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Electrical Communication in 1936 

General Trend of Development 

T

HE modern communication system is 
being formed increasingly by the pro
gressive coordination of individual 

transmission paths of various types, capable of 
manual and more and more frequently of auto
matic selection and control. The means utilised 
for routing electric currents over such paths, 
together with adequate pick-up and reproduction 
facilities, provide the present day public with 
services which are continually improving in 
quality and expanding in variety : telephone, tele
graph, facsimile, telephotography, teleprinter, 
etc. 

In the switching field, the direction of de
velopment is in the provision of more complete 
automatic operation within areas of increasing 
size. The principal elements of such a problem 
are the long distance transmission of selective 
impulses, the control of the overall equivalent of 
the transmission path by means of the automatic 
insertion of repeaters with appropriate gains, and 
the recording of both the duration of the call and 
the tariff data involved. In certain cases alternate 
tolI paths are automatically selected and the 
equivalent of manually prepared toll tickets con
taining alI the pertinent information is printed 
automatically without the intervention of an 
operator. 

These problems are solved principally by as
sociation of mechanical means with others 
adapted specifically to the transmission problem ; 
the use of voice frequency currents for impulsing 
being predominant in the very long circuits, 
whilst for circuits of limited length lower fre
quencies are also used successfuliy. The problem 
of maintaining a given overall equivalent over 
complex circuits is one which may involve also 
the use of voice frequency signals destined to 
regulate the gain at given points. 

The transmission paths themselves have been 
the object of a great deal of new thought during 
the last few years, due principally to the desire to 
obtain wider bands of communication. These 
wider bands may be made necessary by the 

increasing complexity of the characteristics of 
the signals to be transmitted or by efforts to 
obtain lower costs for individual narrow band
widths separated from each other in the wide 
band system by means of appropriate sharp 
filters. 

These wide-band transmission systems neces
sarily use higher frequencies and involve special 
types of conductors often of larger overall size 
than those previously used. On account of the 
higher attenuation resulting from the use of 
these higher frequencies, the development of 
stable amplifiers giving high gains over wide 
bands has taken a very important place in re
search activities . Outstanding amongst these is 
the use of reverse feed-back amplifiers and 
possibly, in the future, the application of second
ary emission phenomena to amplification of weak 
currents. 

Another phase of these new developments is 
the search for means of filtering a band of 
frequencies out of the wide band system, leaving 
a minimum of lost space between two adjacent 
channels. One of the most promising methods is 
the application of structures involving quartz 
crystal elements giving very sharp cut-off even 
at the highest frequencies, and this new tech
nique is likely to be of basic importance in future 
multi-channel communication systems. 

The wide-band systems of to- day may be 
found inadequate, in the future, for use in con
nection with more refined methods of television 
or for very large groups of telephone or facsimile 
channels ,  and it is natural to consider the 
possibilities of systems using ultra-high fre
quencies. In this case, one may conceive guides 
which may have physical transverse dimensions 
of the same order of magnitude as the wavelength 
of the currents to be transmitted. The effect of a 
tubular conductor or solid dielectric structure is 
then to canalise the wave in the interior of the 
cylinder: a technique intermediate between ultra
short wave radio systems, where the energy is 
directed through free space ; and that of wire 
transmission, where the metallic conductor acts 
as the carrier for the currents transmitted. 

177 
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178 EL E C T R I C AL C O M M U N I C A T I O N  

To a certain extent developments in radio 
transmission are paralleling those in the wire 
communication field. Wide-band systems are 
being actively developed for television trans
mission, facsimile or multiplex telephony. They 
employ ultra-short waves as carriers and involve, 
in some cases, the use of radio repeaters. De
velopment is also proceeding in the hyper
frequency range applied to direct transmission 
without guide. 

Apart from these problems involving essen
tially the transmission of intelligence from one 
point to another, a new general line of develop
ment is opened by the increasing demand for 
positional knowledge of mobile systems in space. 

In general the problem of communication from 
ships or aircraft to ground systems has been 
solved, but further research is necessary to 
provide means of obtaining readily exact knowl
edge of the position of a ship or airplane. 

rhe problem includes the creation in space of 
characteristic zones which give the navigator the 
information required, either for travel!ing from 
one point to another, for landing without visi
bility, or for entering a harbour. Part of this 
technique involves ultra-short wave systems and 
recent automatic goniometric methods eliminat
ing errors due to reflected waves or other causes. 

Another problem, which is also part of the 
technique in process of development, is that of 
the transformation of visual phenomena into 
electric waves and back. The acoustical equiva
lent is already highly perfected, particularly with 
the introduction of binaural perspective and high 
fidelity systems ; but the technique of trans
formation of visible pictures into electric waves 
is of a much more complex nature and is only in 
its infancy. Very remarkable progress has been 
made by means of scanning by an electron beam 
a suitable granular photoelectric surface , thus 
resolving the visible pictures into electric cur
rents. The inverse phenomena have also been 
produced with success by means of appropriate 
cathode ray tubes. Future years, however, un
doubtedly will see many new additions to this 
technique. 

The future of wide-band systems using very 
high frequencies is consequently of outstanding 
importance. This line of development involve� 
complex phenomena due partly to the higher 
frequencies involved and also to the necessity of 

measuring carefully quantities hitherto of second
ary importance, such as the phase relationship of 
input and output currents in wide-band amplifiers 
for applying reverse feed-back, or the exact value 
of frequency and attenuation in a range for which 
measuring equipment so far has been very 
primitive. It would seem that much technical 
effort necessarily will be devoted to the elabora
tion of a measuring technique capable of coping 
with such new problems. 

Progress in Communication Systems 

Considerable activity has taken place in the 
extension and modernisation of European long 
distance systems, particularly in Great Britain. 

During the year 85 new trunk cables to a total 
length of approximately 3 ,000 km. ,  involving the 
construction of 1 , 600 km. of duct line, were 
provided in Great Britain. This represents an 
addition of approximately 600,000 km. of single 
wire to the British Post Office trunk system. 

890 new inland trunk circuits, of over 40 km. 
in length, have been set up during the year. The 
longer routes show the larger increases, e.g. , the 
number of trunks between London and Scotland 
has now reached 98, of which 55 have been 
provided since October, 1934. Between London 
and the West of England there are now 6 7 
circuits, 55 of which have been provided since 
October, 1 934. Nine additional Continental 
trunks, of which 5 are London-Paris circuits, 
have been brought into service during the year. 
Additional circuits were also provided for special 
occasions, the Olympic Games , Berlin, requiring 
14 extra circuits, being an outstanding example. 

Several important projects were completed and 
new construction started embodying the latest 
developments in the application of carrier te
lephony to underground cable systems. These 
included the complete laying of the London
Birmingham coaxial cable (290 km. )*  designed 
for carrier telephony and television transmission , 
and the commencement of the extension of this 
cable to Manchester (210 km.) .  Included also is 
the Bristol-Plymouth non-loaded, multi-con
ductor, carrier cable* (involving two cables of 
200 km. length) which has been completed 
together with the intermediate repeater and 

* Developed and installed by Standard Telephones and 
Cables Ltd., London. 
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Part of Vacuum Tube Testing Laboratory, Les Laboratoires Le },,fateriel Tetephonique. 

terminal equipments on a 12-channel carrier per 
pair basis for a large proportion of the available 
cable circuits. The repeaters are spaced at dis
tances of about 32 km. along the route and are 
designed on the negative feed-back principle. 
Several additional cable systems of the same gen
eral design are already planned for installation. 

The Czechoslovakian system has progressed 
according to the plans laid down in 1935,  105 km. 
of modern cable having been completed during 
the year with a further 122 km. under con
struction. 

The Danish long distance system has recently 
been considerably extended. In addition to the 
73 km. of cable completed, a further 221  km. is 
now under construction with additional projects 
in view for 1937. 

The Netherlands Administration completed 
and has under construction considerable exten
sions to their long distance system, including 
cables for carrier telephone operation. A cable 
network for telephone purposes, comprising 153 

km. , was completed for the Provinciale Noord
Brabantsche Electricitats Maatschappij (a power 
company in Holland) . 

In Italy, projects of the P. & T. Department 
are proceeding normally. An important telephone 
cable for the Salerno-Reggio Railway, comprising 
425 km. of track route, was completed. 

Norway has made considerable progress in its 
long distance system. 17 S km. of cable were 
completed during the year with a further 1 14 km. 
under construction. Part of the supplementary 
repeater equipment involved was also completed 
and placed in service. 

Sweden has continued its usual heavy pro
gramme of underground cable construction. 
During the year, 5 16  km. of cable were installed , 
together with new and extended associated re
peater equipments. 

The Swiss Administration has devoted con
siderable attention to the problem of subscriber
to-subscriber dialing, and a successful demon
stration of an automatic, SO-cycle, toll dialing 
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Cable Terminal Equipment at Stanley, Tasmania: Australia-Tasmania Submarine Cable. 
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scheme was given during the year over a section 
of the Swiss underground network. Extensions to 
the network comprised 95 km. of cable completed 
with a further 68 km. under construction.  

The Australia- Tasmania submarine cable was 
successfully completed and put into service early 
in the year. This 180 mile cable is, incidentally, 
one of the longest submarine telephone cables in 
existence, and was designed for five telephone 
and seven duplex telegraph circuits, as well as 
for a special channel for the transmission of radio 
broadcast programmes. In both Victoria and 
New South Wales, Australia, steps are being 
taken towards the installation of underground 
toll cable systems ; also, in Australia and New 
Zealand, to extend the use of carrier systems. 

Extensions to the South African telephone 
cable network have been completed and new 
systems are contemplated. 

In Germany, considerable activity occurred in 
the application of carrier telephony and television 
to coaxial cables as well as in extensions to loaded 
cable systems employing single channel and 
3-channel carrier systems. 

In France, progress continues to be made in the 
extension of the long distance telephone system. 
Approximately 450 km. of cable were placed in 
service during the year with a further 800 km. 
under construction. 

Construction of the non-loaded cable circuit 
between Tokyo and Mukden--over 2700 km.-is 
making definite strides through the collaboration 
of Teishinsho (Japanese Telephone and Tele
graph Administration) , Korean Communication 
Bureau, and the Manchukuo Telephone and 
Telegraph Company. The first section Antung
Mukden, and the second section Osaka-Nagoya, 
were open early in 1936. Cable installations over 
the Seoul-Heijo and Fusan-Fukuoka sections 
have already been completed and the terminal 
and repeater equipments will be installed by 
March, 1937. The whole route is scheduled to be 
completed early in 1938. 

All the terminals and repeater equipments for 
this project are specified to be the Nippon 
Electric Company's standard 3-channel non
loaded cable carrier telephone and repeater sys
tem. This system, which is intended for use on 
multi-core non-loaded cable is the result of 
extensive research in Japan and embodies many 
important improvements. 

In Japan other toll communication networks 
are also becoming substantially complete through 
the active installation of inexpensive multi
channel carrier telephone and telegraph systems.  

At Singapore, a 65 km. underground cable 
telephone system is now under construction. 

Progress has been made by the Chinese Tele
phone Administration in furthering its long 
distance communication project, involving com
munication by wire between important points in 
a number of provinces. The installation of toll 
switchboards and repeater station equipment for 
operation over the newly constructed open-wire 
toll network was commenced at the beginning of 
1936 and the first portion is now completed. 
There are to date five such installations: Shanghai, 
Nanking, Yingkiahwei, Kiukiang and Hankow. 
Standard Telephones and Cables Limited, Lon
don, manufactured the toll boards, repeater 
equipment, and the cables for river crossings. 

The cutting into service of these equipments 
permitted the inauguration of telephone com
munication over land lines between Shanghai and 
Hankow, a distance of approximately 650 miles. 

Plans have been prepared and the equipment 
ordered for the extension of this toll network. 
During 1937, seven or eight new toll switch
boards and repeater stations will be installed 
and placed in operation, thereby establishing 
long distance telephony on a large scale in China. 

There are indications that traffic over certain 
of the circuits already provided will increase in 
the very near future to such an extent as to 
necessitate the provision of additional circuits. 
The use of carrier telephony to provide these 
circuits is under serious consideration. 

The Argentine State Railway Administration 
Headquarters at Buenos Aires is now provided 
with telephone and telegraph communication 
with the State Railway lines in Northern Argen
tina over a 3-channel carrier telephone and 
telegraph installation linking its Buenos Aires 
offices with the important terminal and division 
offices at Santa Fe, Afiatuya, Tucuman, and 
Cruz de! Eje, a route distance of over 1600 km. 
Voice frequency carrier telegraph is superimposed 
on one of the telephone channels between Buenos 
Aires, Santa Fe, and Tucuman on which Creed 
printers are used for handling messages. The 
carrier equipment was manufactured by Stand
ard Telephones and Cables Limited, London, and 
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was installed by the Compafiia Standard Electric 
Argentina and is one of the first installations of 
its kind in the world where 3-channel carrier 
telephony with superimposed voice frequency 
carrier telegraph has been applied to train 
despatching circuits. 

Subscribers' Equipment 

In the field of subscribers' sets, development 
is tending towards higher quality of transmitters 
and receivers as well as of the circuits themselves, 
with resulting elimination of noise, both extrane
ous and internal, in keeping with the efforts 
directed to removing noise from transmission 
systems and central office equipment. 

The use of moulded local and common battery 
sets is being extended. Of particular interest is 
the advent of the convertible set introduced by 
the Bell Telephone Manufacturing Company, 
Antwerp. It offers the advantages of easy con
vertibility for use as a desk or wall set, as well as 
for local or common battery (either manual or 
automatic) working. 

New and interesting developments in the 
P.A.B.X. field include an arrangement whereby 
two or three extension sets in multiple may call 
and intercommunicate with each other, ringing 
and talking current being supplied from the 
central office. 

Further improvement has taken place in 
P.A.B .X. equipment with capacities ranging 
from 3 to 3 ,000 lines. New facilities and improved 
methods of operation have been embodied in 
attendants' sets and in the P.A.B .X's. themselves. 

To enable a P.A.B.X. subscriber to rapidly 
obtain connections without the necessity of dial
ing, the Bell Telephone Manufacturing Com
pany, Antwerp, has recently developed an "Exec
utive Rapid Call Equipment. " Essentially it  
consists of  a telephone set with a key box at the 
subscriber's station together with an adaptor 
circuit at the P.A.B.X.,  calls being made to a 
limited number of subscribers on the same board 
by merely pressing the key designated for a 
particular subscriber. 

An interesting new development of Standard 
Electric ,  Budapest, is the so-called Home Coin 
Collector Box. It is attached to the subset and 
serves the purpose of preventing summer guests, 
boarders , or visitors from using the telephone 
without payment. 

Subscriber Set Equipped with Budapest Home Coin Collector. 

Remote Control and Signaling Systems 

The application of remote control and indi
cating systems is being extended rapidly. Power 
Supply Authorities for large areas, either sparsely 
or densely populated, are finding it necessary to 
create within their own areas a central control 
point for control and remote indication of the 
major substations and the smaller lower voltage 
satellite substations. Owing to the large number 
of such stations, any remote control and indi
cating system to be attractive, must be relatively 
inexpensive and must occupy minimum space 
in the control room. A "Line Finder" system, 
meeting these requirements, has been developed. 
It provides the greatest possible flexibility for 
extensions. 

Advances in railway signaling systems have 
continued, a notable instance in this connection 
being the Dial Train Control System which has 
been standardised by the L. & N. E. Railway of 
England. Systems have also been developed 
providing a method of indicating at some central 
point the position of a large number of track 
circuits (whether occupied or clear) over one 
common line channel. 

It is apparent that the technique of railway 
signaling is undergoing a change, the most 
obvious result of which will be the gradual 
elimination of lever control of signal frames and 
the introduction of a system whereby the opera
tion of the various points and signals is controlled 
from a desk provided with a track diagram. 

A similar technique is also being employed in 
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the remote control of street lighting, remote 
indication of fuse ruptures, etc. , etc. 

Telegraph and Teleprinter Systems 

Growth in telegraph traffic in Great Britain 
has been met by expansion of the 18-channel 
voice frequency system. The 4-channel system 
which was introduced in 1935 between London 
and Oxford has proved satisfactory and has been 
applied to other suitable routes. 

An experimental 12-channel system was opened 
in January, 1936, between London and Paris and 
has been operated with success. 

For use on V.F. systems generally, a static 
transmitting unit consisting essentially of a high 
grade transformer and a number of dry rectifiers 
in bridge formation has been introduced and 
will eventually be fitted on all "Standard" 
systems, thereby giving greater stability and 
economy in maintenance by eliminating the 
moving contact of the transmitting telegraph 
relay. 

The use of teleprinters for handling telegraph 
traffic has now been generally adopted by Tele
graph Administrations, and the C.C.I .T. has 
fixed the code and standards of performance 
required for machines used on International 
communication channels. Development work in 
1936, therefore, was largely directed towards 
perfecting the design and manufacture of tele
printer systems in order to improve their per
formance and reduce maintenance costs. 

A combined keyboard perforator and auto
matic tape transmitter* to provide Telex sub
scribers with a most efficient means of trans
mission in a convenient and compact form has 
been developed. The apparatus enables messages 
to be prepared in the form of a perforated paper 
tape before the initiation of a call .  Keyboard 
operator delays are thus eliminated from the 
actual line transmission time, the messages 
being transmitted automatically at the maximum 
speed of the apparatus. 

Teleprinter exchange subscribers in Great 
Britain have increased. Following the recent 
introduction of International Telex services, 
future growth is likely to be rapid. 

A commercial Telex service was opened bee 
tween Great Britain and Holland in May, 1936, 

* Developed by Creed & Co. 

and a successful service was also maintained 
between Great Britain and the Olympic Stadium 
in Berlin during the 1936 Olympiad. 

The C.C. I .T. and C.C.I .F. having adopted 
1 ,500 p : s  as the standard frequency for Inter
national Telex operation (on a single channel 
carrier basis) , it was decided to convert the 
Inland Telex system in Great Britain from the 
frequency of 300 p :  s previously used to 1 ,500 p :  s. 

The introduction of ancillary working in the 
British Inland Telegraph Service to cope more 
efficiently with the increase in traffic following 
the reduction of telegraph rates in 1935,  has 
necessitated the provision in 1936 of a further 500 
Creed teleprinters. These machines are fitted 
with answer-back units, especially developed for 
use in conjunction with the switching equipment, 
in order to dispense with the need for acknowl
edging telegrams as received. 

Administrations in Europe and elsewhere are 
extending the use of teleprinters. In France, an 
additional 100 Creed teleprinters have been 
supplied for the National Telegraph Service. 
The Swedish National Telegraph News Services 
will increase their facilities by the addition of a 
total of 50 teleprinters. 

Following the introduction in 1935 of the 
Johannesburg stock exchange service, which 
employs Creed teleprinters, a similar service was 
inaugurated in Sydney, Australia, in March, 
1936, and similar services will be opened soon in 
Melbourne and Adelaide. 

A teleprinter broadcast system has been de
veloped for use in Great Britain to diffuse 
information on a full or partial broadcast basis; 
also a system for use in conjunction with standard 
P.B .X's. and apparatus on the ordinary tele
phone extension. In the latter case, when the 
lines are not required for broadcasting, the 
normal telephone and Telex facilities are avail
able but, on operating the broadcast keys, the 
lines are transferred from the P.B.X. to the 
broadcasting equipment. 

Radio Broadcasting 

Attention continues to be focussed on im
proving the power efficiency of broadcasting 
transmitters. The use of high power modulation 
has been still further developed and it is now 
possible to obtain high efficiency, high fidelity, 
class "B" push-pull modulators incorporating 
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"Black" feedback for carrier powers up to 100 
kW. Another method of attacking the problem, 
put forward by the Bell Telephone Laboratories, 
is applicable to low power modulation systems 
and involves a power amplifier stage of two 
valves, one valve being connected directly to the 
output circuit and one through an impedance 
inverting network and operative only on the 
peaks of modulation. In a third line of develop
ment, all valves are driven at constant amplitude 
and high efficiency, the modulation being effected 
by combining the output of two amplifier sys
tems with phase-modulated drives. 

European broadcasting has exhibited a con
tinuation of the tendency to operate all stations 
at high power, particularly in those cases where 
the station has sole use of a wavelength. An 
aerial power of 100 kW. is now common. 

In Czechoslovakia, arrangements are being 
made for the installation of a new 100-kW. 
station and the replacement of a low power by a 
100-kW. station which can be extended to 200 
kW. Another 100-kW. station is contemplated. 

Sweden is installing a new 100-kW. station and 
is contemplating further stations of similar size. 
In addition the network of low power relay 
stations in that country and in Norway is being 
extended to take care of the peculiar geographic 
problems encountered. 

The advantages of the high mast radiator are 
being increasingly recognised and practically all 
new high power stations in Europe will be 
equipped with some radiator of this type. 

A 910-foot Blaw-Knox radiator is being in
stalled at Liblice, Czechoslovakia. It will be the 
second tallest mast in the world, the tallest 
being at Budapest. The new 100-kW. Czecho
slovakian station will also have a vertical radiator 
of this type. The British Broadcasting Corpo
ration now has two examples of such radiators, 
one in Northern Ireland and one at the new 
Scottish station at Burghead. 

In connection with these mast radiators, the 
"shunt excitation" system introduced by the 
Bell Telephone Laboratories is of special interest. 
While it has hitherto been considered necessary 
to insulate mast aerials so as to apply the 
excitation in series with the mast, under this new 
scheme the mast is connected to ground and the 
power is applied through a short single wire 
transmission line to a point on the mast at some 

height above ground of the order of one-tenth 
wavelength. This system considerably simplifies 
the provision of aircraft warning lights, now 
generally required on all high structures. Obvi
ously, it may have appreciable economic reactions 
on the mechanical design and cost of the struc
ture for a given height. 

The British Broadcasting Corporation has 
continued the development of its scheme of 
distribution , and during the past year has put 
into service a number of high power stations to 
replace earlier and low powered stations. In 
addition to these developments in the B .B.C.  
"Home" service, a rapid expansion of the Empire 
service is taking place with the object of im
proving the strength and reliability of receptions 
from Daventry. 

A new transmitter building has been erected at 
Daventry to house four high power short wave 
transmitters. Eight additional masts are being 
erected to support new aerial arrays, which have 
been designed as an outcome of experiments 
carried out since the Empire station at Daventry 
was placed in service in 1932 .  

Common wavelength frequency control equip
ment is being introduced on eight of the B.B.C.  
transmitters, and other European countries are 
studying this system as a means of solving the 
problem of wavelength congestion. 

In Australia,  the regional transmitters, in
stalled by Standard Telephones and Cables Ltd. 
in the past year, are now coming into use and it  
is  anticipated that further expansion of  the 
service will be made to meet the public demand. 

New Zealand is also increasing the power of 
its stations. 

The Government of India have indicated their 
intention of proceeding with an extensive net
work of broadcasting stations, both medium and 
short wave. 

It is understood that the two 150-kW. broad
casters for Tokyo station J OAK, the manufacture 
of which is reported to be almost complete, will 
be placed in operation in the Spring of 1937. 

In connection with the regular international 
broadcasts by the Japan Broadcasting Associa
tion, the Japanese International Telephone Com
pany ordered a new high power short wave 
transmitter and speech input equipment. The 50-
kW. transmitter utilises low power modulation 
and is under test in the Nippon Electric Com-
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pany's factory. It  will shortly be installed in the 
N azaki Station of the Japanese International 
Telephone Company. 

The installation at Canton, southern China, 
of a 50-kW. broadcast station to replace the 
existing 1-kW. station is proceeding. It is antici
pated that the new equipment will be ready for 
cutting into service early in 1937. 

It is of interest to note that increasing use is 
being made of extremely short wave links for 
communication between broadcast networks and 
outside broadcast points which cannot normally 
be connected by wire. 

Cmnmercial Radio 

Outstanding international radio telephone 
services inaugurated in 1936 include: Paris
New York ; Tokyo-Shanghai ; Tokyo- Cape Town 
(via London) ; and Tokyo-Rio de Janeiro (via 
Berlin) . A similar service between Japan and 
French lndo-China also was started and negoti
ations are in process for a link between Tokyo 
and Bangkok. 

Chinese authorities have been carrying out 
tests with England and America for the purpose 
of establishing radio telephone communication in 
the near future. 

During 1936 short wave radio telephone links 
were established between Shanghai and Hankow, 
and between Shanghai and Canton. Facilities are 
provided for connecting the equipment at the 
terminals to the local telephone systems. 

In the delta of the southern rivers in Kwang
tung Province, China, a number of ultra-short 
wave equipments are being provided for tele
phone communication between various cities. 
The circuits radiate from Canton. Western Elec
tric equipment is employed. 

A radio telephone service between Great 
Britain and Kenya, East Africa, was inaugurated 
in March. Through submarine telephone cables 
Ceylon and Tasmania have been included in the 
international radio telephone network via India 
and Australia, respectively. 

C.  Lorenz-A.G., Berlin, provided an instal
lation of four short wave transmitters for the 
Olympic Games in Berlin. These transmitters 
were the results of extensive development work 
and had to meet the following requirements : 
40 kW. output in telephony ; highest stability of 
frequency ; percentage modulation 803 ; and 

quick changeability of wavelength. These trans
mitters form the focal point of the directional 
antenna system which directs programmes to
wards North, Central, and South America, 
Africa, and South and East Asia. 

