenced some years ago by the 
International Telephone and Telegraph 
Laboratories, Incorporated, and continued by 
Standard Telephones and Cables, Limited. 
The British Post Office has kept well abreast of 
such developments, and West and McMillan 
of the British Post Office Research Station 
carried out preliminary work aiming at improv­
ing both the operators' and the hand-set 
receiver. <81 The present article describes a new 
hand-set receiver, and also a new head receiver 
following similar principles ; they were 
developed for the British Post Office by Standard 
Telephones and Cables, Limited, in conjunc­
tion with the British Post Office Research 
Station.* 

The new 
follows :-

receivers have been coded as 

Hand-set Receiver 
Single Unit Head­

set 

Double Unit Head­
set 

Watch Type Re­
ceiver . .  

S. T. f5 C. Code. 
4027 Receiver 

4028 Receiver 

4029 Receiver 

4030 Receiver 

B.P.O. Code. 
Receiver Inset 2-P 

Receiver Headgear 
10-A Mark 2 

* A  paper entitled "Some Recent Developments m 
Subscribers' Telephone Apparatus,'' which included 
reference to Receiver Inset 2-P, was read before the Institu­
tion of Post Office Electrical Engineers by C. A. R. Pearce 
of the Post Office Engineering Department on 8th March, 
1938. 
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PERFORMANCE OF THE NEW 
RECEIVER 

Fig. 1 (curves A and B, respectively) , shows 
the frequency response characteristic of the 
new hand-set receiver and of the new head 
receiver, whilst Fig. 1 (curve C) represents the 
characteristic-typical of the older type of 
receivers-of the British Post Office hand-set 
receiver No. 1 -L. The latter will gradually be 
replaced by the new type of receiver. All 
these curves were measured with the receivers 
coupled to the measuring apparatus through 
the medium of an artificial ear, (3) the acoustical 
properties of which approximate those of a 
typical human ear. It will be noted that 
curves A and B are not only very much flatter 
than curve C, but the output over the region 
of 1 500-3 000 p : s has been raised some 
10-15 db. above that of the old receiver. This 
increased efficiency over the upper part of the 
commercial voice frequency range is one factor 
which is responsible for the improved perform­
ance of the new receiver. Another factor, 
which is also important, is related to the 
phenomenon known as "masking." It has 
been shown by R. L. Wegel and C. E. Lane< 9 l  
that, when sound waves consisting of more 
than one frequency are impinging on the ear, 
strong tones of one frequency will mask or 

� 
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� 
� m 20 

� 
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render inaudible tones of other frequencies, 
more especially frequencies higher than that 
of the masking tone, provided that the intensity 
difference between the masking and the masked 
tones is sufficiently great. Thus, in the older 

· receivers, the frequencies around the dia­
phragm resonance are so powerfully reinforced 
as to cause some masking of other frequencies 
which are reproduced relatively weakly. In 
the new receiver, however, the absence of any 
pronounced resonance largely eliminates this 
masking effect, with a corresponding gain in 
intelligibility. 

The volume efficiency of the new receivers, 
as judged by voice-ear tests, is approximately 
equal to that of Receiver Inset No. 1 -L, or 
approximately 2.5 db. better than the No. 144 
Receiver Standard measured in the Standard 
Test Circuit. However, as judged by various 
subjective tests, including articulation tests, 
carried out in the laboratory, the new receivers 
are from 0 to 10 db. better in effective rating 
than the old receivers, the amount of the 
improvement depending on the type of circuit 
and the conditions of room noise, circuit noise, 
amount of side-tone, etc.* 

* These tests were carried out by W. West of the Post 
Office Engineering Department Research Section. 

' \J 
1.000 zpoo '3, oo 

F�E Q UENCY IN cYCL..E:S PB:! SECOND . 

A - RECEIVER INSET 2-P. B - HEAD RECEIVER IoA/2. C - RECEIVER INSET 1-L. D - SHOWING EFFECT OF A LEAK BETWEEN EAF.CAP AND EAR. 

Fig. I-Frequency Response Characteristic of the New Receivers (Curves A & B) and of the B.P.O. Hand-set 
Receiver No. 1 -L (Curve C). 
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E 
R 
T,. T2 
R1 
R2 

L1 
L2 

G 

Source of A.C. 

Internal Resistance Of Source. 

Terminals of Receiver. 

D.C. Resistance. 

Resistance Equivalent to Eddy 
Current Loss. 

Leakage Inductance. 

Inductance of Coupled or 
Effective Part of Windings. 

Electro-mechanical " Trans-
former." 

r �· m0, s0 = Resistance, Mass and Stiffness 
Constants of Diaphragm. 
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rp m1• s1 = Resistance, Mass and Stiffness 
Constants of Chamber behind 
Diaphragm. 

Stiffness Constant of Air 
Chamber between Diaphragm 
and Earcap. 

Resistance and Mass Constants 
of Earcap Aperture. 

Stiffness Constant of Air 

Chamber Enclosed between 
Earcap and Ear, Including the 
Ear Cavity. 

Mass Constant of a Leak between 
Earcap and Ear. 

Fig. 2-Electro-mechanical Schematic of Equalised Receiver against the Ear. 

An advantage of the new receiver, due to 
its damped characteristic, is that the effect on 
the ear of surges or any abrupt interfering 
noises in the listener's circuit is much reduced. 
The energy of a surge tends to set the diaphragm 
in motion and, when the latter is freely resonant 
as in the old receiver, the motion persists 
for several cycles ; in a well damped diaphragm 
system, however, the surge energy is dissipated 
too rapidly to be fully appreciated by the ear. 

The improvement in articulation, and the 
reduced sensitivity to interfering noises are 
fully confirmed by an extensive field trial which 
was made by the British Post Office on a 
preliminary design of an improved operators' 
receiver. An overwhelming majority of the 
·operators who used the new receivers remarked 
on their superior articulation and their lower 
sens1t1v1ty to line noises and clicks, in 
comparison with the older receivers in service. 

There are certain special applications where 
the new receiver offers a marked advantage 
over the older type. These occur where the 
auditory range of level is abnormally reduced, 
as for example with deaf persons, or where 
listening is done under conditions of extremely 

high external noise, such as those encountered 
in aircraft or in confined spaces with loud 
machine noise. Under such circumstances, it is 
necessary to use amplifiers to increase the 
receiver output to an audible level ; the limit 
of amplification is reached when the receiver 
output at any frequency reaches the level of the 
threshold of feeling. Thus, with the older 
receivers, amplification may raise the narrow 
frequency band around the peak of the dia­
phragm resonance to this limiting level before 
any other frequencies have been rendered 
audible, and the resulting sounds emitted by the 
receiver may be scarcely intelligible. With the 
new receiver, however, the flatter characteristic 
enables practically the whole frequency band 
up to 3 000 p : s to be rendered audible, a 
marked gain in intelligibility resulting. 

METHOD OF OBTAINING IMPROVED 
CHARACTERISTIC 

The old receivers have at least two pro­
nounced diaphragm resonances. These are 
indicated, for the case of Receiver 1 -L, in 
Fig. 1 ,  curve C ;  they are the fundamental 
resonance f0 at about 1 100 p : s and resonance 
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in the single circle mode of vibration fc 1 at 
about 3 500 p : s. The latter resonance occurs 
at too high a frequency to be of value on 
circuits with a cut-off frequency in the neigh­
bourhood of 3 000 p :  s. An irregularity also 
often occurs in the frequency response curve 
at about 3 000 p : s ; various explanations can 
be advanced as to the cause of this irregularity, 
but they have not been experimentally checked. 
Its effect in the old receiver is negligible ; in 
the new receiver, it disappears from the 
characteristic. 

In the new receiver, equalisation of the 
characteristic has been carried out over the 
frequency range from 200 to 3 200 p : s, on 
the assumption that this range is the most 
likely to be adopted internationally for com­
mercial telephony. In general, the method of 
equalisation consists in replacing the funda­
mental diaphragm resonance of the older 
receiver by three well damped resonances 
suitably spaced within the above mentioned 
frequency range ; these are shown in Fig. 1 ,  
curves A and B ,  at f A• fB and f c on the 
frequency response curves of the equalised 
receivers. The method of obtaining the three 
resonances will be apparent from considera­
tion of the schematic of Fig. 2 in conjunction 
with Fig. 3 showing the 
essential features of Receiver 
Inset 2-P. In Fig. 2, the 
mechanical and acoustical 
constants of the receiver, 
when closely coupled to a 
human ear, are indicated in 
the form of an analogous 
electrical circuit, in which 
mass, stiffness, and mechan­
ical resistance are shown, 
respectively, as inductance, 
electrical stiffness (reciprocal 
of capacitance), and resist­
ance. The electrical con­
stants of the receiver are 
shown in the same schem­
atic and coupled to the 
mechanical side of the re­
ceiver by means of the force 
factor G.< 10)  

In order to obtain an 
approximate idea of the 

NICKEL- ll<ON 
R:ll-E PIECES 

working of the receiver, the mechanical system 
of the receiver may be considered as divided 
into three main sections, indicated on the 
schematic as ab, be and ed. For the old receivers 
the schematic would be approximately repre­
sented by the part ab only, thus explaining 
the fundamental diaphragm resonance which 

appears at a frequency f0 = !.._ J!!!... . In the 27t m0 
equalised receiver a shallow chamber has been 
added behind the diaphragm ; the wall of this 
chamber contains a small hole which opens into 
the back space of the receiver and which is 
covered with silk of fine mesh. The air in the 
chamber has a stiffness s 1, the plug of air in the 
"leak" hole has a mass m 1, and the silk covering 
to the hole provides resistance r 1 ;  the complete 
system s 1 ,  m 1, r 1, constitutes the anti-resonant 
circuit be in series with the part ab. These two 
coupled circuits give rise to the two peaks at fA and fB, separated by a trough in the 
frequency response curve of the receiver. In 
the case of  Receiver Inset 2-P the positions of 
the two peaks have been arranged at about 
300 p :  s and 1 700 p :  s by choice of the 
constants m0, s0, m 1, s 1• In the case of the 
head receiver it has been possible to arrange 

Fig. 3-Receiver Inset 2-P against Ear. 
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the two peaks at about 300 p :  s and 2 000 p : s ,  
giving a still flatter curve, as a result of greater 
freedom of choice of the constants m0, s0, m1,  
s1•  In both forms of the new receiver the 
function of the resistance r 1 is to smooth out 
the peaks and the trough ; its effect is more 
pronounced at the lower frequency f A where 
the resonance has, in fact, nearly disappeared. 
The correct value of resistance has been obtained 
by choosing a silk of suitable specific acoustic 
resistance to cover the hole in the acoustic 
chamber. 

The part cd of the schematic is constituted as 
follows : The acoustic chamber between the 
diaphragm and the earcap has a stiffness 
s 2 ; the volume of air enclosed by the outside 
of the earpiece and the ear, including the ear 
cavity, has a stiffness s 3 ; and the plug of air in 
the holes of the earcap has a mass m 2• This part 
of the circuit gives rise to the so-called "earcap 
resonance" atfe ; it may be considered approxi­
mately as a series resonator of the well-known 
Helmholtz type, in which m 2 and (s 2  + s3) 
provide the reactive constants ; the resonance 

frequency fe = _!____ � ;· ( s 2 + sa) approxim-2TCJi '\ m 2 
ately. The resonance frequency fe has been 
designed for a value of about 2 900 p : s by 
choice of the constants m 2  and s 2 ; the value for 
the stiffness s 3 has been assumed to be that of 
an air volume of 4.5 cubic centimetres. In 
Receiver 1-L and similar receivers, the values 
of s 2 and m 2 are such that this resonance occurs 
above the working frequency range of the 
receiver ; moreover, it is imperceptible because 
of heavy damping, the flatness of the resonance 
being due both to the distributed mass at the 
several holes of an ordinary earpiece and to the 
small ratio of reactance to resistance. Ul> In the 
new receiver the values of both m 2 and s 2 have 
been increased above those of the old receivers, 
m 2  considerably, and s2 to a lesser degree ; the 
mass m2 has been concentrated at four small 
holes near the centre of the earpieces, these 
changes resulting in the appearance of a 
moderately sharp resonance in the region of 
2 900 p : s .  The space between the diaphragm 
and the earcap has been reduced in volume in 
order to increase s2• As commonly used on the 
older receivers, this chamber has the shape of a 

flat cylinder between the diaphragm and the 
earcap ; and, owing to the diaphragm amplitude 
varying from zero at the clamped edge to a 
maximum near the centre, pressure differences 
exist between edge and centre with consequent 
radial air flow to the periphery as well as to the 
central outlet provided by the earcap holes. 
If, in the new receiver, the same cylindrical 
shape had been adopted, and the separation had 
been reduced sufficiently to give the required 
volume reduction, the resistance to radial 
movements of air in the resulting narrow space 
(0.015") would have been considerable, so that 
the receiver response over the working frequency 
range would have been excessively damped. 
In the new receiver, however, loss of energy 
from this cause has been almost entirely avoided 
by making the shape of the air space correspond 
to the diaphragm displacement ; a practical 
approximation to this condition has been 
obtained by making the interior surface of the 
earcap conical, the height of the cone being 
0.050". This arrangement not only gives a 
uniform pressure distribution from periphery 
to centre so that all air flow occurs towards the 
central outlet, but also provides an increasing 
sectional area corresponding to the increasing 
air flow from periphery to centre. n2> 

When a receiver is held to the ear, there is 
often a small leakage to the outer air owing to 
imperfect contact between the earcap and the 
ear. For normally occurring leaks, the effect 
on the receiver characteristic is apparent only 
at frequencies below about 600 p : s. The 
presence of such a leak is indicated in the 
schematic (Fig. 2) by the mass m 3 shown in 
dotted lines ; the effect on the frequency 
response curve of the receiver is shown by the 
dotted curve D in Fig. 1 .  

THE MAGNETIC CIRCUIT 

Where damping is employed in order to 
assist the equalisation of the receiver, as in the 
new receivers described, a reduction in volume 
efficiency necessarily tends to occur. To avoid 
such reduction, means have been employed to 
raise the volume efficiency of the receivers by 
redesigning the magnetic circuit. 

In electro-magnetic receivers the diaphragm 
performs a double function. Firstly, it is the 
medium of transformation of electrical into 
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mechanical energy ; and, secondly, it is the 
radiator of acoustical energy. Thus both the 
magnetic and the mechanical properties of the 
diaphragm are involved in the working of the 
receiver. A criterion, taking account of this 
dual function of the diaphragm as well as of 
other factors, has recently been developed by the 
Bell Telephone Labs. for judging the perform­
ance of equalised receivers.< 5> It is embodied 
in the following expression : 
force factor x effective area of diaphragm 

turns x effective mass of diaphragm · 

Since there are under consideration a dia­
phragm of uniform thickness and only one type 
of diaphragm flexure (which in the case of the 
new receiver is that of a flat clamped diaphragm 
of conventional type) and since, moreover, 
the density of available diaphragm materials is 
approximately constant, the above criterion can 
be reduced to the following expression : 

force factor 
turns x thickness of diaphragm · 

The various parameters which are involved in 
this simplified figure of merit are as follows : 

( 1 )  the magnetic material of  the pole pieces, 
(2) the magnetic material of the diaphragm, 
(3) sectional area of pole pieces, 
( 4) separation of diaphragm and pole pieces, 
(5) turns on the receiver winding, 
(6) the polarising flux, 
(7) thickness of diaphragm. 

The manner in which these various parameters 
have been chosen will now be described. 

For the material of the pole pieces a nickel­
iron alloy containing 36 per cent. nickel<4> has 
been chosen. This alloy, under the condition of 
a superimposed polarising field, has the advantage 
of high A.C. permeability, the maximum 
value being about twice that for magnetic 
iron. It also has a specific resistance about six 
times that of magnetic iron with consequent 
smaller eddy current losses. For the dia­
phragm material, high permeability under 
conditions of high flux density is essential since 
the additional need for small diaphragm mass 
demands the thinnest permissible diaphragm. 
The material which has been chosen consists 
of an alloy containing approximately equal 
proportions of iron and cobalt.<4» <13> It is 

somewhat difficult to roll into the thin strip 
required for receiver diaphragms, but this 
handicap has been successfully overcome in the 
material manufactured by Standard Telephones 
and Cables, Limited, under the trade name 
"Permendur" for which trade mark protection 
has been applied. This material has the valuable 
property of retaining a high permeability at 
high values of flux density ; the maximum 
A.C. permeability with a superimposed D.C.  
field is  about three or four times that for 
stalloy. 

The pole piece sectional area is the maximum 
practicable, taking into account spatial and 
manufacturing limitations. The separation 
between pole pieces and diaphragm has been 
chosen at the minimum value consistent with 
security against pulling-in of the diaphragm 
to the pole pieces ; this factor is, of course, 
also related to the diaphragm thickness, the 
polarising flux, and indirectly to all the other 
parameters. The number of turns on the 
winding has been chosen in conjunction with 
the other factors so as to give correct impedance 
matching of the receiver to the standard British 
Post Office sub-station circuit. 

With these parameters decided, only the 
polarising flux and the thickness of diaphragm 
required determination. These two parameters 
react mutually in a complex manner and they 
were, therefore, selected as a result of experi­
ments covering a range of variation of polarising 
flux and diaphragm thickness. It can be shown 
that the force factor G, which is defined as the 
ratio of the mechanical force produced to the 
magnitude of the current producing it, may be 
expressed in terms of the magnetic flux and the 
number of turns in the receiver winding by the 

equation : G = n �d , where n is the number 

of turns and �: is the rate at which the flux 

interlinking the diaphragm and the pole pieces 
varies with diaphragm displacement. In carry­
ing out the range of experiments with different 
polarising flux and diaphragm thickness, the 
rate of change of the magnetic flux was measured 
directly by giving the diaphragm a sudden small 
displacement of accurately measured magnitude 
and observing the resulting deflection of a 
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calibrated ballistic galvanometer connected to 
the receiver coil terminals. In this experimental 
work an electro-magnet was used in order to 
give a ready variation of the polarising flux. 
Using the value of force factor so measured, the 

. force factor figure of ment, d' h h' k , turns x iap ragm t ic ness 
was plotted against the two parameters, polaris­
ing flux and diaphragm thickness. The curves 
are shown in Fig. 4, from which it will be seen 
that the optimum value of the figure of merit 
occurs for a diaphragm 0.0095" thick, and a 
polarising flux of 2 010 maxwells. The values 
of polarising flux are those measured by a 
magnetic iron yoke placed across the pole faces 
of the receiver. A magnet of nickel-aluminium­
iron has been found suitable for providing the 
required value of polarising flux. In Fig. 5 
the variation of force factor with airgap is 
shown for a diaphragm 0.0097" thick, which is 
near the nominal thickness value. It will be 
noted that the rate of change of force factor 
with airgap in the neighbourhood of the nominal 
working airgap of 0.009" is not very rapid, so 
that variations of airgap due to diaphragm 
distortions will not greatly affect the receiver 
efficiency. 

CONSTRUCTIONAL DETAILS OF THE 
NEW RECEIVERS 

The construction of Receiver 2-P is shown in 
schematic form in Fig. 3. It will be seen that, 
in general arrangement, the receiver is of the 
inset type similar to Receiver 1-L and can be 
secured to the microtelephone handle by two 
fixing screws which also serve to make the 
electrical connections. The frame of the receiver 
is of die-cast aluminium and, besides mounting 
the pole pieces and magnet assembly, terminals, 
etc. ,  it incorporates the shallow chamber behind 
the diaphragm with the small silk covered hole 
forming the system shown in the schematic 
of Fig. 2 as m1, s1, r1• The small silk disc, which 
provides the acoustic resistance r 1, is placed 
in the counter bore of a hole in the frame, and 
is held in place by a metal washer which is 
secured by staking the metal of the frame in three 
places. The assembly, consisting of pole­
pieces, coils, and magnet, is secured by four 
fixing screws to the frame ; the pole tips pro­
ject through slots in a plate insulator which is 
suitably sealed to the frame and to the pole tips, 
to make an airtight joint. During manufacture 
the receiver is tested with earcap and dia­
phragm assembled, by applying air pressure via 
one of the screw fixing holes of the receiver, the 
other screw fixing hole being temporarily 
blocked. The air flow under these conditions 
is required to be within certain limits ; thus 
the acoustic resistance of the silk disc and the 
sealing of the receiver are both tested at the same 
time. 

In general construction the new head receiver 
resembles Receiver Inset 2-P. It has the same 
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magnet and pole-pieces assembly, but the unit 
has been reduced in weight somewhat by the 
substitution of a bakelite frame or case for the 
die-cast case of Receiver Inset 2-P. The cord 
connections are made to moulded-in metal 
inserts in the bakelite frame. A pressed sheet 
aluminium cover is fixed to the rear of the unit 
by two screws which, in the case of Receiver 
Headgear 10-A, mark 2, also serve to attach the 
spring clip which holds the ball-ended head­
band. The unit can also readily be arranged to 
suit a stirrup type of headband. 

The earcaps of the new receivers are of 
moulded bakelite and, in the case of Receiver 
2-P, the external dimensions are very nearly the 
same as those of the earcap used on Receiver 
Inset 1 -L. There is, however, one important 
difference in the outside shape of the new 
receiver earcaps. Since the four holes in the 
earcap are involved in determining the frequency 
of the earcap resonance, it is essential that they 
be not obscured by the ear cartilage when the 
receiver is in use. For this reason the holes are 
arranged in the bottom of a small recess about 
0 .5" diameter x 0 .  l "  deep in the front of the 
ear cap. 

CONCLUSION 

The new telephone receivers represent a 
marked step forward in receiver design. While 
the improvement is primarily one of quality, 
it has been accomplished without sacrifice of 
receiver efficiency. The need for and economy 
resulting from improved overall quality are now 
generally recognised throughout the telephone 
world and are reflected in the recent C.C. I .F. 
decision to increase to 300-3 400 p : s the band 
to be effectively transmitted from subscriber to 
subscriber. These limits are considerably wider 
than those heretofore accepted. Nevertheless, 
they still necessitate the fullest economy in the 
utilization of the band effectively transmitted. 
To this end all apparatus involved in the trans­
mission path should have a uniform frequency 
response over the transmitted frequency band. 
In these respects the new receivers show an 
outstanding advance over the older commercial 
receivers. 

In conclusion, the author desires to acknow-

ledge the co-operation and advice given by 
Messrs. West and Pearce, of the British Post 
Office, during the progress of the development 
of the new receiver, in particular, for advice 
regarding the spacing of the resonances in the 
receiver characteristic and certain features in the 
earcap design. 
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The Use of the High�Vacuum Cathode-Ray Tube for 
Recording High-Speed Transient Phenomena1 

By Captain D. I. McGILLEWIE, R.N., A.M.l.E.E. 

SUMMARY 

The paper describes a portable apparatus operated from the SO-cycle A . C. mains and devised for the 
visual examination and/or photographic recording of controlled or uncontrolled high-speed transient phenomena. 

A high-vacuum glass-bulb type of cathode-ray tube is employed, with external photography. The 
maximum working voltage is 5 000 volts, and the beam is normally shut off by means of a negative voltage on 
the modulating grid. A 3-electrode spark-gap i's incorporated and is so arranged that when broken down by an 
incoming transient, or artificially-applied impulse, it brings the cathode-ray spot to full brilliance almost 
instantaneously for a controllable length of time, and, at the same time, sweeps it across the screen at a speed 
which can be varied from 1 or 2 microseconds to 1 millisecond for a single horizontal sweep. A simple oscillatory 
circuit operated by the spark-gap is arranged to provide a time-marking wave when desired. 

Introduction 

THE development of the hot-cathode, 
high-vacuum, electrostatically-focused, 
sealed-off glass-bulb type of cathode­

ray tube was primarily due to the demand for 
a tube suitable for television in which the 
intensity of the beam could be modulated from 
maximum brilliance to complete shut-off with­
out loss of focus, by a small controlling voltage, 
and in which no origin distortion existed. 

The employment of this type of tube for 
television purposes has to some extent obscured 
its potentialities in other directions, more 
particularly those connected with the investiga­
tion of high-speed transient phenomena. Recent 
proposals2 for the standardisation of impulse­
voltage testing provide but one indication of 
the demand which must shortly arise for 
apparatus for recording these and similar high­
speed transients, but of a more portable and 
less expensive nature than the high-voltage 
continuously-evacuated tube, as developed by 
Dufour, Rogowski, Burch, Whelpton, and 
others. 

The high-vacuum tube is essentially suitable 
for this purpose, as its focus is not impaired at 
the highest of writing speeds, while the limits 
of high-frequency response are only reached 
when the Holman 3 sensitivity effect becomes 

1 Paper read on 4th March, 1 938, before the Meter and 
Instrument Section of the Institution of Electrical 
Engineers, London. 

2 Journal I.E.E., 1936, vol. 78, p. 257. 
3 Wireless Engineer, 1933, vol. 10, p. 430. 

apparent, i .e . ,  when the time of transit of an 
electron from one edge of a deflecting plate to 
the other edge in the direction of motion of the 
stream is an appreciable fraction of the time­
interval between successive waves. (With the 
tube employed, working at 5 000 volts, this 
effect only begins to operate when approaching 
200 Mc.) 

Further, great improvements have recently 
been effected in the powders4 which are used 
to coat the interior surface of the large end of 
the glass bulb, i .e . ,  the screen of the tube, so 
that it is now possible to obtain with the high­
vacuum tube operated at about 5 000 volts 
visual records of single traces of almost the 
highest-speed transients which have as yet been 
explored ; while the photographic results 
obtainable, although not of course equal to 
those achieved with the high-voltage tube, are 
nevertheless sufficiently fast for a great deal of 
work which at present is only possible with the 
latter type of apparatus. 

The author has long been convinced of the 
possibilities for high-speed work of the glass­
bulb type of cathode-ray tube, and in December, 
1934, 5 he was able to obtain photographic 
records of writing speeds of the order of 30 km. 
per sec. using a gas-focused type of tube at 
3 000 volts. These tubes, however, were un­
satisfactory at such a voltage and suffered from 
other defects, mainly connected with variation 

: Journal 1.E.E., 1936, vol. 79, p. 1 1. 
' Journal 1.E.E., 1935, vol. 76, p. 670. 
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Transient Recorder Equipment, with Delay Cable in Circuit, connected up for recording Surge 
Generator Wave. 

of focus with wntmg speed, and high plate­
conductivity with large values of positive 
deflecting voltage. With the advent of the 
high-vacuum tube it became possible to produce 
a much more stable and reliable apparatus, 
capable of recording at considerably higher 
writing speeds. 

Initiation of Beam 

The main problem which had to be solved in 
order to make practical use of the high-vacuum 
tube for transient work was, as in the case of the 
high-voltage type of tube, to initiate the beam 
as nearly as possible simultaneously with the 
arrival of the transient to be recorded, and to 
shut it off again immediately the record was 
completed. The method6 whereby this has 
been achieved can be explained by reference 
to Fig. 1 .  S is a 3-electrode spark-gap in which 
the outer electrodes are charged to about I 800 
volts positive and negative respectively with 
regard to earth, the centre electrode being 
connected to earth through a resistance of the 
order of I megohm. 

The negatively charged electrode is connected 
through the condenser C 1 and the resistance R1 

6 Patent No. 475903. 

to the modulating grid G, which is supplied 
from the potentiometer P with a variable 
voltage, negative with respect to the cathode K. 
This negative voltage is fed to the grid through 
the decoupling resistance R3 with its associated 
condenser C2, and through the resistance R2• 
The intensity of the beam can be varied by 
altering the potential supplied to the grid, a 
voltage negative with respect to the cathode of 
about 30 volts having the effect of completely 
shutting off the beam. This is the condition 
under which the apparatus is operated. 

The gaps between the electrodes are adjusted 
to the minimum distances sufficient to prevent 
sparkover, and in this state can be broken down 
with a very short time-lag by the application to 
the centre electrode of a pulse of about 500 volts 
of either polarity. When breakdown takes 
place, the negatively charged electrode rises 
suddenly to earth potential and a positive pulse 
is applied through C 1, R1, R2, and C 2  to the 
cathode, and so via the decoupling condenser C3 
to earth. 

By suitable proportioning of R1 and R2 the 
voltage generated between grid and cathode is 
arranged to be just sufficient to annul the 
negative shut-off voltage supplied by the 
potentiometer P, and the beam is brought to 
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full brilliance i n  a fraction of a microsecond. 
The actual time depends on the grid-cathode 
capacitance (which is of the order of 15 µµF) 
and the value of the resistance R1. The time 
during which the beam remains "modulated 
in" depends upon the time-constant C1R1. It 
is advisable to shut off the beam when it has 
completely traversed the screen, to prevent a 
slight general fluorescence which occurs if it is 
deflected on to the walls of the tube. A 
"duration" control is therefore arranged such 
that, by variation of cl  and/or the combination 
R1R2, keeping the ratio R1/R2 constant, it is 
possible to vary the duration of the sweep from 
about 1 or 2 microseconds to more than 1 000 
microseconds. At the position of shortest 
duration, i .e . ,  for the fastest sweep, the time 
taken to charge up the grid-cathode capacitance 
is arranged to be of the order of 0.02 micro­
second. For the lowest speeds of sweep, since 
it is not very convenient to have large values of 
C1, a compromise is arranged and R1 and R2 
are also increased ; but even then the time 

Rs 
+isoovo�-1----(/ I Q 77" Cs ··l� · ··I� 

2 �,,/· .. · 1cs 
-1 800V o ]::· -

R s 
Fig. 2 .  

C c  R o  
l� TO DX1 

Cc  Ro ll---� TO DX2 

taken to charge up the grid-cathode capacitance 
is only of the order of 0.2 microsecond, which, 
for a sweep lasting 1 000 microseconds, is 
negligible. 

Before a detailed description is given of the 
apparatus, it will be convenient to indicate the 
method adopted for obtaining a variable-speed 
sweep and a time-marking device integral with 
the apparatus. 
Time Sweep 

The spark-gap is used to operate a balanced 
variable-speed sweep, the circuit of which is 
shown diagrammatically in Fig. 2. 

The two sweep condensers C. are arranged 
in series with the two "ganged" variable resist­
ances R8, and with the spark-gap. When the 
latter breaks down, the condensers c. discharge 
through the resistances and the sweep voltage 
is applied to the horizontal deflecting plates 
DX1 and DX2 through the coupling condensers 
Cc and damping resistances R0. 

Time-Marking Device 

The spark-gap has a third function to per­
form, namely to operate, when required, a 
timing wave. The diagrammatic circuit of the 
time-marking device is shown in Fig. 3. 

T is a small transformer, the secondary 
consisting of a large number of turns wound on 
a small toroidal permalloy dust core, while the 
primary is formed with a few turns of wire 
wound outside the secondary, and is in series 
with condenser cl and resistance R. If the 
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Fig. 3. 

switch K1  i s  closed, breakdown of  the gap 
causes C 1  to discharge through the primary 
winding and resistance R, giving a shock 
excitation of the secondary and causing it to 
oscillate at a frequency tuned by C2 to 1 Mc. 
and by C 2  and C3 in parallel (if K2 is closed) to 
250 kc. (These values can be altered if 
necessary.) The value of R for optimum results 
was found by trial. The timing wave is applied 
between DY1 and No. 3 anode through the 
switch K3 and the earthing connection E. The 
decrement of the circuit is sufficiently low to 
enable a considerable number of waves to be 

c: 

B 

recorded before the amplitude 1s too much 
reduced to be effective. 