A considerable amount of experimental work 
on ultra-short waves continues to be carried out 
in all parts of the world. Evidence has been 
brought forward to show that on wavelengths 
below 250 cm. variations in atmospheric refrac
tion or reflection (or both) from temperature 
inversion layers in the lower atmosphere may be 
definite factors in producing fading. Contrary to 
expectation, there also are indications that wave
lengths between 5 and 10 metres may have a 
range of several thousand miles. In any case, 
equipments working in this band cannot always 
be considered as providing only a local field and 
the question of interference with remote stations 
may require attention. 

Beginning with the latter half of the year, a 9-
channel ultra-short wave link between Stranraer 
(Scotland) and Portpatrick (Ireland) has been 
operating on an experimental basis and is ex
pected to be cut into regular service early in 
1937.  This link, which was ordered by the British 
Post Office to form part of its regular telephone 
network, will be the first single carrier, multi
channel radio link to be placed in commercial 
service. 

An interesting radio telephone link is that to 
the island of Guernsey. This link employs 250-
watt transmitters each handling two channels. 
The distance covered is 85 miles, approximately 
1 . 7  times the optical range. Wavelengths of 5 ,  St 
8, and 8� metres are used. 

Since the end of 1935, Teishinsho has been 
experimenting on the trial ultra-short wave tele·· 
phone circuit over Tsugaru Strait (Aomori
Hakodate, 100 km.)  with satisfactory results, 
using trial equipments. Recently an order has 
been issued for two transmitters with an output 
of about 50 watts and two receivers designed to 
provide six channels on one carrier utilising al
ternative wavelengths of 4 and 6 metres. The 
equipment is now under construction by the 
Nippon Electric Company. 

A further application of ultra-short wave work
ing is found in the Radio Corporation of Amer
ica's experimental link set up between New York 
and Philadelphia. This link is intended to carry 
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Stranraer (Scotland) and Portpatrick (Ireland) 9-Channel Ultra-Short Wave Radio Telephone Link
Transmitters and Channel Modulators. 

facsimile channels and uses 75-watt transmitters. 
The distance between the terminals of 9 1  miles is 
covered not in one step but with the introduction 
of two relay stations. The system operates on 
wavelengths of about 3 metres. 

During 1936 an ultra-high frequency radio 
system was developed, installed , and placed in 
successful operation by the Mackay Radio and 
Telegraph Company between its New York 
central operating department and its main radio 
telegraph transmitting station at Brentwood, 
Long Island, for the remote control of radio 
transmitters by the central operating depart
ment, involving the use of a carrier frequency of 
about 3! metres and power of 80 watts, carrying 
six tone channels which it is intended to increase 
to eight in the future. Transmitters and receivers 
with semi-automatic switching facilities are in
stalled in duplicate to ensure continuity of 
service. The distance from transmitter to re
ceiver is 41 miles. 

A number of new inventions and develop
ments were made during the year on high fre
quency antenna systems, resulting in new types 
of radiation arrangements and tending towards 

greater efficiency with lower capital costs. The 
resulting improvements were incorporated in the 
new antenna structures recently built by Mackay 
Radio. 

Increasing interest is being shown in the use of 
ultra-short wave radio equipment for police use. 
The United Telephone and Telegraph Works, 
Ltd . ,  Vienna, in conjunction with the Austrian 
police authorities successfully demonstrated such 
a system to representatives of many European 
police organisations. 

Patent Suit 

On October 14, 1936 the United States District 
Court, Eastern District of New York, handed 
down an opinion in a suit brought against the 
Mackay Radio and Telegraph Company for 
alleged infringement of five patents relating to 
directive antennas. The Court held that the 
antenna structures erected by Mackay Radio did 
not infringe any of the claims of the patents and 
that, furthermore , the antennas used by Mackay 
Radio were actually more efficient than could be 
constructed under the patents in the suit. 

www.americanradiohistory.com

www.americanradiohistory.com


E L E C T R I C A L  C O M M U N I C A T I O N  187 

Television 

The British Broadcasting Corporation are 
conducting commercial television transmissions 
on two systems: the E .M.I .  (Marconi-H . M .V. 
group) ,  and the Baird. Both these systems are 
installed at the B.B.C.  television studios in 
Alexandra Palace and are employed alternately. 
The

. 
subjects televised include open-air shots, 

stud10 programmes, and films. 
Some six of the larger British manufacturers 

are offering television receivers which range in 
price from about £85 to £120 and function on 
either of the two transmission systems employed 
by the B.B.C.  

The French P.T.T. are transmitting one hour 
per day on an experimental basis. Direct pick-up 
transmissions are made from a studio at Rue de 
Grenelle. In the recent Paris Exhibition five 
television transmitters were shown in operation 
together with a large number of receivers. 

French experimental telecinema emissions 
using the same transmitter, will start early i� 
1937.  

Les Laboratoires L. M.T. completed their 
second television system (the first was shown 
September, 1935) .  In cooperation with Le Ma
teriel Telephonique, this system was demon
strated at the Radio Exhibition. Motion picture 
films only were employed as programme sources. 

The most recent demonstrati�n of television 
in Italy was at Milan in April, 1936. The 
equipment employed electronic scanning for 
transmission and cathode ray tubes for reception . 
Research in Italy is being carried on in all 
details of transmission and reception, including 
the development of a suitable television trans
mitter to cover a service radius of 30 km. on a 
wavelength between 5 and 7 metres. For cine
films, 240 lines, 25 images per second were used. 
For daylight pick-up, 120 lines were employed. 
The receiver for combined vision and sound re
production employed 13  valves. 

The number of exhibits at the Berlin Radio 
Exhibition in 1936 indicated that development 
work on television is very active in Germany. 
The television transmitter at Witzleben, which 
is transmitting programmes two hours daily, 
is connected by means of coaxial cables to the 
Berlin television studios, to the site of the Olym
pic Games, and also to Nurnberg and Leipzig. 

In the United States of America, the Radio 
Corporation of America have installed a tele
vision transmitter in the Empire State Building 
in New York City, connected by coaxial cable 
to the National Broadcasting Company's studios 
in the R C.A. Building about a mile away. 
Experimental programmes are being broadcast 
from these studios. 

Other American companies also are active in 
the field of television. The Bell System has in
stalled an experimental coaxial cable system be
tween New York and Philadelphia which will be 
available for television experiments. 

Picture Transmission 

Teishinsho, since 1935 , had been experimenting 
with picture transmission over the 2 ,300 km. 
radio link between Tokyo and Taihoku, Formosa, 
employing Nippon Electric equipment. En
couraged by the results of the above transmis
sion, Teishinsho, the Allied News, and Nippon 
Electric jointly undertook the first Europe-Asia 
radio picture transmission, taking the oppor
tunity of the Eleventh Olympic Games held in 
Berlin in August. By arrangement with the 

Nippon Electric Portable Picture T�ansmitter-Width, 402 
mm.; Depth, 280 mm.; Height, 191 mm. 
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German Reichspost, Nippon Electric sent J apa
nese engineers and a complete set of No. 19-B 
radio picture transmission equipment to Berlin. 
This equipment is the newest model in which 
switching-over between time modulation and 
amplitude modulation can easily be performed 
as desired according to the conditions of the 
radio circuit. 

The first part of the experiments was con
ducted with Nippon Electric's receiver in Tokyo 
and Siemens and Halske's transmitter in Berlin 
over the period from July 1st to August 1 7th. 
Time modulation system with a dot frequency of 
1 70 cycles was employed for this experiment, and 
picture transmission was performed over a carrier 
circuit of 14,665 kc. between Nauen DFD Trans
mitting Station and Komuro Receiving Station, 
Japanese International Telephone Company, 
where two beam antennas for space diversity 
reception were used. Slight changes in the scan
ning density and speed of rotation were made 
in Tokyo in order that interworking between 
the Siemens and Nippon systems might be satis
factorily accomplished. The control operation 
from Tokyo was performed over a 15 ,750 kc. 
circuit. Pictures of the Olympic Games were 
printed in the Tokyo morning papers of the 
next day. 

In the second part of the experiments, made 
during the three weeks that followed the Olympic 
Games, Nippon Electric equipments were used 
in Berlin and Tokyo and transmission was 
conducted in both directions. In this case both 
time modulation and amplitude modulation sys
tems were employed with success. For the former 
system, an optical time modulation set employ
ing a photo-cell was provided in the transmitter, 
and a special neon tube limiter was used for 
reception, while in the amplitude modulation 
the picture transmitter was coupled directly 
with the radio transmitter and a special device 
was fitted on the receiving side in order to 
minimise fading. High hopes are now entertained 
of the future of commercial picture transmission 
over radio links between Japan and Germany. 

The transmitter was then moved to London, 
and the London- Tokyo trial transmission was 
started on November 1 7th with the collaboration 
of the British Post Office. 

Picture Transmitted September 12 , 1936, by Nippon Electric 
System from Berlin-Nauen DFD to Komuro-Tokyo. Re
ceived with Audio Automatic Volume Control using 2-Beam 
Antennas for Space Diversity Reception (A mptitude 

M adulation). 

Marine and Aviation Radio 

Marine. The unqualified success of the radio 
equipment* on the R.M.S. Queen Mary has been 
an outstanding event of 1936. It was only fitting 
that such a ship should be provided with an 
installation capable of meeting the demands of 
what promised to be a very remarkable maiden 
voyage. This promise was more than fulfilled; on 
this single voyage a radio telegraph traffic of over 
2 75 ,000 paid words, 291 radio telephone calls to 
all parts of the world, and 40 separate broadcast 
programmes, made a record highly gratifying 
both to the equipment designers, the operating 
staff, and the Cunard White Star Line. 

* ''The Radio Installation on the Cunard White Star 
R.M .S. Queen Mary," by H. Thorpe-Woods, H. H'. 
Buttner, and E. N. Wendell, Electrical Communication 
July, 1936. 

' 
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This equipment includes a 3-kW. medium wave 
and a 3-kW. long wave transmitter together with 
two 400-watt short wave transmitters, all re
motely controlled from the receiving room with 
respect to power, keying, and selection of spot 
wavelengths. The receiving room includes facili
ties for reception on 8 different channels simul
taneously. 

A new system of duplex transmission, which 
enables two messages to be sent simultaneously 
from one radio transmitter , has been tested from 
the Portishead Radio Station. The messages are 
transmitted on two neighbouring frequencies, 
separated by approximately 10 kc, by the use of a 
high speed thermionic switching device. The tests 
show that the system is workable and that satis
factory reception of either of the two messages is 
possible by the usual type of ship's receiver. 

In April, 1936 Teishinsho installed a Nippon 
Electric short wave radio telephone equipment on 
the N.Y.K. liner S. S. Chichibu- Maru , and the 
first ship-to-shore service on the Pacific was 
opened to the public on August 8th with very 
satisfactory results. The equipment comprises a 
2-kW short wave, crystal controlled transmitter, 
a 19-valve superheterodyne receiver (both oper
ating on the frequency range of 4-20 megacycles) 
and a special 4-wire system telephone repeater 
which is provided with a CODAN apparatus. 
Beginning in November, the service was extended 
to include Canada, the United States, Cuba, and 
Mexico. 

Teishinsho are now considering equipments 
for the S. S. Yasukuni-Maru, a more up-to-date 
N.Y.K. European service vessel ,  and the S. S. 
Asahi-Marn, a Tokyo- Formosan liner. The 
former vessel is tentatively scheduled to take the 
Imperial Party to England for the Coronation 
Ceremonies. 

The Mackay Radio and Telegraph Company, 
in the field of ship equipment through the Labora
tories of Federal Telegraph Company, has de
veloped an automatic alarm receiver, also im
proved and simplified ship transmitters of low 
power primarily for emergency and life boat use, 
to meet the requirements of the Safety of Life at 
Sea Convention recently ratified by the United 
States Government. 

Aviation. During recent years the increase in 
aircraft traffic has necessitated the use of more 
wavelengths and as many as six are employed for 
general aircraft navigation in Europe. The use of 

these six wavelengths has naturally complicated 
the radio equipment. In addition short waves are 
employed for long distance routes, particularly in 
the tropics for communication with ground sta
tions and between planes. 

This increase of traffic has also necessitated the 
use of more than one airport at important ter
minals. At London, for instance, traffic is now 
brought in by the Croydon radio control to the 
Croydon controlled zone, and then handed over 
by radio to the Croydon, Heston, and Gatwick 
controlled zones for landing. Besides the instan
taneous wavechange facilities for transmitters 
and receivers, this system has also necessitated 
the fitting of each of these airports with Lorenz 
blind approach equipment and the equipping of 
aircraft approaching Croydon with three-wave
length ultra-short wave receivers. 

In order that navigators may be able to find 
their positions immediately most Aviation Oper
ating Companies are now fitting direction finding 
apparatus on the aircraft, thus making direction 
finding work independent of the airports and 
enabling the latter to deal with more traffic. 

Since the introduction of direction finding ap
paratus on aircraft, and the allocation of yet 
another wavelength for broadcasting weather 
reports, there is a tendency to use more than one 
receiver. The pilot thus may receive weather 
reports independently of the normal communica
tion channel. Each of these receivers, if necessary, 
acts as a spare for the other in case of emergency. 

The extension of the Imperial Airways services 
through the British Empire has involved the 
provision of many new ground stations for direc
tion finding and for communication purposes 
along the various routes. Particular attention 
must be paid to the importance of radio on the 
Pan-American Airways' transpacific route, which 
involves " hops" of between 1 ,200 miles and 2 ,400 
miles. On this route the position of the machine is 
determined every half hour by means of ground 
direction finding· stations operating on the Ad
cock basis. Owing to the length of the "hops," it 
has been necessary habitually to take bearings at 
distances far beyond those hitherto considered 
reasonable. 

The success of the Lorenz blind approach sys
tem is demonstrated by the fact that equipments 
have been, or are being, installed in a number of 
important airports throughout the world. 

An extensive ground station network involving 
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Norway, Sweden, and Finland is  in  course of 
installation. In addition to normal communica
tion facilities, Adcock direction finding and blind 
approach systems will be included. In South 
Africa a network of ground stations, including 
Adcock direction finders, has been completed. 

The Air France route to South America is now 
being completely equipped with Adcock direction 
finding stations. 

At the International Aviation Show held in 
Paris in November, the French Air Ministry 
exhibit gave prominence to the R.C. 5 Radio 
Compass,* a model of which was displayed. In 
addition a small scale model showing the installa
tion of an R.C. 6 Ground Direction Finder was 
on view. The fighter aircraft set of Standard 
Telephones and Cables Ltd . ,  London, also at
tracted a good deal of interest since it was the 
only electrically remote-controlled set exhibited. 

Rotary and Automatic Ticketing 

The conversion of the Paris telephone network 
from manual to automatic, started in 1 928,  is 
now virtually complete, the whole of the Paris 
city area being on a full automatic basis with the 
exception of one office (8 ,000 lines to be cut over 
in 1 937) . There are 37 offices equipped for 
330,000 lines. 

The Paris suburban area comprises seventeen 
offices (equipped for 63 ,900 lines) either in 
service, under construction, or in process of 
installation. In the city area 25 offices (2 14,000 
lines) and in the suburban area 10 offices (39,600 
lines) were supplied by Le Materiel Telephonique. 

The Paris automatic telephone network will be 
extended to include the Paris regional area, 
designated "Zone No. 1 , "  which takes in all places 
situated within a radius of 25-30 km. from Paris. 

History was made on December 7, 1936 when 
the first installation for the automatic ticketing 
of toll calls was put into commercial operation 
by the Belgian Government. As its name implies, 
the system produces automatically a ticket on 
which is recorded the number of the calling 
party, the number of the called party, together 
with the town prefix, the rate, the duration of 
the conversation in minutes, the time, and the 
date. 

* "T?e Aut�ma�ic �,adio Compass and Its Applications 
to Aenal Nav1gat10n, by H. Busignies. Electrical Com-
munication, October, 1936. 

· 

Fi;st Ticket Charged by the Belgian Administration with the 
A id of. 

the New Automatic Toll Printing Register. The 
Corrections are Due to the Fact that the Ticket was Printed 
while the Equipment was still under Test and the Machines 

were not all set to the Correct Date and Hour. 

The system has been designed as an integral 
part of the rotary automatic system and may be 
easily applied to existing rotary type exchanges 
which were installed long before automatic 
ticketing was thought to be commercially prac
ticable. In fact, this first installation was added 
to the Rotary 7-D Exchange in Bruges and to 
similar exchanges along the Belgian coast where 
a multitude of visitors from all over Europe 
congregate during the summer season. Because 
of this great influx of visitors, the seasonal varia
tion in traffic is very great. With automatic 
toll ticketing, variations in regional traffic make 
little difference since there is no manual operating 
force to adjust to meet the changing traffic con
ditions. The success of this first installation 
resulted in the Belgian Administration placing 
orders for the extension of the system in the 
Bruges area. 

Automatic toll ticketing may be applied to 
various purposes and in whole or in part. For 
example, it may be used generally in connection 
with suburban services to avoid the making out 
of a multitude of tickets for low-priced calls. On 
the other hand, it may be applied to a limited 
extent in connection with international or long 
distance calls, in which event it is not necessary 
to utilise identification equipment or make the 
recording equipment available to more than a 
few groups of important subscribers desiring in
ternational or long haul toll service on a full 
automatic basis. Examples of such suhscribers 
are banks, exchanges, and important commercial 
houses having frequent occasion to telephone, 
say, from Brussels to Paris. 

The development of automatic ticketing is the 
joint effort of the laboratories of the Bell Tele
phone Manufacturing Company, Antwerp, and 
Les Laboratoires L.M.T. , Paris. 

-

The rotary automatic system is now installed 
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in 815  exchanges in 39 countries and the total 
lines installed or on order at the end of 1936 
exceeded 1 ,960,000. 

During 1936 six digit dialing was introduced in 
the Budapest automatic telephone area. 

National Dialing 

A field trial of the rotary automatic toll system 
was carried out in Switzerland between the 
towns of Faido and Zurich. The cable circuit was 
built up by loops to total approximately 800 km.,  
and equipment was put into service to represent 
an originating and terminating toll exchange 
with two intermediate tandem exchanges. In
cluded were six standard two-wire repeaters with 
two of these repeaters connected automatically 
at the tandem points. For dialing, the new low 
voltage SO-cycle signaling system was used.* 

The field trial was in every way satisfactory 
and equipment for a new full automatic toll ex · 
change in Zurich was ordered by the Administra
tion. Expressed in number of toll lines, switching 
and signaling equipment is foreseen for a total 
of 880 toll lines with the possibility of growing to 
three times this number. 

The rotary automatic toll system was also 
demonstrated in Haarlem, Holland, in which 
country national dialing is also moving ahead. 

Step-By-Step 

The increase in the number of new subscribers 
of the British Post Office in 1936 was 416,000 
as compared with 350,000 in 1935 ; the net in
crease was 230,000 in 1936 as compared with 
180,000 in 1935. 

The automatisation of exchange plant in Great 
Britain has been greatly accelerated. The number 
of automatic exchanges opened during the twelve 
months ending September, 1935, totaled 258,  
including 51 major exchanges. This figure is 
exactly twice that for the previous twelve 
months. For rural areas three sizes of unit auto
matic exchanges have been standardised , namely, 
100-, 200-, and 800-line exchange types. All these 
types incorporate the new Post Office relay, 
and the two larger sizes also include the new 
Post Office standard 2-motion selector. 

* "A Field Trial of 50 Cycle Signaling on Toll Lines " 
by W. Hatton, Electrical Communication, October, 1936. ' 

To improve the quality of the various tone 
signals in automatic exchanges and to obtain a 
greater measure of uniformity in these tones, an 
inductor tone machine has been developed to 
replace the tone drums hitherto used. 

Equipment installed experimentally in the 
Folkestone automatic area to replace the "num
ber engaged" tone by an aural announcement of 
the word "engaged" has had the effect of reducing 
from 1 1  seconds to 6 .5 seconds the period the 
switches are held by the subscriber after the 
application of the engaged signal. The extension 
of this facility to trunk and toll calls is now under 
consideration. 

Automatic traffic recorders, which record auto
matically the amount of traffic handled by a 
group of automatic switches, have been de
veloped, and are now being installed at all except 
the smallest type of automatic exchange. This 
will enable a closer watch to be kept on the 
growth of traffic, and thus ensure adequate pro
vision of switching plant at all times. 

A speaking clock was made available to Lon
don subscribers in July, 1936. Subscribers on 
manual exchanges by asking the operator for 
' 'time" and subscribers on automatic exchanges 
by dialing "TIM," are connected to the clock and 
hear the time announced accurately to within 
1/lOth second. Calls are now ten times the num
ber made previously, and in view of the evident 
utility of the service its extension to other areas 
is under consideration. 

Installation of automatic telephone exchanges 
in Japan is making continuous progress. During 
the year fourteen step-by-step exchanges, with a 
total capacity of 53 ,200 lines, were opened by 
Teishinsho. 

Increase in private branch exchange installa
tions in Japan during 1936 is estimated to be at 
least 30,000 lines. 

An important addition has been made to the 
Buenos Aires terminal communication network 
of the Buenos Aires Great Southern and Buenos 
Aires Western Railways, now working under 
joint management. This addition consists of three 
exchanges of 250, 150, and 80 lines, respectively, 
which interwork with the existing 300-line 7-B 
Rotary automatic exchange at the Plaza Consti
tucion office. The entire network of 780 lines is 
one of the largest privately owned automatic 
P.B.X. systems in South America. 
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International Telephone and Telegraph 
Corporation Operating Companies 

Based on preliminary results for the year 1936, 
eight of the subsidiary Operating Companies of 
the I.  T. & T. show station gain greater than in 
the corresponding period of 1935. The 1935 sta
tion gain figures, incidentally, were exceeded only 
by those of 1929 and 1930. In 1935 the gain was 
58 ,000 telephones, while in 1936 it was slightly 
over 72 ,000 telephones. (The 1936 gain includes 
only the first six months' results of the Spanish 
Telephone Company, as they are the latest data 
available.) Every major company showed a 
substantial gain for the year, with the com

panies in Argentine, Rumania, Chile, Shang
hai, Cuba, Mexico, Porto Rico, and Peru con
tributing most heavily. The toll traffic handled 
by these companies was the best in their history 
and estimates are that (exclusive of the Spanish 
Telephone Company) the results for 1936 will 
surpass those for 1935 by 1 2 .33. 

In all  these companies, plant extensions were 
carried out during 1936 to meet the increased 
demand for service. Important new toll lines 
were constructed and the capacity of existing 
lines in several territories was increased by the 
application of carrier systems. 

A line constructed from Antofagasta, Chile, to 
Iquique connected the telephone system of the 
latter for the first time to the national Chilean 
network, and thus to the international network. 

In September, 1936 the City of Lima, Peru, 
joined the ranks of cities which have an entirely 
automatic telephone system. As a result of fur
ther additions to automatic equipment during 
the year, every provincial capital city of Cuba is 
now on a full automatic basis. Four new dial 
central offices were added to the United River 
Plate system in Argentina and various magneto 
offices in the outlying sections of the country 
were converted to common battery working. An 
important dial installation took place in Porto 
Alegre, southern Brazil, and further progress was 
made with the automatic programme in Chile 
and Rumania. 

Three important radio telephone extensions 
during 1936 involved these International sub
sidiary companies. The inauguration of service 
between the United States and Porto Rico in 
February, 1936, is of special interest because of 

the large trade with Porto Rico and the rapidly 
growing tourist interest in this Island. Radio 
service also was opened between Porto Rico and 
Santo Domingo ; also between Lima, Peru and 
Antofagasta, Chile. 

Power Line Carrier 

About twenty terminal equipments for power 
line carrier telephone systems have been sup
plied by the Nippon Electric Company during 
the year to several power companies. The systems 
employ different frequencies for opposite direc
tions of traffic and the carrier frequencies are not 
suppressed. In addition to the stability of per
formance achieved by an automatic vol�me con
trol , much higher quality of transmission has 
been obtained by the use of greatly improved 
filters. 

Power Transmission 

In the field of underground power cable, the 
greatest interest is directed to transmission at the 
highest voltages. To this end there have been put 
forward in the past few years various designs 
which permit a more economical utilisation of 
material at the expense of a more severe stressing 
of its electrical properties. This is rendered 
feasible by the ensured maintenance of a mini
mum fluid pressure on the impregnated paper 
dielectric. The sheath thus becomes involved in 
a new function while the simplicity of the normal 
type of solid core cable is sacrificed. 

At the higher voltages the employment of these 
pressure devices has hitherto been considered 
essential , but the upper limit to the economical 
employment of solid type cable promises to be 
raised by the development of internally compen
sated intersheath cables in which the maximum 
electrical stresses are reduced by the configura
tion adopted in the design. 

In high voltage cables, progress has been made 
in achieving a greater compactness of the active 
dielectric by the selection of more suitable ma
terials and by improved paper-lapping methods, 
by the elimination of adulterants such as oxida
tion and acid products as well as moisture, 
and by the reduction of the gaseous content 
of the cable through improved impregnation 
methods. 
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Radio Direction Finding Laboratory, Les Laboratoires Le Materiel Tf:tephonique. 

The application of fluid pressure to cables has 
called attention to the need in special cases for 
barrier joints for preventing the migration of 
compound or limiting the pressures set up within 
the cable. The development of the "Styrene 
Joint" offers many advantages, both electrical 
and dimensional, over the more conventional 
type of stop-joint. 

A "dry core" type of power cable working at 
high gas pressure has been proposed. This type 
of cable would to some extent bridge the gap 
between telephone and power cable practice and 
might find application in both fields. 

Bell's 60th Anniversary in Japan 

Early in June, 1936, the Japanese Institute of 
Telephone and Telegraph Engineers, allied with 
Teishinsho, held a convention and exhibition at 
the Mitsukoshi Department Store in Tokyo to 
celebrate the 60th Anniversary of Alexander 
Graham Bell's invention of the telephone. During 
the course of the exhibition Mr. T. Kajii, Di
rector General of Teishinsho, gave a popular 
lecture on the history of Japan's communication 
systems. In addition, Teishinsho and many of the 
communication manufacturing companies sup
plied equipments for public demonstration. 

www.americanradiohistory.com

www.americanradiohistory.com


UltraMShort Wave Radio Landing Beam 
The C. Lorenz-A.G. Radio Beacon Guide Beam System 

By R. ELSNER AND E. KRAMAR, 
C. Lorenz-A .G., Berlin-Tempelhof, Germany 

W

ITH modern methods of aerial naviga
tion and growing air traffic density, 
electrical landing facilities are of con

stantly increasing importance. Under unfavor
able weather conditions they are indispensable 
to successful aircraft operation. 
Preliminary to a description of the essential 

advantages of the C. Lorenz-A.G. ultra-short 
wave system, it may be stated that basically, it 
provides radio telegraph reception indicating the 
approach path to the airport and, similarly, two 
distance markers governing the landing process. 
When developing the system, the guiding princi
ple was to employ radio only for such purposes 
as could rtot be accomplished by other means, 
and at the same time provide a receiver which 

Dot Area 

would be electrically independent of that used 
for communication purposes, thus reducing the 
manipulation on board to a minimum. In view 
of these considerations and with due regard to 
factors such as interference from landing beacons 
of neighboring airports, the operating frequency 
had to be chosen. Because of their definitely 
determined operating ranges, only frequencies 
over 30 megacycles could be considered, both 
for the radio beacon itself and for the marker 
beacons. 
The direction of approach in the C. Lorenz

A.G. system is based on the beacon principle, 
giving side or boundary indication of the landing 
path ; and, also, at two points along this path, 
signals serving as distance markers, and indicat-
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Fig. 1-Guide Beam Landing Radio Beacon-Lorenz System. 
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ing to the pilot the distance of the machine from 
the landing field (Fig. 1 ) .  
Ultra-short waves, with their lines of constant 

field strength, may be utilized under specific 
circumstances in vertical navigation as electrical 
landing curves ; but they have not been thus 
applied in Germany during the last part of the 
landing process despite the fact that experiments 
have indicated their practicability under certain 
conditions. Difficulties in their application lie 
mainly in the fact that the course of their curve 
does not correspond to the natural glide path. 
These difficulties have been overcome with the 
help of clockwork regulating instruments which 
reshape the normal indication obtained by means 
of the beam into a straight glide path. The 
experimentally tested glide path (Gleitweg) 
process, with due regard to certain attendant 
circumstances, can be utilized as, for example, 
in Switzerland , where the glide path is followed 
down within a few meters from the ground. 
The equipment of the ground station is the 

same, irrespective of whether the method of 
electrical vertical navigation is employed or that 
at present utilized in Germany, viz . , of landing 
at a constant rate of descent (Fig. 2) . 

Outline of the Approach and Landing Proc
ess in the C. Lorenz-A.G. Ultra-Short 
Wave Guiding Beam System 

If, in consequence of poor visibility due to fog 
or other conditions, landing by means of a radio 
beacon beam is necessary, the pilot guides his 
machine to the vicinity of the airport (a zone of 
approximately 30 km. radius) by existing means 
of direction finding or homing. By means of the 
tone modulated signals radiated by the main 
beacon, he reaches the approach path marked 
by this beacon. For the reception of the beacon 
signals an automatically operating receiver is 
used, furnishing the pilot with both aural and 
visual indication of the position in the horizontal 
plane of the machine with respect to the guiding 
beam of the radio beacon. The approach path 
sector, as is well known, is defined by the inter
section of two radiation diagrams produced by 
the alternate operation of two reflector dipoles 
(Fig. 3) .  Should the airplane be outside of this 
approach path, short dots are heard on the port 
side, or dashes on the starboard side. Diver-

gencies off the course are again indicated both 
aurally and visually (Fig. 4) .  By intermittent 
deflections to left or right of the received signal, 
the indicating instrument shows the direction in 
which the pilot should steer his machine in order 
to reach the approach path in which the (comple
mentary) signals, by merging into one another, 
become a continuous note. At the moment when 
the continuous note is reached, the direction indi
cator comes to rest and indicates to the pilot that 
he should maintain his course for a safe landing 
at his destination. 
During the approach , the pilot gradually 

decreases his height to about 200 meters. At 
about 3 km. from the boundary of the landing 
field when reaching the outer marker beacon 
signal, lamp ("V") on the left-hand side of the 
visual indicator apparatus lights up and, at the 
same time, a deep note (700 p : s) is heard in 
the headphones. The pilot then throttles back 
and gliding down at an approximately constant 
rate of descent reaches the admissible minimum 
height at the inner marker beacon. The inner 
marker beacon signal is given at a distance of 
0.3 km. from the boundary of the landing field-a 
few seconds before the machine reaches this 
boundary-and is conveyed to the pilot by a 
rhythmic short-keyed high note as well as by the 
lighting of the right-hand lamp H in the visual 
indicator equipment. The pilot now knows that 
there are no obstacles to his flight in the final 
section of the landing path and can, conse
quently, further reduce the height of flight in 
order that he may bring his machine down safely 
even when ground visibility is at its worst. 
This briefly described landing method is used 

to a very great extent in Central European 
traffic. It consists in the determination of the ap
proach course to the airport as well as in the 
transmission of signals which mark two im
portant distances from the boundary of the land
ing field and which are involved in the process of 
landing. This landing method, employing land
ing beacon beams of the type used in the C. 
Lorenz-A.G. ultra-short wave system, is being 
increasingly applied in European air traffic. 

The Design of the C. Lorenz-A. G. System 

The Lorenz system of navigation necessitates a 
"ground station" at the airport, and the installa-
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tion of complementary receiving equipment 
("plane station") in the airplane. For the ground 
station , central and fully automatic remote 
control both of the main transmitter and of the 
marker transmitters is provided. On the control 
panel, indication of the correct working of all 
three beacons is provided by means of similar 
revertive signals. The airplane receiving set is 
fully automatic in operation ; it employs a mini
mum number of valves, is simple in design, and 
is light in weight. The necessary range is ensured 
by an adequate design of the ground station. 

The ground equipment comprises a 500 watt 
guide beam beacon transmitter together with 
two or four small (5 watt) transmitters for the 
transmission of the "signals, " according to 
whether one or two directions of approach flight 
are provided for (Fig . 5 ) . The remote control of 
all transmitters takes place from a central 
control set ("control station") where, also, the 
revertive signal impulses for the supervision of 
traffic are made perceptible. All the transmitters 
are crystal controlled, operating on ultra-short 
waves and are designed for all mains operation. 
They are supervised in every phase of operation 
by means of visual and audible indications at 
the "control station. " These measures doubly 
ensure the operation of every component part 
and guarantee a high degree of reliability for the 
system as a whole. They represent an absolute 
necessity for purposes of landing when visibility 
is bad. 

(a) The Radio Main Beacon Transmitter. The 
requirements for this transmitter emerge from 
the physical bases of the landing method em
ployed in the C. Lorenz-A.G. system. In addition 
to necessary constancy of radiation to provide 
constant field strength , the navigational signifi
cance of "beacon" radiation requires a high 
frequency stability as well as an adequately 
constant degree of modulation. Fundamentally, 
the circuit employs a crystal controlled oscil
lator stage from which the operating frequency 
Cf B = 33 .3 megacycles) is amplified in four stages 
and, by means of the grid potential , the fourth 
stage is tone modulated. The transmitter is 
shown in Fig. 6a, where the disposition of the 
constituent equipment may be seen. In the lower 
part are housed the component aggregates for the 
power supply which, in addition to the ventila
tion devices for the transmitter container, also 

Fig. 4-Visual Indicator Equipment Mounted on the 
Dashboard of a Commercial Airplane in Con}unction with 
Other Navigational Instruments. 

include the high and low tension rectifiers 
(selenium rectifiers and smoothing devices) . 
Above this equipment are the component sections 
intended for the circuit distribution of the feed 
potentials including all the associated testing 
instruments and also the auxiliary devices used 
for modulation of the operating frequency and for 
the keying of the associated radiation system. 
Near the cast iron transmitter container, a 
quick acting voltage regulator operates from the 
local 3-phase mains regulated to ±0.5%. The 
beacon transmitter is installed in a specially 
provided, small brick building from which feeder 
and keying lines connect to the radiator system. 
The latter consists of an energizing dipole, which 
is fed from the transmitter terminal stage, and 
on both sides of which a reflector dipole is placed 
at an interval of A/4. These , with the energizing 
dipole, are in a plane vertical to the guide beam 
plane and are fed by radiation coupling. The 
complete vertical radiation system is mounted on 
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stiffened wooden masts erected directly in front 
of the beacon building (Fig. 6b) . 

(b) The marker beacon (signal) transmitters 
function on an operating frequency of fE = 38.0 
megacycles and differ, from a high frequency 
aspect, from the beacon transmitter only in the 
number of amplifier stages (Fig. 7) .  According 
to the purpose for which they are to be used, 
the modulation frequency is either 700 p : s (for 
the outer marker beacon signal) or 1 ,700 p : s 
(for the inner marker beacon signal) ; the allo
cated keying series are shown in Fig. 8. The 
current supply of the signal transmitters is 
arranged for mains connection, the anode and 

initial grid potential being obtained by means of 
dry rectifiers. The transmitter itself is of a rigid 
and concentrated design and includes complete 
mounted keying and revertive signal equipment 
as well as all the accessories. 

In addition to being remotely controlled all 
transmitters can be put into operation locally by 
means of switching devices which are conven
iently accessible on the transmitter front panel. 
In practical operation they are normally con
nected and disconnected from the "control 
station" which is generally installed in the 
control tower of the airport. 

(c) Transmitter Radiation Fields. The arrange
ment of the radiation fields, in relation one to 
another, is illustrated in Fig. 1 .  It shows how the 
approach path sector-produced as a result of 
the keying rhythm of the main transmitter by 
the alternating operation of the reflector dipole 

-is intersected at two characteristic points by 
the two radiation fields of the signal transmitter. 

With regard to all the transmitters, the follow
ing may be said : in principle, importance is at
tached to easy manipulation and control of the 
correct operation of all the component apparatus. 

The transmission of the marker signals neces
sary to the landing process is effected by the up
wardly directed, horizontal dipoles of the signal 
transmitters. The correct time period of reception 
(so-called wall strength) of the marker signals 
during flight is obtained by influencing in a 
simple way the radiation field of the horizontal 
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Fig. 5-Plan of a Complete Ultra-Short Wave Radio Beacon Landing System (C. Lorenz-A .G. System). 

www.americanradiohistory.com

www.americanradiohistory.com


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

Fig. 6-Radio Beacon Guide Beam Transmitter. (a) The 
Beacon Transmitter Inside the Protecting Hut. (b) The 
Hut with Complete Radiation System. 

dipoles. By a suitable arrangement of a wire 
netting, which may be regarded as a reflecting 
surface, it is possible with the dipole placed at 
about 'A/2 above the surface to attain the required 
vertical radiation, the separation of the dipole 
from the reflection surface being considerably 
less at its center because of the curvature of the 
netting (Figs. 9a and 9b) . Fig. 10 shows the 

characteristic curve of this vertical radiation. 
The marker transmitter is housed in a wooden 
hut below the netting. 

Operation of Ground Station. As already men
tioned, the easy supervision at any time of the 
operation of all component parts is of exceptional 
importance in view of the purpose of the system. 
This is accomplished by means of visual and 
audible signals on the same apparatus from which 
the switching is done. The "control station" is 
accordingly the nucleus of the navigational sys
tem and, at the same time, the agency that regu
lates and supervises the manifold switching 
processes pertaining to traffic operations. The 
operating control of all transmitters is based on 
the revertive signal process : the mains voltage 
and demodulated antenna currents from all trans
mitters are carried back to, and suitably indi
cated at, the control station. The same operating 
supervision directly at the individual transmit
ters themselves is also provided. 

In practice all transmitters are put in operation 
by means of one main switch on the remote 
control panel. 

When planning the ground station the direc
tion of approach to the airport for (perfect) 
landing is determined with due regard to the 
direction of the wind. 

The main switch on the remote control panel 
with its corresponding control contacts indicated 
in color on the panel is so arranged that by 
switching either to one or the other side the 
appropriate marker beacons for that particular 
direction of approach are brought into operation. 
Simultaneously, by the same means, the keying 
of the beacon transmitter is adjusted in a manner 
such that dots are always transmitted to the port 
side of the course. These measures obviously add 
to the degree of safety in the carrying out of this 
navigation process. 

On the front panel of the "control station" 
(Fig. 1 1 )  colored signal lamps show the presence 
of mains voltages and meters show that the 
transmitters are actually working the needles of 
these meters, swinging in the keying rhythm of 
each particular transmitter. Along with these 
purely visual signals, arrangements may be made 
for listening to the different keying signals and 
modulation frequencies by means of telephone 
control . Furthermore, any trouble is indicated 
acoustically by the operation of an alarm whistle 
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Fig. 7-Keying Sequence. 

Fig. 8-"Signal Transmitter" with Mains and Antenna Cable Connected. 
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Fig. 9a-Complete Signal Trans
mitter System. 

C O M M U N I C A T I O N  

and visually by the warning signal of a drop 
indicator. In addition , simple means are provided 
for the quick testing of all control and revertive 
signal lines to all transmitters. 

Revertive signal equipment which, in par
ticular, is intended for checking the dipole relays 
and which is mounted near the transmission line, 
is an additional means of supervising locally the 
beacon transmitter. 

The plan in Fig. 5 shows the fundamental de
sign of the ground station in its electrical associa
tion with the central control and supervisory sta
tions provided for two directions of flight and, 
correspondingly, four signal transmitters. The 
spacing of the complete ground system is depend
ent on the position of the airport and, above all, 
upon the immediately surrounding conditions. 
It is, therefore, determined as occasion arises. 

The Airplane Receiving System (Airplane Set) 
for Landing Purposes. The airplane receiving 
system serves to receive the high frequency sig
nals which follow one another successively on the 

Fig. 9b-Signal Transmitter Erected in Wooden Hut under the Reflector Arch. 
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Fig. JO-Radiation Characteristic Curi1e of the Signal Transmitter. 

principle of the landing method. It consists of the 
receiver and two associated receiving antennae. 
The apparatus for the pick-up of the beacon fre
quency is a simple amplifier which has a high 
frequency amplifier stage, a detector, and a low 
frequency amplifier. Automatic amplifier regu
lation maintains the sound volume fluctuations 
in the headphones (Fig. 12)  within admissible 
limits even with very considerable field strength 
alterations during flight .  A special detector, 
mounted in its own metal container, is provided 
for the reception of the marker beacon signals. 
It retransmits the demodulated tone frequencies 
of the outer marker beacon signals to the low 
frequency amplifier of the beacon receiver. Here, 
therefore, all three modulation notes of the 
ground transmitter are amplified. A filter net
work (frequency filter) , adjusted to the existing 
tone frequency, filters the modulation frequencies 
of the marker signal transmitter (700 p : s or 
1 ,  700 p : s, respectively) and passes these low 
frequency voltages on to the visual indicator 
apparatus� During the approach to the radio 

Fig. 11-The "Control Station." 
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beacon, an approximate idea of its distance is 
obtained by means of a vertical indicator instru
ment which is in the visual indicator set and 
which is connected through a rectifier to the low 
frequency amplifier. The modulation frequency 
of the main beacon ( 1 , 150 p : s) governs the 
amplifier regulation as well as the indication of 
distance and divergence to the side. Special 
equipment, which is connected to the low fre
quency amplifier through a rectifying arrange
ment, and which is mounted horizontally in the 
instrument container of the visual indicator set, 
indicates divergences to the side and serves to 
clearly determine the course of the airplane. Dur
ing flight, a switch mounted in the operating set 
on the dashboard of the airplane is placed in the 
"approach" position, and amplifier regulation is 
effected. (For the purpose of glide path landing
vertical navigation-this switch is thrown to 
"glide path " at the outer marker beacon signal , 
whereupon automatic amplitude regulation is 
disconnected.) The airplane battery provides the 
power supply for the receiving set and operates 
the converter ; the latter supplies power for the 
filament lamps as well as the necessary voltage 
for the anode circuit of the amplifier. An example 
of a typical installation of an airplane set in 
an airplane of the "Deutschen Luft-Hansa" is 
shown in Fig. 13.  

Delee/or 
7.9m. 

A vertical dipole about 90 cm. in length , con
nected through a suitable transformer to the 
receiver input, serves as an antenna for the 9 
meter wave of the beacon transmitter (Fig. 14) . 
A horizontal dipole consisting of two copper tubes 
about 1 meter in length is used for the reception 
of the marker signals. These copper tubes are 
fastened at an interval of about 5 cm. along the 
airplane and under the fuselage by means of 
streamlined supports, and are connected through 
a transformer to the detector. The complete air
plane receiving equipment, accordingly, consists 
of the beacon receiver, which contains the com
mon low frequency amplifier, the detector, and 
the frequency filter, as well as the battery box 
or a rotary converter. On the dashboard of the 
airplane is mounted the visual indicator set which 
includes the two instruments indicating the dis
tance and the deviation from the course as well as 
the two signal lamps. 

Ultra-Short Wave Landing Radio Beacons 
in the European Air Communications 
System 

If it be recognized that adaptation of the 
requisite ultra-short waves to this landing proce
dure makes normal aircraft radio communication 
on medium waves for additional direction find-
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Fig. 12-Fundamental Circuit Diagram of the Airplane Set. 
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Fig. 13-Installation of a Receiving Set in Goods Carrying"Airplanes Belonging to the 
Deutschen Lufthansa. 

ing indication unnecessary and, also, that the 
normal airplane radio equipment is available for 
communication purposes during the last minutes 
prior to landing, a very essential advantage will 
have been achieved from the viewpoint of the 
service organization ; this, quite apart from the 
fact that navigation on ultra-short waves is, in 
practice, not interfered with by simultaneous 
transmission and reception on medium waves . 
Furthermore, the ground equipment necessary 
for this landing method is designed so that it can, 
without difficulty, be introduced into existing 
ground station radio organizations. As early as 
the year 1932,  under the direction of German 
Air Authorities, an experimental system was 
erected by C. Lorenz-A.G. for bad weather 
landing at the Berlin-Tempelhof airport and was 
demonstrated to those attending the Interna
tional Air Service Conference in January, 1933 . 
The next conference (Geneva, 1934) , also the 
Meeting of Experts (Paris, November, 1 933 ,  
and Warsaw, September, 1 934) , dealt with the 
improved design of this system and determined 
the operating frequency for the guide beam 
beacon as well as for the marker beacons, 

together with the associated modulation fre
quencies. These decisions and further practical 
experience led, during the last two years, to a 

rapid extension of the landing radio network in 
Germany and, from time to time, other European 
countries have adopted it. Today, the following 
German state airports are equipped with radio 
landing systems :  Berlin, Breslau, Danzig, Leip
zig, Frankfurt a/M . ,  Hamburg, Hannover, Koln, 
Konigsberg, Miinchen, Niirnberg, Stettin, and 
Stuttgart. Amongst foreign airports, the follow
ing already have complete sets : London (three 
radio landing systems) , Milan, Paris, Stockholm, 
Warsaw, Vienna, and Zurich ; similarly, Japan 
and Russia. 

These radio landing systems are in preparation 
for Budapest, Prague, Rome, Venice, as also for 
Poland, Australia ,  South Africa, and South 
America. 

In view of the great significance of the air 
service in modern communications, the landing 
radio beacon offers security facilities which can no 
longer be disregarded. It is, in fact, fundamental 
to developments in the important branch of 
aeronautics pertaining to safety. 
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Fig. 14-The Antenna Arrangements of the Airplane Set. 
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Installation of Radio Distribution 
in the Beaujon Hospital, Paris 

By G. MEUNIER 
Le Materiel Tetephonique, Paris, France 

THE Beaujon Hospital, erected at C 

. .  

lichy 
in 1 934, with its twelve stories sur
mounted by its water reservoir, con

stitutes one of the highest buildings authorised to 
be built in the Paris area. It is also the most 
modern hospital. Perfectly ventilated, it faces 
south with a frontage of over 100 meters, and 
comprises on each floor four large common wards, 
disposed in rack-tooth style, where the private 
wards, resting, dressing, and operating chambers 
are located, as well as all other associated ac
cessories of this immense "hospital-factory. " 

More than 1 ,000 beds are available. On each 
floor, terraces prolong each ward, thus enabling 
patients to remain for long periods in the sun and 
open air under the best possible hygienic condi
tions. The last two stories, more especially re
served for the treatment of consumptives, are 
entirely disposed in terraces to which access is 
obtained from the common and individual wards 
through large windows. 

Annexes are located at the rear of the main 
building. They are equipped in an up-to-date 
manner for supplying power, light, and heat to 
all the buildings. 

The dressing and operating rooms for special 
treatments (radiography and radiothermy) are 
provided with the most modern equipment. 

The engineers of the "Poor Law Administra
tion , "  who collaborated in creating this beautiful 
building, considered that above all, it had to be 
pleasant and agreeable both to patients and 
visitors. They endeavoured to eliminate all signs 
of sadness and did their utmost to achieve an 
atmosphere of cheerfulness. Air and light are 
abundant, and the view of Paris from the 
terraces is magnificient. The decorations of the 
wards, all different, are bright and pleasing. 

It was appreciated that, unfortunately, highly 
pleasant surroundings will not prevent patients 
from becoming bored, and radio was resorted to 
as the best means of diversion. Several hospitals 
in France had already been equipped \vith radio, 
the initiative in furthering these installations 

having been due more to social groups than to the 
hospital managements. For a considerable time, 
patients themselves have had radio sets installed 
in nursing homes or sanatoriums. While some
times quite rudimentary, these, nevertheless, 
afford the patient and his companions consider
able pleasure. 

Prior to the Beaujon Hospital installation, Le 
Materiel Telephonique had carried out two in
stallations in similar institutions : one for 50 head 
receivers at the Compiegne Hospital and another 
for 300 at the Colmar Hospital. The Beaujon 
Hospital project was of much greater magnitude, 
since 900 beds were to be provided with radio and 
40 rest wards with loudspeakers having ad
justable volume. 

The decision to instal radio distribution in the 
Beaujon Hospital was made at a time when the 
erection of the building was well advanced ; and, 
prior to approaching the firms capable of carrying 
out such an installation, an order had been placed 
with the general contractor for the installation of 
the radio distribution lines. These lines were 
composed of single-pair 0.65 mm. lead-covered 
telephone cable ; therefore, their capacity was not 
adequate for distributing several programmes 
simultaneously or for operating the forty loud
speakers in the rest rooms with sufficient volume. 

In view of the foregoing, it was decided to 
adopt distribution at low power, i.e. , at a level 
allowing only for direct listening with head re
ceivers. Loudspeakers connected in place of head 
receivers were provided with an amplifier fed 
directly from the power supply. 

The distribution center was required to provide 
rediffusion of : 
( 1 )  Record music by means of two pick-ups, 
(2) Musical retransmissions brought in directly 

by the P.T.T. from the different Paris 
theatres over telephone lines. 

(3) Orchestral music or songs produced in a 
studio specially provided for this purpose 
in the hospital itself, 

(4) Announcements and news items transmitted 
at the distributing apparatus itself. 

207 
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Beaujon Hospital, Paris. 

Equipment for meeting these different pur
poses was designed as follows : 

The radio receiver consists of a Type 63, Le 
Materiel Telephonique radio set, and is located 
on the second floor of the building. An anti
parasite lead-in, a filtrostat system, and a single 
wire antenna are used. 

This set can operate, either the power ampli
fiers or the control loudspeaker placed in the 
cabinet, thus permitting the selection of a station 
while another programme is being furnished to 
the patients. 

The pick-up, Type 104-A, in an oil bath, the 
announcer's microphone of the diaphragm type, 
the studio microphone of the electrodynamic 
type, and the line from the theatrophone termi
nate in a special preamplifier. 

The radio receiving set or the special pre
amplifier is connected to two No. 12 12  amplifiers, 
each with two 2-A.3 tubes in push-pull, and 
capable of giving a modulated power of ap
proximately 10 watts per amplifier. 

A second group of two amplifiers, Type 1 2 1 2 ,  
has been foreseen, as a spare group to replace the 

former, or for joint working in the event of an 
extension of the installation. 