Description of Apparatus 

The apparatus is constructed in two units, 
the mains unit and the tube unit, each being 
housed in a teak box. The various connections 
between the units are made by a number of 
plugs in the back of the tube unit, which fit 
into corresponding sockets in the mains unit 
when the two are placed back to back. Two of 
the plugs are connected by a strap which is 
introduced into the mains circuit, thus provid­
ing a simple and effective safety arrangement . 
The spark-gap is arranged at the end of the 
mains unit farthest from the tube unit, and has 
a viewing window above it permitting visual 
observation or, if desired, quartz-lamp excita­
tion of the gap. On the end panel of the mains 
unit are the controls for No. 3 anode voltage, 
timing wave, speed of sweep, duration of 
sweep, and adjustment of spark-gap ; also the 
mains plug, mains tapping, on-off switch, and 

! O T  

0 ox, 
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E 
DXz 

82 
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H 
H 

L 1  
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Fig. 4.  
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Tube Unit and Mains Unit. 

a terminal connected to the central electrode 
for the tripping impulse. On the front of the 
tube unit are the modulating control, focus 
control, biasing controls for X and Y plates, 
and a push button which, when operated, 
applies a pulse to the central electrode to trip 
the spark-gap artificially. 

On the front of the tube unit are plug-and­
socket connections to DX1, DX2, DY 1, DY 2, 
and No. 3 anode. 

The schematic diagram of the mains unit is 
shown in Fig. 4. The transformer T 1 is tapped 
at a number of points on its primary, thus 

providing not only the 
usual mains tapping­
points (not shown on 
the diagram) but also a 
convenient method of 
varying No. 3 anode 
voltage by variation of 
the primary voltage on 
T 2. 

The maximum vol­
tage for which the mains 
unit is designed is 6 000 
volts, but so far only 
5 000 volts have been 
used, this being the 

maximum for which the tubes are designed. 
The smoothing condensers are arranged in 
series with 10-megohm grid leaks across each, 
in order to make it possible to use a 2 000-volt 
type of condenser of relatively small size. 

In the spark- gap supply the condensers C8 
in conjunction with resistances RH provide the 
necessary spark-heating circuit . 

The tube unit is shown in diagrammatic 
form in Fig. 5. P is the push button for 
tripping the spark-gap, the decoupled condenser 
Cp providing the voltage required without 
upsetting the biasing or spark circuits. The 

�-+--+---I DXz 

DX2 u-�� 1 �-----�1•-------' 
B2 o---'I'--------' 

HI-
H o--+ 

H o-. 

Fig. S.  
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decoupling condensers for the cathode and for 
No. 2 anode ·are of the same type and are used 
for the same reason as those already referred to 
in connection with the mains unit. The rest of 
the circuit is self-explanatory. 

Characteristics of Tube 

The high-vacuum tube standardised at present 
for this apparatus is the 4063-AB tube manu­
factured by Standard Telephones and Cables, 
Ltd. Its characteristics are as follows : Screen 
diameter, 5! in. ; colour of trace, blue ; sensiti­
vity (mm. per volt), 650/V for X-plates and 
750/V for Y-plates, where V is the accelerating 
voltage ; maximum anode voltage, 5 000 volts. 
Capacitances : 7 Grid to all other electrodes 
strapped, 15 µµF ; DX1 to DX2, 1 .5 µµ.F ; 
DY 1 to DY 2, L2 µ.µ.F ; DX1 or DX2 to all 
other electrodes strapped, 12  µ.µF ; DY 1 or 
DY 2 to all other electrodes strapped, 10 µ.µF ; 
DX1 and DX2 strapped to DY 1 and DY 2 
strapped, 6 µµ.F. 

Conductivity curves for the DX and DY 
plates are shown as continuous lines in Fig. 6, 
the DX plates being those nearest the screen. 
It will be noted that the DY plates have an 
extremely high impedance. The slightly lower 
impedance of the DX plates is of no importance 
since they are used for the sweep. The 
sensitivity curves of the DX and DY plates are 
shown as broken lines in Fig. 6. 

Operation 

The apparatus is extremely simple to operate. 
The two units are placed back to back and are 
pushed together. A good earth connection is 
made to the earth terminal on the front 
of the tube upit, and the controls on the 
tube unit are set as follows : Intensity control 
to "Off" ; focus control and X and Y shift 
controls in their central positions. The spark­
gap is then inspected through the viewing 
window and the central electrode withdrawn 
to a distance sufficient to prevent sparkover. 
With the mains tap in the correct position and 

7 The capacitances between the two plates of each pair 
are given above for purposes of comparison with other 
makes of tubes. Actually, however, they do not appear to 
have any real value, since in practice some part of the 
circuit must have a metallic connection to No. 3 anode. 
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- - - - Sensitivity curves at 5 000 volts. 
--- Conductivity curves at 5 000 volts. 

, 

the required accelerating voltage selected by 
the voltage control, the mains supply is then 
switched on. After a pause of a minute or two 
to allow the heater to warm up, the intensity 
control is turned clockwise until the spot is 
seen. The focusing control is then adjusted 
until a fine spot is obtained, after which the 
intensity control is readjusted until the spot is 
just faded out. Next the spark-gap control is 
adjusted until sparkover just fails to occur, and 
the controls on the mains unit are set as follows : 
Timing-wave control to "Off" ; sweep control 
to lowest speed ; duration control to position 
No. 4. If the push button on the front of the 
tube unit is now pressed, the spot will appear 
about the centre of the screen and traverse to 
the right. The X and Y shifts, and the speed 

2 0 

T I M E - M IC R OSECON DS 

Fig. 7. 
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Fig. 8. 

and duration controls, are then adjusted as 
required. 

When possible, the transient to be recorded 
should be applied in push-pull to the Y-plates, 
as this obviates the defocusing effect which 
occurs when a large unbalanced voltage is 
applied between one plate and anode. 

This latter condition is unfortunately the 
most usual in practice, but the defocusing effect 
can be reduced to a negligible quantity in the 
case of a unidirectional transient, when the 
polarity is known, by applying the transient to 
the DY-plate through a condenser and biasing 
the same plate with an unbalanced voltage of 
about half the value of the peak of the transient 
and of the opposite polarity. Alternatively, it 
is necessary to restrict the excursion of the spot 
to about three-quarters of the maximum working 
vertical displacement possible with balanced 
-input . 

The tripping impulse is applied to the 
terminal T on the front of the mains unit. 

To obtain a zero line the push button is 
pressed with the timing-wave control at "Off." 
The timing wave is obtained by pressing the 
button with the timing-wave control at position 
No. 1 or No. 2, the first giving a 1-microsecond 
wave and the second a 4-microsecond wave. 

The problems connected with irregularity of 
time-lag of spark-gap, the improvements which 
can be effected by ultra-violet radiation, and 
the theory and practice of delay cables, are 

1000 800 600 400 200 0 

TI M E - M IC ROSE CONDS 

g 
Fig. 9.  

identical with those encountered in high­
voltage oscillograph technique. It is therefore 
not proposed to discuss them here. 

Photographic Records 

Figs. 7 to 9 are reproduced from photographs 
actually taken with the apparatus. Fig. 7 shows 
a surge generator wave with zero line and 
1-Megacycle timing wave superimposed. Fig. 8 
shows the same wave with a slower time-sweep. 
Fig. 9 shows a 5-kc. wave and is included to 
prove that the apparatus will record transients 
of more than 1 millisecond's duration. 8 

All these records are of single traces, and 
Figs. 7 and 8 were automatically recorded, i .e. , 
the surge generator itself was used to trip the 
spark-gap, a delay cable being used to enable 
the start of the wave to be recorded. 

Fig. 10 is reproduced from a slightly touched­
up photographic record which was made to 
establish the various time-delays involved in 
the apparatus. For this record the same surge 
generator was used as for Figs. 7 and 8, but the 
speed of sweep was increased to twice that of 
Fig. 7. Curves A and B (Fig. 10) show the 
results 0btained with and without the delay 
cable respectively. Curve B has been extended 

8 Since the reading of this paper the author has found 
it possible to exten d the range to obtain records lasting 
up to 5 milliseconds. 
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backwards, as shown in broken lines, to meet 
the baseline at the point R. 

P is the position of the spot before being shut 
off prior to recording, and Q is the starting 
point of curve A. The distance PR, corre­
sponding to approximately 0.2 microsecond, 
represents the time-lag of the spark-gap, and 
PQ (approximately 0.04 microsecond) represents 
the time taken to initiate the beam. Owing to 
the very high recording speed the points Q and 
R could not be very accurately located on the 
record, but it was possible by visual examination 
of a number of surges to make certain that their 
positions as shown in Fig. 10 were approxi­
mately correct. 

-�--�� �'p���- R � �--� 
I I I I I I I I 

1 · 5  1 · 0  O·S 0·4 0·3 O·Z O · I  0 
MICROSECONDS 

Fig. IO.  

The camera used is fitted with an J /1 .9 
Dallmeyer lens. All the photographic records 
were taken on 6 cm. x4i cm. sensitized paper 
coated with Ilford F type emulsion, as this has 
been found the most effective medium for 
obtaining the highest-speed records. This 
accounts for the time axis moving from right 
to left. 

When vacuum tubes are available to operate 
at higher voltages, still faster records will be 
possible with the same general arrangement. 
In cases when extremely low deflector-plate 
capacitance (to anode) is a necessity, the author 
is advised that no difficulty would be experienced 
in constructing special tubes with the vertical 
deflecting plates brought out through the walls 
of the tube. It would also be possible to reduce 
the size of the deflector plates if required, or, 
alternatively, to reduce the length of the tube 
in order to reduce sensitivity. 

Trapezium Distor­
tion 

As has already been 
stated, most work 
connected with tran­
sient p h e n o  m e  n a 
necessitates an un­
balanced input to the 
tube, and it is well 
known that an un­
balanced deflection 
on one plate of a 
pair, the other plate 
being earthed, causes 
a variation in sensi­
tivity of the other 

Fig. l l .  

pair of plates, giving rise to  what i s  generally 
termed "trapezium distortion." It has been 
found, however, that as long as a balanced 
sweep is arranged on the plates nearest the 
screen, an unbalanced deflection on one of 
the other plates has practically no distorting 
effect. This is shown by Fig. 1 1 ,  which is 
reproduced from a tracing taken of the envelope 
of a figure obtained by applying a balanced 
SO-cycle deflection on the DX plates (horizontal) 
with an unbalanced deflection on one or other 
of the DY plates. Fig. 12 shows the result 
obtained with the connections reversed, i .e . ,  
with the balanced sweep on the DY plates and 
an unbalanced deflection on one of the DX 
plates. The former arrangement is, of course, 
used in the apparatus. It will be apparent, 
therefore, that the apparatus can be calibrated 
statically with the greatest possible accuracy. 

Conclusion 

In conclusion, it should perhaps be 
emphasised that no appreciable shortening of 
the life of the tube is involved in leaving the 
apparatus ready for operation for long periods, 

\'--_____.l 
Fi!f. 12. 
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as the beam remains shut off except when the 
equipment is actually recording. This feature 
renders it especially suitable for the investiga­
tion of the effects of lightning surges on power 
transmission lines. 

Acknowledgments 

The author is indebted to Standard 
Telephones and Cables, Ltd., in whose labora-

tories at North Woolwich the whole of the 
development of the apparatus has been carried 
out, for permission to publish this paper. He 
has also to acknowledge his indebtedness to a 
number of colleagues in the Company's trans­
mission laboratories for assistance on many 
occasions, and, in particular, to Mr. S. Hill and 
Mr. B. Newsam for assistance in the design and 
testing of the final model. 

Assembling .a centim�tre-w°:ve tuhe havinr; an anode with a radius of eight-thousandths of an inch. 
Because of zts small szze, thzs type of tube zs assembled under a binocular magnifier. (Les Laboratoires 

L.M.T., Paris.) 
' 

www.americanradiohistory.com

www.americanradiohistory.com


A Museum of Electronic Apparatus 
By R. l\foV. WESTON 

E,. LECTRICAL communication to-day is 
very largely dependent on the thermi­
onic valve, and this piece of apparatus, 

in its many forms, has been developed to its 
present degree of efficiency and reliability in the 
space of about thirty-three years. During the 
first ten years, progress was extremely slow ; 
but, during the last twenty-three years, it has 
been so rapid that it is difficult to appreciate the 
number Gf improvements that have been made. 

With a view to preserving as many actual 
examples as possible of the various stages in the 
evolution of electronic apparatus, the writer has 
been engaged since 1920 in forming a private 
museum of thermionic valves, cathode-ray 
tubes and photo-electric cells. The museum is 
now of considerable size, as it contains some 
two thousand exhibits and illustrates almost 

every important step in development up to the 
present day. 

The collection is kept in the writer's private 
house in a large attic which has been specially 
adapted for the purpose. Owing to a sloping 
roof, the amount of wall space suitable for the 
display of specimens is limited, and in order to 
increase it the room is divided up into a series 
of bays by means of partitions. Roughly 
speaking, each bay accommodates only one type 
of specimen, such as diodes, triodes, tetrodes, 
etc. ,  but it has not been possible to adhere 
strictly to this arrangement. The presence of 
the dividing partitions makes it impossible to 
photograph the collection as a whole, but Figs. 
1 and 2 show as much as is possible from two 
points. 

It would be quite impossible, in a limited 

Fig. I-View of Part of the Museum. 
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Fig. 2-Another Vie1'' of Part of the Museum. 

space, to deal with many exhibits in detail and 
accordingly only some of the more important 
types can be referred to. A brief look around the 
collection will serve, however, to recall to mind 
not only the fundamental inventions upon 
which all modern valves are based, but also to 
indicate the general trend of development from 
the early examples to those of the present time. 
Thermionic Valves 

The oldest exhibits, in the valve section, are 
the Fleming valves dating back to 1904, such as 
are shown in Fig. 3. These valves all have 
carbon filaments, and it is interesting to recall 
that they went out of favour soon after the 
introduction of the more sensitive crystal 
detector in 1906. 

Turning now to the three electrode valve : 
although patented by De Forest in 1907, it does 
not appear to have been used commercially until 

a considerably later date. It is understood that 
the British patent was allowed to expire in 191 1 .  
At that date von Lieben and Reisz produced 
their three electrode valve or relay, illustrated 
in Fig. 4. This valve had an oxide-coated 
platinum strip filament about one metre in 
lenglh and contained mercury vapour. Meissner, 
in 1913, using one of these valves, generated 
continuous oscillations and transmitted speech 
over a distance of 36 kilometres. Circuit 
diagrams published at the time show that for 
the amplification of speech currents, the tube 
was operated from D.C. supply mains, and that 
such refinements as grid bias and input, as well 
as output, transformers were used. 

Fig. 5 shows some other early soft vacuum 
receiving triodes dating from about 1914 to 
1916, all of these having oxide-coated filaments. 
The "Round" receiving valve illustrated, as well 
as the "Round" transmitting valve shown in 
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Fig. 9, have pellets of asbestos sealed into 
extension tubes which could be heated in order 
to expel gas if the vacuum became too hard 
during use. This method of vacuum regulation 
was also used in the Lieben-Reisz relay, except 
that in this case the asbestos was replaced by an 
amalgam of mercury. 

The year 1913 marked the introduction of the 
first high vacuum triodes, and a Langmuir 
"Pliotron" of that date is illustrated in Fig. 4. 
As can be seen from the illustration, the anode 
consists of a continuous wire suspended from 
glass supports on small hooks ; it was heated to 
incandescence during evacuation. This feature 
can also be seen in the early Post Office repeater 
shown in Fig. 6. With the introduction of 
commercial valves of the high vacuum type, the 
old oxide-coated filaments were almost entirely 
superseded by the pure tungsten filament and 
by the combined oxide-coated filament, intro­
duced about 1914 by the Western Electric 
Company for telephone repeater work. The 
development of this type of filament started 
with a platinum-iridium alloy and was followed 
by various platinum-nickel and platinum-cobalt 
alloys which give increased emission combined 
with longer life. A range of valves employing 
oxide-coated alloy filaments made by Standard 
Telephones and Cables, Limited, is shown in 
Fig. 7. 

A parallel development of later date was the 
introduction of the thoriated tungsten filament 
which, as is well known, yields a much higher 
emission than pure tungsten and also has the 
advantage that it can be operated at a lower 
temperature with a consequent saving in cathode 
power. Valves with this type of filament are 
represented by many examples, some of which 
are quite early in date. 

Fig. 6 shows some small high vacuum receiv­
ing valves, all with tungsten filaments, and note 
should be taken of the French "R" valve and 
also the French "horned" valve. The " R" 
valve was the first high vacuum receiving valve 
to be made in quantity in Europe and was used 
in enormous numbers during the War. It is of 
simple construction, having a spiral grid, the 
individual turns of which are not supported by 
any stiffening member. The undesirable effects, 
due to the capacity between the electrodes and 
between the wires in the "pinch," were 
observed by the French as early as 1918 when 
constructing amplifiers using the "R" valve for 
operation on the then very short wavelength of 
200 metres ; and the "horned" valve was 
probably the first attempt to overcome the 
difficulty. This construction went out of use 
for a number of years, but recent types of valve 
show a striking resemblance to their prototype 
and many valves are now produced with grid 

Fig. 3-Fleming Valves, 1904-1908. 
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and anode connections so arranged as to reduce 
the residual capacity. 

The Telefunken valve, illustrated in Fig. 6, 
is a typical example of the beautiful glasswork 
often met with in early German valves. It will 
be seen that this valve has been sealed off at the 
top without the formation of the usual pip and 
closely follows the design of the French "R" 
valve. Earlier German valves all had flat grids 
and anodes placed on one side of a very small 
filament rather similar to the original "Audion." 
These valves were used in audio frequency 
amplifiers for earth current or power buzzer 
signalling and were not suitable for radio 
reception. 

Fig. 4.-Left : Lieben-Reisz Relay, 191 1 ; 
Right : Langmuir "Pliotron," 1913.  

The collection includes several other early 
German valves, dating from about 1917, with 
interesting features. The employment of iron 
for the construction of bases, and the use of 
copper for anodes and grids, indicate the 
shortage of suitable raw materials experienced 
at that time. The transmitting valve shown in 
Fig. 9 has an iron base and part of the insulating 
material for the grid and filament pins is hard 
wood. 

German valves frequently exhibit a compli­
cated construction, with elaborate internal 
glasswork. The Loewe multiple valves, intro­
duced in 1925, are worthy of mention in this 
respect. 

Originally two types of valve 
were available, one compris­
ing two radio frequency stages 
within one envelope, and the 
other a detector and two audio 
frequency stages, also in one 
envelope. The radio frequency 
stages were resistance-capacity 
coupled · for aperiodic amplifi­
cation, and the necessary con­
denser and resistances were 
placed inside the envelope, 
enabling the shortest possible 
connections to be used. The 
reduction of stray capacities 
thus achieved enabled valves 
of this type to operate satis­
factorily down to about 200 
metres. Very high values of 
anode resistance were used, of 
the order of one megohm, and 
in order to compensate for the 
drop in anode voltage, the 
valves were fitted with space 
charge neutralising grids. 

The detector and audio fre­
quency stages were also re­
sistance-capacity coupled, but 
triodes were used in this case. 
Provision was made for elec­
trostatic reaction, if required, 
and negative grid bias for the 
second electrode system was 
provided without the necessity 
of an additional battery. Using 
a pair of such multiple valves a 
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five stage receiver could be 
constructed simply by the 
addition of tuning coils, 
batteries and telephones. 
A complete Loewe valve 
and two electrode assem­
blies are shown in Fig. 8. 

Another very interesting 
German valve is t h e 
Schottky tetrode, also il­
lustrated in Fig. 8. It 
will be noticed that the 
grids are of the longi­
tudinal slat type and that 
all the electrodes a r e 
securely anchored to a glass 

Fig. 6-Early Hard Vacuum Receiving Valves-Left to Right : Fre nch "R" 
Valve, 1916 ; French "Horned" Valve, 1 9 1 8 ; Telefunken Type E. V. N. l 7 l ,  

1 9 1 7 ; Post Office Repeater Type V.A. No. l ,  1 9 1 9 .  

framework which is itself attached to the top of 
the glass bulb by means of an S-shaped glass 
support. 

Tremendous strides have been made since 
those days, beginning with attempts to raise the 
amplification factor and mutual conductance 
from the then common values of about 4 to 7, 
and 0.5 milliampere per volt, respectively. The 
improved filaments referred to above, also the 
indirectly heated cathode, have made possible 
great improvements in valve performance ; and 
the additional benefits derived from accurate 

spacing of the electrodes with smaller inter­
electrode distances are well illustrated in the 
"Micro-mesh" type of construction. Small 
receiving triodes are now available with 
amplification factors up to 100 ; and, in other 
types, mutual conductances as high as 12 
milliamperes per volt are obtainable. Such 
constants would have seemed quite impossible 
of achievement fifteen, or even fewer, years ago. 

Turning now to transmitting valves, three 
early types are shown in Fig. 9. The "Round" 
valve shown has no less than three separate 

oxide-coated filaments and, 
since it is of the soft 
vacuum type, it can be 

Fig. 5-Early Soft Vacuum Receiving Valves-Left to Right : Round type "C" 
1914 ; "Audion," 1914 ; White Valve, 1 9 16. 

assumed that filament life 
was not very long. The 
Telefunken valve illus­
trated has a grid wound 
with very fine wire on a 
glass framework which was 
a fairly common feature of 
many of the early types 
such as the "Pliotron," 
"Oscillion," etc. Perhaps 
the chief trend in design 
has been in connection 
with the production of 
valves suitable for higher 
and higher power, and a 
number of examples in 
the collection make it easy 
to trace the gradual evolu­
tion of the present-day 
types. An early attempt 
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Fig. 7-A Range of Oxide-coated Alloy Filament Valves made by Standard Telephones and Cables, Limited. 

to increase heat radiation from the anode 
is clearly visible in a Marconi-Osram type 
T-2-A of 1917 which has a corrugated cylindrical 
anode, the projections being the forerunners of 
the modern radiating fins. 

Subsequent development indicates the use of 
black or rough finishes to the anode, such as 
oxidised or carbonised nickel, sandblasted 
surfaces and also the use of materials such as 
molybdenum and graphite which are suitable 
for operation at higher temperatures. 

At the same time, the gradual introduction of 
hard glasses can be noticed and also the use of 
tungsten and molybdenum leads instead of the 
early platinum and alloy wires, enabling the 
dimensions of the envelope to be considerably 
reduced. The limit of size for ordinary glass 
valves was quite early found to be of the order 
of 2 kilowatts anode dissipation, but anode 
dissipations up to 10 kilowatts were found to 
be possible with valves having fused silica 
envelopes, which were produced, after some 
initial manufacturing difficulties, in 1919. A 
small valve of this type is shown in Fig. 10, and 
it will be seen that the anode is woven from 

narrow strip on account of the difficulty of 
working molybdenum sheet. 

The design of the seals for the silica valves, 
which must be capable of carrying relatively 
large currents, is somewhat unusual. The actual 
sealing material is lead and, since valves are 
heated in an oven to a temperature of 1 000°C. 
during manufacture, it is necessary to provide 
the long sealing tubes shown, as well as an 
extension tube containing the filament spring, 
so that these may project from the oven during 
the baking process and be cooled by blasts of 
air. Silica valves are accordingly provided with 
forced ventilation during use. Two large valves, 
a diode and a triode, can be seen in their special 
cages in Fig. 2. These cages serve not only to 
support and protect the valve, but also to 
confine and direct the airblast from the blowers. 

One of the most important steps in the 
evolution of the high power valve was the House­
keeper copper-glass seal, which made the 
construction of large, sealed-off, water-cooled 
valves with copper anodes a commercial 
proposition. 

Previously, it was customary m high power 
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transmitters to connect 
in parallel large numbers 
of glass valves, as many 
as 500 valves having been 
used in some instances. 

With the water-cooled 
valve, powers up to 100 
kilowatts were soon found 
to be practicable with only 
a single valve. An in­
teresting outcome of the 
copper-glass seal was the 
production in England, 
in 1933, of the " Catkin " 
type of receiving valve. 
These valves have air­
cooled copper anodes, only 
a small proportion of glass 
being used in their con­
struction. The conven­
tional type of flat glass 
"pinch" is done away with, 
the leads being brought 
out through a circular seal . 

Another development of 
great interest in connec-

Fig. 9-Early Transmitting Triodes-Left to Right : Round Type " T"-Soft 
Vacuum, 1914 ; Telefunken Type R.S. 5, 1919 ; Marconi-Osram Type M.T.3. 

Fig. 8-Loewe Multiple Valves-Left to Right : Triple A .F. Valve-Electrodes 
of Double R.F. and Triple A.F. Types ; Siemens-Halske Schottky Tetrode, 

Type O.R. 

tion with rece1vmg valves 
is the "All Metal" valve 
introduced by t.he Radio 
Corporation of America in 
1935. The design is a 
radical departure from or­
thodox methods inasmuch 
as the glass envelope is 
replaced by a steel shell 
with large spot - welded 
vacuum-tight joints . The 
valves are evacuated by 
means of a copper tube, 
also sealed by welding, 
and the only glass used in 
the entire construction is 
in the form of small beads, 
one bead being employed 
to seal each lead. 

The tendency towards 
the abolition of the glass 
enYelope would make an 
interesting historical sur­
vey in itself, and it is 
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Fig. IO-Silica Trans­
mitting Triode, Mullard 
Type T-7-A, 750 Watts 

Dissipation. 

worthy of note, in pass­
ing, that Lodge took the 
first step by construct­
ing and using an "all 
metal" X-ray tube so 
long ago as 1896. 

H a v i n g produced 
v a 1 v e s capable of 
handling high powers, 
the designer next turned 
his attention to valves 
for use on high fre­
quencies, the resultant 
valves being, in some 
cases, very similar to the 
old French h o r n e d 
valve. A few valves of 
this type are shown in 
Fig. 12. The stage 
has now been reached 
that makes a reduction in 
physical dimensions im­
perative, the Western 
Electric 316-A and 
Standard Telephones & 
Cables type 4316-A (Fig. 
1 1 )  being examples of 
this modern trend. Re­
duction in size has also 
been found advantage­
ous in valves designed 
for reception at very 
high frequencies, the 
well-known "Acorn" 
type being an example 

of such technique. That specially small receiv­
ing valves are not entirely new can be appreciated 
from an Ediswan type D-2-X, made in 1918, 
believed to have been used as a detector in 
receivers designed for the then extremely short 
wave-length of SO metres. This valve, which is 
only 1 l inches in length, ! inch in diameter 
and of double-ended construction, clearly in­
dicates that the designer was familiar with 
the problems which still remain to be 
considered to-day. The electrodes consist 
of three fine parallel wires located m one 
plane. 

For the very highest frequencies, normal tubes 
and conventional methods of operation fail 
entirely and the problem of the generation of 

micro-rays, as they are frequently called, must 
be tackled by other methods. 

Three types of these special tubes are 
included in the collection, namely, the split 
anode magnetron, the Marconi-Mathieu tube 
and the micro-ray tube of Standard Telephones 
& Cables. 

Split anode magnetrons, though they have 
received a great deal of attention in the labora­
tory, do not appear to have been used com­
mercially for the purpose of communication as 
they cannot be modulated conveniently. 

The Marconi-Mathieu tubes are triodes of 
lhe positive grid type and are used in a special 
symmetrical circuit necessitating a pair of 
valves, each of which is constructed as the mirror 
image of the other. An output of about 3.5 
watts can be obtained from a pair of tubes on 
the normal wavelength of 60 cm. 

The Standard Telephones & Cables micro-ray 
tube (Fig. 13) also operates with a positive grid 
and negative plate but is entirely different in 
principle. Both ends of the grid are brought 
out to the top of the tube and these leads alone 
are connected to the transmission line. The 
wavelength generated is primarily dependent 
upon the geometry of the tube and is usually of 
the order of 16 cm. 

Fig. 1 1-Standard Telephones and Cables 
Type 4316-A Valve. 
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Fig. 12-Special Valves for High Frequencies-Left to  Right : French 10  Watts and 50  Watts, 1920 ; Tungsram Type 
0, 200/2 500, 200 Watts, 1937 ; Standard Telephones and Cables Type 4304-B. 

These extremely short waves, being quasi­
optical in behaviour, are usually concentrated in 
narrow and highly directional beams by means 
of parabolic reflectors. Such methods enable 
reliable commercial links to be established over 
distances up to about 30 miles. 

Photo-Electric Cells 

Photo-electric cells in the museum, including 
a modem electrolytic cell, comprise a small 
group, taking one back almost a century to the 
discovery of the Becquerel effect ; selenium 
cells depending on May's discovery in 1873 ; 
and the later thick film cells with cathodes of 
sodium, potassium, rubidium and caesium. 
Several of these cells have points of special 
interest, in particular one rubidium cell which is 
one of the first two cells of this type constructed 
in England. Two particularly large cells can 
be seen in Fig. 1 ,  that on the right being a 
potassium cell measuring about 12 inches in 
diameter. Both of these cells were used in early 
systems of low definition television. A number 
of examples of the modem thin film cells are 
also included, together with the so-called barrier 
layer cell and the selenium-iron self-generating 
cell. 

Cathode- Ray Tubes 

A section of the collection is devoted to the 
cathode-ray tube and its development ; and, 

although the number of specimens is not great, 
the most important types of low voltage tubes 
are all shown. 

The Braun tube of 1897 is represented by a 
reproduction, as genuine tubes of such an age 
are almost non-existent. A very interesting tube 
of the same period is the Perrin tube. This is 
not an oscillograph tube, but is of the type used 
by Perrin in 1895 in his experiments which 
showed for the first time that a beam of cathode­
rays carries a negative charge. 

Another interesting cold cathode tube is one 
made by Cossor in 1903 with silver deposited on 
the interior of the bulb, exactly as a conducting 
layer of graphite is used in tubes of the present 
day. An early tube of about 1908 has a Wehnelt 
oxide-coated cathode consisting of a spot of 
lime on a platinum ribbon ; and another tube 
of 1918 has a Coolidge type cathode with adjust­
able hood to assist the focussing of the electron 
beam. All the above examples have the 
fluorescent material on a flat mica plate within 
the glass bulb and not actually on the surface of 
the glass envelope as is now universal. 

These old tubes were very unreliable in 
operation and the hot cathode types all had very 
short lives as the vacuum was always poor. The 
remains of a very interesting tube of 1910 are 
worthy of note in this connection, inasmuch as 
this tube had the unusual feature of being 
demountable for ready renewal of the cathode 
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Fig. 1 3-Standard Telephones 
and Cables Micro-ray Tube. 

and fluorescent screen. The latter was formed 
on a flat glass plate cemented to the body of the 
tube, and the W ehnelt type cathode was 
supported by an adjustable mount to facilitate 
correct alignment of the lime spot with the 
aperture in the anode. The tube was con­
tinuously evacuated and was fitted with an 
osmosis vacuum regulator ; unfortunately, the 
adjustable cathode assembly is now missing. 

It needs no great stretch of imagination to 
appreciate that all these early tubes were very 
difficult to manage satisfactorily, and consider­
able skill was required to coax them into opera­
tion. When they were working, the size of the 
trace frequently left much to be desired and 
their behaviour during use was anything but 
stable. The subsidiary apparatus usually 
consisted of a motor-driven Wimshurst machine 
for the high tension supply and bulky focussing 
coils consuming a considerable amount of 
power. 