All the operations enabling the transm1ss1on 
of one of the five types of programmes con
templated are made by means of relays. A key 
and a lamp signal in the middle of the center 
panel of the cabinet correspond to each of these 
retransmissions. 

To effect the retransmission of a given pro
gramme, it is only necessary to throw the cor
responding key, with the result that the preced
ing programme is cut off and the connection 
between the power amplifiers and the distribution 
lines is momentarily interrupted, thus allowing 
the operator to adjust the retransmission without 
causing inconvenience to the patients. Upon re
storing the key to its normal position, the connec
tion between the amplifiers and the distribution 
lines is secured again . 

Another key allows for the suppression of the 
other key positions without any programme be
ing switched on. Finally, the announcer's micro
phone is operated by a special key : by operating 
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it in one direction, the programme transmitted is 
suppressed and the announcer's microphone is 
connected ; by opera ting it in the opposite 
direction, the preceding programme is again 
switched on. 

The control loudspeaker can be used either on 
the distribution, i .e . ,  after the amplifiers, or only 
on the radio receiving set for selecting a station. 
This loudspeaker, naturally, remains in circuit 
when changing the programme, the connection 
between the power amplifiers and the distribution 
lines being suppressed. On the other hand, the 
loudspeaker is automatically cut off when the 
key connecting the announcer's microphone is 
operated. 

The control equipment utilises about ten relays 
of the automatic telephone type and is fed from 
alternating current ( 1 1 0  volts, 50 cycles) through 
a selenium rectifier. A lamp signal installed near 
the auditorium microphone indicates whether the 
latter is connected. Finally, a switch placed 
near this microphone enables the artists to cut off 
the transmission when their performance is 
finished. 

The control loudspeaker is paralleled by an 

output power level indicator and can thus be cut 
out without losing the distribution control. 

The whole equipment, mounted in a metal 
cabinet, has the operating and control apparatus 
described above placed on its face and includes 
two pick-ups on a desk-shaped shelf. The lower 
front portion contains a record filing cabinet ; the 
lower rear houses the power amplifiers. 

In planning the installation, much attention 
was paid to the detection of trouble on lines or 
distributing apparatus (head receivers and loud
speakers) . It was almost impossible to equip the 
distribution circuits with fuses sensitive enough 
to cut out defective lines or apparatus auto
matically, particularly in the case of a partial 
short circuit or insulation defect. Hence the 
installation was divided into a certain number of 
sections, in principle one section per floor, each 
with an individual line to the operating cabinet. 

Every line is controlled by a two-position key, 
permitting connection to the power amplifiers 
through a fuse or the cutting out of amplifiers, or 
else the closure of a circuit to an ohmmeter in the 
operating cabinet. 

When a fuse is blown, indication is given to the 

Head Receivers in Use. 
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operator by the lighting of a lamp corresponding 
to the defective circuit. It is then easy for him to 
throw the corresponding key so as to connect the 
line to the ohmmeter and thus determine whether 
the trouble is permanent or momentary. The elec
trician in charge of maintenance makes a careful 
test of the line by insulating successively at the 
cut-out boxes the different sections of the line, 
and thus rapidly locates the trouble. 

If the trouble is not such as to blow the fuse 
but is interfering with the retransmission as a 
whole, it is easy, by connecting the lines one 
after the other to the ohmmeter, to locate the 
defective circuit, to momentarily insulate it, and 
to make a quick check without disturbing the 
rest of the installation. 

Head receivers, meeting special requirements, 
were provided. They are very light in weight and 
do not press on the patients' heads ; they are 
practically unbreakable and capable of being 
frequently disinfected in formaldehyde fumes. 
A volume control is readily accessible to the 
patient. Further, it was desirable that receivers 
might be detachable from the head band so that 
patients might hold them by hand. The existing 
L.M.T. model was modified to meet these 
requirements. 

The ear pieces, in black moulded material, 
were replaced by white ones of a material similar 
to Polopaze. The volume control is of special 
design. It is housed in a white box of a material 

. similar to the receivers and is connected to the 
middle part of the cord so that the patient may 
reach it quite easily. 

A special cord was developed to resist formal
dehyde fumes. It is equipped with a telephone 
type plug. The corresponding jack is contained in 
a metallic junction box which is white enamelled 
and is mounted on the wall for connection to the 
lead-covered cable. 

A resistance shunts the line when the head re
ceiver is removed, in order to avoid changes in 
volume with variation in load. 

The loudspeakers installed in the rest rooms 
employ a 22 cm. diaphragm similar to that used 
in radio receiving sets and an amplifier with two 
stage triodes giving a power of approximately 
1.5 watts. 

In place of an input transformer, the grid is 
connected directly to the distribution line through 
a set of resistances and a potentiometer. The 

Programme Distribution Switchboard. 

pilot lamp shows whether or not the apparatus is 
energised. 

A tone control provides an especially suitable 
frequency curve. This was deemed necessary 
inasmuch as the rooms in which the loudspeakers 
are installed have highly unfavorable acoustic 
properties. 

The Beaujon Hospital installation has the 
following characteristics : 

Distribution at 4 to 5 volts approximately, 
Power of the distributing center : 20 to 40 watts, 
The simultaneous feeding of 500 to 900 head 

receivers and of 40 loudspeakers of 1 . 5  watts 
by means of amplifiers. 

The distributing center is located in the li
brary of the hospital. It is operated by the 
librarian, since the design is such that no special 
technical knowledge is required for operating the 
equipment. 

This installation constitutes a standard for 
radio distribution in French hospitals. Several 
other institutions-sanatoriums, nursing homes, 
schools, etc.-are now contemplating the instal
lation of a similar system. 
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Propagation Tests with Micro-Rays 

By A. G. CLAVIER 
Les Laboratoires Le Materiel Tetephonique, Paris, France 

THIS paper relates to tests on propaga
tion of micro-rays, which were carried 
out between experimental stations at 

St. Margaret's Bay (England) and Escalles 
(France) during the latter part of July and the 
beginning of August, 1935.  

It had been known for some time that, on the 
frequency of 1 ,700 megacycles per second, which 
had been in use between the micro-ray stations 
at Lympne and St. lnglevert aerodromes, varia
tions of signal strength were actually occurring, 
particularly during the hot days of the year. The 
tests here considered were undertaken in order 
to ascertain what influence a change of wave
length would produce on the amplitude and fre
quency of these fading phenomena. 

The type of valves which was used did not 
differ from that in operation on the Lympne-

-1---- ---------F----1" 
C D 

Fig. 1-Schematic Oscillating Circuit of a Micro
Ray Valve. AOC is the Oscillating Electrode and 
ABGDC, the External Circuit. 

St. lnglevert micro-ray link. Descriptions of these 
micro-ray valves have already been given.1 • 2 • 3 

I " Production and Utilisation of Micro-Rays," by A. G. 
Clavier, Electrical Communication, July, 1933. 

2 "The Anglo-French Micro-Ray Link between Lympne 
and St. Inglevert," by A. G. Clavier and L. C. Gallant, 
Electrical Communication, January, 1934. 

a "Micro-Ray Communication," by W. L.  McPherson 
and E. H. Ullrich, Journal of the Institution of Electrical 
Engineers, 1936, Vol. 7'8., No. 474. 

Fig. 2-Chart Showing Ranges of Wavelengths Produced by a Micro-Ray Valve (Type K). y is the 
Length of Transmission Line Leading to the Doublet and ;\., the Wavelength m cm. 

2 1 1  
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Fig. 3-Arrangement of Antennae for Propagation Tests. 

They are made of three electrodes having a cylin
drical symmetry, the tungsten filament being the 
axis of the structure, and a helicoidal oscillating 
electrode being provided with two wires connect
ing its extremities to the load circuit. The exter
nal electrode is a molybdenum cylinder, the axis 
of which coincides with the filament. 

Since some of the components of micro-ray 
equipment are closely related to the frequency 

OET. 

employed, it was decided to carry out the tests 
on a few frequencies of suitable separation. 
Valves and other components were then designed 
for these frequencies. 

The main factor underlying the design of a 
micro-ray valve for a specified frequency range 
has been found to be the length of the wire of 
the oscillating electrode. 4 This can be shown by 
the following considerations. 

The mechanism of electron movements inside 
the valve results in the production of a negative 
leakance along the wire of the oscillating elec
trode when suitable voltages are impressed on 
the electrodes. Thus, if we represent the oscil
lating circuit as in Fig. 1 ,  it is made of two parts, 
one, AOC, being the oscillating electrode itself 
and the other, ABGDC, the external circuit. 
When stationary conditions are obtained, it can 
be assumed that 0 and G are nodal points for the 
oscillating voltage. Then call V the difference in 

4 United States Patent 1,959,019, March 7, 1932. 

+ B. F. AMP. 

VOL.LIME: 
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Fig. 4-Schematic of Receiving Equipment at St. Margaret's Bay. 
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Fig. 5-Mounting of Two Receiving Valves on One Electro-Optical System at St. Margaret's Bay. 
L1 Transmission Line Leading from Antenna A i  to Receiving Valve V, Behind the Paraboloidal 

Reflector M1•  
L2 Transmission Line Leading from Antenna A2 to Receiving Valve V, Behind the Hemispherical 

Reflector M2•  
Hi. H2 Metal Coverings for Receiving Valve Assembly. 

volts between any point X of the oscillating 
electrode and point 0. Let i be the high-fre
quency current and r, l, g, c the usual resistance, 
inductance, leakance, and conductance coeffi
cients per unit length. The voltage and current 
relationships may be expressed as follows : 

av . ai 
- - = ri+z -, 

is obtained when 

and 

lg+ cr = O, 
er 

g = - -
l 

2 1 3  

ax at 
ai av 

- - = gV+ c- · 
Taking (3 as the positive square root, the solution 
takes the following form : 

ax at 

From these equations the following general ex
pression may be derived : 

a2V ( a ) ( a ) 
- =  l -+r c - + g  V. ax2 at at 

A solution of the form 

V= V0ei <wt-fJxl ,  where j = ...J-=1, 

Assuming that point 0 is a nodal point for the 
voltages V1 = - Vi, 

V= - 2j Vi sin (3x X eiwt. 

It is then found that 

. . 2(3 V1 . 
i =1 --. - cos (3x X eiwt. 

r+Jlw 
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Fig. ti-Propagation Tests Between St. Margaret's Bay, England, and Escalles, France, Showing Signal Strength A bove 
Noise Level. 

Between two points X and X', symmetrical 
with respect to 0, the voltage amplitude will be 
-4j V1 sin {3x. It follows that the internal impe
d ance between the extremities A and C of the 
electrode will be 

2r A fl A Z; = - {i tg{3 2 - 2j \J� tg{3 ?, ' 

when A is used to designate the length of the 
wire of the oscillating electrode. 

Now the external circuit can be considered as 
a transmission line AB, CD with a load R at the 
end due to radiating resistance. 

Let 
AB = CD = y; 

then, if Z is the surge impedance of the trans
mission line, the input impedance is 

z = Z R cos {3'y -jZ sin {3'y. " Z cos {3'y -jR sin {3'y 

\Ve shall consider {3' as approximately equal to {3, 
which means that the propagation of the waves 
along the oscillating electrode and the trans· 
mission line will be assumed to be identical . 
Moreover, R will be assumed as relatively small 
compared with Z. For instance, in the case of 
two wires AB and CD 18 mm, apart, with a 
diameter of 2 mm. , Z is approximately equal to 
345 ohms and R to 8 ohms. In this case Ze be
comes approximately equal to 

R . Ze � -yZtg{3y. 
cos2 {3y 

The conditions for sustained oscillations may 
then be written 

2r A R - -tg{3- + -- = 0  
{3 2 cos2 {3y ' 

- �-l A l' 
2 '-tg{3- + -tg{3y = 0. \J c 2 c' 
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Considering' only the simplified case when 

rf_ = 2  �. '\J? '\J� 
i.e. , assuming there is no discontinuity in char
acteristic impedance on either side of A C, the 
condition which determines the wavelength is 
then 

A + 2y 
A = --- , 

m 

where m is any integer. 
The condition for sustained osciliation is then 

r . 
-�sm J)A+ R = O. 

This implies that sin /)A > O  and determines the 
ranges of possible wavelengths 

A > 2A, 
2 

A > A > 3A, 

A 2 
2 > A >5A. 

But the output delivered to the doublet BD is 
not constant throughout each possible range. 
This output can be calculated as a function of 
the circuit elements and is found to be 

,.,, "" 
23 J ILLE.T 

A maximum occurs when 

in which 

7r 
2J)y = (2k + 1) -, 

2 

m 

so that we obtain 

8y 
-- = 2k + 1  
A + 2y ' 

m 

where k is, like m, any integer. 
It is thus possible, for a given length A of the 

electrode wire, to draw a chart, such as Fig. 2 ,  
which gives as  a function of the length y of  the 
transmission line the possible wavelengths which 
will be produced by the valve provided suitable 
electronic conditions for oscillations are obtained 
inside the structure. 

Fig. 2 applies to a type of micro-ray valve 
for which A = 2 1 .5 cm. Region (2) corresponds to 
a very short wavelength, and the length y for 
which this would be obtained falls within the 
bulb of the valve. It is, therefore, region ( 1 )  
which i s  usually employed. 

This corresponds to m = 2 and k = 1 ,  and the 
maximum output is obtained when 

3A 3A 
y = - = -· 8 10 

5 
A =4 A· 

D �� I/' I _,,!>' """ �, / \\ '', / <>-7 ""'- lP \ 1 I I ,/ .J>-· . t -..,/ I � \ l\ \ / \ ; Q,I" 

,,, j " 

Fig. 7. 
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It  must be remembered that this condition re
sults from simplified theoretical considerations. 
But experiment gives the same order of magni
tude and the same general sequence of oscillation 
frequencies.4 ' 5 

. 
For instance, valves designed for an optimum 

wavelength of 
2 1 . 5  X4 

5 
1 7 . 2  cm. 

operated satisfactorily on that wavelength al
though a larger output was obtainable from the 
same valves on 1 9.4 cm. ,  the length of the trans
mission line being then about 7 cm. Considering 
that this transmission line is far from possessing 
uniform properties as it must go through the 
glass of the bulb, the approximation obtained 
can be considered as satisfactory. Moreover, 
when applied to other valves designed for differ-

5 "Vacuum Tubes as High-Frequency Oscillators," by 
M. J. Kelly and A. L. Samuel, Bell System Technical Jour
nal, Vol. 14, January, 1935. 

ent wavelengths, the order of magnitude has 
always been found to be correct, and in certain 
cases the agreement between theory and prac
tice proved to be quite satisfactory, particularly 
for longer wavelengths (up to 30 cm.) . For these 
longer waves the diameter of the oscillating elec
trode was larger and the apparent internal char
acteristic impedance was probably nearer to the 
impedance of the external transmission line. It 
was thus found possible to manufacture sets of 
valves suitably designed for different wave
lengths, ranging from 10 to 30 cm. 

As already mentioned, the tests were carried 
out between St. Margaret's Bay and Escalles 
where there were available the two experimental 
stations which had been erected for the original 
demonstration of a telephone micro-ray, cross
channel link in March, 193 1 .  Each experimental 
station was provided with two reflectors only 
and, in order to make simultaneous observations 
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on several wavelengths, one reflector of each 
station was equipped with two valves. Fig. 3 
shows what arrangement finally was decided on 
in the experiments under review. 

Fig. 4 shows the schematic of the circuits used 
at St. Margaret's Bay on the receiving side. Two 
valves V1 and Vi were used, the first one as a 
receiver for the 29 cm. wavelength and the second 
one as a receiver for the 20 cm. wavelength. The 
corresponding antennae A 1 and A2 were placed 
at the focal region of the electro-optical system 
and at right angles. The 29 cm. receiving valve 
was mounted behind the paraboloidal reflector 
in the usual way, but the 20 cm. receiving valve 

was mounted behind the hemispherical mirror 
M2• As formerly indicated, 6 the radius of this 
hemispherical mirror should, for optimum opera
tion, be equal to an integral number of half 

6 "Reflectors and Transmission Lines Jor Ultra-Short 
Waves, "  by R. H. Darbord, L'Onde Electrique, 1932, 
Vol. 11.  
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wavelengths. M2, having a radius of 29 cm. ,  was 
practically suitable for both wavelengths. A 
switching arrangement I was used to receive 
either on one wavelength or the other. 

The second reflector, at St. Margaret's Bay, 
was used for transmission on 1 8  cm . 

At Escalles, one reflector was used to transmit 
on 20 cm. and to receive on 1 8  cm. ,  and the 
second reflector was used to transmit on 29 cm. 

On the transmitting side, modulation was 
effected by applying voltages in a suitable ratio 
to the oscillating and reflecting electrodes of the 
transmitting valve in a way which has previously 
been explained.1 Great care was taken to apply 

constant voltages on the valves. 
This equipment proved to be quite satisfactory 

and no appreciable perturbations occurred be
tween the two different receiving equipments. 
The system was entirely symmetrical and very 
easily protected against bad atmospheric condi
tions, as shown in Fig. 5 .  
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The method used for reception has previously 
been mentioned,3 but further explanation may be 
of interest. When the micro-ray valve is suitably 
adjusted , it can perform two different functions 
simultaneously. First, it can be made to oscillate 
on a micro-ray frequency and, secondly, it can 
be used to produce an intermediate frequency, 
this second frequency bearing no numerical rela
tion whatever with the micro-ray frequency. 
Consider, for instance, in Fig. 4, the 20 cm. 
receiving valve. In circuit C02, for suitable values 
of the voltages applied to the valve, an oscillation 
of micro-ray frequency F will be sustained, but 
in circuit C2L'2 there may also be produced oscil
lations of an entirely different frequency f. This 
frequency f is primarily conditioned by the cir
cuit components C2 and L'2, but it also depends 
on the apparent capacity offered by the micro
ray valve. This capacity is, so to speak, shunted 
across condenser C2. 

' 
5 AOUT 

" /\. _ ...... 

This valve capacity has been found to vary 
according to the micro-ray voltage applied across 
the oscillating electrode. This can be explained 
as a result of a variation of the dielectric constant 
of the medium between the valve electrodes, the 
variation being caused by a corresponding varia
tion of the density of electrons in the same 
medium. 

When an incoming micro-ray wave of suitable 
frequency is impressed on antenna A2, the high 
frequency potential along the oscillating elec
trode is varied and the apparent capacity shunt
ing C2 is also varied. These variations follow the 
change in amplitude of the incoming micro-ray 
wave. Therefore , the frequency which is pro
duced in circuit C2L'2 undergoes a variation, and 
a frequency modulation of the intermediate 
frequency f is obtained, its amplitude remaining 
substantially constant for suitable adjustments 
of the voltages impressed on the micro-ray valve. 
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This local frequency modulated wave is sub
sequently transformed into an amplitude modu
lated wave by means of a resonant circuit and 
is then passed to the usual amplifying and 
detecting equipment. Additional low frequency 
amplification may be used, followed by a second 
detection, the signal then being applied to a 
standard volume indicator. 

It is easy to adjust the 29 cm. receiving valve 
so that the intermediate frequency produced in 
circuit LiC1 is the same as that produced in 
circuit C2L' 2 in the absence of any external micro
ray signal . 

Comparison between signal levels and local 
noise levels can then be effected easily by means 
of the switch I. A series of long dashes was sent 
from the transmitters at frequent intervals ,  and 
measurements were based on the number of deci
bels of attenuation which it was necessary to 
take out of the measuring circuit in order to 
bring the noise level up to the same level as the 
signal. The results of the measurements are given 
on the accompanying charts (Figs. 6 to 10 in
clusive) . Though such results do not lead to any 
clear explanation of the propagation circum
stances, they have definitely proved that these 
circumstances differ widely according to the 
wavelengths used, at least on the circuit under 
investigation. 

The effect of the tide appears to be masked 
by irregularities in the flow of water in that part 
of the English Channel over which transmission 
took place. Certainly, results varied from day to 
day and transmission conditions appear to be 
different when the sea is smooth or rough. 

Local interference in front of the receiving 
reflector is of very great importance. People 
walking along the cliffs caused very large sudden 
changes in the received signal strength. A similar 
effect occurred when ships were crossing the line 
of the beam at a certain distance. It can thus be 
inferred that an important part of the signal 
strength instability comes from the changes in 
the local interference pattern. 

The effect of purely meteorological conditions 
could not be detected with reliability. As previ
ously noticed, fading is apt to occur more fre
quently when the weather is hot, the humidity 

high, and the wind light. The signal strength on 
all three wavelengths was, as a rule, more stable 
in the morning than in the afternoon. 

Reliable measurements have been taken for 
1 1 7  hours during which the 18 cm. signal strength 
remained 18 db. above noise level for 99 hours ; 
the 20 cm. signal strength remained 18 db. above 
noise level for 94 hours ; and the 29 cm. signal 
strength remained 18 db. above noise level for 
96.5 hours ; that is, 84.63 of the time for 18 cm. ; 
803 of the time for 20 cm. ; and 82 .53 of the 
time for 29 cm. 

If we now compute the percentage of time 
during which a combination of any two wave
lengths would have produced signals remaining 
18 db. above noise level, the following results are 
obtained : 

18 cm. + 20 cm.-943 of the time ; 
18  cm. +29 cm.-903 of the time ; 
20 cm. + 29 cm.-96.63 of the time. 

These results, which apply to a period of time 
which was particularly unfavourable to micro
ray propagation, bear out the conclusion that 
the use of two wavelengths would definitely im
prove traffic reliability on the circuit under 
investigation. 

Another interesting result from the tests was 
the development of a new method for receiving 
continuous wave micro-ray telegraphy.1 

Referring again to Fig. 4 and considering, for 
instance, the 20 cm. receiving valve, the fre
quency f of the local oscillations in circuit C2L'2 
can be adjusted in the absence of incoming sig
nals to give a zero beat-note with a local stable 
auxiliary oscillator <p. As soon as a signal, a 

dash for instance, arrives on antenna A2, the 
frequency of the local oscillation produced in 
C2L'2 is altered and becomes f1, and the altered 
intermediate frequency f 1 and the local stable 
frequency 'P produce a beat-note <p -fi in the 
detector equipment. If the amplitude of the sig
nal impressed on A 2  varies within certain limits,. 
the frequency of the beat-note obtained varies 
correspondingly, but not its amplitude, so that 
the system to a certain extent provides a means 
for the correction of fading. 

7 Brevet Franc;ais 801 . 196. 
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Some Examples of Growth Curves* 

By H. C. PLESSING, 
Chief Engineer, Jydsk Telefon-Aktieselskab, A arhus, Denmark 

SUMMARY : The present contribution first explains the application of growth curves in 
some special cases in the field of telephony and the importance of knowing the laws 
of growth in this field. Later it is shown how it is possible to adapt such curves to 
represent the increase in the number of subscribers within districts with different 
possibilities for development, and finally how the depreciation of composite plants may 
be influenced by growth curves of the kind treated here. 

" 

Introduction 

NE of the first problems to present itself 
in engineering a telephone plant is the 
question of the incorporation of suitable 

reserve equipment. 
In order to answer this question, it is necessary 

to make an estimate in each case of the increase 
to be expected in the number of subscribers or 
conversations in a period corresponding to the 
life of the plant under consideration, including 
not only the district but also connecting traffic 
centers. As every essential alteration in the 
increase thus estimated affects the profitableness 
of the plant, it is important to know the laws 
of the movements and growth involved. 

Professor Axel F. Enstrom's article "Fram
stegslinien" (The Growth Curve) in the Nordisk 
Tidsskrift for Teknisk 9)konomi, Nr. 1 ,  1935 , 
prompted the author to take up some previously 
commenced investigations relating to increase in 
the number of subscribers and telephone density 
(i.e. , number of subscribers per 100 inhabitants) 
within districts having different possibilities for 
development. A brief account of the results 
obtained may be of interest to readers of this 
journal. 

Growth Curves 

When estimating future growth, it seems 
natural to build on the knowledge of the de
velopment in the immediately preceding years, 
and it would appear that the estimated growth 
may be represented by the tangent to the 
progress curve. If this curve, however, has the 

* Translated and Reprinted from "Nordisk Tidsskrift 
for Teknisk !Z>konomi" (Nordic Journal of Technical 
Economy), Nr. 5, September, 1936. 

NUMBER 
OF UNITS 

Fig. 1. 

appearance shown in Fig. 1 and the size of the 
plant is determined according to the tangent at 
A i. including a reserve intended to meet require
ments for the period (x1 to xi') , the plant would 
actually be filled up prematurely by (x1' to x1") 
years. The opposite would be the case if the plant 
were designed according to the tangent at A 2 ;  
in this case the plant would cover the needs for 
(x211 to x2') years longer than intended. 

If the increase is considered not to progress 
linearly, it can be represented within limited 
periods by either : 

y = cebx 
y = a  - ce-bx 

(1)  

(2) 

Curve ( 1 ) , representing an infinitely increasing 
growth, assumes : firstly, an unlimited potential 
expansion in the number of units ; and, secondly, 

a fixed ratio between the rate of increase 
dy 

and 
dx 

the number of units, y, currently required (see 
Table I ) .  c, for example, may represent invested 
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capital earning a return at compound interest, 
and b the "force of interest, " where b = log. (1 + r) 
and r is the rate of interest per annum. 

Curve (2) , on the contrary, assumes : firstly, 
limited potential expansion in the number of 
units, the curve becoming asymptotic to y = a; 
and, secondly, a fixed ratio between the rate of 

. dy 
d h mcrease dx an t e number of future units 

required (see Table I ) .  
In a transition period-possibly as  a con

necting link between (1 )  and (2)-the increase 
may be represented by the above mentioned 

linear form of growth for which �':!.. is constant. dx 
As the growths investigated were all similar to 

that shown in Fig. 1 ,  the three above mentioned 
curves could only be used to represent growth 
within limited periods ; and it was therefore 
natural to attempt to find a single curve which 
could represent the whole course. As likely to 
fit the purpose, amongst others, two curves in 
the above mentioned article, and proposed by 
Pearl and Reed and Professor Axel F. Enstrom, 
respectively, were tried. Both have been em
ployed to represent different courses of pro
duction. 

In the expression for the first of the two 
proposed curves, a constant c was introduced 
for adjustment, thereby giving it the form in 
which it was tried : 

a y =  . l + ce-bx 
(3) 1 

1 This equation is also used to represent growth of 
population, see for instance "The Biology of Population 
Growth," by Raymond Pearl, New York, 1925. 

y 

X=f X=% X=b b 
COURS[ OF THt LURV£ '. Y· !l e- x  

b 
Fig. 2-Course of the Curi•e: y = ae-x. 

This curve, however, is symmetrical with 
respect to the inflexion-point. None of the 
growths investigated, however, displayed this 
characteristic ; and, since it developed that the 
second curve, 

b 

y = ae "' , (4) 

fitted particularly well for the representation of 
the growths under investigation, this curve only 
was used. 

The appearance and application of this curve 
to the representation of production is described 
in the previously mentioned article. 2 It shows, 
as will be evident from Fig. 2 ,  some simple 
properties, particularly as regards coordinates 
and tangent ;  that is, the point of inflexion and 
the point at which the tangen t passes through 

2 See further : "Om Kiirnlinier i ekonomisk-statistiska 
kurvor, "  Ymer, by A. F. Enstrom, 1925, Nr. 3 and 4. 

TABLE I 

Some Characteristic Coordinates 

y =f(x) 
dy 

=f'(x) 
dx 

a2y =f"(x
) 

dx2 
for x = O  is Inflexion Point Asymptote 

y = ceb• by b2y y = c  
y = a-ce-bx b(a-y) b2(y - a) y = a - c  y = a  

a b b' a 
x =

log, r . a y =  
l +ce-bx ay(a-y) ;J2y(a -y) (a- 2y) y = l + c  y = - y = a  b ' 2 

b by b(b- 2x) y = O  b a 
y = ae "' x' 

y 
x4 

x = ·z; Y = ez y = a  
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NUMBER OF 
SUBSCRIBERS IN RAN oms. 
3600�-�-------------

./' 
,/ 

1896 lQ04 1Q1'2 mo iQ36 i 044 
Fig. 3-Development of the Number of Subscribers in Randers 
Number of Subscribers as of January 1, 1936. . . . . .  3,235 
Number of Inhabitants as of January 1, 1936 

approximately 39,200 

the origin. This curve is thus easy to adjust. 3 
The main data concerning it and the above 
mentioned curves are given in the table below 

bl 
Practical Application of the Curve y = ae - x j 

Figs. 3 to 5 illustrate the application of this 
curve to the net increase in the number of sub
scribers in Jutish towns in the period 18964-1936. 

The computed curves are shown in dotted 
lines. 

From the curves-see for instance the one 
representing the net increase in the number of 
subscribers in Randers-it will be seen how 
differing conditions in the two periods before 
and after the Great War gave rise to perceptible 
deviations from the computed curve. All the 
cases treated seemed to have the character of a 
"secular trend. "  By further attempts with similar 
representations of increase in the number of 
subscribers in other Jutish towns of different 
size, quite corresponding results were obtained. 

3 Some mathematical properties of a similar curve 
1 

y = e" are also described in "Cours d'Analyse, "  by Ch. 
Sturm, Paris, 1 905, p. 313.  

4 The year when the Jydsk Telefon-Aktieselskab was 
founded by the fusion of a number of different minor 
companies. 

In the cases investigated the starting point of 
the curve was fixed in the period 1882-1 884, 
corresponding to the time when the increase in 
the number of telephones commenced in the 
towns concerned ; and it was possible to place 
the inflexion point in the period 1912-19 16. 

For some few towns, and especially Aarhus 
(see Fig. 4) , where the growth has had a linear 
character over a longer period and where, con
sequently, some uncertainty prevailed regarding 
the position of the inflexion point, it is possible 
that future development will prove that the 
inflexion point should be advanced somewhat. 

A similar mathematical representation of the 
increase in telephone density within a certain 
district will be somewhat more complicated, 
because it will appear as the ratio between two 
curves with different conditions of growth 
(number of inhabitants and number of sub
scribers) . 

Conclusion 

In addition to being used, as mentioned in the 
introduction, for determining the initial cost of 
the plant and for throwing light on the number 
of revenue yielding units within a particular 
district, growth curves of the kind treated here 
may also directly influence the calculation of the 
depreciation rate (per cent. per annum) for 

NUMBrn OF )UBSCRIBERS 
IN  AARHUS ( tXCL .  SUBUl!BS). 
1 0·1 03�-�----------��� 

1BQ6 1Q04 1Q1'2 1Q'2S 

,/ 
,/ 

1036 
Fig. 4-Development of the Number of Subscribers in Aarhus 

(excluding Suburbs) 
Number of Subscribers:as of January 1, 1936. . . . . .  9,185 
Number of Inhabitants�as of January 1, 1936 

approximately 90,500 
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TOTAL NUMBER  OF  
SUBS C R I BERS IN  1" E TOWN S .  
5 0 · 1 03.-------,-----.---.------r----.-�� / 

/ 

f 8 9fi fQ12 1920 l9?8 1030 1944 
Fig. 5-Development of the Number of Subscribers in All 

Towns in the Territory Served by the Jutland 
Telephone Company 

Number of Subscribers as of January 1 ,  1936. . . . .  44,987 
Number of Inhabitants as of January 1, 1936 

approximately 517,500 

composite plants constructed at different times 
but scrapped simultaneously. 

The calculation of the depreciation of such 
composite plants is treated thoroughly by Pro
fessor P. 0. Pedersen in an article, "Afskrivning 
paa tekniske Anlaeg" in "Polyteknisk Tids
skrift, Ingenil'lr og Samfund," Nr. 7-12 ,  Copen
hagen, 1929. 5 

Only a single typical example near at hand, 
therefore, will be briefly cited, i .e. , pole lines with 
open wire. 

5 This article has been reprinted in somewhat abbreviated 
form : "On the Depreciation of Public Utilities, "  by P. 0. 
Pedersen, included in:  "Miscellaneous Papers," Copen
hagen, 1934·. 

If such a plant is built with a certain number 
of wires, which increase in proportion to the 
increase in the number of subscribers, a moment 
may arrive when it may, for different reasons, 
be considered advisable to take down a greater 
or lesser number of the wires and replace them 
with underground cables. The wires removed 
will then be of different age, and there will be 
among them some which, while not entirely 
depreciated, represent little or no value when 
taken down. Since the calculation of the rate of 
depreciation for the whole group of wires is 
based on its average life, the curve representing 
growth will influence the calculation of the 
average life that determines the depreciation 
rate in question. 

Attention may finally be called to the following 
circumstances. The telephone density may differ 
widely in different quarters, especially in the 
larger cities where this difference can be very 
pronounced. In addition to knowing the growth 
curves of the kind herein treated, for the dif
ferent quarters, it is therefore necessary further 
to know something of the character of the future 
developments relating to the building up of the 
town, and this not only for the suburban 
quarters, but also for the central portions, since 
centrally located quarters with small telephone 
density are frequently transformed into business 
sites with great telephone density. 

For an engineer employed in the planning of 
extensions of telephone plant in a town of 
considerable size, the building plan of the town, 
if available, may therefore also provide a 
valuable aid. 
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X-Rays in Vacuum Tube Manufacture 

By W. T. GIBSON, O.B.E., M.A. 

Standard Telephones and Cables, Limited, London, England 

and 

G. RABUTEAU 
Les Laboratoires Le Materiel Telephonique, Paris, France 

ROENTGEN, in 1895,  while experimenting 
with highly exhausted vacuum tubes, 
discovered that under certain conditions 

they emitted invisible rays with unique prop
erties. dnce a scientific curiosity, these rays
designated as X-rays because of uncertainty as 
to their nature-have become one of the most 
important tools available to modern industry. 

The rays are produced when high speed elec
trons are stopped suddenly by collision with a 

metal anode. While for a long period the nature 
of the rays remained undecided, it was finally 
shown by Bragg that it was electromagnetic 
radiation of a wavelength considerably shorter 
than that of visible light. Von Laue and Bragg 
showed how it was possible to obtain diffraction 
effects by using a crystal as a diffracting grating. 
However, except in the special arrangements 
adopted to make use of this effect, as in X-ray 
crystal examination, the radiation can be con
sidered as traveling in straight lines and not 
being subject to reflection or refraction. 

The important characteristic for radiographic 
work is absorption, which varies with the ma
terial and which is a property of the atoms and 
not of the chemical compounds. The heavier the 
atoms, the greater is the absorption. The wave
length of the radiation produced by the X-ray 
tube decreases as the voltage applied to the tube 
increases, and at the same time it becomes more 
penetrating. Consequently, for the examination 
of objects of heavy materials, it is necessary to 
use high voltages. 

The intensity of the radiation increases as the 
current through the tube increases. This does not 
affect the penetration of the rays but reduces the 
exposure required to obtain a negative of given 
density. 

Fig. 1-High Tension Rectifier-Les Laboratoires Le Materiel 
Telephonique, Paris. 

In industrial radiography of vacuum tubes, the 
chief application is the photography of the 
interior of water cooled tubes through the anodes. 
These anodes may consist of 1 .5  cm. total thick
ness of copper and the objects to be observed, 
i .e . , the filament and grid structures, consist 
chiefly of molybdenum or tungsten which are to 
be seen by contrast on the negative. For this 
purpose, the most useful X-ray tube voltages are 
from 140,000 to 1 80,000 volts. The tube equip-

224 

www.americanradiohistory.com

www.americanradiohistory.com


E L E C T R I C A L  C O M M U N I C A T I O N  225 

ment, therefore, involves a high tension generator 
for providing these voltages and a tube current 
of the order of 3 or 4 milliamperes, as well as the 
electrical protective features necessary for safely 
handling the equipment. 

The high tension generator may take one of a 
number of forms. For the high voltage work 
with which the authors are dealing, it is custom
ary to supply the X-ray tube with unidirectional 
current so that some form of rectifier must be 
used. The X-ray tube itself acts as a rectifier but 
it is unsatisfactory for this purpose when working 
with high power, inasmuch as the target may 
operate at a temperature sufficiently high to 
emit electrons. In this event, breakdown would 
occur when the tube ceases to act as a rectifier. 
Mechanical rectifiers are used to some extent but 
are, of course, very cumbersome and noisy ; both 
the installations to be described below operate 
with valve rectifiers. 

The X-ray tube itself consists of a highly 
evacuated glass bulb provided at one end with a 
stem carrying a filament and, at the other, a stem 
carrying the target or anticathode, which is 
located close to the filament. The filament is a 

Fig. 2-X-Ray Chamber, Paris Laboratories. 

Fig. 3-X-Ray Tube Compartment, Paris Laboratories. 

coiled tungsten wire heated by a current to a 
temperature such as to provide a total emission 
of the required value. The anticathode is a 
button of tungsten mounted on a water cooled 
copper rod or on a massive tungsten rod. The 
face of the anticathode is at an angle to the 
direction of arrival of the electrons. The high 
voltage is applied to the tube with the positive 
pole connected to the anticathode, the electron 
current from the filament causing intense bom
bardment and producing the X-radiation. Since 
the anticathode operates at an extremely high 
temperature, the recommended maximum ratings 
for the tube must be strictly adhered to or it may 
be permanently damaged. 

When X-rays strike any object, part of the 
energy is scattered in all directions from it with a 
longer wavelength. This is called secondary 
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Fig. 4-Interior of Right-Hand Compartment of X-Ray 
Chamber with Vacuum Tube in Position. 

radiation and it in turn, falling on other objects, 
will be scattered again. 

This radiation is, therefore , very difficult to 
control, and the only way of stopping it is by the 
use of an appropriate thickness of lead sheet, say 
3 millimeters. It must, however, be properly 
controlled for the safety of the operator since the 
effect of small doses is cumulative and can lead 
eventually to anaemia and general debility. It  
is, therefore, necessary to take suitable protective 
measures and also to provide for periodical 
medical examination of the operators who might 
be exposed to the radiation. The examination, 
apart from a general one, usually involves a 
count of the red corpuscle concentration of the 
blood. 

The problem of protection of staff can be 
solved in two ways, and the installations in the 
Paris Laboratories and in the Valve Department 
of Standard Telephones and Cables at Woolwich 
represent the different methods. 

In the Paris installation, a rectifier unit con
sisting of a high voltage transformer and suitable 
high vacuum rectifiers is installed in a room 
which is completely separated by grounded 
screens from the operating section. The high 
voltage is fed into the X-ray tube chamber in 
which an air cooled tube is mounted. This 
whole chamber is built of lead with tightly 
fitting doors, and is provided with a window 
having a lead shutter for the admission of the 
radiation to the camera box, which is a very 
large lead box with heavy lead doors and which 
contains the support for the object to be radio
graphed and the film. The X-ray tube and the 
object being examined are thus completely en-

Fig. 5-Control Desk, Paris Laboratories. 
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Fig. 6-Complete X-Ray Unit, Valve Department, Standard 
Telephones and Cables, Limited, Woolwich. 

closed in lead and the operator is quite protected 
from radiation. 

Fig. 1 shows the high tension rectifier which 
comprises a high voltage transformer having its 
mid-point earthed, two half-wave high tension 
tungsten filament rectifiers, two high tension 
condensers and the necessary filament trans
formers , voltmeter and control for the adjust
ment of the filament voltage of the rectifier 
tubes, and the X-ray tube. 

The unit is fully protected by appropriate 
earthed screens. The positive and negative termi
nals of this rectifier, which is rated to deliver 
continuously 200,000 volts and 10 milliamperes 
d-c. , are connected to aluminium bus bars of a 
diameter large enough to avoid Corona effect. 

Fig. 2 shows the X-ray chamber which is an 
iron frame covered with 5 mm. lead and provided 
with doors giving access to two different com
partments. The compartment on the left contains 
the X-ray tube ; the other, the vacuum tube to be 
examined. 

Fig. 3 shows the X-ray tube compartment, the 
door being open. The X-ray tube, which is of 
the air cooled type, is mounted on appro
priate insulators. The high tension is fed to the 
cathode and anode of the tube through bushings 
fixed on the panel at the left of the chamber and 
made with an insulating material containing a 
considerable amount of lead oxide in order to 
prevent X-ray radiations from passing through 
them. 

A fan is arranged on the top of the X-ray tube 

chamber for removing the ozone produced in the 
chamber by the high voltage field around the 
conductors. 

A glass window on the front door enables the 
operator to supervise the operation of the X-ray 
tube. The glass used for this window contains 
about 20% of lead and its thickness is great 
enough to provide the same protection as that of 
the other parts of the chamber. 

Fig. 4 shows a view of the interior of the right
hand compartment of the chamber with a 
vacuum tube in position for examination. 

The tubes can be placed in position in a few 
seconds by means of appropriate supports. Each 
tube to be examined is photographed in two 
directions at suitable angles depending on its 
inner construction. The tube supports are ar
ranged so as to determine with accuracy the 
position of the tube for each of the two photo
graphs taken. From the latter, the location of any 
part inside the tube can be accurately determined. 

Provision has been made to render possible, 
when required, the application of filament voltage 

Fig. 7-X-Ray Tube and Camera, Woolwich. 
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Fig. 8-Installation for Routine Examination of Water Cooled Tubes, Woolwich. 

to the tube during examination, so that defor
mation of the filament when hot or during the 
heating and cooling cycle can be recorded. 

The film is contained in a suitable chassis 
having an aluminium window which is held m 

position by means of appropriate rails, one of 
which can be seen on the right of the tube m 

Fig. 4. 
Fig. 5 shows a view of the control desk which 

comprises devices for the remote control of the 
output voltage and current together with the 
necessary meters. A push button controls the 
contactor applying the high voltage. In order to 
protect the operators, contacts mounted on the 
door remove the power as soon as a door is 
opened. 

The equipment installed in the Valve Depart
ment of Standard Telephones and Cables, on 
the other hand, consists of what is called a self
protected X-ray unit. Fig. 6 shows the complete 

unit. The large steel box contains all trans
formers, rectifiers, insulated water circulating 
pump and water cooling radiator together with 
control gear. The tube is shown mounted on its 
stand and in its housing. The X-ray tube has a 
water cooled target and is connected to the high 
voltage generator unit by flexible cables. One of 
these contains, in addition to the negative lead 
of the H.T. , wires for the filament supply. The 
other contains the positive lead of the H.T. , and 
inlet and outlet hoses for the water cooling, the 
water being circulated by the insulated pump 
and passing through the radiator in the trans
former box. The flexible cables are metal sheathed 
and earthed. The X-ray tube itself is completely 
surrounded by a metal earthed shield. The whole 
unit is thus completely electrically protected. 
The mid-point of the high tension circuit is 
earthed and thus the cables have to support 90 
kilovolts each. 
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The X-ray tube shield is also a very efficient 
radiation screen and the intensity escaping, 
except via the window, is n duced to a safe level. 

The X-ray tube used in this equipment is of 
special type, which has a grid between the 
filament and anode. A negative voltage is applied 
to this grid in such a way that the anode current 
only flows at the time when the anode voltage is 
close to its peak value. As a result, the heating 
of the anode only takes place at the moment 
when the most useful rays are being produced, 
thus increasing the effective rating of the tube, 
and at the same time there is a very considerable 

reduction in radiation of the unwanted softer 
rays. 

The tube is mounted on a universal stand, and 
its position can be adjusted rapidly for any 
special use. For the general work of photo
graphing water cooled tubes, the window of the 
tube is placed in contact with the window of a 
large lead cabinet which is fitted with special 
tube holders and film carriers so that the time 

Fig. 9-Interior of Camera showing a Vacuum Tube in 
Position for Examination, Woolwich. 

Fig. 10-Radiograph ta,�en with Lead Table Set- Up. 

required to set up for a picture is reduced to a 

few seconds. The whole apparatus is controlled 
by a single push button plus a voltage selector. 
The tube in position against the camera i s  shown 
in Fig. 7 .  

This equipment, being flexible, can fairly easily 
be set up for any special and unusual job or even 
be moved bodily to another part of the factory 
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Fig. 11-Radiograph of the 4304-A Vacuum Tube. This 
Tube has a Carbon Anode, which is Invisible in the 

Reproduction. 

for the examination of equipment that cannot be 
moved. Recent jobs have included the exami
nation of the welds of parts of machinery in 
pieces 14 feet long. 

Two self-starting electric clocks are provided, 
one of which measures the filament burning 
time of the X-ray tube, and the other the total 
time of application of the high voltage. 

Fig. 8 shows the installation at the Woolwich 
factory for the routine examination of water 
cooled tubes. The cabinet on the right is the 
camera, made of thick lead. 

Fig. 9 is a view of the interior of the camera 
and shows a vacuum tube in position for exami
nation. Tubes can be placed in position in a few 
seconds with very exact positioning. The hinged 
door on the left carries intensifying screens, if 
used, and the film holder. 

The actual process of taking the radiograph is 
sometimes carried out with, but more usually 
without, intensifying screens. In either case, a 
thin steel screen is placed between the vacuum 
tubes and the film to improve the contact. The 
exposures are short and rarely exceed one minute. 

While the majority of the work handled is of a 
routine nature capable of being quickly dealt 

necessary to examine other articles. For this 
purpose a heavy lead table has been built. The 
lead is wood covered but gives very considerable 
protection to the operator. The tube in this case 
is used in a horizontal position. Fig. 10 is a 
radiograph of a piece of apparatus for which this 
set-up was employed. 

The normal routine in Standard Telephones 
and Cables requires that every water cooled tube 
be photographed during its manufacture in two 
directions at right-angles. New types of tubes 
are often photographed a greater number of 

with by this apparatus, it often happens that it is Fig. 12-Radiograph of Part of a 4030-B Vacuum Tube. 
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times until all manufacturing troubles have been 
eliminated. 

The process has been found of very great value 
in improving the quality of the tubes, and the 
defects which are completely eliminated, for 
nstance, are such as : 

Inaccurate centering or alignment of electrodes, 
Distortion of electrodes during exhaust, 
Thin spots in anodes, 
Burnt out, distorted, or loose turns on grids, 
Filament anchor connectors not screwed com-

pletely home. 
Figs. 1 1 , 1 2 , and 13 illustrate typical radiographs. 

The use of this equipment has undoubtedly 
prevented the shipment of apparently perfect 
tubes which contained hidden defects. The re
jection of work as a result of examination of the 
radiographs also has had a certain moral effect on 
the operatives, resulting in a very marked im
provement in the standard of the work. 

While the main function of the apparatus is the 
radiography of water cooled tubes, it is frequently 
found to be of value to photograph glass tubes, 
especially of the multi-electrode type, to de
termine the reasons for defects. Previously, when 
such tubes were cut open for examination, the 
process of dissection itself disturbed the very 
errors of assembly, etc. , for which search was 
being made. In such cases, two photographs are 
often taken, the X-ray tube being slightly dis
placed between the exposures. The negatives are 
then examined in a stereoscope to give a good 
idea of the spatial arrangement of the electrodes. 

The X-ray apparatus has proved itself an 
indispensable tool in vacuum tube manufacture 
and its value is such that its application will 
gradually be extended to wider fields in the 
manufacture of communication apparatus. 

Fig. 13-Radiograph of the Filament Stem of a 4030-B 
Vacuum Tube, showing Concentric Filament Leads and the 

Flexible Nature of the Inner Lead. 
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An Experimental Television Transmitter 

By S. VAN MIERLO AND P. GLOESS 

Les Laboratoires Le Materiel Telephonique, Paris, France 

General 

FTER preliminary work on television 
pick-up equipments, a complete system 
for ultra-short wave transmission and 

reception of film pictures was prepared in 1935 
by Les Laboratoires Le Materiel Telephonique, 
Paris. A series of tests was made between 
Avenue de Breteuil and Champs-Elysees and the 
results were comparable to those obtained else
where in Europe at the time. The television 
transmitter used an arc lamp and a scanning 
disc. 

In view of further studies in connection with 
television problems, and particularly the develop
ment of terminal equipment and amplifiers for 
transmitting television signals through cables, it 
was decided to build a new laboratory film 
scanner having the following characteristics : 

( 1 )  Easy operation and maintenance, 
(2) Number of scanning lines to be easily ad

justable from 1 80 to more than 400 
lines. 

In order to satisfy the first requirement, the 
use of an arc lamp as light source was excluded. 
With such a lamp, it is very difficult to obtain a 
steady illumination and the time required for 
maintaining the equipment in proper adjust
ment, etc. , is relatively great. 

The second requirement eliminated the use of 
a scanning disc which would involve changing 
the disc when passing from one number of lines 
to another. 

The simplest and probably the most satis
factory solution was to give a continuously 
vertical movement to the film and to scan it 
horizontally by means of the image of the spot 
produced on the screen of a cathode ray tube. 
The more complicated tubes used lately for 
television pick-up are not so interesting for film 
scanners. 

The light, modulated by the film, is directed 
into a photoelectric cell. 

The complete scanner, with most of the covers 

Fig. I-Complete Scanner. 

removed from the panels, is illustrated in Fig. 1 .  
A short description of the different parts is 
given below. Fig. 2 shows the general circuit 
arrangement. 

Frequency Generator 

For a given number of scanning lines, it is 
necessary to have available a corresponding 
frequency for the production of synchronisation 
signals which control the movement of the spots, 
both of the scanning cathode ray tube and of 
the distant receiving tubes. 

These frequencies must be multiples of the 
main current frequency so that any pattern 
visible on the receivers, as a result of incomplete 
filtering, has a fixed position on the screen. In 
case of non-synchronisation, a " hum" pattern 
would travel slowly across the image and cause a 
very disagreeable visual impression. 

A group of panels is provided for obtaining 
multiples of the fundamental frequency, the 
following frequencies having been considered 
more especially : 4,500, 5 ,625,  6. 000, and 10 ,125 
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cycles per second. A large number of other 
frequencies can be obtained if required. 

Synchronisation Signal Generator 

The sinusoidal currents of the generators are 
transformed by a series of circuits into a suc
cession of very short impulses. These are used 
to control the relaxation oscillator of the scanning 
cathode ray tube and are also sent to a mixing 
panel described below. The methods used are 
such that extreme stability is obtained. A 
cathode ray tube is provided to check the shape 
of the synchronising signals and, in general, to 
control the operation of the above equipment. 