The first satisfactory tube from a ccmmercial 
standpoint was the Western Electric type 224-A 
of 1 921 operating on low voltages and without 
the need of magnetic focussing. A further range 
of tubes shows some of the stages in the develop­
ment of the hard vacuum oscillograph as it is 
known to-day, concluding with the modern 
large screen tubes for the reception of television 
and also experimental high voltage projection 
tubes. Some of these tubes can be seen in Fig. 1 .  

Conclusion 

The preceding short description is the merest 
outline of ' the field covered by the entire 
collection. To deal with the very numercus 
minor improvements and developments, which 
have all played some part in perfecting the older 
types of apparatus, would be impossible. The 
museum serves to bring to mind the fact that 
the evolution of electronic apparatus has been 
in progress longer than is usually appreciated 
and that the latest and most complicated 
developments, such as television, are based upon 
fundamental discoveries made many years ago. 

In conclusion, the writer would like to add that 
the collection, though private, is available for 
inspection by appointment and that visitors are 
always welcome. 

Editor' s Note : Mr. Weston's address is : " Oakwood , "  

The Chase, Reigate, Surrey. 
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7 -D Rotary Exchanges in Rumania 
By JACQUE TER SARKISSOFF, A.I.A.M., 

Switching Systems Operating Superintendent, 

and 

L. B. TUCKER, 
Plant Manager, 

Societatea Anonimii Romana de Telefoane, Bucharest, Rumania 

INTRODUCTION 

IT was in the year 1935 that the engineers 
of the Bell Telephone Manufacturing 
Company produced their first designs for 

automatic equipment for small communities. 
Compared with the facilities required to-day, 
these early designs were relatively simple and, 
in the intervening years, the equipment has 
gradually developed from small single office 
exchanges suitable for isolated villages to the 
present conception of complete networks includ­
ing 60 or more exchanges and even extending to 
complete national systems. 

At the end of the year 1937, 167 000 lines 
of the 7-D Rotary System were installed or on 
order, spread over 535 different exchanges in 
all parts of the world. 

The system has been described in previous 
issues of Electrical Communication.* The 
present article describes the IEost recent 
developments and also shows how the system 
is ideally constituted to meet the requirements 
of the provincial towns of Rumania. 

PRESENT INSTALLATION PROGRAMME 

When the present installation programme of 
the Societatea Anonima Romana de Telefoane 
is completed, Rumania will have eighteen 
automatic offices in the seventeen cities indicated 
in Fig. 1 .  The greater number will be o f  the 
latest 7-D Rotary type, incorporating several 
new and highly advantageous features. 

The first of the new type of 7-D exchange, 
with 1 000 lines, was cut into service in Iasi 
in December, 1936. An extension of 400 lines 
was added in 1937. 

Exchanges in five more cities, Arad with 

* See in particular, "The 7-D Rotary Automatic 
Telephone System," by W. Hatton and J. Kruithof, 
Electrical Communication, April, 1935. 

1 800 lines, Cluj with 2 800 lines, Galati with 
1 800 lines, Braila with 1 200 lines and Craiova 
with 1 000 lines, were placed in service in 1937. 

This year ( 1938) installations of the new 
7-D type equipment have been successfully 
placed in operation in Constanta (2 000 lines), 
Oradea (2 600 lines), and Timi13oara (3 600 
lines). Work on Chi§inau ( 1  200 lines) and 
Cernauti (2 800 lines) is nearing completion. 

A 3 000 line 7-D installation at Bra�ov is 
scheduled for completion in 1939. Conversion 
to 7-D in Satu Mare and Sibiu will follow in 
1940 or shortly thereafter (see table, page 
150). 

Installation is handled by the Plant Depart­
ment of the Societatea Anonima Romana de 
Telefoane in close co-operation with the 
engineers of the Bell Telephone Company, 
Antwerp, manufacturers of the equipment. 

CHOICE OF SYSTEM 

The new type 7-D (Urban) Rotary Switching 
System was chosen for the Rumanian 
programme inasmuch as the improvements 
and added facilities incorporated therein made 
it the most suitable for meeting the local 
conditions. 

Primarily, the 7-D system was developed to 
meet the telephone switching requirements of a 
small or medium sized, but complete, urban 
area. 

The great flexibility of this system permits 
operation as a single and separate unit or (with­
out modification of the equipment) as an 
integral part of a multi-office scheme, either 
with or without satellite exchanges. 

The design of the 7-D system as installed in 
Rumania basically follows the general principles 
of the 7-A Rotary system. The chief innova­
tions are the use of single motion switches 
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throughout (no two-motion switches are in­
cluded) and the introduction of partial combined 
line finder and finals. 

Distinctive and interesting features may be 
summarised as follows : 

(1)  Reduced floor space requirements ; 
(2) Uniformity of equipment due to the 

single motion switch (the same type 
of mechanism is used for finders as for 
selectors) ; 

(3) Increased flexibility of outlets for 
selection ; 

( 4) Increased facilities for miscellaneous 
services ; 

(5) Automatic routine testing scheme ; 

OTG.MURE� ,.. 

(6) Introduction of overflow arrangements : 
(a) on penultimate group selectors, 
(b) partial combined 1st line finders 

and final selectors, and 
(c) team switched register groups ; 

(7) Simplified alarm scheme ; 
(8) Extended service observing facilities • 
(9) Direct reading traffic recording ; 

( 10) Universal register ; 
( 1 1 )  Reduced current consumption ; 
( 12) Simplicity of installation ; 
( 13) Completely unattended night service • 
( 14) Low maintenance ; 
( 15) High operating efficiency. 

Each one of these points will be considerec 
in detail. 

Fig. I-Map of Rumania Showing Cities with Automatic Telephone Exchanges. 

www.americanradiohistory.com

www.americanradiohistory.com


R O T A R Y E X C H A N G E S  145 

REDUCED FLOOR SPACE 
REQUIREMENTS 

Ideal floor-plan lay-outs have 
been achieved due to the fact 
that in each city new buildings 
were erected for housing the 
equipment (Figs. 2 and 3). 
With the exception of the 
Timi�oara and Cernauti ex­
changes, where separate floors 
are provided for automatic and 
toll equipment, all the buildings 
are laid out on practically the 
same plan for an ultimate of 
5 000 to 6 000 lines of automatic 
and accessory equipment. Each 
building consists of a basement, 
ground floor and first floor. 
Commercial and public offices 
(Fig. 4), together with the toll 
board, occupy the ground floor. 
All automatic equipment, to­
gether with main frames, toll, 
carrier and repeater equipment, 
local and toll test desks are 
located on the first floor. In 
most of the offices, power boards 
and charging machines, ringing 
generators, etc . ,  are also on the 
first floor, batteries being placed 
in the basement. 

The units and bays mounted on the switch­
racks, as illustrated by Figs. 5 and 6, are of a 
remarkably simple, clear-cut, uniform and 
compact design. As a result, the floor space 
occupied by the automatic equipment of the 
7-D Urban exchange has been reduced to about 
0.02 m2 per line, for a traffic rate of 1 .7 EBHC 
(equated busy hour call J .  

SINGLE MOTION SWITCH 

This switch is of simple construction and its 
adoption as a finder and a selector made 
practicable the introduction of the partial 
combined line finder and finals. These innova­
tions, taken together, resulted in the above 
mentioned greatly improved equipment. 

Since the mechanical construction of the 
selector is exactly the same as the finder, the 
number of different piece parts is reduced 
considerably. Smaller stocks of replacement 

Fig. 2-Cerntiuti 7-D Exchange. 

parts are thus required, and the maintenance 
staff has one less type of switch to deal with. 

INCREASED FLEXIBILITY OF OUTLETS 
FOR SELECTION 

All selection is accomplished by the single 
motion finder type switches. They are 
designated as first group selector, penultimate 
group selector and final selector, respectively. 

Operation at each stage is the same in 
principle, and the flexibility of outlets ensures 
an optimum trunk efficiency for each direction. 
For example, the 100 points of the arc can be 
sub-divided into 10 directions of 10 outlets 
each ; 5 directions of 20 outlets each ; 2 
directions of 50 outlets each ; or 3 directions 
of 20 outlets each, plus 4 directions of 10 
outlets each. The ratio of outlets to directions 
can be changed as traffic conditions may dictate. 
Full advantage of this feature is taken in the 
latest type of 7-D exchange. 
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Group selectors continue hunting when all 
outlets are busy, a feature which is common to 
all rotary systems. 

INCREASED FACILITIES ON MISCEL­
LANEOUS SERVICE 

Miscellaneous services have been highly 
developed in this new 7-D exchange. 

Two party line service with revertive calling 
facilities may be given on any line in the 
exchange, without any special additional 
apparatus, by making a simple change in the 
w1nng. Common revertive call circuits are 
connected to the special service 2nd group 
selectors . 

A special changed number circuit may be 
connected to any line. If a subscriber's number 
is changed, his old number is jumpered to this 
circuit and all incoming calls are directed to the 
information operators. 

An adapter circuit makes it possible to 
convert any line to automatic pay station service. 

Merely a single wire strap is required to 
convert any regular line into a P .B.X. line or a 
dead line. 

Fig. 3-Galati 7-D Exchange. 

A new tone distributing scheme has been in­
troduced. Tone is given from the penultimate 
group selectors and requires less equipment 
than when given from the final selector circuits . 

False calls are automatically indicated on the 
local test desk. They can be taken care of 
immediately by the attendant who, if necessary, 
can connect his howler circuit. 

Delayed back release, after a predetermined 
period, frees a called subscriber who has hung 
up, even if the calling subscriber does not do so. 
The calling subscriber's connected line sub­
sequently is signalled as a false call. 

A simple malicious call circuit was developed 
in Rumania, in collaboration with the Bell 
Telephone Manufacturing Company's engineers, 
to meet the demand from subscribers for this 
service. If a subscriber receives malicious 
calls, he requests the Telephone Company to 
connect him to the malicious call circuit. 
When he thereafter receives a call which he 
finds to be malicious, he depresses his switch 
hook or cradle momentarily, whereupon the 
line originating the malicious call is blocked and 
a signal is given to the exchange attendant, 

who can proceed to identify the 
calling subscriber. 

In the larger offices, manual 
testing of subscribers' lines by 
the Wire Chief is performed 
over a test train. To test on a 
line, he plugs up one of the 
special trunks provided for the 
purpose and dials the sub­
scriber's number. Connection 
is established through a special 
register and test group selector 
to a predetermined final selec­
tor. Although this selector is 
available to the Wire Chief, it 
functions as a normal final 
selector when not occupied for 
testing purposes, and is suit­
able for ordinary subscriber-to­
subscriber calls. 

AUTOMATIC ROUTINE 
TEST SCHEME 

For each type of main· cir­
cuit, an automatic routine test 
circuit is provided. Each main 
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circuit can be tested in-
dividually, by connect­
ing i t  t o  this t e s t  
circuit, o r  all m a t  n 
circuits can be tested 
a u t o m a t i c a ll y  1 n  a 
definite sequence (pro­
gressive test). To start 
the test, a key is de­
pressed. When attend­
ed, an alarm is rung on 
a fault encountered. 
Unattended operation 
with a printer is poss­
ible, in which case in­
dication of a faulty cir­
cuit is given on the 
printer tape, whereupon 

Fig. 4-Cluj 7-D Exchange-Public Office. 

the following circuit is tested. 
Before leaving at night, the attendant can 

throw the keys of the routine test circuits 
associated with the circuits to be tested. In 
the morning, he can note from the printer tape 
any circuit which is not functioning correctly 
and which requires further testing to detect 
the specific fault. 

Penultimate, 2nd group and final selectors 
are tested from the preceding circuits over their 
normal multiple. For instance, the penultimate 
group selector is tested from the arc of the 
1 st group selector. Not only is the circuit 
itself thus tested, but the multiple is also 
checked. 

INTRODUCTION OF OVERFLOW 
ARRANGEMENTS 

(a) Penultimate Group Selectors 

Overflow group selectors are connected in the 
arc of the penultimate group selector. These 
selectors operate only when the hunting 1st 
group selectors find all the sub-divisional 
outlets to the wanted penultimate group 
occupied. Then an overflow relay operating in 
the 1st group control allows selection (in 
addition to the correct group) of the next 
group of outlets in the arc of the 1st group 
selector. The latter group, however, corre­
sponds to a different 1 OOO's figure and the over­
flowing call is thus directed, by the "wrong" 
penultimate group selector, to an overflow 

group selector which transfers the call to the 
correct final group. 

In effect the overflow group selector improves 
the efficiency of the penultimate group selectors 
by increasing the number of 1st group selector 
outlets for a given case and by distributing the 
traffic uniformly, resulting in economy of 
equipment. 

( b) Partial Combined Line Finder and Final 
Selectors 

This innovation, which is peculiar to the 
7-D Urban system, takes advantage of the fact 
that the 1st line finder and the final selector 
are machines of the same type and operate in 
the same multiple. Each subscriber's line 
group is provided with a certain number of 
straight 1st line finders, straight final selectors 
and some combined machines for use either as 
final selector or first line finder as the traffic 
demands. All these machines are in the same 
bay. 

The combined 1st line finder and finals are 
only engaged if, on originating calls, all straight 
1st line finders are busy and if, on terminating 
calls, all straight final selectors are found busy 
by the hunting penultimate selector. 

Through the use of these combined machines, 
the operating efficiency of both the finals and the 
finders is greatly increased. Traffic peaks in 
one or the other portion of the equipment are 
taken care of. Fewer machines are able to 
handle more traffic than could straight machines 

www.americanradiohistory.com

www.americanradiohistory.com


148 E L E C T R I C A L  C O M M U N I C A T I O N  

only, due to the confluence of originating and 
terminating traffic. The straight switches 
carry 80 to 95% of the total traffic. 
(c) Team Switched Register Groups 

This arrangement is introduced to increase 
the efficiency of the regi,sters, if they exceed one 
group. 

All the link circuits connected to the link 
finder arcs are multipled to the team switches 
of the same register group. A call arriving at a 
particular group, where no registers are free, 
starts all free registers of the other groups to 
hunt with their link finders for free team switches 
of this particular group. The team switches 
of one group appear in the link finder arc 
multiples of the other groups. The call is, 
therefore, handled by a free register of another 
group. 
ALARM SCHEME 

In addition to the usual alarms indicating 
power failure, disturbance in tone leads, blown 
fuses, etc . ,  indication is also given for false 

calls, malicious calls, and registers or control 
circuits blocked or held. 

Traffic overloads are signalled when all the 
machines, or control circuits, belonging to the 
same type of circuit are occupied. On hearing 
this alarm, the attendant immediately inspects 
the equipment involved in order to determine 
whether machines are being held through 
incorrect subscriber operation or an easily 
clearable fault. In such cases, he may be able 
to restore a machine to service immediately and 
relieve the traffic congestion. 

SERVICE OBSERVING FACILITIES 

Each exchange includes a service observation 
board with complete facilities for observing 
calls direct from subscriber to subscriber. 
Groups of subscribers are connected to this 
circuit, and service observations may be made 
by group or individually. Important data on 
subscriber usage, holding time, etc. , is thus 
collected. 

A printing recorder facilitates the taking 

Fig. 5-Galati 7-D Exchange-1st Line Finders, Final Selectors and Penultimate Group Selectors. 
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Fig. 6-Arad 7-D Exchange-Distributing Frame and Automatic Equipment. 

down of the desired information ; reading 
from it is much easier than from an inked tape. 
This recorder prints the number of the called 
subscriber, the time of making a call and its 
duration. 

DIRECT READING TRAFFIC RECORDING 

Complementary to the service observation 
board, direct reading traffic recording equipment 
is incorporated in each 7-D Urban exchange. 

The object of traffic recording is to determine 
the traffic load on the various groups of switches, 
so as to enable the anticipated traffic to be 
compared with the traffic which the equipment 
is actually carrying during the busy hours. 

In order to give a first class service at all 
times and to utilise the equipment to its 
maximum efficiency, it is of primary importance 
to determine the traffic of the various groups 
of equipment at frequent intervals.  Re­
distribution of the load or the addition of 
equipment before traffic congestion takes place 
is thus made practicable. 

The traffic is recorded on a comparatively 
few meters. Since the recording equipment is 
started by a master key and stopped auto­
matically, the readings can be taken when 
convenient by a single person. 

Traffic calculations for the Rotary systems 
are based on a unit commonly known as 
EBHC (equated busy hour call). This unit 
represents a call with an average holding time 
of two minutes. 

Outstanding features of the Rotary direct 
reading traffic recording equipment include : 

Direct reading in  EBHC and BHC per group 
of switches or circuits. 

Direct comparison between expected and 
actual traffic (in EBHC) without the necessity 
of elaborate calculation. 

The traffic of all switch groups in the exchange 
can be measured simultaneously. 

The condition of each circuit is checked 
individually ; therefore, simultaneous metering 
is avoided. 

The recording equipment is prepared by 
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depressing a few keys located on the recording 
bays. 

The equipment can be operated by an 
unskilled person and no supervision is required 
during the recording period. 

The following information may be obtained 
with the direct traffic recording equipment : 

Originating traffic per group, 
Terminating traffic per group, 
Total local traffic, 
Total outgoing traffic per direction, 
Total register traffic, 
Holding time for different circuits . 
The Rotary traffic recording equipment is 

advance, are arranged to meet practically all 
future service requirements without extensive 
modification. 

Provision is made for open and closed 
numbering, restricted and non-restricted service, 
long distance dialling, satellite and multi­
office operation, multi-metering and timed 
service, additional digits, the introduction of 
automatic rural offices, etc. 

The same register is used for both toll and 
local service. 

REDUCED CURRENT CONSUMPTION 

All circuits are designed for minimum current 

TABLE OF RUMANIAN AUTOMATIC EXCHANGES 
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based on the principle of repeatedly measuring 
the number of circuits simultaneously engaged. 

As traffic calculations are based on the average 
of a large number of busy hour loads, it is 
quite possible that the equipment may show 
signs of overload for short periods. This is 
permissible as it would not be economical to 
supply equipment to meet the maximum peak 
load encountered in a few abnormal busy hours 
during the year. 

UNIVERSAL REGISTER CIRCUIT 

All registers, as far as can be determined in 
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consumption during the conversation period. 
The number of switch-rack motors is minimised 
by coupling as many as five rows, representing 
a 35 metre rack-length, to a common drive . 
The resulting economy in power consumption 
reacts favourably on the size of the charging 
equipment and batteries. 

SIMPLICITY OF INSTALLATION 

The first of the 7-D exchanges of the present 
programme, it is interesting to note, was 
inaugurated within six weeks from the time of 
arrival of the first bays. Such speedy accom-
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plishment is  in itself a clear indication of the 
simplicity and ease of installation. 

Other than forming out and connecting the 
inter-bay cable, very little wiring is necessary 
on the bays proper. Even miscellaneous 
apparatus is furnished in convenient units which 
usually merely require mounting on the rack 
and connecting to the cable. 

Estimates of installation time, prepared on 
the basis of prior experience, have been halved 
in some instances. 

UNATTENDED NIGHT SERVICE 

In Rumania, 7-D exchanges are left 
completely unattended during the slack hours 
and throughout the night. Where recording 
printers are available, the attendant before 
leaving in the evening throws the start keys for 
the routine circuit checking. The next morning 
the printer tape is read and any faults disclosed 
are cleared before the hours of heavy traffic 
commence. 

LOW MAINTENANCE 

Uniform equipment, single motion switches, 
universal registers and the complete alarm 
scheme previously described, obviously make for 
easy maintenance. Automatic routine testing 
cuts down further the effort necessary to keep 
the exchanges in good condition. Surprisingly 
little "man power" is required. Since the toll 
test desk, carrier and repeater equipment is 
located on the same floor as the automatic 
equipment, personnel may be used for the 
maintenance of both local and toll equipment. 
Moreover, long line open wire carrier circuits 
are included extensively in the Rumanian 
network ; and the office lay-out is well adapted 
to the joint maintenance of automatic and toll 

equipment, thus keeping the total maintenance 
force at a minimum. 

HIGH OPERATING EFFICIENCY 

The previously mentioned simplifications 
and new features obviously contribute towards 
a very high operating efficiency. 

Service observations on the 7-D Rumanian 
equipment show an overall operating efficiency 
consistently better than normal expectancy, 
with unfavourable equipment reactions at an 
unusually low figure. 

Iasi, the first 7-D rotary switching exchange 
of the Urban type installed, operated for the 
first six months with an average of 990 lines 
connected out of a possible 1 000. The sub­
scribers, within a short period after cut-over, 
accustomed themselves to dialling. The auto­
matic equipment fully met expectations and, 
notwithstanding the immediate peak load, gave 
fast and accurate service over the entire period 
prior to the installation of additional equipment. 

No other 7-D exchanges have been subjected 
to such a severe test from the start. There is, 
nevertheless, every reason to believe that they 
would function equally well. 

CONCLUSION 

The 7-D Urban exchanges, with the several 
innovations and improvements incorporated 
therein, have demonstrated their importance in 
enabling the S. A. R. de T. to furnish its 
subscribers with a highly reliable, speedy and 
comprehensive telephone service. These 
exchanges, moreover, provide a system which 
is extremely economical, as well as easy to 
maintain, and which more than meets the 
requirements imposed on a modern urban 
automatic telephone network. 
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TAKESABURO AKIYAMA (1873-1938) 
TAKESABURO AKIYAMA, Chairman of the Board of Directors of the Nippon 

Electric Company, Limited, Tokyo, and former Managing Director of the 
Sumitomo Electric Wire & Cable Works, Limited, Osaka, passed away on March 6th, 
1938, at the age of 65. 

-

After graduating in 1899 from the Electrical Department, School of Engineering, 
Tokyo Imperial University, Mr. Akiyama entered the Ministry of Communications. 
In 1 9 1 1  he resigned from the Ministry, where he had held various high posts, and 
began a new career as Assistant Manager with the Sumitomo Electric Wire & Cable 
Works, Limited, one of the numerous companies comprised in the huge industrial 
and financial " Sumitomo Interests ."  When he retired at the age of 63, he was not 
only the Managing Director of the Works, but one of the Directors of Sumitomo 
Goshi Kaisha (now Sumitomo Honsha), the holding company. During his later years 
he served as executive officer in as many as eighteen important companies and 
associations in Japan. In 1935 he was President of the Institute of Telephone and 
Telegraph Engineers of Japan (now Institute of Electrical Communication Engineers 
of Japan), and in 1 936 he was elected President of the Institute of Electrical Engineers 
of Japan. 

The story of his climb up the ladder of success is like that of many great personali­
ties one often reads about. Born in a little village in the mountains of Northern Japan, 
in a home of very meagre means, but endowed with a brilliant mind, a strong will, a 
steady and upright character, and a nature imbued with kindness and gentleness, 
Mr. Akiyama laboured in silence and deservedly earned every upward step. 

A man true to the traditions of his people, he never forgot his duties to the family of 
which he was a member, and was ever conscious of his obligations to society. He was 
most generous with his possessions and was always ready to help along a good cause. 
His last benefaction was to his native town, Y onezawa, to which he donated his retire­
ment allowance, received from Sumitomo Goshi Kaisha in 1936, to be used as an 
endowment for education. 

All those who had the privilege of knowing Mr. Akiyama will cherish the memory 
of a great man who was unostentatious, serene and thoroughly good. 

1 52 
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FUMIO SHIDA (1886-1938) 
FUMIO SHIDA, Managing Director of the Nippon Electric Company, Limited, 

and Director of the Sumitomo Electric Wire and Cable Works, Limited, died on 
April 2 7th at the age of 52. He left behind him a splendid record, not only as a business 
executive of the largest establishment of its kind in the Orient, but as an engineer­
a consummation undoubtedly due to his well-known brilliant mind combined with 
keen business judgment and a broad vision. 

He was the son of Dr. Rinzaburo Shida, a distinguished engineer and pioneer in the 
field of communication engineering in Japan. Graduating in 1913  from the School 
of Science and Engineering of Kyoto Imperial University, Mr. Shida entered the 
Ministry of Communications. After serving the Government for seven years he joined 
the Sumitomo Electric Wire and Cable Works where his rise was rapid. In five years 
he became Chief Engineer and, in another seven years, one of the Directors of the 
Works and Managing Director of the NipJ:'On Electric Company, Limited. 

In addition to his many other interests, his contributions to the science of com­
munication engineering were great and will have a far reaching effect, not only in the 
immediate present but in the years to come. In January, 1 938, he was elected Vice­
President of the Institute of Electrical Communication Engineers of Japan, and was 
presented by the Institute with the Distinguished Service Medal, which is the highest 
token of honour in Japan in the field of electrical communication engineering. He 
left behind him a son, Rintaro Shida, who is actively pursuing studies in the com­
munications field in an endeavour to successfully follow in the footsteps of his father 
and grandfather. 

Mr. Shida was a most lovable and amiable man, clean to the core. His interests 
in private life were wide and account for the great number of his:friends in many lands. 
He will ever be held in grateful memory by all who knew him. 
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A Simple Dial-operated Teleprinter Switchboard 

By LESLIE B. H AIGH, M.A., A.M. I. E.E., 

Development Laboratories, Bell Telephone Manufacturing Company, Antwerp, Belgium 

ITH the increasing use of the tele­
printer, the problem of "switching" 
teleprinter subscriber lines becomes 

more and more complex. International switched 
connections between several countries on the 
European continent have for some time been an 
established fact ; the distances bridged by 
such connections are often very considerable 
and the co-ordination of line sections, operating 
on a variety of systems and perhaps linked 

together at 
a number 
of switching 
points, may 
be involved. 

The gen­
eral trend 
m the de­
s 1 g n o  f 
s w i t c h i n g  
plant for 
public tele­
p r i n t e r  
service must 
i n e v i t a b l y  
be towards 
i m p r o v e d  
t r a n s ­
m i s s i o n  
quality, be­
cause of the 
d i s t a n c e s  
traversed and 
the mcreas­
ing number 
of line sec­
tions ; also 
g r e a t e r  
e qu i p m e n t  
flexibility, by 
reason of the 
wide variety 

conditions encountered ; and more uniform 
operating and signalling methods, in order 
that equipment of different types may readily 
interwork. Some new examples of switching 
plant designed with these ends in view have 
recently been described.1 

The utility of such equipment is, obviously, 
not restricted to switching systems conceived 
on international lines ; it fulfils economically 
the less ambitious requirements of a number of 
institutions-railway, police, airway, press 
agency, etc.-where an intercommunication 
network separate from the public service is 
required. On the other hand, a demand exists 
for teleprinter switching facilities of a much 
simpler character, providing internal or local 
service only ; first cost and maintenance 
charges of an exchange in such cases are 
important considerations. 

To meet this demand, the European 
Laboratories of the International System 
recently have developed a dial-operated switch­
board with strictly limited facilities ; it is 
simple both in design and operation, and is 
known as the type No. 71 1 1  Automatic Tele­
printer Switchboard. The No. 71 1 1 -A switch­
board for 10 lines, and the No. 7 1 1 1-B for 
19 lines, are illustrated in Figs. 1 and 2, 
respectively. In both cases, the apparatus is 
mounted on a self-supporting framework and 
is normally totally enclosed. 

Airport Switchboard Installation 

A recently rebuilt airport is served by Creed 
Model 7-CTK teleprinters, inter-connected 
through a No. 7 1 1 1 -B switchboard. This equip­
ment carries all the internal teleprinter traffic of 
the airport, including the broadcasting of orders 
from the control station, under the dome of the 
central tower, to the direction-finding posts, the 

Fig. I-No. 7 1 1 1 -A Teleprinter 
Switchboard. 

of line and 1 "Some Recent Developments in Teleprinter Switching 

· t h . 
Systems," by P. J. Clemens, Electrical Communication, s w 1 c .  1 n g January, 1938. 
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meteorological station and other departments, 
simultaneously. 

Some Novel Features 

The design of the No. 71 1 1  switchboard 
includes several deviations from established 
teleprinter switching practice, introduced with 
a view to attaining the utmost simplicity in 
operation and ease of maintenance. 

The most outstanding, perhaps, is the use 
of 3-wire lines. The object of this 
departure from the usual 2-wire 
line system is the complete separa­
tion of the transmission and con­
nection-holding circuits. The 
transmission circuit in a switched 
connection between two tele­
printers contains no telegraph 
repeater and consists of a closed 
metallic loop fed with current from 
a battery at the switchboard. 
This loop includes neither motor­
controlling relays at the teleprinter 
stations nor clearing relays at the 
switchboard to interfere with the 
transmission quality ; the trans­
mission circuit, in fact, closely 
resembles that of a "single­
current" point-to-point connection 
between two teleprinters. Con­
sequently, it is possible to obtain 
satisfactory operating margins over 
short lines with a transmission 
voltage as low as 48 volts. Since 
the switching circuits also require 
this voltage, the need for separate 
switching and high-voltage trans­
mission batteries, and separate 
supply-circuits at the switchboard, 
is entirely avoided. 

Reference to the routing dia­
gram, Fig. 3, will disclose another 
departure : each station line has 
its own individual selector ; an 
1 1 -point single-motion step-by­
step switch in the smaller size of 
switchboard, and a similar 22-
point switch in the larger. With 
the long holding time and the high 
calling rate for which it is necessary 

to provide, if teleprinters are to compete success­
fully with alternative means of communication, 
this arrangement is more economical than the 
more familiar combination of preselectors and 
selectors, or line finders and selectors, when the 
number of lines is small. The advantage is less 
marked when there are more than ten lines, but 
inasmuch as a switchboard is not usually 
supplied at the outset with equipment for the 
maximum possible number of lines, the same 
arrangement was chosen for both sizes of switch-

Fig. 2-No. 7 1 1 1 -B Teleprinter Switchboard. 
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SWITCHBOARD 

Fig. 3-Routing Diagram. 

board and their circuits are, therefore, almost 
identical. 
Station to Station Calls 

The establishment of a connection is simple 
and rapid and is performed with the aid of a 
"control box" (Fig. 4), placed beside the 
teleprinter. To call another station, the starting 
key is depressed and the teleprinter motor 
instantly begins to revolve : a single digit is 
dialled (with the larger switchboards nine 
lines have single digit numbers and the re­
mainder have two digit numbers) ; if the motor 
continues to run, the connection is established ; if 
it stops, either an unobtainable number has been 
dialled or the line is already engaged. 

The starting key 1s 
not strictly necessary : 
a selector is permanently 
associated with each line 
and turning of the dial 
is sufficient to m1tiate 
a call. The supplementary 
feature is included solely 
as a safeguard against the 
inadvertent disturbance of 
the dial. 

Release takes place in­
stantaneously when the re­
leasing key at either station 
is depressed ; if this opera-
tion is neglected and no 

transmission occurs during a minute or 
so, release is automatic. 

Broadcasting 

Broadcasting facilities of the "non­
selective" type are provided and the 
operations involved are not complicated. 
Access to the broadcasting circuit is 
restricted to two of the stations, which 
reach it by dialling the numbers of their 
own lines-the choice of another number 
would reduce the effective capacity of 
the switchboard. A station so connected 
can broadcast immediately to all the 
other stations wired for this service, but 
the latter, while broadcasting is in 
progress, cannot themselves transmit ; 
thus mutilation of messages is prevented. 