Scanning Cathode Ray Tube 

This is a very special cathode ray tube, ful-
filling the following conditions : 

( 1 )  Very brilliant and small spot, 
(2) Afterglow of less than 1 microsecond, 
(3) Uniform screen, 
(4) Reasonable life. 

It is well known that all screen materials do 
not only produce light during the time they are 
bombarded by electrons, but remain luminescent 
some time after. The first effect is usually 
fluorescence, the second phosphorescence. This 
afterglow should be of very short duration in 
the present case ; for, otherwise, the horizontal 
definition would be insufficient, several picture 
elements being illuminated simultaneously. It is 
difficult to reduce this time to less than 1 micro
second but, fortunately, it is possible to improve 
conditions by making use of the fact that the 
wavelength of maximum amplitude of the after
glow (some 6,000 Angstrom) is different from 
that of the first glow (some 5 ,400 Angstrom) . 
It is therefore possible to eliminate to some 
extent the effect of the afterglow by using a 
filter or else a photo-cell which is much less 
sensitive to the afterglow. 

There is no doubt that cathode ray tube 
technique can be greatly improved and that, in 
the future, very satisfactory tubes even for the 
highest definitions will become available. 

In order to produce sufficient light, anode 
tension must be rather high : 6,000 volts have 
been used thus far in these Laboratories. De
creased illumination, which tends to increase the 

LINE 
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Fig. 2-General Circuit Arrangement of Scanner. 

life of the tube, apparently results partially from 
decreased cathode emission and partially from 
the aging of the screen. Decrease in cathode 
emission can be avoided practically. To increase 
screen life the spot is not moved along a single 
horizontal line, but scans a surface of adjustable 
height, thus also avoiding a light saturation 
effect in the screen. A small portion of the 
pictures or of the intervals between pictures is 
lost by this method but this is inconsequential 
in practice. 

The circuits are arranged also for scanning the 
film when at rest. 

The sweep circuits are carefully designed to 
produce a very uniform scanning. 

A monitoring cathode ray tube, operated with 
the same circuit as the scanning tube, is arranged 
to receive the picture signals and so to reproduce 
the picture. The effect of any adj ustment, there
fore , can be controlled immediately by the 
operator. 

Film Moving Apparatus and Optical Sys
tems 

A special and compact unit has been developed 
for moving the film vertically in a very uniform 
way. A sound head is provided and a high grade 
optical system is used to project the scanning 
spot on the film with little loss of light and 
definition. 

Photo-cell and Amplifiers 

The amount of light passing the transparent 
parts of the film is extremely small (for instance, 
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less than 10-3 lumen for a definition correspond
ing to 240 lines) and an amplification of more 
than 100 db. is needed to obtain normal signals. 
Electron multipliers of special design can solve 
the problem but, since they were not available 
in time, it was necessary to develop an amplifier 
using vacuum tubes. 

As previously mentioned, the photo-cell must 
have a special sensitivity curve adapted to the 
spectrum of the scanning ray tube. Unfortu
nately, cells having the required maximum of 
sensitivity are not very efficient, as a current of 
only about 10 microamperes is obtained per 
lumen. Doubtless, improvement can also be 
expected in this direction. 

One of the difficulties in the design of the 
amplifier is the wide frequency band, com
mencing at some 10 cycles per second and extend
ing to some 2 megacycles per second. It is some
times considered easier not to amplify this band 
as it is, but to use a carrier modulated by the 
signals. To take full advantage of this method, 
it would be necessary to use a rather high fre
quency for the carrier and it then becomes very 
difficult to handle the signals. The modulation 
process, furthermore, must be applied carefully 
to avoid intermodulation. The modulation 
method, therefore, presents serious difficulties 
and it was decided to use, tentatively at least, a 
straight amplification of the normal frequency 
band. 

The main problem in the amplifier, however, 
is that of noise. In addition to noise due to 
mechanical vibration and to interference from 
outside, it is well known that, with small input 
levels, the noise due to thermal agitation in the 
resistances and to various causes in the tubes 
becomes comparatively important. Tubes must 
therefore be chosen carefully or be made specially 
to reduce shot and flicker noise and to avoid 
ionisation and secondary emission.1 

The noise due to thermal agitation can be cut 
down by choosing certain circuit conditions. 
The following calculation gives in a simple way 
a guide for the choice of the circuit elements. 

The simplified circuit of Fig. 3 shows the 
coupling between a photo-cell and a vacuum 
tube. I is the current in the photo-cell, R the 

1 "Fluctuation Noise in Vacuum Tubes," by G. L. 
Pearson, Bell System Technical Journal, October, 1934. 

0 
c 

R E s  

Fig. 3-Simplified Ci/cuit showing Coupling between a 
Photo Cell and a Vacuum Tube. 

combined resistance of a resistor and the insula
tion of the photo-cell and tube, C the combined 
capacity of the photo-cell, the resistor, the tube, 
and the wiring. The value of the signal potential 
difference E, at the input of the tube is I X Z  
when Z i s  the impedance o f  R and C i n  parallel. 
We have, therefore : 

IR E - . 
• - �1+w2R2C2 

The potential difference of the thermal agita
tion noise at the input of the tube for a frequency 
band equal to 1 is 

Er = 2 �kTr 

as shown in an article in the Physical Review,2 
where k is the Boltzmann constant, T the 
absolute temperature, and r the resistive com
ponent of the combination of R and C in parallel. 
It is very important to note that it is not R, 
but r which is to be used in this formula. 

We find finally that the ratio signal to noise is 
equal to 

Since k cannot be controlled, changes in T are of 
little help. It will therefore be seen that besides 
increasing I as much as possible, the resistance 
R should also be increased. The high frequencies 
will then be attenuated much more than the low 
frequencies, but a correction can be made later. 

The upper limit of this resistance is determined 
partially by the fact that it is not advisable to 
reach values corresponding to the insulation 
resistances and the leakage resistance corre
sponding to the grid current of the tube unless 
these are maintained very stable, and partially 
by the consideration that there is no reason to 
increase the resistance further when the thermal 

2 "Thermal Agitation of Electric Charge in Conductors," 
by H. Nyquist, Physical Review, July, 1928. 

www.americanradiohistory.com

www.americanradiohistory.com


E L E C T R I C A L  C O M M U N I C A T I O N  235 

agitation noise becomes of the same order as the 
tube noises. 

These considerations led to the use of a photo
cell resistor of unusually high resistance (SO 
megohms) . 

The unavoidable thermal noise in the plate 
circuit can be reduced by employing small plate 
tensions and large outside resistances. Elimina
tion of noise due to extraneous causes requires 
mechanical and electrical filtering. 

Fig. 4 shows the circuit of one of the amplifiers 
used during the development period. Without 
special precautions, the use of a very high input 
resistance would cause overloading of tubes at 

low frequencies. In the present case, the ampli
tude distortion due to this input circuit is cor
rected partially by the plate circuit of the first 
tube. La and Ra are chosen in such a way that 
the signal-to-noise ratio is not decreased appreci
ably. A resistance Re is placed in the cathode 
circuit of the first tube, which is a high frequency 
pentode and which, by negative feedback, de
creases somewhat the noise due to its anode 
current. The voltage drop in this resistance is 
also used to obtain the required potential at the 
control grid. 

As the impedance of the anode circuit is very 
small at the low frequencies, the anode battery 
and filtering circuit is not included in the 
coupling circuit. The battery is used also to 
polarise the photo-cell. 

The only special feature of the second stage is 
the very high resistance value of the anode 

resistor. The third stage provides a further 
correction of the amplitude distortion, and is 
very similar to the first. The fourth stage is 
arranged to adapt the amplifier to a short 
coaxial cable leading to a second amplifier. 

Mixing Panel and Line Amplifier 

The amplified television signals and the syn
chronisation signals can be mixed together in 
various proportions as required. 

As signals will usually be transmitted over a 
certain length of cable having an impedance of 
the order of 70 ohms, a line amplifier is provided 
in order to obtain a sufficient voltage at this low 
impedance. 

Switching and Safety Arrangements 

By means of switches it is possible to change 
from one type of scanning to another. 

Relays are provided in order to avoid the high 
tension being applied on some circuits before 
cathodes have heated up sufficiently. It is, there
fore, possible to start the transmitter by simply 
pressing a button. 

These arrangements also aid in making the 
operation easy and in reducing maintenance. 
It has been found that one operator is amply 
sufficient to take care of everything, including 
the handling of the films, while two men are 
needed to give satisfactory service with an 
apparatus using arc lamp and scanning disc. 

Fig. 4-Circuit of an A mplifier used during Development Period. 
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An Experimental Television Receiver 

By S. VAN MIERLO and C. A. PULLES 
Les Laboratoires Le Materiel Tel6phonique, Paris, France 

General 

----- HE first models of television receivers 
developed for testing purposes during 
1935 yielded information for the con

struction of a new receiver. The plan was to 
arrange it for the reception of 1 80 line pictures 
transmitted from the Eiffel Tower and also for 
240 and 405 line pictures transmitted by Les 
Laboratoires Le Materiel Telephonique equip
ment. 

Fig. 1 shows a rear view of the television re
ceiver. The equipment comprises three units : one 
unit is an ordinary audio receiver ; the second is a 
broad band short wave visual receiver ; and the 
third includes the deflecting circuit which moves 
the spot on the screen of the cathode ray tube 
and the power supply for the cathode ray tube. 

A separate audio receiver is provided for the 
reason that audio signals are transmitted from 
the Eiffel Tower on a wavelength of 206.0 or 
43 1 .  7 meters, while television signals are sent out 
on an ultra-short wave transmitter. 

Visual Receiver 

The broad band visual receiver operating on 
6 to 10 meter wavelengths is a superheterodyne 
receiver with three intermediate frequency stages, 
a diode-triode detector-amplifier, and one "low" 
frequency amplifier stage, at the output of which 
the modulating grid of the cathode ray tube is 
connected, as well as a circuit for separating 
the television signals from the synchronisation 
signals. 

As at present developed, a frequency band of 
more than 1 megacycle per second can be passed. 

Separating Circuit 

Fig. 2 shows how the modulating grid of the 
cathode ray tube and the separating circuit are 
connected to the plate circuit of the low frequency 
amplifier stage. 

The grid of the separating tube has a positive 
bias so that the television signals have no influ
ence on the plate current. The synchronisation 

Fig. 1-Television Receiver-Rear View. 

signals, however, are sufficiently strong to cause 
a negative tension on the grid and, consequently, 
a positive peak at the plate of the separating tube. 

When individual horizontal and vertical syn
chronisation impulses are given, the horizontal 
impulses are very much shorter than the vertical 
ones. It is thus possible to separate these impulses 
by means of the resistances Rs and the con
densers Cs. 

Deflecting Circuit 

The deflecting circuit works on the well known 
principle of charging a condenser through a high 
resistance and applying the continuously rising 
potential of the condenser to the deflecting plates 
of the cathode ray tube. For obtaining a nearly 
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steady increase in this potential and, therefore, a 
nearly uniform deflection of the spot, two methods 
are generally used. In one case the condenser is 
charged through a vacuum tube, giving constant 
charging current. In the other case, small poten
tial variations are first produced and then am
plified. Both methods require additional tubes or 
apparatus. 

The Laboratories circuit uses simple charging 
resistances, but charges the condensers from the 
full 4,000 volt anode voltage of the cathode ray 
tube. Since these condensers merely require 
charging up to about 500 volts, only the nearly 
straight part of the charging potential curve is 
used. The net result is a reduction in the number 
of tubes and a simplification in the high tension 
supply. 

Fig. 3 shows a schematic arrangement of the 
charging and discharging circuit, in which the 
condensers C are charged through resistances R 
and the gas filled discharging tubes GDT. The 
separating condensers C. give the deflecting 
plates D the required average potential. 

A balanced deflecting circuit is used to obtain 
a rectangular pattern on the high vacuum 

cathode ray tubes. 
Gas discharge tubes of good quality have given 

satisfactory results, at least with 240 lines. 
Fig. 2 includes the complete circuit for hori

zontal and vertical deflection, the power supply 
circuit and the connection of the cathode ray 
tube. The condensers C1, C2, Ca, and C4 are 
charged by the 4,000 volt source through re
sistances. Depending upon the grid tensions, the 
gas discharge tubes GDT1, etc., break down at a 
certain tension, thus discharging the condensers 
through 1 ,000 ohm protecting resistances. When 
no synchronisation impulses are given; these dis
charges happen at somewhat irregular intervals. 
When, however, synchronisation is applied, the 
charging and the biasing resistances can be 
adjusted so that these synchronisation impulses 
control the operation of the gas discharge tubes. 

The discharge of C1, in the vertical deflecting 
circuit, causes a positive potential at the cathode 
of GDT1. This potential is applied through a 
condenser to the grid of GDT2, thus causing the 
breakdown of the latter tube and the discharge 
of C2. 

VERTICAL DEF LECTING HORIZONTAL DEF LECTING CATHODE RAY TUBE 

POWER SUPPLY CIRCUIT 1 - - ------ - - - C I RCUIT C I R C U IT C IRCUIT 

Fig. 2. 
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The operation of the horizontal deflecting 
circuit is similar to that of the vertical deflecting 
circuit. The condensers and resistances are, 
however, different. 

The filament of the cathode ray tube is con
nected to the filament of GDT1 in order to obtain 
a high negative tension on its grid at the moment 
GDT1 discharges ; that is, at the moment when 
the spot of the cathode ray tube returns from 
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Fig. 3. 

the bottom to the top of the screen. This negative 
grid tension avoids a visible return crossing the 
picture. 

To provide for both 180 line and 240 line 
working, the condensers c3 and c4 each consist 
of two condensers in series, the smaller of which 
is short-circuited for 180 line reception, while the 
larger is short-circuited for 240 line reception. 
For 405 line reception, both condensers are used 
in series. The switch for making the necessary 
short-circuits is coupled with a switch, S, which 
is used for passing from one system of vertical 
synchronisation to another. The vertical syn
chronisation of the Eiffel Tower emission is 
obtained by the suppression of the 180th vertical 
synchronisation signal. Therefore, the charge of 
C3 becomes greater than normal and, when GDT3 
discharges its condenser, a higher potential is 
obtained at the cathode resistance. This higher 
potential is applied through a condenser to the 
grid of GDT1 which breaks down at this potential, 
thus causing the vertical return of the spot. 

When switching over to 240 or 405 line working 
for the reception of the Laboratories transmis
sion, which utilises a separate vertical synchron-

isation impulse, the grid of GDT1 is connected to 
the separating circuit in which the vertical syn
chronisation impulse is separated from the 
horizontal synchronisation as above described. 

Power Supply Circuit for the Cathode Ray 
Tube and for the Deflecting Circuit 

The cathode ray tube used in the set works 
with an anode tension of 4,000 volts. This tension, 
which is used also for the deflecting circuit, is 
obtained by means of the voltage doubler circuit 
shown in the power supply circuit of Fig. 2 .  

A separate transformer i s  used for the filaments 
of the gas discharge tubes and of the cathode ray 
tube. As the cathodes of the gas discharge tubes 
must be hot before applying the high tension, the 
high tension transformer is connected to the 
mains about half a minute after connecting the 
filament transformer. This is accomplished by 
means of a thermic relay T, the winding of which 
is heated by the filament transformer. T, in 
closing its contact, causes the operation of the 
relay R1, the winding of which is connected to 
the grid supply of the visual receiver. Ri connects 
the primary of the high tension transformer to 
the mains, closes a holding circuit for itself, and 
opens the heating winding of the thermic relay. 

In the positive lead, a resistance R1 is intro
duced for filtering and for adjusting the high 
tension to the desired value. In the negative 
lead, a group of resistances is used for obtaining 
the necessary negative grid tensions for GDT1 
and GDT2, and for the cathode ray tube. 

The grid bias of GDT2 and GDT4 is obtained 
by means of resistances R0 in series with the 
charging resistances. 

Results Obtained 

Receivers of the type described have been used 
in the Laboratories and for several demonstra
tions with quite satisfactory results. With a field 
strength very considerably below 1 m V /meter, 
very stable pictures have been obtained. It is 
important that the antenna, which may be of 
the doublet or "Zep" type, be placed at a height 
appropriate for obtaining the required field 
strength as well as for protection against outside 
interference, such as from motor cars. 
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Power Plants for Rural Full Automatic Offices 

By V. C. MEEUWS, 

Bell Telephone Manufacturing Company, Antwerp, Belgium, 

and H. B. LEE, 

Standard Telephones and Cables, Limited, London, England 

I .  Introduction 

THE advent of the unattended rural 
automatic exchange has brought with 
it the necessity for an automatically 

operated power plant. The reliability of the 
automatic switching equipment now being used 
in these small and medium sized offices is such 
that the associated power plant must be capable 
of operating satisfactorily for long periods with
out manual attention. 

In a large exchange, the cost of the additional 
apparatus required for automatic working is 
small compared with the total cost of the plant, 
whilst skilled mechanics are immediately avail
able for maintenance purposes. In the case of a 
rural office, where the outlay on the power plant 
has to remain more or less in proportion to the 
number of lines installed, the cost of the ad
ditional equipment necessary for automatic 
operation is a matter which must receive careful 
consideration. It is also essential that the auto
matic power apparatus be simple, reliable, and 
easily adjustable, since, at the rural exchange, 
skilled attendants are not immediately available. 

Several types of the Bell Telephone Manu
facturing Company's automatic power plants are 
in successful operation. In general , these equip
ments may be divided into two principal classes : 
the duplicate battery plant and the single 
battery plant, both including the usual motor 
generator sets or rectifiers. 

The duplicate battery system is becoming more 
and more restricted to those areas where, during 
certain hours of the day, the electrical supply is 
available at a reduced rate. The single battery 
system, with sufficient battery capacity to main
tain the service during a period of power failure, 
is becoming increasingly popular, both on 
account of its lower initial cost and its higher 
efficiency, particularly when operating on a full 
float basis. 

2. General Requirenients for Power Plants 
in 7-D Rotary Offices 

Reliable operation of automatic exchanges is 
only guaranteed when the voltage of the feeding 
current is kept within certain limits. For rural 
exchanges, the following limits are fixed : 

7-D center type exchange-minimum 
44, maximum 52 volts ; 

7-D district exchanges-minimum 44, 
maximum 54 volts. 

The above limits are to be taken as applying 
at the circuit fuses of the automatic switching 
equipment. For small exchanges where there is, 
as a rule, practically no distance between the 
battery, the power board, and the circuit fuses, 
the minimum battery voltage may correspond to 
the minimum limit fixed for the operation of the 
equipment. For medium and large sized offices, 
the minimum permissible limit at the discharge 
fuses on the power board must be kept above the 
mimmum equipment limit by the amount of 
voltage drop allowed in the discharge feeders. 
This drop is fixed at 2 volts when the feeders 
carry current used for signaling purposes only, 
or for talking and signaling combined, where the 
microphones are fed over retardation coils. For 
talking circuits using repeating coil transmission 
the permissible drop is limited to 0.5 volt. 

During discharge the voltage of the lead-acid 
battery falls from 2 to approximately 1 .83 volts 
per cell, and the minimum number of cells 
required in a battery is therefore fixed at : 

48 
- = 26 cells 
1 . 83 

46 
-- = 25 cells 
1 .83 

44 
-- = 24 cells 
1 .83 

48 volts 

For exchanges where 
the voltage should 46 volts 
not drop below 

44 volts 
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Fig. 1-All Metal Powerboard. 
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The voltage of these batteries when charged 
in the normal manner rises to 65, 67 .5 ,  or even 
70.2 volts. Unless, therefore, some form of 
voltage regulation is provided, the battery must 
be disconnected from the load whilst charging, 
thus necessitating a duplicate battery arrange
ment. 

3. Duplicate Battery Arrangement 

The duplicate battery arrangement requires 
two batteries, one of which is charged, whilst the 
other is discharged. The charging generators or 
rectifiers need not be of the telephone type for 
this service. 

Duplicate battery systems are used with semi
automatic and with full automatic operation. 
Plants which are entirely manually operated are 
of no use in automatic rural offices. 

With semi-automatic operation, the batteries 
are changed over and the charging plant is 
started by the attendant. On the completion of 
the charge, as indicated by a contact voltmeter 

or an ampere hour meter, the charging generator 
or rectifier is automatically disconnected. With 
full automatic operation, the changeover of the 
batteries can be controlled by the voltage of the 
battery feeding the equipment. This voltage, 
however, depends on the rate of discharge at any 
particular moment, so that it is preferable to 
interchange the batteries after a predetermined 
number of hours of service. Provision is made for 
placing the used battery on charge as soon as it is 
disconnected from the exchange. 

Figs. 1 and 2 show an all metal power board 
designed for a full automatic, duplicate battery 
arrangement, operated on the charge-discharge 
principle. The board is designed for a maximum 
discharge current of 100 amperes. The two 
batteries are interchanged at a predetermined 
time under the control of an electrically wound 
clock, which also starts the charging generator 
and connects it to the discharged battery. The 
charge is terminated by the operation of a 
contact voltmeter, set to close at the maximum 
voltage which should be reached with the battery 
fully charged. 

STEP BY STEP __ 
SWITCH CONTROLLING 
CIRCUIT POSITIONS 

CIRCUIT CONTROL 
RELAYS 

ALARM FU5ES-
INPARALEL WITH 
MAIN DISCHARGE 
FUSES 

THERMJC AND -
MAGNETIC i'ROTE.C.TORS 
OF RECTIFIER 

ELEMENTS 

MERCURY RELAIS -· 
WITH J OO·A 
CONTACT TUBES 

VOLTA GE ARM 

VOLTMETER RELAYl 

FOR LOW & HIGH 

__ MAIN SUPPLY 
FAILURE ALARM 

APPAR ATUS 

_REMOVEABLE 
DOORS 

\___ MERCURY RELAYS 
FOR STARTING 
MOTOR GENERATOR 
AND CONNECTING 
RECTIFIER TO 
MAIN SUPPLY 

Fig. 2-All Metal Powerboard (Doors Open). 
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Fig. 3-Another Type of Automatic Duplicate Battery 
Arrangement. 

When desired, during the day the battery 
which is being discharged may be floated by 
means of a Selenium rectifier. By operating 
appropriate keys the batteries may be inter
changed manually, connected in parallel for 
emergency discharge, or floated in parallel. The 
arrangement is such as to prevent incorrect 
operation, whilst the pilot lamps are fitted to 
indicate the particular circuit condition which 
exists. 

Another type of automatic duplicate battery 
arrangement is shown in Figs. 3 and 4. In this 
case the charging current is supplied by a 
40 ampere hot cathode rectifier. The changeover 
is again controlled by an electric clock, but, in 
addition,  provision is made such that, should 
the voltage of the discharging battery fall too 
low, the changeover would operate and the 
discharged battery would immediately be put on 
charge. 

4. Single Battery Arrangement 

4. 1 GENERAL CONSIDERATION 

As mentioned previously, the voltage of a 
lead-acid battery rises to 2 .  7 volts per cell when 
charged in the normal manner. This does not 
mean that a battery cannot be fully charged 

without reaching this voltage. The voltage of a 
cell towards the completion of the charge is a 
function of the charging current. Provided the 
charging rate is sufficiently reduced and the 
charging time increased to correspond, a battery 
may be fully charged without the voltage 
exceeding 2.4 volts per cell, but it t<J:kes about 
160 hours to complete the charge if a current of 
constant value is used. 

Referring in particular to the Belgian Tudor 
Plante cell, Fig. 5 shows the capacity at various 
discharge rates ; and, for the different charging 
rates, the state of charge of Plante type cells 
when the tension reaches 2 . 16 ,  2 . 2 ,  2 . 25 ,  2 . 3 ,  and 
2 .4 volts. The curves are taken at 15° C. with an 
electrolyte of specific gravity 1 . 200 (24° Baume) 
when fully charged. The cells used were fitted 
with wooden separators. 

The different equipment requirements and 
battery characteristics for 7 -D office power 
plants are as follows : 

(a) Maximum voltage . . . . . . . . . . . .  . 
(b) Minimum voltage at circuit fuses . 
(c) Minimum number of cells if drop 

in feeders can be neglected . . . . .  
(d) Minimum number of cells if 2 V. 

drop in the feeders is to be 
considered . . . . . . . . . . . . . . . . .  . 

(e) Maximum permissible tension 
per cell with a 24 cell battery 
when no C.E. M .F. cells are 
connected in the discharge . . . .  . 

Same with 25 cells . . . . . . . . . . .  . 
(f) Approximate percentage of full 

charge capacity which can be 
restored to a battery without 
exceeding the maximum ten
sion per cell with the intensity 
of the charging current reduced 
to a 10 hour value-24 cell 
battery . . . . . . . . . . . . . . . . . . .  . 

(g) Same for 25 cell battery . . . . . . .  . 
(h) Same for 24 cell battery with 

charging current reduced to 20 
hours value . . . . . . . . . . . . . . . .  . 

(i) Same for 25 cell battery with 
charging current reduced to 20 
hour value . . . . . . . . . . . . . . . . .  . 

Center District 
Type Type 

Exchange Exchange 

52 volts 54 volts 
44 volts 44 volts 

24 cells 24 cells 

25 cells 25 cells 

2 .16  v. 2.25 v. 
2.08 v. 2.16  v. 

49 % 71 % 
49% 

6 1 %  78% 

61 % 

The above tabulation shows that the battery 
in  7-D rural exchanges cannot be charged 100% 
without exceeding the voltage limits, even when 
these are as wide as 44-54 volts, if a recharge of 
the battery is desired within 20 hours after a full 
discharge. 
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Fig. 4--Another Type of Automatic Duplicate Battery 
Arrangement. 

The simplest method of feeding an exchange 
by means of a single battery is to employ a 
battery of large size, such that when charged to 
only about three-quarters of its full capacity, 
there is sufficient reserve to feed the equipment 
during power failures. This arrangement may be 
used either with or without controlled charge. 

With controlled charge, a voltage relay cuts off 
the charge when the battery voltage reaches the 
upper limit and reconnects the charging supply 
when the voltage has dropped to about 2 volts 
per cell .  Alternatively, the charge may be con
trolled by means of a double wound choke coil 
one winding of which is connected in the primar; 
supply to the charging rectifier, whilst the second 
winding carries the d-c. output. This automatic 
choke-controlled rectifier is described in more 
detail later, but it must be pointed out here that 
the output of such a rectifier is affected to a 
considerable extent by the voltage variations of 
the main supply. 

With uncontrolled charge, the charging current 
is adjusted so that the input to the battery over a 
given period corresponds to the average current 
requirements of the exchange plus the losses in 
the battery. 

In practice the uncontrolled charge consists in 
floating the battery with a current of a value 
such that the voltage is maintained between 
2 . 18  and 2 .3  volts per cell, depending on the 
temperature and the type of plates used. In 
rural offices, where the tension of the main supply 
is as a rule unstable and power failure much more 
frequent than in larger centers, the regulation 
of such a plant presents many difficulties. 

4.2 RECTIFIER OPERATED SINGLE BATTERY 
FULL FLOAT PLANTS 

In district exchanges there are usually several 
hours per day when there is practically no traffic. 
It is, therefore, possible to charge the battery up 
to the 54 volt limit and to continue beyond this 
point provided arrangements are made to suspend 
charging temporarily whilst a call is in progress. 
Immediately the charge is stopped the voltage 
falls within the required limits and, when the call 
is terminated, the charging current can be 
reestablished. 

When the charging is adjusted to a 10 hour 
rate value, about 7 1  % of the full charge capacity 
can be restored to the battery in district offices 
before the 54 volt limit is reached. Beyond this 
point the charge should be continued with the 
current reduced to a trickle charge value in order 
to avoid over-formation of the positive plates. 

A system making use of the above principles 
has been found to give excellent results in small 
7 -D offices. The method of operation, prepared in 
bulletin form by the Bell Telephone Manu
facturing Company, Antwerp, on the 7-D Rotary 
Automatic Telephone System, may be sum
marised as follows : 

� lO -;!!� ['.... I ---i-- ........ I t-........ 
! " 1 ,) ....... - " " I' +�rt: 

/)_, . ...J,.. I 

Fig. 5-Capacity at Various Discharge Rates of Tudor Plante 
Cell. 
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Fig. 6-Antwerp Power Units. 

Direct current, with a sufficiently low ripple, 
is obtained from a Selenium rectifier provided 
with smoothing choke and dry electrolytic con
densers. This current is fed via two adjustable 
resistances, one resistance regulating the normal 
charging current and the other, the trickle charge. 
The main charge is controlled by voltage relays 
arranged so that this circuit is interrupted only 
when the voltage rises to 54 and is reestablished 
when it falls to 50 volts. Calls going through the 
exchange open the trickle charge circuit but not 
the main circuit. The arrangement therefore 
permits the rectifier to deliver current at the 
full rate until the voltage limit is reached. 
Beyond this point, the charge is continued at the 
trickle charge rate when no calls are in progress. 
An alarm is arranged to operate when the main 
supply is interrupted, or when the voltage falls 
below a predetermined limit. 

The relays may be mounted either with the 
automatic equipment or with the rectifier. The 
power units recently standardised by the Bell 
Telephone Manufacturing Company are ar
ranged so that the rectifier with its overload 

protection, the control relays, the combined volt 
and ammeter, together with the fuses, etc. , are 
all contained in a single unit, as illustrated in 
Figs. 6 and 7. They show a rectifier built for 
outputs of 1 . 2 ,  2 .4,  4.0,  and 8.0 amperes at 44 
volts. Fig. 8 shows the output curve of the 2 .4 
ampere rectifier. 

4.3 FULL AUTOMATIC PLANTS WITH AMPERE 
HOUR METER CONTROL 

A type of power plant which has been in 
satisfactory operation for many years , both in 
Europe and in the United States, and is being 

adopted by the British Post Office, is one which 
makes use of a special ampere hour meter 
connected in the battery lead. When the battery 
has been discharged some 10%, the ampere hour 
meter makes contact and starts the charging 
apparatus, which continues to supply current 
until the battery is again fully charged. This type 

Fig. 7-Antwerp Power Units. 
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Fig. 8-0utput Curve of 2.4 Ampere Rectifier. 

of plant cannot, strictly speaking, be described as 
full floating in operation but, since the charging 
plant normally starts in the morning when the 
traffic is increasing, the greater portion of the 
load is supplied by the machine or rectifier and 
not by the battery. In addition to the contacts 
for stopping and starting the charge, a third 
contact gives an alarm when the battery is 
discharged more than 353. The ampere hour 
meters used read correctly in the discharge 
direction but in the reverse, or charge direction, 
the reading is low by an amount which can be 
varied from 103 to about 403, thus enabling 
the excess of charge over discharge to be adjusted 
to allow for the losses in the battery. 

Figs. 9 and 10 illustrate a power board designed 
for a single battery plant with ampere hour meter 
control , the current being supplied by a Selenium 
rectifier. This type of board is suitable for 
exchanges with a maximum current drain of 100 
amperes. 

It is essential that the output of the rectifier be 
sufficient to make good, every 24 hours, the total 
drain to the exchange plus the losses in the 
battery but, in order to provide for the necessary 
reserve and quick recharge, it is usual to specify a 
rectifier having an output at least equal to the 
maximum drain. 

In order that the battery may be charged to its 
full capacity, C.E.M.F. cells are connected in the 
discharge lead under the control of a contact 
voltmeter which also short-circuits these cells 
when charging ceases. 

The same arrangement can be used when a 
charging generator is used in place of a rectifier, 
but in this case it is slightly more complicated. 
In addition to starting the motor, it is necessary 
to connect the generator to the battery as the 
voltage builds up, and to provide protection 
against current reversal. 

In order to somewhat simplify the arrange
ments , a scheme has been developed which 
dispenses with the contact voltmeter or voltmeter 
relay by making use of a generator compounded 
to give a practically constant voltage from no 
load to full load (±33 tolerance) . When the 
generator is floating a battery, the series winding 
is not connected between the armature and the 
battery but is inserted in the discharge lead in 
order I o  prevent the possibility of a current 
reversal and to ensure that the increase in 
generator field flux is proportional to the current 
taken by the equipment, thus maintaining a 
constant voltage irrespective of the load. 

In practice it is usual to arrange for only a 
portion of the load to pass through the series 
winding by connecting it in parallel with 

Fig. 9 Fig. 10 
Power Board Designed for a Single Battery Plant with 

A mpere Hour Meter Control. 
(Left: Closed; Right: Open) 
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Fig. Ji-Typical Circuit Arrangements. 

an adjustable non-inductive shunt. With this 
scheme, the ampere hour meter closes the circuit 
for starting the generator when the battery has 
been discharged 103, just as in plants previously 
described. The generator is adjusted to give 2 .25 
volts per cell of the battery at an output corre
sponding to the drain of the equipment plus the 
losses in the battery. When the generator is 
connected to the battery, a C.E.M.F. cell is 
introduced simultaneously into the discharge 
lead , thus permitting the battery voltage of the 
24 cell battery in center exchanges to be increased 
to 54 volts. When the current taken from the 
battery plus the losses has been restored the 
ampere hour meter stops the charge. Since with 
one C.E.M.F. cell the battery voltage is limited 

to 2 .25 volts per cell, the arrangement does not 
permit the battery to be fully charged. Where it 
is desired to charge the battery more fully, two 
C.E.M.F. cells must be introduced at the same 
time in order that the battery voltage may be 
increased to 56 or 2 .33 volts per cell. 

Such plants require a full charge up to 2. 7 volts 
per cell about every two months. This is made 
possible by connecting C.E.M .F. cells in the 
discharge lead to the exchange. 

4.4 FULL FLOAT PLANT WITH CoNsTANT Po
TENTIAL RECTIFIER 

The term "constant potential rectifier" is used 
to describe a rectifier constructed so that its 
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Fig. 12-Typical Circuit Arrangements. 

output is in large measure dependent on the 
battery voltage. When the battery voltage is low 
the rectifier charges the battery in the usual 
manner, the voltage gradually rising as the 
charge progresses ,  until at a certain predetermined 
battery voltage the charging current suddenly 
falls to a mere trickle. The trickle charge con
tinues until the current requirements of the 
exchange are such as to cause the voltage of the 
battery to fall to a second and somewhat lower 
predetermined value when current suddenly 
reverts from the trickle to the full charge rate. 
This self-regulating feature is obtained by con
necting one winding of a double wound choke in 
series with the primary of the transformer, and 
the second winding in series with the d-c. output 
(Figs. 1 1  and 12 ) .  The impedance of the a-c. 
winding of the choke depends on the state of 
magnetic saturation of the core, and this in turn 
depends on the value of the current in the d-c. 
winding. As the battery voltage rises during 
charge the current falls slightly until a point is 
reached where the current passing through the 
d-c. winding is no longer sufficient to completely 
saturate the iron core. The impedance of the a-c. 
winding now begins to increase with the result 
that the voltage applied to the transformer 
primary is reduced, still further reducing the 
output of the rectifier. The net result is that, once 
the critical battery voltage is reached , the 

arrangement becomes unstable and the current 
falls to perhaps a tenth or less of its former value. 
The reverse action takes place and the current 
reverts to its former full charge value when the 
exchange load has caused the battery voltage to 
fall sufficiently. The degree to which the battery 
is charged depends on the value at which the 
rectifier is adjusted to revert to trickle charge. If 
this upper voltage limit is set at 52 or 54 volts 
the battery cannot be fully charged. This incom
plete charging is a serious feature at rural 
exchanges since most Administrations and oper
ating companies prefer power plants which 
operate with the batteries in a fully charged 
condition. 

It is therefore clear that a constant potential 
rectifier, in spite of the additional auto-regulation 
coil , is not capable of maintaining the battery in 
a fully charged condition at all times even if the 
main voltage variations are within ±53. If this 
condition has to be met, it is necessary to provide 
voltage control which prevents excessive voltage 
at the exchange busbar and which permits 
charging of the battery to continue even when 
the main supply is at minimum voltage. 

In certain rural areas main supply voltage 
variations of ±53 are normal, whilst variations 
of ± 103 are met with in other areas. Since the 
output of the rectifier bears a direct relation to 
the main supply voltage, a rectifier which is 
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adjusted to cut off at 54 volts when the supply 
is 5% above normal will give practically no 
output at SO or 5 1  volts when the main supply is 
5 % below normal. 

To avoid the above mentioned difficulty, the 
constant potential rectifiers furnished in power 
plants of rural exchanges are preferably designed 
to cut off at 54 volts when operating on the 
minimum supply voltage, thus ensuring that the 
battery will be adequately charged under all 
conditions. In order that the exchange voltage 

Fig. 13-Power Plant with a Circuit in Accordance with 
Fig. 11. 
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Fig. 14-0utput Curve of Power Plant of Fig. 13. 

may not be excessive when the mains voltage is 
high, and to enable the battery to be charged to 
its full capacity, provision is made for the 
automatic introduction of C.E.M.F. cells into the 
discharge lead under voltage operated control. 
Provision is also made for adjusting the trickle 
charge current by shunting the d-c. winding of 
the choke coil with an adjustable non-inductive 
resistance , whilst in order to facilitate the first 
charge and to permit of a specially quick recharge 
after a prolonged power failure , it is possible to 
render the constant potential feature entirely 
non-operative. 

Two of the typical circuit arrangements are 
shown in Figs. 1 1  and 12 .  In one case (Fig. 1 1) 
the introduction of C.E.M.F. cells is controlled 
by voltage relays of the telephone relay type. In 
the other case (Fig. 12) the C.E.M .F. cells are 
under the control of a contact voltmeter or 
voltmeter relay. The former circuit is used for 
the smaller, and the latter circuit for the larger 
plants. Both schemes are reliable , but whilst the 
contact voltmeter is easier to adjust and more 
accurate than the voltage relay, its greater cost 
is a serious matter in the smaller plants. More
over, since great accuracy is not essential , it is 
possible that the voltage relay system may 
eventually be employed, irrespective of the size 
of the equipment. 

In both circuits the C.E.M.F. cells are intro
duced in successive stages, and when all the cells 
are in circuit and the exchange voltage again 
reaches the upper limit, the rectifier is discon
nected from the supply, to be reconnected only 
when the exchange load has caused the voltage to 
fall to a predetermined limit. Both circuits make 
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Fig. 15-Power Plant with a Circuit in Accordance with 
Fig. 12. 

provision for cutting out the constant potential 
choke for the purpose of initial charge, or quick 
recharge, and terminals are also provided for 
connecting additional C.E.M.F. cells to enable 
the battery to be charged to 2. 7 volts per cell on 
occasion. These additional C .E.M.F. cells are 
usually of the portable type, and are as a rule 
common to a whole rural area. Facilities are also 
provided for connecting an emergency charging 
plant for use in the case of breakdown or ex
tensive repairs. 

Fig. 13 shows a power plant with a circuit in 
accordance with Fig. 1 1  and equipped with a 12  
ampere single-phase rectifier, the approximate 
output curve of which is given in Fig. 14. 

In general , three-phase rectifiers are used for 
the larger outputs. Figs. 1 5  and 16  illustrate a 
powerboard with a circuit in accordance with 
Fig. 12 .  This board is of the all metal type. 
Fig. 17 shows one on which all the equipment, 

excluding only the rectifier and the telephone 
type relays, is mounted on slate panels. The 
layout of the equipment on both types of boards 
is such that it can be used for offices with a 
maximum drain of 100 amperes. In order to 
reduce the initial cost it is usual to supply one 
rectifier only at the outset, but provision is made 
for connecting a second rectifier when required. 
This second rectifier, not shown on the circuit, i s  
connected to  the mains only when a current relay 
in the discharge lead indicates that one rectifier 
alone is insufficient to carry the load. 

In general , a rectifier is chosen of sufficient 
output to carry the full busy hour drain normally 
required by the exchange equipment, in which 
case the full battery capacity is always available. 
As an alternative it is practicable to use a 
rectifier which, during the busy hour, supplies 
only a portion of the total current ,  the remainder 
being furnished by the battery which is recharged 
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Fig. 16-Power Plant with a Circuit in Accordance with 

Fig. 12. 
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during the slack period. The capacity of the 
battery, however, must be such as to provide 
adequate reserve should a power failure occur 
immediately after the busy period of the day 
when the cells have already to some extent been 
discharged. 

5. Power Plants for Use on�D-C. Systems 

Where a direct current supply with the positive 
pole earthed is available, the simplest arrange
ment is to charge the battery directly from the 
mains with a suitable resistance in series to 
reduce the current to the correct value. Whether 
a motor generator is used in preference to this 
simple direct charging scheme depends largely on 
the voltage of the d-c. supply. In areas where the 
supply is 220 volts, 3-wire, with the neutral 
earthed, the battery can be charged between the 
1 1 0  volt negative pole and the earthed neutral. 
The efficiency of this arrangement is about 50%, 
which is equal to that obtained with a small 
motor generator, the efficiency of which is 
between 45% and 60%. Direct charging from the 
mains is therefore recommended when a 1 10 volt 
supply is available, the charge being preferably 
controlled by two resistances in parallel as 
described above. When the supply voltage ex
ceeds 1 10 ,  or the negative pole is earthed, a 
motor generator must be used. A method of 
control which gives satisfaction is the one 
whereby the motor generator is started when an 
ampere hour meter registers a discharge of 10% 
of the battery capacity, the charge being con
tinued until the meter indicates that the battery 
is again fully charged. C .E.M.F. cells must be 
introduced into the discharge lead under the 
control of a contact voltmeter, in order to 
maintain the voltage at the exchange within the 
permissible limits during the charging period. 
This method is one which is not affected to any 
serious extent by variations in the supply 
voltage. 

In order to reduce the first cost it is possible to 
use the compound generator arrangement, in 
which one or more C.E.M .F. cells are introduced 
into the discharge circuit at the same time that 
the generator is connected to the battery. The 
speed of the motor generator is, however, affected 
by variations in the supply voltage, and this in 
turn causes variation in the output of the 

Fig. 17-Power Plant with all Equipment on Slate Panels. 

generator. It would, therefore, be necessary to 
use an automatic speed regulator on the motor, 
an addition which possibly would not be suffi
ciently reliable for use in an unattended exchange. 
The arrangement is therefore less desirable for 
rural exchanges. 

It has been found possible to dispense with the 
ampere hour meter by making use of a contact 
fitted on a clock. This contact starts the charge 
at a predetermined hour each day. It is prefer
able to arrange for the charging to take place 
during the busy hours, since this will ensure that 
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the major portion of the current required by the 
exchange is furnished directly by the generator. 
Once started, the charge continues until the 
voltage of the battery indicates that it is fully 
charged. C.E.M.F. cells are introduced one at a 
time, the first when the generator is connected to 
the battery. Additional C.E.M.F. cells are then 
added under the control of a contact voltmeter 
or voltage relay whenever the voltage at the 
exchange reaches the maximum limit. 

6. Large Rural Exchanges 

All the power plants thus far described are 
intended for use in unattended exchanges having 
a maximum busy hour drain not exceeding 100 
amperes. For larger exchanges where the drain 
exceeds 100 amperes the requirements, generally 
speaking, are similar, but the number of such 
types of power plant is so considerable that 
anything approaching a complete description 
would be beyond the scope of this article. It may 
be of interest, however, to mention that the 
Bell Telephone Manufacturing Company has 
recently developed a full automatic operated, full 
float plant embodying the following features : 
( 1 )  The plant can be operated either on a full 

float or semi-full float basis ; 
(2) Single battery with emergency end cells, the 

latter used only when floating is stopped. 
The emergency cells are trickle charged from 
a small Selenium rectifier if the plant is 
operated on a full float basis ; 

(3) Motor generators are used for floating or 
charging the battery. The voltage of these 
generators is regulated automatically by 
means of motor driven rheostats ; 

(4) The number of generators which can be used 
in parallel is not limited. They are started 
and connected to the battery, or stopped, as 
required, in order to keep the battery at the 
floating voltage, i .e. , between 2 . 1  and 2 .2  
volts per cell. All the generators in  service, 
except the last one started, run at full load, 
the load variations being taken by the last 
machine ; 

(5) For the purpose of giving a maintenance 
charge, it is possible to float at a voltage 
higher than 2 . 15  volts per cell by introducing 
C.E.M.F.  cells manually into the battery 
discharge lead ; 

(6) The type of generator used is such that, with 
the addition of electrolytic condensers, the 
exchange can be fed directly from the 
generators with the battery entirely dis
connected. 

It should be mentioned that the operation of an 
exchange without a battery is not considered 
advisable. If it is necessary to disconnect the 
single battery for repair, extension, or any other 
reason, it is preferable to provide an emergency 
battery, consisting possibly of car starter 
batteries. If this precaution is not taken, the 
slightest interruption in the main supply will 
result in the loss of all the exchange connections, 
with the probability of serious overloading when 
the supply is reestablished. In the larger ex
changes it is the usual practice to arrange for the 
single battery to consist of two or more "strings" 
of cells connected permanently in parallel but 
arranged so that one "string" may be discon
nected at a time for maintenance or repair. 
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Public Address Installation for the Performances 
of �� Le Vray Mistere de la Passion " on the 

Place Du Parvis in Front of Notre Dame 
Cathedral, Paris 

By G. MEUNIER 
Le Materiel Tetephoniq_ue, Paris, France 

General 

Magnitude of the Performances 

T

O make use of one of the principal Paris 
public squares-150 metres long, 90 
metres wide-as an open air theatre ; 

to erect thereon a metallic flooring, rising from 
the ground level progressively up to 12 .50 m. , 
for the seating accommodation of an audience of 
more than 10,000 people, with the safety, exits, 
visibility, and comfort of the best theatres ; to 
present the foremost French actors, assisted by 
a chorus of 1 ,500 and the Republican Mounted 
Guards on a stage SO metres long by 25 metres 
wide ; to provide a spectacle having the magni
tude and solemnity of Notre Dame Cathedral as 
an incomparable scenic background-such, for 
the past two years, has been the principal 
achievement of the Comite des Fetes de Paris on 
the initiative of the great promoter of open air 
theatricals :  Pierre Aldebert. The production, 
"Le Yray Mistere de la Passion,"  harmonising 
perfectly with the surroundings, virtually makes 
these performances the chief attraction of the 
"Fetes de Paris," held in the beginning of June 
of each year. 

Enumeration of the many difficulties en
countered in the realisation of this gigantic chef
d 'oeuvre and the manner in which they were 
overcome will not be attempted in this paper. It  
will readily be appreciated, however, that im
mobilisation for a period of three weeks of the 
whole of an important and busy district of Paris, 
necessitating diversion of the heavy street 
traffic, and the coordination of stage mob move
ments on a vast scale with accompanying sound 
and lighting effects were tasks not easily accom
plished. Similarly, the erection in record time, 
of scaffolding capable of supporting, with the 
requisite safety factor, such a considerable 

audience, and the transformation of an historical 
monument like Notre Dame into a theatrical 
scene without hindrance to the regular religious 
ceremonies, involved technical and adminis
trative problems which required most effective 
resolution by the organisers and their col
labora tors.1 

In installations of this character, two essential 
elements, obviously, are the lighting effects and 
the sound reproduction. 

Scenic Dispositions 

In order that the importance of the difficulties 
encountered in achieving scenic effects may be 
realised, it is necessary to note the particular 
circumstances accentuating them. 

In addition to the dimensions of the public 
auditorium and of the stage, the latter was 
especially unfavourable to the placing of pro
jectors, loudspeakers, or microphones, due to 
the absence of girders, columns, rails, etc. The 
stage, in fact, consisted of a plain, practically 
bare surface, showing the Cathedral fac;:ade 
almost in its entirety, and was surrounded on 
three sides with access slopes intended, in 
certain parts of the play, to permit a merging of 
performers and spectators. Some of the scenes
the Prologue and the Bearing of the Cross-were 
played off-stage, such as in the passage separating 
the stage from the spectators. 

The rear of the stage was lined on the left and 
right by two walls, 3 metres high, with two kinds 
of thrones representing "mansions,"  which har
monised with the Cathedral and which resembled 
the theatrical effects of the middle ages. The 
central portion disclosed, according to the scene, 

i From a technical point of view, mention �ay be m�d� 
of the firm which built the seating accommodat10ns: So�1ete 
Entrepose de Paris, and the lighting contractor : Etabhsse
ments J accopozi of Paris. 
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Notre Dame Cathedral showing the Stage and about One-Half of the Auditorium. The Operating 
Switchboard is in the foreground and the Auditorium Loudspeakers are Visible at the Extreme Left. 
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either the portal of Notre Dame, or scenery 
representing the Calvary. No curtains or acces
sory paraphernalia facilitating the concealment 
of lighting fixtures or microphones were used. 

The only visible projectors and loudspeakers 
were those placed on the right and left extremi
ties of the auditorium. On the stage, five cases, 
hardly 40 cm. high, were placed at the top of the 
front slope opposite the audience. These boxes 
contained lighting projectors, microphones, and 
loudspeakers. 

The Public Address System 

The requirements for the public address 
system as a whole were : 

( 1 )  Retransmissions, throughout the entire 
square and auditorium, of the musical pro
grammes performed within the Cathedral, such 
as choir renditions, organ solos, and other musical 
contributions (violins, cellos, and " Martenot" 
waves-etherodyne musical apparatus) . These 
retransmissions, with variable power according 
to the scenes of the "Yray Mistere ,"  had to be 
accomplished in a manner such as to give the 
audience the impression that the music was 
emanating directly from Notre Dame itself. It  
was, therefore, necessary to avoid having a 
single acoustic focus. In the last scene, the sound 
had to give the impression both of increasing 
power and of rising from the ground up to the 
top of the towers. Sufficient power was then 
required to cover the bells and chimes ringing a 
full peal , as well as the trumpets of the Repub
lican Guards occupying the right and left of the 
stage. 

(2) Amplification, over the entire area re
served for the public, of the actors' voices from 
any part of the stage or from the intervening 
space between the stage and the first rows of 
spectators' seats. In so far as practicable, it was 
necessary that the impression be conveyed that 
the sound was coming directly from an actor 
moving about the stage. 

(3) Amplification of the voices of actors repre
senting apparitions. In these cases, the move
ments of the actors were restricted and the 
microphones were placed as near to them as 
possible. 