The receiving stations can acknowledge receipt 
of a message, when requested to do so, by the 
depression of their releasing keys. 

The control box at a broadcasting station 
is somewhat different from the normal design, 
and carries an additional key and a lamp. 
With their aid, the broadcaster is able to verify 
collectively or, if necessary, individually, that 
the acknowledgment signal has been duly 
transmitted from each rece1vmg station. 
Operation of the key enables him to dial on to a 
checkir.g switch ; his lamp burns when he 
dials his own number, provided all have 
acknowledged ; a similar check of a particular 
line is obtained by dialling the number of that 
line. 

Fig. 4-Station Control Box. 
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Application of Single Channel Carrier to Existing Loaded 

Cables in Switzerland* 

By H. JACOT, Dip. Ing. E.P.F., 

Research Section, Swiss Telephone Administration 

WHEN most of the long distance 
routes were open wire lines, and 
prior to the extensive introduction of 

underground loaded cables, engineers were 
faced, due to traffic growth, with the problem of 
increasing the number of circuits without too 
great expense. Since open wire lines are 
suitable for passing a very wide frequency band, 
it was found possible by a shift in frequency 
to provide a number of separate speech channels 
for transmission over the same line. Thus 
three speech channels could be transmitted 
over the open wire lines simultaneously with the 
normal speech channel. 

Transposition of a channel to another part cf 
the frequency band is  accomplished by the 
modulation of a carrier frequency current, the 
channel being subsequently returned by de­
modulation to its normal place in the frequency 
band. Since 1918, carrier telephony on open 
wire lines has been used commercially on a 
large scale. The Swiss Administration, in 1920, 
provided carrier circuits between Bale and 
Zurich and between Bale and Berne, and they 
remained in service until 1924. 

The laying of underground cables over the 
main routes retarded the extension of these 
carrier circuits, which were relegated to a less 
important position except, of course, where 
major open wire routes were maintained. The 
relatively high cost of carrier terminal equipment 
made loaded cable systems more economical 
than open wire carrier systems ; furthermore, 
the former were more reliable in operation. 

* Published in Technische Mitteilungen No. 2, 1938, 
pp. 4 1 -52. 

It is well known that the development of the 
underground cable network in Switzerland was 
hastened by the electrification of the railways as 
well as by the great increase in traffic following 
tbe introduction of automatic telephony. Thus 
all the main open wire routes disappeared 
gradually. As international traffic increased and 
new connections were set up, the 4-wire extra ligtt 
circuits in the various cables were soon all in 
service and it became desirable to find a method 
of obtaining more 4-wire circuits, if possible, 
without laying new cables. Existing telephone 
circuits used the 300 p : s to 2 400 p :  s frequency 
band. As extra-light phantom circuits, loaded 
H-20, have a cut-off frequency of 7 000 p : s, it 
therefore seemed possible to superimpose a 
carrier channel above the speech channel by the 
use of the lower side band of a carrier frequency 
of 6 000 p : s. The desired characteristics of 
single channel carrier systems have been defined 
by the C.C.I .F.  ; in general they are similar to 
those of 4-wire voice frequency circuits. 
PRELIMINARY TESTS 

The extra-light phantom circuits, on which 
carrier operation was proposed, have the 
following characteristics : 

Loading Coil Inductance 
Loading Coil Spacing 
Conductor Diameter 
Capacity 
Cut-off Frequency . .  

20 mH 
1 830 m .  
0.9 mm. 
0 .057 ,uF per km. 
7 000 p :  s. 

These circuits were originally designed only 
for voice frequency working, and their possible 
use at carrier frequencies involved such risks as 
regards noise and crosstalk that it was necessary 
to determine experimentally whether or not 
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superimposed carrier circuits of C.C.I .  quality 
could be obtained.  Hence a series of tests was 
undertaken in the spring of 1937 by Standard 
Telephones and Cables, Ltd., London, and the 
Swiss Administration Research Section on a 
360 km. circuit, from Berne, made up of six 
repeater sections containing cables manufactured 
at widely differing times. 

The tests were quite conclusive, and showed 
that single channel circuits of good quality 
could be obtained in this way. 

With ordinary 4-wire repeaters, either of the 
old type using 1 amp. or ! amp. valves, or of the 
new type using ! amp. valves only, it was found 
possible to equalise the circuit satisfactorily over 
a frequency range of 300 p : s to 5 700 p : s to 
within ±0.07 neper ( ± 0.6 db.) .  In all cases the 
frequency of 5 700 p : s was still quite well 
transmitted-an important result since 5 700 
p : s corresponds to 300 p : s in the voice 
frequency range. 

Crosstalk and noise on carrier systems may 
be caused by : 

( 1 )  Effect on  the carrier channel of  harmonics 
in the voice frequency channel ; 

(2) Partial rectification by the voice 
frequency channel of the carrier channel 
side bands ; 

(3) Modulation by the voice frequency 
channels of the carrier side band during 
simultaneous passage of both channels 
through the repeaters (intermodulation). 

A copper-oxide rectifier, shunted by a resist­
ance, the value of which was determined 
experimentally, was connected to the output of 
each repeater in order to reduce the even 
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CHANNEL 

ARTIFICIAL ARTIF'ICJAl LOW· PASS 

LINE LINE; fl!... TER 

ARTIFICIAL OE:MOOUl..ATOR BANO•PASS 
LINE F'ILTER 

OUTPUT 

Fig. 1 -.. -Block Schematic of Single Channel Carrier 
System. 

Fig. 2-Equipment for Single Channel Carrier Telephony. 

harmonics produced by the · valves of the 
intermediate repeaters. These rectifiers elimin­
ate the even harmonics produced by the non­
linearity of the valve characteristics and also 
reduce the crosstalk between the carrier and 
voice frequency channels. 

The most suitable levels for these two channels 
were determined by measurements of crosstalk 
from the voice frequency to the carrier channel 
and vice versa ; more or less identical values of 
crosstalk were obtained in all cases. The level 
of the voice frequency channel at the output of 
each repeater was fixed at zero and that of the 
carrier channel at - 0.58 neper (5 db.) .  When 
the circuit was set up in this way the measured 
crosstalk in all cases was better than 7 . 1  nepers 
(62 db. )  for an output volume of 0.58 neper 
(5 db .) below reference volume. With output 
volumes of 1 . 16 neper (10 db. )  and 1 .73 neper 
(15 db .) below reference volume, the crosstalk 
was better than 7.7 nepers (67 db. )  and 8.5 
nepers (74 db.)  respectively. It is generally 
admitted, as a result of numerous tests, that the 
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INPUT TO 
MODUL.ATOR 

MODU L.ATED 
CURRENT 

Fig. 3-Modulator Schematic. 

average value of the output volume from 
subscribers is 1 .73 neper (15 db.) below refer­
ence volume. It should be added that, in the 
above measurements, the levels of - 0.58 neper 
and - 1 . 16 nepers were applied directly at the 
2-wire side of the 4-wire terminating set. 

Measurements of cable crosstalk made over 
the whole frequency band up to 6 000 p : s 
between phantom circuits of a group in the 
Berne-Olten cable showed that it is always 
possible to choose and balance circuits so that 
the crosstalk is never worse than 7.5 nepers 
(65 db.) on the completed circuit. 

The equivalents of the voice frequency and 
carrier channels when the 
input energy is increased 
from 1 to 4 mW do not 
vary more than0.05 neper 
(0.43 db.) over the whole 
frequency range. 

Ltd. ,  London, and put into service just before 
Christmas, 1937. 

DESCRIPTION OF CIRCUIT 

Fig. 1 illustrates the general principle of the 
single channel carrier system. 

Voice Frequency Channel 

The voice frequency channel, which is not 
modulated, is not shifted in the frequency scale 
and is transmitted unchanged on to the line 
along with the carrier channel. 

The voice frequency channel passes through 
an artificial line adjusted so that the level at the 
volume limiter is - 0.46 neper (4 db.). The 
function of the voltage limiter is to ensure that 
no excessively intense peak voltages shall be 
permitted to pass with risk of interference with 
the other channel by momentarily overloading 
the line repeater. A second artificial line 
regulates the levels sent to the line. A low pass 
filter cuts off all frequencies above 3 000 p : s. 
The line repeating coil is connected to the line 
repeater, which is not shown in the figure. 

At the receiving end there is a repeating coil 
followed by an artificial line regulating the 
input level to the two channels. A low pass 
filter separates the bands above and below 
3 000 p : s. A second artificial line regulates the 
level at the input of the line repeater or of the 
4-wire terminating set. 

SPARE 
AMPLIFIER' 

"' "' 0 
SYSTEM 3 � r---<-----r-+---- -' :i 0 0 " "' 
SYSTEM 4- 0 1--1--+--- .. 

' 
' ' ' ' t----+---+--ld;�svs!•• 'o 

:2 � -' 
5 
0 " 
� 

As a result of these 
tests the Swiss Telephone 
Administration decided 
to adopt the single 
channel carrier system in 
order to increase the 
number of 4-wire circuits, 
particularly between Bale 
and Zurich where the 
need was greatest at the 
moment. The equipment 
for both terminal stations 
was supplied by Standard 
Telephones and Cables, Fig. 4-Block Schematic of Carrier Current Supply. 
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Fig. S-Carrier Supply. 

Carrier Channel 

At the output tl: ere is first an auxiliary filter 
with a cut-off frequency of 6 000 p : s .  An 
artificial line regulates the volume limiter level, 
which is - 0.46 neper (4 db.) referred to zero 
level as before . A second artificial line regulates 
the level of the carrier channel on the line to 
- 0.58 neper (5 db.). Next, the modulator, 
which is of the dry rectifier type with a carrier 
frequency of 6 000 p : s, transposes the normal 
voice currents up to the 3 000-6 000 p : s band, 
and a band pass filter allows this band to pass. 
The same repeating coil as for the voice 
frequency channel transmits the modulated 
current to the line. 

At the receiving end, a repeating coil and an 
artificial line are used, the same as for the voice 
frequency channel. A band pass filter allows 
the 3 000-6 000 p : s band to pass. 

The demodulator, which is substantially 
identical to the modulator, transposes the 
modulated current into the normal frequency 
band. The artificial line in front of the demo du-

lator regulates the level to provide for operation 
under the best conditions. The amplifier 
following the demodulator and an artificial line 
serve to bring the level of the demodulated 
current back to the required value either for the 
line repeater or for the terminating set. 

The modulator is shown schematically in 
Fig. 3. It is of the copper-oxide rectifier type. 
Depending on the phase of the carrier voltage, 
the elements 1 and 3 or 2 and 4 are in a conduct­
ing condition. The potentiometer R allows the 
circuit to be balanced so as to suppress the carrier 
at the output of the modulator ; in every case 
the .level is below 4.5 nepers (39 db .). We thus 
have at the output of the modulator two side 
bands, F + f and F -f, as products of modulation 
(F = carrier frequency ; f = modulating fre­
quency) and other products 3F ±f, SF ±f, etc. 
Only the lower side band F -f is transmitted, 
all other products of modulation being sup­
pressed by the filters. 
Carrier Current Supply (Fig. 4) 

At each terminal station there are two 
oscillators (of which one is a spare) supplying 
carrier current for the modulators and de­
modulators. The frequency of the oscillators at 
the two stations, Bale and Zurich, are adjusted 
to 6 000 p : s ± 1 p : s, and they remain very 
constant. The frequency can be checked by 
means of a control circuit, Zurich being taken 
as the control station, and each oscillator can be 
adjusted for frequency by a variable condenser. 
A special distributing panel distributes the 
carrier current from the oscillator to a special 
amplifier. One amplifier can supply ten systems, 
and an oscillator can feed 10 amplifiers plus 1 
spare. Thus one oscillator suffices for 100 
channels. A circuit tuned to 6 000 p : s is 
connected to each amplifier and prevents any 
frequencies other than the carrier frequency 
passing to the modulators and demodulators, 
thereby reducing the crosstalk between the 
various channels. Resistances protecting the 
oscillator prevent failure of carrier current supply 
to all channels due to a short circuit. Fig. 4 
shows the schematic cf the carrier current 
supply. 

The equipment is ccmpleted by testing 
apparatus for measuring the filament current to 
oscil lators and amplifiers. The oscillators and 
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amplifiers are situated on a double bay suitable 
for an ultimate equipment for 100 channels. 

The channel bays accommodate two complete 
systems on each half bay, as well as the fuses, 
ballast lamps, and filament and plate ammeters. 
RESULTS ON BALE-ZORICH CIRCUITS 

The H-20 phantom circuits between Bale and 
Zurich (contained in a cable laid in 1930), on 
which the carrier systems have been installed, 
are 105 km. long ; intermediate 4-wire repeaters 
are not as yet installed. The circuits to be 
extended to Zurich come into Bale normally 
through ordinary 4-wire repeaters (see Fig. 12). 
No change was necessary in the gains of the 
repeaters amplifying towards Bale. The gains 
of the other repeaters (away from Bale), 
however, had to be changed because they 
were required to compensate for the losses in 
the carrier equipment instead of for those in a 
repeater section of cable. By means of low 
frequency correctors and the equalisers of the 
ordinary 4-wire repeaters at Bale and Zurich, the 
line was equalised for the whole 300-5 700 p :  s 
frequency band. The results were satisfactory, 
especially in view of the unusual length between 
repeaters ( 105 km.) of the circuit to be equalised, Fig. 1 3-Bay Containing Equipment for Six Carrier 

Channels. 

BALE----- 105 km ----- ZURICH 
C I R C U I T  DERIVED -111>---l 

f�ROM 
VOICEc:if���CNCY -4---l \H-20 PHANTOM CIRCUIT\ 

C/RC:\Jli DERIVED _____ , 
FRVM CARRIER 

CHANNEL -4----l 

., 1•0,------------------------� 
o f-----rt----t------.�--------,----...,-----1 

• 1·0 r---�--'-'---+-' ---+::�:-----.�:::.....�-----+--=-:.=-=- -=-:.=-'::___----i.._-'"'" 
- i·o l-------1==1 ==='�-_-__:'-��---=��---1------1 
•3•0 r---------L ---_-_-_-_- -�--�----'-, ,�.............._,,--:,..,___c-+-------1 - -- , � . 
·-4 ·0 )--------------------::.,,..,.-1--------1 -� ··S·o'-------------------------_J 
·I l · O,--------------------------o �---..-Lt====:::::::r=:--:-:-T""����---::71'"����-f"i 
•· l · O  j-------------------------j-------7"'""_.....,...,.�-���e----l-----1 
• Z·O j--------------+---'7"'"°'�-="�--- --'-� ' ==........\-'---! 
-3·or-----------�-"°""-------�-::..-_'_' ___ L_._-_--_-_-_--_�_' ---1 
-4·0 1----------+r�-..::------------------1 .. -·S·O '------------------·--------

-- CIRCUIT DERIVED FROM VOICE FREQUENCY CHANNEL. 
CARRIER CHANNEL. 

Fig. 12-Level Diagram. 

of the low value of 
the cut-off frequency of 
the loaded circuit (7 000 
p : s against 8 000 p : s 
for normal single 
channel circuits) and of 
the fact that existing 
voice frequency repeat­
ers were used. Con­
siderable improvement 
would of course be 
obtained if intermediate 
4-wire repeaters were 
installed. Figs. 6 and 7 
show the equivalents as 
a function of frequency 
in both directions for 
Bale - Zurich circuit 
No. 1 .  rigs. 8 and 9 
show the equivalent of 
the voice frequency 
channel on this line. 
Fig. 8 was obtained by 
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transmitting direct at the input of the carrier 
system at Bale and measuring the equivalent 
at the terminating set at Zurich. The level 
is too low by 0.5 neper, due to the fact that 
the 4-wire repeater was not connected into the 
carrier channel. Fig. 9 gives the equivalent 
when transmitting from the 2-wire side of the 
Zurich terminating set and measuring the 
equivalent on the office side of the Bale carrier 
system. Inclusion of the 4-wire repeater in the 
circuit would bring the level back to its normal 
value of +0.5 neper. 

The curves of Figs. 10 and 1 1  are the most 
interesting since they give the equivalents of the 
carrier channel in the two directions. The 
equivalent at the Zfirich terminating set is also 
0.5 neper too low for the same reason as in the 
case of the voice frequency channel. The 
equivalent at Bale was brought to the same level 
as the voice frequency channel to allow the 
repeater gain to be adjusted to the same value 
for all the carrier circuits. It should be added 
that on the Bale-Zurich circuit the voice 
frequency and carrier channels are transmitted 
with a level difference of 0 .58 neper (5 db.). 
Fig. 12 shows the level diagram. 

Complete crosstalk tests could not be made 
because the circuits had to be put into service 
for the holidays. But it can be said that the 
crosstalk is no worse than that measured during 
the Berne tests. · This applies to crosstalk 
from the voice frequency to the carrier channel 
and vice versa. In general it can be said that 
the crosstalk was less than the noise due to 
crosstalk from other parts of the circuit or from 
power plant at the repeater stations. 

The circuits extended by carrier from Bale to 
Zurich (there were two Paris-Zurich, and two 
London-Zurich circuits) completely fulfil the 
conditions required for international 4-wire 

circuits, as regards quality of transmission, 
stability, crosstalk and noise. 
CONCLUSION 

The preliminary tests made at the beginning 
of 1937 and the practical application of single 
channel carrier on extra-light phantom circuits, 
loaded H-20, showed that it was possible, by 
taking certain precautions, readily and economic­
ally to increase the number of 4-wire circuits 
in the cables of the Swiss long distance network, 
even though the circuits were not designed for 
carrier application. The circuits thus set up are 
as satisfactory in quality as the ordinary circuits. 
The equipment takes up little space and is very 
reliable. 

This application of carrier to the Swiss cable 
network is of interest at a time when carrier on 
cable is coming into use on a large scale. 
Examples are the 12-channel carrier systems 
first used between Bristol and Plymouth and 
now employed at many other places throughout 
England ; also the London-Birmingham and 
Berlin-Nuremberg-Munich coaxial cables. The 
coaxial cable allows a very large number of 
conversations on a specially designed structure ; 
12-channel carrier systems provide 12 channels 
per pair on multi-conductor, non-loaded cables. 

Thanks to simplification and technical 
improvements which have been made in carrier 
systems during the last few years (feed-back 
repeaters, crystal filters, modulators and 
demodulators with dry rectifiers) a new era in 
telephone communication is opened. 

The present tendency in long telephone 
circuits is not only to eliminate loading coils but 
also to reduce radically the number of condu2tors 
in a cable. The 4-wire circuits thus derived 
permit working with a lower equivalent and give 
better quality than normal 2-wire circuits, and 
are equal to the 4-wire voice frequency circuits. 
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Irregularities in Telephone and Television Coaxial Cables* 
By LEON B RILLOUIN, 

Professor of the College de France 

Irreg�larit
.
ies in telep�one cables produce distu�bances in the propagation of signals, resulting in reflected 

waves and distortion of the signal .
. 

In the present a�ttcle both effects are studied on a very general basis, and the 
theory developed in�ludes as 

.
spe�zal cases th� published calcul�tionst of Didlauhis and Kaden and of Mertz 

and Pfleger. Practici::l appltc
.
a�ions to televis_ior: cables are discussed at length, including the highly diverse 

roles playe� by local irregularities and by variations between reel lengths. The effect of grouping of reel lengths 
also zs considered. 

Table I gives 
.
the most important formulce and summarises the principal results for the benefit of the 

reader who m
.
ay not wish to becoin� involve� in detailed derivations. It will enable him to pass directly from the 

�ore ge11:eraltse4 parts of the art.zcle (sections 1 .
. 
to 5) to th� pr�ctical applications (sections 1 3  to 18) .  The 

intervening sections (6 �o 1 2) are included to facilitate co-ordinating the present studies with those of Mertz and 
Pfleger as well as of Dtdlauhts and Kaden, both of which are based on very different methods. 

(1 ) INTRODUCTION 

D UE to the utilization of increasingly 
higher frequencies in the communica­
tion art, precise evaluation of the 

effects of cable irregularities on the propagation 
of signals is assuming great importance . Such 
irregularities may result from slight variations 
in the cable structure and may be introduced 
either during manufacture or installation. In 
any case the two-fold problem arises : ( 1 )  deter­
mination of the nature and extent of the 
irregularities ; and (2) evaluation of the resulting 
effects. 

Initially, a slight irregularity in the structure 
of the cable will make itself felt by a small 
variation in its local characteristic impedance 
and cause reflection, as indicated diagrammatic­
ally in Fig. l .  There thus results a series of 
attenuated waves which are reflected and which 
return to the origin 0 of the cable, manifesting 
themselves by a complex echo and by a variation 
of the input impedance. A second effect, illus­
trated diagrammatically in Fig. 2, consists in 
a double reflection at two points of irregularity. 
Here a wave is produced and superimposed at 
the output side on the direct wave, giving rise 
to a prolongation of the signal, hereafter called 
the signal tail. 

Because of its very general application-not 

* Translated, with slight modifications, from article in 
Annales des Pastes Telegraphes et Tetephones, April, 1 938, 
entitled " Le Role Des Irregularites Sur Les Cables 
(Cables telephoniques, cables coaxiaux et cables pour 
television)." 

t See references Nos. 3 and 4. 

only in the realm of electricity, such as in 
telephony and telegraphy, but also in acoustics, 
such as in the phenomenon of echo effects in 
large halls,-it is important to note a char­
acteristic of these signal tails : the phenomenon 
is identically the same in form at the beginning 
and end of a signal. 

(2) THE SIGNAL AT ITS BEGINNING AND 
END 

Consider a telegraph signal consisting of a 
continuous dash, t0 to t1 (Fig. 3). The signal 
arrives with a delay T (propagation time) and is 
distorted. The beginning of the signal is no 
longer instantaneous but the current takes a 
time 8 to reach its maximum value. Similarly, 
the end of the signal is not instantaneous but 
decays during an interval 8 .  The phenomenon 
at the beginning and end of the signal is 
identical. 

Actually, when only linear systems are 
involved (coils without hysteresis, amplifiers 
without distortion), the mechanism of trans­
mission makes possible the superposition of 
signals without mutual interaction. Assuming, 
then, a continuous and fairly long dash begin­
ning at time t0, it may be considered as consist­
ing of two distinct signals (Fig. 4) : a dash 
from t0 to t1, followed immediately by another 
dash from t1 to infinity. Consider the pheno­
mena at the receiving end at the instant 
t1 + T : the signal interrupted at t1 decays ; 
the signal commencing at t1 increases in ampli­
tude ; and the superposing of both signals 
produces a continuous signal, as indicated in 

1 64 
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Fig. 1 .  
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ta + T 
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Fig. 3 .  

DIRECT WAVE 

x 

Fig. 4. The curves of growth and decay must 
therefore be exactly complementary. 

Passing from the simple example of a tele-· 
graph signal to a modulated signal, it is necessary 
to note the phase effect. The same essential 
rule always applies ; it may be defined as 
follows : 

Take a signal 110 of frequency w transmitted 
with an amplitude or unity and lasting during 
the period - r:n up to t = 0. If this signal be 
interrupted abruptly at t = 0, it is transformed 
on reception into a signal displaced by T 
(propagation time) and distorted. The received 
signal may be written : 
11, = A1 (t + T) ejwit+T) (interrupted 

signal) . ( 1 )  
The amplitude A1 (Fig. 3)  i s  a complex 

function of time and thus embraces the real 
amplitude and the phase relationship. 

For t = 0, the amplitude A1 ( T) is real if T be suitably selected. 

A 

A 

-
DIRECT WAVE 

X TWICE REFLECTED 
WAVE 

l o +  T 

Fig. 2. 

, -· -·: 
I \ , •• I I I \ i I I r':".-:\ I I I \ I I i -\ I : . 

--- - -- SIGNAL INTE�RUPTED AT t1 
•••••••••••-•• SICiNAL STARTING AT ti 
-·-·-·- SUM OF THE AMPLITUDES OF' 

THESE TWO SIGNALS. 

Fig. 4 .  

For positive values of t ,  equation (1 )  gives 
the value of the signal tail. If t be greater than 
e, the amplitude A1 becomes negligible. The 
notations are therefore comparable with those 
of Fig. 3. 

Assume a signal 12 0 beginning at t = 0 with 
the same phase and frequency, such that super­
position of 110 + 120 supplies an uninterrupted 
sinusoidal current : 

11 0 + 120 = eiwt. (2) 
This signal, 120, will be received in the form 

of a current beginning at the instant T : 
12, = A2 (t + T) e iw (t + T). (3) 
The complex amplitude A2 embraces all the 

growth phenomena at the beginning of the 
. signal. Superposition gives a continuous signal 

maintaining the amplitude relationship of : 
A1 (t + T) + A2 (t + T) = A1 (T). (4) 
Equation (4) is valid for the complex magni­

tudes representing amplitudes, and includes 
the identity of the tail effects at the beginning 
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and end of a signal, as indicated diagrammatic­
ally by the rotating vectors in Fig. 5. Consider­
ing the intensities of the signals, the equation 
becomes more involved ; separating the real 
amplitudes a and the phases cp : 

A1 = a1 eiqi 1 and A2 = a2 ei'P 2 
gives : 
a1 ej'P1  + a2 eitf'2 = a1 (T) (real, operating 

condition) ( 4a) 
a 12 + a22 + 2 a1 a2 cos (cp1 - cp2) = a1 ( T)2 ; (5) 

the phase relationships complicate the problem. 
Obviously it is sufficient to study one of the 

two phenomena to know the other1 ; in general, 
the effect at the end of the signal is chosen since 
it lends itself to more direct physical representa­
tion than that at the beginning. 

Suppose that the tail phenomenon is due to 
a large number of partial components distri­
buted haphazardly with regard to phase relation­
ships. Taking an average a law may be derived, 
not exactly accurate in detail, nevertheless, 
giving the average form of the growth or decay 
of the intensity of the wave. The phase term 

1 Similar dispersion effects occur in the propagation of 
light : 

A. Sommerfeld} 
L. Brillouin 
L. Brillouin 

Annalen der Physik, t. 44 (1914), 
pp. 177 and 203. 

International Congress of Electricity, 
1932, Vol. II, p. 739. 

cos ( i:p1 - cp2) disappears from equation (5) and 
it follows that : 

(6) 
the mean increase and decrease of the intensities 
are symmetrical. This equation illustrates 
approximately, on the hypothesis of haphazard 
phase distribution, the more rigorous amplitude 
relationships inherent in equation (4). 

The similarity of the increasing and decreas­
ing curves is very clearly shown if the pheno­
mena be sufficiently slow to be followed with 
an oscillograph. Thus, in acoustics, the well­
known multiple reflections from surfaces in a 
large hall cause echoes resulting in reverbera­
tion. Fig. 6 is a reproduction of a recording of 
these phenomena 2 ; it shows strikingly the 
similarity of the growth and the decay of the 
sound. In connection with cables containing 
irregularities, phenomena of exactly the same 
character are to be expected. 

(3) IRREGULARITIES IN A CABLE : 
THEIR FORM AND CORRELATION 
FUNCTION 

The part played by the irregularities of a 
cable on the propagation of signals has recently 
been the object of considerable study3 4• The 
methods adopted by the authors cited are very 
different. Didlaukis and Kaden assume chance 
distribution of defects throughout the cable ; 
the defects cannot be regarded as infinitely 
short, but must be presumed to have a finite 
length. Their calculations cover two types of 
defects of different kinds, general conclusions 
being drawn therefrom. Mertz and Pfleger 
proceed by assuming the cable to be divided 
into small sections of equal length, each with its 
own individual impedance. These two methods 
lead to rather different calculations but confirm 
the general result. 

The treatment herein adopted relates directly 
to the Didlaukis and Kaden method of generalis­
ing the definitions and making the calculations 
very flexible. It will be shown how it is 
possible to obtain in detail the Mertz and 
Pfleger results by suitably adjusting the arbitrary 

2 G. V. Bekesy : Annalen der Physik, t. 19 (1934), p. 669. 
3 M. Didlaukis and H. Kaden : El. Nachrichten Technik, 

t. 14 ( 1937), p. 1 3. 
• P. Mertz and K. W. Pfleger : Bell System Technical 

Journal, Vol. XVI ( 1937), p. 54 1 .  
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function, termed " correlation function." The 
present method accordingly embraces each type 
of the previous calculations as a particular case. 

Irregularities become evident by a local 
modification of the cable characteristic imped­
ance Z as a function of the distance x from the 
origin. Designating Z 0 as the mean value of the 
impedance and taking-

Z (x) = Z0 + S (x) ; S (x) = 0. (7) 
S represents the local difference of impedance 
due to dimensional inequalities or variations in 
insulating materials. 

The difference S (x) will not vary abruptly 
from a point x to a neighbouring point Xi. 
inasmuch as defects in manufacture or laying, 
as a rule, occur over an appreciable length of 
cable. Theoretically the products S (x). S* 
( x1) of the local differences must be considered 
and the average taken (asterisk * in equation (8) 
refers to the imaginary conjugate) ; this average 
will not be zero but will depend upon the 
distance I x  - x1 I between the two points. 
Over a long distance no correlation exists, the 
variations of S (x) and S* (x1) being inde­
pendent. Their individual averages 
being zero, there is obtained : 
S (x).S* (x1) = S (x).S* (x1) = 0. (8) 
This condition will be realised if the 
distance x - x1 be greater than a value 
R, typical of the cable being con­
sidered ; or 

I x - Xi I > R. (9) 
For shorter distances of the order 

R, or less, the average is no longer 
zero ; 

S (x). S* (x1) = J S  I 2 • J (x - x1) , ( 10) 

where JS12 is the average square of 
the impedance variation S1 taken at a 
given point. 

The correlation function f (x - x1) 
plays an essential part in the entire 
theory : an hypothesis is necessary ; 
for it is only after an experimental 
study of different types of cable that 
one can check the validity of the 
assumptions and make a choice of the 
correlation function. 

In the article by Didlaukis and Kaden, the 
whole study is based on a single particular 
type of correlation function. The present study 
elaborates on this point, the aim being to leave 
the choice of the type of correlation function as 
free as possible. A large number of essential 
results are obtained by making use of equations 
(8) and (9), according to which the correlation 
function is annulled at distances greater than 
R. By way of example, use is made of the 
following functions which lend themselves to 
simple calculation : 

I. f (�) = { 1 when I �  I < r  (� = x - x i) ( l l )  
O when I �  I > r 

The corresponding curve is represented in 
Fig. 7-I with its characteristic rectangular form. 
This correlation yields results similar to those 
obtained by Didlaukis and Kaden in their study 
of irregularities presenting the same rectangular 
profile of length r. 

II. 
I �  I J (�) = e--r 

Fig. 6. 

(12) 
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0 

Fig. 7-1. 

This is the case chosen specially by Didlaukis 
and Kaden, giving the profile shown in Fig. 7-II. 

the effects foreseen depend on the correlation 
law. In any case, equation (10) merely pre­
supposes the introduction of the absolute value 
I x  - x1 I of the distance between the two points 
x and x1 ; it follows, therefore, that : 

f (x - x1) = f (x1 - x). ( 14) 
The function/ is even ; the examples given here 
satisfy this condition. 
(4) THE CORRELATION FUNCTION COR­

RESPONDING TO THE HYPOTHESES 
OF MERTZ AND PFLEGER 

Consider now how the American authors' 
method can be fitted into this framework. Let 

III .  ( 13) a line be divided into equal sections of length l. 

Gauss's classical error probability curve is 
represented in Fig. 7-III .  

Each of the above three cases corresponds to 
a certain type of defect along the cable. The 
representative curve drops to zero at distances 
R of the order. of Zr to 3r ; it will be interpreted 
as indicating the deformation or " standard 
fault " type of defect in the cable under 
investigation. 

If several factors contribute to the irregulari­
ties in a cable, it may be expected that each 
individually will correspond to a different 
correlation law ; the diverse effects will be 
integrated by the general law. Thus, Fig. 8 
represents two types of fault :-the first, 
occurring frequently, is of short length r1 ; 
whilst the second, occurring more rarely, 
produces fairly long average anomalies, r2• 

All kinds of complexities in the correlation 
curve f (�) may therefore be anticipated. The 
reasoning of Didlaukis and Kaden has, there­
fore, been followed closely here with a view to 
determining whether or not, and to what extent, 

Fig. 7-II. 

0 T 

Fig. 7-III. 

Each section presents an independent constant 
impedance ; the section ( n - 1 ) l, n l will have 
an impedance Zn =  Z 0 + Sm which may be 
written : 

� � Sn2 = S2 ; �/=f: Sn Sm = 0. (ts; 
Since S is real, the asterisk (*) indicating the 

conjugate imaginary is omitted. 
Assuming two neighbouring points on the 

line, separated by the distance �' 
X2 = X1 + �' 

calculation of the correlation function is per­
formed by adding all the products : 

S (x1) • S (x2) = S (x1) • S (x1 + �) 
for all possible positions of the point x1 on th<: 
line and dividing them by the length of th<: 
line. 
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Takinga positive segment � (Fig. 9) and sliding 
it along the axis x, two separate cases may be 
distinguished : 
( 1) The two points x1, x2 are in the same 
section l, and have the same value as S ; then, 

S (x1) . S (x1 + �) = Sn2 f ( � )  
(probability l � �) ; (16) 

(2) The two points are in two adjacent 
sections, the segment � being located at a 
junction ; then 

S ( X1) . S ( X1 + �) = Q 
(probability + ). 

Fig. 8 .  

(17) 

The argument here is based on a pos1t1ve 
segment ;, but a negative segment � will yield 
the same results ; it is only the absolute value 
of � that matters. 

Addition of ( 16) and ( 17) gives : 
- Z - 1 � 1 S ( X1) • S ( X1 + ;) = 82 [ f f (�) = l -ll 

� I when I � I < l l IV. 
and f (�) = 0 when l � I > l. 

(18) 

This specific correlation law (case IV) 
corresponds to Fig. 9. It follows on cases I, 
II  and III mentioned in connection with Fig 7. 
and parallels the calculations of Mertz and 
Pfleger. 

The discussions based on the employment of 
the correlation formulre apply only if the 
correlation does not operate at too great a 
distance ; this restriction will be referred to in 
detail later. The maximum distance R (or l) 

Fig. 9. 

over which the correlation applies should be 
small compared with the length �-1 on which an 
attenuation of 1 neper is obtained. In practice 
the length �-1 is in kilometres. The reasoning 
pursued is therefore applicable up to correlation 
distances of some hundreds of metres. 

(5) EXAMPLE OF THE SUPERPOSITION 
OF TWO CORRELATION LAWS 

Let us consider a physical line comprising 
sections of practically equal lengths such as 
commercially manufactured. These lengths, 
for example, may be assumed to be about 230 m. 
For each section-say, n-there is obtained : 
( 1 )  a mean impedance Zn slightly different from 

the mean Z 0 of the line : 
Zn =  Z 0 + Sn ; (19) 

(2) the local differences s ( x) , different from the 
mean value : 

F = 2  r'f  ("' r)  

r -----+�+i::---+-+--+---.:!"+'"--t--t-- o< r= 2 rr T 0 3 4 
Fig. 10 .  
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F 

0 

Fig. 1 1 .  

Z (x) = Z,. + s (x) = Z0 + S,. + s (x) 1 
S (x) = Sn + s (x) . J (20) 

A study of these local differences s (x) gives a 
definite correlation law with a fairly short 
maximum distance of about 10 metres, as shown 
by the measurements of Didlaukis and Kaden. 

With a cable consisting of sections of the 
usual length, the same correlation is obtained 
for all short length irregularities which occur on 
all the sections ; the equation contains a first 
term with the mean square s (x) 2 of the local 
differences defined as in (20). A second term 
will contain the mean square Sn2 of the mean 
differences of the impedances of the sections, 
and corresponds to a correlation function f-iv (�) of type (18). The total is found to be : 

s (x) . s (x + �) = s (x)2 . f (�) + Sn2 · f1v (�) 

f1v (�) = l -) � I l ::::::; 230 m. (21 ) 

A practical example of the superposition of 
two correlation laws is shown diagrammatically 
in Fig. 8. The foregoing calculation applies to 
the case of chance section grouping. Actually, 
arrangements should always be made to group 
together sections having mean impedances 
differing only slightly (Zn and Zn+i), thereby 
providing for long distance correlation from 
section to section automatically. Thus, 
obviously, reflections at the junctions are 
decreased and advantage can be taken of the 
essential fact that this method of grouping 
greatly reduces the second term of (21) .  The 

problem of the grouping of the sections l will be 
discussed further in section 18. 

(6) REFLECTIONS AT CABLE IRREGU­
LARITIES 

Connecting two cables with characteristic 
impedances Z1 and Z2, it is known that junction 
reflections will be produced in accordance 
with : 

r = Z2 - Z1 = 
6 z (22) 

Z2 + Z1 Z2 + Z1 
Dealing now with a cable having small 

impedance irregularities : on a length dx, the 
impedance variation is : 

oS 
dZ = ox 

d,t;; 

which gives, for this element dx, a reflection ot 
dZ 1 oS 

dr = 2Zo 
= 2Zo OX 

dx , (23) 

since Z1 + Z2 differs only slightly 
mean 2 Z 0• 

from its 

Consider the propagation of a 
frequency w : 

wave of 

w 2rr 
(J. = - = -w 'A 

where (J. is the phase constant, 
� the attenuation constant, 
w the frequency, W the phase velocity, 

and 'A the wave length. 

(24) 

After traversing the distance x, the wave is 
multiplied by e-1x ; it is reflected in the pro­
portion dr ; and then returns to the input of 
the cable with a new factor e-1x. The result is 
that, for a cable of length L, the wave reflected 
towards the input has an amplitude : 

p (y, L) = f L e-2'Y"'dr = 
_l_JL 

e-
2,x oS 

dx 
0 2 zo 0 OX 

S (L) e-z'YL - S (o) 
2 zo 

+ lJL e-21x S (x) dx. zo 0 (25) 
The first term relative to the ends is very small 
compared with the integral along the entire 
length of the line L ; it follows, therefore, 
that : 
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p (y, L) z _J__JL e-2Y"' S (x) dx. (26) Z0 o 

Accordingly, the reflection due to each 
element dx may be regarded as, 

dr = 
y S dx z , 

0 
(27) 

rather than as given by (23). Equation (27) 
can easily be rederived by considering the 
element dx, of impedance (Z0 + S), interposed 
between two infinite lines Z 0• Input and out­
put reflections are produced at the element dx 
with a dephasing of e-ndx p;;;;j 1-2ydx between 
the two : 

s s dr = -- - -- e-2'Yd" 2 zo 2 zo 
S Sy 

= - (1 - 1 + 2ydx) = - dx. 2 Z0 Z0 
The two methods of calculation, based on (23) 
or (27), are therefore exactly equivalent and are 
in accord with equation 26. 

This expression gives the amplitude of the 
reflected waves. To determine the intensity, 
the absolute value must be squared. Using an 
asterisk (*) to designate the conjugate 
imaginaries : 

yy* 
IL IP (y, L) I 2 = P · P* =22 e-2Y"' S (x) dx 0 0 

J� e-21'*"'1 S* (x1) dx1 ; 
S being real, S* (x1) is simply equal to S (x1). 
Application of the correlation law, using 
formula ( 10), gives the mean value IPT2: 

I p  ( y, L) 1 2 = 1� � 2TSf J: e-2c'Y+'Y*J"' dx 
J: f (x - x1) e2'Y*c"' - "'1ldx1 • (28) 

Introducing a variable � equal to x1 - x and 
replacing dx1 by d �. the integration of � 
accordingly extends from - x to L - x. It is 
known that at a great distance the correlation 
function f (�) cancels out ; and a line of length L, which is great compared with the lengths R of the cable irregularities, is assumed ; therefore, 

J+co F (2y) = _,,, f (�) e 2Y� d � , (29) 

and the intensity of the reflected wave, very 
approximately, is : 

I P (y, L) 1 2 = �;22Tsf2 F (2y*) J: e-4f3"'dx 
I 1 2 1 -4f3L = io 2 TSf F (2y*) 4� e (30) 

The whole problem is thus reduced to the 
evaluation of the function (29) F (2y). The 
correlations ( 1 1 ), ( 12), (13) and ( 18) yield the 
following results : 

I. F1 (2y) = J�,r e-21'� d� 
1 sin 2 oc r = -sinh 2y r F:::3 2 r ----y 2 oc T 

J
oo � II.  F11 (2 y) = 0 (e2Y�+e-2Y�) e- -;: d � 

1 1 
2 r 

1 + 1 - 2 y + - 2y + - � - 4y2 r 2  r r 2r 1:::::: ----1 + 4oc2r2 
J+oo III. Fm (2y) = _00 

�2 2 --- - ')'� d i:: e 2r2 c, 

2 A ; - _4a2r2 = r v r. . e  

1 
F::i 2 foc2 (1 - cos 2 oc l) 

,.._, l (sin oc l ) 2 
· �  oc l 

(31) 

For the second term of the expression F1v, an 
integration by parts is used. The assumptions 
are that : 
L � r or l ; �-1 � r or l. (32) 
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lo 

ba = 012 
be " dl2 
ac =o .ci.r 

I 

-- DECREASE OF THE DIRECT WAVE 
TRAVELLING --

- - - DECREASE OF THE RE"FLECTED WAVE 
TRAVELLING --

------ DECREASE OF' A WAVE 

TRAVELLING --

Fig. 12 .  

The approximation indicated by the sign :=::::: 
consists in neglecting the attenuation on a length 
r : the term � r is presumed to be negligible, 
account being taken only of j a r ; the cable 
irregularities will always be sufficiently short to 
justify this approximation, even if the length 
r or l attains some hundreds of metres. 

All of the equations are of the same general 
type : 

F (2 y) = 2 r cp (2 a r) 1 
r r ;  

2 a r = 4 n � ; J 
(33) 

A is the wavelength and r the length of the cable 
irregularities. 

The functions cp all present maxima at the 
origin, and cancel out as soon as a r exceeds 
a certain length. Fig. 10 shows the form of 
the curves. 

Formula (30) contains an expression which is 
found throughout this study and which may 
be termed : · 

G = I s 1 2 F (2 y) ; (33a) 
it 1s a function of frequency and of the cable 
characteristics, and may be represented by the 
general contours of the curves of Figs. 10 or 1 1 .  

Didlaukis and Kaden give only formula 
(31 ,  II)-their formula 23 ; no specific value 
can be attached to this expression. Rather more 
complex laws of correlation are to be expected 
when several distinct causes arise to produce 
the cable irregularities. If the function of 
correlation f is the sum of the two terms f 1 + /2, 
one at a very short distance r 1 and the other at a 
long distance r2, there results the case of Fig. 9 
which is considered in section (5) above. 

The function F also presents itself as a sum 

of two terms and corresponds in form to the 
curve of Fig. 1 1 .  

It is thus necessary to consider a very great 
variety of curves according to the nature, form 
and length of the cable irregularities. The 
proportions of the curve of Fig. 1 1  will be 
considerably modified when the wave length 
attains, first, the length r 2, and then the length 
T1. 

For a cable of great length L, formula (30) 
can be simplified since the exponential e-1f3L 
then becomes negligible and the reflected wave 
attains an intensity limit : 

In I Y l 2, only the term oc2, which considerably 
exceeds �2, has been retained ; for F (2 y *), 
F (2 y) has been substituted since the two 
expressions are equal. The limit of the 
reflected flux thus computed for an infinite 
cable is designated by Didlaukis and Kaden as 
p2 ; it varies inversely as the attenuation �' a 
fact easily understandable inasmuch as cable 
irregularities do not produce a sizeable reflected 
wave unless they occur close to the origin. 
Actually, only a section of length �-i produces 
an appreciable flux reflected towards the input ; 
for, when the length L of the cable exceeds �-i, 
the exponential e-4[3L becomes negligible and the 
flux reflected towards the input remams 
constant. 

(7) IMPEDANCE VARIATIONS OF THE 
INPUT OF THE CABLE 

A perfectly uniform cable of length L closed 
with its characteristic impedance has the same 
impedance at its input end. The relation 

A 

Fig. 13 .  

www.americanradiohistory.com

www.americanradiohistory.com


C A B L E  I R R E G U L A R I T I E S  1 73 

Fig. 14 .  

between the potential U0 and the current I0 is 
accordingly : 

(35) 
If the cable is irregular, reflected waves, 

calculated in the preceding section, are produced. 
Their amplitude is I1 = p I0 ; the corresponding 
potential is : 

U1 = - Zo I1 = -p (L) zo Io. (36) 
Accordingly the total input impedance is : 

U0 + U1 1 - p (L) Z = Zo + f':. Z = Io + I1
= Zo 1 + p (L) 

and 
� Z0 (l - 2 p  (L) ) (37) 

6 Z = - 2 p (L) Z0 ; (38) 
p ( y, L) is the magnitude calculated m (26) . 
The mean square I [':. Z I 2 of the fluctuations of 
the input impedance must now be ascertained ; 
it should be noted that Z 0 is real but that !':. Z 
is complex like p. Distinguishing between the 
real and imaginary portions : 

D z =  D z, + j D zi and I D  z 1 2 = (!':. Z,)2 
+ (!':. Z1) 2 •  

According to  the laws of chance, these two 
mean squares will be equal ; and, making use 
of equation (30) : 

l 6 Z l 2 = 2 (6 Z,)2 = 4 Z02 lp (L) l 2 

= l r l2f'2 F (2y) [ l-e -Jf3L J (39) 

Didlaukis and Kaden assume that only the 
real component [':. Z, is to be measured ; that 

is, the fluctuation of the input resistance, dis­
regarding the fluctuations of the imaginary 
component. They consider an infinitely long 
cable where : 

cx2 G 
(40) 2� . 

To determine the meaning of these expres­
tions : A cable of length L will have a certain 
input impedance Z and, also, a well-defined 
difference !':. Z,. Measurements over a large 
number of sections of length L (all of the same 
manufacturing run) may be repeated ; thus, 
the value of !':. Z, and its mean square will be 
available. The resulting expression will con­
form to equation (39) or, if the length L be 
sufficiently great, to equation ( 40). 

Mertz and Pfleger base their calculations, as 
previously mentioned, on the hypothesis of 
homogenous sections of equal length ; they 
tend towards a general equation (eq. 7 and 8, 
p. 550) giving the mean squares of the real 
components Ebr and imaginaries Ebi of the 
reflected wave. The correspondence of their 
notations and the present author's is as follows : 

h 
s l = , 2 zo 

'P = - 2 cx l , (41 ) I 
B = e-£ = e-2/31 I p (y) = Eb = Eb, + j Eb i j 

The calculation is made for a line of infinite 
length L and yields : 

NORMAL 
SECONDARY 

F"LUX 

0 

TAIL OF 
SECONDARY FLUX 

Fig. 15.  

2. L  w-
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- h2 ( 1 
E�, = 2 l - 2 B cos 2 a l + B 2 

1 - B2 

- h2 J E;; = 2 1 
1 - 2 B cos 2 a l + B2 

1 - B2 

In this form, the expressions are valid for 
sections of any length l. Introducing the 
assumptions indicated in (32), and taking into 
consideration the fact that the attenuation on 
short section of length �-1 is very small : 

B = e-2f31 = 1 - 2 � l ;  l � �-1 • 

On the other hand, dephasing of 2 a l  may be 
important ; in this case, equation (42) becomes : 

Ebr2 = Eb2. = !!...._ ( 1  - cos 2 a l) 
' 4 � !  

I s f 2 1 - cos 2 a z =16 Z02 � l  (43) 

These equations can be reconciled with those 
herein developed : taking the general equation 
(34) and substituting the function Fw (eq. 
3 1 . IV), which corresponds to the correlation 
law IV of Mertz and Pfleger : 

a2 [ s 1 2 
4 � z 0 2 F IV (2 y) 

a 2 JST2 1 
4 � z 0 2 2 a 2 l ( 1 - cos 2 a l) 

TSf2 ( 1 - cos 2 a l) 
8 � Zo2 l (44) 

Agreement between equations (44) and (43) 
is complete. Mertz and Pfleger, in their 
applications, have assumed very short sections, 
even compared with the wave length ; they 
accordingly take-

l � a-1, r.p � 1 , 
a condition which is much more restrictive than 
has been found necessary for the present 
calculations. Equation (44) accordingly reduces 
to : 

(45) 

The author prefers to retain expression ( 44) 
which may be applied to much longer sections 

1 - B2 I J 
+ 1 + 2 B cos 2 a l + B 2 J ' ( 

1 - B2 } \ 
1 + 2 B cos 2 a l +  B2 ) 

(42) 

l without complicating the calculations. The 
variation of the real component of the input 
impedance, in the case under consideration, is : 

(L:2. z ) 2 = I s I 2 ( 1  - cos 2 a t) . r 4 � l 
(46) 

(8) COMPLEMENTARY ATTENUATION OF 
DIRECT WAVES DUE TO CABLE 
IRREGULARITIES 

Considering wave propagation along a very 

long cable, L � 4 � , it is clear that reflections 

due to irregularities produce energy losses and, 
consequently, a complementary attenuation. 
The latter will now be evaluated. 

The direct wave has an amplitude A1 (x) and 
an intensity 11 (x) given by : 
A1 (x) = A 0 e-'Y" ; 11 (x) = JA1  [ 2 

(47) 
At each point x, the derivations of section 6 

may be applied since the cable is very long. 
The reflected wave of mean intensity 12 may 
be represented by the term : 

ldx) = [P (y, oo )  [ 2 Ji (x) 
= [P (y, 00 )  1 2 Io e-2f3x, (48) 

where f Pl 2 is given by equation (34). While the 
equation was derived for the input of a cable (x = o), it is applicable without change at any 
point whatsoever. At a segment dx, a variation 
d12 occurs ; or, 

(49) 
It should be noted that the direct wave is 

propagated from right to left towards the 
negative x (reflected wave) .  If the usual type 
of attenuation only were under consideration, 
it would be found that : 

3 12 = + 2 � 12 dx. (SO) 
Fig. 12 illustrates this reasoning. 
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In order to maintain the distribution repre­
sented by (32), it is therefore necessary to supply 
to the reflected wave a mean energy of 

6. I =  - d 12 + o 12 = 4 � 12 dx (51 )  
This energy i s  necessarily taken from the direct 
wave and introduces a new term �' in the mean 
attenuation of the amplitude, yielding a comple­
mentary attenuation 2 �' of intensity 12 : 

6. I 1 · w = = 2 � 2 = 2 � IP ( y, 00 ) 1 2 
2 11 dx 11 

= �2 j s j 2 
F (2 ) 

2 z 2 y , 
0 

(52) 

use being made of equation (34). Through 
equation ( 40) this complementary attenuation 
may be expressed in terms of the variations 
6. Z, of the real part of the entrance impedance : 

(53) 

This result can be derived by direct calcula­
tion by evaluating the reflected intensity for a 
segment dx. Considering a very long cable, 
- L to + L, and in particular the segment 
comprised between x = 0 and dx, the reflection 
dx in terms of amplitude is given by (27) ; thus 
the amplitude of the reflected wave at this 
segment is : 

d A2 = A1 dr = A1 '!__ S (0) dx . (54) Zo 
This wave dA2 is added to a reflected wave, 
already present, the amplitude A2 of which is, 
therefore, none other than A1 p ( y, oo ) of (26). 

The increase of 6. 12 of the reflected energy 
or intensity is therefore obtained by the follow­
ing expression, which represents the comple­
mentary energy - ,6. 11 due to the reflected 
wave d A2 : 
6. 12 = d (A2 A2*) = A2 dA2* + A2* dA2 

= Ii I Y i.
2 

dx JL [S* (0) . S (x1) e-2'Yx1 
Z0• o 

+ S (0) S* (x1) e-2"*"'1 ] dx1 • (55) 
The integral extends from 0 to L or, actually, 

from 0 to oo , and includes all the segments of 
line x1 to the right of the origin, contributing 
to form the reflected wave which arrives at the 
segment dx. On an average, the products 
S.S* may be evaluated by the correlation 

law (10) : 

[ j (�) [en� + e-21"*�] d � 
= J1 dx I Y I 2 TST2 F (2y) . (56) zo2 

Here the integral (29) occurs again in equivalent 
form. Further, the last result is identical to 
(52), taking (48) and (34) into account : 

6. 12 = - 6. 11 = 2 �' 11 dx. (57) 
It is easily explained : the increase of the 
intensity d 12 is furnished, on the average, only 
by the terms A2 dA2* or A2* dA2, involving 
a certain phase correlation ; the integral F (2y) 
of (29) hence reappears in a correlation zone. 

Thus there is obtained, as equation (53), the 
first result of this study : any irregularity in 
cable causes loss of energy by reflection ; 
whence an increase in the mean attenuation 
results. In order to reduce attenuation and 
other electrical losses in a cable, extremely 
accurate and painstaking methods of manu­
facture, as well as robust construction, there­
fore, are required. All cable irregularities must 
be avoided. Practical implications and admis­
sible tolerances will be considered subsequently. 

(9) THE REFLECTED WAVE AT THE 
ENTRANCE OF THE CABLE : ITS 
ESTABLISHMENT AND DECAY 

All the calculations apply to the case where 
the wave transmitted into the cable has been 
established for a period long enough to enable 
it to pass through an entire section of a length 
1/ �· As already seen, this length of cable plays 
an essential part in the formation of the reflected 
wave. 

The manner in which the reflected wave is 
established at the beginning of a signal and its 
progressive diminution after the completion of 
the signal will be investigated.  The wave 
velocity along the cable is : 

w A. 27t 2 7t w = - = - ; � = - ; (i) = - ; (58) 
fl. "" A. "" 

where ""A is the wave length, and "" the period. 
Let us assume a signal w established at the 

instant t = 0 ; after a period 1 /2 t, this signal 
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will be propagated along the cable a distance 
L = l /2 Wt , (59) 

and the signals reflected by this cable section L will revert to the origin of the cable at the 
instant t ; equation (30), therefore, will give 
the law for the establishment of the reflected wave 
when (59) is substituted : 

IX2 1 s 1 2  
IP (y, t) l 2 =  4 � zo2

F (2y) [1 - e-2,Bw1] (60) 

Consider now the law of decay on a cable of 
infinite length when the signal is interrupted at 
the instant t =0 . After a time 1 /2t, the tail of 
the signal arrives at the distance L from the 
origin (equation 59) . At this point the signal 
has an amplitude e-f3L reduced by the attenua­
tion. The reflected wave, therefore, has an 
intensity represented by (34) but is influenced 
by a factor e-2(3L ; this reflected wave, further­
more, covers a distance L to reach the input of 
the cable and arrives there at the moment t · 

its intensity, therefore, is again reduced b; 
e-z(:JL, the law of decrease after the completion of 
the signal being 

J p (y, t) J 2 = Jp J 2 e-4f3L 
IX2 1 s 1 2 = 4 � zo 2

F (2 y) e-2f3Wt . (61 ) 

The increase (60) and the decrease (61 ) of the 
mean intensities of the reflected waves are 
accordingly exactly symmetrical. 

This result can be arrived at directly by 
reasoning similar to that of section 2 (equation 
6). It applies only on the average, and on the 
hypothesis that the irregularities along a cable 
are sufficiently regular to produce a large 
number of partial components of the reflected 
wave, these components having all sorts of 
phases. 

There nevertheless will exist between the 
complex amplitudes a strict relation of type ( 4) 
or (4a) (section 2), even in the case of a small 
number of reflected components. 

Analogous conditions are encountered in the 
establishment or diminution of sound in a hall 
when multiple reflections producing reverbera­
tio� are considered.  In the electrical example, 
as m acoustics, the exponential laws of increase 
and decrease apply only on an average, while 
the laws observed experimentally show numer-

ous deviations from the average ; increase and 
decrease correspond very exactly despite the 
influence of dephasing. The contours of the 
curves resemble the types shown in Figs. 3 
and 6 very closely. 
(10) DOUBLY REFLECTED WAVE TO­

WARDS THE O UTPUT OF THE CABLE 

The present study has made it possible to 
deal fairly rapidly with the problem of double 
reflection of the type depicted in Fig. 2.  
Consider the part played by an irregularity at 
x, reflecting the wave in a backward direction ; 
the wave encounters a second irregularity at 
x ' , reflecting it forward. The direct and 
reflected waves thus traverse a distance 2 
( x - x ') . The calculation will be made, in the 
first instance, for all irregularities for which the 
distance x - x '  is greater than [1 : that is, 

(62) 
All these pairs of irregularities yield a flux which 
reaches the output end with a delay of at least 

2 11 T =  -W '  (63) 

W being the velocity of propagation. Any pairs 
where x - x '  is less than 11 give a reflected flux 
which arrives at the output of the cable prior 
to the instant T. 

Assume a signal w established from the time 
t = - oo , and interrupted as from the instant 
- T (delay of propagation over the length of 
the line), such that the principal signal is 
interrupted at t = 0 at the output of the line. 
At the latter, a signal tail develops analogous 
to that of Fig. 13. Calculation of the reflections 
at the pairs of irregularities satisfying condition 
(62) give the intensity of this si gnal tail at the 
instant T ;  actually, the signal having been 
interrupted at t =, o, the only reflected waves 
arriving at T are those produced prior to t =o, 
and correspond to (62). 

Taking a line of length L on which a wave w 
of . amplitude A0 is imposed at the input, its 
amplitude at the output is : 

A 0  (L) = A0  e-7L . 

The first wave reflected at x is : 

Al (x) = A0e-7'; S (x) dx . 
0 

(64) 
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The reflection at x is given by {27) ; at x ' 
(whence the factor e-'Y(x - x 'i ) , it is reflected a 
second time : 

2 = ; 2A 0 e-2'Yx+'Yx ' S (x) . S (x ') dx dx '. (65) 0 
Finally, the section L - x '  must be considered 
in order to obtain the reflected wave at the 
output : 

A2 (L) = J22A0 e-'YL e-2'Y("'-x ') S (x) . S (x ') dx dx ' 0 
(66) 

Integrating x from l1 to L, and taking for x '  
the limiting values x '  = 0 and x - l1 in accord­
ance with the foregoing, it is necessary that x 
should be at least equal to 11 in order that the 
conditions postulated should be realised. 

The relative amplitude of the reflected wave 
at the output is then : 

A2 (L) y2 Jx = L q (y, l1, L) = A o (L) ��z; x= z1 d x 

[:= : - 11 d x '  S (x) e<'Yx S (x ') eH'Yx' 

J
x= L  O = - - p (- y, x - l1) ox p (y, x) dx X- f1 (67) 

Making use of the notation p ( y, L) defined 
by equation (26) : 

� p ( ' ) - __J_ -2'Yx S ( ) ox (, x - zo e x 
V J X - [1 2')'X' I I p (- y, x - 11) = - zo 0 e · S (x ) dx 

(11)  MEAN INTENSITY OF THE WAVE 
TAIL 

The intensity of the wave rather than its 
amplitude requires evaluation. It is expressed 
by the product of the conjugate imaginaries : 

I q i 2 = q . q* = r P c  - r, x - 11) �P er, x) dx 1 
JL O p ( - y*, X1 - !1)-".l-p (y*, X1) dx1 .  (68) 11 uX1 
In the determination of the mean value of 

this quantity, the laws of correlat10n apply in a 

form similar to that of section (6) ; certain 
supplementary hypotheses nevertheless are 
necessary. 

Four quantities are subject to chance varia-
op, op tion : · the two p's and two ox s. Values of ox 

are independent of p ; that is, ix is a local effect, 
while p depends on integration over the whole 
cable. Correlation between the two ��'s, as in 
(28) to (30), is thus possible ; hence, 

op . o p1* = l r l2
2 1 s 1 2 1 cx - x1) o x  ox1 zo 

e-2('Y + 'Y*)X e2'Y*(X - Xl) (69) 
Introducing a new variable � : 
� = x - x1 and 2 ( y + y*) x = 4 � x . 

The variable � must be small since the function 
of correlation f is cancelled out at distances 
greater than R, and R has been assumed to be 
fairly small. 

Taking the product of the two functions p : 
p (- y, X - l1) p (- y*, X1 - 11) 

= p ( -y, x - 11) p (-- y*, x - � - 11) 
' * r x - ll = i: 2 J o e 2'Yx' S ( x ') dx ' 

J :- �
-

z
1 e 2'Y*x'1 S (x'1) dx '1 

and transforming this expression as in (28) by 
introducing a variable � '  : 

v = x I 1 - x I s ( x ') . s ( x I 1) = I s I 2 f ( � ') ' 
p (- y, X - f1) . p (- y*, X1 - 11) 

= yy: TSr \x - ll e 2<'Y + '*ix' dx ' z 0 • 
0 

J
x - 11 - x' - � , 
-x' J (� ') e2'Y*t' d� ' 

,._,_, l r l 2 fST2 F (- 2 v) [e4/3(x - 11> - 1] . (70) ,--..; 4� zo 2 ' 
It is, in fact, possible in the second integral to 
replace the limits - x '  and x - 11 - x '  - � by 
- oo and + oo since the function f (� ') is 
eliminated as soon as the distances exceed the 
distance of correlation. Integrals are therefore 
obtained similar to those of (28), (29) and (30). 
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The approximations introduced in (70) are 
based on � '  and � being small compared with 
l1 ; that is, the distance l1 is greater than the 
correlation distance R. Considerations apply­
ing to these approximations will be disc.;ussed 
later. 

The mean value of equation (68) now takes 
the following form : 

I Y l 4 I I q ( y, l1, L) 1 2  = 4 � z 
0 4 

( TSl2 r F ( - 2 y) J: e-4(:!x • [ e4fl<x - Iii - 1 ] 

d x J�: f (�) e2"*� d � . (71) 

The integral at x should be taken from x = l1 
and not from x = 0, since the expression to be 
integrated is zero at x = l1• The integral at � 
may be extended in practice from - oo to + oo as in (29) ; it then gives the value F 
(- 2 y*), but F is insensitive to changes in sign 
and the imaginary part of y : 

F (- 2 y) = F (- 2 y*) = F (2 y). 
The integral at x is easily obtained with the 
precaution regarding the lower limit l1• Finally, 
the following is obtained : 

l q (y, l1, L) l 2 
,__, ( 1 y 1 2  rsr F (2 y )) 2 ,.__, 

4 � z; 
[e-4,BL - e-4f3l1 + 4 � (L - l1) e-4,Bzi] 

� ( IP (y, oo ) 1 2) 2 

[ e-4/h - e-4f311 + 4 � ( L - l1) e-4f311] • (72) 
It will be seen that equation (34) squared appears 
as a factor. 