( 4) Amplification and retransmission of the 
chimes of the Rouen Cathedral to Paris by tele
phone cable (140 km.) .  To avoid confusion with 

the bells of Notre Dame, this carillon emanated 
from loudspeakers placed on either side of the 
spectators rather than from the loudspeakers on 
the fa<;ade of Notre Dame. 

(5) Placing at the disposal of the stage man
ager a telephone installation duplicated by 
transmitters connected with loudspeakers and 
lamp signals, so as to provide for a perfect coor
dination of all the elements, some of which were 
located far apart. 

Main Difficulties of Realisation 

The main _ difficulties involved were the fol
lowing : 

(a) To obtain a perfect retransmission of the 
musical part of the programme, with adequate 
pressure and the quality necessary to cover 
effectively the whole square, "Place du Parvis. " 

(b) To amplify, under the unfavourable condi
tions described above, the voices of the actors, 
apparitions, and chorus, with special reference 
to the solution of the problem of the "Larsen 
effect" (singing or reaction of loudspeakers on 
microphones) .  

Power and Quality for Musical Retransmissions 

It was estimated that the average acoustic 
power of the Cathedral chimes at the center of 
the square would be from 6 to 10 Baries, and it 
was necessary to attain this value as a minimum. 
Taking the amplitude of acoustic pressure as p, 
and the acoustic resistance of the atmospheric 
air as r (equal to 42 c.g.s. units) , the acoustic 
power flowing through a surface S cm.2 is 

p2 
W=--S. 

2r 

Hence, in order to obtain a pressure of 10 r.m.s. 
Baries, that is an amplitude of P = 14 Baries : 

1 96 
W= - X 8400 X 104X l0-7 watts, 

84 
= 19 .6  watts. 

One can thus estimate the necessary acoustic 
power from 15 to 25 watts in the working angle 
of the loudspeaker. Such a loudspeaker, espe
cially one possessing remarkable acoustic qual
ities, was not in current use ; and, moreover, the 
usual solution of grouping several loudspeakers 
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Giant Loudspeaker. 

in one place was not satisfactory because of the 
probable occurrence of stationary waves. The 
problem, in fact, was a delicate one, particularly 
as the apparatus on the fac;ade of the Cathedral 
had to be practically invisible. 

The "Larsen E.ff ect" on Theatrical Retransmissions 
Including Apparitions 

The amplification limit of a loudspeaking 
system is reached when the effects of the loud
speaker and the original sound on the micro
phone become equal. From this moment on, the 
sounds maintain themselves. Often the frequency 
first maintaining itself is not one that was orig
inally present but rather, one that is most 
favoured by the whole installation : local condi
tions (frequency of resonance of the locality) , the 
relative positions of the microphones and loud
speakers, and the presence of absorbing or 
reflecting screens. "Singing" is thus, in general , 
produced by a frequency different from the fre
quencies originally transmitted, and before the 
limit is reached for the latter. Before the "sing-

ing" phenomenon proper occurs, that is, at 
slightly lower amplification, resonance takes 
place through successive amplifications (with 
attendant attenuation in transmission) of the 
favoured frequency or of other frequencies 
registered by the microphones, the result being 
similar to the phenomenon of reverberation 
produced in a room with echo effects. In order 
to avoid these objectionable phenomena, the 
amplification coefficient must be kept appreci
ably below the "singing" point. 

For sounds of given power there exists, 
therefore, even with microphones of high fidelity 
and stability, a distance beyond which it is 
impossible to obtain in the loudspeakers power 
sufficient to meet the requirements of a large 
assembly. This determines what is termed the 
"microphone field." When several microphones 
are connected simultaneously in the same instal
lation, the respective field of each, in general , 
decreases ; for, at certain frequencies, the com
bined action of the loudspeakers on the micro
phones is in phase and this augumented effect 
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correspondingly lowers the amplification coef
ficient at which "singing" takes place. The ad
vantage of multiple microphones is dependent 
upon their being connected-in properly at any 
given time, either one, two, or three, as required. 

The problem is, therefore, one of switching, 
and may be considerably simplified by the 
judicious choice of suitable apparatus, par
ticularly microphones and loudspeakers. 

Material 

Loudspeakers 

The electrodynamic type, with a small dia
phragm, air chamber, and exponential horn was 
chosen because of its robust and water-tight 
construction, ease of installation, high efficiency, 
and, above all , its very pronounced directional 
qualities, permitting coverage of greater dis
tances. 

In order to simplify installation and reduce 
fire hazards, the model used for the "Yray 
Mistere" was of the permanent magnet type. 
The horns were 2 m. long and 80 cm. in diameter. 
Where there was insufficient room to locate these 
horns, they were replaced by flat flare horns 
1. 70 m. long, 1 m. wide, and 35 cm. thick, or by 
wooden horns of the compact type only 35 cm. 
in width. 

Microphones 

The electrodynamic type of microphone was 
chosen on account of its adaptability to operation 
in all positions, its insensitivity to mechanical 
vibration (thus requiring no elastic supports, and 
consequently facilitating installation and con
cealment in the scenery) , its insensibility to 
hygrometric variations of the atmosphere, and 
its water-tightness (on several occasions these 

Place du Parvis, showing the Auditorium as viewed from the Cathedral. The Prefecture de Police 
is in the background, and the Hotel-Dieu Hospital to the Right. The Auditorium Loudspeakers are 

Visible at the Left. 
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instruments operated in the rain) , as well as its 
fidelity of reproduction, its low impedance (per
mitting the use of relatively long lines between 
the microphones and the amplifiers) ,  and, finally 
and more important, the possibility of connecting 
several microphones on the same preamplifier 
without special precautions against reactive 
effects. 

Two types were used : the "non-directional" 
type in places where the sound impinged from 
all directions ; the "directional" type in other 
cases. Fifty microphones were used in the in
stallation. 

Amplifiers 

Amplifiers with fairly flat frequency response 
were required in order to avoid "singing" on an 
enhanced frequency. In addition, it was con
sidered necessary to secure high quality even at 
low speech levels. Class "A" amplifiers, ten in 
all, with 15 and 30 watts of acoustic power, 
therefore, were used. Because of the high power 
required, a class "B" type amplifier was used for 
musical retransmissions. 

High quality preamplifiers-one per group of 
microphones-were also employed. The pream
plifiers and amplifiers, fed by the town current 
supply, were grouped at one point, thus facili
tating supervision and permitting quick adjust
ment if necessary. 

Realisation of the Musical Retransmission 

Microphones 

Three microphones, two of the "directional" 
type mounted on pedestals 2 .50 m. high, and 
one of the "non-directional" type suspended over 
the gallery of the great organ, were used with 
appropriate mixers to pick up the instrumental 
and choir music to be retransmitted. The placing 
of the artists with respect to the microphones was 
such that the resonance of the Cathedral was 
correctly apportioned in the retransmission. 

Ordinary Loudspeakers 

Four electrodynamic loudspeakers with flat 
horns were fitted in between the railings of the 
Gallery of the Virgin at a height of about 25 
metres, and were distributed over the whole 
width of this gallery so as to ensure the required 

dispersion effect. They were fed by a 15 -watt 
amplifier and covered the first third of the 
square. 

Four similar loudspeakers were located on top 
of the towers. Operated by a 30 to 40 watt am
plifier, they were intended to give the final 
sonorous ascent effect and were used only for 
this feature. 

Special Loudspeaker 

In order to obtain the requisite quality and 
power at the centre and rear of the square, a 
"giant" loudspeaker was especially constructed 
for the purpose. It employed twelve electro
dynamic motors of the current type and a single 
straight exponential horn 6.80 m. in length with 
an aperture greater than 8 square metres. 

This loudspeaker, possessing an efficiency 
estimated at 25% and giving a considerable direc
tional effect, yielded the desired result. The peak 
of acoustic power at the amplifier outlet was 90 
watts, the average being 40 to 50 watts. More
over, the quality was greatly superior to that of 
current types of loudspeakers, especially at low 
frequencies. 

The speaker was mounted on the platform 
between the two towers and behind the gallery 
joining them at their base at a height of approxi
mately 50 metres. 

Operation of the Installation 

For broadcasting the theatrical performance 
with musical accompaniment the giant loud
speaker was nearly always employed alone in 
order to avoid interference with the actors' 
microphones. For retransmitting solos and music 
from the choirs and organ, during intervals of 
scenery changes, the loudspeakers in the Gallery 
of the Virgin were added at full power in order 
to give the first rows of spectators the impression 
of sufficient volume. 

Because of the considerable directional effect 
of these loudspeakers, the sound coverage be
tween these two groups of loudspeakers took 
place at a distance from the Cathedral such that 
no echo effects were noticeable. For the final 
scene, the ascension of the sound was obtained 
in the following manner : the loudspeakers in the 
Gallery of the Virgin were first worked alone at 
low volume ; then, progressively, the loudspeakers 
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in the towers were amplified while those in  the 
Gallery were being diminished to zero. At last, 
the central loudspeaker was placed in operation 
with gradual increase in volume. 

During the performance, claps of thunder were 
imitated on the organ and with the "Martenot 
waves. "  Since the volume was adequate, the 
impression given was most realistic. 

Realisation of the Theatrical Retransmis
sions Including Apparitions 

Central Operating Switchboard 

Operation of the Microphones 

In the successive switching of the micro
phones, precautions had to be taken to prevent 
difficulties due to distortion, power variation, 
switching noise, and clicks. Rapid and easy 
switching was required. 

Finally, all the public address operations and 
their control had to be handled from a central 
point in the public auditorium. It was necessary 
for the control operator both to see and hear the 
actors in order to follow the action. 

The main idea was to establish a switchboard 
from which switching of microphones could be 
effected through a single lever, capable of motion 
in two directions at right angles to each other. 
Each position of the lever corresponded to a 
given point on the stage, i .e . ,  the connection of 
the microphone covering the amplifiers. For 
adequate microphone field coverage and to 
permit encircling an actor placed in the midst 
of four microphones, an intermediate position 
was arranged between each main position of the 
lever for the interconnection of two adjacent 
microphones. 

On account of the distances involved, the 
microphone switching could not be accomplished 
directly from the switchboard. A relay box placed 
under the stage and functioning as a junction 
box between the microphones and the cables 
connecting them to the preamplifiers was there
fore utilised. 

A signal board equipped with lamps completed 
the switchboard unit and at any moment in
dicated to the operator the microphones in 
operation. It included an individual key per 
microphone enabling each microphone to be 
switched in or out separately. The latter arrange
ment proved especially useful in lengthy scenes 

when rapid interchanges occurred between 
widely separated actors and when the simul
taneous operation of distant microphones was 
necessary. 

Associated with the above mentioned operat
ing lever was a cancellation key of the push type, 
permitting suppression of the previous setting. 
Lamps of suitable color indicated the combina
tion effected. Preparation of a microphone set-up 
before actually switching it in was thus a simple 
matter. 

A repeater signal board, indicating only the 
microphones actually connected, was provided 
for the stage manager. 

The relay box controlling the microphones 
was designed so that each relay operated a 
microphone and a signal indicating its connec
tion. The signaling device consisted of a pilot 
lamp, or of a more important visual "SILENCE" 
signal which functioned through relays and which 
was used in connection with the projector micro
phones to warn the operators of their operation. 
For special retransmission and other purposes, 
the signal was also used in connection with 
certain microphones located in the wings. 

Power Control 

Power control was effected from the relay box 
unit. Since it was, impracticable, for reasons of 
location, distance, and safety, to locate the pre
amplifiers within this unit, all adjustments were 
made through artificial lines connected between 
the preamplifiers and the power amplifiers. 
Independent adjustability of amplifiers and, in 
some cases, of loudspeakers was required for 
achieving the necessary flexibility and reliability. 
Power adjustments could be made prior to the 
operating periods. 

In addition to individual operating keys in the 
control switchboard , the relays were arranged 
for operation by the general level of the micro
phones. Amplifiers and preamplifiers were thus 
added or suppressed as required, and perfect 
quietness of the installation was attained. Pilot 
lamps also indicated the potentiometers in 
service and facilitated control of the equipment. 

Loudspeakers 

The three groups of loudspeakers for the ap
paritions-Heaven, Hell, and the Gallery of the 
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Virgin-were placed as close to the point where 
an actor was speaking as was possible without 
danger of "singing. " In most cases the actors, 
being motionless, supported the microphone 
themselves, and the loudspeakers-two per ap
parition-were at a distance of from 3 to 4 
metres from the actor. The directional effect 
thereby obtained was perfect, provided other 
microphones were not operating simultaneously. 

The loudspeakers transmitting the actors' 
voices from the stage were mounted on either side 
of the public auditorium : on the buildings of the 
Hotel-Dieu Hospital lining the square on the left, 
and on metal pillars 15 and 20 metres in height 
on the right. The whole surface of the auditorium 
was divided into six zones, each zone being simul
taneously covered by two loudspeakers (or 
groups of loudspeakers) belonging, respectively, 
to the group on the right and on the left. 

Analysis relative to the disposition of these 
highly directive loudspeakers showed that : 

(1) In order to avoid echo effects, the difference 
in distance between the spectators of one 
zone and either the actors or the loud
speakers should not exceed 22 metres. 

(2) The two loudspeakers covering any one zone 
should be at approximately equal dis
tances from the centre of the stage. 

This disposition of loudspeakers made it possible 
to give a more or less perfect illusion that the 
sound was coming from the centre of the stage. 
To approximate the binaural effect, the relative 
intensity of two groups of loudspeakers was 
varied. 

While additional arrangements were made for 
the coverage of the front rows, spectators seated 
there were at some disadvantage as regards 
acoustic effect, as were also those in the lateral 
zones who were located too close to one or the 
other of a group of loudspeakers. 

Complementary Installations 

Complementary equipment was not installed 
on as elaborate a scale as the public address 
system, but its function was of no less impor
tance, since it enabled the stage manager and his 
different collaborators to act quickly. This sub
sidiary equipment consisted mainly of ordinary 

telephones, loudspeakers for giving orders, and 
light signals. 

Telephones 

A central battery manual telephone switch
board provided facilities for interconnection to 
the stage manager, the electricians, the public 
address operating switchboard, the main points 
of the performance, the organ gallery, the control 
points of the loudspeakers (galleries, platforms, 
and towers) , and the distant apparitions, totaling 
approximately 20 points. A special telephone line 
was reserved for coordinating the chimes from 
Rouen. A skilled telephone operator was in charge 
of the switchboard. 

Paging by Loudspeakers 

A microphone was at the disposal of the stage 
manager, who by means of a keyboard could 
communicate instantly with the electricians, the 
organ gallery, or the public address operating 
switchboard. At the latter point, instructions 
were not given through loudspeakers, which 
would have disturbed the audience, but through 
head phones to a second operator assisting the 
first one. These head phones were subsequently 
left in permanent connection with the micro
phone of the stage manager so as to be in closer 
touch with him and to repeat the orders passed 
to other posts. 

Special precautions were taken to prevent the 
stage manager from using the loudspeaker at the 
organ by mistake while the adjacent microphones 
were working. Such use would have resulted in 
the retransmission of the orders throughout the 
square. When these microphones were connected, 
an imperative warning was given to the stage 
manager by a pilot lamp near the operating key 
of the loudspeaker ; moreover, a relay then pre
vented the use of this loudspeaker. An additional 
operation allowed the stage manager himself, in 
case of necessity, to cut off the microphones of the 
organ to convey an urgent order. 

Signaling 

Certain starting signals, especially for musical 
renditions, were given by a pilot lamp. Similar 
indications as to procedure also were used in 
connection with certain actors and their associ
ated microphones. 
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Recent Telecommunication Developments of Interest 

COIN CHECKING DEVICE FOR AUTOMATIC Corn 
SLOT MACHINES. The constantly increasing 

application in public places of distribution ma
chines for the purpose of facilitating the sale of 
commodities, railway tickets, and postage stamps, 
as well as in connection with in- and outdoor 
telephone service, emphasises the problem of 
finding means for preventing the dishonest use of 
such devices. To meet this need, the Bell Tele
phone Manufacturing Company, Antwerp, re
cently developed a coin checking mechanism 
which prevents refunding of coins through tam
pering and which, in addition, discriminates 
automatically between genuine and fraudulent 
co ms. 

The device may be adapted to any machine 
used for the dispensing of commodities or serv
ices. As developed to date by the Bell Telephone 
Manufacturing Company, it is comprised in a 
public pay station system for single coins (local 
full automatic) and multiple coins (suburban 
and interurban automatic) . 

Discrimination between genuine and fraudulent 
coins takes place in two ways : (1 )  dimensional 
checking, a method commonly used, but which 
must not be too close in view of the rather wide 
variations occurring in genuine coins ; and (2) 
magnetic permeability checking. 

Machines to be used in Belgium will take 
three coins, namely, 25 centimes (U.S.A. value 
0.85 cents) , 1 franc, and 5 francs. Because of the 
small value of the first mentioned coin, it was not 
thought worth while to guard against its fraudu
lent use other than by a check of dimensions. The 
two larger coins are composed of nickel alloy 
having a magnetic permeability intermediate be
tween iron and non-magnetic material. Since 
fraudulent coins are most likely to be made of 
cheap material such as iron, brass, or zinc alloy, 
the machine is designed to pass only coins of 
suitable permeability. 

For the separation of nickel alloy coins from 
iron and non-magnetic counterfeits, a magnetic 
scheme is utilised. Non-magnetic coins, of course, 
are not attracted to the magnet poles, while iron 
coins are firmly attracted. Nickel alloy coins on 
the other hand can be readily disengaged by a 
suitable force. Since the magnetic permeability of 
iron, compared to the Belgian nickel alloy coins, 

is in the ratio of five to one, ample margins of 
safety are readily obtainable. 

In designing the new mechanism, discrimina
tion between genuine and fraudulent coins by 
weight was discarded. Genuine coins, because of 
variations in dimensions due to wear, vary rather 
widely in weight ;  and furthermore, discrimina
tion of weight would require an accurate auto
matic scale. In addition, coins of cheap material 
but of equal weight could be used so that an 
automatic scale in any case would be of little use. 

It is expected that the new pay station system 
will be placed in service in Belgium shortly. 
Details of this system, including the coin check
ing device, will be published in a later issue of 
Electrical Communication. 

LIFEBOAT EQUIPMENT ON THE R.M.S. QUEEN 

MARY. Two of the twenty-four motor life
boats carried by the R.M.S. Queen Mary have 
been equipped with special radio communication 
and searchlight equipment developed by the 
International Marine Radio Company Limited, 
London, the supplier of the entire radio installa-
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Transmitter and Receiver in Submergible Unit. 

tion for the Queen Mary. In addition to the spark 
transmitting and receiving set required by law, 
a special radio telephone installation is carried 
by each of the two lifeboats, the Queen Mary 
being the first ship to be thus equipped. 

The functions of the two radio-equipped life
boats, in case of emergency, are to act as con
trolling agents for the rest of the boats, to 
shepherd them, and to maintain contact with 
rescue ships, with one another and, if necessary, 
with the parent ship. 

The Type TG4 spark transmitter and receiver 
are combined in a single submergible unit which 
also houses auxiliary and testing gear. A battery
driven motor-generator, Morse key, headphones, 
etc. , complete this section of the installation. 

The quenched spark transmitter consumes 300 
watts from the alternator, delivering an output 
well in excess of the Board of Trade requirement 
of 10 meter-amperes on the marine distress wave
length of 600 meters. The receiver is a 3-valve 
regenerative type. The accompanying illustration 
shows the simplified controls and conveys some 
idea of the rugged construction required for this 
type of service. 

The telephone transmitter and receiver are 
separate units, comprising a standard trawler 

type equipment. The transmitter (Type TS3) 
operates from a small battery-driven motor 
generator, and covers the "small ship" telephony 
waveband of 1 10 to 220 meters. The receiver 
(Type RM14) covers the band of 1 10 to 2 ,000 
meters. 

Both the telegraph and telephone sets derive 
their power supply from a common 2 2-volt 
nickel-iron battery and employ the same aerial , 
which is of the single wire type supported by 
collapsible masts. The operating range of both 
sets is well over 100 miles. 

The searchlight, mounted on top of the radio 
cabin, also operates from the same battery and 
has an illumination range of some 700 yards. 

INFRA-RED BURGLAR ALARM . An interesting 
application of infra-red rays and photo-cells 

for burglar alarm and similar services has been 
developed by the Bell Telephone Manufacturing 
Company, Antwerp, Belgium. The equipment 
consists essentially of a projector of invisible 
infra-red "light ," a photoelectric cell responsive 
to infra-red rays only, and an amplifying system 
following the photo-cell. One or more mirrors 
permit the path of the infra-red beam to be 
deflected around corners or zigzagged across the 
area to be protected. 

For burglar alarm use, the mains-operated 
amplifier is connected to an alarm signal circuit 
so that a momentary interruption of the infra-red 
light beam will sound an alarm continuously. 
Since the alarm circuit is battery operated, failure 
of the mains or the apparatus, whether deliberate 
or accidental, will cause the alarm to function. 

The accompanying illustration shows the es
sential elements-the infra-red projector, mirrors, 
photo-cell, and amplifier. 
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Licensee Companies 
BELL TELEPHONE MAN UF,\CTURING COMPANY . . . . . . . . . . . .  . 

Branches: Brussels. 
BELL TELEPHONE MANUFACTURING COMP,\N Y .  
BELL TELEPHONE MAN UFACT URING COMPAN Y . . . . .  

CHIN.\ ELECTRIC CoMP.\N Y ,  LIMITED . . . .  

. . A ntwerp, Belgium 

. . .  Berne, Switzerland 
. The llague, !Iolland 

. Shanghai, China 
Branches: Canton, Hankow, Hongkong, Peiping, Tientsin. 

CoMPA:NiA RADIO AERK\ MA.RITIMA EsPANOL.\. . . . . . .  . 

COMPANfa ST:\NDARD ELECTRIC ARGENTIN.\ . .  

CREED .\ND COMPAN Y, LIMITED . . . . . . . . . . .  . 

. . ivladrid, Spain 

Buenos Aires, A rgentina 

. Croydon, England 

FABBRICA AP PARECCHIATURE PER CoMUNICAZlONE ELETTRICHE . . . . . . . . Alilan, Italy 

bTERNATIONAL MARINE R.\DlO COMPAN Y, LIMITED . . . . . . . . . . . . . London, England 

INTERNATIONAL ST.\N DARD ELECTRIC CoRPORAl'ION , Branch Office, 

Jm;osL\VIAN STANDARD ELECTRIC COMPANY, LIMITED . . .  

KOLSTER-BRANDES, LIMITED . .  

L E  l\!L\.TERIEL TELEPHON IQUE . 
Branch: Rabat, Morocco. 

NIPPON DENKI K.ABUSHIKI K.\.ISHA . 
Branches: Osaka, Dairen, Taihoku. 

SocIETE ANONYME LES TELEIMPRIMEURs . . . . .  

STANDARD ELECTRIC AKTIESELSIL\B . .  

SL\.NDARD ELECTRIC COMPAN Y w POLSCE SIL\ z 0. 0 . . . 
Sr.\NDARD ELECTRIC DoMs .\ SPoL . . . .  

Branch: Bratislava. 

STANDARD ELECTRIC\ . . . . .  

S'l\\NDARD ELECTRIC\ ROMANA, S.A . .  

STANDARD ELECTRIC\, S.A . . . . .  
Branches: Barcelona, Santander. 

STANDARD ELEKTRIZITkrs-GEsELLSCHAFT A.G . .  

Sr.\NDARD ELETTRIL\ lT.\LL\N.\ . . .  
Branch: Rome. 

STANDARD TELEFON -OG K.\BELF.\BRIK A/S . . . . . . . . .  . 
S'nNDARD TELEPHONE ET RADIO, S.A. Z urich 

STANDARD TELEPHONES AND C\.BLES, LIMITED . . . . .  

Rio de Janeiro, Brazil 

. . Belgrade, Jugoslavia 

. . .  Sidcup, England 

. . Paris , France 

. . Tokyo, Japan 

. . . . . . . .  Paris, France 

. Copenhagen, Denmark 

. . . . . . .  Warsaw, Poland 

. . Praha, Czechoslovakia 

. . .  Lisbon, Portugal 

. . Bucharest, Rumania 

. . . . . . . .  �'vladrid, Spain 

. . .  Berlin, Germany 

. . .  Jft'lan , Italy 

. . . .  Oslo ,  �Vorway 

. Ztirich, Switzerland 

. .  London, England 
Branches: Glasgow, Leeds, Dublin, Cairo, Pretoria, Calcutta. 

STANDARD TELEPHON ES .\ND C\BLES (AusTRALASIA) , LIMITED . . . . . Sydney, Australia 
Branches: Melbourne ; Wellington, New Zealand. 

STAN DARD VILLAMOSSAGI R.EszVENY TARSASAG . . . . . . . . . . . . . .  . . Budapest, Hungary 

SuMrToMo ELEcTRrc vVrRE & CABLE WoRKs, LrM1TED . . . . . . . . .  Osaka, Japan 

VEREINIGTE TELEPHON- U.'ID TELEGRAPHENF.\.BRIKS AKTIEN-GESELLSCHAFT , 
CZEIJA, NrssL & Co. . . . . . . . . . . . . . . . . .  Vienna, A ustria 

Sales OJ/ices tmd Agencies Throughout the fl/orfd 

PrinLetl in U .  S.  A. 
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