In (70), a discrepancy of the order of R occurs 
in evaluating the distances x - x1 = /1 ; (71 ), 
using infinity for the limits, ceases to be correct 
when the actual limits 

� = - x  and L - x  

are not very great ; here again, an inaccuracy 
of the order of R (distance of correlation) may 
be introduced in connection with the variable 
x ;  consequently, the distance l1, determining 
the lag in arrival of the tail of the signal, may be 
incorrect by a value of the order of R. 

The following conclusions, in the opinion of 
the author, can be drawn : equation (72) should 
be correct where it gives a result which varies 
slowly as a function of l1 ; it becomes somewhat 
questionable when a sudden variation is 
indicated. 

Taking l1 as zero in the foregoing equations, 
a doubly reflected flux accompanying the direct 
wave is obtained. The total secondary flux is : 

j q ( y, O, L) l 2 
= ( IP (y, oo) 1 2) 2 [e-4,BL - 1 + 4 � L] . (73) 

Fig. 14 shows the variation of this expression 
as a function of the length L of the cable. For 
great lengths ( 4 � L � 1 ), the variation becomes 
linear ; the secondary flux, under the conditions 
mentioned, is proportional to the length L of 
the cable. Here, as in the preceding problems, 
a long cable is defined as one with a high 
coefficient of attenuation � L. All ordinary 
cables fall in this category unless they are 
extremely short. 

(12) ESTABLISHMENT AND DECREASE OF 
THE SECONDARY FL UX 

The derived equations give directly the form 
of the curve for the establishment of the 
secondary wave, and the manner in which it 
becomes attenuated progressively subsequent 
to the completion of the direct signal. 

Considering a specific value l1 (equation 62), 
a corresponding doubly reflected wave traverses 
a supplementary path 2 l1, and reaches the end 
of the cable with a delay T equal to � (equation 
63). Assuming an established direct signal of 
frequency w, suddenly interrupted so that the 
end of the direct signal reaches the extremity 
of the line at the instant t = 0, the secondary 
flux is maintained for an interval ; a signal tail 
results. Its intensity at the moment T is 
represented by (72) ; 

I q (y, T, L) 1 2  = ( IP (y, oo 1 2) 2 [e-;(:JL '__ e-2,sw-r: 
+ 2� (2 L - WT) e-2f3W"] (74) 

For a short line, the initial decrease is almost 
exponential, dropping to zero when 

2 L  T maX = W , 
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For a long line, the only important term in 
the brackets is 4 � L e-2f3Wr, which shows an 
exponential decrease (Fig. 15). The time 
constant of the signal tail for the square root of 
the mean intensity is : 

1 !Y. 

El = � w = w � ' (75) 

the same as for the establishment and decay of 
the reflected flux towards the entrance of the 
line (equations 58 and 61) .  

On establishing the signal, a symmetrical 
increasing curve will be obtained ( e-2f3Wr - 1 )  ; 
Fig. 16  depicts the different curves and their 
superposition for the formation of the total flux 
received at the output of the cable. 

In discussing approximations, it has been 
shown that the equations are valid only as an 
average. The real curve of growth and decay 
of the actual flux may show a fairly considerable 
fluctuation round the mean curve ; moreover 
(equations 72 and 73), inaccuracies were intro­
duced in evaluating l1, amounting to R ( distan..:e 
of correlation or mean length of cable irregulari­
ties). It is, therefore, necessary to take into 

2 R .  h 1 account discrepancies of about W m t e va ues 

of T, which may modify the form of the signal 
seriously, particularly when sharp angles obtain 
at the beginning and end of the main signal. 
The places where the curve in Fig. 16 appear 
questionable have been shown by cross-hatching. 

AVERAC.F.; RECEIVED 

AMPLITUDE 

_ ..... ----------... ----------

BEQINNINQ O F'  SICiNAL. END OF S ICiNAL 

-·-·-·- DIRECT n .. ux 
-------- SECONDARY FLUX 

TOTAL F"LUX 
� UNCERTAIN REGIONS 

Fig. lG .  

Fig. 17 .  

i t I DECREASE DUE TO : CORRELATION l;:f"FECT 

I I 
I I I 
I 
I 
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(13) RECAPITULATION OF THE ESSENTIAL 
RESULTS 

For convenience in practical consideration, 
Table I summarises the essential data and 
results obtained in the present study. A large 
proportion of the equations have been published 
by Didlaukis and Kaden ; their reasoning, 
however, is based on assumptions which are 
much less general than those herein applied. 
The law of correlation occurs explicitly only 
in the integral F ;  it apparently cancels out in 
other relations, but all the complete explicit 
equations contain a factor F or F2• By suitable 
application of the law of correlatio� the equa­
tions, as previously indicated, can be made to 
include all the essential calculations of Mertz 
and Pfleger. 

The following important facts are of interest : 
Studying the formation of the reflected wave 

towards the entrance of the line, the co-efficient 
of attenuation � attenuates the waves reflected 
at the line i rregularities. In practice, a reflected 
wave results solely from reflections produced 
on a length approximately w-1 from the origin ; 
any reflection from an irregularity at a distance 
x greater than �-1 (Fig. 1 )  is negligible. 

A wave reflected at the input, therefore, is 
produced over a portion of line �-1 adjacent to 
the origin. A wave which is doubly reflected 
towards the output is disposed progressively 
over the whole line, a fact explaining the 
presence of a factor proportional to the length L of the line. Starting from an irregularity x 
(Fig. 2), a wave reflected towards the rear must 
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TABLE I 
ESSENTIAL RES UL TS FOR LONG LINES 

Long line : 
Propagation constant : y = j ix + � 
Mean 'characteristic of line impedance : Z0 
Local difference in impedance in relation to Z0 : S (x) (7) 
Law of Correlation s (x) . s• (x,) = Ts1 2 f (x - x,) ( 1 0) 
The function f represents the form of the "standard 
irregularity" and is eliminated at great distances : I x - x, I > R (9) 
R, distance of correlation ; examples are given in ( 1 1 ) , 
( 1 2),  ( 1 3) ,  ( 1 8) .  
The fundamental integral : 

r +oo F (2y) = j -7.i f (0 e-'n d � (29) to (3 1 )  

Mean reflected flux towards the entrance o f  a long line : ----., ix2 J S I ' ix2 G IPI (y, oo ) J · = 4� Zo' F (2y) = 4� Zo' 
where G = Tl' F (2y). 

(34) 

Variations DZr of the real impedance term at the input 
of a long line : (6Zr ) 2 z-;;- = 2 I P  (y, oo )  I 2 (40) 

Supplementary attenuation of the direct wave by reflection 
at cable irregularities : 

(52) (53) 

Mean doubly reflected flux towards the output, accompany­
ing the direct signal, on a long line : 

f q (y, O, L) [ '  = ( J p (y, oo )l ')' 4 �L  = ( ( ��') ') ;L 
(73) 

The flux reflected towards the input and that accompany­
i ng the direct signal have a duration of establishment and 
lag (amplitude) : 

I IX 
e = �w = w� ' (75) 

where W is the velocity of propagation � of the waves. 
IX 

encounter another irregularity x1 at a distance 
less than �-1, if the energy contribution of the 
reflected wave 'at the output is to be appreciable. 
Thus, in the two cases, one can perceive the 
essential part played by the length �-t and the 
duration fl =  (� Wt\ which represents the 
time consumed by the waves in traversing the 
length �-1• The duration fl represents the time 
taken to establish the phenomenon and the 
time of lag. It is an essential condition and one 

which cannot be modified, inasmuch as � and 
W are completely defined as soon as the type 
of cable is fixed. 

�� INFL U E N C E  O F  F RE Q UE N C Y : 
CHARACTERISATION OF THE IM-
PORTANCE OF THE WAVE TRAIN 

In order to discuss the influence of frequency, 
it may be recalled that ex varies with w, and 
� with Vw :  

(76) 
Moreover, the integral function F (2 y) remains 
constant and equal to 2 r for all low frequencies ; 
it decreases fairly rapidly when the wave length 
becomes about the same as the distance of 
correlation r. Since 2 y r  appears in the 
function F, this condition may be written : 

w 2 ex r � 1 ; w � 2--;- . (77) 
Nothing is known "a priori" relative to this 

distance of correlation r. Didlaukis and Kaden 
found a length r of about 10 metres for the 
cable which they studied 5 ; on other cables, 
this length may be very different. Several 
distances of correlation may appear and the 
function F may decrease by stages, as shown in 
Fig. 1 1  and as discussed in section 5. If r be 
taken equal to 10 m., P. = 120 m. It is scarcely 
possible, therefore, to know "a priori" what 
will occur in the case of wave lengths of around 
100 m. ; that is, for frequencies of about 3 X 10 6 
cycles, since correlation plays a \'ery definite 
part. Up to frequencies of about 10 6  cycles, F may be considered constant ; examination 
of the equations of Table I gives the following 
laws of variation : 

F IP I '  ( ��')'· f3' 

constant w3/2 w"/2 w::: 

1gr 
7 /n w •.L 

0 

_ 1 1 . w -

(78) 
With correlation distances of about 10 metres, 

it will be seen that beyond 3 X 10 6 cycles the 

5 This order of magnitude was also found in a coaxial 
cable manufactured by L.T.T. (December, 1 93 7 ).  
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growth of I P I 2 and J q J 2 becomes slower, passes 
a maximum, and then decreases. Actual values, 
however, are hypothetical, the construction of 
the cable playing an essential role (Fig. 17). 

Consideration must be given to the case 
where two types of irregularities occur with 
two distinct correlation distances. In the 
example in section 5, localised irregularities are 
assumed with a correlation distance of about 10 m., as well as extended irregularities, result­
ing in Yariations in mean inpedance between 
different sections of cable. This second type 
of irregularity follows a different law as a 

function of the frequency. 
The flux -rqp- accompanying the direct signal 

is initially very small at low frequencies, inas­
much as it is of the second order, compared 
with first order effects, such as the reflected 
flux W, At high frequencies, the flux Tilr 
becomes greater. Attention must be paid to 
the duration of the signal tail, 8, and the total 
intensity of the tail of the signal : 

The duration of the signal tail, 8, decreases 
at high frequencies so that the total intensity Q of the tail of the signal increases slightly less 
rapidly than the intensity fqp of the normal 
flux (Fig. 18).  

In Fig. 16  certain zones are indicated where 
the theory appears to introduce fairly consider­
able inaccuracies (shaded portions). These 
zones, however, are very restricted and corre­
spond to durations even smaller than television 
signals. Actually, they involve a duration of 
� , where r is the distance of correlation or w 
length of cable irregularity. Hence, 2 r would 

2 r d . f . be about 20 metres or W ' a urat1on o approxi-
mately 10-7 seconds. 

The phenomenon of double reflection may 
be characterised by the flux jqf and by the 
duration of the signal tail, 8, or by a combination 
of these two magnitudes, as : 

1 -Q = 2 8 J q l 2 

defined in (79). Mertz and Pfleger have 
adopted another course ; they have not 
separated the two quantities fqf2 and 8, but have 
directly calculated an expression "Standard 
deviation in envelope delay," or "envelope 
delay distortion." "Envelope delay" is the 
inverse of the group velocity U, or the time of 
transmission of a signal along a unit length. 6 

d rJ. 1 d(�) 1 Envelope delay T = - = - = -- �_, - (80) dw U df ' � w ·  
Mertz and Pfleger accordingly compute the 

square root of the mean square of the differences f'-,,. T, resulting from the superposition of the 
secondary flux on the direct flux ; that is, the 
"standard deviation in envelope delay."  In­
stead of the square root of the mean square of 
the differences, the maximum difference may 
be taken, estimated at three times the preceding 
square root. 

In transcribing Mertz and Pfleger's equation, 
the present author has designated their 
"envelope delay distortion" by "D" : 

Standard deviation = V (6 T) 2 = � . (81) 
The calculation, therefore, supplies an expres­
sion of the following type (Mertz, Pfleger, 
p. 549, eq. 10 ') : 

D = 3 V (6 T) 2 = 4.42 (6Z
Z;) 2 . ,  J L 
0 � 

(in microseconds), (82) 
where L = length of line in miles, 

� = attenuation in decibels per mile, 
and ' =  "envelope delay" of the line m 

microseconds per mile. 
The lines utilised have a phase velocity W 

almost independent of frequency, such that the 
group velocity U and the phase velocity W differ 
very slightly (equation 80). The numerical 
factor depends on the units chosen ; if it be 
replaced by C, it follows that : 

D = c (6 z,) 2 _!__ J !:_ = c v I q J 2 . 8 .  (83) zo w � 

The final expression (83) relates to a combina­
tion of two fundamental quantities rqp and 8. 

6 Mertz and Pfleger use a for f3 and /3 for a in their 
equations. 
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TA1L OF LOW 
FREQUENCY SIGNAL 

TAIL. OF'" HIGH F'"REQUENCY SIGNAL. 

Fig. 1 8 .  

A question might be raised as to the most 
important expression to be considered in 
practice . It seems preferable, however, to 
consider separately the flux iqp (equation 73) 
and the duration 6 (equation 75), both of which 
play roles entirely distinct, rather than to study 
combinations such as Q or D (equations 79 and 
83), the practical importance of which hardly 
seems to have been demonstrated. 
(15) NUMERICAL APPLICATIONS : TELE­

VISION 

Since the band from 0 to 1 000 kc. , presum­
ably is reserved for telephony, higher frequencies 
must be used for television. Calculating an 
image of 441 lines, a band of approximately 
3 000 kc. ,  extending from 1 000 to 4 000 kc . ,  is 
required. 

For a frequency of 1 000 kc. ,  considered as 
the lower limit of the band, cables of different 
types give attenuations � varying from 0 . 16 to 
0.5 neper per km. The following examples 
have been selected : 
Didlaukis and Kaden, loc. cit. : � = . 16  nepers 

km. 
Deloraine, Societi des Electriciens T.7 (1937), 

p. 1057 : 
1 1 .5 mm. cable : � = 2 db. km. (.25 neper km.) 
6 mm. cable : � = 3.7 db. km. (.43 neper km.) .  

The wave velocity in the cable is  slightly less 
than that of light ; say W = 280 000 km : sec. 

All the parasitic effects increase with the 
frequency, at least up to frequencies of 3 X 106 
cycles when the law of correlation begins to 
play a role. It will be seen that this extremely 
high frequency is utilised in the foregoing 
example. Towards the maximum frequency of 

4 x 106 cycles the influence of the secondary fl�x, 
accompanying the signal and the _wave tram, 
requires consideration. The �ur

.
atwn 6

_ 
of the 

wave tail attains the values indicated m (84) 
for various frequencies f and various attenua­
tions � taken at 106 cycles. 

� at 106 cycles 

Nepers per km. 
0 . 1  
0 .2 
0 . 5  
1 

Values of 0 
for J = 10' 

Seconds 
3.6 10-5 
1 .8 10-5 
0.72 10-• 
0.36 1 0-• 

forf = 4 X 106  

Seconds 
1 . 8  10-• 
0.9 10-5 
0.36 10-• 
0 . 1 8  10-• I 

(84) 
All these wave tail durations are greater than 

the length of a point of the image (2 X 10-7 
seconds). The wave tail extends from about 
10 points up to 200 points, representing 1 /40 
to 1 /2 a line. The longest wave �ails occur at 
low frequencies (long black or white dashes on 
the image) and in cables with low attenuation �­
The duration of the wave tail, it should be 
repeated, depends solely on the fundamentm 
characteristics of the cable and cannot be modified. 

If the wave tail extended only along a length 
of the order of magnitude of a point or a fraction 
of a point, the important quantity to be con­
sidered would be the integral Q of (79) . or any 
other similar expression. However, a lengthy 
wave tail tends to spread all the tails of the 
different signals over a broad band ; they, 
moreover, present sizeable phase fluctuations. 
They will therefore appear as a sort of shaded 
base or, in the terminology of photography, a 
"cloud." The mean intensities of these tails, 
but not their amplitudes, have been evaluated. 

The intensity of the "cloud" will vary 
considerably between two extreme limits, i .e . ,  
values of Rf for 106 and 4 X l06  cycles ; fqp 
varies as the power 7 /2 of the frequency, 
resulting in a margin of variation of intensity 

7 
in the ratio of 1 to 42 ;:::: 128 ; that is, a variation 

7 

in the amplitude of the "cloud" from 1 to 44 
:::::= 1 1 .3. A "cloud" with a decidedly irregular 
character, rather than a less objectionable 
uniform one, is therefore to be expected. 

It is obviously essential that this shaded base 
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be reduced to an inappreciable intensity in order 
to prevent the appearance of unwanted spots 
or lines. Its value reaches a maximum at the 
highest frequency of the television band. 

Assume, by way of example, a cable length 
L of 1 000 km. ; the total length should be 
taken into consideration rather than the length 
of a section. A suitable level at the outgoing 
end is maintained by compensating for attenua­
tion by repeated amplification ; secondary 
reflected fluxes, however, add up without 
interruption. The following therefore applies : 

p for f = 106 
cycles 

Nepers per km. 
0 . 1  0.2 0.5 1 

� L for f = 4 X 106 
cycles Nepers 

L = 1 000 km. 200 400 1 000 2 000 

(85) 

Referring to equation (73), the secondary flux (6 z) 2 is e xpressed as a function of Zo 
r ; tha:t 

is, by the mean squares of the variations at the 
input of a long line. These fluctuations must 
be measured at the maximum band frequency 
since they depend on the frequency (see 78). 

Assuming, therefore, for / q/ 2 maximum a 
value 4 X 10-4 (corresponding to 2 per cent. of the 
amplitude of the principal signal having a 
frequency of 4 X lOf' cycles) for various types of 
cable characterised by their p at 106 cycles, the 
following values result : 

p (at 106 cycles) = 0.1  0.2 0.5 (6 zr) 2 = JI  q / 2 
= 14 104 

10 1ct 
6 104 Z0 . p L  

where fqf = 4 10-4 at 4. 10-6 cycles. 

1 
-4 4.4 10 

(86) 

The order of magnitude of 10-2 for V / q / 2 
corresponds to the indication given by Didlaukis 

and Raden ; the value 2 X 10 -2 gives ( 6.z�r) 2 
from 4 to 14 X 10-4, which results in square root 

values of ;0 J 6. Z2 from 2 to 4 X 10�2• The 

American authors (Zoe cit. p.  549) give some 

values calculated on the basis of 10-2 to 2 X 10- 2 
without stating whether their cables satisfy 
them. In any case, the orders of magnitude 
are very similar. 

Admissible irregularities in television images 
will be discussed later. 

It has been shown (equation 52) how cable 
i rregularities result in an augmentation p '  of 
the attenuation, but it is considerably less 
important than the "cloud" effect. Without 
much inconvenience, increase of a few per cent. 
. "' d d. l . (6 Zr) 2 • h b m t'> an accor mg y 1n -Z-: , mig t e 

permissible. The problt:m of the "cloud" 
effect caused by the signal tails ,  however, 
necessitates that a thousandth part of this 
quantity be not exceeded (equation 86). This 
result merits emphasis, since it indicates the 
great importance of guarding against the 
occurrence of cable irregularities. 
(16) EVALUATION OF ADMISSIBLE 

IRREGULARITIES IN TELEVISION 

In an attempt to define the above indications 
more precisely, Les Laboratoires, L.M.T. were 
asked to make several simple optical experi­
ments. P. F. Gloess devised a means of 
employing a cinematographic apparatus for 
this purpose. He arranged in the first instance 

l- cos 2 « l  
C',,/Oi. 

I 
I I 
\ 
I 
\ 

\ 
\. 

71 211 3TI41T 511 1011 1511 
1·5 106 3 10• 4·5 106 

TELEVISION BAND 

Fig. 19.  

2071 
6 106 f 
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to produce a tail in the image corresponding to 
a length of about a quarter of the screen ; he 
then endeavoured to determine how much the 
intensity of the light should be reduced in the 
signal tail in order that the defect would cease 
to be perceptible to the eye ; the relationship 
limit was found to be of the order 0.03. A 
slightly higher ratio might have been acceptable 
in the case of perfect images and the transmission 
of clear configurations in black and white ; in 
any case, it seems certain that a ratio of 0.02 
leaves a wide margin of safety. Since the 
cathode oscillograph supplies a luminous inten­
sity proportional to the electric current of 
excitation, the following values have been 
adopted for .calculation involving equation (86) : 

for V \ q \  2, the ratio 0.03 to 0.02 ; for fqf2, the 
value of 10-3 to 4 X 10-4• 

In order to produce another sort of defect in 
the image of the cinematographic apparatus, 
endeavours were made to superpose a stationary 
checker design on the cinema image. This 
stationary image was clearly legible, even at 
very low intensities ; its luminous intensity had 
to be diminished to about 0.008 to 0.005 of the 
intensity of the principal image in order to 
make it imperceptible, thus yielding values for 
jqf of the order of 6 X 10-s to 2 X 10-s. Every­
thing considered, it would appear that with 
electrical signals the following are permissible : 

wave train - 30 to - 35 db, 
regular fault signals - 40 to - 50 db. 

These values seem to correspond with observa­
tions of parasitic effects in television. 

(17) LOCAL IRREGULARITIES AND 
VARIATIONS IN CABLE SECTIONS 

Two types of irregularities occurring in a 
long cable have already been considered (section 
5) : the first, due to small localised irregularities (s) ; the others, due to slight differences, Sn, in 
the mean impedances of different cable sections. 
Equation (2 1)  _represents the comprehensive law 
of correlation derived. The entire theory 
applies without modification to a problem of 
the kind under consideration. When in the 
final formulre a term G = TSf2 F (2 y) is found, 
it suffices to substitute : 

where F (2 y) represents the integral (29) of the 
correlation function f, relative to localised 
irregularities, whilst F IV is the function (3 1 . IV) 
corresponding to manufacturing sections of 
length l. Referring to Table I ,  the substitution 
of (87) can be made in (34), giving \ P \ 2, which 
reappears unchanged in equations ( 40), (52) 
and (73). 

Examining the relative role of the two terms 
of (87) it is found that, assuming a short distance 
correlation, the first shows a slow variation­
the case discussed in sections 14 and 15. The 
second term plays a very different part ; 
introduced in equation (34), it supplies a 
contribution : 

(88) 

This expression contains a series of maxima 
separated by zero, representing a very rapid 
variation in the useful frequency range. The 
zero values are obtained for 

2 ('f. l = 0, 2 7t, 4 7t . . . .  2 K TC • • • • 

2 n  K n  K W  
('f. = w f o = -T ; f o = 2 / . (89) 

Taking a manufacturing length l of 230 metres, 
and a wave velocity W of 280 X 106 m. per 
second, it follows that : 
f0 � K6 X 105 cycles, where K is a whole 

number. (90) 
The attenuation � varies as V ()(1 at any rate 

as a first approximation, so that expression (88) 
may be represented by a curve of the type of 
Fig. 19. The rapid variations are the cause of 
irregularities in the corresponding wave tails. 

In order to compare the order of magnitude 
of the effects due to short irregularities or to 
inequalities in different cable sections, reference 
is made to equation (87). In short irregularities, 
the function F (2 y) is reduced practically to 
the distance of correlation 2r (equation 33) 
and, accordingly, 

F (2 y) = 2r � 20 metres. (91)  
G = W F (2 y) 

+ Sn2 Fiv (2 y) , 
In the second term, F IV (2 y) should be (87) introduced according to (3 1 . IV) : 
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1 1 F 1v(2 y) = 2 l ex2 (1 - cos 2 ex l) � l ex2 

4 l 
= (2 cx/)2  =- 10 to 0.6 metre . (92) 

The factor (1 - cos 2exl) yields the curve of 
Fig. 19. Taking the curve of the maxima and 
replacing the parenthesis by 2 ; 2 exl varies from 
3 rr to 15 rr ;  i .e . ,  from 10 to 45 approximately 
in the television band (Fig. 19). The value of 
l is 230 metres, which defines the order of 
magnitude of (92). 

The term F1v (2 y) thus constitutes a 
numerical factor which is clearly less than the 
factor F (2 y) of the first term of (87). 

To summarise : the inequalities between 
cable sections of 230 metre length, within the 
television band, give rise to very definite 
differences in the wave tail ; these differences, 
however, are extremely small numerically. 

(18) INFLUENCE OF SECTION GROUPING 

The computations of sections 5 and 17  were 
made on the assumption of chance grouping of 
the different cable sections. In actual practice 
the sections are grouped (or matched) according 
to their impedances Zn. Reflection at the junc-

. f . . . 1 Zn+ l  - Zn t10ns o sect10ns 1s proport10na to ; Zn+l + Zn 
clearly, by diminishing the differences Zn+ i  -Zm reflection is minimised. 

In order to study the problem a little more 
closely, let us assume that the sections are 
grouped so as to follow, as far as possible, a 
continuous variation law <I> (x) such as indicated 
in Fig. 20. This law will be applied as simply 
as possible, and the calculations separated into 
three stages : 

1 .  The part played by the local differences 
along each section-

s (x) = Z (x) - Zn ; 
2 .  The part played by the differences 

between Zn mean of each section and the 
mean law <I> selected-S 'n = Zn - <I> (n l) ; (93) 

3 .  The influence of the mean law <I> • 

In the first two stages, the calculations are 
identical with those of sections 5 and 17, except 
that Sn of equation (19) is replaced by S ',, of 

(93). It is apparent that advantageous grouping 
makes it possible to greatly decrease S '  with 
relation to S so that, in the final formulre S! may be replaced by S�2, which is muc� 
smaller. 

The part played by the slow continuous 
variation <I> ( x) along the line still remains 
to be examined. Let us consider a case 
involving a 'iystematic sinusoidal variation : 

<I> (x) = Z0 [1 + 
2
ex

� .  sin ex '  x] . (94) 

For an infinitesimal segment dx, the variation is 
d <I> = '2a Z 0 • cos ex '  x . dx ; 

hence, there occurs a reflecting factor : 
d <I> d <I> dr = - :::::::; - = a cos ex '  x d x (95) 2 <I> 2Z0 • 

The current reflected towards the entrance 
of the cable is : 

• L  
p = j e-2'"" a cos ex '  x dx = � . 0 2 

L . J 0 { e' - 2'Y + 1a'ix + e - 21' - jrt'ix } d x. 

If the cable be sufficiently long (L » _l_) · 
. 2 � . 

a [ 1 I J P = 2 2 y - j ex ' + 2 y + j ex ' 
a (j ex + �) 

, ., ex -- 2 ex2 + 2 "'2 + � + 4 i ex P I"' 2 . I"' 
(96) 

The intensity of the reflected wave towards 
the entrance is obtained by taking the square 
of the modulus of p : 
I P I 2 = p . p* 

ex2 + � 2 
a2 / ex '21 2 • (97) -l - 2 ex2 + 2 � 2  + T J + 16 ex2 � 2  

This expression shows a very clear maximum 
for an adjacent frequency corresponding to : 

ex '  2 w ex '  
cx 2 = -- and ex = - = - (98) - 4 w 2 '  

since the denominator then becomes very small 
(Fig. 2 1) .  

This maximum would be somewhat displaced 
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z 

SUCCESSIVE SECTIONS 

s!_j_MEAN LAW W (x) 
- - - - -

Fig. 20. 

from the pos1t10n of (98) if the attenuation � 
were not negligible compared with !'/... The 
reflected intensity towards the entrance may 
be represented by an actual curve of resonance 
around the value given by (98). 

This resonance manifests itself clearly only 
if the term !'/.. ' be great as compared with �­
Consequently, the periodic variation (equation 
94) corresponds to several oscillations along a 

1 distance of line of the order of[3. This effect 

is completely avoided by constructing the line 
in a manner such that the mean impedance 

1 variations are produced on lengths of � or over. 

The term S '� thus can be reduced consider­
ably in accordance with equation 93, thereby 
enormously decreasing the part played by the 
reflections between successive sections without 
introducing parasitic resonance of the type 
described above. 
(19) MEASUREMENT OF THE MEAN 

SQUARES (Lo.{') 2 AT THE ENTRANCE OF 

A LINE 

A final problem anses, namely, that of 

Fig. 2 1 .  

determining the meaning to  be  attributed to ---(D z ) �  averages, such as z 0 
' relative to the 

variations Z, of the apparent resistance at the 
input of a line. In section 7 (equation 40) it 
was stated that these mean values referred in 
principle tb a group of cables "of the same 
manufacture" and of lengths L greater than 
�-i , which might be considered infinite. Only 
one line actually installed will generally be 
available for practical measurements. Endea­
vours should be made to measure the average 
values of Lo. Z, at different frequencies. Mertz 
and Pfleger proposed proceeding in this manner 
(p. 543) and making tests on a moderate range 
of frequencies. 

Let us consider the problem involved in such 
measurements by taking two waves of frequency 
w1 and w2 ; tests made with such waves would 
not be independent if their frequencies were too 
close together, since a certain correlation would 
then exist between them. This correlation 
would be eliminated if the difference in 
frequency were sufficiently great, the definite 
relation being : 

2 Lo. w � e ; that is, Lo. w � 2 � W, (99) 

where the time characteristic 8 reappears. It 
may be explained as follows : 

Important reflected waves are produced in a 
cable section of length �-1 ; this section 
contains a certain number, n, of wavelengths ), 
for a given frequency : 

1 
n = -

� A  
Ul w A = 2 n - .  2 n �  W '  w 

Correlation obtains whilst n varies only 
slightly : the results have no further correlation 
if n varies by several units : 

( 100) 
This condition is equivalent to the preceding 

(99). It will readily be understood that two 
waves ,  w1 and w2, the lengths of which differ 
according to ( 100) , will yield different reflections 
along a length �-1• More detailed calculation 
confirms this result. 

A wave w1 with a propagation constant y1 
yields a reflected wave at the input characterised 
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by an amplitude p1, given by the formula (26) 
for an infinite line : 

y =j oc + �  ( 101 )  
For a wave w2, y2 and P2 likewise apply. In 
order to study the corrt:lation between these 
two reflected waves ,  the expression p1 p2* may 
be transformed similar to equation (28) : 

= Y1 Y2 *1ST2 r"' e-2(Y1 +Y2*> x dx zo2 J 0 

[ f (x - x ') e + 2"12 * (x-x') dx ' 
= Y1 Y2 * I s I 2 F (2 Y2) 

z 2 0 
(102) 

This equation is analogous .to (34) . Assuming 
that the frequency interval is not very high, and 
writing : 

equation (34) being 
jp2 j 2, it follows that : 

--. 4 �2 R ( Cil1 Cil2) = ih 1 - I Y2 I 2 

taken as a factor, i.e . ,  

since 

Inasmuch as oc is much greater than the 
attenuation � : o y . a oc j a-;:;;:::, 1 a w  = w 
where W = velocity of phase. 

In the fraction R, the numerator reduces to 

1 + D w , differing very slightly from unity ; 
(I) 

the denominator plays the essential part ; there­
fore, 

1 R ( w 1 w2) ::::::::; lP"J2 --:--. --1 + k 8 6_ w  (104) 

with 

This equation justifies all the statements 
made above. The correlation between the 
reflected waves towards . the input disappears 
when the difference 6- w of the pulsations is 
great compared with 2 e-1 ; it represents a 
special case of equation (99). 

Correlation occurs if the difference 6- <o be 
very small. 

Erratum 
Electrical Communication, "Electrical Properties of Aerials for Medium and Long Wave 

Broadcasting " : 

April, 1938, page 317,  
Equation (30) should read as follows : 

July, 1938, page 47, last paragraph, 
Ke and Ke' should be interchanged. 
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Notes on the Effects of Irregularities in Coaxial Cables 
on Television Transmission* 

By J. SAPHORES, 

Professor at the Ecole de Physique et de Chimie Induslrielles de , Paris, 

and 
P. GLOESS, 

Les Laboratoires, Le Materiel Tetephonique, Paris, France 

1. RESUME OF THEORETIC STUDIES 

PROBLEMS involved in long distance 
transmission of television signals have 
prompted certain physicists to investi­

gate theoretically the effects of characteristic 
impedance irregularities in coaxial cables. Work 
in this field has been done mainly by Mertz and 
Pfleger, 1 Didlaukis and Ka den, 2 and Leon 
Brillouin. 3 The present article gives first a 
brief resume of the conclusions of Brillouin's 
investigations, which generalize those of 
Didlaukis and Kaden. 

Brillouin assumes that, at the sending end of 
a long cable terminated with its characteristic 
impedance (L � � ' where � is the linear attenua­
tion in nepers ) , a simple periodic signal is 
permanently established. This signal is sup­
pressed at a certain instant and disappears at 
the receiving end at the time t = 0. 

Because of double reflections due to irregulari­
ties in the characteristic impedance, secondary 
signals continue to arrive at the output end 
subsequent to the disappearance of the principal 
signal. Statistical theory permits of the deter­
mination of their mean quadratic amplitude 
V I q ( y, t, oo ) I 2 as a function of time, and shows 

*Attachment No. 1 to the reply of the French P.T.T. to 
question No. 1 ter (Meeting of the C.C.I .F. at Oslo, June, 
1938). 

Symbols used herein are the same as in Prof. Brillouin's 
article immediately preceding. 

1Mertz and Pfleger : Bell System Technical Journal, 
1937, xvi, (541-559). 

2Did1aukis and Kaden : E.N.T. 1937, xiv, ( 1 3-22). 
3Leon Brillouin. (See immediately preceding article i n  

this issue). 

that it may take the form : 

V l q (y, t, oo ) l 2 = A Y l q (y, 0, oo ) l 2  e- � , 
A being the amplitude of the permanent 
interrupted signal. This law of decay is valid 
only after a definite period which, moreover, is 
short in practice compared with the time 
constant El (see Fig. 1 ) .  
Time Constant 1 The time constant e lS given by e = - ' �w 
where 

� = attenuation in nepers per unit of length, 
and 

w = speed of propagation along the cable 
(assumed to be 280 000 km/s). 

Adopting, in the case of a cable with diameters 
in the ratio of 3.6 and with two copper con­
ductors, the simplified relationship (dielectric 
losses being ignored) : 

0.25 . 1--�Nip/k11; = n- v F Mc/• , where D = diameter 
c m  

of return conductor ; it is found, for example, 
that if D = 1 cm, 

I 
I I 

A '  I 

t 
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F'  = 1 Mc/s, e = 70 �OO sec, and 

1 F = 4 Mc/s, e = 140 OOO sec. 

In the case of 25 images per second and 400 
lines per image, these two values correspond, 
respectively, to 1/7 line and 1 /14 line. 

In transmissions utilising this frequency 
band, it is evident that the duration of the 
signal trains will be variable at different frequen­
cies. Their effect will extend over 1 /10 of a line 
m1n1mum. 

Mean initial intensity 

By simple transformations V J q 1 2, which 
represents the relative initial mean amplitude 
of the secondary signals, may be derived, in the 
form : 

. ;-=- VL la . r 1--;i 2 ( 1 )  V l q l � = 4 7t2 J..2 z; . . . . . . . . .  . 
where L = length of cable, 

l 1 b . h l . . . a = - , � emg t e mear attenuat10n m nepers, � 
A = wavelength in the cable of the transmitted 

wave, 
r = correlation distance ; it is the distance, 

inaccurately determined, beyond which 
two local cable irregularities may be 
considered independent, 

(For a particular cable studied by them, 
Didlaukis and Kaden have given the 
value r = 3 metres. It would seem that 
the value of r is usually of the order of a 
few metres.) Z 0 = mean characteristic impedance of the 

cable, 
V I S  1 2 = mean quadratic value along the cable 

of the local characteristic impedance 
fluctuations around Z 0, 

Equation (1 ) ,  nevertheless, is merely a first 
approximation which assumes the wavelength 
to be far greater than the distance of correlation. 
It is, moreover, established only for certain 
particular laws of correlation studied by 
Brillouin. 

The equation shows that the relative initial 
amplitude �, like the time constant e, 

varies with frequency (through the intermediary 
of la and A) . 

In so far as television images are concerned, 
it would seem to follow that : "The drawing 
out of the signal spreads the tails of the signals 
over a wide band. These tails, moreover, 
display important phase fluctuations ; their 
mean intensities have been computed, but not 
their amplitudes. They take the form of a grey 
background ; in photographic terminology, a 
sort of 'veiling' of the images."3 

2.  EXPERIMENTAL DETERMINATION 

The object of the following experiments was 
to produce, in the systematically projected 
images, a "drawing out" effect comparable to 
a degree to the phenomena mentioned above, 
and to determine approximately the level below 
which the "veiling" of the images ceases to 
exercise an adverse effect on the eye . 

It should be emphasized that highly accurate 
measurements are not required since visual 
reaction is dependent on a large number of 
factors and, in particular, on the luminous 
intensity of the images examined. The experi­
mental set-up comprised ordinary cinemato­
graph projection apparatus, involving merely 
modification of the shutter and fitting of the 
lens with a special diaphragm. 

Basically, the ordinary cinema shutter con­
sists of a disc containing two blades P 1 and P 2, 
as illustrated in Fig. 2. This disc rotates with 
uniform motion. The blade P1 screens the 

Fig. 2. 
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D c, 
4 
l h  I I 
• 

B A 
Fig. 3. 

object during the time when the film is in 
movement in order to permit passing from the 
projection of one image to that of the following. 
The blade P 2 screens the lens for a short 
period when the film is at rest, its only object 
being reduction of the flicker effect to which 
the eye is sensitive when images are unfolded 
without special precautions at normal speed 
(25 per second). 

If holes be pierced in the blade P1, the film 
will be revealed in the course of its movement · 

and, on the fixed projection, a moving imag� 
will be superposed on the screen, the extent 
and illumination of which, in the direction of 
motion, will depend upon the sizes of the 
apertures. 

This parasitic image plays the same part with 
respect to the projected image as the above­
mentioned signal tails in television. The device 
actually adopted is shown diagrammatically in 
Fig. 3. 

The lens is fitted with a diaphragm in 
the form of an elongated rectangle, the length 
of which is 6 in the direction of the radius. 
The opening arranged in the blade P1 has the 
form of a circular channel of radial magnitude 
e: subtending an angle oc2 at the centre. The 
total angle at the centre, corresponding to the 
two periods during which the lens is un­
covered and the film motionless, is ix1• 

The ratio of the energies transmitted through 
the film, whilst in movement and whilst fixed 
in the course of a revolution is accordingly : ' 

W2 IX2  e: 

-W = - /\ = n . 1 IX1 Le. 

This ratio, n, can easily be modified by changing 
the angles ix1 and ix2, or 6 and e:. 

Let us now consider the appearance of the 
screen projection, formed by a succession of 
simple and identical images. The choice, for 
example, may be made of a test image consisting 
of a transparent rectangle on an opaque back­
ground. If the blade P1 contains no opening, 
a simple luminous rectangle on a black back­
ground will be seen on the screen (Fig. 4) . 

The aperture arranged in the blade P1, whilst 
uncovering the film during part of its move­
ment, superposes on the preceding image an 
attenuated image of the rectangle in movement ; 
that is, the screen will show, following the lumin­
ous rectangle, a grey shadow (Fig. 5), the length 
of which is dependent on the angle oc2, as well 
as on the laws of variation of brilliancy and of 
the film movement, neither of w-hich are known. 

Experience indicates that the law of decrease 
in brilliancy, B, of a signal train for the part 
exterior to the principal rectangle, may be 
considered exponential and takes the form : 

x - h  
B = B 0 e 

- ---Z:-- B 0 is the brilliance of the 
signal tail immediately adjacent to the straight 
line C D ; x, the distance of a current point of 
this tail from the side A B ; h, the height of the 
image ; and L, an attenuation constant which 
can be determined experimentally. 

In the principal image the effects of the signal 
lag are not noticeable ; if it be admitted that, 
from A to C, the brilliancy of the secondary 

L E N S  

Fig. 4 .  
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signals, due to the lag phenomena, increases 
exponentially with the same constant L, it is 
then possible to calculate the ratio of the 
energies contained in the signal train, and in the 
principal rectangular image. This ratio may 
then be written : 

W2 Bo 
WI

= 
BI 

1 

where B0 is the brilliancy of the signal train in 
the vicinity of C D, and BI the brilliancy of the 
rectangular fixed image. The value of this 
ratio, however, has already been derived, viz., 

, - - -- - --- - - - ,  
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I �--r- - - -- - ---4 
I I : I """ I I 

G REY 
SHADOW 

! .A.. J : 

D I l l h 1--�-�-�_f_6_Pt_L 
B A 

Fig. 5. 

G<2 E n = - -
ct2 D. 

If the value to be assigned to n in order to 
obviate an objectionable signal train be experi­
mentally determined, the admissible value can 
be deduced for the ratio B 0 of the brilliancy BI 
of the initial signal train and the principal image. 
Experiments made under these conditions show 

B that the admissible limit for B
o is of the order 
I 

1 of 30 . 
If instead of the · foregoing test · film an 

ordinary commercial film be projected, . it will 
be found that spectators, who have not been 
forewarned, will be completely unaware of the 
interference in the projection as a result of the 
extension of the signals produced by the shutter 

- - - - - -

- - - -

Fig. 6. 

which has been modified to obtain the ratio 
B0 1 
B = 30 . 

I 

3. APPLICATIONS TO TRANSMISSIONS 
ON CABLES 

Equation (1) ,  in view of the hypothesis that 
the coaxial conductor radii are in the ratio 3.6, 
also the adoption for the attenuation constant 
of a simplified expression which ignores the 
losses in the dielectric, as well as the assumption 
of a propagation speed of approximately 
280 000 km/s . ,  may readily be written in the 
following form : 

1 1 1 1 4V I q 1 2 4VLkm 4VDcm vrm F t  Megacycles. 
- 1 If one accepts for V fql 2 the value 

30 
result-

ing from the foregoing experiments, and adopts 
the values L = 1 000 km, D = 1 cm, r = 3 m, 

Fig. 7. 
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Fig. 8. 

F = 4 Mc/s, it is found that, if Z 0 = 72 ohms, 
the mean quadratic value of the elementary 
characteristic impedance fluctuations is : 

v 1 s 1 2  = 0.4 ohm. 
Assuming, further, that this value results 

solely from changes in the diameter of the 
return conductor, the mean quadratic value of 
these changes may easily be calculated ; it 
equals 0.07 mm. 

4. RELATION BETWEEN THEORY AND 
ACTUAL TRANSMISSION POSSIBIL­
ITIES OF CORRECTION 

Exact applications of theory to actual trans­
mission problems are fairly difficult. The 
theory deals primarily with a simple periodic 
signal established for some time ; that is, 
appreciably greater than e = _l_ ' the wave train 

� w  
time constant. At any moment following the 
interruption of the principal signal, the statistical 
theory merely gives information as to the 
probable value of the amplitude of the secondary 
signal resulting from the double reflections. 
The simplest actual case which appears to 
satisfy the assumed conditions would be the 
following : 

Assume that an analysis is required of a fixed 
image consisting of a fairly large 
transparent vertical band on a 
black background (Fig. 6) . 

This analysis would involve 
rectangular signals (Fig. 7) suit­
able for modulation of the ampli­
tude of a high frequency wave. 
Assume the amplitude at a 
maximum for the white portions 
of the image and zero for the 
black portions ; also , that trans-

t 

mission along the cable is to take 
place without other modification. 
Series of successive waves in 
rectangular envelopes would then 
be transmitted through the cable 
(Fig. 8). 

If the size of the transparent 
band is about a half-line, the 
theoretical conditions will be 
practically realised inasmuch as 
the wave trains extend over 

approximately 1 /10 line. A lag effect will occur 
at the output of the cable when each series of 
waves is established and suppressed. The 
envelopes of the wave series, on the assumption 
that the real amplitudes of the secondary 
signals do not differ greatly from the probable 
theoretical value, will be as shown in Fig. 9. 

The modulation envelope, consequently, is 
periodic and can be expressed as a Fourier 
series with a fundamental frequency the same 
as that of the line at both the input and the 
output end of the cable (Figs. 8 and 9, respec­
tively). Cable irregularities, therefore, may be 
regarded as equivalent to the introduction of 
supplementary distortions of amplitude and 
phase as functions of frequency. Such distor­
tions, at least within certain limits, may 
obviously be corrected. 

In a cable free from irregularities, the 
attenuation is a function of the frequency and 
can be neutralized by the introduction of a 
suitable equalizer. If, moreover, the cable or 
other units of the transmission system introduce 
delays in transmission varying with frequency, 
the resultant distortions may be eliminated by 
means of a phase compensator. 

Assume, further, that the same cable contains 
a large number of small irregularities. When 
a simple periodic signal is applied to the input, 

Fig. 9.  
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the signal received at the output end, as regards 
amplitude and phase, differs from that which a 
cable free from irregularities would have 
transmitted. These two deviations are, there­
fore, functions of frequency. 

Hence, the occurrence of irregulai:ities results 
in a change of the law of variation of attenuation 
as a function of frequency, and also in the law 
of variation in  transmission retardation. It 
follows that, for a given cable, there are applic­
able two perfectly defined and independent 
laws relating to the composition of complex 
signals which may be transmitted. Corrections 
of the same type as in the case of a cable free 
from irregularities are accordingly possible in 
principle. It is, nevertheless, obvious that the 
correction of transmission deviations occasioned 
by irregularities is not a simple matter when 
complex conditions are introduced through 
variations, as a function of frequency, in 
attenuation and dephasing. An additional 

difficulty, moreover, results from the minute­
ness of the secondary corrections relative to the 
primary values. 

Stated differently, possible corrective 
measures are subject to retention of the disturb­
ing effects corresponding to variations in 
accordance with the simple laws of probability 
from which the statistical theories are deduced. 

The only information available on the 
importance of these variations is contained in 
the article by Mertz and Pfleger. It tends to 
show that they are not negligible. 

Consideration must also be given to irregulari­
ties of other types, such as those which may 
exist at cable joints. 

Whilst definite corrective measures for cable 
irregularities are undoubtedly possible, they 
can be applied only to certain of the disturbing 
elements . Limits to be assigned to cable 
irregularities, therefore, must be chosen with 
due regard to the problem as a whole. 

THE STANDARD TELEFON OG KABELFABRIK A/S A T  THE OSLO EXHIBITION, 1 938 

The stand included a model of the 7.A2 Rotary System equipped with Automatic Ticketing facilities enabling a 
call to be made from the exhibition to any Oslo subscriber and producing a ticket giving complete data of the 

connection. 
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19 3 7 Paris Exhibition Awards 

AN article in the October 1937 issue of this journal described the important and successful 
part taken in the 1937 Paris Exhibition by Le Materiel Telephonique. In view of this 

participation, the following awards have been made to L.M.T.,  its Manager, and some members 
of its staff. 

Member of Jury . . .  ; . .  
Dip!Omes d' honneur . . .  . 

M idailles d' or . . . . . . .  . 

M idailles d' argent . . . . .  

CLASS 8-D : SECURITY 
Mr. J. Roussel, Manager, "Le Materiel Telephonique."  
Messrs. R .  Lucas and E. Madelin, Engineers, "Le Materiel 
Telephonique. "  
Messrs. V .  Poret and E .  Soleil, Engineers, "Le Materiel 
Telephonique." 
Mr. A. Pluchon, Installation Agent, "Le Materiel Telephonique."  

CLASS 15 bis : RADIOCOMMUNICATIONS, RADIOTELEPHONY AND TELEVISION 
Member of Jury . . . . .  . 
Diplomes d' honneur . . .  . 

Midailles d'or . . . . . . .  . 

Midailles d' argent . . . . .  

Mr. J. Roussel, Manager, "Le Materiel Telephonique."  
Mr. H. Busignies, Engineer, "Le Materiel Telephonique. "  
Messrs. P .  Gares, G. Meunier, Engineers, and M .  Porri, Installation 
Agent, "Le Materiel Telephonique." 

CLASS 66-A : SHIPPING TRANSPORT 
"Le Materiel Telephonique."  

CLASSES 67-A and B :  CIVIL AND MILITARY AERONAUTICS 
Grand Prix . . . . . . . . .  . 

Diplomes d' honneur . . . .  

Midailles d'or . . . . . . .  . 
Midailles d' argent . . .  . 

"Le Materiel Telephonique." 
Messrs. H.  Busignies ,  J .  Lair and G. M. Perroux, Engineers , "Le 
Materiel Telephonique."  
Mr. P .  Giraud, Engineer, "Le Materiel Telephonique."  
Messrs. E. Mehut and G .  Seibel, Engineers, "Le Materiel 
Telephonique." 
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Telephone and Telegraph Statistics of the World 
Comp£led by Chief Statistician's Division, American Telephone and Telegraph Company 

Telephone Development of the World, by Countries January I, 1937 
NUMBER O F  TELEPHONES 

COUNTRIES Govermnent Private 

NORTH AMERICA : 
Systems Companies Total 

United States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 18,433,400 18,433,400 
Canada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 194,624 1,071,604 1,266,228 
Central America . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 12,741 14,295 27,036 
Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1,337 123,442 124,779 
West Indies : 

Cuba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 610 43,972 44,582 
Puerto Rico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 531 14,272 14,803 

Other W. I. Places . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Other No. Am. Places . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

7,71 1 1 5,969 23,680 
1 7. 9 1 5  1 7, 9 1 5  

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 2 1 7,554 19,734,869 19,952,423 

SOUTH AMERICA : 
Argentina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 348,184 348,184 
Bolivia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 2,450 2,450 
Brazil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1,924 220,058 221,982 
Chile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · · · · · · · · ·  63,055 63,055 
Colombia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 8,400 33,000 41,400 
Ecuador . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Paraguay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Peru . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3,750 3,000 6,750 
2,843 2,843 

23,883 23,883 
Uruguay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Venezuela . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Other So. Am. Places . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 1,000 13,500 34,500 
648 1 6,740 17,388 

3,000 3,000 

Total. . . . . . . . . . . . . . . . . . . . . . . . .  · · · · ·  . .  · · · ·  38,722 726,713 765,435 

EUROPE : 
Austria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Belgium t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . .  . 
Bulgaria. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . . . . . .  . 
Czechoslovakia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Denmarkt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · · · · · · · · 
Finland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Germanyt . . . . . . . . . . . . . . .  · . . . .  · · · · · · · · · · · · · · · · · · · · · · · · 
Great Britain and No. Ireland . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Greece . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Hungary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Irish Free Statet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Italy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . J ugo-Slavia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Latviat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Lithuania . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Norway** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Tu� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Portugal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Roumama . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . .  . �;'J�':.�::::::: . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .. : : .. .. : .. 
Sweden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Switzerland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Other Places in Europe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

279,595 279,595 
361.685 361,685 

22,713 22,713 
207,287 207,287 

17 323 391,552 408,875 
4,740 1 55,729 160,469 

1,481,788 1,481,788 
3,431,074 3,431,074 
2, 791,597 2,791,597 

8,083 30,092 38,175 
1 36,902 749 1 37,651 
38, 376 38,376 

560,660 560,660 
55,314 55,314 
71, 769 71,769 
19,588 19,588 

382,173 382, 1 73 
127,212 83,396 210,608 
133,782 1 1 1 , 142 244,924 

1 5,988 44,405 60,393 
70,678 70,678 

950,000 950,000 
341,390 34 1,390 

686,076 1,490 687,566 
412,324 4 1 2,324 

86,480 86,480 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  1 1 ,  721,869 1,791,283 1 3, 5 13 , 1 52 

ASIA : 
British Indiat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Japant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Other Places in Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

29,003 45,053 74,056 
85,000 92,000 177,000 

1 , 197,129 1 , 197,129 
1 5 1,925 90,868 242,793 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1,463,057 227,921 1, 690,978 

AFRICA : 
Egypt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Union of South Africat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Other Places in Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

56,579 56,579 
1 69,419 169,419 
107,186 2,032 109,218 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · ·  333,184 2,032 335,216 

OCEANIA : 
Australia** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 562,868 562,868 
Hawaii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Netherlands East Indies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
New Zealandt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Philippine Islands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Other Places in Oceania . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

27,581 27,581 
38,098 3,831 4 1 ,929 

178,599 178,599 
1,256 24,195 25,451 
4,124 328 4,452 

Total. . . . . . . . . . . . . . . . . . . . . . . . .  · ·  . .  · · ·  . . .  . 784,945 55,935 840,880 

TOTAL WORLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 14,559,331 22,538,753 37,098,084§ 

* January 1 ,  1936. ** June 30, 1936. t February 28, 1937. t March 3 1 ,  1937. 

Per Cent. 
of Total 

World 

49.69% 
3.41 % 
0.0 7 %  
0.34% 

0 . 1 2 %  
0.04% 
0.06% 
0.05% 

53.78% 

0.94% 
0.007 �/0 
0.60% 
0. 1 7 %  
0 . 1 1 %  
0.02% 
0.008% 
0.06% 
0.09% 
0.05% 
0.008% 

2.06% 

0.76% 
0.98% 
0.06% 
0.56% 
1 . 1 0 %  
0.43% 
4.00 % 
9.25% 
7.53% 
0.10(/� 
0.37 % 
0 . 1 0 %  
1 . 5 1  % 
0. 1 5 %  
0.19% 
0.05% 
1.03% 
0.57 % 
0.66% 
0 . 1 6 %  
0.19% 
2.56% 
0.92% 
1.85% 
1 . 1 2 %  
0.23% 

36.43% 

0.20% 
0.48% 
3.23% 
0.65�� 

4.56% 

0. 1 5 %  
0.46% 
0.29% 

0.90 % 

1.52% 
0.08% 
0. 1 1  �� 
0.48% 
0.07% 
0.0 1 %  

2.27% 

100,00% 

(jf U.S.S.R., including Siberia and Associated Republics. (Estimated.) 
§ Includes approximately 18,300,000 automatic or " Dial ''  telephones, of which about 43o/0 are in the United States. 
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Telephones 
Per 100 

Population 

14.39 
1 1 .48 

0.38 
0.66 

1.02 
0.84 
0.34 
5.03 

1 1. 1 4  

2.77 
0.08 
0.45 
1 .38 
0.42 
0.27 
0.32 
0.36 
1 .68 
0.51 
0.55 

0.80 

4.10 
4.34 
0.36 
1.36 

10.89 
4.20 
3.51 
5.08 
5.93 
0.55 
1.53 
1.30 
1.31 

0.36 
3.64 
0.78 
4.47 
7.26 
0.71  
0.83 
0.36 
0.55 
1.38 

10.97 
9.86 
1 . 62 

2.35 

0.02 
0.04 
1. 70 
0.14  

0.16 

0.26 
I. 75 
0.09 

0.22 

8.3 1 
6.95 
0.06 

1 1.25 
0.18 
0.19 

0.89 

1 .71  
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Telephone and Telegraph Wire of the World, by Countries 
January 1 ,  1937 

MILES OF TELEPHONE WIRE MILES OF 

Service Per Cent. 
COUNTRIES Operated By Number of Total Per JOO Number 

(See Note) of Miles World Population of Miles 
NORTH AMERICA : 

United States . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 88, 100,000 54. 1 2 %  68.77 2,285,000 

Canada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 5 , 1 97,000 3. 1 9 %  47.13 357,000 

Central America . . . . . . . . . . . . . . . . . . . .  , . . . . . P.G. 61,000 0.04% 0.84 2 1 ,000 

Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 751,000 0.46% 3.94 100,UOO 

West Indies : 
Cuba . . . . . . . . . . . . . . . . . . . · · · · · · · · · · · · · ·  P. 274,000 0. 1 7 %  6.30 12,000 
Puerto Rico . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 35,000 0.02 % 1.99 2,000 

Other W. I .  Places . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 108,000 0.0 7 %  1 . 53 9,000 
Other No. Am. Places . . . . . . . . . . . . . . . . . . . . .  P. 22,000 0.0 1 %  6.16 1 1,000 

Total. . . . . . . . . . . . . . . . . . . . . . .  94,548,000 58.08% 52.81 2,797,000 

SOUTH AMERICA : 
Argentina . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . , .  P. 1,370,000 0.84 % 10.91 140,000 
Bolivia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.  s,soo 0.003 % 0. 1 7  5,000 
Brazil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 885,000 0.54% 1.79 1 1 0,000 
Chile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 242,000 0. 1 5 %  5.32 50,000 
Colombia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 1 50,000 0.09% 1 . 53 2 1,000 
Ecuador . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 9,000 0.0 1 % 0.36 4,000 
Paraguay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 7,500 0.0 1 %  0.83 3,000 
Peru . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 82,000 0.0 5 %  1 . 23 1 3,000 
Uruguay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 1 1 5,000 0.07% 5.60 8,000 
Venezuela . P. 100,000 0.06% 2.94 7,000 
Other So . .A,;,: .Pl���� ." : : : : : : : : : : : : : : : : : : : : G. 6,000 0.004 % 1.09 500 

Total . . . . . . . . . . . . . . . . . . . . . . .  2,972,000 1 .83% 3. 1 1  3GI,500 

EUROPE : 
Austria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 673,000 0.41  % 9.88 49,000 
Belgiumt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 1 , 9 1 8,000 1 . 1 8 %  23.01 35,000 
Bulgaria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 75,000 0.05°1� 1 . 20 5,500 
Czechoslovakia . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 651,000 0.40% 4.26 84,000 
Denmarkt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · · P. 1,353,000 0.83% 36.02 7,500 
Finland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 272,000 0. 1 7 %  7.14  2 1 ,000 
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 5,603,000 3.44 % 13.37 319,000 
Germanyt . . . . . . . . . . . . . . . . . . . .  · . . . · . . .  · · · G. 16,470,000 10 .12% 24.38 166,000 
Great Britain and No. Irelandt . . . . . . . . . . . . .  G. 1 3 , 1 50,000 8.08% 27.95 255,000 
Greece . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 124,000 0.08 % 1.79 36,000 
Hungary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 422,000 0.26 % 4.70 46,000 
Irish Free Statet . . . . . . . . . . . . . . . . . . . . . . . . .  G. 1 30,000 0.08% 4.42 2��.000 
Italy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 1,660,000 1 .02% 3.89 272,000 
J ugo-Slavia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 145,000 0.09 % 0.96 56,000 
Latviat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 295,000 0 . 1 8 %  14.97 4,500 
Lithuania . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 75,000 0.04 �'� 2.97 2,500 
Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 1 ,220,000 0.75°/,, 14.26 1 2,000 
Norway** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 655,000 0.40% 22.59 23,000 
Poland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 907,000 0.56% 2.63 49,000 
Portugal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 1 55,000 0.09% 2.13  1 5,000 
Roumania . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 273,000 0. 1 7 %  1.39 47,000 ��!i��: : : : :  : : : : : : : : : : : : : : : : : : : : : : : : : : : : G. 1,500,000 0.92% 0.84 600,000 

P. 1 ,  770,000 1 .09% 7. 1 5  90,000 
Sweden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 2,580,000 l .SSS<, 4 1 . 1 7  1 9,000 
Switzerland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 1,470,000 0.90�,� 35.32 1 2,000 
Other Places in Europe . . . . . . . . . . . . . . . . . . . .  G. 289,000 0. 1 8 %  5.42 1 4,000 

Total . . . . . . . . . . . . . . . . . . . . . . . 53,835,000 33.07% 9.36 2,262,000 

ASIA : 

��r�!' .1.
n

.�i�:: : : : : : : : : : : : : : : : : : : : : : : : : : : :  P.G. 565,000 0.34 % 0. 1 5  451 ,000 
P.G. 700,000 0.43% 0 . 1 5  140,000 

Japant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 4,391,000 2.70% 6.25 230,000 
Other Places in Asia . . . . . . . . . . . . . . . . . . . . . .  P.G. 793,000 0.49% 0.4 7 189,000 

-----
Total. . . . . . . . . . . . . . . . . . . . . . . 6,449,000 3.96% 0.60 1 ,0 10,000 

AFRICA : 
Egypt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 340,000 0.2 1 %  1 . 56 35,000 
Union of South Africat . . . . . . . . . . . . . . . . . . .  G. 677,000 0.42 o/0 6.98 31 ,000 
Other Places in Africa . . . . . . . . . . . . . . . . . . . . .  G. 333,000 0.20% 0.28 144,000 

Total . . . . . . . . . . . . . . . . . . . . . . .  1 ,350,000 0.83% 0 . 89 210,000 
OCEANIA : 

Australia'** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 2,600,000 1. 60 °;�) 38.38 104,000 
Hawaii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 96,000 0.06% 24.18 0 
Netherlands East Indies . . . . . . . . . . . . . . . . . . .  G. 245,000 0 . 1 5 %  0.36 20,000 
New Zealandt . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 600,000 0.37 % 37.81 32,000 
Philippine Islands . . . . . . . . . . . . . . . . . . . . . . . . P. 72,000 0.04 % 0.51 10.000 
Other PJaces in Oceania . . . . . . . . . . . . . . . . . . .  G. 12,000 0.0 1 %  0 . 1 7  4,000 

Total . . . . . . . . . . . . . . . . . . . . . . .  3,625,000 2.23% 3.84 1 70,000 

TOTAL WORLD . . . . . . . . . . . . . . . . . . . . .  1 62, 779,000 100.00 % 7.48 6,810,500 

TELEGRAPH WIRE 
Per Cent. 
of Total Per 100 
World Population 

33. 55% 1 .78 
5.24 % 3.24 
o.s1 �s 0.29 
1 . 4 7 %  0.52 

0 . 1 8 %  0.28 
0.03 % 0 . 1 1  
0. 1 3 %  0 . 1 3  
0 . 1 6 %  3.08 

4 1 .07% 1 .56 

2.06% 1 . 1 1  
0.07 �� 0. 1 6  
1 . 62% 0.22 
0.73 % 1 . 1 0  
0.3 1 %  0.21  
0.06 �'0 0. 1 6  
0.04% 0.33 
0 . 1 9 %  0. 1 9  
0 . 1 2 %  0.39 
0.10 �'o 0.21 
0.01 �'o 0.09 

5.3 1 %  0.38 

0.72% 0.72 
0.52 �,'::. 0.42 
0,08% 0.09 
1.23% 0.55 
0.11  % 0.20 
0.31 % 0.55 
4.68% 0.76 
2.43% 0,25 
3.74 % 0.54 0.53 % 0.52 
0.67% 0.51 
0.32% 0.7.5 
3.99 °/Q 0.64 
n.82% 0.37 
0.07% 0.23 
0.04% 0 . 1 0  
0 . 1 8 ° '  0 . 1 4  
0.34% 0.79 
0.72% 0. 1 4  
0.22% 0.21 
0.69% 0.24 
8.81 % 0.33 
1.32% 0.36 
0 .28 �� 0.30 
0.18% 0.29 
0.2 1 %  0.26 

33.21 �� 0.39 

6.62 % 0.12  
2.66% 0.03 
3.38% 0.33 
2. 77 �·� 0 . 1 1  

1 4.83% 0.09 

0. 5 1 %  0. 1 6  
0.46% 0.32 
2. 1 1 %  0. 1 2  

3.08% 0.14 

1 .53% 1 . 54 
0.00% 0.00 
0.29% 0.03 
0.47% 2.02 
0 . 1 5 %  0.07 
0.06% 0. 1 7  

2.50 % 0 . 1 8  

100,00% 0.31 

. . NOTE : Telegraph service is. op�rated by Governments, except in the United States and Canada. In connection with telephone wire, l 
indicates that the telephone service_ is wholly or predominantly operated by private companies, G. wholly or predominantly by the Governmen1 
cmd �.G. by both pnvate companies and the Government. See preceding table. 

* January 1, 
_
1936. . . "" June 30, 1936. t February 28, 1937. t March 31, 1937. CJ[ U.S.S.R., 1ncludmg Siberia and Ass�ciated Republics. (Estimated.) 
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Telephone Development of Large and Small Communities-January 1, 1937 
Service 

COUNTRY Operated 
By 

(See Note) 
Australia** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. 
Austria. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 
Belgiumt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 
Canada. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 
Czechoslovakia . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. 
Denmark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 
Finland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 
Germanyt. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. 
Great Britain and No. Irelandt . . . . . . . . . . . . . .  G. 
Hungary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 
Japant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 
Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. 
New Zealandt . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. 
Norway** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 
Poland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.G. 
Spain* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. 
Sweden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G. 
Switzerland. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. 
Union of South Africat . . . . . . . . . . . . . . . . . . . .  G. 
United States . . • . . . . . . . . . . . . . . . . . . . . . . . . . . P. 

NUMBER OF 
In Communities 

of 50,000 
Population 
and Over 

341,200 
2 16,982 
254,977 
689,594 
106,263 
216,663 

60,007 
8 1 8 , 5 1 7  

2,232,749 
2,062,000 

104,007 
805, 735 
246,768 

74, 1 1 1  
83, 707 

145,810 
2 1 ! ,528 
267, 1 5 1  
188,550 
104,082 

10,581,802 

TELEPHONES 
In Communities 

of less than 
50,000 

Population 
221,668 

62,613 
106, 708 
576,634 
1 0 1 , 024 
192,212 
100,462 
663, 271 

1 , 1 98,325 
798,000 

33,644 
391,394 
135,405 
104,488 
126,901 

99, 1 !4 
129,862 
420, 4 1 5  
223, 774 

65,337 
7,851,598 

TELEPHONES PER 
In Communities 

of 50,000 
Population 
And Over 

10.41 
9.85 
7 .15  

1 9.35 
5.99 

20.08 
12.00 

7.72 
7.84 
7.65 
4.92 
3.64 
6.99 

13.19  
20.62 

2.79 
4.07 

24.76 
21 .04 

7.42 
20.31 

100 POPULATION 
In Communities 

of less than 
50,000 

Population 
6.34 
1.36 
2.24 
7.73 
0.75 
7.18 
3.03 
2. 1 2  
3.07 
3.97 
0.49 
0.81 
2.69 

1 0. 1 9  
5.09 
0.34 
0.66 
8.10 
6.81 
0.79 

10.33 

NOTE : P. indicates that the telephone service is wholly or predominantly operated by private companies, G. wholly or predominantly by the 
Government, and P.G. by both private companies and the Government. See first table. 

* January 1, 1936. ** June 30, 1936. t February 28, 1937. t March 31,  1937. 

Telephone Conversations and Telegrams -Year 1936 
PER CENT OF 
TOTAL WIRE WIRE COMMUNICATIONS 

Number of Total Number 
COUNTRY Telephone Number of of Wire 

Conversations Telegrams Comm uni ca-
ti ans 

Australia . . . . . . . . . . . . . . . . . . . . . . . . . .  514,000,000 16,203,000 530,203,000 
Austria . . . . . . . . . . . . . . . . . . . . . . . . . . . .  650,000,000 1 , 645,000 651,645,000 
Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . .  293,000,000 5,614,000 298,614,000 
Canada . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,449, 192,000 1 1 ,  742,000 2,460,934,000 
Czechoslovakia . . . . . . . . . . . . . . . . . . . . .  285,000,000 4,018,000 289,018,000 
Denmark . . . . . . . . . . . . . . . . . . . . . . . . . .  664,000,000 1 ,683,000 665,683,000 
Finland . . . . . . . . . . . . . . . . . . . . . . . . . . .  261,000,000 769.000 261, 769,000 
France . . . . . . . . . . . . . . . . . . . . . . . . . . . .  941,000,000 28,676,000 969,676,000 
Germany . . . . . . . . . . . . . . . . . . . . . . . . . .  2,562,000,000 1 7, 1 56,000 2,579, 156,000 
Great Britain and No. Ireland . . . . . . . .  2,000,000,000 58,805,000 2,058,805,000 
Hungary . . . . . . . . . . . . . . . . . . . . . . . . . .  164,000,000 1,946,000 165,946,000 
Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4, 772,000,000 59, 7 13,000 4,831 , 71 3,000 
Netherlands . . . . . . . . . . . . . . . . . . . . . . .  400,000,000 2,953,000 402,953,000 
Norway . . . . . . . . . . . . . . . . . . . . . . . . . . .  253,000,000 2,900,000 255,900,000 
Poland . . . . . . . . . . . . . . . . . . . . . . . . . . . .  529,000,000 3,508,000 532,508,000 
Spain(j[ . . . . . . . . . . . . . . . . . . . . . . . . . . .  806,000,000 25,000,000 831,000,000 
Sweden . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,000,000,000 3,858,000 1,003,858,000 
Switzerland . . . . . . . . . . . . . . . . . . . . . . . .  281,000,000 1,703,000 282, 703,000 
Union of South Africa . . . . . . . . . . . . . .  262,000,000 6,549,000 268,549,000 
United States . . . . . • . . . . . . . . . . . . . . .  26,800,000,000 190,000,000 26,990,000,000 

COMMUNICATIONS PER CAPITA 
Telephone Telephone 

Conver- Telegrams Conver- 'Telegrams 
sations sations 

96.9 3 . 1  76. 1 2.4 
99.7 0.3 95.5 0.2 
98. 1 1 .9 35.2 0.7 
99.5 0.5 222.4 1.0 
98.6 1.4 18 .7  0.3 
99.7 0.3 1 77.5 0.5 
99. 7 0.3 68.7 0.2 
97.0 3.0 22.4 0.7 
99.3 0.7 38.0 0.3 
97.1  2.9 42.6 1 .3 
98.8 1 . 2  1 8 . 3  0 . 2  
98.8 1.2 68.1 0.9 
99.3 0.7 47.0 0.3 
98.9 1 . 1  87.5 1.0 
99.3 0.7 1 5.4  0 . 1  
97.0 3.0 32.7 1 . 0  
99.6 0.4 159.8 0.6 
99.4 0.6 67.3 0.4 
97.6 2.4 27.3 0.7 
99.3 0.7 209.9 1 . 5  

Total 

78.5 
95.7 
35.9 

223.4 
19.0 

178.0 
68.9 
23.1 
38.3 
43.9 
18.5 
69.0 
47.3 
88.5 
1 5. 5  
33.7 

160.4 
67.7 
28.0 

2 1 1 .4 

NOTE : Telephone conversations represent completed local and toll or long distance messages. Telegrams include inland and outgoing international 
messages. 

g Year 1935. 

UNITED STATES 

CANADA 

NEW ZEALAND 

SWEDEN 

DENMARK 

SWITZERLAND 

AUSTRALIA 

NORWAY 

GREAT BRITAIN 

GERMANY 

NETHERLANDS 

BELGIUM 

FINLAND 

FRANCE 

ARGENTINA 

.JAPAN 

HUNGARY 

CHILE 

SPA I N  

CZECHOSLOVAKIA 

ITALY 

CUBA 

L ITHUANIA 

POLAND 

M EXICO 

RUSSIA 

BRAZIL 

� 

TELEPHONES PER I 00 POPULATI ON 
January l ,  1 937 

10 

10 

Telephones per 100 Population 

12 1 4  

12 1 4  

DISTRI BUTION OF THE WORLD'S TELEPHON ES 
January I .  1 9  3 7 

ALL O T H E R  E U ROPEAN 

G E R M A N Y  
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Country and City 
(or Exchange Area) 

ARGENTINA : 
Buenos Aires . . . . . . . . . .  . 

AUSTRALIA : 
Adelaide . . . . . . . . . . . . . .  . 
Brisbane . . . . . . . . . . . . . .  . 
Melbourne . . . . . . . . . . . .  . 
Sydney . . . . . . . . . . . . . . .  . 

AUSTRIA : 
Graz . . . . . . . . . . . . . . . . .  . 
Vienna . . . . . . . . . . . . . . .  . 

BELGIUM :t 
Antwerp . . . . . . . . . . . . . .  . 
Brussels . . . . . . . . . . . . . .  . 
Liege . . . . . . . . . . . . . . . .  . 

BRAZIL : 
Rio de Janeiro . . . . . . . . .  . 

CANADA : 
Montreal . . . . . . . . . . . . .  . 
Ottawa . . . . . . . . . . . . . . .  . 
Toronto . . . . . . . . . . . . . .  . 
Vancouver . . . . . . . . . . . .  . 

CHILE : 
Santiago . . . . . . . . . . . . . .  . 

CHINA : 
Hong Kong . . . . . . . . . . .  . 
Shanghaitt . . . . . . . . . . .  . 

CUBA : 
Havana . . . . . . . . . . . . . . .  . 

CZECHOSLOVAKIA : 
Prague . . . . . . . . . . . . . . .  . 

DANZIG : 
Free City of Danzig . . . . .  

DENMARK : 
Copenhagen . . . . . . . . . .  . 

FINLAND : 
Helsingfors . . . . . . . . . . .  . 

FRANCE : 
Bordeaux . . . . . . . . . . . . .  . 
Lille . . . . . . . . . . . . . . . . .  . 
Lyons . . . . . . . . . . . . . . . .  . 
Marseilles . . . . . . . . . . . .  . 
Paris . . . . . . . . . . . . . . . . .  . 

GERMANY :t 
Berlin . . . . . . . . . . . . . . . .  . 
Breslau . . . . . . . . . . . . . . .  . 
Cologne . . . . . . . . . . . . . .  . 
Dresden . . . . . . . . . . . . . .  . 
Dortmund . . . . . . . . . . . .  . 
Essen . . . . . . . . . . . . . . . .  . 
Frankfort-on-Main . . . . .  . 
Hamburg-Altona . . . . . .  . 
Leipzig . . . . . . . . . . . . . . .  . 
Munich . . . . . . . . . . . . . .  . 

GREAT BRITAIN AND 
NO. IRELAND :t 

Belfast . . . . . . . . . . . . . . .  . 
Birmingham . . . . . . . . . .  . 
Bristol . . . . . . . . . . . . . . .  . 
Edinburgh . . . . . . . . . . . .  . 
Glasgow . . . . . . . . . . . . . .  . 
Hull . . . . . . . . . . . . . . . . .  . 
Leeds . . . . . . . . . . . . . . . .  . 
Liverpool. . . . . . . . . . . . .  . 
London-

( City and County of 
London) 

Manchester . . . . . . . . . . .  . 
Newcastle . . . . . . . . . . . .  . 
Sheffield . . . . . . . . . . . . .  . 

HAWAII :  
Honolulu . . . . .  

HUNGARY : 
Budapest . . . . . . . . . . . . .  . 
Szeged . . . . . . . . . . . . . . .  . 

IRISH FREE STATE :t 
Dublin . . . . . . . . . . . . . . .  . 

E L E C T R I C A L  C O M M U N I C A T I O N  

Telephone Development of Large Cities 
January 1, 1937 

Estimated 
Population 

(City or Ex­
change Area) 

3,040,000 

317,000 
3 1 3,000 

1,01 8,000 
1,267,000 

1 53,000 
1,877,000 

529,000 
984,000 
422,000 

1,850,000 

1,060,000 
191,000 
787,800 
190,000 

829,000 

870,000 
1, 660,000 

706,000 

950,000 

275,000 

856,000 

275,000 

260,000 
202,000 
655,000 
920,000 

2,835,000 

4,258,000 
624,000 
762,000 
800,000 
577,000 
672,000 
651,000 

1 ,630,000 
757,000 
844,000 

4 1 5,000 
1,248,000 

443,000 
457,000 

1 , 1 30,000 
352,000 
487,000 

1,249,000 

4, 155,000 
995,000 
516,000 
512.000 

147,000 

1,400,000 
140,000 

472,000 

Number 
of 

Telephones 

213,428 

32,204 
31,255 

1 19,000 
138,908 

1 1, 657 
190,192 

44,310 
1 1 7,900 

26,9 1 3  

78,402 

170,037 
37,634 

199, 727 
56,317 

30,351 

1 6,054 
56,020 

35,752 

73,057 

18,432 

191,908 

42,607 

2 1,591 
1 7 , 544 
37,561 
36,507 

428,844 

539,662 
45,182 
69,492 
68,764 
26,180 
33, 1 39 
64,252 

1 68,322 
68,577 
86, 7 1 8  

2 1 , 585 
71,043 
27,04 7 
40,495 
64,761 
22, 1 66 
32,399 
72,433 

657,235 
64,362 
24, 571  
24,966 

1 8,818 

92,027 
2,209 

23,4 1 2  

Telephones 
Per 100 

Population 

7.02 

1 0. 1 6  
9.99 

1 1 .69 
10.96 

7.62 
1 0. 1 3  

8.38 
1 1.98 

6.38 

4.24 

1 6.04 
19.70 
25.35 
29.64 

3.66 

1.85 
3.37 

5.06 

7.69 

6.70 

22.42 

1 5.49 

8.30 
8.69 
5.73 
3.97 

1 5 . 1 3  

12.67 
7.24 
9 . 1 2  
8.60 
4.54 
4.93 
9.87 

10.33 
9.06 

10.27 

5.20 
5.69 
6. 1 1  
8.86 
5.73 
6.30 
6.65 
5.80 

15.82 
6.4 7 
4.76 
4,88 

12.80 

6.57 
1 . 58 

4.96 

Country and City 
(or Exchange Area) 

ITALY : 
Milan . . . . . . . . . . . . . . . .  . 
Naples . . . . . . . . . . . . . . .  . 
Rome . . . . . . . . . . . . . . . .  . 

JAPAN :t 
Kobe . . . . . . . . . . . . . . . .  . 
Kyoto . . . . . . . . . . . . . . . .  . 
Nagoya . . . . . . . . . . . . . . .  . 
Osaka . . . . . . . . . . . . . . . .  . 
Tokio . . . . . . . . . . . . . . . .  . 

LATVIA :t 
Riga . . . . . . . . . . . . . . . . .  . 

LITHUANIA : 
Kaunas . . . . . . . . . . . . . . .  . 

MEXICO : 
Mexico City . . . . . . . . . .  . 

NETHERLANDS : 
Amsterdam . . . . . . . . . . .  . 
Haarlem . . . . . . . . . . . . . .  . 
Rotterdam . . . . . . . . . . . .  . 
The Hague . . . . . . . . . . .  . 

NEW ZEALAND :t 
Auckland . . . . . . . . . . . . .  . 

NORWAY :** 
Oslo . . . . . . . . . . . . . . . . .  . 

PHILIPPINE ISLANDS : 
Manila . . . . . . . . . . . . . . .  . 

POLAND : 
Lodz . . . . . . . . . . . . . . . . .  . 
Warsaw . . . . . . . . . . . . . .  . 

PORTUGAL : 
Lisbon . . . . . . . . . . . . . . .  . 

ROUMANIA : 
Bucharest . . . . . . . . . . . . .  . 

RUSSIA :* 
Leningrad . . . . . . . . . . . .  . 
Moscow . . . . . . . . . . . . . .  . 

SPAIN :* 
Barcelona . . . . . . . . . . . . .  . 
Madrid . . . . . . . . . . . . . . .  . 

SWEDEN : 
Gothenburg . . . . . . . . . . .  . 
Mahno . . . . . . . . . . . . . . .  . 
Stockholm . . . . . . . . . . . .  . 

SWITZERLAND : 
Basel. . . . . . . . . . . . . . . . .  . 
Berne . . . . . . . . . . . . . . . .  . 
Geneva . . . . . . . . . . . . . . .  . 
Zurich . . . . . . . . . . . . . . .  . 

UNITED STATES : 
(See Note) 

New York . . . . . . . . . . . .  . 
Chicago . . . . . . . . . . . . . .  . 
Los Angeles . . . . . . . . . .  . 
Pitts burgh . . . . . . . . . . . .  . 

Total 10 cities over 
1,000,000 Population 

Milwaukee . . . . . . . . . . . .  . 
San Francisco . . . . . . . . .  . 
Washington . . . . . . . . . . .  . 
Minneapolis . . . . . . . . . .  . 

Total 10 cities with 
500,000 to 1,000,000 
Population . . . . . . . .  . 

Seattle . . . . . . . . . . . . . . .  . 
Denver . . . . . . . . . . . . . . .  . 
Omaha . . . . . . . . . . . . . . .  . 
Hartford . . . . . . . . . . . . .  . 

Estimated 
Population 

(City or Ex­
chaoge Area) 

1 , 1 14,000 
875,000 

!,  1 79,000 

938,000 
1 , 107,000 l, 12u,ooo 
3, 102,000 
6,086,000 

388,000 

1 0 7,000 

1 ,410,000 

783,000 
168,000 
621,000 
529,000 

207,000 

250,000 

425,000 

960,000 
1,320,000 

670,000 

800,000 

3,100,000 
4, 100,000 

1,  1 10,000 
1 ,01 5,000 

263,000 
144,000 
452,000 

153,000 
1 1 5,000 
149,000 
277,000 

7,238,000 
3,460,000 
1, 365,000 
1,031,900 

22,274,800 
781,000 
710,000 
572,500 
5 1 1,000 

6,623,100 
420,600 
3 12,500 
242,900 
241,200 

Total 34 cities with 
200,000 to 500,000 
Population . . . . . . . . .  10,47 1 ,700 

Total 54 cities with 
more than 200,000 
Population. . . . . . . . . 39,369,600 

Number 
of 

Telephones 

95,097 
28,283 
98,147 

40,564 
46,903 
39,969 

144,494 
236,228 

26,903 

6,906 

71,466 

59,209 
13,317 
4 1 ,895 
51,024 

25,859 

55,967 

20,31 6  

16,621 
73,672 

32,504 

34,055 

99,463 
144,669 

55, 569 
66,148 

50,026 
24,275 

1 57,220 

35,258 
27,552 
28, 748 
62,955 

1 , 569,337 
900,653 
394,403 
201,935 

4 ,811 ,304 
147,816 
262,733 
2 14,308 
134,563 

1,455, 1 1 8  
1 1 6,238 

96,737 
64,553 
59,382 

2,018,965 

8,285,387 

Telephone: 
Per 100 

Population 

8.54 
3.23 
8.32 

4,32 
4.24 
3.57 
4.66 
3.88 

6.93 

6.45 

5.07 

7.56 
7.93 
6.75 
9.65 

12.49 

22.39 

4.78 

1.73 
5.58 

4.85 

4.26 

3.21 
3.53 

5.01 
6.52 

19.02 
1 6.86 
34.78 

23.04 
23.96 
19.29 
22.73 

21.68 
26.03 
28.89 
19.57 

21.60 
18.93 
37.00 
37.43 
26.33 

21 .97 
27.64 
30.96 
26.58 
24.62 

19.28 

2 1 .05 

. NO!E : Then� are shown, for purposes of comparison "!ith cities in o_ther �?untri.es, the total development of all cities in the United States 1n certain populat10n groups, and the development of certain representative cities within each of such groups. " January 1. 1936. "" June 30, 1936. i February 28, 1937. t March 3 1 ,  1937. tt International Settlement and French Concession. 
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T E L E P H O N E A N D  T E L E G R A P H  S T A T I S T I C S  

WA S H I NGTO N 

SAN F R A N C I S C O  

ST O C K H O L M  

D E N V E R  
VA N CO U V E R  
LOS A N G E L E S 
S EATTLE 

O M A H A  

M I N N EA P O LIS 

C H I C A G O  
TO R O N T O 

Z U R I C H  

C O P E N H A G E N 
OS LO 

N E W Y O R K  
P I TTS B U RG H  
GOTH E N B U R G  
M O N T R E A L  

LO N D O N  

H E LS I N G FO R S  

PA R I S  

H O N O LU LU 
B E R L I N  
AU C K LA N D  

B R U S S ELS 
S Y D N E Y  

HAM BU RG -ALTONA 
VI E N.N A 

C O LOG N E  

AN T W E R P  
R O M E  

P R A G U E 
A M S T E R D A M  

B U E N O S  A I R ES 
R I G A  
R O T T E R D A M  

D A N Z I G  
B U DA P E S T  
M A D R I D  

K AU NAS 

L I V E R P O O L  
G LA S G O W  
B I R M I N G H A M  
WA R S A W  

M EX I CO CITY 
H AVA N A  

D U B LI N  

LI S B O N  

M A N I LA 

O S A K A  

B U C HA R E ST 
R I O DE J A N E I R O  

M A R S E I LL E S  
T O K I O  
M O S C O W  

S H A N G HA I  
LENI N G R A D  
H ONG K O N G  

T E L E P H ONES P E R  J OO P O P U LAT I O N  
O F  LA R G E  C I T I ES 

0 5 

---
-

0 5 

Jan u a ry 1, 1 937  
1 0  1 5  20 

I 

1 0  1 5  20 

25 

Te l e p h ones per 1 0 0  Popu l a t i o n  

30 35 

35 
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Recent Telecommunication Developments of Interest 

Automatic Ticketing in Hungary. -The 
Hungarian Telephone Administration has 
decided to introduce automatic toll service in 
Hungary, utilising Automatic Ticketing equip­
ment. Initially, orders have been placed with 
Standard Villamossagi Reszveny Tarsasag, 
Budapest, for one new 7-A2 type Rotary 
Exchange (Erzsebet) in Budapest itself, equipped 
for 17 600 subscribers (8 800 main lines and 
4 400 two-party lines), a new 500 line 7-D 
Urban type Rotary Exchange for the provincial 
town of Papa, and the toll equipment of a 
manual exchange, Szombathely, as well as the 
toll equipment of a new automatic exchange for 
Miskolc. These equipments are scheduled for 
completion in the following sequence : 

During 1938, the Papa exchange and the long 
distance dialling equipment in Budapest will 
be placed in service and will provide for 
operators' dialling in both directions from their 
toll boards directly to subscribers in the 
Budapest and Papa areas ; also, from the 
Szombathely operator towards the Budapest 
and Papa subscribers, working in tandem 
through Papa. 

Erzsebet exchange is planned for inauguration 
in 1939. At that time, additional equipment 
will be ready in the Miskolc toll exchange for 
the introduction of subscribers' long distance 
dialling and CLR toll service, both with auto­
matic ticketing, from Erzsebet subscribers to 
the subscribers of Papa and Miskolc. 

• • • 

R.108 and R. 109 Receivers.-To meet special 
marine requirements, two complementary 
receivers for telephone and telegraph working 
have been developed by Standard Telephones 
and Cables, Ltd., London : the R.108 short 
wave ( 13  to 250 metres), and the R. 109 medium/ 
long wave (250 to 4 000 metres). 

The receivers are of high sensitivity with an 
output exceeding 50 milliwatts for an input 
signal of 1 microvolt, modulated 30 per cent. 

Single knob tuning is employed over the whole 
range, and the 8 in. tuning drum is frequency 
calibrated. 

Variable selectivity giving 2 band-widths is 
provided in addition to a very narrow band­
pass filter which is used for telegraph reception. 
Protection against static crash is obtained by a 
special limiter circuit. 

The receivers are fitted with automatic 
volume control circuits for which two separate 
time constant values are provided to cope with 
different rates of fading and for C.W. reception. 

The method of mounting the receivers is of 
interest inasmuch as it is designed for entire 
front accessibility for maintenance purposes. 
In addition the units may be removed forward 
from the case by means of suitable guides. The 
design and finish are especially suitable for 
use in tropical climates and in locations where 
heavy mechanical shock may be experienced. 

• • • 

Railway Signalling Systems.-In line with 
the rapid progress being made in the application 
of telephone technique to signalling systems for 
railway operation, the London and North 
Eastern Railway Company has placed an order 
with Standard Telephones and Cables Limited, 
London, for a new type of interlocking system 
for the track layout at Doncaster, Yorkshire. 
This system, developed by Standard Telephones 
and Cables Limited, utilises the well-known 
type of sequence switch employed in Rotary 
Automatic Telephone systems. 

The controls for setting up the routes will be 
located on an illuminated track diagram, giving 
the signalman a comprehensive picture of the 
track under control. 

The installation will comprise two signal 
cabins arranged to interlock 170 and 190 routes, 
respectively, together with automatic train 
describer equipment for the tracks feeding the 
two cabins. 

The track diagram and describer equipment 
200 
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R E C E N T  b E V E L O P M E N T S  201 

will be mounted in appropriate desks. The 
sequence switches and associated relays will be 
housed in sheet steel cubicles. 

• • • 
Emergency Aviation Radio Transmitter.-A 

small and relatively powerful fixed wavelength 
radio telegraph transmitter, designed primarily 
as a stand-by transmitter for medium and large 
size aeroplanes, has been developed by Standard 
Telephon und Radio A.G.,  Zurich, to meet the 
requirements of the Swiss Air Authorities. It 
has the advantages of small size, light weight, 
relatively high power, simplicity of operation 
and ease of installation. 

The equipment operates at 333 kc. (900 m.). 
It is crystal-controlled by a low temperature 
coefficient AT cut crystal, which guarantees a 
high degree of frequency stability without the 
use of a thermostat. 

The output power is 30 watts H .F. and the 
output circuit is designed so that it can be tuned 

to deliver this power into a wide variety of 
antennre. The transmitter operates on CW 
telegraph only, but can be modified for com­
bined telegraph and telephone working. 

Aural monitoring is provided. The operator 
is thus enabled to hear the signals he is sending 
and tuning is facilitated since signals are only 
audible in the monitor with a correctly tuned 
transmitter. 

A screwdriver adjustment gives the initial 
setting of the tuned anode circuit of the output 
amplifier. Thereafter the single tuning control, 
mounted below the antenna ammeter, provides 
easy tuning. 

Power is supplied from a standard aeroplane 
12-volt storage battery, the high tension being 
derived from a dynamotor. 

The overall dimensions of the transmitter are 
219 x 245 x 215 mm. (8.7" x 9.7" x 8.5") . The 
total weight of the complete transmitter with 
shock-proof mounting is 4.3 kg. (9.5 lb. ) .  
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Licensee Companies 
Bm.L �. �x� Ca:M.PANY • • • • • • • • • • • • • • • • • • • • • • • • hme:rp. � 

� : � Bm.L � MANmi'�� Co:�NY • • . . • • . . . . . . • . • • • . .  &ne,. Siwit::.mamrl: 
BmJ.. T�- ��� C�ANY • . . • • • . • • . . . . • . . . . The Hagm, Hollaw �. Eure?RK: �Al!fr, � • • . • • . . • . . . • • • • . • • • . . . . . . • . . . . . •  !Jluw� •. Cltma IJ¥�· :  �. T� �w. &� Ko.�. CQM.l!'A� n1!$ Till.� T�Hfl.il:ST01!i . • • • • . . • • . . . . . . • • • • • • • .  Pari�, France 

�� � � �TDU E139tt:fiU>.flU . • • . . . • • • • • • • . . . • . . . • . . . •  Madrid, Spain COMl'� &n� E.t.EC'm!C Alii:Gm!ffDlfA . . . • . . • . . . • • • • . . • . . •  Bae:tttW Aires, •1:rt.emma 
CwmB• AI!il'ili>· �Y,. � • . . . • . • . • . . . . . • • • • . . . . . • • • . • . . • . . . •  Cr<;ydQ'S,. &igland 
F� A�uim PE'R C� hm�- . . . . . . . . . . . . .  Milan, Italy 

lJUillidl : �. 
I� MABmE RAI':t:.Ul CaM:PA.n, Llw.'!'� . . . . . . . . . . . . . . . . . . . L!md!m., l!l:ngla#Jl J"ttOO�Vf.W &r� Eum'ftae �Y, Lwl'fl'ln: . . . . . . . . . . . . . .  &J:gr&k, J�'lia. 
�-� � . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . .  � .. lif»� 
Li MA'.tmm. TJh..Bpm�n&. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pri. Fr� 

&tl:ltek : � M� 
� D•!l!illtl K�m K.usa..'I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .  T�,, Japan 

� :  Osaka, Ja:pailil ; Damy (D-=), M�a ; T� Fot'm.� 
s� � · LES  Tru�wBM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pri •. Frt:l:J;te8 

�- El.BC'?� ��KU . . • • . • . . . • • • . • • • . • • • • . • • . • • • • .  C-0prmhlllfP»,. De� 
�� � �'l!tY w P"O:I1.SC! �. z 0. O . . . . . . . . . . . . • . . .  Warsaw, Poland 
&r�. � DQ'MS A SPo:t. . . . . . • . . . . . . • . . . . • . . . . • . . . . . .  Pr•. CtteJ:bl!l$lDilJ�il!l 

� : �i:a� 

� � • •. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • . • • • • •  Lisb.1A11., Pr:trm!JRl 
S� IU.k� s.A .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Madrid,. Spain 

�· : ·� �  
ST� �"l'mf:A, $.A. . . . . • . • • . . • . • . . • •. • . . . . . • . . • . • . • . . . . . • B:tf!J: de ]4� &t1iZil 
&l'AT!\m� ELEK'l'�"rttTH..G�T A.G . . . . . . . . . . . . . . . . . . . . . . . . .  &.irli:n, Gef'mtm)' � FABBICA ne• T�o� 8'" � S�A • . . . . . . . . . . . . . . . . .  �est •. Rn:t1*1siif1 
ST� T� K.AlJaFARnt A/S . . . . . . . . • . . . . . . • . . . . . . . . . . . . . .  Os.tt>:, NQl'Woy 
&:r!� T� :aT· B:.a,J)ID, S"A. Zilri.eb. . . . . . . . . . . . . . . . . . • . .  Ziirie.i, Swime:rlami 
�· T� A.� CA� Llw'rm> . . . . . . . . . . . . . . . . . . . . . . . Lawhrs, E:a�d 

� :  Gl� •. �St D� Caim,. � C1rk:ntta. 
S� T� Ae. CAM.ES (P'I!T.),. Llw:1'm1 . . . . . . . . . . . . . . . . . Sytin:ey, ihwt.:rali.a 

/J¥� : �e ; W�M. N�w Zrui·lalild. 
&r"�· V� � TA� . . . . . . . . . . . . . . . . . . . . . .  �pe&� �· �· � · Wta & �. W� � . . . . . . . . . . . . . . . . . . . OaMa� Jap(;ln 
v� � lmif;). T�AlUUKS ��, �. N1a & Cb: • . . . . . . . • • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .  Vi�a. �ria 
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